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QUANTITATIVE EFFECTS OF *I ON DIFFERENT
TISSUE COMPONENTS IN FOETAL AND GOITROGEN
CHALLENGED MOUSE THYROIDS

by

G WaALnDEr

The effect of **'I and roentgen irradiation on the thyroud gland of the CBA
mouse has been previoudly imvestigated (WALINDER & Sjopen) The quanuta
e effects of ¥ irradiation on the epithchum collod stroma and the blood
of the thyroid gland m mouse foctuses as well as i Juwenile and adult mice wall
beinvesugated i the present contrbution and certam conclu tons W 1l be drawn

regarding the mech primanly responsible for the arrest of thyrord growth
previously reported

Material and Methods

The management and housing of the CBA mice were the same as in the
carlier expeniments (WALINDER WALINDER & Sjopen) The foetuses were gnen
1 {carnier free Na*™1 from the Radiochemical Centre Amersham England)
by 1ntravenous mnjections to the mothers on the 18th day of pregnancy The
mothers had been mamntained on an odme deficient diet (03 pg I perg pellet)

from the furst day of pregnancy, 1 other words from the day when a vaginal
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plug was first obcerved This diet was changed to a normal one on the 19th day
of pregnancy (20 to 30 xg I per g pellet) The foetuses and juvenile mice were
Lilled with chloroform at vanying times after the mjection and therr thyroid
glands removed for e No <ex discr was made of muce under
11 days of age but the jusemle animals over this age that were exammed were
all males The adult mice of the matenal were males and had been mantamed
on an 10dine deficient diet for 7 or 14 days before the mtrapentoneal mnjection
of "1 One day after this injection, this was changed to a normal diet and at the
ame time the animals were gnen propylthiouracil (PTU, Pharmacia Uppsala
Sweden) or 3 amino-1,2 4 tnazole (3 ATA Schuchardt Munich) n the drnk

g water (1 g PTU or 1 g 3 ATA per 1 of water) The mice were killed with
chloroform at varying times after the mjection of radiorodme

Vorphometric methods

Sectioning and starning of the thyrord tissue For the quanutative determuna
uons of the different components of the gland (epithehum collad  stroma,
blocd) the tssue was fixed m Sueves olution dehydrated with alcohol and
xylene in the comentional way and embedded 1n paraplast The thyroid glands
were then cut mto senal sectrons 1n accordance with the scheme below This was
repeated unuil ections had been taken nght through the gland

Section Thickness of scction Staiung method

No #+SD

1—2 50401 Haematoxylin eosin

34 10202016 Haematoxy] n-cosin

5—9 1020016 Unstained or speaific staining

Sections 1 to 4 were stamed with Ehrlich s haematoxylm ecoun  Where the
gland @ssue had been exposed to high doses of radiation the thickness of sec
tions 5 to 9 was reduced and stamned with van Gieson s techmque Herdenhaimn s
azan PAS according to Hotchhuss or silver stamed by the Foot & Foot method
All the stamng worl followed the techmques described by Rosters (1948)

The thickness of the sections was determined by the following method Fifty
«nal sections were cut from nght paraplast cylinders of different diameters
(precrsion turned) and weighed Six cylinders were sectioned with the nomnal
section thickness of the microtome set at 5 x and «x cylmders with the micro-
tome at 10 s The mean thickness of the sections was calculated from the dimen
sions and density of the cylinders The mean values thus obtained were presumed
to equal the mean thichness of the ections from a senal sectioned gland The
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sesults of the measurements appear m the <ection scheme The standard de
vrations were calculated from the mean values obtaned from the «1x 5 s cv-
Inders and the «x 10 4 cylinders

The thyroid wesght was determined by the method desenbed i an earher
paper {WALINDER 1971)

Deternunation of eprthehal cell number The number of epithehal cells in the
thyroid glands was determuned by summating the cell nucler or more correctly
speaking by counting the number of nuclear centres 1 the tissue sectioned as
described Many of the cell nucler counted 1n this way had been cut through
and consequently some of ther nuclear centres lay outside the sccnon 1t was
therefore necessary to correct the calculations to allow for this The method 15
presented m Fig 1

With the lettering given 1 Fig 1 and assumiag that the nucles are spherical
all those counted will have their centres within 2 volume bounded by the sec
tional area and with a thickness of d + 2k where d s the thichness of the sec
ton and & the distance from the edge of the ection to the centre 1n tho e nucler
that have been cut through and are barely visible m the microscope The con

tant kb thus depends on the mtenaty of the nuclear staimng and the re ohing
power of the micro cope

The determination of k was made bv counting the number of cell nucler
<ections No 2 (N, ) and No 4 (Nip) according to the section scheme and by
measurmg the areas of the corresponding sections (A and Aso respectively)
The number of cell nucler per umt volume as obtamed from a 50 p <ecyon 15
assumed to be equal to that from the subsequent 10 2 4 section Thus

N, Ny
A, (501 2k) Ay, (102 + 28)

By repeating this procedure untl sections had been taken nght through the
gland a mean value of & could be determined

This method of caleutation of cell nurnber 1s largely 1dentical with a techmque
described earhier by Froperus (1944) for arnving at the numbers of different
tvpes of cells in the hiypophysis As was menuoned, k corresponds to the distance
between the edge of the secuon and the centre m the cut sphencal nucles whose
parts that fall within the ection are barely visble m the microscope  For elon;
ated nucler kb must be regarded rather as a mean distance between the :ccm;gn
edge and the centre The shape of the cell nucler may vary quite constderabl
cspecl:;]ally n thvroid tissue damaged by rad: The tech for & Y
Ing the correction factor & now desenbed, 13
shape however The only condition 1s that s Fondent on the nuclear
border zones of both the 50 « and 102

nucler of different appearances in the
2 secuons should be randomly distribut
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Fig 1 Method of calculating the number of epithehal cell nucler 1n sections from thyrod
tissue Some of the sphencal cell nucle: were cut across and 1n some of these the nuclear centres
lay outside the section The centres belonging to the smallest nuclear calottes visible in the
microscope were situated at a dustance & from the surface of the section 1 e the nucles ssible
n the mucroscope had their centres within a sectron wath the thickness d + 2k where d 1s the
thickness of tussue sectioned

ed or i other words that the k value 1s not dependent on the thickne.s of the
section The number of cells in the thyroid gland 1s finally obtamed from the
expression

V N, S
T (d+28) A
where N\ 15 the total number of cells in the d mm thick <ections, A the total arca
of these sections and § the tssue shnnhage factor (see WALINDER) In all, 10 000
cells or more were counted mn each gland The ocular was equipped with a
squared net to facthtate the counting Any mitotic figures were alo recorded
<imultaneously with the cell count

N

Determination of relative occurrence of different tissue types The method
employed for determiming the relatine occurrence of different types of tsue m
the thyroid gland 1s 2 generalization of a technique described earlier by Uorita
(Uotia 1947 Uotira & Raxwas 1922) If a lobe from a thyrod gland be
placed m a rectangular coordinate system as in Fig 2, the volume V7, for a
certain tissue component may be calculated from the expre.ston

= U‘? (2.0} {tn—2:) dndy, 1))

where @(x 3) 1s the fraction of the secant (z; —z2) that pases through the
tissue component in questton and A the area of the lobe projected mn the x)
plane ( ee Fig 3)

The mean value theorem for double mtegrals then produces

e=9(Z ) jj (a—z) dxdy =9 (5,m) F, [¢3)
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Fig ® A thyrod lobe placed in a svstem with
rectangular coordmates The secants at nght angles
to the xy plane cut the thyroid at the points z1
and z 15 the volume of the lobe mnd A the
area of the lobe projected in the xy plane

where ¥ 15 the total volume of the lobe and (% ;) a pont within 4 The volume
V of the glands from foeru es and juvemle mice was determmed mn the manner
descnbed earlier (WALINDER) or by direct weighing (adult mice) under the
assumption that the denats of the gland ussue 1s 1 g/cm® The quantty p(c 7)
cannot be determuined mathematically tis evident from eq (2) that the sufficient
and neces<ary condition that would permut a result from mea urements 1n a two-
dimenstonal tissue section to be directly tran ferable to the three dimensional or
ganis that g(x 3) would be a stoch 1stie vanable and hence mdependent of x and

3 orm other words that the p under e 1s randomly distribut
edin the whole organ All papers hnown to the wniter that deal with quanutatve
deter of organ comp are based on the assumpton that the com

ponents are randomly dstributed As the dose from '] that has accumulated
m the thyroid gland 1s much higher to the central parts of the lobes than to their
peniphertes or to the 1sthmus radiation induced tissue changes m the gland can
not a prion be expected to be randomly distnbuted even if this happen m the
controls In the present work therefore, the dependency of the function (x 3}
on the vanables x and 3 for epithelum collmd and siroma plas blood from
ammals given 9] was mvestigated by solving eq (1) graphueally This was done
by measuring the relative amount of eputhelial tissue collord and stroma plus
blood along equidistant secants (at a distance of 96 ¢ from one another) 1n
every tenth section from semal <ectioned thyroid glands 1e m <ectton No 1
§r;>m cach senes of sections as i the previously described section <cheme {Fig

The values obtamed from the measurements were plotted on a normal prob-
ability paper with ¢(x 3) as the abscssa and the cumulatre number of se
cants with ¢ values smaller than and equal to the corresponding abscissa value
as the ordmate (¢f Fig 8) If straight lines are obtamed when the values are
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Fig 3 A <ecuon from a thyroud gland diided into parallel equidistant secants The white
parts of the secants pass o er the collad and the black parts cver the epithehum stroma
and blood A dnssion of the sum of all the white lengths of a secant by the length of the
whole secant produces ; 1x 1+ The amount of a certain us ue component may be determined
by adding the products of the fix~) s and the corresponding (z1—~z ) values oter all the
secapts m all <ecuens from a enal sectioned lobe and multiplyng the sum by the distance
between the secants (96 ) and the thickness of the sections (PAS X 310,

plotted on a normal probabilitv paper thys does not nece <anh mean that the
component 1n q 15 domly distributed 1n the whole thyraid gland  the
volames m which there 1s a devianng distnbution of the component mu t
however be neglgible m relauon to the total thvroid volume Hence the
neanty of the probabibty cunve has been assumed to be the practical cnterion
that 7 can be considered a stochastic vanable Only the values from one mouse
for each tvpe of treatment are given m the results these were however cheched
m two or three other ammals rdentcally treated The distnbution investigauon
served to facilitate this control Tt was posuble where straight Lines were obtamned
to it the control to mea_urements 1 a few <ections from each ammal and the
total amount of the component 1n q could be ob d from eq (2)

Determination of cell surval The survival of the cells n the thyrod gland
was studied by the adminvtration of tmum labelled thvmdine (*H TdR) 24
hours or more before the **'I mjection The total tntum actwaty in the tsue
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after the irradiation, and 1n appropnate cases after the gortrogen treatment, was
considered to be a measure of the cell survnal The rehability of this method
will be taken up m connection with the dicusson of the methods Thymudine
6 T(n) was used 1n these experiments, 1t was supphed by the Radiochemucal
Centre, Amersham, 1n the form of stertlized solutions with a specific activity of
2000 mCt/m™

The admunsteation of *H TdR to the foetuses was carned out by intravenous
injections to the mothers (10 #C1) on the 17th day of pregnancy, in other words
1 day before 4 #Ci *'F was mjected The mjection of *H TdR (10 «Ci1) mto
the adult mice was preceded by treatment for 12 days with 3 ATA After the
mjection of *°H TdR, the ammals were put on an todine deficient diet for 7 days
after which time 3 #C1 ™3I were njected m 55 mice One day after the ™I
mjection the 3 ATA treatment was restarted \feasurements of the retention
were camed out m 40 of the '*'1 injected mce at different umes dunng the first
14 days after the mjection, and the other mice were hilled 42 days after the n
section In addition to the groups myected with *H TdR, a third group of muce
recened 3 ATA but was not treated with °H TdR or 11

After the animals had been hilled the thyrod glands were removed without
delay and weighed and dehydrated m an alcohol bath The tissue was then dis-
olved m NCS <olubihizer (Muclear Chicago Co) The strong chemolumunescence
produced by ome of the orgamic substances dissolved was quenched with HCt
as suggested bv Herser {1960) An amount of 4 g omniflour (NEN Chem
cals GmbH) in 1 htre of toluene was used as the sanullator flmd, the <amples
were measured 1n a hiquid <cinnllatton computer (Beckman Liqud Scntillahion
System) and adapted to darhness and to the temperature i the computer for
one day before the start of the measurements Correction for quenching 1s facll
thtated by the extension ratio standard bult mto the Bechman computer The
measurement values obtamed from a tnuum standard as a function of the ex
tension ratio standard value were mvesugated by disolving 1, 2 4 and 8 thyroid
glands 1n NCS solubthizer to the same end volume and addimg 001 xCr 3H TdR
(the tntium standard) to each of the four olutions

Results
Foetuses and jurenile mice
effects The istol PP
of 3 day-old wradiated mce did not differ appreaably fro

the controls apart from the absence of mutotic figures Fra
and onwards

Histol, 4,

m the thyrord tissue
m those ob ened n

m the 5th day of Ife
tustologic differences could be ob erved between the thvzold us
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Fizg 4 Two atvpical mitotic figures o 11-dz mce that had recened 4 4G 23 by ant 2

enous mjection of the mothers on the 18th day of pregnancy The fizure on the nizht indicates
anapha e bndges and that on the left a par of chromosomes departing from the metaph._se
plate THEE > 1250 oil unmernion)

<ue of the controls and the nssue of the irradiated muce. The mutouc figures 1
the glandular tsue of the 5 11 and 17-dav old irradiated muce were often
atvpical (Fig 41 The nucler were polymorphic with numerous gants, necrotic
changes of Lanorrhexss and piknoss type were common, and the cytopla.m
was usualls vacuolated and foamy (Fig 5) Areas of follicles with high cuboidal
or columnar cells, often with grant nucler as well as areas of solid masses of low
cpithelial cells devord of colloid filled lumina were evident. Table I ndicates
that the mean volume of the folhicular cells did not deviate from a smlar value
11 the thvrowds of the controls.

The results of the quantitans e exammations of the thyroid growth in newborn
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Fig 5 Thyroid ussue from a 17 day-old mouse that had secered 4 4C1 39 by inva

venous myection of the mother on the 18th day ol pregnancy Polymorphic nucler and
foam eytoplasm evident (H&E X 500)

rmce are gnen m Table 1 and Figs 6 and 7 The ammals recenved 3] through
the injection of 4 «C to the mothers on the 18th day of gestation The mean
value for the total mtegrated dose was then 4 600 rad at the centre of the thyrords
(Waursper)  The radioiodine was released raprdly (more quickly than with
lower doses) and half the dose had been delivered withn two days, mn other
svords before the ammals were born

Table 1 and Figs 6 and 7 reveal that the growth of the thyrod glands was
rapudly stopped with thus dose the reason being a hold up n epithehal cell diva
sion Jt has been demonstrated (WALINDER & SjopEn 1971) that even a dose of
3700 rad produces sigmficantly lower thyrod weghts two months after the
tjectron of 11, than those m the controls (p<<001) Dunng the sesen days
tmmedately following the mjection there was a pauaty of mitotic figures (Table
1) The cells were able to synthesize colloid more or less to the same extent as
the ururradiated cells an indscation that the functional activity of the surviving
cprthelium had not been apprectably affected by the radraton Cell dwision
started agamn one weeh after the injection and soon presented approximately the
same rmtotie ndex as 1 the controls The difference m the <lope of the curves
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Table 1
Quantutatue development of the foctal and yutenile thyrod gland The animals in the group I vrvadiated

mice were gruen 4 pCi ] the mean integrated dose to the central parts of the gland (D ax) was ca’cvlated
to be ¢ 600rad The density of all thyrord components was assumed to be 1 glem®

Agcof Thy Weght of Weght of Werght of stro- Number \Mean  \ioses
amimals roid  epithelum colloid maandblood ofepr  weight counted
(days)  weight thehial perepr m 10000
(mg) ( of (mg) ( of (mg) (oof (mg) cells  thelal cells
thy thy thy (¥10%) cell
rond wt) roid wi) rord wt) 10 *mg
Controls
18 dav
old fetus 020 84 017 3 006 13 003 15 1t 50
1 02> 77 019 13 003 10 003 17 11 30
5 036 4 027 16 006 10 004 24 11 20
11 060 69 041 20 012 1 007 39 11 30
38 176 49 08F 38 067 13 023 63 14
60 250 42 111 42 10> 13 033 72 15
Iirradiated mice
1 018 73 013 13 00? 14 003 13 10 -1
3 019 75 014 10 002 15 003 12 12 [
5 022 72 016 14 003 14 003 15 11 20
1 040 62 025 20 008 18 007 20 13 30
1/ 072 5¢ 040 24 017 20 014 26 15 1
3 141 40 056 3 049 25 03> 42 13
&0 189 32 060 41 077 27 051 48 13

from control ammals and from 1rradiated ammals 1 Fig 7 indicates that there
was however contunued cell death

The percentage of stroma and blood was fairly constant m the control mce
whereas the correspondimg value for the irradiated anmmals ncreased with age
apparently due to rrang hyperaema rather than to fibrotic changes The relatine
occurrence of stroma cells was approximately the same 1n the 1radiated muce
as 1n the controls. Of the total number of cells counted 1n the 60 day old control
mouse 20 per cent were stroma cells (18 10 ) the corresponding figure in the
wradiated 60 day-old mouse being 21 per cent (13 10 ) Only about 10 per
cent of the total number of cells in the thyroid gland 1n the 18 day foetuses were
stroma cells

Fig 8 gnes the cumulatne number of secants with g, values maller than
and equal to the corresponding abscissa values as a function of 4 (x 3) for
wradiated and untrrachated thvroid epithelum 1n the 60-day-old muce in Table
1 Despite the fact that the dose to the apices of the Jobes and the isthmus was
lower than  the more central parts of the gland, no shew symmetry of the
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Fig 7 \umber of epithelial cell 1n foetal
and juvemle mice « denotes umirradiated
controls and ® irradiated mice The dashed
hne nd cates the supposed coutse of the

first veek after the myecuon of 331 The
vertcal lines through some of the pomts
denote % standard errors of the mean weghts
of several ghnds

curve durng the Birst 1 cek afrer the myec
tton of I

curves was noted Measurements in the isthmus revealed that ¢. values i that
region were more Like those of the controls than was the cace for central parts
of the Jobe The reason why the distmbution cunve for the relative occurrence
of wrraciated epithelium was lmear must be that the volumes m which the
e values deviating fiom tho ¢ m the central parts of the lobe were measured
were too small to have any nouceable effect on the shape of the curve The
same hneanty n the distnbution cune was obtamned for the juvemle muce
and m the measurements of the relatnve occurrence of collotdd and stroma
and blood Thus all control determimations of the w eight of the different thyrod
Companents 1 mice whose thyroid weights could be ascertamned by weighing
1¢ m muce of 11 days of age or over could be based on the previou v deduced
equation (2) It then emerged that the gwalues vaned less than the thveod
weights m ather words the differences m the latier were not to anv great extent
due to vanauons in the relations berween the different components m the thyrord
hissue

Determmnation of cell sur wal with *H TdR Ten pregoant females were
~ach gen 10 #C1 °H TdR, mnjected intravenously on the 17th day of pregnan
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o In 5 of the mothers, 4 uCi® I were injected on the 18th dav of pregnanc

For the determmnanon of the "H TdR level the measurements covered a time of
100 punwmie. As the baclground for these measurements was 23 cpm, the
<tandard deviapon was 01 | \ — 50 cpm, where \ represented the salues
gnen in Table 2. The deviation was thus alwars less than 1 per cent of the mea

suremnent values mennioned. The tnoum actman m the mradiated thyroid glands
of muce that were Lilled at the aze of 33 davs was a factor 1.5 lower than 1n the
unirrzdizted controls of the same age. Companson with Table 1 disdoses that
this fzctor cormesponds to the relation between the number of eprthelial  and the
number of mesenchvmal  cells 10 wrradiated and umrradiated muce at the age of
38 davs. The resalts alw mdicate that the trhum actvity m the thyvroids did not
dechne betseen the 38th and 113th dave of hfe m the controk nor did st fall
brtween the 38th and 70th davs of hfe in the wrradiated mice. Thus, no further
cell death occurred between the 38th 2nd 70tk davs of hfe m the wradiated
thvto d glands. An imterpretauon of this result follows mn the discusson on the
reLabibty of the method.

Adult muce

Hustologic radiation effects The gorrogen treatment bronght about an merease
1n the number and sz¢ of the eprthehal cells 1 the thyroid. The collord becam~
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Table 2
Thyrond setention of 3H TdR wyected on the 171h day of grstation
Number Sex Age at Amount Total central  Thyraid H TdR
of mice sacnfice  (aC)of  doscthyrod veght  CPM
(days) U Tyee  rad (mg)
15 Bo+79 38 40 4600 208 344
15 Bo479 38 — — 24 506
5 3 70 40 4600 1o 110
5 o 70 — — 178 169
5 2 70 — — 152 172
H ] 1 — — 7 179

vacuolated and often contamed cellular residues (Fig 9) The cytoplasm of the
hypertrophied eprthehium was al<o vacuolated and was foamy There was a marh
ed vamabihty m nuclear size and stamnability, particalarly i the radiated tissue,
where large nucler with eentrifugal distnbution of chromann as well as hyper-
chromauc and pyhnouc nucler were present (Fig 9b) Large hyperchromanc
nucles of the type depicted at the bottom of Fig 9b were not observed 1n the
controls. The most important difference between the irradiated and unirradiated
glands however was the absence of mitotic figures m the former

The prolonged gotrogen treatment (42 days admumustration of 3 ATA) gave
nse to widespread tissue degeneration in the thyroid glands The differences
between wradiated and unirradiated tssue were more accentuated than after 2,
days of PTU admumstration Most of the follicles had lost therr collord and
Interally become coale cent, the bizarre nucler suggested widespread necrobiosis

The results of the morphometnc mvestgations m the thyrod glands of the
adult mice are given m Table 3 and Fig 11 The muce mcluded m Table 3 were
120 days old at the ume of the raciorodine wjection At that time the relanve
amount of colloid and the number of epithehal cells 1n therr thyroid glands dif
fered from the corresponding figures in Table 1 for 60 day-old mice In all prob
abiluty, these differences are to be explamed at least m part, by the age dependent
2nd sea onal changes of the thyroid tissue 1n the CBA mouse described elsewhere
(Warrwoer Spopen & Jowssov 1971)

The mean value for the mawmum dose to the central parts of the thyroids was
calculated from previously deduced formulae (W ALINDER) as well as from the
thyroid wesghts in Fable 3 and the retention salues from a parallel group of mice
mvestigated at the same ume as the expenimental ammals (see Fig 12)

No sigmificant etfects on the glandular epithehum were noted dunng the first
weeh  The growth that could be ob erved dunng this first period and that ob-
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Fig 9 Thyrod tissue after 25 days treatment with PTU {cf normal thyroid ussue 1n fig 3)
The tissue 1n (b) was also irradiated + ith Dy ¢ = 8400 rad from ] injected ! day before
the admunstration of PTU The mitotic frequency 1 relatively hugh in the umirradinted gland
whereas no mitotic figures vre evident 1 the uradirted tissue Some of the large nucler m the
trradiated ussue are pale with chromatin margination while others are hyperchromatic The
collord 1s vacuolated and contains cell frrgments with pyknotic nucler (PAS x 500}

erved 1n the nongoitrogen challenged controls was due mainly to the continuous
collotd rccumulation that takes Place 1in the CBA mouce's thyroud, as described
elewhere (WALINDER Sjopen & Jonsson) From the second week after the ra
diotodine mjection and onwards however, the thyroid glnds of the gottrogen
chall d mice rose 1) ly in weight This was due both to 1 gun in the
number of epithelial cells and 1o therr size Whereas the «ize of the cells did not
seem to have been affected by the radiation the new formation of epithehal cells
had been retarded 1 the mice given ™1 as compared with the situation in the
unirradiated PTU controls This was also reflected 1n the fact that 14 days after
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Fig 10 Thyrad ussue after 42 davs treatment with 3 ATA The tssue in (b) was also wradia
ted with Dogy = 8 100 rad from 1310 1njected 1 day before the 3 ATA treatment The pale
collowd 15 highly vacuolated with many of the follicles devord of or contaung only a few
fragments of collosd Alter combined treatment with 3 ATA and 131 (b) colloid filled follicles

are rare and the greater part of the tssue comsists of a masste clump of cells showing + e
spread necrobiosis {PAS x 310)

the I mjection the mitotc 1ndex 1n the nradiated thyrowd cells was lower than
the value for the thyroidal epithehum 1n the unirradated mice No mutotic figures
were evident after 26 days m the thyrowds of the uradiated mice among over
15000 cells counted The relatve occurrence of epithehum collord stroma and
blood was fairly constant not only between different secuons from the same
gland but al o between glands of different weights from mice m one and the
same group that were hilled simultaneously This was observed irrespectuve of
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Table 3

Quantitatue effcts of I on PTU (propylihiouracil) challenged thyrord glands wn adult mice The mean

sntegrated dose 1o the central parts of the glands v as calculated fo be 8 400 rad (PTU group) and 10 040

rad (non PTU challenged group) respectuely The density of all component n the thyrowd 1s assumed
to be I glem® The ueights of the glands are gren unth +SE of the mean

Gor Time Mean Epubellum  Collod Stroma and Num  Mean itoses
trogen after weight per blood berof 1 eight counted
regt injec thyrod epr per epi m 10000
men tion (mg) Total Weight Total VWeight Total Weight thehial thehal cells
days weight (mg) weight (mg)  weight (mg) cells  cell
(o) (3} (o} (¥10) (10-* mg)
Controls
PTU
1 360+009 315 113 566 206 132 046 63 18
7 416019 282 117 587 244 131 054 59 20
14 5754027 435 250 440 253 125 072 78 32 48
26 741032 516 382 350 259 134 099 96 40 18
I rrradiated mice
TU
1 360009 31> 113 566 206 132 046 63 18
7 410015 300 123 570 234 130 053 60 21
14 487018 442 215 437 213 121 059 65 33 10
26 551£022 467 257 389 21 44 068 066 39 «i

I irradiated muce
1

1 3602009 315 113
7 38>4018 286 11
14 405012 254 10

11

26 393015 27> 240 124 049 64 17

whether the mice had been irradsated or not. The same feature applied with
respect to the number of cells per umt of area Swmilarly to the results sn the m
vestiganon of the relative occurrence of different components 1n the thyroid tis
<ue of the mouse foetu es and juvenile mice no skew symmetry 1n the cumulative
number of secants as a function of p{x 3) was ob d Control inve

1 muce that had undergone exactly the same treatment as those mcluded 1n Table
3 drclo ed standard errors for the ¢ values that were much lower than those
obtamed by werghing the thyroids The weights for the different thyrord com
ponents 1 Table 3 were obtamned from eq (2), and consequently 1n practice
their standard errors were the ame, in percentage terms, as tho e that have been
advanced for the thvraid weights This also applies to the calculation of the
number of cells
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¢ rod weight as a function of
the ttme after the njection of
1] in ynchallenged  amumals
(x——x} 1 ammals gnen
PTU alone (¥ — — Y) and
in mice recewing 19 (Dpay =
8400 rad) cme day prior to the
start of the PTU treatment

The verucal lines
® 5" through the mean 1alues denote
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, - Fig 11 The mcrease i the thy
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Determnation of cell surtaial with *H TdR The results from the expeniments
with *H TdR are gnen n Table 4 The relauon between the tnuum activittes in
iradiated and unirradiated glands was approumately equal to that between the
cell numbers 1n the respecuve glands Table 4 mdicates that mice that had re-
cenved *H TdR had the same thyroid weights as the control ammals This sug
gests that the tntium admmistration had no sigmificant effect on the results

Discussion

The gottrogen stimulation The two gottrogemc substances that were used
the experiments, PTU and 3 ATA differed shghtly from one another in their
action The growth of the gland commenced at a slightly slower rate sn the mice
guen 3-ATA than m those treated with PTU, due to a greater loss of collotd 1n
the former group (cf figs 9, 10) Furthermore a high degree of hyperaemia was
observed m the thyroids of the muce that had recened 3 ATA after 12 days
treatment with this substance the gland was mtensely red However 3 ATA pos-
sesses certain advantages over PTU and 15 less toxic (DoviacH personal com-
munication) Thus s reflected among other things, 1n the fact that the decrease mn
body weight that 15 often observed i CBA mice after PTU treatment does not
occur with 3 ATA In addition, 1t 15 easy with 3 ATA to obtamn 1 per cent solu
tons without alkahization of the water and this mn 1ts turn means that the mice
consume larger quantities of water The reason whv PTU was chosen ag the
golrogemc substance mn the morphometric mvest,ations was that this would
allow cirect comparisons to be made with the results of an earhier work (W -
DER & SjopEn) on the other hand 3 ATA was used for the prolonged gortrogen

BTN A R4 Ug Th pyPhy B lppt 1 M(ST)
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Fig 12 The dose of 181 accumulated i the i
centre of a thyrod lobe calculated from gland
weights and retention values obtained from
similar animals at the same time as the expen
mental group The dashed line denotes the in
finity dose (Dpax) calculated to be 8 400 rad
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treatment because of the nisk that the toxic achion of the thiouracil might other
w1 ¢ have had a deletenious effect on the results

Investigation of thyrordal cell death with *H TdR The thyroid cells were tn
tum labelled with H TdR before the injection of 1 mito the mice The fol
lowing conditions must be fulfilled 1f total measurement of the trittum activity
1n the thyroid gland after exposure to *'1 1s to constitute a measure of the sunnal
of the epithelial cells in the gland (1) The incorporation of *H TdR 1nto the
DNA of the cells must be complete before '*'I 15 1njected (2) The only occur
rence that could lead m vivo to 2 removal of the DNA bound trtium from the
gland 1s that the cells die (3) The re utilization of *H TdR from dead cells in
surviving thyroidal epithelium must be neghigible (4) Radiation effects from
"H TdR must al o be neglgible (5) It must be possible to make corrections for
*H TdR uptahe and retention 1n stroma cells (6) Before the measurement of the
tmtium activity i the santillation counter all tntium labelled breakdown products
must be removable without affecting the DNA actvity

(1) It has been d rated byseveral g that as earlyas a few hours
after the admmstration of *H TdR the tatum that 1s Jeft 1 the cells has either
been incorporated into the DNA or 1s present as acid .oluble breakdown products,
the latter bemg marmly 1n the form of tritrated water {Lunpin 1963, Crravir
1967 Amano et coll 1959) It 1s improbable that any further mcorporation of
tntium into the DNA takes place after 24 hours

(2)Hydrogen losses must be considered unlikely, as labels m the 6 posttion of
TdR re chemically very stable (Evans & Stanrorp 1963) An observation report
ed by Perc (1968),namely that DNA can be synthesized 1 cells that are not disid
ng, n other words al.o 1n cells that arc not 1n the S period of the nterphase,
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Table 4
Thyrord setention of *H TdR admimstered on the 12th day of 3- AT A treatment After a further 7 days
durng whick the muce had been masntaned on an todine deficrent duet (wothout 3-AT A) U was snyected
and the ammals agan put on @ 3-ATA regumen for 42 days beonnen, one day after the rodiosodine snyection
The dutermination of trstim actizitres was carvied out i 5 (#) pooled thyrouds

Number  Time Ingected amount D s Thyroid Aean number of cells Mean

ofmce afterm  of actiity rad weight per thyrod gland  tntum
Jection f actaty
(days) ©I *H TdR Epithclum Stroma  CPA\If
thyroid
10 1 — 10, — 37102 115
15 42 3G 104G 8100 60+02 69x10 26x10% 654
13 12 = 10 uCr . 112407 12x1e 34x1D 1036
20 42 — - — 11308 12xi0¢ 32x10

constitutes a serious objection to the uncnucal u e of *H TdR labelling of DNA
as a measure of cell survival in damaged tissue This metabolic DNA as Perc
callsat has a much shorter half hfe in the cells than their nutouc rate can explam
(Peee 1968)

Devik & Hatvorsen (1963) d ated that the labelling index and the
number of gramns (mn an autoradiograph) over the nucler in the Iner after
ilcpatccmmxcs were both ligher than m normal hvers after mnjection of 20 xC1
HTdR The biologtc half hie for *H TdR m the Iner cells after hepatectorues
was Just over 400 days 1¢ approximately the same as the expected half life cal
culated from the mitotic rates (PeLc 1968) The iniuial excretion from normal
Ivers, on the other hand was rapid (half Ife, 28 days) The constancy m the
mtium activity 1n the thyroid gland that was observed 1n the present ny estigation
after the admimstration of *H TdR to mouse foetuses and gontrogen challenged
muce (Tables 2 and 4), 15 not obtained 1 muce that have access without this
sumulant to dnnking water contammg 3H TdR for one week In the latter am
mals the actvity m the thyrod declined by 2 factor 2 over a period of 48 days
(WALnDER, unpublished) Tt 1s thus improbable that DNA fractions of the type
descnbed by Pecc were of any appreciable sgnificance 1n the assessment of cell
Sunval by *H TdR labelling under the expenmental conditions that prevaled
i the pre<ent iy esugation
. (3) The results obtamned (Tables 2 and 4) suggest that the re utihzation of
H TdR was neghigible as the radiation induced decrease 1n the number of cells
(compared with the controls) would otherwise not have been matched by a

Proportonally speaking correspondingly large decline 1n the actvity  (See alo
the discussion under 1tem 5 }
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(4) The thyrord weights i the jusvemle controls {according to Table 2) did
not differ from those observed 1n untreated ammals at 70 and 113 days of age
(WarLinper) The goitrogen sumulated thyroid growth was not affected by
*H TdR (Table 4) Nor did compan ons between Tables 1 and 2 and between
Tables 3 and 4 bring out anything to ndicate that the tntium labelling had
heightened the "1 effect

(5) The observation made under 1tem (2) that anjected *H TdR largely be
comes incorporated m chromosomal DNA, both in mouse foctuses and 1 got
trogen stimulated adult mice, mahes 1t reasonable to assume that cells which
divide at the same rate al o incorporate H TdR at the same rate, cven of they are
of different types Thus, logically speaking, the mutial tntium Jabelling of the
cpithclal cells ought to be percentually the same on an average asn the stroma
cells, a inc of rea.oming that has previously been found to be correct in the got
trogen stimulated thyroid glands of rats (Grric et coll 1969) The growth rate
m epithehal and mescnchymal cells in the goitrogen challenged rat thyrod
(Grerc et coll 1969) 15 simular to that observed 1n the goitrogen stumulated CBA
mouse

(6) It proved unnecessary 1n these myvestigations 1o extract DNA from he tis
sue before the actvaty was measured The drymg process with different alcohol
baths cHectisely removed all acid .oluble breakdown products This could be
demonstrated by homogemization of the tissuc after alcohol drying m cold TCA,
no tntlum activity was obtamed 1n the supernatant (WArINDeR & WATINDER
1971)

Conclusiens

Both the experiments tn mouse foctuses and juvemle mice and those in adult
mice, suggested that the growth inhtbiung cffect of radiation on the thyroid -
suc consisted mainly 1 a disturbance of cell diiston Tunctionally and morpho-
logically speaking, the non dividing epithchal cells of both adult and youny, mice
are very reastant to radiation Dugning cell diviaon, however, the nsk that carlier
undetectable damage will lead to death of the cell creases considerably, such
death may occur either in the rapsdly growing young thyroid, or on application
of a goitrogenic challenge The effect of irradiation on the goitrogen stmulated
thyroids 1n the adult mice resembled that evident in the mouse foctuses given 1y
on the 18th day after conception 1t differed, however, from the latter through
the fact that cell division 1n the irradiated glands did not begin agan dunng, the
peniod covered by the investigation

Dossns ct coll (1967, 1968) have demonstrated that the gant nucler often
observed 1n a growmng and irradiated thyroid gland in man and 1n the rat contamn
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more than twice the diploid amount of DNA Thus indicates that the DNA synthe
«is has al o continued after the time the cell would normally have divided Svnthe-
<es of DNA, collod and, as has been demonstrated earher (WALnpEr & Sjo
pEn) uptake of radiotodine are not such radiosensitive proces.es as inlubition of
cell divison The bizarre nuclear deformues that appear when cell diision s
resumed 1n juvenile muce and m goitrogen challenged adult mice demonstrate
however that senious damage orcurs as a result of the radiation but doss not
manfest atself untl after the cell has begun to diide

The *H TdR expeniments mdicated that a furly ligh degree of cell death oc
curred 1n young and gortrogen challenged adult mice with the doses given 1n the
present mvestigation Thus the decrea ¢ 1n cell numbers was not caused by a
termporary pause 1n nutosis n otherwise undamaged cells 1n the **I iradiated
thvroids the relatnve cell decrease (as compared with the control values) that
occurred was mstead a consequence of lethal damage an observauon that recenved
further confirmation m the non parallelism of the curves in Fig 7 and the
widespread and bizarre nuclear disturbances (Figs 4 5 9 10) The relause 1n
crease 1 the number of stroma cells (from 22 to 27 per cent) mn the goitrogenic
stmulated and wrradiated thyrowds suggested that these cells were <omewhat more
resistant to irradiation than the epithehal cells this confirms the obsenvations re
ported by Greic et coll (1969) A sumlar relatne mcrease in the number of
stroma cells was not obcerved 1 the growing and irradiated thvroid of the juvemle
mice The processes that were pnmanly responsible for the arrest of cell division
and the subsequent death of the cells are not known Moore & Couvis (1968)
however have reported that the d of aberrant phase chromosomes in
the thyroid cells 15 40 3 per cent for the Chinese hamster sacnficed immedsately
after roentgen iradiation with 500 R this 1s 1 other words half the lowest dose
that produces significant detenoration of the goitrogen sumulated growth 1n the
thyraid of the adult CBA mouse (WALINDER & SJODENY They observed more
over, that there was a marked depression 1n growth 1n the thyroid cells cultured
immediately after and 30 days following exposure to doses above 230 R It s
thus probable that 1t was largely chromosome damage that had caused the mitotc
death m the thyroid of the CBA mouse after 1rradiation, and posibly this was alo
responible, at least in part for the arrested mitons

SUMMARY
The effects of radiation on cell number and on the relamve amount of tissue com
ponents 1n the thyrodd gland were mestigated t m mice

Zcm‘ll i adult gatrogen challenged CBA rasce at hfferent times after the mjection of 1Y
ell sunvnal was exammed by measuning residual tntwm activity i the glands of mice
mjected with tntyam labelled thymtdine before the admumstration of radiotodine  The
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radmtion induced growth arrest of the thyroid tissue appeared to be due nrunly to mutotic
death of the cells

ZUSAMMENFASSUNG

Die Effekte von Strahlung auf verschiedene Gewebehomponenten der Thyreoidea von
michterwachsenen und erwachsenen kropferzeugend behandelten CBA Mausen zu verschie
denen Zeitpunhten nach der Injektion von 13! wurden untersucht Das Uberleben der

Zellen wurde durch Messen der verbletbenden T ktivitat 1 der Thyreoidea von
Mausen denen vor Gabe von Radiojod Tritium gezerchnetes Thymudin npinert “nrdcn
war bestimmt Dic Strahlen induzierte Hind des Wach des Thy

scheint 1m wesenthichen durch den mutotischen Tod der Zellen hervorgerufen zu sein.

RLSUML

Les cifets de 1urrad sur di [ 1 de Ia glande
thyroide ont ete etudies sur des souris immatures et sur dcs souns CBA soumuses & un
goutrogene A differents intervalles de temps apres linjection de P11 La surue des cellules
a ete etudice par la mesure de lactwite résduelle du tritium dans les glandes de souns
ayant requ une injection de thymidine marquée au trtium avant ladmunistration dode
radsoactif Larret de du tissu thyroidien du 4 ] d: parait resulter surtout
de la mort mitotique des cellules
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DOSE RATE DEPENDENCE IN THE GOITROGEN
STIMULATED MOUSE THYROID

A comparative mvestigation of the effects of roentgen,
2] and »¢ 1rradiation

by

G Wainpig, C-J Jonsson and Ae Marie Sjobes

Ammal experiments have d ated that the rad doses necessarv to
produce a certain damage to the thyrod gland are much lower after roentgen
exposures than those needed to give the correspondmng effects after ad 2

tion of *!I Tlns 1s true both for radiation mnduced mbition of epithelial pro
Lferation (AEBATT et coll 1957, McCrerran et coll 1963, WarLmbpir & Sjo
DEN 1971) and for neoplastic changes (Dosiacu 1963 PoTTER et coll 1960)
Corresponding differences 1n the dose effect relationships have also been observed
m man (SAENGER et coll 1963, SneLIng et coll 1962, Dorrrin 1968}

The following three factors have been suggested as possble rea ons why
roentgen doses have such a marhedly stronger effect than the corresponding
™ doses

L Ink dose dustrib, The dose distnbution n the thyrord
from "I which has been assmulated i the gland has been presumed to be
mhomogeneous o that some parts of the tissue recerve a much lower do e than

Submutted for publication 23 February 1971
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that which 1s calculated on the assumption of 2 umform distnbution By the
term uniform dose distnbution 1s meant 1 this connection only the abrence of
such Jocal dose variations as are not dependent on the geometncal form of the
<ource It hould be stres.ed that an mhomogeneity m the acusity distnbutton
does not necessanly mean that there 15 an equally considerable lack of um
formuty 1n the dose distribution since contrit from the sur ding tissue
often serve to compensate for «mall local vanauons in the activity

2 Dose rate dependence 'The dose rate at roentgen exposures 1s usually
much higher than that from **'I which has been incorporated 1n the thyroid

3 Penthyrordal damage The mjunes which are ob erved mn the penthyroidal
tissue after external irradiation ymght play some role as regards the extent of the
termmal effects in the thyroid This extra thyroidal exposure has no counterpart
when mou ¢ thyroids are iradiated internally with **I The beta radiation
accounts for more than 99 % of the 3!l do e (cf Warmber 1955 1957) and
half a mullineter outside the gland this has fallen to only 5 9 of the surface
dose {Warrvper 1971)

In 2n earher myvestigation (VWALINDER) 1t was demonstrated that the distnbu
tion of the dose in the thyroid gland of the CBA mouse after **'I admimstranon
15 not <0 inhomogeneous that 1t could account for the great differences that have
been ob erved in the glands between the effects produced by roentgen radiation
and those occurnng when 31 1s used (WALmnpER & SjoDEN)

In order to investigate the significance of points 2 and 3 the effects of radiation
bv external roentgen rays and by mternal 31 reported earlier by WaLivper &
Sjopen, have been compared 1n the present i estig; with the correspond
doce-effect relationship after mjection with the short Ived nuchde I (T yp==
226 hours) In the final discussion a is 1s made by compil
between the necrouzing effects of external radratton and those produced after
short term and long term 1nternal irrad with *Y appl, m human
Pprtuitaries.

Material and Methods

Male CBA mice were used for the expenments and the housmg and manage-
ment of the ammals were the <ame as in earher 1mvestigations (“ALI\‘DL:)
The ™ I was grven by mtraperitoneal mjection, and for the last 14 days before
the mjection the mice were mamtamed on an todine deficient diet (roughly
01 ug 1/g food pellet) One day after the ad ation of the radioiod
Propylthiouracil (PTU) was goven 1n the dnnking water, mn the form of 0 1 %

<olutions After 28 days on the PTU regimen the anmals were Lilled with
chloroform
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The radioiodine was deinered by the Radiochemical Centre Amersham,
and the ** I was obtained 1 equilibrium with the mother nuclide, ** Te The
daughter nuchde, '* I, was separated from ' Te by the customary chemical
methods and the yield was carefully measured and tested (at the I otope
Laboratory, Radiumhemmet Stockholm) All the mice in one and the same
group were mnjected within a period of 10 munutes at tmes worhed out on the
bass of the measurements made during the tesung of the yield

Determination of distribution of ***I dose in thyrord For a companson to be
possible between the effects of the two nuchdes ** I and ', the uptake of the
todine must tahe place rapidly and the distribution of the ** I dose n the tissue
must be at least as uniform as that of the **'I dose during the greater part of the
wridiation tme The dose distnbution for the beta radiation from 1 was
stuched by the same method as was used for measurement of the dose distribution
of "1 described earher (WaLINDER) As in the case of **'I radiations, the
gamma dose from I 15 neghgible 1in companson with the beta dose, i the
mouse thyroid

The mice were hlled with chloroform 05 1 and 2 hours after 45 #Ct '* [
had been mjected The thyraid glands were removed quickly, embedded m 1ce
blocks and reduced by frozen sectioming to approximately half the lobe thickness
The film was pressed agamst the cut surfaces of the lobe halves and the exposure
was carried out at —12° C The blachening of the film was measured with a
micropk r (Schnell ph r G II, C Zess, Jena) connected to a
recorder and the exposure ttmes were adjusted <o that the blackenmng would he
within the region which, according to earher mvestigations (WarLivper 1947,
WAaLINDER), 15 linearly proportional to the dose

Ubplake and retention measurements The uptake and retention of ' were
measured both before the experiments were begun and m a parallel group of
ammals studied at the same time as the expenmental mice After the ammals had
been Lilled therr thyroid glands were removed weighed, and homogenized mn
saturated NaOH solutions The activaty 1 tite homogenate was measured 1n a
well type crystal connected to a two channel computer (Picker Autowell I
System) By correcting for the differences in the decay rate for '*I and 1 the
retention curve for the latter could be caleulated

Dose calculations On the assumption that the dose distribution was umform
the following calculations of the * I dose 1n the mouse thyrotd were ¢arried out
The calculations were based on the seru theoretical formulas deduced by
Lotvineer et coll (1956) The shape of the thyroid lobe in the CBA mou ¢
deviates shightly from the drop model described by Lotsincer, and may be
represented by an ellip oid of revolution with the radus of revolution equal to



DOSE RATE DEPENDENCE IN THE GOITROGEN STIMULATED MOUSE THYROID 27

— T
P
- [ L]

FHA- b A

< d

‘it 1 Dose distribution 1n the thyroid 05 (a) 1 (b) and 2 {¢) hours after mntrapentoneal
Mections of 1321 and 24 hours after 1311 (d) As early as 1 hour after the mjection of 33']
);‘:l dose distribution s virmally as umform as that obtamed 2% hours after an njection of

malf the length of the major axis The lower part of the lobe narrows steeply,
mmediately before 1ts transition into the isthmus (cf Fig 2)

As a first appro 1 the calcul it was d that the thyrord
lobe 15 sphencal 1 shape The beta do ¢ to the centre of a sphere 15 obtamed
according to LoevInGER et coll from the formula gnen below assuming that
the do ¢ distributton 1s umiform

Dy(0 1) = D, (0 o) {c’ a[”_: + (ug) errie 3] Ll—a(l4) ,w}

where [ ]E OQforvr>c¢

Dy(0,7) 1s the dose at the centre of the sphere and Dy (0 oo) the dose m an
miinite radiation ource with the same concentration of activity as m the
sphere The constant ¢ 15 15 for beta energies between 05 and 15 VeV and
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Table 1

Physical constants for %] and the calculated dose to the centre of a 1 79 mm3 large thyrord lobe at an acturly
concentration of I pCs per g tissue

Ejp(max)* Relatwe® Eg**  v* o ” B0 7 Y
\eV occurrence Mel emjg 5,0 =) R st
213 18 08? 676 10 051 017 030
160 240 060 101 10 076 025 032
116 23 , 041 159 15 120 046 040
097 20 033 205 15 154 056 039
073 150 024 309 15 233 074 038

Mean value 036

* Loevioer et coll (1936)
*+ \arneru et coll (1947)

1 for beta energies between 15 and 3 MeV The constant @, 1s obtamed from
the following expression
@ =3¢t — (¢t — 1)]-*

1 other words for the ¢ values mentioned, @ will be equal to 1/3 35 and 1/3
respecti ely

The apparent absorption coefficient 3 15
_ 186
" (Emax — 0036)1 57
Dy (0 oo), finally, 15 obtamed from the expression

D, (0 ) =37 10t E, 16 10-* 3600 =2 13 E,rad/h

with an actnuty concentration of 1 uCifg E}, 15 the mean energy of the beta
particles As already pomnted out the gamma doses 1n the small mouse thyroids
are completely neghgible 1n compar_on with the beta doses from 231 and ** I

The method of consersion of the centre do.e n a sphere obtained 1n this way,
mto the correspondmg dose 1n the ellip oidal thyrord Jobes will be discussed n the

ection dealing with the results of the dose calculations

The total dose will finally be obtamed by muluplymng the calculated dose value
for 1 «Ci I per g ussue by the thyroidal retention of the nuchde mtegrated
during the radiation period

1 cm? per g tissue

Results
Dose distribution 1n the mouse thyrord Fig 1 shows the relatne doses measured
in the cut surfaces of the thyrord lobes 05 1 and 2 hours after the mnjecton of
3 1, and the distnibution of the 1 do ¢ 24 hours after the injection
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Fig 2 Sketch of a model (left) for
calenlaung the dose 1o the centie of 2
thyrod lobe The slerch (an elhpsoid
of revolution) mas be compared we

the drawing (nght) of a thyrord lobe
sten through an operatng microscape
(magmbicauon about 30x ) The larger
sphere 1n the sketch has the same
volume as the ellipsod of revelution
Ihe calculaions were based on the
assumption that the centre-dose in the
thyroid lobe was greater than that recer
ed from the part of the Jarge sphere that
18 mscnbed 1n the ellipsod (1€ the
inseribed sphere + the shaded volume)
but Jess than the centre-dose 1n a sphen
cal radiation source of the same volume
{and with the same actiity) as the
elipsaid

The relatisely large vanauon sn the ** I distubution obsenved m the thyrod
tssue 05 hours after the mjection evened up within the next half hour Two
hours after the mjection of ¥ [ the dose distnbution i the thyrod showed
greater umformuty than that obtained 24 hours after a *'[ mnjecuon  this was
probably to be explained by the higher beta energies of the ** I nuchide Thus
the assumpuon formmng the bass for the calculations namely that the dose
distnibution from 3 [ had dunng the greater part of the radaton penod been
at least as umform as that obtaned from 1 seems to hase been correct

Dose calculations The mean weight of the thyrords m the muce that were
used for uptake measurements durectly after the expermments, was 3 58 + 009
mg (mean weight :+ standard error) A sphere with a density of 1 g/cm? and a
werght of 179 mg (lobe weight = half the thyroid weight) has a radws of
0753 mm On the bass of this value and of the previously mentoned expression
for D; (0, ) and the physical constants for * I given mn Table 1 1t was
possible to calculate the dose at the centre of the thyroid lobe with a constant
actvity concentration of 1 1Ct/g The calculated dose values to the centre of the
sphere will be scen 1n the last column 1n Table 1 The total dose at the centre
was finally calculated by adding together the products obtaed by muluplying
the D, (0 7) values for the different components by therr relatine occurrence
i the decay scheme

The centre-dose w1 the 179 mm® large sphere was comverted to the corre
sponding centre dose mn the ellipsord haped thyroid lobe of the same volume (the
radius of revolution == half the major axis) usmg the following rea onmg The
mean dose at the centre of the sphere was calculated to be 036 rad/h The
stmilarly caleulated dose at the centre of a sphere of the same <ize as the sphere
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Fig 3 Retennon curves for 1311 (—)
and ¥ 1 ( ) The jatter cune was
caleulated from the former curve which
was secetved from direct activity mea
surements Before the intection of 3]
the mice had been kept on a low 10dine
diet for 14 days

inscribed 1 the ellspsord will be 0 30 rad/h, for an actvaty concentration of
1 uCi/g (Fig 2) The dose contribution to the common centre from the spherical
shell between the two spheres 1s thus 0 06 rad/h The part of this shell lying with
1n the ellipsoid constitutes 48 % of 1ts total volume As the relative proportion of
the total shell solume that 15 located within the ellipsoid ncreases with decreas-
ing radws of the outer sphere 1t 15 obvious that the dose contributton from the 1n
tracllipsoidal shell between the 1 79 mm® large sphere and the snscribed sphere
should be at least 0 03 rad/h or mn other words that the dose rate at the centre
of the thyrord lobe should Lie between 033 rad/h and 036 rad/h countng
with 1 «Ci per g of tissue In our calculations, we have used as 2 best estumation
the figure 0 34 rad/h for the central dose 1n the ellipsordal lobe The ntegrated
dose at the centre of the thyroid lobe will then be

034 J’mf(t)dt

where f(2) 1s the actvity per g of tissue as a function of ime The integral was
solved graphically from the retention curve for ** I (Fig 3)

When the retention curve for **!I was converted mnto the corresponding cune
for ™ I 1t was assumed that the half ife was 8 05 days for the former nuchde and
2 26 hours for the latter (Emery & VEAL 1954)

Three groups with 20 mice 1 each recenved mjections of 148, 302 and
469 «C1 ™ I respectively, and thus recerved an integrated mean dose of 1200
rad, 2 400 rad and 3 700 rad to the centre of the lobes The corresponding doses
at the penphery of the glands were 500 rad, 1000 rad and 1500 rad (LoE
1nGER et coll 1926) One half of the total do e had been delnvered after
4 hours and 90 % of 1t about 10 hours after the mjection (Fig 4)
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Fig 4 The calculated 1nte
grated dose from 131 Fifty
per cent of the total dose
had been delvered after about
4 hours and 90 7 of the dose

\ L ¢ ' L after about 10 hours
s u " n 5 n
Tme 0 iy ten b
Rad; effects The rad induced mhit of the gotrog, lated

thyroid growth was sigificant n all the experimental groups (Table 2)

Table 3 sums up the results described 1n the pre.ent paper and the corre
sponding results from the previously reported mvestigations on roentgen irradia
ton and the effects of *'I (WALINDER & SJoDEN)

As seen from the table there was no difference between the dose response
relationship after roentgen 1rrad and after irrad with 1 I These two
types of exposure were defimtely more effectne than I radiation This
subject 15 taken up 1 the di cussion of the results

Discussion

For direct comparv.ons to be possible between the growth imhibiting effects of
different types of radiation on gortrogen simulated thyroid uissue the reaction
to the sumulatton must obviously be the same m both ca es That this was not
%01 the present imvesugation will be evident from the thvroid weights of the
controls after the PTU admimmstration (cf Table 3) This may explain why as
low an amount as 148 Ct I which gave a do ¢ of about 500 rad at the
penphery and a maximum dose of 1 200 rad at the centre of the lobe resulted
man effect which surpassed m significance even the effect of 1 000 R of roentgen
radiation (1 R==095 yad ICRU 1964) This difference was probably only an
2Pparent one however and would seem to have been due to differences 1n the
response to the gotrogen challenge

The differences noted between the effects 1n the goitrogen challenged thyroid
gland of the CBA mouse after one and the same do € of **'I or of roentgen rays
were accordingly 1n all essentials a consequence of the different lengths of the
expasure imes for the two types of radration Inhomogeneities m the dstribution
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Table 2

Inhibition of gortrogen stimulated thyrordal growth with dfferent doses of 321 P denoles the sigruficance of
the growth tnkabtiion

No of Tnjected B(max) Body Thyrod P
ammals amount of (rad) weight weight {mg)

2 (uCa) (g) Means £ SE
20 — — 307 9121024
20 148 1200 297 7104020 <0001
20 302 2 400 296 6444023 <000t
20 469 3700 297 624+023 <0001

Table 3

Comprlation of the results obtamed with different forms of radiation to the thyrowd as veporied m earher
mestigations (WALINDER & SJODEN) and n the present paper (1 R = 095 rad ICRU 196%)
Means+standard ervor P denotes the significance of the growth whiblton

Ammal  Dose Time between exposure Thyrod weights (mg)*  p
group (max) (injection) and start of
PTU Irrad mice Controls
1 13500 R 14 days 70404 84403 < 001
2 1500 R 1 day 64402 84403 < 0001
3 1300 R 500 R 14 days-+500 R 73402 84403 < 001
fractionated 7 days+500 R 1 day
4 1000 R 14 days 77402 78402 —
5 1000 R 1 day 66402 78402 <00l
6 4700rad I 14 days 70+01 71402 —
7 6600 rad I 14 days 59402 71+02 <001
8 3600rad * 1 1 day 78402 88403 =001
9 5000rad I 1day 58102 88103 < 0001
10 1200rad I 1 day 7102 91£02 < 0001
1 2400 rad I 1 day 64402 91302 < 0001

* + Standard error of the mean
PTU was given in the drinking water for 27—30 days (0 1 4 PTU)

of the ¥ dose 1n the thyroid tissue, or injures 1n the penthyrowdal tissue, seem
to have played only a neghgible part, if any, 1n this connection

It scems unlikely that the corresponding differences which have been ob erved
in human thyroid tissue after roentgen srradiatton and exposure to **1 would
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have a dufferent cause from the dose rate dependence which has been demon-
strated m the mouse A amular dose rate dependence can in actual fact be
deduced from the data in compil on the 1rad of human hvpophvsial
fissue

As has been shown by Tom1as et coll (1955) and by Lanrence et coll (1958)
the dose required to produce necrous after wradiation of human hypophysial
tissue with 910 MeV « particles 340 MeV protons and 190 MeV deutrons 15
26 000 to 30000 rad The exposures to the particles were given three times a
week for 14 to 63 days The particle beam was delivered m the form of micro-
second pulses about 68 times per second and the dose rates were accordingly
very lugh Most of the pauents recewved 200 to 300 rad per nunute Microscopie
evidence of histologic damage was apparent m 21l patients who recenved over
20000 rad regardless of the tme mterval between wradiaton and death
Necrons was present m those receving 26 000 rad or more Nevertheless i a
case recerving 30 000 rad/14 days where the sella appeated to be empty upon
macroscopic examination a thin layer of piuntary cells was observed mrcro-
scopically (Lawrence et coll 1958) Tosias and his coworhers could find no
RBE differences between 910 MeV alpha particles 340 MeV pratons, 190 MeV
deutrons and 200 XV roentgen rays, which 1s consistent with the fact that the
LET values are of the same order of magmtude for these four kinds of radiation
(cf discussion by Lawrence et coll 1958) This has been confirmed n two
more extensive myvestigations by Larssox (1962) and Stesson (1969)

The cotresponding effects of *"Y spheres implanted m the prtustary transna.o-
sphenoidally revealed that the dose mecessary to produce hypophysial necrosis
was about 90 000 rad when the spheres were left in the gland (NoTrer 1959
Norrer & WarLioer 1959) In the past few years, hvpophycectomy with *Y
spheres has been replaced with ®Sr *°Y applicators with the low-energetrc "8t
radiation screened off The dose rate from these applicators has been o Tigh
that exposure tmes of less than one hour could be wed (NoTTEr et coll 1968)

With a treatment time of 50 munutes the dose required to cause necrosis was
around 30 000 rad

The difference between the necrotzing doses on treatment with Y spheres
and with **Y apphcators 1s 2 pure dose rate effect, as the irradration qualitzes
were identical and the radiation ources were <o posittoned as to avord wrradhation
of extrahypophysial tissue The dose Tequired to produce necross 1 human
hypophyssal tissue 15 thus about 3 times greater when the dose 1 delivered dunng
the course of a few days (the physical half e of 2y 5 about 65 hours) than
when 1t 15 delvered within 1 hour When the dose necessary for producin;
necro 1s 10 the pitwtary from Tosias external radiation ources 1s compareg

with that from ™Y spheres the dose ratio 1s found to be 3—1 1e a figure smilar

373004 A¥ R 1z aTh pyPhy B lgyt 111
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to that found by us for roentgen and ™1 irradiation of the growing thyroid
tissue 1 mice

The radiauon induced nhibition of the PTU stimulated thyroidal growth 1s
chiefly a result of mutotic death It 1s of considerable interest to note that with
an ncrease 1n the exposure ume from some hours to <everal days the do ¢ causing
interpha ¢ death i human hypophysial tissue 1s mcreased with the same factor
as for the mitotic death in the mouse thyroxd It 15 hard to beheve that the
mechanisms underlying a mitotic death could be :dentical with those which
cau e an nterphasc death The relation between the injunes and the recovery
mechamsm (or the requirement that there must be several radiation injunes
close together m time to insure that the effects under study will anse) would,
however, .eem to be the same with both (ypes of ccll death The dose necessary
to destroy human thyroid ussue completely, by an ad of ¥, 15 of
the same <ze (about 100 000 rad, Mmr.stry of Health, England 1960} as the
dose required on ablation of human hypophysial tissue with *Y spheres left 1n
the gland {NoTTer & WALINDER 1959)

The <evere mjunes that were ob erved n the thvroid tissue of children on the
Rongelap atoll after the 1954 bomb test at Bihins (Conarbp et coll 1966) cannot
be attributed solely to incorporation of '], but were also a sequela of the short
Iived radioodme nuchdes which mn all probability were of greater sigmficance
than their relatine dose contnibutions gave cause to expect The high external
dose {175 rad) probably played a lghly important role mn determimng the
extent of the injunes The increased frequency of thyroid carcinoma among the
population of Hiroshima and Nagasaki gves further evidence of the sigmificance
m this respect, of short term external irradiation  Incorporation of radiotodime
nuchides was inconsiderable mn the Japanesc population (Woon et coll 1968)
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SUMMARY

The doses of radiation necessary to snhibit gostropen stmulated thyraid growth in the
CBA mouse are much lower after roentgen exposures than those needed to produce the
same cffects after 131 admimstrations Similar dilferences i the effectinencss of the two
types of radiation have been observed in several different amimals as well as i man A

5 of the d flect rel h after d of the mouse thyrod v ¢th
roentgen rays 31 and 13 { has shown lh;\! the difference in the effectiveness of the three
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types of radiation largely consists of a dose rate elfect m the
of the 13t].dose and effects on the penithyroidal tissue produced by external 1rradiation are
of little significance in this connection

LUSAMMENFASSUNG

Die Strahlendosen die motwendig sind um den hropferzeugend sumulierten Zuwachs
der Thyreaidea der CBA Maus zu unterdrucken sind wesentlich mednger nach Roatgen
b hls als solche die notwendig sind vm die glewchen Effekte nach 13'I Gabe her
vorzurufen. Ahnliche Unterschiede 1n der Effchtiatat dieser zwer Atten von Strablung sind
ber verschuedenen [reren ebenso wie berm Menschen beobachtet worden Emn Vergleich des
Dosis Effekt Verhalesus nach Bestrahlung der Thyreotdea der Maus mut Rontgenstrahlen
1311 und 19 1 hat gezeigt dass der Unterschied in der Effektnutat der drex Typen von
Strahlung ym wesenthichen auf der Widung der Dosisrate beruht Inhomogemtaten der
\erteilung der 1311 Dosis und Wirkungen auf das perithyreodale Gewebe durch die externe
Bestrahlung sind 1n diesem Z hang von geninger Bedeutung

RESUME

La dose de radianon necessaire pour hiber la croissance dune thyrode sumulee par
un gotrogene chez des souns CBA est bien maindre pour les rayons de Roentgen que celle
qui est necessaire pour produire les memes effets apres admmstration de 1311 des differen
ces semblables d efficacite de ces deux types de radsation ont été observees sur plusieurs
espices animales differentes amst que chez 'homme La comparaison des rapports entre la
dosc et leffet sur la thyrode des souns apres irradiation par les rayons de Roentgen par
T et par *1 2 montre que la difference @ ellicacite de ces troms types de radiation est
principalement due A leffet du debit de dose Les hetérogencités de la distribution de lir
radiation par 1311 et les cffets de lirradration externe sur le tissu pertthyroidien ont pen
dunfluence sur ces differences d  efficacite
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IMMUNOGLOBULINS IN CARCINOMA OF
THE UTERINE CERVIX

by

S PLESNICAR

In recent years the problem of immunologic competence 1 patients with sohid
tumours has attracted much I g using duff bial
antgens permut the conclusion that m pauents with soid tumours the delayed
hypersensitinaty 1s mmpared (Lanme et coll 1962 Sorowex & Rararort 1965,
Gross 1965, hravr et coll 1968) Sinular results have been obtained using
cross-reacting ch Is ke 24 d hlorob (LEvin et coll 1964
KranT et coll 1968)

In contrast to the frequent decrease m the cell medsated 1mmunaty, the abibty
of patients with makgnant tumours to respond to anugeme stmul leading to
the formaton of humoral antibodies scems to be relatively well presenved A
reduced resp to primary with tetanus toxoid has been reported
(LYTTOY et coll 1964) but other authors usng different microbial antigens,
have observed a relatnely well preserved anttbody formation capacity in patients
with malignant disease (Barcn 1950, ParresTijEY et coll 1951, Larson &
Tosurnsov 1953, Sournan & Moore 1954 Liskowitz et coll 1957 Leviy

Svbmitted for publicauon 8 December 1970

37



38 5 PLESNICAR

et coll 1964) Additional mformation on the immunologic profile m patients
with malignant diseases could be obtamed by measunng serum mmmunoglo-
bulin concentrations Changes m IgG and IgM immunoglobulin levels have been
observed 1n the serum of patients with hepatomas (Mchewves & Fauey 1965),
Burhitts lymphoma (Ncu et coll 1966) and lymphogranulomatosis maligna
(GoLpyan & Hosss 1967) In a series of patients with bronchogenic carcino-
ma moderate increases 1 IgA levels have been observed only m cases with long
survival (KranT et coll 1968) Recently 1t has been found that antibodies
cytotowc to mahignant melanoma cells are located largely in the IgM fracuon
of the patients <era {Lewis et coll 1969)

The present mvestigauion 1s concerned with the serum IgG, IgA and IgM
mmmunoglobulin levels 1 patents with carcinoma of the uterine cervix The
patients were dinided nto three groups according to the TNM classification
The globulin levels were simult: ly evaluated m a group of healthy
controls The determination of serum immunoglobulin levels was done by the
radial tmmunodiffusion method

Material Seventy seven consecutine cases of | venfied sq
cell carcinoma of the uterine cervix were exammed Only previously untreated
cases at first admussion were mcluded in the study No patients presenting
symptoms or signs of hepatic or renal mvolsement or with known distant me
tastases were included mn this mvestigation None of the cases had 2 monoclonal
gammopathy

The patients ranged 1n age from 30 to 75 years the anthmetic mean for the
group was 54 years {1 SD= 11 8 years)

The extent of the disease according to TNM classification s defined as follows
{LEIssner & Nistros 1968)

Stage I — Tumour wmfiltration confmed to the cervix with subdrusion to the
mucroscopically obsenved lesion with no palpable mass of tumour

Stage II — Tumour infiltration extending outside the cervx towards the
vagina m the candal direction or towards the parametnium 1n the lateral direc
tion

Stage III — Tumour extent exceeding the caudal third of the vagina or
reachmg to the pelvic wall

In the stage I group 24 cases were included the mean age for the group
was 48 years, n the stage II group 31 cases mean age 52 years, m the stage
I group 22 cases mean age 59 years To the 36 to 70 year age group which
corresponds to the age mterval of the two groups of elderly healthy controls re
ported by Jonansson (1968), belonged 61 out of the 77 pauents Conadering
the 53 patients m stages 1T and III together, 8 patients cid not belong to the age
group mentioned above The control group consisted of 38 fernale blood donors

1 11




IMMUNOGLOBULINS IN CARCINOMA OF THE UTERINE CERVIX 39

of ages rangmg from 21 to 63 years The anthmeac mean {or the control group
was 36 years (1 SD==11 7 years} Out of the 38 women 18 were 1n the 36 to 70
vear age group

Methods Blood samples were collected when the extent of the disea ¢ was
graded The serum was separated from blood obtained without stasis from the
antecubntal ven Aliquots were frozen at — 20° G until determmation was per
formed at a later date

Quanutame determunation of IgG, IgA and IgM immunoglobulins was car
ned out by the radial immunodiffusion method (Mancint et coll 1965 Mcher
v£y & Fanes 1965), which had been shightly modsfied All sera were investigated
using thus same method at the same laboratory Equal amounts of 2 % agar
( Special Agar Noble, Difco ) n phosphate buffer, pH 86 and of anuserums
dituted to a concentration of 1 15 for IgG immunoglobulin and 1 30 for IgA
and IgM immunoglobulin were mixed The antiserum agar muxture was poured
onto mucroscopic shides (25 mm X 75 mm for the determinatton of IgA and
IgM immunoglobulins and 35 mm X 75 mm for the determuation of IgG
immunoglobulim) to form layers I mm thick Using a gel puncher (LAB, Gel
puncher No 6807 A) two wells 23 mm m ciameter were cut on each shde
shortly before u e and filled with 2 z} undiluted serum After mcubation for
72 hours mn 2 humdity chamber at room

3 the shides were removed
and dned overmght Amido-black was used for staming The area of precipita
tion was determuined by measuring four diameters at an angle of 45° where
upon the globulm conc: were determined by comparng the
surface area with the graphic curve plotted for the standard reference sera

The reference sample was obtained by mixing the serum samples of 28 healthy
controls and subsequently preparing aliquots 1n four dilutions These dilutions
were used for plotung the reference curves for each group of shides The ab olute
concentrations of IgG IgA and IgM immunoglobulins 1n the reference sample
were 1y d d bilized standard human serum (Batch

P y using a sl
No 369 A) from Behnngwerhe AG (Marburg/Lahn Germany) For compa
mson a set of reference sera from Hyland Immunoplates at three different con
centrations (Hyland Laboratonies Calif, USA), was used The results with the
dlflf:rcnt standards were fauly mular, and st was decided to accept as absolute
values of the reference sample 932 mg IgG/100 2
0% e T peaere pl g 1gG/100 ml 215 mg IgA/100 ml and
The staustical analysis was made by determining the anthmetic mean and
standard error of the mean Using the t test the signtficance of differences m the
immunoglobuln levels was caleulated by companng first, immunoglobulin levels
of each stage with the level of the control group and second, the value of th
ummunoglobulin level of one stage with that of each of the Ot},ltl' two stages ‘
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Table 1
Comparison of ymmunoglobutin levels wn different Swedsh senies of healthy women (mgl100 ml)

G IeA 12\
N\orserG (1967) \lean valued-SD Mean valur £ SD Mean value 45D
FElderly women 10554210 201478 76426
Blood donors
women) 1099217 184463 77430
Jomanssov et coll Anthmence mean Anthmetic mean Anthmetic mean
1968, (range (r.lngc) {range)
20—35 years 1267
women (756—1 688) (82 5185) (54 3—159)
3650 years 1454 170 108
women (961—2 037 (101—264) (37 0--272)
5170 years 1355 151 83

women (910—1961) (89 1--212) (31 1—160)
Present sertes h A

mean +SE mean +SE mean+SE
{range) {range) (range)
Blood donors 10354266 175491 103+ 48
women 21—63 years (71921 441) {93295) (69-167)
Results

In Table 1 the values of immunoglobulin levels an the control <eries are
compared with data published for the Swedish populaton by other authors
(NorprrG 1967 Jomansson et coll 1968) The mean concentration of 3G
immunoglobulin m the sera myestigated by the present author 1s close to that
reported by Norsere and somewhat lower than that presented by Jomanssov
The IgA levels for the given group determined by the three authors do not show
any large differences In the present sertes of pattents the values of IgM 1m
munoglobulin are ligher than those reported by Norserc but closc. to the values
of Jonansson In the senes presented by the latter author the immunoglobuln
concentrations for the same ex vary mn different age groups Norserc found
no differences when values for IgG and IgM lin conce of
female blood donors were compared with the group of eldcrly women

In Table 2 the mean concentrations for the three classes of immunoglobulins
n patients with uterine cervix carcinoma are presented The frequency distnbu
von of serum immunoglobulin levels 15 illustrated m Figs 1 and 2 The stage 1
group value for IgG mmunoglobuling was sigmificantly lugher than the control
group value (p<<001) In the stage II group the mean concentration of IgG
immunoglobulin was lower, the stage III group lesels were almost identical with
those of the control group The salue of IgG 1mmunoglobulm i stage I was
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‘Table 2
Lmmumo,lobulin lerels (mg/100 ml) 1 cases af wlertne ceret« carcinoma deitded accorden, to TH M
dlasnfication
TV o \ean 2ge IgG IgA IgM
years)

Anth Arsth
mean +SE mean+SE mean LSE
range range range

Stage T 24 48 1456+ 322 192+ 86 i+ 58
11071827 67—280 54—201

Stage 11 31 55 1256+ 431 192+ 92 97L 52
7882 149 90—315 45—166

Stage 1T 22 58 1030+ 235 203+ 68 73L 58
7001270 120—29> 27—149

Controls 38 36 1033+ 265 175+ 91 103+ 48
7191 441 93—29> 69—167

also sigrufrcantly Ingher than that n the stage II1 group (p<<001) In all three
stage groups the value of IgA tended to be higher than in the control group
these differences were not significant however No agmificant differences were
observed when the mean values for all three stages were compared with the
control value of IgA immunoglobuln There was a ugmficant difference between
the mean c on of IgM lobul for the stage I and II groups
as compared with the concentranon of the control group The value for the
stage I group was sigmficantly lower than that for
{p<<001) and that for the stage I group (p<<001)

the control group

Discusston

A comparison of the age distnbution of the pateent group (

mean age 54 years) wath that of the control
years)

30 to 75 years
group {21 to 63 years mean age 36
reveals a conuderably greater Proportion of younger women 1 the con
trol group The question anses whether the differences

m mmmaunoglobulm levels
noted m the vanous

groups analysed 1n this paper might sumply repre ent an age
dependent vanation As noted abave the majonity of stage II and III patents
fall snto the 36 to 70 year age group This correlates well with the age distibu

uon m two groups of elderly women presented by Jonansson (Table 1) In
companng IgG immunoglobubin levels there 15 agreement between our controls
and those reported by NorBrG On the other hand  Jouansson s values are
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Fig 1 Frequency distnbution of serum IeG (a) and TgA (b) mmunoglobulin levels i 77
pauents with carcinoma of the utenne cenix compared with 38 healthy conirols From tod
to bottom  Stage I (34 cases) Stage IT (31 cases) Stage III (22 cases) and controls \alues
expressed m mg per 100 m)

higher than both the values n NORBERG s sertes and the senies of controls 1n this
report

Nonetheless, no consistent age dependent differences could be found in either
of the .eries of these authors It scems reasonable to conclude that vanations 10
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Fig 2 Frequency distnbution of
serum IgM immunoglobulin levels
1n 77 panents with carcinoma of
the utenne cervix compared with
38 healthy controls From top
o bottom Stage I (34 cases)
Stage II (31 cases) Stage 1M1
(27 cases) and controls Y alues
expressed 1n mg per 100 ml

15G ymmunoglobulin concentrations could be related to the different stages mn
the progress of the cancer process The Ig\M immunoglobulin levels on the other
hand do appear to be age depend; as their tendency 1s to d with ad
vancmg age Our senes revealed the same trend 1e IgM immunoglobulin
fevels were lowest n stage 11T patents which group comprised predommantly
elderly females (mean age 59 years) The average IgM level 1n 18 females m
the control series 11 which the lowest values were noted was 88 mg/100 ml
Tins figure 15 1dentical with the value observed in Jomansson s oldest group of
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patients, and 1t closely approximates the value for elderly females described by
Norsirc

When comparmg the values for IgG IgA and IgM immunoglobulin for the
three healthy control groups (Table 1), differences were found 1n the immuno-
globulin values of the various groups A possible explanauon of the observed
differences might be the use of different standard sera used for determination
of the absolute value of the reference sample Ve observed that the IgG, IgA
and IgM immunoglobulin values i the control group of the present investigation
are close to the value for healthy adult females reported by Stoop et coll The
reported mmmunoglobulin levels in their senes were as follows IgG =106+ £
287 mg/100 ml IgA =174 + 74 mg/100 mi, IgM =109 * 41 mg/100 ml
Stoor s method for the determmation of immunoglobulm levels calls for stand
ard sera stmilar to our own (SToop et coll 1969)

A companson of the serum mmmunoglobulin levels 1n the three different sta
ges i patients with cervical carcinoma with those of healthy controls reveals
higher immunoglobulin IgG levels in the carlier stages of the disease The <erum
lesel of IgG immunoglobulin 1s dependent upon the mtensity of antigenie stm
ulatvon and on the funcuonal capacty of the anubody producing mechanism
(Anpersen 1966) Consequently, the increase :n IgG smmunoglobulins 1n stage
I cervical caranoma mght be the result of mntensive antigenic sumulation In
asmuch as the rate of degradation of IgG mmmunoglobulins appears to be
drrectly proportional to its serum concentration, a decreased rate of degradation
cannot be mvohed to explan the el d IsG lobulm levels It has
been observed however, that IgG immunoglobulins are catabolized at a faster
rate 1n cancer patients than in healthy mdwiduals (Tee & Watams 1967)
Decreased IgM mmmunoglobulin concentrations have been reported i Burhutts
lymphoma (Ncu et coll 1966} mn Hodghins dicease (Gorpman & Hogss
1967) as well as in hepatomas (Mchervey & Faney 1965) and m other sold
tumours (DosTaLova et coll 1970) Decreased concentrattons have al<o been
abserved 1n healthy elderly women (Jonanssoy et coll 1968) Since the majonty
of <tage III patients are 1n the older age group, the mechamem responsible for
decreased concentrations of IgM immunoglobulins 15 more hkely related to
tmmunologic deterrorations occurrimg with age, than 1t 15 to the disease per st
In contrast to the observed changes m IgG and IyM immunoglobulins IgA
mmmunoglobulin levels remain fairly constant regardless of the stage of the dis
ease Increased levels of IgM mmmunoglobulins have been observed m long term
sunvisors of carcinoma of the Iung for example (RRANT et coll 1968) In the
sera of patients mnvestgated mn the present report, mncreased lesels of IgA mm
munoglobulins were obsersed as compared with those of healthy controls the
differences, however were not sigmficant
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The present investigation 1s confined to the deter of lobul
levels by means of radial immunodiffusion 1n patients with cervical carcmoma
From these data 1t cannot be concluded whether the obcenved differences in 1gG

lobulins, are due to al of the patients immunclogic status
10 antigens 1n some way associated with mahgnant disea.c, or to <ome other
reason The changes occurning mn IgG and possibly IgM immunoglobulins, on
the other hand, do seem to be related to the extent of the diease
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SUMMARY

The levels of immunoglobuling IgG IzA and IgM were measured 1n seventy seven
untreated patients with carcinoma of the uterme cersix The results were correlated with
the clmcal staging of the diseasr Compared with control values immunoglobuhns IgG
were elevated i stage T of the disease (p <001) In the stage III group the mean con

for the IgM was below the value for the control sertes
{p<001) These changes were statistically sigmficant In all three stages levels for IgA
smmunoglobulin were shghtly elevated as compared with the healthy control these duf
ferences were however not mgmificant

ZUSAMMENFASSUNG

Die honzentration der IgG IgA und IgM I wurde bei sieb h
unbchandelten Patienten mit Carcinoma Calli uten gemessen Die Ergebnuse wurden mat
dem Mimschen Stadiem der hrankhet verglchen Im Vergleich zu der Rontrollgruppe 15t

die K der 1gG I b un Stadium T der Krankhert erhoht (p<001)
Im Staduam 111 wurde f dass die durchsch he k fur IgM Im
unter der b m der K 1

war (p<001) Diese Unter
ar die Ronzentranon der Iga
lleruppe diese Unterschn de sind

schiede sind stanstisch sigmfikant In allen drer Stadien
Immunglobuline etwas erhoht 1m Verglerch zu der Rontro!
jedach meht statstisch sigufihont

RESUMEL

Les taux d immunoglobubines 1gG IgA et IgM ont ete mesures chez sorcante-dix sept
malades attemtes de cancer du col de | uterus non traste. Les resultats ont ete pus 4
Télation avee le stade clmique de cetee affection Comparcey aux taux des temoms ;" el
munoglobulines IgG ont elevees au stade 1 {p <001} Dans le grou dumsud ]cIsImlI
taux moyen de limmuno lobuhine IgAL est wferieur au taux de la sene}::mo { E<00 Y
Ces differences sont statstiquement significaties Aux tro1 stades les mu.xuc; " o
buline Igd sont un peu eleves par Tapport aux temoins sams mang ces daff, e unoglo-
cependant pas sigmificatnes Frenees me sont
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FUNCTION Or THE RLTICULOENDOTHELIAL SYSTEM
IN WHOLE-BODY IRRADIATED MICE

by

B E Scunipr and k H Frixsson

It 1s a generally accepted fact that whole body jomizing radation mcrea es
the susceptibility of expenimental ammals to mfection a number of different
host defence mechamsms agamnst infection have been considered responsible
(KLeMPARSKALA et coll 1961 Leone 1962, Surri et coll 1963 Stoner 1967),
the reticuloendothelial system i partcular having recently aroused con tderable
attention Based on the assumption of a causal rel. hip between rad

and the f 1 state of the reticuloendothehal system  the
phagocytic capacity of the latter has been the subject of mtensive rescarch and
sts other funcuonal aspects have also becn mvestigated (MicuLes & Lovtmit
196G, SELvARA] & Sparra 1966, Scuarer et coll 1965, Stoner 1967 Sparra
1970)

Reports on the effect of srradiation on the phagocytosis are, however, con
flicung Irradiation has thus been reported both 1o depress (Marzano et coll
1963, Sasa & Diluzio 1969) and stumulate (FLemminG et coll 1970 Iren
ct coll 1970 Axrvongfvic 1970 Sepvic 1970) retuculoendothehal system
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Table 1
Phagocytuc index for S1Cr RBC followng wyection wnto srradiated muce

Ecposwre 0 Timepost  Phagocytcindex  p* Corrected phagocytic  p
Rt wrad days K value & SE mdex  giSE

Controls 16 — 0381 2 0014 — 14122039 —

Re 7 0392 £ 0039 >00> 1495 1050 >00>
R noo2 0366 2 0017 >005 14634041 >005
R 0 7 0239 £ 0020 <0001 11121050 <001
R 9 1 0242 £ 0030 <001 1242 1050 <005
R 12 2 0245 + 0014 <0001 1164037 <001
R 7 7 0216 = 002> <0001 1107 £ 032 <001

'Ry = Sublethal R, = LD and R = LD, iradiation
statistical s gnuificance compared to controls
body weight

e 0693
Weight of bner 4 spleen

s
UN R i
VR where b =S

phagocytosts as well as having no effect at all (GarriELLt & Aushaps 1953,
BenacrrRAY et coll 1959 PauscarTner et coll 1967) In view of the e con
fhietng results most of which were obtaned by determmng the disappearance rate
of indigestible test substances such as collordal carbon, gold or chromc phosphate,
an mestigation of the effect of 1omzing radiaton on the system with a meta
bolizable test substance of marked biologic agnificance was undertaken This
imestigation also formed part of a program g the cffect of combined
mjuries from nuclear expl on the reticuloendothehal fi A computer
program 13 now also presented for the calculation of the phagocytic mdex
(A value) and certamn statistical parameters

Matenals and Methods Inbred CBA male mice 70 to 80 days old and
weighing 235 to 285 g were gren food and water ad Lintum and housed
under strictly standardized conditions Pentobarbrtal sodium (Mebumal) was
admumistered mtrapentoneally 1n a dose of 60 mg/kg before <enal blood sampling

enogen erythrocytes labelled with Cr (Na 'CrO; AB Atomenergn Studs-
vik, Sweden) were used for the tests and will be called ¥'Cr RBC the labelling
procedure has previously been described n detml (Scnor 1970a) Th:
speafic actvity of the test substance solution was approximately 2 2 £Ci1/100
£1/20 mg Hb Scamwnt employed human erythrocytes, since prelmunary tests
8ave no evidence as to the exastence of natural any human RBC antibodues 1n
the mouse serum A low ttre was howeser later present at careful serologic
¢xammations so that the mouse <erum was therefore examned for lahc

4-T004 40 R 2g TR pyPhy BulegyV It )
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existence of antibodies aganst erythrocytes from ten rabbits Rabbit RBC proved
Iess incompatible than buman RBC, a weak, non hemolytic antibody agamst
the rabbit RBC, however, <ometimes occurred n pooled mouse serum, s
actevaty being strengthened when tested m active serum It thus seems to be
an antibody of the natural anti species type Four rabbits aganst whose RBC
the mouse serum presented the weakest reaction, were finally chosen as RBC
donors for this and other investigations

The valtdity of “'Cr RBC as a test substance for rcticuloendothehial system
phagocytosis was cheched by the autoradiographic localization of the 'Cr RBC
mjected 1nto the mouse (ArrEtGren & Scuipr 1970) Radioactisity was
present mn tissues ¢ the fixed r loendothehal system m whole body
autoradiograms Autoradiomicrograms of the Iiver disclosed a shght accumulation
of !Crin the hupffer cells

The anmals recenved whole body irradration ten at a time in plastic wheels
from a roentgen apparatus (MutLer MG 300) operaung at 260 kV and 10
mA, 2 05 mm Cu filter (inherent filtration 5 mm Al) was used at a dose
rate of 74 R/mun (universal dostmeter, Phulips 37470) and a FTD of 45 cm
The ammals were exposed to doses corresponding to LD o (approuimately
660 R) LDy, and a sublethal dose (half the LD o), dunng an observation
peniod of 30 days, based on the quarterly deter of the g
resistance of CBA muce carried out at this mstitution

The disappearance of the 'Cr RBC from the blood was determined m ¥
groups of 15 anmmals each 1 to 8 days after exposure to varymng doses from
sublethal to LD o, according to Table I The method, described elsewhere
(ScuiLoT 1970a), includes the followng essential features 50 xl of 5Cr RBC
were mjected miravenously and blood samples of 20 sl each taken at 05
10,15 20 and 40 min Their radioactivity was measured m a well type
scintillation detector (Picher Autowell 1) As blood volume and hematocrit
had previously been determined (Scmizor 1971) the relative amount of the
'Cr RBC remamming 1 the blood could be calculated as a percentage of the
total amount injected for each arumal Flotted against tume on <emilog paper
the 1mal observation pomts form 2 straight line, thus repre enting a mono-
exponential funcuon, The half ume salue (T/2) and the phagocytic mndex
(A= InCy—InC.

t—t

a computer as described below and K used as an mdex of the disappearance
rate A correction for the effect of possible weight changes of the prncipal
organs of the reticuloendothelial system (Iver and spleen) upon the disap-
pearance rate, was made by calculating the corrected phagocyte mdex a==
(body weight/weight of Iner and spleen) /A (Benacerrar et coll 1959),

according to Brozzi et coll 1953) was calculated by
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this 15 thought to measure the phagocytic actwity of the reticuloendothehal
cells imdependently of vanations n the «ze of these organs

The conteut of 3!Cr n organs of the reticuloendothelial system was determined
since changes m the content and distnbution of the radioactvity earlier had
proved to be 2 sensitve ndicator of effects apon the function of the system
undetected by the phagocytic index (Scuipr 1970b) Two hours after injection
of the #Cr RBC the radioactivity in the liver, spleen lungs and femoral bone
marrow was measured The organs were taken out, washed weighed, placed
1 test tubes and their radioactivity measured 1n a well type santillauon detector
(cf Table 2)

A computer program was designed to calculate in each expenmental ammal
T/2 and A values for the intravenou ly njected 5'Cr RBG and further to
determme mean values and standard errors for the indvidual groups as well
as evaluate the statstical sigmficance of differences between them by means of
Student s ttest (Fig 1)

Calculation of the expenmental data according to this computer program
offers two indisputable ments First 1t ehmmates the subjectne influence as-

ocated with the common graphic method when determuming the disappcarance
rate Secondly, 1t 1s far supenior as regards speed and accuracy The division of
the program mto two parts alo permuts cheching of the credibibty of the
mdnidual data and has proved to be of great practical importance

The disappearance of 'Cr RBC in the blood represents miually a monoexpo
nential funcuon

Cr=Co 4 (1)
where
==time after mjection m mmutes Co==radioactivity at zero tme (¢;) and
C, == radoactivity remaining 1 blood at the time ¢ as percentage of total
activity injected
Loganthme transformation of (eq 1) grves alinear relatonship
InCi=nCo—k ¢ 1))
where

A 15 approximated according to the method of least <quares an
d the half
value (T/2) 15 obtamed as E © et e

T{2=0 693/A (3)
when the natural Joganthm 1s used

The program descnibed 1n detarl elsewhere {Erinsso
N & Hay
was wntten m Fortran 1V for IBM 360/75 and consists of two P‘;io‘(lF:: 7(1‘;,
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Fig 1 Block diagram for computer program
a) Part one b) Part two

The first part fits a straight line to the observation points and the slope 1
utihized to calculate T/2 The second part calculates X SE and t values Indata
to the computer were presented on punch cards Results of the first part of
the program were checked for credibiity The cards contammg observations
gniang mse to unreasonable values, e g negatve T/2 were removed and the
remainder were processed 1n the second part of the program

Results

The capacty of the wradiated ammals to engulf the 5'Cr RBC mnjected 15
sigmficantly dimimished (Table 1, Fig 2) Sublethal rrradiation does not mflu
ence the phagocytic capacity while exposure corresponding to LDso sigmficantly
suppresses phagocytosis (p < 0001) although not untl the seventh day post
uradiation Exposure to LD o results ;n a sigmficant (p<001) depression
of the phagocytosis as early as 24 hours after nracdiation the capacity to clear
the test substance from the circulating blood then stays at the same low level for
at least one weeh These results thus indicate that whole body irradiation
gnes nse to a dose dependent reducuon of the phagocytosis of xenogen
erythrocytes

The corrected phagocytic index (@) was calculated to determune whether
this influence mught be caused by a werght reduction 1n the main organs of
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Fig 2 Phagocytic mdex for "ICr RBC

T T
OA 5 POSTIARA  lOW following 1njection into 1rradiated mice

the renculoendothehal svstem Table 1 mdicates that the « index Tepresents
the same sigmificant differences between irradiated and control ammals as
does the A value These results support the exstence of a true depression of
reticuloendothehial system phagocytosis following exposure to mud lethal and
lower dases, the fact that sublethal exposure (05 LDo) faled to affect the
phagocytosts 1s related to the sharply sloping dose response cunve

The distnbution of the matenal engulfed between the mam organs of the
retculoendothelial system appears sn Table 2 Two hours after the mjection
of the Cr RBC the radio content of the Iiver was sigmfrcantly lower m muce
exposed to LDy and LD o Reduction of the radroactivity of the «pleens became
significant two days after exposure to LD o of the animals The radio-content
of the lungs was Iikewise significantly reduced only 1 muce exposed to LD 4
one or two days previously

Discussion

Thus imestigation indicates that irradiation n the range LDw to LD,
significantly reduces the capacity of the reticuloendothelial system of mice to
sdentfy and swamp foreign erythrocytes Although the particular compound
now bemng considered has not been used mn am:

y other similar mvestigation
analogous results have been reported when test substances such as collowdal

gold (Marzano et coll 1963) or gelaunzed 31 labelled tnolein {Sama &
DiLtzio 1969) have been used With collowdal carbon, on the other hand
tradiation was reported always to enhance phagocytosts (AxTongjevic 1970
Frep et coll 1970 Suvie 1970)  This finding seems  howerer w0 be
dependent on the dose of the test substance adnunistered ( Fressmng. et coll
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Table 2
Organ~content of radia chromum three hours folfowing inyection of S*Cr RBC tnt trradiated mice

Exposure  n Tyme post  $1Cr content/gram  of total amount 1n) BWe
R wrad days
Luser Spleen Lungs WL+

Controls 16 — 135 08 125412 35+£03 207
R. 8 2 131409 12413 40203 206
R 10 2 86 06 103409 31404 192
R, 9 1 74404 Wil 22402 202
R 12 2 34302 45+£07 224+05 188
Statistcal sigmficance compared to coatrols

p>00>

p <00>

p <001
¢ p <0001

® Ry = sublethal R, = LD and R , = LD,y irradiation
ratio between body weight and weight of ner plus spleen

1970) Following rdentical exposures, the phagocytic acuvity was above the
control level when determined by small carbon doses (8 to 16 mg) but below
this level when measured by large carbon doces (50 mg) This observation
1s essentral for the validity of conclusions to be drawn from investigations of
reticuloendothelial system phagocytosis Below a certain dose called a cnucal
dose the disappearance rate (A) increases as the dose decreases until 1t has
reached a maximum value (Brozzi & Strerer 1965), the phagocyuc capacity
then exceeds the amount of test substance presented to the phagocyte The
blood perfuston of the organs of the reuculoendothehal system (because of 1ts
size mainly the Iner with the spleen connected 1n senes) under the e crcum
stances s the imuung factor

Tt 15 thus necessary m order to make 1t possible to draw conclusions wath
regard to the phagocytic capacity to challenge all reticuloendothelal cells by an
mjection exceeding this cniical dose The cniucal dose for 31Cr RBC has pre
viously been determmed as 78 mg hemoglobin with 10 mg as a standard
(Scmor 1970a)

Too low a dose of the test substance has been cmployed 1 many previous
wmvestigations on the effect of irrad: on reticuloendothelial phagocyto 15,
as previously stated, small doses do not truly measure the phagocyuc capaaty
Another mmportant factor 15 the blood perfusion of the reticuloendothehial
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organs Concl regarding the ph uc capacity cannot be drawn for
certamnty unless the perfusion rate has been unchanged Although mformation
on the effect of whole body iradiation upon eg hepauc blood flow, has
not been pubhshed, local wradation {500 to 2000 R) <eems to reduce the
hepauc blood flow as calculated from the disappearance rate of radiogold
(Fripricr & Scuarir 1965) Prehminary data indicate a reducuon m the
nutnent Iner blood flow 1n whole body 1radiated nuce as well as measured
by the atraumatic densitometry of indocyamne green (DavizLsson et coll
1971)

A depressne effect of irradiabon on reticuloendothelial system fi was
demonstrated 1n the present mvestigation by a marhedly reduced amount of
radio-chromium 1n the principal organs of the retculoendothelal system three
hours after injection of the #Cr RBC ( Table 2) This was particularly marked
as regards the Iner Even though the phagocytic mndex was unchanged two
days after exp to LDy as pared to the control mice the hepanc
content of 'Cr was sigmificantly (p < 0001) reduced The organ distnbution
and content of the test substance thus provide valuable nformation comple
mentary to the phagocync index As pomted out al o by others, generalizations
as to the loendothehal system f cannot be made by evaluatmyg
blood clearance actwaty only (Mtnson et coll 1970 Nuic & LeoviaroT
1970) Furthermore an altered tissue distribution has been obeerved despite
tlhc ;act that no alternation 1n clearance rate was evident (GarriELr & Avshaps

953)

Radiation damage to the phagocytes 1s an unhhely explanation for the
mpaired  phagocytic capacity after arradiation It 15 well established that
supralethal doses caure no wimble morphologic signs of damage to ren
culoendothehal cells (CLrmepson & Nerson 1960) Exen after Lilo-roentgen
doses these cells organ cultures of lymph nodes and thymus retamed therr
phagocytic capaaity (Grivav & Trowerr 1965)
ml;rhm:dmll; ;; rr;cnllr‘llaro;r humoral factors 1n the mechamsm of the radiaton

phagocytosis was mvestigated by Saa & DiLuzio

(1969} these authors stated that lethal wradiation <electay
and splemic phagocytoss Opromi; of the test sub
mtravascular clearance i wradiated rats by enhaneing bone marrow uptake
while the Iner and spleen uptake remamed unaltered The total bone marrow
3%“::; ;i S‘grcir:?]uftl:;:rfi:;—;:;cn;( of the femoral marrow proved to be
25 com cl; 57+ unt myected per gram marrow 1n controls
pared to 137 & 11 per cent m mice exposed 24 hours previously and

104 £ 21 per cent 48 hours after exposure to LD P v an

o Exposed
a sigmificantly lower bone marrow uptake m companson with co:::]cs thus had

ely depresses hepauc
augmented 1its
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An ncreased capillary permeability mught explamn the apparent merease of
the phagocyuc activity previously reported after irradiation This theory 1s sup
ported by many observations Excessive loss of albumm into the gastro mtestinal
tract followmg whole body 1rradiation 1s thus documented (BIRsE et coll 1962)
Considerable amounts of collordal carbon occurred 1n the imtestmal mucosa
of irradiated muce and were thought to explam the enhanced carbon clearance
reported (Fremmine & Fremming 1969) Increased capillary permeability
has been established for albumin — Evans blue (Lunpsore & Scuiot 1971)
and dextran molecules of varying sizes (ArTursoN & Troren 1968) The
leakage was correlated both to the exposure dose and the followng trme lapse
With the exposure 1n the LD o range, capillarn leakage was evident as early as
1 to 2 days and reached a maximum dunng the second week after the exposure

Irrespective of whether the phagocytic activity 1s increased or decreased, 1t
must be stressed that no sunple causal relationship exsts between phagocytic
function and radiatton resistance {FLEwMmnG et coll 1967) As regards the
suscepuibility of uradiated antmals to bactenal infection, the nflammatory
response and the ability of the phagocytes to kil the mgested matenal are
probably of even greater importance than the engulfment per < There 15 10
doubt that the mnflammatory response 15 delayed and diminished (Swimi et
coll 1963) and that the intracellular hilling 1s markedly depressed (Gorpon
et coll 1955 Searra 1971) durmg the post wrradiation period
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SUMMARY

The sfluence of whole body roentgen srradration en the function of the reticuloendothe
lLal system was investigated mn muce by determinmng the phagocytic index for and ussue
localization of 61Cr labelled xenogen erythrocytes injected mtravenously Exposure to LDjo
reduced the phagoeytic capacity sigmficantly within 7 days while the same effect was
evident as early as 1 day after LD,y Sublethal exposure (05XLD o) farled to affect
phagocy tosts to any degree Possible explanations for the ympared capacity after srradacion
are discussed

ZUSAMMENFASSUNG

Der Ernfluss emer Ganzkorper Rontgenbestrahlung auf die Funkuon des retikuloendothe
lialen Systems der Maus wurde durch Besummung des phagozytaren Index und die Ce
webelokalisation 51Cr gezeichneter fremder mntravenos inpzierter Erythrozyten untersucht
Bestrahlung mit emer LDy venngert dic phagozytare hapazntat sigmifikant innerhalb von
7 Tagen wahrend derselbe Effekt bereits 1 Tag nach ewer LD , zu sehen ist Subletal
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Jung (05XLD 4) beenflusst die Phagozytose 1 kemer Wesse Mogliche Erklarunges
fur die gestorte Kapaztat nach Bestrahlung werden dishutiert

RESUME

Les auteors ont etudie Linfluence de liradiation de tout le corps par les rayons de
Roenteen sur 1a fonction du systéme reuculo-endothéhal chez des souns en determinant
pour des erythrocytes Xxenogenes injectes par voie svemneuse et marques au Cr lindes
phagocytarre et feur localisation tissulmre L exposiion a une dose fethale 10 pour cen
reduit la capacite phasocytaire de fagon importante avant le septieme jour alors gue
meme effet est evident des le premier jour apres une dose lethale 50 pour cent Une ex
position sublethale (05XLD 5) n affecte pas du tout la phagacytose Les auteurs exammen
Tes explications possibles de la duninution du pown oir phagocytaire apres irradiation
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An mcreased capillary permeabihity might explain the apparent mncrease of
the phagocytic activity previously reported after irradiation This theory 1s sup
ported by many observations Excessive loss of albumin 1nto the gastro mtestinal
tract followng whole body irrad 1s thus doc d (BirkE et coll 1962)
Constderable amounts of colloidal carbon occurred 1n the ntestmal mucosa
of irrachated mice and were thought to explain the enhanced carbon clearance
reported (Fremmmc & Fremming 1969) Increased capillary permeability
has been established for alburmin — Evan s blue (Lubnore & Scipr 1971)
and dextran molecules of varying sizes (Arturson & Titoren 1968) The
leahage was correlated both to the exposure dose and the following time lapse
With the exposure 1n the LD o range, capillarv leakage was evident as early as
1 to 2 days and reached a maximum dunng the sccond week after the exposure

Irrespective of whether the phagocytic activity 15 creased or decreased, 1t
must be stressed that no simple causal relationship exists between phagocyuc
function and radiation resistance (FLEMMinG et coll 1967) As regards the
susceptibifity of irradiated ammals to bactenal infection, the mnflammatory
respon ¢ and the abihty of the phagocytes to Ml the mgested matenal are
probably of even greater importance than the engulfment per <¢ There 1s no
doubt that the inflammatory response 1s delayed and diminished (Ssirn et
coll 1963) and that the intracellular hiling 15 marhedly depressed (Gorpoy
et coll 1955, Ssarra 1971) dunng the post arradiation pertod
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SUMMARY

The influence of whole body roentgen ieradiation on the function of the reticuloendothe
hal system was investigated m mice by determiming the phagocytic index for and tisue
localizatton of 3'Cr labelled xenogen erythrocytes anjected mtravenously Exposurc to IDyo
reduced the phagocytic capacity sigmbicantly within 7 days while the same effect was
evident as carly as 1 day after LD o Sublethal exposure (05XLD ,) failed to affect
phagocytosis to any degree Possible explanations for the impaired capacity after irradiation
are discussed

ZUSAMMENTASSUNG

Der Emnfluss emer Ganzkorper Rontgenbestrahlung auf die Funktion des retikuloendothe
lialen Systems der Maus wurde durch Besummung des phagozytaren Index und die Ce
belokal 1C, fremder Erythrozyten untersucht
Bestrahlung mut emer LD,q venngert die ph Y Rapazitat 1k halb von
7 Tagen wahrend derselbe Lffekt berests 1 Tag nach emer LDj, zu sehen st Suliletal




TROM THE DEPARTMENTS OF RADIATION THERAPY AND BIO-ENGINEERING AND
MEDICAL PIYSICS GROOTE SCHUUR HOSPITAL AND UNIVERSITY, CAPE TOWN SOUTH
AFRICA

MITOTIC INDEN IN
HUMAN SQUAMOUS CELL CARCINOMA

by

R. Szaty Anrta Dntyseruas and B Smepstone

The mvestigation of the cell hinettes (etowth fraction and cycle tme) of ohd
tumour systems both 1 human subjects and expenmental amimaly necessitates
<erial biopsies and rests on the assumption that the mitotie index wittun each
tumour both 1n regard to time and space 1s rea onabhy constant This tmplies
that in the absence of chmical vanations 1n the appearance of tumours, the
microscopic growth patterns m thewr chcally simlar parts are the <ame As 1t
seemed that the knowledge available on these que<tions could be amphfied 1t
was decided that an 1 estigation mught be of value

Duurnal ranation The vanatuon m the mitouc mdex at different times through
the twentyfour hours of dav and night 1 normal useues 1n recogruzed but 15
ab ent 1n human large bowel carcinoma and “quamous cell carcmoma m other
regons (DusLis et coll 1940 Dumtry 1944) as well as 1 “quamous cell car-
cinoma in mice (BLtsenretn 1943) However only 14 human cases have been
reported and to which a further 9 cases are now added All the latter had
Iustologrcally confirmed previoush untreated extensive caranomas i olving
—_
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Table 1

itohe tndex (per thousand cells) 1n squamous cell carcinoma of the uterne cervex Biopsies at sic hour
wterzals Ninetyfive per cent confidence humuts 1n brackets

Case \o

691387 23 (1o—3%) 25 (17—-36) 19 (12—29) 21 (13—31)

69 1482 9 (2—17) 11 ( 6—19) 15 ( 9-24) 10 ( 5—18)

69 1488 9 (217} 10 ( 5—18) 7( 314

69 104 12 ( 7—20) 12 ( 7—20) 7 (314 6 (3—13%)

691530 19 (12—29) 24 (16—32) 22 (14-33) 22 (1433,
Table 2

Afutatic 1ndex (per thousand cells) 1 squamous cell carcnoma of the mouth Multiple buopsies at a single
fixed time Ninefy<five per cent confidence limits w brackets

Case No
va 369 16 (10—25) 19 (11—29) 16 (10—22) 14 (823
09 353 7 (319 1 (2—10) 5 (2—11)
69 260 39 {28—52) 41 (32—38) 35 (25—18) 51 (3866,
69 1432 9 (-1 10 ( 5—18) 12 (7—20)
69 °00 n (>—19) 9 {57 7 (3-8 9 {517
69 339 13 ( 7-22) 8 ( 4-15) 12 ( +—20)

the whole uterme cemix they were of the chmeal exophitic type. No medica
ton was ginen dunng the peniod the biopstes were made they were performed
pamles]v at four opposng pomts thus avording possible interference with the
mutotic index by local anaesthetic and previous trauma due to biopss The
Pprocedures were carned out every six hours for 2 peniod of 24 hours (1e four
per case) The speamens were fixed 1 Boum s <olution embedded 1 paraffin
wax sectioned and staned with haematoxshn and eosm phloane One thousand
cells from a representati ¢ <ection were counted, nfected and necrouc areas being
avoided. The results appear m Table 1 1o diurnal vanation was noted which
accords with the findings of others. This finding 1s essential to invesngatiens
with D\A precurors mn cell kineties, as well as m those imvohng metaphase
mduang agents for esumaton of the potental tumour doubling ume Any tisue,
such as normal ussue, that undergoes cvclic actvaty must be carefully assesed
by these means since pulses of agents given at different regions of the duwrnal
pattern mas be expected to produce widely diffening results
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Table 3
totac mdes (per thousand eells) 1 multiple squamous all carcinoma of the head and neck

CGase No

60475 Palate 16 ( 9-26)
Tongue 21 (13-32)

69660 Tongu 43 (31—57)
Floor of mouth 26 (1738)

681660 Tongue 4 ( 2~10)
Antrum 9 ( $—17)

694554 Mouth 16 { 9—~26)
Gland neck 26 (17~37)

Topographic vanation of mutotic ndex It seemed possible that vanation
the mutouc index withmn indridual tumours at one fixed pomnt 1n time might
be possible 1n spie of the clinical appearances of the areas being simular Ac-
cordingly multiple biopsies were performed within a few minutes of each other
from 6 cases of lustologncally confirmed carcinoma of the mouth and handled
n the manner already descibed The results appear in Table 2 and mdicate
that there 15 no vanation within a tumour where the chnical appearances are
constant Necrotic or grossly mnfected areas were again avorded m the bropsies
and thus a reasonably constant type of cell population was examned Rersum
& Brroas (1969) have mdicated that they have found topographic vanations
1 the mutotic index 1 human squamous cell caranoma but unfortunately save
1o details, 1t 15 possible that ther mvestigation did not have the same limus as
the present one Simular findings have been reported by Ingrsen (1967) but
agam no details appeared Smiranawa et coll {1970) 1 human malignant
melanoma discovered vamation 10 the mitotsc index between the growing edge
of melanoma deposts and the centse but not between sumlar areas of the tu
mours These observations would be 1n accordance with the present ones and
2gun are a necessary prerequisite for selable 1 esugations on cell hinetics

Mutotic index 1n stmultaneously occurnng tumours This was examuned m
6 hlS!OIDglcal]y confirmed quamous cell caranomas of the mouth (Table 3)
Vhale 2 wide vanation between cases ewsts the mutotic indices in the two <eparate
tumours 1n the one case appear to be sumlar Ths 15 of great nterest since it
imglics a common tumour host rel hip since the do not have a

common ongin (with the exception of the fast case n Table 3} Suiranawa
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Table 4

Mutotic index (per thousand cells) mn nfiltrating squamous cell carcinoma and
exophyiic squamous eell carcinoma of the mouth

Infiltrating Papillary
69/475 16 69/1157 39
69,625 13 6971286 17
69/F57 22 69/ 716 7
691744 25 69/1445 34
©9/857 24 69/1484 12
691717 18 69/1490 26
70/ 48 41 69/1611 24
Average 227 69/1667 20
69/1683 29
65/1689 29
69/1843 32
Average 254

et coll (1970) reported stmilar mitotic indices 11 <everal simultaneously ocior
nng metasta es from human malignant melanoma These workers al o stated
that the mitouc mdex and labelling mndex was Jower in infiltrating tumour #tes
where there was a chronic inflammatory cell infiltraton and 1n the centre of
larger mases It 15 suggested that a host response mechanism mght be at least
partly responsible The present case with the low nutotic index 1n both tumours
had a considerable inflammatory cell infiltrate mamnly of plasma cells as well
as of lymphocytes 1 both tumours Antlymphocyte .crum will ncrease the
growth of tumours 1n expenymental animal systems (WoLr JurRGEssEn et coll
1968 pr Cosse & Gerrant 1968) and 1t has been suggested that the presence
of round cell infiltration of melanoma may be 2s octated with a low labelling
index (Simaxawa et coll ) It 1s therefore possible that the combination of low
mitotic mdex and round cell infiltration mght concewvably be u.ed as a con
vement re of host ¢ to mal

The topographic vanation 1n the mutotic mdex withmn tumours reported by
others has already been noted It therefore appeared that the same might apply
1n tumours of grossly different chinical appearances

Accordingly the mutotic index was estimated n nfiltrating squamous cell
carcmoma and exophytic squamous cell caranoma of the mouth The results
are given 1n Table 4 It 1s clear that no difference exists m the mitotic index
between the two chinical types of tumour This 15 unexpected since the blood
supply to the papillary type of tumours might be cxpected to be improved and
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thus allow a more rapid cellular tumover and perhaps better access for cell
mediated defence mechamsm There appears to be a different buologic back
ground for these two types of tumours smce hrisusavurTin {1961) has noted
a difference m response to radiation therapy m the mouth It 1s of interest that
the sections from the case with the papillary growth and low mitotic mdes
revealed mfiltranon with plasma cells and lymphocytes The careful rorrela
tion of mutotic mdex climcal tvpe assessment of host re istance and longterm
response to radiation 1n ths field appears desirable
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SUMMARY

The mutotic index mn human squamous cell carcinoma 1s discussed with reference to
durnal vanation  topography and multiple tumours as v ¢l as those of different clinical

types A low mutotic andex m these tumours was d with chronc 1nfl cell
mfiltration

ZUSAMMFENFASSUNG

. Der mutousche Index beim menschlichen Schuppenzell harzinom wurde 1im Hinblick auf

die T e multiple Tumoren als auch solche von verschiede
n:n Yhnischen Typen diskutiert Ein ruednger Mutoseindex ber diesen Tumoren war mit
o 5 . Zellinfil bund

RESUME

L index mutotique de | eputh Ipighten humain est etudie en fonchon de Lt vana

tion dwrne de la topograrhie et de In multiphicité des tumeurs mn 1 que en fonction des

dx{fcrcms typc]: ihmquu Un dex mitotique faible dans ces tumeurs e t associe asec une
cellulaire

2
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METHOD OF STAGING SYSTEM CONSTRUCTION
by

S S huromara, F W Grorcem V Vorotava and ] H Weestzr

In a previous publication the purpose and concepts of constructing staging
systems were presented (huromara & Grorce 1970) A split then lump
tabulation procedure was demonstrated to produce an optimal staging system
for carcinoma of the corpus uten recurrent after total hvsterectomy Each level
of stage was separated distinctly from each other

In thus paper the same procedure 15 used with shght modification to demon

strate construction of staging systems for pnmary adenocarcinoma of the corpus
uten

AMatenials and Methods In this approach to staging each of the vanables or
factors ly known to rep of progno 1s 1n a specific vanet
of carcinoma 1s discnminated 1nto two or more levels according to survival rates
or smilar parameters The population of patients 1s subdivided into groups
accounting for a combmation of levels of each of the vanables Subsets of
pauents with similar survnal rates are then combined mto fewer categonies with

disunct differences in rates depending on the climeal charactenstics of the
carcinoma process as well as on the sample «ze
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Table 1

Anatomie sites of woliement according to prognosis Possible sles or segrons of tuoliement by adenocar
cinoma oritnafing in the corpus utert are indicated in columns tuo through src

Prmary Cene  Upper Lower Pelvis  Bladder Distant Percent 5 yearsurvnal®
corpus vagina \vagina or rec
tum

-+ — — — — — — 61 (725)  -61 (729
+ + — — — — — 37 (35) =37 (35)
+ — + - — — —_ 33 (3)

+ + + — — — — 13 (®) } 18 an
+ — — + — — — o (10}

+ + - + — - — 0 2)

-~ — + + — — — 0 @)

+ — — — + — — 13 (15)

+ + - - + - - o9

+ — + — + — — 0 (1

-+ + + — + — — 0 3 4 (68)
+ — — — + — — o

+ -+ + + + — — o {2)

+ — — — — + — 0 3

- — — — + + — o

+ + - — + + — o4

+ + 6 (19

+ Carcimoma present at sitc

— Carcinoma not present

For distant spread (last row) +or—are not speaificd for sites within pelus

* Crude 5 year rates are shown for groups of patients with various combinations of sites of in ole
ment found i this series Groups with small numbers of cases have b en combined according to €x
tent of spread and prognosts Crude rate = number ber at nisk expressed as p
(number at risk)

The matenial consisted of 835 primary cases of adenocarcinoma of the corpus
uter1 with complete ¢hnical and histopathol information suitable for this
imvestigation The pattents were scen at the Roswell Park Memonal Insttute
duning 1940 through 1960 None of them was lost to follow up for at least scven
years after diagnosis

Anatanue <ite of tnvoliement, uterine cauty depth and uterme size were the
three commonly u ed vanables 1n staging of caranoma of the corpus utent
Histologic grade and age were al o included because they are the next most
clinteally <ensible staging vanables to be conadered Other vanables werce not
examined becau ¢ of the limited number of cases
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1n order to show the probabilisuc agnificance of the particularly constructed
<et of prognostic clases or tages 1€ the chance occurrence of the e staging
systems 1s low an algonthm was devi ed to perform the following operations

1 Randomly permute and partiton subsets of pauents 1 a 4X4X2X2
array consisting of the respective age, histology, utenne size and uterme cavity
depth vanables as axes for lesions confined to the corpus (Table 1) Because of
the *mall sample 1z¢ the anatoric dimension was not mncorporated nto the
array 1¢ each of the three extracorporeal subgroups was not subdivided
according to the above four vanables but conudered <eparately mn later com
putations

Two situations of random permutating and parttioning were conudered In
the first situation the subsets n the four dimensional mtracorporeal array were
grouped 1nto stage subgroups without regard to therr imual posnons i the
arrays A programmed techmque (IBM) was utihzed to randomly permute the
positions of the e subsets and to randomly paruton them mto subgroups con
sisung of anywhere from 2 to 22 subsets This procedure could produce a
maxmum of 33 stage subgroups to a mmmmum of three However such extreme
condition of staging are unbihely to occur

In the econd sitwation the posimons of <ubsets of panents ;n the muln
dimensional array were considered to simulate <omewhat m a random fa hion
the process by which the particular staging systems were constructed (Tables 3
4) The array was subdinided into stage subgroups by starting at the ongin and
tahing integer dstances along each of the axes in order of vanables with de
crea.mng prognostic dicernmmation e n order of age histology uternne <ze
and utenne cavity depth The first stage group would be located closest to the
ongm The next one was produced by continung along axes 1n the same order
etc

When the himuts of any of the axes values four for age and histology and two
for utenine size and cavity depth were reached these axes were excluded m
subsequent partitionings The choice of integer distances to travel along each
of the axes was done by the permutation Program usng integers 0 up to 4
Staging subgroups conssung of less than two subset cells or tho e with no
Ppatients were combined with the next subgroup 1n the process of partitionings

2 Calculate the weighted averages of 5 year survnal rates of subgroups of
Ppatients, representing tho e for stages abtamed by the above procedures

3 Combme the patents with uterine cervix m ol ement with those of stage

subgroups with mtracorporeal lesions assocrated with 5 Year sunvival rates of
le s than 40 per cent

4 Ranl the rates from one to the highest integer of <tages
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§ Calculate the Pearcon s inear and Spearman s rank correlation cocfficients,
Wilcoxon ranh sum statistic (Bross 1954) for survival rates agamst stage ranks,
and chi square values (corrected for contnuity) for differences between adjacent
survival rates

Several criterna for the evaluation of effectneness of climical stages were uced
and tested according to the following statistics Pear on's and Spearman's cor
relation coefficients (R and Rs), Wilcokon statisic (W), and each of them
muluphed by the number of sigmificantly different (X > 3 84) adjacent survival
rates plus one The frequency distribution of each of these six statistics for 20 000
machine constructed staging systems, was compared for the two «aituations The
Wilconon statistic times the number of stage levels with nonoverlapping rates
(WND) appeared to be the best measure of effectiveness For example, one <et
of rates 37 53 62 and 73 per cent, and another 33, 45, 61 and 66 per cent
(61 and 66 overlap) yielded W of 43 and 43, and R and Rs of 023 and 023,
whereas WND s were 43 X 4 and 43 X 3, respectively

Results

Table 1 shows groups of cases subcategorized according to anatomuc sttes of
mvolvement of organs by carcinoma, histed 1n increasing order of advancement
of diseasc Carcinoma begins 1n the corpus (first column), spreads to cervix
(«ccond column) and then to upper vagmna, lower vagma, pelvis bladder,
rectum or distant sites (column wice, nght and row wise, down) For the X
sites or regions to which carcinoma of the corpus uters may spread there were
64 posstble combmations of mvolvement however, only 17 of them actually
occurred 1n this ivestigation  Cases with metastass outside the true pelvis were
considered 1n one group irrespective of imvolvement of carcinoma elsewhere m
the pelvis

The largest group consisted of patients with carcinoma confined to the organ
of ongin with a 5 year survnval rate of 61 per cent The proportion of such
cacs s large, sndicaung that this tumor docs not have great propensity to
spread early The next largest group consisted of patients with carainoma spread
to cervix The sunval rate has dropped to roughly onc half that of the former
The number of cases for groups with combimations of more distant <tcs of
spread 1s small with incon istent and generally low rates closc to zero Becau ¢ of
this such cases are combined 1nto a group with upper vagmnal involsement and
mto one with more extensve sites of spread This arrangement yrelded 2
maximal WND staustic of 353 Thus four prognostic Jevels of spred of
corpus carctnoma are considered corporeal cervical, upper vaginal and more
extensive
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Table 2

Age hutology utenme carsly depth or wlening st.e according to prognosis*

\ ariable Level 1 Level 2 Level 3 Level 4 WD
statisue

Age (yr5) <50 50—59 6069 > 10

73 (1) 62 (203) 53 (328) 37 {197) 172
Histology Adenoacan Adenocarcr Adenocarer \denocarct

thoma Grade 0 foma Grade I noma Grade II noma Grade 11T

66 (68) 61 (518} 45 (83) 33 (166) 179
Utenne Normal Large Very large
size 58 (350) 53 (471) 3308 8
Uterine <7 8 9 > 10
cav ty 55 (213) 3¢ (261) 59 (174) 50 (191) 1
depth (em)

Crude 5 year survinal rate per cent (number at risk)

\ ertical Line 1ndicates cut off pomnts for comersion of utennc cavity depth and wterine size values
1nto b aary ones

The prognostic gradsent for levels of vanables age at diagnoss Iustologic
grades utenine size and uterine cavity depth are given m Table 2 Five year
rates for age ranges <C 50 50—59 6069 and > 70 years are 73 62 53 and
37 per cemt respectnelv (WND=172) Though this paruuomng of pauents
mto thece age groups did not yield the maximuem WND value of 180 as for
another <et it was chosen for comenience Rates for histolopic grades D 1o 111
are 66 61 45 and 33 per cent respectively (WND=129) Tho ¢ for uterine
sizes N L and VL are 58 53 and 33 per cent (WND==8) and for utenne
cavity depths 7 8 9 and 3> 10 cm, are 55 54, 59 and 50 per cent
(WND=1), respectively Because the latter twa vanables ate weably dis
cnmunatng of prognosis they are demarcated inte binary forms For example
utene 1zes above normal values were associated with a crude 5 year rate of
52 per cent as compared to 58 per cent for those of normal size Utenine cavity
depths less than 10 cm were assocrated with a rate of 56 per cent as compared to
50 per cent for those 10 cm or more

Table 3 shows 1n two dimensions the sunvnal rates of 64 possible groups of
patents with locahized caranoma according to age histology utenine cavty
depth and wtenne 1z¢ Because of the zero to small numbers of cases m <ome of
the categories the rates appear <omewhat inconsptent However, on close
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Table 3
Combtnation of age histology ulenmne cataly depth and uiertne st according lo prognosis

Histology  Canal  Utenne Age (yrs) Row
depth  sze totals
<50 50—59 60—69 >0
Adeno
acanthoma
Grade 0 < 9em N 100 (7)* 63 (8) 79 (14) 60 (5 76 (3%)
L — — 60 {5 100 (6 33 (3 7 (4
> 9em N - - - = - - - = - =
L 50 (2) 5 (9 5 () 22— — 7 (10}
GradeI <9em N 81 (21) 75 (39) 61 (77) 46 (46) 6% (703)
L 88 (25) 62 (42) 69 (70) 38 (29) 61 {177)
>9c¢m N - - - = 67 (3) 50 (2) 60 ()
L 9+ (18) 67 (249) 5t (33) 62 (21} 67 (%)
Grade Il < 9em N 67 (3) 78 (9 70 (10) 38 (13) 60 (35
L 60 (5) 50 (4 67 (6) 33 (6) 52 (2N
>9em N - - = = = = o (1 ¢ m
L — — 100 () 14 (n 40 (5 3 (Y
Grade Il < 9em N 50 (4 33 (3) 48 (15 46 (13) 46 (35)
L 75 (8) 73 (1) 46 (22) 15 (13) 48 ()
>9cm N —_ = = = —_ = —_—— — -
L 60 (5} 50 (6) 25 (16) 29 (7) 35 (3%)
Column
totals 81 (98) 68 (176} 50 (283) 42 (164) &0 (1)

* Crude 5 year survival rate per cent (number at risk)

scrutiny, there are simulanties n patterns of survival rates which have been
lumped together Some clinical judgment was used 1n lumping in order not to
cross over excesstvely between levels of varables to cause confusion of chinteal
oncologic terms

The compo ite tabulation for mttial staging defimuon of corpus carcinoma
1s given in Table 4 In early lesions young patients (<< 50 years) with low grade
carcinoma (0 or 1) do excecdingly well Middle aged patients (50—69) sith
grade 0 carainoma also do well but somew hat less than the above Middle 1ged
patients with grade I carcmoma do well but not as well as the aboic two
Elderh pitients (2 70) with low grade lesions have a moderate degree of
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Table 4

Composite tabulation of stages for corpus ademocareinoma

Histology or Age (yrs}
tom ¢ yite
e * < 50 50—69 > 70
Crade 0 1B 76 (41)
A 83 (73)* 1IIB 47 (106)
Grade I I 65 (308)
Cauty
Depth
GradeII < 9cm A 59 (100)
or 111 NG 33 (a8
> 9em NE 34 (35)
Cervie mohed VA 37 (33)

Upper vagina
1nvolved Vi o188 (1)
More extensive

spread \BR 4 (68)

Crude S year survnal rate per cent (number at risk)
Stages1VA IVB I\ Care comb ned to give a 5 year rate of 34 per cent for 128 cases

prognosis In high grade lesions these patients do worse Patients less than 70
years of age with hugh grade carcimoma (I or I11) do fauly well when the
tenine cavity measures 9 em or less, and poorly when it measures over 9 cm
Liderly patients (3> 70) wath lugh grade carcmoma also do poorly Utenne size
had the same cffect as cavity depth

In lesions not confined to the corpus only the anatomic sites of mvolsement
are used m the defirution of tages When carcinoma has extended beyond the
corpus down into the cervix survival 1s poor It 1s even poorer when the tumour

muolves the upper vagma Beyond the above anatommc confines, prognosis 1s
cloe to ml

Tig 1 ndicates the

sunvasval cunves up through five years post dia fc
«tages IA through VB ( medenmg th s

8 levels) as defined i Table 4 Conaidenng the hmuatons
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Fig 1 Sunnal curves for chinical
stages I\ through \ B

F 3
YEARS AFTER DIAGNGSIS

of <ample size the cunves are fairly well eparated from each other without any
cro sng over However, none of the adjacent 5 year rates were sigmficantly
separable from each other The WND value and the Wilcoxon statistic were the
same 139

Fig 2 shows a plot of survival rates aganst midpomt of percentage cumulae
mardence of stage levels Because of the overlap between the rates for adjcent
stages IA through VB the alphabetized ones have been combmed Stages I 11,
HI IV and V revealed no staustical overlap i rates at p<< 0025 with a WRD
value of 650 A theoretcal cursilinear off diagonal line which defines a scpment
of a aircle divides the total sample population space for staging nto areas of
patients alne beyond five years after diagnosis and dead before The patients
alive make up 54 per cent of the enure senes and those dead 46 per cent As
suggested 1 a prevtous publicatron (huronara & GEORGE 1970), an ideal
staging system should appronimate this ine and 1 additon, produce an cven
di (mbutron of <tages The actual line fairly well approximates this ideal hine,
however, 1t deviates somewhat m the high region near stages I and [ One
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rea on for this deviation 1s that stage II consists of a relatnely large group of
patients 50—69 years of age with grade I lesions If 1t were possible to separate
thus group further prognostcally with the five vanables employed the actual
curve would have been closer to the 1deal Another reason 1s low nadence of
Testons spread outside the corpus A larger proportion of stage V patients would
push the plot of the stage IV group upward mto the 1deal line Extracorporeal
lesions made up only 14 per cent of this <enes rather than near 25 per cent
other senes.

Thus this procedure yields fne prognostically distinct stages defined 1n the
mestigation of this case matertal

Stage T Carcinoma confined to corpus n pattents less than 50 years of age
with grade O or I lesions or 1n patents 50 to 69 years with grade 0 lesions

Stage II Carcinoma confined to corpus m pauents 50 to 69 years of age
with grade I lestons

Stage Il Carcinoma confined to corpus i patents less than 70 years of age
with grade 11 or 111 lestons and with uterine cavity depth 9 cm or less or in
patents 70 years or older with grade 0 or 1 lestons Tumor involves the cerix
but not beyond
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Fig 3 Frequency distnbution of WND statistic  Solid lme for adjacent
position and dotted hne for independent position situations

Stage IV Carcinoma confined to corpus in patients less than 70 years of age
with grade II or 1II lesions and with utenne cavity depth greater than 9 cm
or 1w patients 70 years or older with grade II or III lesions

Stage V Carcinoma extending beyond the corpus and cervix

It should be menuoned here that the above defimtions of five chinical stages
for adenocarcinoma of the corpus uten, are only adaptable to this sertes of cases,
and are not meant to be applicable to others Generally applicable staging
systems can only be developed from a large number of cases of widely represen
tatne data

Fig 3 indicates the frequency distnibution of the WND statisuc for 20000
maclime constructed staging systems produced by random partisoning for each
of the two probabibistic situatrons, when subgroup stages of patients according to
age histology utenine cavity depth and size were conadered independently of
poation and dependently on adjacent positions 1n the four dimenstonal matrx
It 1s seen that the histogram of the former falls raptdly i an exponential manner
from maximal frequency of 0 to 12 WND values to near zero at 60 to 72 the
largest value being 156 In the latter there 1s a peahing of high values between
48 10 60, meaming that consideration of adjacent subgroup stages of patients
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PERCENT CAUOE £VE YEAR SURV VAL

Fig 4 Five year sunnal rates
against stage lesels for several
staging svstems O system A
(WND 650) X sstem B
(WND 139) ® Intemational
Staging Svstem (WND 351)
A Gussere (WND 288) +
R Hirasavasmt (WND 105)

PROGNOSTIC LEVELS

has a better chance of generaung more efficient staging svstems. The tughest
WND ralue was 276 The distnbutions of the correlation and Wilcoxen ¢hi
square values were close to normal however being somewhat skewed toward
the left for the latter

Iig 4 gnes the plots of surunal rates agamst one up to eight stage levels
for ceveral staging systems as apphed to this sample population The two optimal
systems constructed for thrs semes ndicated by plotsQ and X\ hasve the lnghest W
and Rsvalues however the one with less number of stage levels has a higer WD
staustic because each lesel was prognostically disunct from the next (p<<
0025) The International Staging System (hoTrserer 1963) has a relatively
hugh WAD value of 351 but there 15 essenually no difference 1n survisal rates
of stages 111 and IV Systems propo ed by Gramawm & Hirazavasir (1968)

and by Gusserc (1966) had relatnely low WND values of 105 and 288
respectinely
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Table 5

Results of radration therapy 1 adencarctnoma confined to corpus according to stages

Chrucal Treatment groups*
stage

Radiation Surgery Preoperative
1 88 (25)** 7noan 8 (72)
bid 47 (88) 64 (55) 76 (165)
nr 40 (89) 46 (37) 70 (80)
I\ ees 21 (41) 33 (9) 4 (13)

* Treatment groups consists of paticats treated with srradiation alone with total hysterectomy with
or without p d or with and total h

** Crude 5 year survnal rate per cent {(number at risk)

##* Consists of cases with substage lesions IVB and IV C

Table 5 demonstrates the applicability of this or simularly constructed staging
systems for the compari.on of treatment methods according to 5 year crude <ur
wnal rates Patients with stage I Jestons respond equally well to each of thec
treatment methods In stage II lestons, the result of the preoperatne radiation
therapy 1s best that of the irradration group 1s the worst, and that of the surgtcal
group &5 intermediate With advanang stage the results of all treatment
procedures fall and the differences between them decrease In stages 111 and
IV radiation therapy before toral hysterectomy yield better results than radiation
therapy alone or total hysterectomy alone The results of the latter two treat
ment methods are aumlar The data have been analyzed in detail, according
to ncdence of carcinoma deaths, of local recurrence rates and techmques of
wrracdiation These speafic results are not mcluded and will be publi hed el<e
where

Discussion

A good svstem of chmcal carcnoma staging should group patients with
cluncally aimilar tumor as well as host charactenstics mto distinct prognostic
groups for the proviion of companng different methods of treatment The
rea.on for this 1s that the make up of patients govern, to a large part the end
re<ults of treatments of carcinoma

For the construction of an optmal system of stages or of prognostic classes
knowledge of the sunnval charactensucs of terms or of patient varables u ed
1n their defimnons, 1s necessary  Without such knowledge, there 1s the danger
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of ming terms or vanables with different degrees of prognostic distinctions
when combimung them mto the various levels of stages
Surinal charactensucs in carcinoma have been i decreasing order of
usage, the crude 5 year rates, corrected or adjusted five year rates (for age
causes of death etc ), crude or corrected sunaval curves up to five or more
years post d or depending on the follow up duraton, and
slopes or <ome other parameter of sunival cune functions The crude 5 vear
rate was employed 1 this mvestigation because of 1ts smphaty and relatinels
short duration of follow up and becau ¢ most of caranoma deaths occurred
within five years of diagnosis Five year rates corrected for deaths due to other
caues yiclded essentially the same results More complicated charactenstics
such as survival cunve slopes or functions were not posuble to obtam from the
hiuted ample population data
In staging of corpus carcinoma the pauent vanables have been most often
anatomic <ites of mvolvement less often utenine cavity depth or utenne <ze,
and least often histologic grade Anatomc sites of mmoliement have been
generally accepted to be a vahd concept of measurement of growth and spread
for the many types of causing the eventual death of patents Degrees
of spread of carcinoma from uis site of omgin have been found to predict
prognosis well, provided that they have been defined optimally
Levels of spread of carcinoma have generally been described as follows (1)
tumor confined to organ of ongin (2) tumor spread hmited to adjacent tissues
OT OTZANS €Y 10 UPPeT vagina or paracervical ussues i gynecologic carcinomas,
(3) tumor spread extensisely to surrounding regions e g to pelvic wall or lower
vagma and (4) tumor spread to distant sites ¢ g outside the true pelvis The
degrees of spread of corpus carcinoma 1s .omewhat similar to the above Although
further refinement i degrees of anatomuc sites of mvohement was attempted
this was not found possble 1 thus <eres of COTPUS CArciNOmMa  SINCe 2 great
majority of cases {86 per cent) had disease m 1ts earkest stage of spread leaving
only a small number for such subdmasmons Of the mtally defined 16 levels
of spread outside the corpus men the latter 14 more extensne ones were
combined Thus this vanable was assigned only four convement and reahstic
degrees of spread of ¢ a with 1 p d
Since corpus caranoma tends 1o remain confined withun s organ of ongin
some authors have mncorporated utenne cavity depth or utenine size to describe
the prognostic behavior of cases withe locahzed disease (HiraABANASHI &
Granay 1968) In this invesugation these vanables were found to be well
correlated with each other and weakly discnminatne being applicable only
for ingh grade lestons Because of greater relabihty 1 measurement uterine
cavits depth was employed rather than uterine sze A pomt of demarcations
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between 9 and 10 cm was used to denote *mall and large utenne canty
as.ociated with tumor size, because the number of cases with depths of 11 ecm
of more was too small

Having employed all available clinical vanables conceptualizing tumor spread
and size, the next most <ensible vanable for staging would be histologic grade,
as has been suggested elsewhere (Gussere 1966) In tius mvestigation this
variable was found to be more powerful 1n discrimmating prognoss than uterine
cavity depth or uterme size

Age was added as an additional varable because of its relatively strong
effect on sunvival (second to anatomic site) Although survival 15 expected to
fall with age because of mcreased mcidence of other age dependent di eases
for some unknown reason 1t was sull possible to discriminate rates between
histologic grades even at advanced ages That 15 prognoss of elderlv patients
(2 70 years) with low grade lestons (0 or I) were better than those with high
grade lestons (I or III)

In order to segregate the large group of patients with carcinoma confined to
the corpus age, lustologic gride and utenne cavity depth were employed m
combtnations Seven levels of stages were denufied for patients with carcnoma
confined to the corpus (IA, IB II IITA IIIB IVB and IVC) These stages
were combmed with those spread outside the corpus to yield eight levels of
stages for the total seres However because of hmtations s sample szes,
only five prognostically disunct levels of stages were possible

Non parametnic staustical procedures were employed to show the degree of
correlation between stage ranks and ranked proportion of cases sunned
Both the Spearman rank correlation and the Wilcoxon rank cum statstic indi
cated stmilarly the degrees of monotomc mcrease 1n survival rates with stage
Ievels Pearson s coefficient was usually the same as Spearmans but becau ¢ of
uncertamty of normality of data the former was not relied upon Since prognosuc
distinctions were not accounted for effectively by the correlation coefficients or
by the Wilcoxon statistic this aspect was mncorporated by use of the chi square
test to distinguish overlap between survival rates of adjacent stages The Wilcoxon
statistic multiplied by the number of prognostically distinct stage groups was
found to produce maximal separation between the randomly constructed
svstems and tho e constructed by selection of patient charactenstics However
this angle WND measure 1s not completely to be rehed upon since s large
salue does not always guarantee good scparation of all clases from cach
other It 15 necessary to mepect the number of distnct groups and somctimes
the actual graphic plotung of <tage lesels agamst sunvival rates for certain
Iugh alues obtained This ituation occurred 1n asessing the International
Staging System which yielded a high WND value despite disproportionate
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distribution of cases i stage I and poor distiction between stages 11T and IV
Although 1t may argued that this procedure of constructing staging systems 15
not completely objective and 2 more mathematical or statsucal one should
be employed as of the ume of this wnung there seemed to have been no good
solution For this purpo ¢ a randomuation peeudo-permutatise technique was
employed to show that there would be less than five per cent chance of
mechanically producing an equally good staging system Of 20000 systems
generated, none had a WND ‘stausuc and case distnbution better than the
one constructed
It hould be stated here that problems of grouping mdniduals 1nto logical
<ub ets have been previously encountered n the field of biology psychology
anthropology and other related <ciences Approaches undertalen 1n attempt
to obve specrfic problems m these areas have been generally categonzed as
frequency cure re aluton factor analysis and herarchial clustenng  ba ed
upon distance measures (Jones 1968) Names of <ome of the yvanous methods
u ng the e approaches are discnmmant classificaion Q and R factar analysis
common factor analyss muluple factor analyws numencal taxonometrics
tasonomic optmization pattern analyus sumlanty analysis disimulanty analyas
profile analy 15 agreement anahsis etc
Although everal of the above statisical methods were emploved in attempt
to construct staging systems they did not yield results stausfactorv to us Some
of the rea.ons for their inapplicability were as follows (1) lingwistic differences
n approach to this problem (2) theoretical assumptions of properues of data
ncompatble with facts, (3) requirement of parametnicity of data and vanable
relatonshups, and (4) indeterminacy m functionat relauonship between van
ables 1n loadings 1n axis rotanoens in distance measures 1n simulanty coefficients
etc_without previous informavon on group memberstup
The subopumal performance of currently proposed stagmg systems tested on
this sample data was due to the use of too few clmeal staging mformation
for purposes of stmphaity or due to the use of addstional appropriate anatomic
or ‘hlsmtoglc miormanlon but 1 combiations melficient to effectnely dicnm
nate prognosts in unsclected enes haw
2t igh s 1o, other casees of dcatah ng 3 sizable proparuon of elderly patents
YD}Z;ZS::;:Z;““Z:‘"K: :)5"‘:“ of Sll‘u\gmg employs only anatomc extent of spread
nomber of paents though simple this system lumps a disproportionalty large
mito the first category of stage (roughly 75 per cent mn most
series) The results of this x g have d d that patents with
ll::\(:fg S;ﬂ;;l;n:::i ;;: ::: corpus may be stll subdwvided mnto smaller groups
With such htlengtr‘lcll) n(ts rlﬂlngmg o 56 s cent dovm 1o 53 per cent
patients grouped within one stage level, compan on




80 5 § RURONARA ET COLL

of treatment methods becomes unreliable without the necessity of strict statistical
control which would alo require a larger number of patients than required for
a relatnvely more homogeneous subpopulation

To decrea e this extreme vanation n patient types for lestons localized to
corpus, other authors suggested employing uterine cavaty depth or utenne size
measurements with or without histologic grade to overcome this heterogenety
Hirapavasis & Granam (1968) employed uterine cavity depth of 85 cm to
segregate these cases However, they excluded cases dymg of other cau.es and
n this way their staging system would be applicable only to patients whose
death fram carcnoma could possibly be predicted Though tins worked out
well m thee <elected ca es, 1ts performance was poor in all ca.es with localized
di ease in this mnvestigation

Guseerc  (1966) divided mtracorporeal lesions into these groups caes
with low grade carcinoma 1n normal sized uterus those with low grade carcinoma
in moderate 1zed uterus or with high grade carcinoma in normal sized uterus,
and those with more advanced degrees of combinatons of histologic grade and
uterine size His system yielded 2 relauvely high WND value, however without
prognostic distinction between stages I and II groups

The production of prognostically distinct stages ha the amportance of min
1muzing vanations 1 survival rates .o that results of different treatment me hods
for patients withmn stage groups can be asses.ed rehably The use of a poorly
constructed staging system permits the physician under usual circumstances to
select patients for each of the treatment methods <o that the end results are
governed by ink Tieities 10 f lly powerful vanables rather than
the treatment procedures themeelves As has been demonstrated in this invesuga
ton as well as by others (Gusstrc 1966, Noran et coll 1967), different
treatment methods may be .elected for different classes of pattents ba «d on
histologic grade and utenine 1ze Hence, towards this end 1t 15 necessary (0
construct efficient staging Systems with mimmal heterogemety in powerful
biologic prognosuc vanables within cach of the stage groups with whatever
applicable objectne procedures available

Falls st <hould be stated that staging systems o asesed to be effecine
by this or any other quanutause measure available or yet to be developed,
hould ulumately be judged realisuc by expenenced chmaians and be compauble
wath current concepts in chnical oncology Tt 1s beliesed that if this approach
or any other tmular one had been utifized prestously, much of the numerous
meffectine and mcompauble staging systems would not have been propoced
and many man hours would not have been wasted in uulizing such tagng
systems for the purpo<e of reporung and assesung end results of caranoma
treatment
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SUNMMARY

The controversial subject of logical approaches to constructing effectne  staging
systems 1n carcinoma was presented As an example a simpte but perhaps arbitrary spht
lump tabulation procedure was applied to the construction of an effectine staging
system for a senes of 835 pnmary cases of adenocarcinoma of the corpus uten The fne
particular clinical stages d by this procedure were p ily distinet and
directly related to crude five year survival rates It was demonstrated that this staging
svstem was hughly efficient relative to those currently propased and could not have occur
red by chance A generally acceptable system ol staging for this type of carcimoma can
oudy be dereloped by this or other similar methods with a much larger sample of pauent
data representatine of many regions of the  orld

ZUSAMMENFASSUNG

Die kontrorersielle Frage logischer Ansatze effektnne Stadien Systeme fur harzmome zu
honstrmeren, wurde dargestellt, Als Beispiel wurde emn emfaches aber viellercht willkurkches
sphit lump Tabulationsverfahren verwendet um e clfektves Stadien Svstem fur eine
Rethe von 830 Pnmarfallen von Adenckarzinomen des Corpus uten zu konstruieren. Die
funf besonderen klimschen Stadien die durch dieses \erfahren honstruert wurden waren
prognostisch distinht und standen 1n direktem Verhaltus zur groben Funfjahres Uber
lebensrate: Es wurde nachgewiesen dass dieses Stadien System mm Verhaltus zu den bisher
verwend ten sehr effeltn 15t und micht zafalhg entstanden sem hann Ein allgemein aner
kanntes System der Stadienentellung dieses Typus von harzmom kann nur mut dieser oder
anderen ahnlichen Methoden an einer wesentlich grosseren Gruppe von Pauemdaten die
reprasentatsy fur viele Gebiete der Welt sind entwickelt werden

RESUME

le probleme conn que Ia fagon logique d aborder
Ielaboration dun systeme efficace de classement des stades du cancer Comme exemple s

ont applique une methode simpte mats peut-etre achitraire a la construction dun syseme
de classement en stades efficace pour une serie de 835 cas pamaires d adenocarcinome
du corps de luterus Les cing stades chniques particuliers debimis par cette methode ont
€u un pronostic dafferent et directement en rapport avec le taux brut de sunie a «nq ans
Il a ete demontre que ce classement par stade est tres elficace par rapport a ceux qui sont
habituellement proposes cec1 ne peut pas etre du au basard Seule cettr methode ou des
methodes similaires appliquées a un beaucoup plus grand nombre de cas prosenant de nom
breuscs regions du monde pourront aboutir 4 un systéme de classement en stades qui puisse
ctre accepte de fagon gencrale pour ce type de cancer
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ANTIBODIES TO A HeLa CELL LINE IN
CARCINOMA OF THE CERVIX UTERI
The effect of radiatton therapy

by

Nrva Erviiorn and J Jonsson

Irradiation of the thyroid gland 1s followed by a temporary mcrease 1 anu
bodies to the cytoplasmic anugens of the gland lasing about a year (Bucmavan
et coll 1964, O Goruan et coll 1964 Irvine 1964 Emmora et coll 1965)
this 15 not a mamfestation of a general mcrease n the autormmune reactnaty
(Jonsson ¢t coll 1968) Surgical reduction 1n the volume of the thsroid gland
does not result 1n any nse 1n the anubodies to the cytoplasmic anugens of the
thyroid (Hjort & Mogensen 1962 EINHORN et coll 1965) an increase m
antibodies to the irradiated ussue al o occurs after local irradiation of the
vagmna and uterus (Erxviuorn et coll 1969) There are indications that the cell
mediated reactivity to the iradiated tissue antgens alo becomes greater after
local radiation therapy the sensivity of the lymphocytes to sumulaton with
thyroglobulin appears to nisc after local iradiation of the thyroid gland (En
Mor et coll 1970 by Local wrraciation m 2 caces of Burhatts lymphoma and
3 cases of nasopharyngeal carcinoma was followed by an mcrease 1 antbodies
to the Epstemn Barr virus asocated cell membrane anugens (MA) pre<ent 1n
Burlatt s lymphoma cells (Emuorn et coll 1970 a)

-
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The amm of the present mvestigation was to ascertan the effect of local
wradiation on the reactivity of the serum to a carcnoma of the cervix cell hine
in long term culture — the Hela cells Since the patients were followed for
5 years after the treatment 1t was also possible to examumne the correlation of the
reactivity of the serum to the clinical course of the malignant disease

Case series The sera were obtamned from 84 consecutive pattents with car
cmnoma of the uterine cervix recerving radiation therapy between 1 January and
31 March 1966 Except for the exclusion of patients with hnown or possible
thyrorditis or rheumatord arthntis, the matenal was unselected and represented
vanous stages of the disease The diagnosis was always confirmed by histology

The first serum specimen was obtamned before the first radiation treatment
with subsequent specimens at 3 to 8 weeks, 2 to 6 months, 6 to 12 months and
1 and 2 years Serum from the three first samphng times was available mn all 84
patients Specimens were sometimes not obtained for the 6 to 12 month and 1 to
2 year pencds usually owing to the death of the patient

Methods The radial diffusion disc test modification {FAGrAEUs et coll 1965)
of the mixed hacmadsorption techmque (Fagratus & Esemarn 1961) was
performed on three to six samples from each of the 84 patients The cell line
used for the test were HeLa cells obtained from J T Syvecton m 1953 Regular
clinrcal follow up examunations were performed usually by one of the authors
(N E) dunng the first year at intervals of 1 to 2 months and dunng the last
year at intenials of 6 to 8 months Al the patients could be followed

The matertal was divided mto two groups one including patients who de
veloped recurrence or distant metastases and the other regarded as bung free
from recurrence The clinical evaluation was sometumes subject to uncert unty
Biopsy specimens were taken only 1f they were regarded as bemg in the pauents
mterest, not all the pattents dying during the control period came ta autopsy
A few patents presented particular difficulties Pan and doubtful fibrous
palpated 1 the pelvis were suggestive of a recurrence m one patient, but as
asprration biopsy and further climcal observation disclosed no evidence of
ressdual mahbgnancy the pauent was assigned to the no recurrence group
Another patient 1n whom nasional biopsy 4 1/2 years after treatment con
firmed malignancy, was mcluded 1n the recurrence group Only patents it
whom no recurrence at least 1 year before death occurred were regarded as
having died from intercurrent discase, there were 2 such patients One had
commutted swade at 18 months and the other died from ileus at 2 years
neuther of them had clinical evidence of the disease dunng the year preceding
death Autopsy was performed only on the latter, both were considered to have
died from intercurrent disease
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Table 1

Antsbodies to HeLa cells before and at vanaus wtercals after radation therapy for carcinoma of the cerre
uterus Aumber of pabients reacting wn the wuxed haemadsorption test

o of  Positne scrologic reactions titre
patients

1125 125 150 1/100 1/200 1400 1/800 1/1600 1/3200

Before rad ation
therapy a4 7 3 2 1 1 [ [} o 0
ITnterval after

radiation therapy

3—8 weeks 23

9 5 s t 1 1 1 i 1
2—6 months 84 148 4 4 4 2 1 1 1
612 months 7 5 8 3 3 1 1 0 [
12 years 56 6 4 0 2 2 1 1 0 0
2—3 years 43 5 4+ 2 1 1 [ 0

A compar.on was made of the results of the erologic tests and the climcal
development of the disease at about 5 years after treatment. The evaluator
responsible for the clinical control of the patients was unaware of the recults
of the serologic exammations Fnve years after the pnmary treatment 60 of 84
patients were alive and chrucally free from recursence 2 had died from inter
current diccase and 22 were mcluded in the recurrence group All but one of
the 22 patients with recurrence were dead

Eaghteen of the 22 patients had local recurrence and 4 died with large mases
of extra pelvic distant metasta_es unaccompanted by known intrapelvic tumour
changes Seventeen of the 18 patents with hnown local recurrence had a large
ntrapelvic mass considered to be the cause of death 4 of these pauents al o had
or probably had extrapelvic metastases

Results

The results of the serologic tests 1n relation to the tm
presented 1n Table 1 A poate serologic reaction tended to be more trequent
at the examnation performed 2 1o 6 months after radiation therapy than before
bu; tlll\: difference 1s not stausucally 1gmficant

7 pavents n whom antibodies to HeLa cells we:
Te present befare rad

;hcrapy had no evidence of a growth at the end of the follow up penod ("1?:):):
2) Antbodies to HeLa cclls were present on at least ane occasion before or

e after yrradhation are
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Table 2

Relatonshup betaven a vecurrence and the presence of andibodies to HeLa cells 1n 84 patients rcith carcinoma
of the cerrix ytert

Total  Local re Dustant me  Total re Nore
currence tastases fusrence cusrrence
{only}

o No o ° No
Antbodies before
radiation therapy 7 1 o [1] 7
Anubodies )nly afier
radiation therapy 22 2 9 3 14 5 23 17 .
No anubodies before or
after radiation therapy 53 16 29 1 2 17 3 38 €9

after therapy 1n 29 pauents and 5 of them (17 per cent) developed recurrence
Seventeen panents (31 per cent) had recurrence of the tunmtour m the group
without demonstrable anubodies to HeLa cells

Discussion

Two problems were i estugated 1n this materal namely, the change the
anubodies reacung with the HeLa cells after iradiauon of caramoma of the
cervix uten and the correlation between the presence of antubodies to HeLa
cells and the chimcal deselopment of the disease

An sncrease m the antibodies to the epithelum of the portio uten and to the
glandular eprthelium of the cervix occurs after local wrradiaon of the vagina
and uterus (Efpors et coll 1969) An ncrease m antibodies to the tumour
assocaated antigens after local irradiatton has recently been reported i Burhitt s
Ivinphoma and nasopharyngeal carcnoma (EIvior~ et cofl 1970) An increase
m the number of patients whose <era reacted to the Hela cell lme 2 to 6
months after 1radiaton also occurred i the present sertes (Table 1), but the
difference 15 not <taustically agmficant

Screnteen out of 55 patients with no demonstrable antibodies 1o Hela cells
deteloped recurrences None of the 7 patients whose serum taken befose theraps
reacted to the HeLa cell line had any evidence of recurrence 5 vears after radia
von therapy (Table 2)

Fise of the 22 patients with recurrence had demonstrable anubodics to Hela
cells on at Jeast one ocea 1on after the radration therapy, mamfested 3 pauents
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as extrapeluc metastases only The remaming 17 with no evident reactivity to
Hcla cells usually had a local recwrrence, only one had had solely distant
metastases The usual cause of death i carcinomaof the cervix uten 1s intrapelvic
recurrence (HENRIRSEN et coll 1949) even in large autopsy matenals exclu
suely extrapelvic tamours have been recorded in only 10 per cent of patents
(kjeLioren 1967)

The fact that the relanvely few patients developing remote metastases were
mainly (3 out of 4) included among those with antibodies to HeLa cells after
radiation therapy suggests that the cour<e of the conditton mav be nfluenced 1n
.ome measure by an enhancement reaction This <hould however be confirmed
by ascertmming among other things whether the sera of patients with generalized
mabignancy actually contain antibodies blocking the effect of the lymphocytes on
cells of carcinoma of the cersix Furthermore the immunoglobulin class of the
reacting anubodies should be determined and 1f possible, the antigenic deter
mmants mvolved <hould be idenufied

The implicauons of the findings reported are sull to be clanfied The re
actnaty to Hela cells was usually observed only at low titres {Tables 1 and 2)
The HeLa cells were denved from a case of carcinoma of the cervix but 1t 1s not
known to what extent the onginal tissue specific antgens were retamed after the
numerous passages to which this cell hine had been subjected Furthermore ome
antigenic determinants present 1n small concentraton on the surface of normal
cells may be mereased 1 number upon mahgnant tran formation (Hanosort
& Muragrayn 1968) For example cytohpin H 15 assumed to be precent on the
pla ma membrane of HeLa cells (TAL 1965) experimentally prepared anusera
against caranoma tissue are known to contain antibodies to this glycosphingo-
hpid while antisera agamnst normal tissue do not (RaprorT & Grar 1969) It
has not been ascertained whether the reactions agamst HeLa cells de cnbed 1n
thas report were <o caused and not by organ speaific antibodies

The total <enes of B4 pauents 1s quite large but it 15 divided to small groups
and the differences between them were not statistically sigmificant The results
preented <hould therefore be regarded as bemg preltminary pending the

asatlability of a larger <enes that has been sub d 1o serologic
and followed chmcally
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SUMMARY

Patients with carcinoma of the cenix utent were examined by the mixed haemadsorpuon
test before and on fine occasions folloy ing Toca! rdiation therapy All 7 pateents in whom
antibodies to HeLa cells were present before radiation therapy had no evidence of a growth
at the cnd of the follow up period while fine out of 22 paticnts with anttbodies that reacted
with Hela cells after the treatment and 17 out of 54 patents without demonstrable anti
bodies on any occasion developed a recurrence

ZUSAMMENFASSUNG

Patienten mit emem Carcinom des Cenix uten wurden nut dem muixed haemadsorption
test vor und funf mal nach lokaler Strahlentherapie untersucht Alle 7 Patienten bei denen
Antikorper gegen HeLa Zellen vor der Strahlentherapre vorhandeen waren zeigten kene
Zerchen emes Wachstums am Ende der Nachuntersuchungsperiode wahrend 5 von 2 Pa
tienten mut Antihorpern die mut HeLa Zellen nach der Behandlung reagterten und I/ vor
54 Patienten ohne nachweisbare Antiborper ber allen Untersuchungen erncutes Wachstum
aufwiesen

RESUME

Des malades attemntes du cancer du col de luterus ont ¢té examinees par le test
d hemad-orption mixte avant et dans cinq cas apres trastement local par les radianon  Les
7 malades chez qui des anticorps aux cellules HeLa etarent presents want le tratement par
Ies radiations ne presentaent pas de signes de tumeur a la fin de la pertode de suneillance
alors que cinq des 22 malades qui avarent des anticorps qui Teagissaient avee les cellufes
HeLa apres le tratement et 17 des 54 malades chez qui on navait pas pu mettre en éuid nce
danticorps 4 aucun moment ont présenté une récdne
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AUTOMNATIC PRODUCTION OF ISODOSE CURMES
by

Ore Karags and Jens Mosk

An automauc <stem for produang sodose curves and data for automatic
treatment planning was needed 1 connection with the installation of a 6 MeV
binear accelerator (Vanan Chnac 6) A < <tem that measured depth do € cunes
and dosc profiles of radianon fields and stored the results on punched paper tape
was therefore designed. From these data 1sodo e cunves are produced reads for
use by means of a plotter coupled on Line to an IB\ 1130 computer Depth dose
tables are also evolied and when a larger computer becomes available at the
hospital, automanc treatment planning mav be based on the field data stored on
Paper tape

Measunng equipment A bloch diagram of the measunng svstem appears in
Fig 1 The measurements are carned out m the water phantom by means of an
sontzation chamber with an mner diameter of 6 mm. The chamber 1s run auto-
maucallh between o end <tops at a speed of 2 mm per 4 scconds. As the
absorbed dose 15 proportional to the 1omzauon a depth dose cune along the
axs of the ficld or a dose profile perpendicular to the axis may be measured.
The ontzanon cusrent 1s determined by means of an electrometer (hathles),
and the output potenual of this mstrument 15 converted o a number of pul«es

Sutens ted for publication 9 \orember 1970
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1g 1 Measuning system for automatic regustration of depth dose data and profile data of
radntion fields

proportional to the measured 10mzaton by means of a voltage to-frequency
converter (Hewlett Packard) The number of pulses i 4 seconds 1s counted
with 2 1024 channel analyzer (TMC) run m the multiscaler mode The ana
Iyzer s memory 15 divided 1nto four parts each consising of 256 channels <o as to
store information of more curves, this means that the curves may be extended
to 2 length of more than 50 cm The stored information may be displayed on an
oalloscope and 1f no faults are evident may be punched out on perforated
Paper tape About 200 000 pul es are ot i corresponding to the
doce of a field with the applied potential to-frequency conversion, thus about
2000 pulses represent a one per cent dose

Due to the dimension of the chamber and 1ts protecting cap as well as to the
wall thickness of the water phantom the effectine measunng pomt (1e a point
placed at a distance of 075 X mner radis of the cylindne chamber from the
centre line towards the radiauon ource) cannot come closer than 20 cm from
the surface of the phantom As no measurement 15 made duning the first 2 mm
50 as to avord false counts due to the operation of several electric relays etc  the
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first metsurement 1s obtaned at from 22
cm to 24 cm which means that the first
measunng pomt 1s assumed to be 23 ¢cm
The measurements are then carmed out to a
depth of 37 cm

Dose profiles are normally measured at
4 depths namely 21 cm 121 cm, 221
cm and 321 cm The end stops for these
measurements are symmetrically sited m
relatton to the central axis and at a
distance of an odd number of mm from
the axis all 4 profiles are measured under
the same condittons Agan the results are
mspected on an osaillo.cope after each
profile measurement and the 4 profile
measurements for a field having been
carred out the complete <ct of data of
the 1 024 channel analyzer 1s punched out

Calculation of 1sodose curies The 150-
dose cunes are calculated by the decre
ment line pnnaple as suggested by
OrcHARD (1964) The assumption 1s that
all pomnts m which a dose 15 a certain
percentage of that on the central axis at
the same depth are on a straight lne
Orcnarb demonstrated that this 1s true 1
2 cobalt field and the method was used
by <everal authors to draw 1sodose cunves
by band (NaiLor & Orysey 1968, Ferp
Man et coll 1968), 1t has been used for
ome tume 1 Odense Org et coll (1964)
employed the <ame method for a Iinear ac
celerator

The above pnnaple 1s not assumed to
hold for a whole field 1n the computer

.

Fig 2 Isodese cunes for a 1 cm
X 15 cm field as drawn by the com
puter The umt on the central axi
of the field 15 5 em {Scaled down
from nermal size

program ISOSE 1n which 1codose cunves are calculated from the measurements
described but rather for the area between 1o profiles, 1¢ over a depth vanauon
of 10 em This assumption will probably be close to reality at all depths greater
than 10 cm as the manufacturers of the Vanan 6 MeV accelerator hase af
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tempted to have a umform dose over the field at a depth of 10 cm A certam
amount of overcompensation 1s obtamned wath a flatness compensator this grves a
umform dosc over the ficld at 10 cm depth At depths less than 10 cm the dose at
the edge of a broad field may therefore be as much as 5 per cent lugher than at
the central axis The assumption of straight decrement hines does not hold 1n these
areas which means that the higher doe at the edges of broad fields do not appear
on the 1sodose curve diagrams

The depth dose curve 1s alwayvs measured twice to ensure that 1t 1s capable of
being reproduced an attempt 15 made to run the lnear accelerator at the same
dose rate dunng the two measurements {see Discussion)

The depth dose cunve used 1n the calculation 1s a mean value of the two
cunes The ratio of the dose at the first measunng poimnt to the dote at the
maximum pont 1s given as an put vanable and 15 obtamed from the data of
Horsey et coll (1967) Four dose profiles across the entre field are measured
Any posible lach of symmetry 13 however ignored m the treatment planming
therefore the profile in the calculation 15 the mean value of the two halves

Jsodose curves are drawn by means of decrement hne calculauens for every
one per cent dose change on the central axus This means for example that the
90 per cent 1odose cunve will be drawn by means of 10 pomts in each field
half whereas the 30 per cent curve will be depicted by 70 points m each field
half The pomts will be connected by straight hnes excepting that the central
10 mm of all 1sodose curves are drawn perpendicular to the central axis

Calculation of sodose curves for fields not measured directly The depth dose
curves and dose profiles for all usable square fields having been measured 1t
becomes posble to calculate approximate 1sodo e curves for all smtable rect
angular fields An equivalent square field with the same depth dose curve mav
be found for any rectangular field (Bnt. ] Radiol (1961) Suppl Ne 10) Itis
then asumed that the dose profiles for the rectangular field are dentical with
tho.e for a square field of the same width and the 1 odose curves for the rect
angular field may thus be calculated Any discrepancy between these calculated
€unies and the true measured ones are due to the contribution from the scattered
radiation Thus will be discus.ed later

The computer program ISOSL data and results The mnput data necessary
for ISOSE consist of 2 punched card and two punched paper tapes The card
must contain information such as name of the radiation source shin source
distance and field width and height The startng and end points of the depth
dose curve measurement must be given and the dose at the pomnt of the firet
measurement divided by the mavumum dose The depth of four profiles and the
distance from the central axis to the starting posiuon of the measuning point on
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these the depth of the dose maximum and a code number determining the
amount of plotung to be done are all quantities that are needed All distances
mu t be m cm One paper tape must give two depth dose curves, and the other
paper tape the four dose profiles The detailed format of the punched card and
the paper tapes appear in an internal report

The results obtamed consist of a control print out on a line printer and an
automauc drawing on the plotter The plotting 15 governed by the code number
If this 15 zero then first of all the two onginal depth do e curves are plotted as
dotted hnes whereas the mean depth dose curve appears as a full ine The two
halves of the profiles are al o drawn as dotted lines whereas the mean value 15
depicted by a full ine The 1 odo<e curves are presented in Fig 2 Only the 1 o-
dose curves are plotted if the code number 1 or 2 and n the latter ca e the 5 per
cent cunve 1s omitted

Discussion

The measuring equipment described has proved extremely useful i the mea
surement of radiation fields for radiauon therapy Nevertheless several alterations
n the eqmpment would improve the performance First of all the ronization
chamber with an mner diameter of 6 mm ought to be somewhat smalier This 15
only of importance near the edges of the fields The penumbra of the fields will
appear somewhat greater than 1s actually the case It would alwo be convenent
if the 1omzation chamber were to travel at a higher speed so as to make the
measurements more quickly By a change in the geanng the travelling speed of
the probe nught well be increased by a factor of two combined with a decrea e
in the measuning mnterval by the same factor to two seconds No loss 1 accuracy
due to this would occur

A most important condition for the <uccessful outcome of the measurements
1s the constant dose rate from the radiation source dunng a complete measure
ment That this asumption 15 {ulfilled may easuly be cheched as any change
n dos<e rate would appear as a difference between the two dotted depth doc
curves and the two dotted profile half parts, this has been done for all measure
ments If the dose rate cannot be hept constant, a reference chamber must be
used in connection with a rauo crcuit or prnt-out of the measurements from
the two chambers

As far as the use of the decrement hine pnnciple 1s concerned, this has bien
proved valid in the two papers previoudy quoted The condition is that ne
overcompensaton 1s used as mentoned earher In the case of osercompen ation
no decrement lines can be drawn which means that the use of the decrement
hine svetem s not enurely satisfactons This [imitation 1s however not serious from
a pracucal pomnt of view
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A great advantage of the method 1s that any shew i the set up of the mea
suring system 1s eastly detected by wisual inspection of the computer plotted
transver ¢ curves The two half parts of a curve are plotted n the same co-
ordinate system and therefore any discrepancy between the planned and the
actual radiation axis appears at twice the true wze on the computer plot

The possibility of having to measure only square fields and being able to
caleulate sufficiently accurate 1 odose curves for all rectangular fields 15 most
important Regarding the equisalency of the depth dose cunves for square fields
with rectangular fields as gnen in Suppl No 10 (Bnt J Radiol ) 1t has been
proved that agreement with the cobalt 60 table exists for 6 MeV roentgen rays
for field dimenstons 10 ecm X 15 ¢m and 6 cm X 20 cm.

The error due to the <cattered radiation 15 «mall 1n the most important parts
of the 1odose curves when do e profiles measured on <quare frelds are wsed for
rectangular fields The five per cent 1sodose curve 1s drawn only on fields mea
sured directly as ths curve 1s displaced considerably when the rectangular fields
are far from quare geometry Apart from this discrepancies of any importance
occur only at the corners of the sodose curves at fair depths The maximum
discrepancy for a 10 em X 15 cm field measured at nght angles to the 1sodose
curves 15 1 mm which occurs only at the 10 per cent cune The maximum
discrepancy for a 6 cm X 20 cm field measured as above 15 8 mm at the corner
of the 20 per cent 1sodose curve corresponding to about 1 per cent of the maxi
mum dose and 5 per cent of the actual dose The maxmum discrepancy for the
50 per cent curve at the corners 1s 4 mm corresponding to about 1 per cent of the
maximum dose and 2 to 3 per cent of the actual dose the 10 per cent curve for

this elongated field 1s also displaced up to 4 mm measured at nght angles to the
central ays

SUMMARY

The the les and the computer program for the automatic
Production of 1sodose curves are descibed This method necessitates measurements only of
#quare fields and the computer plotted curves may be used directly in treatment plannng
The accuracy obtammable 15 discussed

ZUSAMMENFASSUNG
Die Mesausrustung die Prinzpien und das k

Herstellun, ;
g von Isodosiskunen + erden beschachen Diese Methode benougt 1
Messungen der Quadratfeld e e

fur er und die vom homputer dargesteliten Rurven konnen direht
sp:o( l:“ Bestrahlungsplan serwendet s erden Die zu erreichende Genawgleit wird be
en

fur die
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RLSUMEL

Les auteurs decrivent | appareillage de mesure les et le p dord
pour la production automatique de courbes 1sodoses Cette methode ne necessite de mesures
que pour des champs carres et les courbes établies par lordimateur peuvent etre utilisces
directement pour etablir le plan de tratement Les auteurs examment la preasion que
lon peut obterur par cette methode
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VERSITY OF VIRGINIA 1IOSPITAL, CHARLOTTESVILLE VIRGINIA, US 4

PHYSICAL MEASUREMENTS INCLUDING DEPTH DOSL
DATA AND ISODOSE CURVES FOR 8 MV
ROENTGEN RAYS

by

S K AcarwaL R V Scuerik and J WARLEY

An Arco Mevatron 8 linear accelerator recently mstalled (July 1969) at the
Umneraty of Virgima Hospital vanes in a number of ways from other models of
linear accelerators m use today It can be operated at specific electron energies
from 3 to 10 MeV  the accelerator rotary drum rotates through more than 360°
permutting both arc and full rotational therapy with clochwise and countercloch
wLe movements the beam stopper 1s retractable a beam bending magnet causes
the electron beam to deflect through an angle of 261° towards the target, and
there ;s a facility for a straight through undeflected electron beam This paper 1s
intended to present the results of physical measurements related to electron peak
€nergy roentgen ray assymetry, percentage depth doses and 1 odose curves which
were made while preparmng this machme for routine operation producing roent
genraysat 8 MV The Bnt J Radwol Suppl No 10 mcludes 8 MV percentage
depth dote tables which are based on only one <et of reported data by NEwBERRY
& Bewrey (1955} while an unpublished report of which we are aware 1s that of
Wricir et coll (1969) Wc hope that this report of our expenence with this
machine and the results obtamned will be of use to others 1n the future
—_

Submtted for publication 4 January 1971
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Electron energy calibration The Arco Mevatron 8 linear accelerator has been
designed to operate between 3 and 10 MeV at 1 McV ntenvals howeser, the
machine at this facthts has been used to date at only two energies, 6 and 8
MeV Electron energy calibrauon 1s achiesed by the range measurement method
as this was found to be the quickest and castest to set up Relatne mtensities of
electron current are measured by a I\ 2482 Sarkes Tarzian diode connected to
a Model No 610C Reithley electrometer The diode detector 1s et at a dt tance
of 100 cm from the target Absorption cunves of clectrons are measured 1n
alummum (Fig 1) and electron energy 1s evaluated from the range encrgy
relaton tup gnen by harz & Penrorp (1922)

Rp=0530 T—0 106
for25 <T <17 MeV

R, 1s the extrapolated range 1n alumimum (g/cm”), for electrons with hinctc
energy, T

Roentgen ray asymmetry The determination of beam flatness 15 accompl hed
wing a remote control radiauon field scanner, which was manufacturcd i the
department s machine hop and 1s pictured 1n Fig 2 This 1s used 1 conyunc
uon with the diode detector electrometer combination discussed previously Irs
directional response was checked agamnst a Baldwin Farmer substandard dou
meter and found to be within = 1 €¢ Typrcal beam flatness cunes obtatned
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Fig ® Remotely controlled radiation ficld scan
ner along with the diode detector and heithley
electroreter

with this measuning sy tem are shown m Fig 3 The flatness was found to be
within * 3—4 ¢ over a 25> cm X 25 em freld with the colltmator wide open

and 1s not as good as the manufacturer s speafication of & 25 S5 beam flatness
over the same freld

Roentgen ray output Output 1 determmed according to the procedure re
commended in ICRU Report 10d (1963) For a preset dose at the control
con ole the output 15 determned at a depth of 5 em 1n a water phantom at a
target to-water urface distance of 100 cm with 10 cm X 10 cm field «1ze at
100 cm A Baldwin Farmer sut dard d hibrated recently for co-
balt 60 gamma rays at the Natonal Bureau of Standards and a Victoreen
Radocon 555 equipped with a 100 HA probe are used for these measurements
The Baldwin Farmer readings are corrected for temperature and pressure
chamber energy response and multplied by /=094 (Greev & Massey
1967) The corrected reading 1s divided by the percentage depth dose at 5 cm
depth (893 G¢) to yield the do ¢ at the maximum do ¢ depth (2 em) If the
measured output vanes from the pre et dose by more than + 2 %, the preset

do e 15 changed by adjusting o vamable resistors located mnsde the control
console

Depth dose measurements Central aus depth dose measurements were made
employing the diode-detector elec

g system and a large water
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phantom (45 cm >¥5% cm X 41 cm) equipped with a remote control probe
moving mechamsm (Fig 4)

Lineanty of the diode response at various depths within the phantom was
checked agamnst the Baldwin Farmer substandard dowmeter A plastic tank,
having thin walled plastic tubes at two depths to provide a waterproof heath
for the substandard dosimeter, was employed to determimne the dose rates at
depths 2, 5 10, 15 and 20 cm with a 10 cm X 10 cm field size at an SSI) of
100 ecm Taking the dose rate at 2 cm to be the maximum percentage depth
doses at 5 10, 15 and 20 cm were determined These values were compared
with tho ¢ obtained using the diode probe 1n the large water phantom and were
found to be m good agreement

The phantom water surface was mamtamed at a constant distance of 100 cm
{rom the target, and the diode was moved verucally unul the clectrometer
registered a maximum reading The depth at which this occurred was baween
19 and 20 cm and was consdered to bc 2 em from the surface This level
rather than the water phantom surface ened as a refercnce for measunmg
the depths Measurements were tahen for vamous field sizes at 1 centumeter
mtenals to a depth of 22 cm and depth dose curves extended to a depth of 30
cm were drawn on semuloganthmic graph paper (Fiy 5) The table of ccntral
axis depth doses for the vanous square ficld «izes investigated was generated
from these curves (Table) and the relationships between percentage depth
dose and area of the field at depths of 4, 8, 12 16 20 and 24 cm arc illu trated
mFig 6

Isodose curves were determined by employing the same water phantom and
remote control moving probe mecham m descnibed above The probe was
moved laterally at vanous depths ranging from 1 to 22 cm with 1 cm depthin
crements for depths from 1 to 10 em and 2 em increments for depths greater
than 10 cm Readings were taken every 05 em in regions of low dose gradient
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Fig 4 The moving probe mechansm in
a large water phantom (46 cmx 5% emx
41 cm) with the r mote control umit {manu
factured i the machime shop of the de
partment)

and every 0 2 cm 1n regrons of high dose gradient To check dose rate constancy
durtng measurements, a reading at 2 cm depth was taken after each lateral ex
cursion of the probe had been completed The dose rate was found to remain
constant (£ 05 %) throughout the measurements The data were recorded
on large graph paper and converted into percentages by takhing the dose rate at
2 cm depth to be 100 5 Curves were drawn on <emiloganthmic graph paper
taling the absci<a as the lateral distance and the ordmate as the percentage
doe Some curves were al o generated at a defimte posttion lateral to the central
ray taking depth as the abscissa and percentage dose as the ordmate The ponts
corresponding to the same percentage were plotted on linear graph paper and
the resultant rcodose curve was smoothed Icodose curves for 10 em X 10 ecm
15 em X 15 cm and 7 cm ¥ 20 em field sizes are shown m Fig 7

Discussion

The electron peak energy roentgen ray asvmmetry for two perpendicular
axes, and roentgen output (absorbed dose) are determmed on a daily basus and
the observations recorded on a log sheet It has been found that there 13 no «ig
mificant day to-day varauon in the electron energy (80 * 02 MeV) and beam
flatness (+ ¢ %0) however the output has vaned by more than + 1 ¢ The
dady Iog sheet has proven to be u eful anuapating or detecting faults 1n the
System, € g an occanon when 4 change m beam asymmetry suggested a fault
it the power supply 1o the steenng systems
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Table
Percentage depth doses at SSD 100 em of an 8 MY roentgen ray bnear accelerator

Depth Field Size {em > cm)

4> 4 66 &8 1010 15,15 20>20 25 o

1o 9135 935 S0 914 951 961 970
20 1000 1000 1000 1000 1000 1000 1000
30 a6 4 970 975 975 975 975 975
40 216 926 932 937 939 940 942
50 269 878 886 893 896 298 901
60 815 829 830 850 & o B 4 870
70 772 785 795 804 819 828 83”
80 722 740 7 770 781 790 794
90 €82 T01 7 7”79 748 77 760
100 647 &t 676 670 710 720 729
120 571 593 614 €7 687 69 610
140 510 532 52 507 589 605 617
160 436 475 493 510 532 550 52
180 405 425 444 459 485 503 515

200 360 380 401 41F 438 454 47
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The half value thickness was found to be 131 mm Pb but as the electron
peak energy 1s a better indication of roentgen rav qualin at this energy, the
datly check of the electron energy 1s provided for on the daily log sheet

Our central axis depth dowe data are compared m Fig 8 with the data i
Bnt. J Radiol Supp! No 10 and that obtamed on a sumlar linear accelerator
(WricHT et coll 1969) OQur data for 2 10 cm X 10 cm field «ize agree with
the Bnt. ] Radiol tables within & 2 ¢¢ and with the data of WriGHT et coll
within = 1 €¢ Ths resemblance confirms our previous obcernation that the
response of the diode used m conjunction with the Rerthley electrometer s
Linear Isodo ¢ cunes at this energy are not readdy available and therefore no
companson can be made of the shape of the cunves The cunves mdicate that the
optcal field 1s defined by the 50 €7 1 odose cune
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SUMMARY

The Arco Mevaron-8 linear accelerator at the Unnerats of Virginia destzned 1o operate
at 1 \Mel intervals bets een 3 and 10 Me\ 15 being used for roentgen ravs produced by
clectron enermes of 6 and 8 Me\  The electron enerey roentzen ras flatness and abecrbed
dmsr are determined dails before the commencement of treatment the enerm ban”
measured by extrapolating the electron range m alummum Central aus depth doses were
m~a ured 10 water for square ficlds from 16 to 62> cm  employing 2 remote ccntrol
moving probe mech: The same mech was used to d 1sedose cunves The
results compared favorabls with the exasung data at this energy

ZUSAMMENFASSUNG

Es wurde der Arco \fevatron8 Linear Accelerator der Lanversitat von Virmma der
vormesehen 1t ymt 1 Me\ Intenallen n ischen 3 und 10 Me\ zu arbesten fur Rontren
strahlen verwendet die darch Eleltronenencrmen zwischen 6 und 8 Mel henorgerufen

werden. Die Eleltronenenerme die Ronte hlen Abflachunz und die abworbierte Dous
1 erden ta~lich vor Beginn der Brhandlungen becummt die Enerzie durch Extrapolsvon
der El chwete 1 A Die Z 1T d wurd 00

Wasser fur quadratiche Felder zwicchen 16 und 625 em” gemessen wober ein Fernkontrol!
Svstem mut emnem bewezhichen Probenmechant mus serwendet wurde Derselbe Mechan mus
wurde verwendet, um Isodosishunen zu besummen. Die Erzebrisse stmmen gut mit
sorhandenen Daten bes dieser Enerme uberen
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RESUME

L accelerateur Imeawe Arco-Aevatron 8 de 1 Universite de Virgimie construst pour fonc
tionner par antervalle de 1 McV entre 3 et 10 AMel a ete utibsc pour Ia production de
rayons de Roentgen an moyen d energie d electrons de 6 a 8 Mel Lenergie des electrons
I homogenete du farscean de rayons Roentgen et fa dose 1b orbee sont determmees chaque
jour avant e commencement des traitements |energic etant mesuree en extrapolant fa
penctration des electrans dans [afurunum Les doses en profondeur sur Taxe central ont
cte mesurees dans ean pour des champs carves aliant de 16 a 65> cm  en uwuhsant un
mecamsme de sonde mobile teleccommandee Le meme mecan me 2 ete utihise pour deter
muer les courbes 1sodoses Les resultats obtenus supp fas orabl la
avec les donnees existantes pour cette energle
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CONCEPTS W AND G USED IN RADIATION DOSIMETRY

Comments on current defimtions
by

Cant. A CARESSON

The concepts It and G are used 1n radiation dosimetry wiath romuzation
chambers and chemical dostmeters respectinely Both concepts give relations
between the number of molecules changed and the energy Jost by charged
particles in the medium

¥ 15 commonly defined as the average energy expended m a gas for the
production of an 10n parr, and G as the average number of changed molecules
of one type per unit absorbed energy, that 1s,

E
== 1
1w ¥ and a
Af
= (2
[« o )

where E = energy expended 1n the dosimeter mass, Ep=-energy absorbed in
the doumeter mass and N and Af are the number of 1on pairs and changed
molecules of observed type respecusely

Apart from wunor differences m the energy expressions H seems at the first
glance 10 be the myverse of G In the following, fundamental differences between
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the two concepts are discussed and attempts are made to give a definuon of
¥+ which could be as generally valid as the most accepted defimtion of G Some
definttions of these concepts are vahd only m a well-deternuned <ituation

Companson of G and W
Even if the same expresston for energy is used, there are sull fundamental
cufferences between G and 12
The number of changed molecules that 15 created 1on pairs included m
eq (1) 15 the result of a fundamental physical process the 1mizaton Only 10n
pairs produced directly by ronizing radiation are included 1 A Because jon
collection 1s slower than many secondary processes A 1s not necessarily equal to
the number of 1on pairs observed m an onization chamber The number of
1on pairs collected may for example be increased by 1on producing collistons of
extted atoms or be d d by recomb Further ph nfluencing
the determunation of N are descnibed by Prarzsyax {1961)
As a result of this definition, N 15 proportional to the absorbed dose mn the
gas and independent of the dose rate
Furthermore, as the molecular changes mn an ton chamber are resersible that
1s the 10ns are nentralized at the electrodes the romzation chamber has constant
properties independent of dose J# 1s therefore 1ndependent of both dose and
dose rate
On the other hand Af mn eg (2) 1s defined as the obsenved number of
changed molecules of one type This number may result from a complicated
chain of reactions that may vary with both dose and dose rate
A chemucal dosimeter usually changes its composition during the irradiation
m an wrreversible way For these reasons the G value in general vanes with both
dose and dose rate
In the discusston only the ymual value of G G 1s used This expression 1s
vahd atJow doses 1¢, as long as the change m the composition of the dosimeter
¢an be neglected ICRU (1968) has not included G n their definitions of radia
tton quantities. In the current literature howet er, 15 predomumantly defined 1n
terms of the energy umparted to matter Ep (Ares 1954, Friche & Harr
1966 HART et coll 1956 Scuvier & Arien 1957) while J# 1s defined in terms
of the initral Linete energy of the charged partcles (ICRU 1968) It 1s ponted
out 1n the following sections that the defimtion of G 15 generally valid but that
the defintion of 1§ can only be applied n some sunple irradation geometries

hCnntepl G Throughout tlus paper the G value 1s defined as m eq (2) as
\be raho of the average chenucal yield {numbers of changed molecules of the
observed type if) to the energy imparted to the chemical solution, Ep Ej 1s
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In eq 11, howeser the ntegrals have to be <ohed onh for the kinetic
energies present m the fluences of the inadent parucles. As the dowmeter 1 this
case 1» bomogeneou s wradiated the aborbed dose, D mstead of the abeorbed
enersn can be vsed as a weizhing factor

* Treas

E:,-=Z%’ f 6T QL—T'H 12,

1 T,

For miermediate cases. when all of the charged parucles nerther are comp'rteh
<ropped br the dosmeter nor traver<e it with neghable energy degradanon the
resulung G- alue can, as before be related to the fundamental quanun G 7))
v an expreswon idenncal to eqgs 8 and 11 The contmbuton to the
absorbed energy must be evaluated for all parucle energies present, whether thev
are minal enermes or the results of dowmg-down processes.

Corcept 1§ ICRU 1968 defines J§  the average energy expended m 2 gos
prroion par formed, onh for the case of monoenercenc charged part les
completeh <topped bn the gas

W=

]

3

where E 15 the imua) hineuc energ of the charged parucles and \ 1s th= aver.7e
numb-r of 1on parrs formed by the charged particles dunng therr lowmng-¢r .
Ions produced by bremetrahluong are counted m N

As 2n zlternate defin.uon, ICRL 1968 gnes

7_EI-C
TNI-G

*
where G 15 the fracton of the mina) Lmence energy of the paruck which goes 1. 0
bremsstrahlung and G 1s the fracuon of the 1ons produced by the to.al aborp-
ton of this bremsstrablung

ICRU 1968 has pot mnen a defimuon apphcable when the chars-d
parucles are pot comp'eteh <topped by the doumeter gas. On the other bz d
2 It 15 mmroduced 1 connecton with Bragg—Grav measurements by ICPL

16964 In s case there 15 no sepse 1 mtroduany the Lineuc energy of ¢
parucle. The abrorbed energy <cems to be the onlv appropnate quanun .=d
therefore 1f must be defined as

ED

==2 1y

3
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Thus, today, different defimtions for 1 must be used, depending on the radiation
geometry, which 15 unnecessartly confusing

From the previous section 1t can be een that with the introduction of
ab orbed energy Ep, instead of the imtial hinetic energy the defimtion of If,
eq (15) will be a general defimuion vahd for all irradiation geometries

With this defimtion egs (3—12) are valid for It 1

Conclusion

The proposed defimtion 1Y =£\D- 1s apphcable for all irradation geometnes
J

and all detector dimensions The possibility of expresang M values valid 1n one
wradiation geometry as 1 function of local W values facilitates the ue of a
H value determined m one detector 1 another
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SUMMARY

The ICRU defimtion of 14 the average energy expended 1n a gas per jon pair formed
1s apphcable only when the charged particles are completely stopped by the gas or under
charged particle equilibrium conditions By changing the defimtion from W = E/N where
E stands for imtial kinetic energy to 1 = EpfV where Ep means energy mmparted It can
be used even when charged particle equilibrium does not exst as i the case of casity 10n1za
tion dosimetry A further advantage of the proposed definition 1s that T+ 15 clo er related
10 the 1nverse of the quantity G used 1n rachation chemistry where G = U/Ep 15 defined as
the average number Vf of changed molecules of onc type per umt absorbed energy
Fundamental dufferences between I and G ! are discussed

ZUSAMMENFASSUNG

Dic ICRU Defimtion von Jb der muttleren Energie die 1n emem Gas per gebildetes
Tonenpaar verbrancht wird st nur dann anwendbar wenn die geladenen Partikel durch
das Gas vollstandig aufgehalten + erden oder unter Gl der gelad
Partkel Durch Anderung der Defmition von It = E/N wober E die minale kietische
Energic bedeutet zu 1 = Ep/A \ obe: unter Ep die absotbierte Energie verstanden wird
bann 1t auch dann verwendetr werden wenn em Glechoewicht der geladenen PanlI:l
mucht vorhanden 15t wie es ber & r Ravitats Torusations Dosimetrse der Fall 1st Ein “en‘ .
Vorteil d r vorgeschlagenen Definmon 1st dass 1§ enger zu dem umgekebreen Wert c"(;
relatiert 15t der i der Strahlenchermuc verwendet wird wobes G — o
Zahl M seranderter Molehnle
Fundamentale Unterschiede zwi

e e M/Ep als die mittlere
e1t absorbierter Energle defimert
ischen B und G 1 werden diskutiert e St s
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RESUML

La defimtion donnée par 1ICRU de ¥ energie fournic dans un gaz par pawe d sons
formé nest applicable que quand los particules chargées sont completement arretées par
le gaz ou dans les cond dequilibre des p les chargees St on remplace Ja de
fimtion = L/N ou L est lenergic ametique ntiale par I+ = I'n/N ou Ep represente
Ienergie absorbee on peut utiliser ¥ meme quand 1l ny a pas d cquilibre des particules
chargees comme cest le cas dans la dosimetrie dionisations de cavite Un autre avantage
de la defimtion proposee est que Tt est en rapport plus etroit avec linverse de la quantite
G utthisee en chimie des radiations ou G = M/Ep est defimi comme le nombre moyen
Y de molecules modifiees d un type par umte dencrgic absorbee Lauteur exame les
dilferences fondamentales entre 3 et G 1
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CORRECTION OF ISODOSE-DIAGRAMS FOR “Co AND 35
MeV ELECTRONS AT PENETRATION OF LUNG TISSUE

by

Utra Brita Norpeere

Measurements 1n 2 phantom were made to meshgate how the course of
t odose curves 15 nfluenced by the passage of regions having a volume weight of
les than 1 g/em® This effect 1s correlated to volume weight to enable a smple
approumate calculation of the corrections necessary m routine dose planming

The individual volume waight of normal lung tissue was established for 13
pahents

Materral The thorax phantom consisted entirely of polystyren On  the
entrance side there was a 3 ¢m thich hy sheet correspond g to the
thorax wall and then 3 mm polystyren sheets perforated with holes 3 mm 1
diameter amulating ung tissue The sheets were stratified <o that small air
bubbles of about 3 mm 1n diameter were formed Human lung tissue contains
alveoli the diameter of which can be up to 1 mm at the most The phantom
had the same chemical comg m s h part as in 1ts lung
amulating part though 1 the latter the volume weight (in g/cm?) was lower
Lung volume werght was vaned by mtreduaing I mm wr gaps respectively
1 mm homogeneous sheets between the perforated polystyren sheets thus getung
—_
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Jcm  3em 3cm

acrn/ 3em - |
Tig 1 Thorax phantom constructions
) ny = 104 glem?  Phantoms A B
CandD a=3em 1=20 15 9and 3
em o =058 042 03” and 0°5 [9 9, 3 3
glem® Phantom G a =15¢cm | =20
en o =042 gland b) oy = 104
glem® n) = 042 g/em® Phantom E
D=20cm 1=10 cm 1 =7 em
Phantom F D — 13 ¢em 1= 6em | = P £

v o

4 cm
a b

volume weights (@) of 032, 042 and 038 g/cm*® For ome of the measure
ments the lung simulating part was made of sawdust, compressed to a volume
weight of 025 g/em®

The phantom measurements were made with microomzation chambers and
with photographic film Certamn measurements referred to were made i a water
phantom with a cable connected 1onchamber or with Fricke dosimeters Calula
tion of absorbed dose from measured tomzation for electrons was done by means
of a calibration curve drawn from identical depth dose determinations sith
1onchambers and Frche dosimeters The mean electron energy E, at a depth
of x g/em 1s assumed to be (E, — & x) McV, where E s the mtial electron
energy n MeV and k =2 MeV/1 cm

The wall of the microtonization chambers was about 025 g/cm and re
quired a perspex cap for exposure measurements with ®*Co radiation A number
of chambers provided with caps 0, 05, 10 20, 25 and 30 mm thich were
wradiated 1n a thorax phantom having a volume weight of 025 g/cem® The
ab orbed dose was evaluated using the indnidual chamber constants vald for a
30 mm cap Invesugations were made m the thorax phantom at depths of 25
50 and 100 cm Abrorbed dose determmations with different cap thichneses
were, at all the depths, within £ 3 o for 14 measuning chambers at each depth
As a result no caps were used for the measurements i the thorax phantom

Method
Cobalt 60 The central axis depth absorbed dose for the field 10 cm X 10 cn
at SSD 70 cm was determmed with ronchambers for four different types of
phantom (A B, G, D) and for four different Jung volume weights (1 2, 34)
(Fig 1a)
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Fig 2 Central axis depth absorbed dose

in the phantoms A B C and D $°Co
SSD 70 cm 10 em x 10 em o =
° e m 042 glem® Measurement n phantom

20,

7 T W T W % 8 & 7 m A(x) B(@®) C(0)adD (+)

Fig 3 Absorbed equnalent density
(d} as a function of depth i phantom
for different 0] g = mean value of d
n the myvestigated ntenval

The four phantom types were (A) 3 cm thorax wall (volume weight o, —
104 g/em®) 20 em lung ussue 3 cm thorax wall (B) the same as (A) but
with 15 cm lung ussue, (C) the same as (A) but with 9 cm lung tissue (D)
the <ame as (A), but with 3 em lung tissue

The four lung volume weghts (o) were (1) 058 g/em® (2) 042 g/em®
(3) 032 g/em® (4) 025 g/cm®

Measurements were not made within the thorax walls themselves nor close to
the border lines between different volume weights

The abcorbed dose distnbution perpendicular to the central axis was deter
mined at 6 10 and 14 cm depths in the thorax phantom with a volume werght
of 042 g/em® The same dismbution has al o been measured 1 2 water
equivalent phantom at depths having the same central axis depth ab orbed
dose as 6 10 and 14 cm n the thorax phantom Ionization chambers were
used for these measurements

35 MeV electrons The central axis depth absorbed dose for the field 10 em X
8 cm at SSD 110 cm was determined with ionchambers for four different
phantom vanants and three different lung volume weights The four phantom
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Fig 4 Effectne density (d) for
SSD 70 cm (left curve) and absorp-
tion equialent density (d rnight 7/
cunve) as funcuons of volume weight o)/

() for 0Co as 3 o weg ({5 ding/ A

types were the same as for the Co measurements The depth absorbed dose for
the same radiation geometry was deternuned for one Jung volume weight
(042 g/cm®) m two phantom types (E and F) where an extra wall of water
equuvalent matenal was placed at different depths m the lung tssue (Fig 1 b)
(E) 3 cm thorax wall, 10 cm lung tisue 3 cm extra wall, 7 cm lung tissue
3 cm thorax wall, (I') 3 cm thorax wall, 6 cm lung tissue 3 cm extra wall, 4 cm
lung ussue 3 cm thorax wall

Also the depth absorbed dose for one lung volume weight (042 g/em?) was
established 1 a phantom where the antenor thorax wall was only 15 cm thick
(GmFig 1a) (G) 15 cm thorax wall, 20 cm lung tissue, 3 em thorax wall

Measurements were not made clo ¢ to the border Lines between two volume
weights

The absorbed do<e distnbution perpendtcular to the central axis at a depth of
13 cm 1n the thorax phantom with lung volume weight 042 g/cm® was 1o
vestigated using film the optical density of wluch was evaluated 1n per cent of
the density 1 the central axis The density of the film has earlier been proved
to be hnearly dependent on the absorbed dose 1n corresponding measurements
with film 1 homogeneous phantom where film density was correlated with
depth absorbed dose measurements

Results

Cobalt 60 Fig 2 gives the *°Co measurements 1n the four different phantom
types (A B C D) for volume weight 042 g/cm® Due to the measuring errors,
only one curve can be drawn which imphes that the absorbed dose at a pomnt 10
the lung ussue 15 largely independent of the amount of lung tissue behind it
This 1s abo valid for the other volume weights When x cm of a maternal,
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Fig 5 Absorbed dose distribution perpendicular to central axis 8Co 8SD 70 em 10 em X
10 em ¢ = 042 gfem® Measunng pomts m thorax phantom (x ) distnbution 1n water
equivalent matenal corrected for mncreased depth {full drawn cune)

the same distnbution
without this correction {dotted curve}

measured along the central axis with broad beam geometry mn a phantom,
causes the same decrease m depth abeorbed dowe as y em of water with denaty
onog/em® the value 3/x om,08/cm® in this paper will be used as the effective
density of the material vahd for the SSD used If the radiation beam 1 parallel,
the value 3/x  emog/cm® will be named absorption equisalent density The
mnerse square law effect for the valid SSD and for the depth differences between
x and 3 can be ehmmated Thus the effectne density can be comerted nto
an ab orption equnalent denstty independent of SSD

Companng the measured values from Fig 2 with the corresponding central
axis data from the Bnt J Radiol Suppl No 10 for water an effective lung
densty vald for SSD 70 c¢m 15 obtamed A caleulanon of an absorption
equunalent density 1s done for four different depths Fig 3 shows that the
absorption equivalent denstty (d) 1s almost constant regardless of the depth
for which the value 1s calculated Fig 4 shows the mean value of this density
(4 correspondig to the value at a depth of 12 cm Fig 3) as a function of
the true volume wesght In the diagram there 35 also 2 cune with the effective
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Fig 6 Central aus depth absorbed dose in thorax phantoms A B C and D 35 Me\ ¢
SSD 110 cm 10 cm x 8 cm g1 = 042 gfcm® Measurements 1n phantom A (x) B (0)
C (@) 2nd D (4) Measurements marked 1) were made m the postenor chest wall Mean
salue of measurement 1n lung (full-drawn curie)

densitv valid for SSD 70 cm as a funcuon of the true volume weight This
effecine density armved at directly from the slope of the depth abeorbed
dose cunie mn lung tissue 1s the one swhich 1s determined at indnidual eat
measurements on patients

Fig 5 shows the absorbed dose distribution perpendscular to the central axs
for depths of 6 10 and 14 cm 1n the lung phantom, (9, =042 g/cm®) as wdl
as corresponding distnbution mn water-equivalent phantom at Jevels having the
same depth ab orbed dose mn the central axis If a correction for divergence of
the latter distnbution to corresponding depths m the lung phantom 15 done 2
somew hat wider (2—4 mm) distnnbution 1s obtamned The water and lung cunves
are considered to be mn agreement within the measuning errors

35 MeV electrons Fig 6 shows the central axs depth absorbed dosc for the
field 10 cm X 8 cm at SSD 110 em volume weight 042 g/cm® and dufferent
phantom tspes (A, B C, D) The spread in the measunng values for the different
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Fig 7 Central axis depth absorbed dose 1n thorax phantom 35 MeV e SSD 110 cm
10 cax 8 em o 058 042 and 032 glemd oy = 100 glem? indicates corresponding
water cune

Fig 8 Central aus depth absorbed dose n thorax phanton 35 Mel e SSD 110 cm
10cm x 8em | =042 gicm® Phantoms A and G

phantom types 1s greater here than with “Co A mean value curve of the lung
measurements was drawn which 1s later used The dotted parts of the cune
show the course 1n the postertor thorax wall for the three largest phantom types
The increase m depth absorbed dose immediately within the postenor wall 1s
due to build up of & particles and the decrease at the exit side 15 due to lach of
back scattered electrons There 1s a corresponding relation for the other two
volume weights

Fig 7 shows the mean value curve from Fig 6 together with the corre
ponding mean value curves for volume weights 032 and 0 58 g/cm® and the
depth ab orbed doce curve 1n water ob d with Fricke d the curves
being normalized to the same madent electron fluence The absorbed dose 1n
the antenor chest wall and 1n the lung’ immedsately behind this wall was found
to be lower than 1t would be in a homogencous water equivalent phantom due
to lack of back scattered electrons At about 5 cm depth m lung tissue, the
abeorbed dosc in the thorax phantom became higher than the absorbed dose 1n
water at the same depth

Fig 8 hows the depth absorbed dose for volume weight 042 g/em® with

anterior thorax wall 15 and 3 cm respectively The curves belonging to the
different thucknesses have about the same shape
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Fig 9 \bscrpuon equivalent denaty (or CFT)
ns a function of depth in lung 1) 2 cm chest wall
9 \Me\ e a =039 glem? (ALmosp et coll )
2) 2 cm chest wall 1a MeV ¢ 0 = 039 glem?
(Awvonp et coll 3 3) 3 em chest wall 35 \MeV e
= 042 g/em? (present imestigation) 4) 15 cm
chest wall 35 McV e n) = 042 g/em? (present ° _ ] 3
mvestigation)

Awvionp ct coll (1967) have made similar depth absorbed doswe mea ure
ments in lung tissue for up to 18 MeV clectrons using a thorax wall of 2 em (in
a few cases 4 em) together with a true lung volume werght of 039 g/em® The
value 0 39 g/cm® may pracucally be considered as comparable to 042 g/em® m
the pre.ent mvestigation, wluch s the volumie waight of the phantom cons ung
only of perforated sheets These depth absorbed doses show the <3me reduction m
relation to water curves at small depths but the deviations are less and extend
only about 1 5 cm into the lung tissuc

The depth absorbed dose from the thorax phantom was compared with
corresponding values for water equivalent matenal at different depths As for
%Ca the effect of mverse square Iw was ehminated The ab orption equisalent
density for volume weight 042 g/em® thus caleulated for different depth
shownn Ing 9 as a funcuon of depth m lung tissue together with corresponding
results by Atmonn et coll (1967) Armosn et coll and Boove ct coll (1969)
use the expression cocfficient of equivalent thickness {CET), wlich correspands
to the numencal value of the virtual absorption equivalent  Thic is greater than
1 g/cm® for depths smaller than the depth where the water and lung curves
cross each other ( ce Discussion) The thin wall gives comewhat higher vatue
than the thich wall which has al o been accounted for by Arsonp et coll

The perpendicular absorbed dose distribution 1t 1 depth of 6, respectnely
10 em lung ussue (that 1s 9 respectinely 13 em depth n the phantom) 1 <cen
i Fig 10 The distnbution 1 water equnalent materral at levels wath about



CORRECTION OF ISODOSE DIAGRAMS 121

e m phaviom Sem e prarvera cm

Fig 10 Absorbed dose distnbution
perpendiculat te central auis 35 MeV
e SSD 110 em, 10 em X 8 cm
(1= 042 glom® Fulldra n cune
indscates measured and dashed curve
— calculated values without correcuon
T uS e CEE Waem®  for divergence

the same depth absorbed dose at the central axs 1s al o given here \otnauon
for choosing these levels 15 pre ented later on m ths paper The correction for
dnergence 15 ummportant and may be ignored  The deviauons within the
penumbra region can be conudered as small for chinical purpo es The distnbu-
tion m lung ussue 15 largely unchanged 1f the postenor thorax wall Lies imme-
diately behind the measunng plane or 10 cm away

Discussion

For **Co the primary absorbed dose contnibution at a pomt 1 thorax can be
calculated from the depth i g/cm using true lung volume weight together
with mverse square law correction for the difference between the true depth
and the corresponding depth m water The scatter contnibunon to the same point
decrea es with den 1ty and the attenuation of this contnbution 15 dimumished The
net effect 15 negative This decrease n scattering contrtbuuon results 1 a lower
total depth ab.orbed dose than would be expected from depth in g/em uang
true lung volume weight The correction for wmverse quare law has the same
effect This corresponds to a virtual den.ity greater than the true solume weight
In this mnvestiauon the virtual density armved at directly from meamrcm:n?s 18
called effectine density If the effect of mverse square law 15 elimmated 1t 15
called abeorpuon equialent den 1ty

The depth ab.orbed dose mcreases with enlarged field size that 1s sncrea ed
catter contnbution For ©Co the depth absorbed dose increaes for example
from 16 cm field to 100 cm freld 5, 10 and 1552 at 4 8 and 12 cm respec-
tinely For 35 \MeV electrons the corresponding increase 1s 4, 26 and 75 ¢

It seems rea onable to assume that the ratio between ab orption equnalent
densty and volume weight 1s near to 1 for «mall scatter contrnibution That 1s
for cobalt ab orpnon equnalent denuty ought to be near the true volume
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weight and be relaineh independent of the depth while for electrons a greater
and vanable difference would br expected
Cobalt-60 Fig 3 confirms that the abwrpuon egunalent density’ for “Co
15 Largely mnd~pendent of the depth for a given yolume waght The rauo between
the ab.orpuon equnalent denan and the solume wazht vanes according to the
Ieft part of Fig 3 for “Co between 1 07 2nd 1 20 withn the mterval im estizated.
The scatter contnbuuon was calculated for the different solume waghts from
the measured depth z2bsorbed dxe curse 2t 12 em depth that 1s at 9 om depth
1 the lungz usue This contribubon vaned from 72 10 83 €7 of the comre
<ponding contribuuon 1n water phantom. In order to see the reduction n disect
relation to the solume weght, the same calculatons were made for the same
depthsin g am™ 68 g ecm The scatter contnbunon then vaned from 60 1o
40 <% of the correspond; it 1n water ph for chanze of volum=~
wearhi from 025100538 g am
The salue of solume weaght for normal lunz usu~ gnen by didferent autho~
sznesbewern 02 20d 0+ g cm® 11 3 6 7 8 9 11 Howmerer papents who
are uradizied 1 th thorax region often have abomal lung volume wezht
Mezsyrements on 13 pauents with rorntgenolozicalls unaffected lung gate
effectne depsues for SSD 70 om from 041—074 g an  mean salue
055 gem  According to Fig 4 this corresponds to a solume wegtr of
.27 ¢ e which alue s m agreement with Dame & Visseriors 1933)
measurements o1 e2lf lunz
In order to covrect the absorbed dose of 2 cobalt reatment according to cot
measuremens 1t 1< not neoesszn to hnow the true sofume weght of the lunz
If, howerver such measurements haie 1o be tranderred 10 treatment with 2o her
wp of wrad where ext ats can hardh be done for exzrp'e
with elecirons, 11 may be necessany 10 calculate the true volume werght
35 Mel electrors Fiz 9 confinms that for 35 Melb electrons, the rano be
tween absorption egunzlent densty’ and solume weght 1 a thorax phantom
sznes conoderzbh and 1 much hugher than for “Co For solume wezht
0122 cm 1t vanes from 2.4 10 1 3 between 5 and 20 an depth 1 Jung tcue-
Measurements for 15 MeV electrons by A1wovp e coll 11967 e szlaes
btween 2.2 2nd 1.3 1 the mntenval 1510 7 5 am depth 1o lung wrue Lace o
1963 has suggesed 2n zbsorpnon equnalent denan’ of 0.5 g/em for normal
unz vesue and for 22 Mel electrons vahd for different deprhs and field 22 )
znd solume weizh1 033 zrem  that s a rato of 1.3 Lavcures (1965 also s
wied a factor of 1 3 tozether with a volume weight of 038 g/cm™ which means
the same valo- of 0.3 g/am for 2bsorpuom equnalent denaty’ Damre et coll
11969 alw recommended ths rzo Porurr 1969 suggested a depth abwirb-d
do shit, which gves the ratn of 1.5 without am speaaficauoms.
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. Frr 11 Central axis depth absorbed dose
S~ for $°Co SSD=70 em 10 em X 10 cm
o1 = 042 plem’ Measured values (O)
\ caleutated values using absorpuion equs
valent density 051 gfem? and nvense
square law correction (X) calculated
values using  effectne densty 067
T = 2. glem® (O)
1nx
-
.:r
/
w
7
lﬂ[
Fig 12 Central axis depth absorbrd dose
= for 39 MeV e SSD {10 em 10 cm X
q 8cm p = 042 glem® d = 064 glem®
d = 067 glem? Fall drawn curve mds
““ cates measured dashed cunve calculated
) values using absorption equnalent den
sty and inverse square law correction
E dotted curve calculated values using
opnmp \m  cffectne density (d) for & Co and SSD
b 5 g s = 7m 70 cm

Chnaical application

Cobalt 60 The imnvestigation shows that the correction of depth absorbed
dose data for water when applied to lung tssue can be done by adjusting to
depth 1n g/em and (1) usng an absorpuion equivalent density followed by
2 separate inverse square law correction or (2) using an effecive density
which already includes inverse square law correction for the vald focus
distance (Nig 11)

Fig 3§ shows that even the distibution perpendicutar to the central axss 15
retained by this method This method thus permts the transformation of an
1sodose dsagram as a whole mto a cross section of the patient Fig 6 al o shows
that the correction can take place with sufficient accuracy paraliel to the central
axis and not along ines of divergence with sufficient aceuracy for $SD 3> 70 cm

The procedure for drawing a corrected 1vodose diagram according to alter
native (2) 15 then as follows A number of lines parallel to the central axis and
Pasing thmugh the entire cross section of the patient are drawn at distances
ORne or two centimetres apart The thicknesses of different matertals along these
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Table 1
Veasured and caleulated depth dose 1alues

Calculated depth Measured depth absorbed dase
absorbed dose 1n ¢

35 Me\ e~ SSD 10 em
10cm ¥ 8cm ;=058 g/em o =042 glem o1 = 032 glem

From absorption equivalent
density and inverse
square law correction

90 86 8¢ 8
80 76 76 76
70 63 68 8
60 G0 60 61
20 52 54 52
40 46 48 49
30 39 42 44
20 32 36 38

From cffective density for

90 8> 83 8]
&0 7 74 71
i0 68 of 64
60 0 59 55
50 54 54 52
40 48 48 47
30 42 43 42
20 36 37 37

lines are then determuncd, each of which is multiplied by the effective denuty,
whereby the depths of the border Ines 1n the cross section measured n gfem are
obtained The same lines are drawn m the water 1rodose diagram to be used and
the depths 1n g/cm? for the different 1sodoses (90 % 80 % etc ) arc read
A comparson along corresponding lines m the cross section of the patient and in
the 1sodose diagram will gnve the regions of density 1 which the different 1 odo¢
cunes lie

The exact pomt of mtersection between an 1sodose and the Iine 1s then
determined 1n the following way The depth 1n g/em” of the border line ncare<t
the L.odose 1n the direction of the beam entrance 1s subtracted from the depth
g/em of the <ame 1sodo e The resulung difference 1s then dwsded by the
effecure denaty’ of the region The quotient 1s the distance m cm from the
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Fig 13 Central aus depth absorbed dose for 35 MeV e SSD 110 cm 10 cm X 8 em m =
042 glem® Full drawn cunve mdicates measured_dashed curve calculated salues using effec
tne density for ¥Co = 067 g/em? 3) Phantom E b) Phantom F

border ine mentioned above to the new pont of mtersection for thus 1 odo ¢ on
the lme imvestgated After having established the intersections of the different

ssodose curves along all the lmes, the complete corrected 1.0dose diagram can
casily be drawn

35 MeV electrons Fig 9 shows that adjusung according to depth mn g/cm”
cannot be done with a constant value of the absorption equivalent density of
an agreement along the entre depth absorbed dose cunie 1s wanted On the other
hand 1t 1 posable to choose a value which gives the least deviation within the
most valid depth internal The dashed curve i Fig 12 was obtamned at calcula
tion according to the gfcm method with constant value for the ab orpuion
equivalent denaty and afterwards correction for mverse square law This value
was cho en o that measuning curve and caleulated cunve cross each other at
60 % The volume weights of 032 042 and 0 58 g/em® thus correspond to the

absorption equnvalent densiuies of 060 064 and 072 g/em® respectsely
c(“ gé\ ng a correct 60 %o depth absotbed dose) that 15 essentially higher than for
0

Correction for ynverse =quare law 1s of much less importance for SSD 110 em
t}um for $SD 70 cm This means that the effectne densiies for ©Co (SSD
70 cm) and 35 MeV electrons (SSD 110 cm) ought to be more comparable
The effecune densities for ©°Co and for corresponding volume weghts are 0 60
067 and 076 If these values are used as the effecune density for electrons
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Table 2

Devrations betueen caleulated and measured depth absorbed doses

Calculated depth absorbed dose in o Measured depth absorbed dose in
35 Mev ¢~ SSD110cem 10em x 8em
o =042 giem uung effective density Phantom E Phantom F

067 g/em for #°Co

90 84 8>
80 74 78
70 69 70
60 63 ol
50 58 59
40 50 49
30 41 43
20 36

cunves are obtamned which for practical purposes show the same approximate
agreement with measurmg values as those described earlier (Fig 12)

The calculated curves show the greatest divergence from the measurement
cunves close to the thorax wall as well as at greater depths in the lung tssue
(Table 1) The relative deviation near the bordenng surface 1s relatively low,
but after the normalizing pomt of 60 9 1t increases

Fig 13 shows measured depth absorbed doses calculated according to depth
m g/cm using effectine density for “*Co m the phantoms E and F in Fig 1 b
Table 2 gives deviations between calenlated and measured depth absorbed dose
i figures The comparion between Tables 1 and 2 reveals that the deviations
are of the same magnitude

The measured abcorbed do ¢ distribution perpendicular to the central axis
1 lung tissue shows relatively good agreement with the absorbed dose distibution
m water equivalent materral at the levels which in the approximate depth
correction are to agree to the depths 1n lung tssue (Fig 10) The measured
central depth ab orbed doses at the two valid depths were established = 100 %
There 1s complete agreement only for depths having central axis depth ab orbed
dose of 60 % Thus, a normalization at central axs for the measured curve gives
104 and 108 So, respecetively, for the calculated curves mn the central axis

Within the Iimuts of error which are seen ;n Tables 1 and 2, the electron
wsodoses for SSD 110 cm can be transformed 1n ther entirety parallel to the
central awis according to the method given on page 123, using effectne
density measured for ®*Co and 55D 70

A few patients were 1rradiated with a lateral electron freld The measurement
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yalues obtawed 1n the oe ophagus show a good ag nt with the caleul
done in accordance with the above ponaple

The mmportance of this simphfied 1codose correction for electrons from the
viewpomt of dosage will be illustrated by two examples

One held Assumed that the relevant aborbed dose 15 90 G, that s, the area
10 be rrradiated 1s between 80 and 100 95, the following deviation 15 obtamned for
6000 rad and a fairly dense lung tisue with a volume weight of 042 g/em®
The ab orbed do ¢ within the treatment area, calculated accordsng to the method
just mentioned hies between 5330 and 6670 rad that 15 the minimal figure
Lies 400 rad lower than was calculated At a depth of 15 ¢m, the calculated
ab orbed dose 1s 4 270 and the true one 4 130 a deviation of 140 rad On the
other hand the calculated absorbed dose at 18 cm depth 15 2 810, but the true
one 13 3 310, an error of 500 rad If no correction of water absorbed do.e data
1s done at all the error at these two depths would however fall at about 3 000
rad If there 15 a den e mddle wall within the lung tissue, the devianons are
largely the same as mn the previous case

Tuwa opposing fields A distance between hoth the opposite entry portals of
20 cm 15 assumed with 14 cm lung tissue between the lung walls The calculated
absorbed dose summed from both of the fields differs within the entire area with
+ 8% from the true absorbed dose except for a centimetre close to the surface,
where the calculated dose 18 15 95 too low If there 15 2 dense muddle wall within

the lung tssue the figures are somewhat lower, beng then 5 and 10 <7, re-
pectively

Conclusions

The dose absorbed 1 the tumour and 1n the healthv tissue of a patent must
be as accurately estabhshed as posuble Corrections for mmhomogenetty are
tnerefore necessary m dose planning programmes The method described m this
paper has been U ed routinely 1n our department since 1967 for normal planning
manly performed by radiographers It will be transferred to our programme for
automatic dose planming which 15 under development

The investgation has proved that this simple method gives sufficiently accurate

results for chmical purposes for both ®°Co gamma and clectron beam therapy
For electrons there will sull remarn a certamn small diserepancy between true and
calculated ~atues which, however, 15

quite acceptable i comparion to the
errors obtamed without any corrections ?
Chinicat measurements of absorption equivalent densty also make 1t possible
ta cstimate the true lung volume weight of
ght of a patent fram the phans
pre ented n this paper ¥ phamom data
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SUMMARY
A simple method for the construction of individual 1sodose curves in lung tissue for 99Co
and 35 MeV electrons 15 described The validity of the method was expenimentally venfied
\ mean volume weight for normal lung tissue was deternuned for 13 patients

ZUSAMMFPNFASSUNG
Eine emfache Methode individuelle Isodosiskunen mm L be fur ®Co und
35 MeV Elcktronen zu konstrwieren wird beschricben Die Gultigkeit der Methode wurde
expenmentell nachgewiesen Lin muttleres Vol icht des len L L

von 13 Pauenten wurde besttmmt

RLSUML

Descripuon d une methode simple pour la construction de courbes tsodoses mdividuclles
dans le ussu pulmonaire pour le $9Co et pour les électrons de 35 MeV La vahidité de cette
methode a ete verifice expenimentalement I auteur a deternuné pour 13 malades un
volume poids moyen pour le tissu pulmenaire normal
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FROM THE RADIUM CENTRE FOR JUTLAND (DIRECTOR PROF S KAAE) AND THE
RADIOPHSICAL LAEORATORY (DIRECTOR € B MADSEN), ARHLS, DENMARK

INIMOBILISATION, COMPENSATION AND
FIELD SHAPING IN MFGAVOLT THERAPY

b

N E Sorensexand A SELL

This commumcation deals with attempts made to overcome problems that
anse 1 ensunng that the absorbed dose within the patient 1s 1t agreement with
the calculated dose plan The mtroduction of megavolt apparatus has increa.ed
the demand for preciwon o that the fields mav be well defined with consequent
reduction both m the integral and unwanted abworbed doves to parucularly
radiosensiine organs such as the eyes bran and hdneys

The rea ons for a deviation between the planned and the true abcorbed dose
may be (1) The paution of the patient changing from treatment 1o treatment
(2) The body surface not bemg the same as that of the phantom which 15 plane
and used for measunng the depth do e and rodose curves that form the basis
of the calculations (3) With the ficld hinutaton marked directly on the <k,
vanation duning the treatment may stll occur from breathing as well as from
treatment to treatment because of loss of weight or small differences 1n the set up
(4) Inhomo,encous ussue (bone awr cavities etc.)

Poutioning of the patrent The most stable and reproducible postions of the
patient dunng treatment are supine and prone the former being normally prefer
red This postion permuts wrradiation of the patient from the front and from the
<desand where the treatment umt can be fully rotated and sections of the couch

Submitted for publicauen 12 July 1971
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Fiz 1 Treamment shell for 1
racianon of the oral cavity wit.
perauel oppoung Gields.

removed or changed to vers thun heets ez mar follum) from the bacl ac
well

Umform posuomng from treatment to treatment mav even be dufficult with
the pauent supme especialh m head and neck conditions. Different techmeal
remedies mav be used. Shells of plasuc or plaster of Pans and tatlored for the
indivrdual panent are conadered to form the mo«t effectn e immobilLation umt.
The cost ain mones and techmaan s ttme 1n connection with their producunn has
bowever proved a handicap Panlv mdnadual Lhells such as front h s 1
connecuon with standard back support bits have been emploved m <ome centres.
The authors have found these useful, for inctance m the treatment of bl.dder
and prostate tumours.

The expemmental manufacture of fulls mdnadual shells was started m 1964
parucnlarh for the treatment of the head and nech region. A front shell of p.asuc,
and a back hell of plaster were connected v <traps with press<ctuds (Fig 1)
The plasuc part was produced 1n the same way as descnbed by other centrrs. An
1mpresaon wa2s talen of the panent with plasdter bandages and from thus a p aster
model was produced. This enabled a plasuc <hell to be manufactured bn 2 va uum
process on zn mdustnal machine. 4 difficulty arose 11 maling a suntable back bell
of «ufficent stabilin After <everal expenments with unsatsfactors result. such
2 shell was produced from plaster bandages. This combmaton 1s «ull 1n e

The back shell 1s made as follows. The pauent 1s placed on 2 couch with . «ur
face amilar to the treatment couches and preces of foam rubber of different
shapes are used 10 postion the bead and arms  this 1s done with due regard o the
treatment and comfort of the pauent. A conserent posuon having been frund,
the panent, o possible, sits up Plaster bandages are then apphed from the top of
the head down 1o the scapulae. Before the plaster harden  the patent 1s e urned
to hts ongmnal posnon so that the bandages mav be held and moulded by hond as
neceesany until they harden  the hardemung process takes about five purutes
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—

Fig 2 Filter holder for s edge
and compensating filters with the
v edge filter 1n 1ts correct posiion
and the compensating filter drawn
halfway out

The plaster hell 15 then extended around the <houlders and the top of the head
A bandage 15 al 0 applied from the back of the head down over the foam rubber
support to the urface of the couch to fix the head at the correct distance The
Ppatient 1s then removed from the shell and the foam rubber replaced by plaster
to form a olid, reproducible support

Thus type of back shell has proved to be o effectine that where the field aze
has proved too large to be cut out of the front <hell 1t has been possible to remove
the latter dunng the treatment and only u ¢ 1t dunng the set up procedure

The front hell could of cour ¢ al o be of plaster but it was found best to
proceed to a plasuic shell for the following reasons (1) It 1s much more
convenent for the pauent. (2) If a treatment programme 1s changed ather
immediately or later dunng the treatment a new plastc shell may be made
quickly and without mcon emence to the patent (3) The posiive model may
be ued fater for the de 1gn of compensating filters and for obtanng exact
meacurements and contours of the patient (4) The plastic hell 15 transparent

The immobilisation of the pauent dunng treatment 1s more secure with the
shell sysiem The latter al o saves ume 1n the datly et up and thus increa s the
¢apacity of the treatment apparitus Furthermore compensating filters demand
that the planning and treatment po 1ions be as nearly the .ame as possible

Compensating frlters \ithout compensation for missing tissue, problems in the
planning of the treatment will alw aysanse Even with complicated set ups and by
making caleulatons of the do e distribution at <everal Tevels 1t may be impos.ible
to obtaw a sufficiently homogencous ab orbed dose within the tumour volume

Induidualty designed compensating filters make both the et up and the calcula
non easer



132 N E SORENSEN AND A SELL

d-5¢cm
£ d=5¢cm

L
Y

% 4 e d=10cm
S b= ot W4 AT 4=10cm
E 2 1] T o
g Fil—1_1 LA d=15¢m
’é o ;l’ /;3/
N . i L~
L . )
e T
Pz
i o

L~

10 2 3 4 6 810 2 3 4 6 cm® freldsize

Fig 3 Measured errar when compensating for 5 cm missing tissue mlh—% = 185 cm AL
e
Q4 O for 8o y rays and @
epths (d)

@ for 6 MeV roentgen rays for dufferent field sizes and
an the water phantom A low absorbed dose means over compensation

A photographic method that smplifies the design of compensating filters has
been described earlier (Serensen 1968) The method may be used both for the
system with alumimum columns described by Ervss et coll (1959) and HaiL &
Ounver (1961) and the system with lead sheets described by Wirks & Castsow
(1969) We employ the former system A filter holder with two frames 1s mounted
on each treatment umut o that 1t 15 possible to msert wedge and compens oon
filters at the same ume (Fig 2) The mounting plate for both filters has a slot
near one of the corners with which a spring loaded ball m the filter holder
engages This arrangement ensures that the plate 1s correctly located and at the
same tume the filter 15 properly ortentated

To simplify the system 1t has been decided to use the same columns independent
of the machine and the energy The spectrum of energies mcludes *°Co , rays
and 6 and 32 MeV roentgen rays The cross section of the columnsis 0 74 em X
074 cm (For ®Co this corresponds to 1 cm X 1 em at the normal treatment

1
distance of 80 cm ) By selecting the length of the columns as — = 2L7 =037cm
e
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b
Fiz 4 An example of field shaping m the nech region a) Film obtamed on the simulatcr with

hatch ng of the areas to be cosered with lead b) Control film taken on the therapy unit with
the compensating filter mounted

per cm mussing tissue where @ indicates the density n gfem® the system 1s further
sunplified as the lengths and sides of the columns then have the same module of

088
037 cm Haws & Ounver (1961) gave the best length for °Co ) ravs as -

1
The error 1n u g —cm was measured by an arrangement descnbed by Sunp

pon (1964) A MixDblock 5 am thick, was placed m front of 2 water phantom
(50 cm X 50 em X 60 ¢cm) The absorbed dose was measured at different
depths and with vanous field sizes The same measurements were taken without
the Mix D block but with one of alumunium corresponding to 5 cm tissue
(185 em) placed mn the postion used for the compensatng filters on each
machime

The results for the ®Co , rays and 6 MeV roentgen rays appear m Fig 3 For
field sizes from 5 em X 5 cm to 20 em X 20 ¢m, and depth in the water phantom
sanyin, from 5 to 15 cm the ab.orbed dose vanes from 4 per cent hugh to 6
per cent low For the 32 MeV roentgen rays the techmque 1s used only for field
sizes varymg between 10 em X 10 cm and 14 em X 14 em The absorbed dose
was then 5 per cent low at 5 cm phantom depth and between 1 and 2 per cent
fow at 10 ¢m and 15 cm depth Thus has been considered a satt factory compro-
muse and 15 used routinels mn this department
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Fig 3 \Measured error when compensating for 5 em missing tissue with im= 185 em Al

Q for %Co y rays and @ ——@ for 6 MeV roentgen rays for different field sizes and
depths (d) 1n the water phantom A low absorbed dose means over compensation

A photographic method that stmplifies the design of compensating filters has
been described earlier (Sorensen 1968) The method may be used both for the
system with alummum columns described by Eruis et coll (1959} and Harw &
Oriver (1961) and the system with lead sheets described by Witks & Casesow
(1969) We employ the former system A filter holder with two frames 1s mounted
on each treatment unit o that 1t 1s possible to insert wedge and compensauon
filters at the same tme (Fig 2) The mounung plate for both filters has a slot
near one of the corners with which a spring loaded ball m the filter holder
engages This arrangement ensures that the plate 1s correctly located and at the
same time the filter 1s properly orientated

To simphfy the system 1t has been dectded to use the same columns independent
of the machme and the energy The spectrum of energies includes *’Co 7 rays
and 6 and 32 MeV roentgen rays The cross section of the columns 15 0 74 em X
074 cm (For ®Co this corresponds to 1 cm X 1 cm at the normal treatment

distance of 80 cm ) By selecting the length of the columns as L = 51—7 =037cm
4
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DIGITAL STEREOSCINTIGRAPHIC ENPERIMENTS
WITH A GAMMA-CAMERA

by

E IncEmar Larsson

\ number of 1deas have been pre<ented 1n the literature about the problems
encountered m disungur hing over lappmg mformaton from the information of
mterest in gamma-camera antigraphy  Freepyas (1970V propoced a digital
method very amilar to the m~thod descnibed n the present work Morniren
MRS (1970 1971) techmque 1> baed on analogue read-out but 15 otherwre
pnncipally the ame Theorctical conaderations around this problem are
precented by Cassex (1968) and McAvre & Moziey (1969) The present
work 15 al 0 ba.ed 1n part on the longttudinal ection canming method described
bv Remr & Epwarps (1968 All previowly described methods for three
d \BT xath the g camera except that of Crarxes &
Soserranasiy (1968) however require the we of quite different equipment
than 1s ordinanly emploved thus elimnaung the possibility of carrving out
Static or dvnanuc examunations with consentonal depth respone This 15 al.o

the cae with the methods dexcnbed by Ascir (1968) and Mmapr &
DiCuiro (1970)

Submtted for pubhication 21 Jume 1971
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Counts per
channa! P
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Fig 1 Operating prnciple for ste
) vith )

gamma camera equspment and digital
storage facthties Secuons A and
PSF from two sources with detector
m posiens 1 and 11 respectnely
Section C Sum of PSF in sections
\ and B Section D Sum of PSF in
sections A and B wi h address dis
placement as shown by arrows be
1 een sections B and D

AMethod A number of experiments which have been carned out for evaluatng
the stercoscinugraphic or tomographic possbilities with consentional gamma
camera equipment and digital storage faclities are desenbed n the present
work (Nuclear Chicago Pho Gamma I Intertechmque Bloc d exploration,
BM 96 B, 4096 word memory two Codeur d amphtude CA 13 B Umte de
isual RG 96, Caleul mtermediaire, RG 23 } The operating pnn
aple 15 llustrated 1 Fig 1 At the bottom of this figure there are two pomt
sources having an mternal distance of z These two «ources are first detected by
the gamma camera crystal with 1ts parallel hole collimator m posimon I This
means that the central awus of the detector deviates with an angle O from the
normal direction of view The photons from the upper <ource will be detected
by the centre of the crystal and will also be counted 1n the centre of the memorty,
wiuch 1s dlustrated with the pownt spread funcuon (PSF) mdicated by the
dashed curve 1n sectton A of Fig 1 Photons from the lower pomt ource will be
counted 1n channels the mean address of which deviates 4% or 41 whuh s
proportional 1o .. sin O, from the centre of the memory, as 15 ilfustrated by the
dashed dotted PSF 1 section A This pomt source will al o be detected with 2
poorer resolution distance as a rusult of the poorer mmagmg properties of the
parallel hole colimator for sources lyng at a greater distance (A~GER 1964,
Larssov & Lipen 1969}
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Reference plane

Fig 2 Threeumensional il
lustrazion of the direcuon of
2ew for the central aws of the
detector_1n eiht elementary
mnases The aneles of mchna
uen are O and Gy

With the detector m poauon 11 the upper ~ource will ull be <cen by the

centre of the detector and will be registered tn the centre of the memons  Photons
from the loner pomt ource however will be diplaced to the left m the memon
compared to position 1 {section BY Views Nos I and ITmn ecuons A and B are
tored separately on magnenc tape They can afterwards be summed into the
<olid hne 1n <ection C without amv addressmodificaton. Usng a certamn
<uppres.ion level indicated by the dotted Line 1n the figure we can now display
chanpely contaimpg pules the mam part of which 1 obtamed from the upper
pomt <ource

The olid ine i secton D alo represents 2 <um of vews Nos I and 11 but
all addresses m view No Il are Infted m proportion to - 1w € as indicated
by the arrows from <ection B to ection D The PSF from the upper <ource 1s
therefore suppressed or blurred mto the eparated PSF indicated by the broken
hine 1n the same way as the lower ource m <ecion C The view of the lower
ource 15 enhanced because the dashed-dotted PSF from sectons A and B
comncide in the memon
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The views 1n sections A and B can, of course, be viewed with a stereo<cope
(Cuarres & SompuraNAsIn 1968) giving a subjectively percepted three
dimensional 1image U ing the digital treatment illu trated here, we can make
u e of any desired angle of inchination and also extend 1t m several azimuths 1
order to avord fal.e summation of multiple .ources as mentoned by McArre &
MozLey (1969) The size of the angles 1s partly limited by the reduction of the
field of view at greater distances from the colhmator

It 1s apparent from hig 1 that the effect of the earler explamed suppression
or blurnng 1s greater the better the re.olution one can achieve, becau.e the
PSF from different depths will be better differentiated 1 all sections of the figure
The blurring effect 1n the planes which are out of focus can alo be regarded as
a low passfiltering of the spatial frequency spectrum 1e a removal of high
frequency components

The problem of sclectng a rotation centre close to the organ beng i estigated
1s .olved by using an ndex which 1s mounted in the centre of the collumator
This index ponts towards the same pomt on the pauent or the phantom m all
the mndnidual elementarv 1mages The phantom, or patent mu t therefore al o
normally be moved between each exposure

Fig 2 shows three dimensionally how the angle of inchnauon s selected 1n
aight different elementary views Photons from any pomt 1 the haded plane,
hereafter called the reference plane recene the same memory addres.es i all the
ndividual mmages when using 2 mall angle of inclination This means that the
best focus 1s achieved 1 this plane when the elementary images are added
without address-modification

Results

Focusing to anv plane other than the reference plane can be performed v ing
different address-displacements when the elementary images are added This
1s lluctrated 1 Fig 3 shown in the isometric display fasluon In Fig 3aand b
four cobalt 57 pomt ources are placed m the reference plane and m Fig 3 ¢
and d the posttion of the .ources 15 12 cm below the reference plane Fig 3 a
and c are focused on this plane .mply by adding all eght elementary images
together without any address-displacement

It 15 posuible to focus to the pomt ources 12 cm below the reference planc as
shown m Fig 3 b and d if a certan address-modification 1s applied when the
elementary 1mages are added In Fig 3 b the indrvidual pont spread functions
from the erght elementary 1mages are displayed <hightly scparated and suppres.cd
with a factor of 8 2s compared to Fig 3a In Fig 3 d however the eight PSF
{rom the elementan 1mages comade in the memory and the resultant 1mages
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Focu
.

Fig 3 liometnc display of point ources at two different dustances a) and d) Sources in plane
of Best focus b) Sources 12 cm abose plane of best focus ©) Sources 12 cm below plane of best
focu

are therefore enhanced as compared to Fig 3 ¢ The angle of mchination 1n this
expeniment 1s 10

Eight <eparate elementary 1mages {B—I) are illustrated m Fig 4 a together
with 2 view 1n the centre (A) tahen without any mclmaton of the detector 1€
with consentional depth response Three digts 0 7 and 14 drawn with
technetium 99 solution are placed 1n the reference plane and at 7 and 14 cm
below that plane respectinely The eight minutes exposure time for the con
‘entional view 1s now replaced by 2 one munute exposure of each of the eight
clementary 1mages In this ca e the angle of mchnation 15 20 Ths relatively
large angle makes 1t ea ser to <ee the differences between the <eparate elementary
!mages gvng at the are ume a more marked tomographic effect There 15 a
Iight distortion of the projected plane when u mg this angle This distortion
al o limuts the angle of inchnation in this techmque a hmitauon which does not
eust when using a collimator with parallel holes mchned 1 relation to the
central axis of the detector (FREEDMAN 1970 NcArre & Moziey 1969
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c 0/+20° B +20 [+20°

ol B

D 20 /4200

E +20 /0°

F o2 /0 A o /0, 0 /0

1o /e H O/ 20 G +20 / 20

.

Fig 4 Stereoscintigraphy of three digits 0 7 and 1t drawn m:h technetum solution and
placed 0 7 and 14 cm below the reference plane resp a) I of the
in the elementary images (B 1) For purpose of companson image A is taken without m
clmanon b) Directions of detector and exposure imes for the eight elementary 1mages and
image A

Muenrrenner 1970, 1971) The necessity of worhing at a greater distance from
the collmator thereby degrading the overall re olution, 1s al.o a Iimiting factor
when setung the angle of inclination

When the elementary images in Fig 4 a are added, 1t 15, however posible
to enhance the contrast in the planes selected for best focus because the informa
uon from other depths 1s blurred Idenufication of the different numbers from
the planes selected 1s possible m Fig 52 band ¢

For purposes of comparon 1t 1s here shown that 1t might not always be
necessary to use all of the eight elementary 1nages asm Fig 5 a, b and ¢, only
four are used m Fig 5 d e and f In these four elementary images 1t <hould be
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F s
20m

Fig 5 Summation of the elementary
mages 1 fig 4 Sum of the erght ele
mentary smages with a) 0 m plane of
best focus (reference plane) b) 7 m
planc of best focus (7 em below the
reference plane) and ¢) 14 m plane
of best focus (14 cm below the reference
plane) d) ¢} and f) The same as for
a) b) and c) respectvely but only
. four of the clementary wmages are used

possible to compensate for the distortion of the projected plane mentoned
earlier when the angle of mclmation 15 large This could be done by a <ight
adjustment of the gam along the x or y axis respectively although this 15 a
complicating factor which has not been u ed here Better results are obtamned
from this comparison when more elementary tmages are used and distortion of
the lind mentioned earlier 15 neghgible

Fig 6 Ulustrates that 1t 1s more difficult to achieve contrast enhancement with
this techmque when looking for 2 region with lower activity concentration than
1s surroundings The liver phantom 1 Fig 6 has a simulated non active lesion
Placed as illustrated mn the cross sectional side view of the phantom Quantitative
mformation 1s presented 1n the lower row of views as 1ocount levels at 95 90
85 80 and 75 %% of the maxamum These levels are produced using repeated
exposures on the same polaroid film and calculated settngs on the dial deter
muning the suppression level on the RG 96 umt To overcome the statistical
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Unfocus d Foeu ° Fouz:8m
M, ¢
p‘ P 1260 1160 1200
95 90 85 £0 3
757 of m W
Tagt nntargtrt 088 96 089

z=0ecm
eide
Fig 6 D ep lyng simulated pon actie Jesion ima ViEW z-8cm
Iner phantom T =140 key 0 = +10

fluctuavions along the e levels 1 nine clement moothing matrix 15 appled
with the aid of the tape recorder RG 23 (Larsson 1970) The convenuonal
unfocu ed view ha a target to non target ratio of 088 Nothing cin be «ud
from the unfocused view alone about the depth of the stmulated lesion Irom
the terco aintigram with focusing to the surface we get the mformaton that 1t
15 not close 10 the surface becanse 1t has a poorer target to non tagt it
Focusing to the 8 cm depth gives the actual position of the imulated I 1on,
becau ¢ this gives the same target to non target ratio as obtuned n the un
fo u ed viess This focusing has however, very Little influence on the maximum
number of counts as this maximum 1s already from the beginning spread out
over a large number of channels This lach of contrast enhancement can al o
be explamed by the fact that the low pass filtring has no effect on the d¢

component i the spatal frequency spectrum or hutle nfluence on the Jow
frequency components
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Discussion

When applying this method on patients 1t 1s dearable to take a view with the
comentonal depth respon e Although this wncreases the examination time by
a factor of 2 the whole procedure with readjustments of patient and detector
position can be carried out without making undue demands on the patient

It has been mentioned that a good resolution 15 of great importance when
applying ths or other, amilar tomographic techmques 1f the patial frequency
spectrum contams onlv low frequency components the low pass-filtenng will
have bttle or no effect as the high frequency components have already been
removed at earher stages This means that the visbihty of the details wall be
poor 1o the plane of best focus al o as well as above or below this plane The
poor high frequency response of all tvpes of imagng devices of this hind
compl phic mestig; mn nuclear medicine Ancer (1969) has
achieved 2 better re olution by uing a converging colhimator Extremelv good
te olution can be achiesed with the pinhole-colhimator at mall distances (Lars-
sov & Lipen 1969), where enuitivity 1s al o hughest These properties could al o
be used for tomographic purpo es as nonced by Brck & Ancr (1969)
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SUMMARY
A umple and cheap method for stere phy using contentronal

y
cquipment and digital storage facilities 15 desciibed  Some expenmental results are pre
sented and discussed

ZUSAMMENFASSUNG

Eine emfache und tullige \ethode fur Ster unter A dung ewer Lon
\Ecmmncllm Gamma hamera Ausrustung und emem dwoitalen Spaicher wird beschniecben,
Imge experimentelle Ergebnisse s erden gezeigt und besprochen

RESUME

€t peu couteusc pour faire vne stereoscintigraphie an
~caméra ordinaire et dun équipement de stockage de
nte quelques resultats expenmentaux et les examme

Deseription d une. methode simple
foyen dun equpement de gamma.
donnees fumeriques L auteur prese:
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FROM THE DEPARTMENTS OF ORAL ROENTGENDIAGNOSIS ANXD RADIATION PHASICS
UNIVERSITY OF LUND AND THE DEPARTMENT OF ORAL ROENTGFNDIAGNOSIS,
UNIVERSITY OF GOTHENBURG SWEDEMN

DETERMINATION OF SMALL MASS DIFFERENCES
IN ROENTGENOGRAPHY
1T Expenmental investigations with a roentgen diffraction apparatus
by
L Hourenper and G Lysern
Part T of thus senes (Lvserc et coll 1968) concerned a theoretic analysis of

the relation betwcen the thickness of a given mass and the photographic density
of 1ts roentgen mmage The following equations were demved

(D —Di)In10

T D) (u—n) o
DD,
I @

rhﬂ: d> denotes the thickness of the object, D the photographic density g the
near attenuation coefficient and 7p, (D} the rate of change of D as a func
uo: of the loganthm of the exposure and a a constant The equations hold good
‘51: :‘r l;lcal cond; 1€, getic rad and narrow beam geometry

ch 1deal conditions are however rarely avaitable m climical roc ntgenography

Submitted for publicauon 22 March 1971

10—
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There 1s, on the other hand, a nced for quantitative 1nvestigations on mm
eralized tissue n clinical research The present investigation therefore deals with
the determunation of the thickness of objects by means of the equations derved
m part 1 fist under nearly 1deal conditions and econdly, under conditions
approaching those prevailing 1n routine diagnostic work

Matenal and Methods A Phihips roentgen diffraction apparatus PW 1010
equipped with a Plulips roenteen diffraction tube with copper target and four
mrca berylum windows with two outputs was used The radiation was trans-
mutted through the mchel filter of the apparatus at 16 kVp and 20 mA and
through a 597 mm alurminium filter at 54 KVp and 16 mA Al exposures were
made n air Three different exposure times were employed for each combination
of tube tension and object thickness

The objects examined consisted of alurmmum foils of dufferent thicknesses
at 16 LVp the foil was about 9 «m thick and of 99 97 per cent punty (accordng
to the manufacturers the impunties were mamly Fe and $1) at 54 kVp a fol
was about 100 «um thick both as a single layer and m three layers the alumnium
was of the same quality as that of the thmner fo1l Measurements had to be made
of the thicknessess of the vanous foils, the figures given by the manufacturers
being only appronimate The thichness of the thin foil (9 4m) was measured with
a Microcator (C F  Johansson, Eshilstuna Sweden), fifteen times in approxt
mately the same area An extra determmation of the true value was also ob-
tamned A prece of alumimum forl was held ughtly between perspex plates (135
mm X 170 mm) and foils of corresponding size cut out These sheets twenty n
all were weighed on a Mettler analytical balance type E5 each foil was weighed
twice and the thickness was calculated from 1ts hnown area and density  27)
The thicker foil was measured fifteen times with a Microcator An independent
double determination of the thickness was also made with an Etalon micrometer,
the thichness was measured fifteen times

Film and Procesung hodak pertapical radia tized dental roentgen films
were used a standardized darhroom procedure 15 important as stressed by VAN
AREN (1962) and Hexrinson (1963) and others who also stated that the fiim
speed increased when the developer rec ded by the f: er was
used 1n tead of that recommended by the Amenican Standards Associwion
(1956) A developing process resembling that employed 1n routme work was
chosen mstead of that suggested by the AS A The films were developed under
manual agitation at 18 °C for five minutes m hodak DX80 Non exposed
films were always developed together with the exposed films to a certam the
density of base and chermical fog After development the films were ninsed m tap
water for 10 seconds fixed in hodak acd fixer for 10 mnutes washed m
runming tap water for one hour, and dried at room temperature
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Fig 1 The diffraction apparatus and the optical bench wath the device for objyect and film

2

Detice for ! constant hep beticen object and flm and
wrradiation geometry An optical bench was fixed on the table of the diffraction
tube to mamtain the positions of object and film 1n relation to focus constant
throughout the investigation This bench was equipped with a nder carrving
three parallel alumimum plates covered with lead (Fig 1) The front and the
rear plates were connccted by four bars placed parallel to the bench The nuddle
plate could be moved 100 mm along the four bars and the front plate had 2
verucal shit opeming of 4 mm X 44 mm 1 front of which the object was sited
paraliel 1 the plates and covenng the upper part of the shit opeing  The plate
m the middle was equipped with a film holder The midpont of the vertical
dimen 10n of the midles el of the shit opening was marked by a small notch 1n the
plate This notch was clearly evident n the roentgenogram The film was
exposed centrally through the sht opening the expo ed area bemg + mm X
41 mm The film holder was placed m 1ts rearmost position, producing a FFD of
1150 mm the OFD was 110 mm An mmagmary ray from the focus through
the midpomt of the st opening ran perpendicular to the foil and the film plane
(Maxsmum deviation of the roentgen rays in the central parts of the sht opening
from this perpendicular line was 0 1° as estimated from repeated measurements
and calcul, ) The dural plates were perpendicular to the optical
bench (Mawmum deviations less than 0 25° measured both 1n honzontal and
m vertical planes ) This ensured a reproducible narrow beam geometry

Densitometry An Eel unnersal d was ¢ d to a controlled
Power supply Olirorux the density range was 04 to 20 Each film was measured
ata point 3 mm above the mud level of the sht openimg 1 within the area where
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Table 1

True thickness of alummium fouls for 16 kV p radiation determuned from measurements with a Mcrocator
and from wer hings

Microcator Wesghings
measurements
n 15 20
M 87 am 872 ym
E] 014 pm 024 ym
syt 004 um 005 pm
Table 2

True thickness of alumnium foils for 54 kb p rediation determined from measurements with a Mucrocator
and a mcrometer

Microcator Micrometer
measurements measurements
n 15 15
M 1085 pm 1083 pm
s 038 um 118 sm
. 010 am 030 s
Table 3

Linear attenuation cogfficients for alummnium at 16 k¥ p radation (4) and 54 KV p radiation (B)

A Thickness of absorber Harat 16 kvp
{em™1)

All thicknesses 1223

B Thickness of absorber Hayat 54 k\p

{mm Al (em-)

0 240

01 2138

03 236

1 230

2 218

3 207

4 195

5 184
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Fig 2 Relatie transmussion through aluminium
40180 280 400 520 of N1 filtered radiation generated at tube ten
pm ALmETm s ons from 16 k\ p to 40 k\ p

the foil was reproduced as well as 3 mm below the mud point, 1e outside where
1t appeared Three measurements were made at each pont.

Deternunation of charactenstic film curres The practical application of the

q required deter of the charactensic curves of the films
Exposures were made 1n air with a FFD of 440 mm The radiatton from a
1 mm X 1 mm focus for the films and the radiation from 2 { mm X 10 mm
focus for an chamber d the exg ad modum Bjirncarp
etcoll (1959)

Four charactenstic film curves were obtamed for the 16 kVp radiation and
two curves for the 54 hVp radiation The four cunves at 16 AVp were made
with films of different emulsion numbers films of two of these numbers were
used at 54 WVp but no sigmficant differences in the shapes of the charactensuc
curves could be demonstrated This impled that vanation m radiation energy
has no appreciable influence The charactenstic curves mdicatng the , salues
enabled an electronic computer to determine ; values for vanous combinations
of Dy and D For a given value of D1 a graphic representation of , was
obtamed as a function of D D; was allorated values between 01 and 2 0 1n
steps of 0 1 density units producing 20 curves m all The , values were caleu
lated by mterpolation between these 20 curves

The value of the constant @ eq (2) 15 equal to the mclmation of the straight
fime obtained when the loganthm of the photographic density value 1s given as
a funcuon of the loganthm of the exposure values

Determnation of linear attenuation coeffictents The transmission of the
radiauon through different layers of aluminuim was registered with 1ontzation
chambers at different tube tensions The linear attenuation coefficients were
determuined from the curves obtamed 1n this w ay
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Table 4

Precasion of the Eel densviometer estimated from measurements in 9 films of thase wsed for thickness determmna
twns The photographc density was measured at twco pawnts wn each film Ten repeat measurements were made
at each pomnt The precision 15 gueen as the standard decation (s) of @ single observation

Film \ean s sy
No photographie

density (base

and fog density

included)
1 0470 000037 000010
0510 000095 000030
2 0470 000067 000021
4509 000082 000026
3 0470 000042 000013
0510 000000 000000
4 0787 000587 000186
0871 000599 000189
5 0782 000472 000133
0877 000258 00008”
6 1204 000400 0001265
1306 000328 0001037
7 1196 000309 0000977
1314 000352 0001113
8 1189 000311 0000984
1308 000145 0000459
9 119 000349 0001104
138 000185 0000285

Results

Foil thackness { true values ) The.r appear m Fables 1 and 2 Although the
accuracy of the microcator and the balance, as well as the micrometer was not
determined  the mean values of the thicknesses were considered as true since
these measuning devices are pracucally free from systematic errors and of ugh
precision (balance 0000065 g mmucrocator 032 um) and as there was cxcel
tent agreement between the results The values obtamed with the T hest
precrsion were selected Thus at 16 kVp the true forl thickness was 8 7 pm 1
good agreement with measurements obtamned by Ertcsson (1965) The true
values at 54 LVp were 108 5 sun and 320 5 sem respectively



DETERMINATION OF SMALL MASS DIFFERENCES IN ROENTGENOGRAPHY 131

Table 5

Determrat o~ of forl thickness fram photagrophee demnty measurements 16 k3§ p radiztion U pher sectim
sfiL. oremeng comened by 8 7 g clournm fo.l. Dostrid o of calcalad Ueekrsses 62 & Frena levels of

photogratFac demssty
Thakaess Mean photorraphic deasity abase base and fog
e () 02,3 0422 0427 0413 0672 OF1% 106 1401 [452
=
“6—20 1
21— 28> 3 1 1
26—an 2 4 1 i 2
ay—a, 3 2 3 1 H
&—lo0 4 2 4 > >
10110 1 2 1 3 2 2 4 1 3
106110 5 3 z 1
11113 B H 6 3 ]
6120 % 1 1
L T LY 4 1
126130 H
131135 2
2 it 3 10 14 10 16 i+t 10 10
M 120 109 9> j08 29 109 97 9.3 19
3 0% @45 031 020 087 09 0F3 065 042
e 02¢ 01> 016 0ld .22 029 017 021 Ol

Lerear atteruation coefftererts The transmussion curves are gnen m Fig 2
A ool one value (122.3 em !, of the binear atenuauon coefficent had o be
exploved for amy thickness of alumuum absorber ar 16 KV p the radiauon
could be contdered as monoenergenc. At tube tenaons above 16 L\ P 1t cannot
be <0 conadered For example tran mision measusements at 54 L\ p revealed
Bt th~ anenuanon coelfictent vaned with the abeorber thickness The caleulated
values are gnen 1n Table 3

Precs on of the measurements of photographic denstty \une films, emploved
@ the determmanon of foil thickness were used Ten repeat measurements of
the Protographic denan were made at two pouwts m each film. The precison
values are given 1n Table 4 The accurac depends on, among other things the
PrecL.on of the measunrg apparatus (Eel denstometer) and the poaon of
the film m the measunng device The determination. were made at the different
Fhotooraph.c denan rapees emplored m the imvesugauon. The range of varna
ton of the measurements was <mall and of emilar magnitude at photozraphic
den 2tics above 07 The vananon at fower denaties was agmficanty smaller
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Table 6
Determnation of forl thickness from photographic density measuioments 54 k¥ p radiation Upper section
of slit opentng co~ered by 108 5 pm ok  forl Dustrid of calculated thicknesses at different leels
of phatographic density
Thickness range (sm;) Mean photographic density abose base and fog
0328 0648 1243

71— 80 2

81— 90 2

91—100 1

101—110 1 2

111--120 2 1

121130 4 2
131140 2
141—150 7 K
151—160 5
161—1 0 H 2
171—180 3

131190 1
n 14 14 14
\Y] 1471 1099 1516
N 270 262 163
e 589 701 43

Foil thickness (photographic determunations) Three senies of expocures at
16 h\ p radiation were made on different occasions Three levels of photographic
densty were obtamned each ume by varing the exposure ume The forl thick
ness was ¢alculated accordimg to eq (1) the results are gren 1n Table o The
«andard deviation was alnavs bejow 10 per cent and usually around 5 per cent
All the mean values were hugher than the true talue Absorber thicknes es of
1085 um alumnum and 3252 pm alunumum respecuveh were ued at 23
¥ p Dufferent values of the hnear attenuauon coeffioent were 1hus emp'oved
(Table 3) The sesults are gnen s Tables 6 and 7 The standard deviation of
the wngle obsenation saned widely (from less than 5 per cent to about 2= per
cent} All mean values were with one eaception above the true value

The <enes at 16 AV p compruing 14 films at each Jevel of photographic
density was again measured 1 the densitometer The new talues <enved 25 2
pass for calculaung foil thickness according to eq (1) as well as eq (2) The
results are gnen i Table 8 The photograplic denniies were of the am¢
magnitude as before (<ce Tabl~ 2) All mean values exceeded the true value
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Table 7

Determination of forl thickness from photographic density measurements 54 k¥ p radiation Upper section
of altt openng covered by 325 5 pm al layer Distrbution of calculated thicknesses at duffevent lecels

of photographee density

Th ckness range (um) \fean photographic denstity aborc base and fog

0240 0490 0956
261—270 1
271280
281—290 1
291—300 3
301310 ! 1
311320
371330 3 1
131330 2 3
341350 ) )
351—360 2 6
361370 N 2
3711380 3 3
381—390 1 2
391400 1
401-410 2
n 14 14 13
M 3719 3350 2680
* 284 345 167
s 760 923 162

The mean alues according to eq (1) and eq (2) respectively were of the
same magnitude at each level of photographic density 1n addition these new
values for the foil thickness agreed with the means of the first determmnations
(Table 5)

Fq (2) was also applied 1 the calculanon of the mean thickness of each
alummum foil or combination of forls This was done by caleulating the mean
dillerence 1n photograpiuc denaty at each density level and by determirung the

mean value of the photograpine density above base and fog (#— The

results are grven an Table @ The mean svalues exceeded the true svalues in 13
of the 15 cases

Most roentgen rav ources produce a spatial vanauon 1n wmtensity  Nane films
were exposed on vanous occasions through the sht openng to find out whether
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Table 8

Determination of foul thickness from plmlogmpluc density measurements 16 k1 p radiation Upper section
of slit opening corered by & 7 prm all forl bution of calculated thicknesses according to ¢g (1)
as well as to eg {(2) at d[mnl letels of photographic denstty

Thickness range (sm) Mean photographic density above base and fog

According to equation (1) According to equation (2)

0283 0454 1024 0283 0454 1074

81— 85

86— 90

91— 95

96—100 1

101—105

106—110

1H1—-ns 2

116—-120 1

121125 3

126—130 2
2
1
2

YT
(LN
oo e

[IREFOe)

131—135
136—140
141145

—_— e e N =

n 14 13 14 14 13 14
M 126 106 104 123 03 102
s 123 048 073 122 045 072
B 033 013 026 033 013 [3t]

such varation occurred along the sht opemng both exposure time and tube
tenston were vanted The blachened area of the film was divided by horizontal
Iines across the image of the vertical sht mto eight equal sections 4, b, c d, e { g
and b The mud level of the sht was thus marked by a line scparating d and ¢
The photographic density was measured three imes 1n each section A yaration
n ntensity was found along the sht opening (Table 10), which however was
less marked at 5% KVp although the focal spot was the same Swnce the foils
corvered the upper part this vanation mn mtensity tends to increase the difference
and consequently tends to give too high a value for the fo thickness
Expeniments were performed to assess the effect of this vanation in radiauon
mten<ity on foil thichness Five films were exposed at 16 kVp radaton with
the 8 7 p#m thich alununium foil covening the upper sccion and 5 films were
expo<ed with the foil covenng the lower section of the slit opening The results
are given n Table 11 Three layers of 1085 ym thich alummnum foils were
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“Table 9

Determination of forl thicknesses from photographic density measurements 16 kV p radiation and 54 kVp
sadiation Upper section of sht opemng covered by forls of various thiknesses Eq (2) 1 applied Mean
thicknzsses are guen at tarous leels of photographuc density

Tub tension Mean photograptic B —D Mean
density above base thickness of
and fog Al forl {(#m)
D +D

2

6% p 0427 0046 95
0672 0067 88
1401 0153 96
0422 0051 106
0679 0082 106

1472 0165 99
0273 0037 19
0448 0033 04
1056 o5 96
Stxip 0328 0010 1377
0648 0015 1046
1243 0040 145 4
0240 0017 3227
0490 0037 3410
096 0077 3670

wed at 54 kVp radiaton Four different levels of photographic density were
employed with four films at each Two of these were exposed yath the upper
section covered and two with the lower section covered by the foils The results
appear in Table 12 Vith onc excepuon all values for the upper section covered
were higher than the corresponding values for the lower section covered

Discussion

The vananon 1n thickness at 16 kVp tube tengon was generally much lower
than 10 per cent mdicating that the resolying power of the method 15 good The
standard deviation was greater at 5% KVp tube tension 1n one case more than
20 per cent smplying that the deviation of a single measurement of 2 thichness
of about 100 fm could exceed 20 sm The standard deviation of one smgle
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Table 10

¥ anation in photographsc density al different bube tensions and levels of photographic density along the tma ¢
of the sht opening unco-ered by forls ( Mean ralues based on two determinations )

Mean photographic densuty base and fog included

Tube tension 16 Vv p Tube tension 54 kip

FlmNo 1 2 3 4 5 6 7 8 9
Section

a 0820 083> 119+ 1209 1420 1421 1051 1720 1748
b 0850 0852 1230 1327 1459 1461 1070 1740 1776
e 0875 0888 1262 1258 148 1500 1085 1760 1480
d 0898 0900 1293 1281 1534 1521 1098 1760 1780
e 09°0 0925 1337 1311 159 1563 1105 1770 1800
f 0930 0935 1359 1363 1589 1589 130> 1780 1810
3 0950 0920 1390 1382 1616 1619 110 1:80 18%
h 0950 090 1427 1443 1640 1637 112 1770 18%

measurement was how ey er usnally about 10 per cent This means that at 54 ki p
a difference 1n photographic density of 0 005 at densitres around 10 cannot be
considered as sgmificant although the resolving power must nevertheless be
considered as savsfactory  The standard deviation of the mean value 15 trongly
influenced by the number of measurements quantitatne measurements should
therefore be based on <everal independent determunations

The systematc deviations of the calculated values from the true values call
for a few remarhs on pertinent ources of error

1 Different methods were applied 1n the determination of the ‘true thich
nesses The agreement between the results of the measurements indicates that
these 1alues may be considered true 1e more accurate than the calculated
values.

2 The vanaton mn radiation mntensity along the shit opeming might explan
the «vstematic diccrepancies It 1s however, difficult to determine the exact
difference 1n thickness cau ed by tlus gradual change m intenaty It appears
likel however that the systematic deviations from the true value 1s due mamls
to the vanauon 1n radiation intenaty

3 Errors 1n the determmation of the hnear attenuation coefficients wiil affect
the calculated thickness differences systematically The values were obtamed by
attenuation measurements with the same equipment and the same kind of foil
The coelficients mav be thus c ed free from sub MR errors




DETERMINATION OF SMALL MASS DIFFERENCES IN ROENTGENOCRAPHY 157

Table 11

Calculated foul thicknesses applying eq (2) at the same lecel of photographuc denssty when upper and lover
section of she apening respecticely was covered by 8 7 pum alumnium fof 16 k¥ p raduation

\ean photographre Foil thickness (um)
density above base
and fog Upper section Lower section
covered covered
1113 104 64
98 67
105 63
93 60
99 59
Mean 100 63
Total mean 81
Table 12

Calculated forl thicknesses applying eq (2) at varous lecels of photographic density when upper and lower
Seclion of the sitt opeming vespectuely was corered by 3255 pm aluminuwm lgyer 54 kY p rodiation

Mean photographic Foul thickness (zem)

density above base

aud fog Upper section Lower section
covered covered

o1t 3316 2604
3089 2343

0176 3420 3095
2974 3054

0033 416 4 3037
3781 2965

Laas 2802 2254
2933 2469

Mean 334 L728

Total mean Joz1

4 Determmnation of ¥ values should not introduce systematic errors, provided
the chatactenshic cunves used for the /-determunation are simuar to those for the
films and processing procedure employed 1n the mnvesngauon A FFD of 440
mm was used for obtaming the charactenstic curves whereas the distance was
1150 mm when determuning the foil thicknesses Additional expenments res ealed
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that the effect of this difference was negligible Application of eq (2) and thus
of the constant a (see Table 8), does not reduce the varation sigmficantly
which indicates that the influence of irregular errors in the determmation of
values 1s small

5 Vanations 1n thickness and composition of the photographic emulsion
cannot be easily controlied or determined The 2 mm aperture of the densito-
meter 1rons out spatial fluctuations of high frequency m radration intensity and
emulsion thichness (Biepermann & Frieser 1967) The exsstence of vanations
m thickness of the photographic emulsion cannot however, be excluded as an
important cause of varation in foil thickness obtamed within a set of films at the
same level of photographic density

6 The photographic procedure was standardized The mfluence may be
constdered negligible for one senes of films exposed and developed on the same
occasion

7 Vanauon 1n the photon spectrum exerts an mfluence on the value of the
attenuation coeffictent The systematic devations of the measured thicknesses
from the true values at 16 kVp and at 54 kVp were also the same There was
probably no systematic error m the determinauon of the hinear attenuation
coeffictents Random vanations will mnfluence the precision

8 The preasion of the densitometer (see Table 4) was good The accuracy
of the measurement was not determined Thus differences between mean thick
nesses at different levels of photographic densities may have been due to errors 1n
the measuring device

9 The possible influence of scattered radiation was mvestigated Six films
mn the photographic set up were exposed at three different distances 10 60
and 110 mm respectively, from an alummum step wedge coverng the <ht
opening (Fig 1) The calculated thichnesses at 60 and 110 mm for one step
were equal whereas the thickness value was Ie s at 10 mm distance ndicating
an influence of scattered radiation Furthermore the base and fog denaty
measured clo ¢ to the image of the step wedge was equal to that measured m un
expo ed films The influence of scattered radiation for the <et up may thus be
1gnored

In summary the pre ent roentgenographic method for determimng mall
mass differences may be considered as possesang satisfactory recolving power
The mfluence of vanation 1n radiation mtensity 1s however, not negligible and
should be taken into account This may be done ether by means of a correcuon
equation or by compensatory filters The method mav be improved by the ue
of special films and densitometers of lugher precision The copstant a seems 10
be applicable even at differences in photographic densities of the order of 05
umts
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The detection of a mass difference within an object 15 2 main problem 1n
roentgen diagnosis The present imvestigation mdicates that the method may be
utilized climcally The next step will consequently be to apply the equations m
expeniments with 2 roentgen apparatus emploved m chimcal roentgen diagnoss
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SUMMARY

The present investioation deals with the determuinanion of the thickness of a mass and the
photographic density of its roentgen image by means of the equations prestously denned
furst under nearly ideal ronditions and secondhs under conditions appro iching those prevaul
wg 1 routne dhagnostic work. The vanauon in thickness at 16 AVp tube ten ton was

generally much under 10 per cent The standard desiation was greater at 5% LVp tube
tension

ZUSAMMENFASSUNG
Die vorliegend n Untersuchungen befassen sich mut der Besummung der Dicke der
Masse und der ph hischen Dichee hrer der mut Hilfe zuvor abgeleseter

Glechungen erst unter nahezu idealen Bedingungen und dann unter Bedingunwen 1o
sie¢ by der routinemassigen diagnostischen Arbext vorherrschen Di Variation der Dicke
bey esmer 16 kVp Rohrenspannung war generell unter 10 Prozent Die Standardabweirhung
war bes einer 54 kVp Rohrenspannung grosser

RESUME
Ce travall & recherche concerne la determination de lepassseur dune mmsse et la
densite phy h de son image au moven des equations etablies prece

demment d abord dans des conditions presque 1deales et ensmte dans des conditions voisimes.
de celies qui existent dans 1 diagnostic radiologique habituel Pour une tension dans le tube
de 16 3\ p 1a vaniation d epaisseur est en general tres infencure a 10 pour cent L ecart
standard est plus grand quand la tenvon du tube ext de 58 kvp
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COMPUTERIZED TREATMENT PLANNING
AND INHOMOGLNEITIES

by

Ricuaro F NeLson

Histonically speaking the interest of the physicist and radiation therapist 1n
mhomogeneities and the pos.ble effects that they do or do not have i the
patient undergoing radiation therapy 1s not new As early as 1920 Famta
vestigated the absorption of gamma rays from a radium source by various tissues
This experiment consisted of uang various shees and thicknesees of different
U.sues as ab orbers The 1 tran mission were tahen with
an electroscope

One of the first measurements that was taken 1 cadavers was m 1923 by
Borewr in Germany However in 1934 Qumes reported that there was <ome
concern as to whether the previous measurements were actually representatne
of the true distnbutions within the pauent In view of this Quivey et coll did
an experiment using a2 male cadaver fixed in phenol and glycenne Unfortu
nateh 1n todavs ociety it 15 doubtful whether we would be able to conduct
the ¢ expenments agamn Hence we find ourselves forty years later stll trying to
approach this problem on a rouune basis
—_—

Submitted for publication 29 January 1971 The author is now at Department of Radio
logical Physies The Cooper Hospital Camden New Jersey
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Fig 1 “Co treatment plan of unnary bladder using a freld size of 13 ecm¥ 10
cm and 90 anterior oscilfanon and the axis focated posteriorlv The dose to the
bladder area 1s very inteme with a sharp fall off outside the area

] Pm""ym

Fig 2 Dose distnbution for umit density of
of the cenix Field size 18 cmX 20 cm and 360 rotation T/A 0 70

Today the problem 1s being approached m a different manner by umg
predommantly mathematical models However we still find ourselves going back
to the human body to corroborate our results by inserting 1ontzation chambers
mto vanous onifices m the body to chech the calculations that are made on the
patsent ether manually or with computers We still find many members who
are startled by the dose distributions obtaned when all the inhomogenetties that
are encountcred when the beam traverses the body are tahen mto consideration
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t n

=
g L ) Fig 3 Samecase as fig 2 Dose
5 ! distnbuuon obtamed for 360
rotation s hen taking into con
sideration the treatment table
Field size 18 cmx20 om
TIA0S>

Y believe a great 1mpetus was given to us when Mr Watcon of 1B\ bached
Tsten s expenment using accountmng machines 1 1904 (Tsten 1925, 1928)
This was one of the first if not the first <em automatic computing s tems for
external beam treatment plannmg 1n radiaton therapy A planar ditnbution
partcularly for rotatonal therapy could be obtamed with this system within a
realisic period of time and with farh good accuracs In 1957 a svstem for
determming the dosage distnibutions from mternal <ources was developed
(Me1son & Mrurk 1928) At tlus ime we reahzed that we had to begin to
take 1nto consideration the vanous mhomogeneties that exa ted within the body
and also outade the body It was impractical to think that these systems would
be able to do this and al o computers became avalable to ome phy 1cs and
radiation therapy departments So 1t has just been m the past decade that we
have really been able to u € these mstruments to obtain dose distributions cor
trecung for mhomogeneittes As of today there have been wntten many and
‘vaned radiatton treatment planming programs Some of the most notable pro
grams would be tho e of Suavex (1962) Lavcrus (1962) Cuwwincnast et coll
(to be published) Van pE Gerpy (1970) STERLING et coll {1961) and others
At the City of Hope Natonal Medical Center we are presently using a modafied
version of the Memonal Sloane hettenng computer program on an 1B\ 36091
computer

A typical printer map usng this program 1sshown 1 Fig 1 It 1sfroma
Pavent with transitonal cell carcinoma of the bladder and <hows a distribution
obtained by vang ®Co therapy and a field size of 13 cm X 10 cm and oscillating
the beam through an antenior arc of 90° The deepest hade repre ents the most
Intense area of radiation

The first heterogeneity that I would like to present 1s the treatment table
Experiments have been made where an somzation chamber 1s centered over the
table top and the machine 1s rotated through an arc of 360 In this manner,
20 average rable ab orpuion factor per rotation can be obtained However this
does not take mto consideration the dose perturbations caused by the table to the
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Fiz 4 Same case as f1ig 2 Treatment plan showmg uniform pelvic dose when tre tment
table has been modified Freld size 18 e x 20 cm and 360 rotation T/A 065

other ponts of interest 1n the treatment area In the following treatment plans
the effects of such a table structure and how 1t can be altered o as to give a more
uniform dose throughout the volume of treatment interest will be <hown

A dose map 15 hown (Fig 2) taking into consideration only the external
contour of a patient s pelvis with no heterogeneities The <mall light area in the
center represents 2 T/A of 069 Howeter the dark area T/A of 07 howsa
very umform distnbution within the cervical area of this patient with squamous
cell carcinoma of the cenix The treatment technique used was an 18 cm ¥
20 em field with 360° rotation However the patient has to be supported with
a table A representatne cro.s- ection of a pauent on a Iheratron 80 AECL
table 1s shown i Fig 3 As can be seen from this treatment plan the dosages
within the areas of interest are indeed not homogeneous The patient 15 beng
treated using the same techmque but taking into consderation the treatment
table The T/A goes from 05 1o 063 withm the pelvic area The hot spots,
T/A 06 are located over the bladder and on the po tenor aspect of the patient
mcluding the rectal arca If 4 000 rad were to be delnered to this patient at the
T/A of 035 the bladder and the rectum would recene approximatels 4 700
rad Inview of this we have modified the table structure so that the patient 1>
supported on a thin mslar hect tretched between two preces of a thin alummum
annulus The same patient 1s bemng <upported by the modified table top and we
have obtamed a very umiform dose throughout the peluc area (Fig 4) Uang
this techmque the pauent recened a pelvic dose of 4 000 rad with a small kin
and ubcutaneous area recening 4 300 rad.
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Fig 5 360 rotation plan for margmnal recurrence of a cervical
node using steel table supports for shieldng Field size 45 emX
13 em TIA 080

In ome cases 1t 15 deurable to protect certain areas and vet delner a very
intense dose to an adjacent area We have found that the steel table supports on
the Theratron table can be used for such purposes The treatment plan of a
Ppatient with a marginal recurrence of a cervical node 1s shown m Fig o The
techmque employed for this cae was a long but marrow field with 360°
rotation ‘The table supports were used 1n the geometry shown to obtamn a
shielding of all the areas but the nodal bed So 1t 1s possible to u e to an advan
tage some of the table structures that normally are considered as a disadsantage

In the past a patient s treatment plan was normally done 1 the cro s sectional
Plane However, a volume of twsue 1s being treated and the distnbution 1n the
agittal plane could be very important Fig 6 15 from a patient wath a Iymph
angiosarcoma of the antertor tongue and soft palate Shown here are the cross-
sectional and the sagittal plane distnbutions The treatment technique prepared
here was a straight antenor field 14 em X 10 em Obwiously this would not be
the treatment plan of chorce and a distnbution m the respectnve two planes
with an anterior and posterior treatment technique with a field 1ze of 14 cm X
10 em 15 seen 1n Fig 7, but weighing the distnbution 2 1 antenor and posterior
Tespeetinely This patient was to be treated to a dose of 5000 rad to all areas
:ﬂWhed using <plit course therapy However it was thought that the pauents

Pnal cord m the neck area would recene at least the ame dose of 5 000 rad or
;“:;"t ;:i ;l::;el’:;ema compensatng wedge filter was added to correct for this
g this techmique the patent recened a do.e of 5000 to
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POST

Fig 6 Dutnbutions n the samutal plane (left) and the cross sectional plane (mght for an
anterior field 1% emX 10 em an the tongue and soft palate arcas
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Fix 4 Same case as 1z 6 Two plane treatment plan of tongue and soft palate ar s €m
ploving antenior and posterior fields 14 emx 10 em rato 2 1 Hot spot 1n the peck Sagittal
plane (left) and cross sectional plane (nght) /A 072

5200 rad throughout the tumor volume yet st was consdered that the prtl
cord recenved only approximately 4200 rad So far in tlus presentatron I have
discus.cd and hown only external heterogeneities and the effects that thes had
on treatment plans, both good and bad
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Fig 8 360 rotation plan of of th takimg inta
lungs mbs vertebral bodv and treatment table Freld size 7 cmx 18 em Internal
and external mhomogeneities

An area that 1s of even greater concern 15 mternal mhomogeneities It 1s
relatisely easy to determune the geometnies of external inhomogeneities relative
to the patient when they are being wradiated However the locauon of mternal
mhomogeneittes 15 more difficult to determme Therefore the axial transerce
tomographic unit has been developed and made available now to radiauon
therapists for the treatment planning of their patients At the City of Hope, we
use 2 Toshiba axial transverse tomographic untt and a simulator The collunators
of the simulator are placed m a plane <o that they duphcate the geometries of
our Theratron 80 unit It has proven very uscful and decreases patient et up
ume In the same room located 180° from the stmulator 1s the Toshiba tomo-
graph This instrument has proven already quute valuable to us however, great
care has 1o be taken when 1terpreting the tomograms as 1t 15 a new field and
they are ometimes difficult to mterpret We have found that the monograph
by Taxartasur (1969) has proven quite helpful along with lus companson to
Esciesmmer & ScroEMmaxer’s book (1938)

he area where the greatest number of nt g and heter 15
obtamed 15 1n the thorax area partrcalarly for rotattonal therapy for carcmoma
of the esophagus The do e distibution obtained when tahing 1nto consideration
15 different inhomogenetties 15 shown i Fig 8 These are the lungs rihs
vertehral body and of course the heterogenettes of the treatment table Tt would
be Physically mmposable and unrealisue for an mdividual to be expected to
calculate such a ditributon manually tahing into conederauon all the e 15
mhomogy and h g

A tomogram of a patent (Fig 9) 15 tllustrated with a postsurgical tumor
Tecurrence n the floor of the mouth rom the tomogram the po 1tion of the
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Fig 9 Axidl transierse tomogram of (he
floor of the mouth

tumor, the mandible and the vertebral column can be scen The patent contour
(Iig 10) 1s shown with the snterprctaton of this axial transverse tomo,ram
Al o placed 1n the treatment contour 1s the area that was considured to be
pos thlc tumor extenson and po sible nodal pathways Iius patint was wreated
using lateral opposed ficddds with 2 rauo of 2 1, left to nght The Jeft fickd was
7 cm X 10 cm and the nght was 6 cm ¥ 10 cm (Dig 11) Ths sllustrates the
wncreased aborption by the mandible and <hows the effect on the trcatment when
the bone structures are cxcluded or ncluded 1n the treatment plan

In conclu ion we are now able 1o start looking at the distributions withtn
patients as they possibly really exsst Tins 15 not on a general view but on cach
particular paucnt Using the simulator, the tomograph and the computer cach
patient can be evaluated for therapy

In the very near future many in titutions will probably mwroduce three diment
sional di tnibutions In this manner we will be able to obscne the true radintion
dosage to tumor and normal t1 sues As a result there certamly will be newer
and better programs and techniques asvailable and used 1n paucnts undor,omg
radiation therapy Tlis knowledge added to that through re carch m the wweas
of radiation biology, might cnable us to understand more about the effects of
tonizing radiations on neoplastic di cascs Wath all this 1t 1s entirelv pos 1ble that
we might be ablc to have better survival rates m 1980 for the different dica e
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Fig 10 Same case as fig 9 Interpreta
ton of axial transverse tomogram show
ing tumor area and bones located yath
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Elzhn Same case as fg 9 Computer treatment plan shos ing distnbution + sthout (lefe) and
tth (nght) bone Opposed ficlds 7 cm¥ 10 em (left) and 6 emx 10 em (nght) Rato ® 1
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that are treated with radiation therapy than presently exist i 1970 It 1s only
through the cooperation that we get from our colleagues, adminsstrative staffs
and ndustnial compantes that mahes all these things possible
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SUMMARY

A brief history of the physical measurements 15 presented The effects of external
heterogeneities and mternal inhomogeneitics are also shown A computer program s used
to prescnt the various treatment plans 1n patients undergoing radition therapy for dif
ferent neoplastic diseases The use of the axial transverse tomography 1s discussed and pre
sented

ZUSAMMENFASSUNG

Es wird eme kurze Geschuchte der phystkalischen Messingen gegeben Der Effent der
externen Ungleichheiten und  internen  Inhomogenitaten wird ebenfalls gezeigt Em
Computerprogramm wird verwendet um die verschiedenen Bchandlung:plun: fur Tanen
ten die mut Strahlentherapie wegen verschiedener 1 handelt
werden zu zeigen Die A d der T ! phie wird besprochen und
dargelegt

RLSUME

I auteur fart un bref historique des mesures physiques Il montre linfluence des hetéro
geneites externes et des inhomogenertes internes 11 utilise un programme d ordin teur
pour presenter les differents pl;ms de tmuzmem sur des malades soumlis a un tratement par

pour diff plastq! Il etudie et tllustre 1utthsation de
la tomographic axiale transserse
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The prognosis in moperable carcinoma of the bronchus 1s poor and little sgn
ficant 1mprovement appears to have been achieved by the introducuon of mrga
voltage units for photon 1rradation (pe Joze & Rexer 1966, Howsty 1967)
Berng & Erviory (1962) gave a one vear sunnval rate of 22 per cent i in
operable pauents gnen curatne treatment with “Co while bE Jong & REMNER
(1966 reported 2 per cent

Irradiation of pulmonary tumours has commonly been adnumstered with 5 or
6 fractions a week with a dails aborbed dose of 120 to 200 rad in the target ' BE
e & Ennors pE Jore & Resner Howsti) Brumc & Eriors reported
tumour doses of 5 100 to 6 000 rad ba<ed on calculations of the ab orbed dv ¢
from the depth dose tables and measurements of the exst absorbed dose Hots1t
put the most common mmmum tumour dose as 5 000 to 6 000 rad, calculated
from indnadual do<e charting DeeLey (1966) published the results of radiation
therapy with an 8 MV hinear accelerator 1n advanced inoperable anapla uc car
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cmnoma of the bronchus Of the two dose levels viz 3 000 rad and 4 000 rad, the
smaller proved more effectne The tumour doses had been calculated for
homogeneous water equinalent tissue but 1t was stressed that the actual doses
recened had probably been larger than those wn the report, later measurements
of the exit dose had suggested that even with supenoltage therapy the actual
dose recenved by the bronchral carcinoma could be up to 30 per cent more than
that calculated on the p of b water equivalent tissue

Evuts (1963) stres ed the difficulties 1 comparing absorbed doses gathered
from different radiation therapy centres owng to the frequent absence of 1n
formation as to whether consideratton had been given to the tissue inhomogeneity
or whether the do es reported were maximum nummum or an average ab orbed
dose to the target

Unrvany (1958, 1960) and Unratavs & Ovapia (1960) descnbed the treat
ment of lung carcinomas with 20 to 40 MeV electrons from a inear accelerator
They stressed that the wide vanation m tissue density within the area to be 1r
radiated constitutes a major problem The difference 1n penetration in the lung
parenchyma could not have been compensated for by lowering the electron
energy for such reduction would have resulted m undertreatment of parts of the
area wradrated They therefore used lucite wedges shaped for each patient and
cach le 1on The authors gave examples of absorbed dose distnbutions in patients
m whom these were used  the 1sodose curves had however apparently been drawn
for water equivalent tissue and the wedges appear to have served mamly as con
tour compensating filters, The patients recenned tumour doses of 6 000 to 7 000
rad, and 1t was stated that large doses of effectve 1omzing radration may be
apphed with electrons to decp-seated tumours with only a relatively low mtegral
dose to healthy ussue 1 a dose best tolerated by the patent Zuprrncer {1962)
reported the use of 30 MeV electrons m the treatment of carcinoma of the lung
and pleura together with the therapeutc results as discouraging  Radiobrologic
expenments revealed the RBE value as 06 to 07 but only provided the <ngle
dose applied was not too large and the ab atbed do e rate not over 100 rad per
munute

Eruss (1963) stated “Large single doses or large fractions would be more
effective 1n lilling a high proportion of cells than small fractions because of the
rounded 1utial shoulder of the cell sumvival curve and that in dose tme rela
tionship 1t would appear that the number of fractions 1s more important than the
owerall tme  Ormver (1963) wrote there appears to be no theoretical ad
‘antage in ncreasing the number of fractions u ed 1n a radiotherapy regime but
every advantage 1n uang the mimmum number of suitably spaced fracuons

within of cour ¢ the lumtations of other treatment effects (e g radiation ack
ness}
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Micerr et coll (1967) reported the results of irradianon with *Co of pul
monary carcinomn with large fractions They gave a daily absorbed dose of 400
to 1000 rad to the tumour up to 2 total of 5000 to 7000 rad, and reported
better sunvnal rates with such a technique than those obtamed with daily b
sorbed do es of only 150 to 250 rad to the tumour Gest & Derouvcue (1967)
discussed 12 patients with bronchial carcinoma 1 whom a total of 2 000 rd to
the tumour was admimstered with °Co within 24 hours and stres ed the good
tolerance LEVITT et coll (1967) reported inoperable <quamous cell carcimoma
of the lung treated with radiation therapy with “Co or a 2 MV Van de Granlf
generator An absorbed dose of 1800 rad m the tumour was applied 1n 3 days,
and a similar course was started 28 days later No stignificant difference in symp-
tomatic response, survival or roentgenologrcally demonstrable effects was record
cd between the patents given the fractionation mentioned and those who had
recenved radiation therapy with routne fractionation there appeared however
to be a less marhed effect on the tumour and mcreased fibrosis 1 the former
group

Scrnumacner (1965) and Loersroxs & Scrumacier (1965) reported the
use of large fractions thus reducing therr total number, m the treatment of m
operable caranoma of the bronchus with 35 MeV clectrons delivered viv two
portals Curative treatment i 48 patients was administered with wrradintion
three times a weeh with 400 to 500 rad per esston to 1 different field up to a
total absorbed dose of 7000 to 9 000 rad in the target Pallatne treatment
34 patients was given with 1000 to 2 000 rad to a field with an interval of 1 to
2 weehs between the consccutive fractions up to a total b orbed dose of 1500
to 10 000 rad to the target The sunival rate was mcreased 1n treated patients
as compared with tho ¢ who had no treatment at all Two thirds of the patents
who had curatne treatment and onc thurd of those who received pallinine
tr developed rad; F which generally appeared one month
after the conclusion of treatment Radiation reactions of the lungs were regarded
as the main cause of death in 16 per cent of the 82 patents The lung reactions
occurred more often m patients gnen large ab orbed do es but no corrclation
was evident between such doses and the frequency of lung reactions The authors
demonstrated the variation 1n the ab orbed dose at the cntral aws of two oppo «d
beams 1n water but gave no chinical example of 1ts distribution

TescrENDORF & BLEuER (1969) treated 136 patients with lung, tumours with
42 MeV clectrons Treatment was grven with one ventral and one dorsal oblique
field Eighteen fractions were admmstered as sphit course treatment over tp-
proximately 30 wecks The skin reaction was usually only modest Lxtensise lung
fibrosis was diagnosed 1n 68 patients and mostly appeared five months after the
beginning of treatment The one year survinal rate was 32 per cent (44/136)
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Thus paper concerns a techmque for the treatment of lung tumours with high
energy electrons and the results obtuned with such treatment as well as the
calculation and cheching of the ab orbed dose

Vatertal This consisted of 27 men and 9 women with lung tumours All the
patients had an intrathoracic neoplasm at the beginning of electron theraps
although 1t failed to exceed a it corresponding to the largest homogeneous
field for a .ource shin distance (SSD) of 110 cm Twenty of the patients were
over 60 years of age and 2 were under 40 Thoracotomy had been performed
mn 6 patients at the most three months before the beginrung of radiation theraps
Spread of the disea.e to the prescalene nodes had been proved m 3 and to the
mediastinal or hular nodes n 9 patients Extrathoracic foct of the disease had been
demonstrated m 11 pauents before radration therapy Operauon m 9 patents was
contramdicated by 1mparred ventlation poor general conditon or the proumty
of the growth to the trachea Four patients were considered moperable because
of the anaplastic type of the tumour The mam reason for moperability m the
remanung 23 patients was usually a locally advanced neoplasm or a combsnation
of more than one factor

The bronchial carainomas were typed by the Areyeere (1967) classification
11 patents had epidermoid caranoma 9 small cell anaplastic carcinoma 10
adenocarcinoma and 2 patients had large cell carcinoma Four patients had
metastases 2 from a uterine cervical squamous-cell carcinoma 1 from a uterine
sarcoma and 1 from an anaplastic ethmoid carcinoma

Method Thirty tho patents were treated with one ventral and one dorsal
oppoang field two of them with a third laseral field as well and 4 patients with
only one field The field w1zes were 60 to 180 ecm for 22 patents and 200 cm
for 14 patients SSD 110 e Maximum electron energy was 20 MeV for one
patient treated for <ubpleural mahgnancy but 35 MeV for the remanmg 35
Patents

A cross section was drawn through the centre of the target with the patient
i the treatment posiion This section was cramal to Th 6 m 5 Patients at
the lesel of Th 6-~8 in 27 patients and candal to Th 8 mn 4 pattents Most
Patients had been exarmined with transversal tomography Only an extenaon of
the mntrathoracic tumour, which had been demonstrated was accepted as target
Individual ussue inhomogeneity (lung bone and ometimes even the tumour}
within the treatment regon was tahen mto account m the calculation of the
absorbed dose and a complete dose plan was made for the <ection drawn The
‘*amation 1f any jn absotbed dose 1n a cranocaudal direction was taken nto
account n determimung the total dose
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Fig 1 Patent No 30 Roentgenogram of ventral freld Plastic catheters with condenser
h and 1nd: n the and on the dorsum

Fig 2 Patient No 17 low sensitiuty mm uposcd durmg wradiation vath © Co Plastic
catheters with and n the P and on the dorsum

To enable such mdnidual corrections for tis ue mhomogenuty measurcments
were made in the ocsophagus dunng treatment of each field with electrcns as
well as during a single treatment of each of the fields with *°Co 4t SSD 70 cm,
grven to allow a mare correct calculation of the ab orbed do ¢, the exit exposure
was al o measured during the “Co treatments A roentgenogram wath the fild
borders and three plastic catheters contuning mall condenser chambers and
steel indicators appear in Fig 1 Two of the catheters each contammn, «ix
condenser chambers are placed on the back of the patient, and one with aght
chambers 15 1ntroduced into the oc ophagus The positions of the ¢ cathcters
dunng treatment with ®’Co were al o checked with low sensitivaty films expo ed
dunng the treatment (Fig 2) In.eruon of the catheter into the oe ophigus
cau ed at the most only onc or two days shght drscomfort 1n swallowng but
without any .enous complications

If there were no scatter contrbution *°Co 1 odo ¢ curves for water could be
moved according to the penetrated thicknes m gram per cm and then
corrected for different ource skin distances by the mverse squarc law A lower
volume weight, however, affects the catter contribution i different ways but
results 1n a decreased contribution which has the .ame effeet as virtual ncreased



TREATMENT OF INOPERABLE PULMONARY TUMOURS 177
»

-,
ya
s

h
2.;
-

A%,
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Fig 3 Isodoses (cunes) calculated by means of $°Co determuned effectrve density and ab-
sorbed dose (puints) measured dunng srradiation 1 ath 35 Me\ electrons 14 cm X 14 em field
size and SSD 110 em 10 an anatomic thorax phantom

Fig 4 Same case as fig 1 Chest before Massive atel of nghs
ung

density (NorpperG 1972) The merse square law abo causes a further mn
crea.e m the virtual density the maller the SSD the greater the effect It eems
as af this line of thought would al o apply to 35 MeV electrons but the m
crea e i virtual denuty owing to lack of scatter contnbution 15 much greater
than for “’Co The increaung effect of the inverse square law 1s however
quite small for SSD 110 ecm The total effects for ’Co with SSD 70 c¢m are
approwmately the ame as those for 30 MeV electrons with SSD 110 em which
means that a virtual effectine density measured with ©’Co and SSD 70 ¢m
can be used as a mean value to correct the 35 VMeV electron 1codose cunves for
SSD 110 em The mea urements of the exst exposure were u ed to calculate the
indisidual effective densiues (NorpsErc) of the lung and neoplasm and the
measurements in the oesophagus were employed mostly for calculatm, the
effectne densty for bone Those patients in whom measurements of corre
sponding densities had been made with both ®Co and electrons presented
goed agreement which suggests that the method for determuining the mdmndual
ab orbed dose plan for electron trradiation 15 acceptable

Fig 3 was produced with an anatomic thorax phantom in which the above
mentioned method was used The lung of the phantom had a volume weight
of 025 g/em?, a value corresponding to an effectine densitv of 053 glem®
for 35 MeV electrons This density varies with the depth and 0.53 denotes the

VT30 41 R4ty TH prPhy Bl d l i1t )
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g 9 Fig 10
Fig 9 Pauent No 15 Chest roentgenogram before treatment Tumour surroun ling lung
nissue not affected roentgenologically

Fig 10 Same case as fig 9 Absorbed dose distribution as percentage of peak abscrhed dose
1n the central axss Two opposing 14 cm X 14 cm frelds SSD 110 cm and 35 Mel  lectrons
Distance bets een entrances of beams 1s 203 cm \Measured cffecuse denstty for lury, and for
bone 1s 041 and 10 g/cm3 respectively

occurred (Fig 7) Displacement of the mediastinum towards the healihy ade
had al o taken place Fig 8 gnes the distribution of the ab orbed dose with the
effects of correction for lung ussue after replanning Furthermore the beam
entrances were moved shghtly medially because of the medtastinal <lft The
measured effective lung density was 065 g/cm® The ab orbed do ¢ i the
target vanied between 100 and 160 per cent of the peak ab orbed dose wnd the
ab orbed do ¢ mn the spmal cord was less than 100 per cent The ab orbed do ¢
recenved by the lung parcnchyma around the tumour rose considerably and
the ab orbed do ¢ 1n the hilar region on the other side had al o nien 15 an
effect of the medial movement of the fields

A frontal chest roentgenogram of paucnt No 15 at the beginming of tre wtment
appears m [ig 9 A Irge adenocarcinoma in the nght hilum and mediasunal
lymph node metastases were demonstrated Roentgenologically the lung tis.ue
outade the tumour was not affected the vertcbrac were marhedly decalafied
Fig 10 presents distnbution of the ab orbed do e from treatment with two
opposng 14 cm X 14 cm fields, with 35 MeV clectrons and a distance of
20 3 cm between the beam entrances The measured effective lung denaty
was 041 g/cm’ and the measured effective density of the vertebrie was
10 g/fem’ The mawumum absotbed dose 1n the target was 160 per cent and
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g 11 Fig 12

Fig 11 Patent No 17 Chest roentgenogram Tumour near the left kilam and atelectatic
changes

Fig 12 Same case as fig 11 Absorbed dose distnbution as percentage of peak absorbed dose
1n the central axis Ts o opposing 14 cmx 14 cm fields SSD 110 cm and 35 Me\ electrons
D1 tance between entrances of beams 15 18 3 cm \leasured effective densty for lung and for
bone 15 067 and 14 glem® respectnely

the mummum 100 per cent The marhed vanaton m the target ab orbed do e
m this patient may partly be explaned by the fact that the mediasuinum was
included 1n the target and partly by the low effectne lung density  The average
ab orbed dose in the sptnal cord was less than 110 per cent

It 1s apparent from Figs 6 8 and 10 that 1f the mediastnum 15 to be mncluded
m the target the vanation n the target ab orbed do ¢ will be considerable
Tigs 11 and 12 sllustrate the more favourable ratio between the ab orbed do e
to the target and that in healthy u sue i a pauent 1n whom only part of the
mediastimum was ncluded 1n the target

When the 1 odose curve mdicating the highest ab orbed doce level circum
scrbed an area less than 2 cm or narrower than 1 cm 1t was called a hot <pot
and the next 5 per cent lower do ¢ value was taken a the maximum Fig 13
gues the maximum absorbed dose (as percentage of peak absorbed do e at the
central axis) as a function of different distances between beam entrances m
Patients treated with the same peak absorbed dose to two opposng fields and
with 35 MeV electrons Distnction has been made between patients m whom
the lung tissue surrounding the tumour was not affected (eg Figs 9 10) and
those patients m whom the lung tissue around the growth was apparently
affected (e g Figs7 8 11 12) The maxumum absorbed do e at the central axis
™M water for 35 Me\ clectrons (e g Figs 4, 6) 15 also included Swce indisidual
absorbed dose charting 1s time consunung the diagram 1s now used when deter
Muming climeally the maxmmum absorbed dose
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Absorbed dose max

/
200
Tig 13 Maximum ab orbed do e (as
percentage of prak absorbed dose at
the central axis) as function of dis
tanee between cntrances of beams in
patients treated wath the same peak ¥
absotbed dose tc two oppostng Nelds 2
and 35 Me\  electrons Distinction
has been made between patients in
whomn the tung tissue surrounding
the tumour was not affected roent
genologieally (O and dotted cune) 100
and thxe 1 whem a varying de
gree of atclcctasss was obsersed (/
and dashed cuncel Maximum in ab oL
sorbed dose on the central aus 10 L. " 20 %
water 13 also shown (full drawn Distance (cm) between
cune) beam entrance

Dosage 1he peak absorbed dose at the central aws was at cach fraction
ander 500 rad 1 4 patents (300 rad m 3 and 400 1 1), 500 i 28 and morc
than 500 n 4 patients (600 rad 1n 3 and 750 m 1 patent who was treated with
an 8 cm arcular filld) Ircatment was given thre tumes a weeh with one field
at cach fraction

Tull treatment was adminitered to 32 of the 36 patients 1n 2 of the « 32 as
a sphitcour ¢ i two erics but i the remaimng 30 pauents m one  cries
Treatment was stopped 1n 4 patients 1n 2 hecau ¢ of lack of response to treat
ment and n one patient because of progressve gencralizauon onc patient
refused further treatment

Including, the treatments gien with ®Co for purpo ¢ of calibration but
excluding the 4 patients who did not receve full treatment, 7 to 26 (mean 16
mcdian 17) fractions were given over 15 to 95 (mean 38, median 36) days
Total maximum ab orbed do e to the target was at least 6 300 rad m 15 of the
patients and the muntmum was at Jeast 5 300 rad in 12 patients

As alrcady mentioned the samation mm the ab orbed do e in the taret 1
constderable of the mediasunum s included and of 7 patients in whom the
difference baween maximum and mimmum aborbed do ¢ mn the tirget
exceeded 1800 rad, 6 had dumonstrable tumours - the mediastinum

The ab orbed dose 1n the spmal cord was smallcr than the mmmum ab whed
dose 1 the target m 21 of the 30 pauents treated with two oppo g fld- but
31t was the same and i 4 panents it was larger In 11 of these 30 procnts
the total abrorbed do ¢ 1n the spimal cord cxceeded 4 700, but was under > 700
rad, given in 16 to 24 (median 18) fractions m 30 to 9o (median 10) dn
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‘Table 1
Symptoms and signs before treatment and at concluston of treatment tn 36 patients treated with high energy
electrons
Symptoms and s gns No of At conclusion of treatment
at beginning of patients.
teeatment Free of Improved  Unchanged Deterorated
symptoms
and signs
Cough 27 8 16 3 —
Dyspnea 6 — 4 2 -
Weakn s 7 3 1 2 1

Symptoms and clinical findings duning treatment Of 27 patients who had
cough at the beginming of treatment 2% improved (Table 1), and 8 of thee
were free of symptoms at the conclusion of treatment Sr< panents had dyspnea
4 of whom mprovuing 7 patients complamed of considerable weakness 4 of
whom improving but one becoming worse

Symptoms developed dunng treatment mn ome patients, namely cough m 1
weakne m 4 and discomfort m swallowing m 6 patients although in none
Wwa. 1t nece ary to interrupt the treatment A bigemunal pul e n one patent
appeared durning treatment but di appeared when the peak ab arbed dose per
frachon wa lowered from 500 to 300 rad Symptoms or signs of radiation
myelitt were never evident

The tumour was 1 11 at the t g of treat
ment m 23 patents By the end of treatment the tumour had regre..ed m 20
patents (Table 2) mcluding 2 1n whom 1t was no longer roentgenologically
demon trable m 23 patients with atelecta 1s of varying degree the condion
regresed m 16 mcluding 7 patients in whom 1t had entirely di appeared
Pleural exudation was persistent m 2 of 3 patients Enlarged hilar nodes and
widening of the mediasinum had regresed 1 1 of 2 patients and 2 of 3
Patients respectively Two patents had cavities but treatment could be given
suthout any  pecial complication

Sixteen patients had anemua ‘Hb < 11 g/100 ml) duning treatment but 1t
Wa never necessary to interrupt the treatment because of a fall i blood salues
Erght patients were febrle at the beginning of treatment but at 1ts conclusion
3 of thewe were afebrile 2 subfebnle while 3 patients still had a temperature

Skin reactions Three patients had no viible shin reactions at the conclusion
of treatment whereas different degrees of shin reaction were evident in 32
Patents {1 patient 15 excluded becau ¢ ome of lus treatments were for wchm



184 T LANDBERG ET COLL

Table 2

Roentgenalogic findings before treatment and at conclusion of treatment tn 36 patients Ireated with high
energy electrons

Roentgenologic No of At conclusion of treatment

changes at patients

begmmng of Totalre  Goodte  Somere  Unchanged Detero
treatment gression gression gression rated
Tumour 23 2 8 10 3 —
Atelectasty 23 7 4 5 7 —_
Pleural exudation 3 — 1 — 2 —_
Enlarged hilar 2 — - 1 1 -
nodes

Alediastinal 3 — — 2 1 —
widening

cal rea.ons given with “*Co) Four patients had eprdermits exsudativa, whereas
28 had eprdermutis «icca  Thus latter reaction caused 1mtation m the form of
itching m 3 of the e 28, while the other 25 patients expenienced htile or no
discomfort Fig 14 mcludes dsfferent types of skin reaction pre.ent u the
conclusion of treatment, distributed among total peak absorbed doses (rul) at
the central aws of the electron beam (excluding any treatment with ‘"Co for
cahbration and any exit ab orbed dose from the opposing field, these two do es
amounung mostly to 300 rad}, and the total number of days of treatment to
the field The individual tolerance apparently vanes consuderably Pitient
Mo 33 who recened a peah ab.orbed dose of 7000 rad in 14 fractions over
35 davs to an 8 cm arcular field with 35 MeV electrons and 500 rad peah
ab orbed do e per praction, had only epidermitis sicca without dr comfort at
the end of treatment Panent No 26 who recened a peak b orbed do« of
5300 rad 1n 7 fractions over 21 days with a 10 cm X 8 em field with 20 MeV'
and 750 rad peak ab orbed do e per fraction had no lin reaction at all at the
end of treatment The total peak ab orbed dose was at least 3000 rad mn 20 of
the pauents Tt was never necessary to mterrupt treatment becau ¢ of hin
reactions
Informauon was avatlable on the further course of the kin reactions m 21

patients who were followed for at least twa months after the conclu ron of
treatiment The kin reaction n 2 of the ¢ became more marfed ome werks
after the end of treatment, but after a further two wechs the reactions regre td

namels n patent No 33, who had epidermutis evsudatna and 1w patient No 34
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Fig 14 Different types of skin rea thons at conclusion of treatment distributed among total
peak absorbed dose (rad) in the central axis of the clectron field and total nambers of days
of treatment of tte field + = epdermius ex udatna @ = epdermins sicca wath ducomfort
O = epdermutis s cca v ithout discomfort A = no skin reaction

{peak ab orbed dose 4500 rad m 9 fractions over 35 days with 3o \MeV
clectrons 14 e¢m < 14 cm field and 500 rad peak ab orbed do e per fracuon)
who later had eprdermuts sicea with pruntus

In 19 patents (2 with epidermins ex udatna 2 with epidernuus «icca and
Ppruntus and 15 with eprdermitis sieca without discomfort) successive Tegression
of the }im reactions occurred after the end of treatment The ¢ reactions had
pracuically disappeared about four weeks later No data were available about
patient No 26 regarding the further course of the kin reaction and m the
remaining patients the follow up was under tmwo months
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foentgenueram six months after treat v

ment Marked pleural [ibrosis with RSN
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ment of the mediastinum to the neht \, -

and fusther widespread changes due v

10 pneumomtis 1 the nght lung (cf \4‘_

fig O .

Radiation pneumonttis A diagno 1. of radiation pneumonitis was made if
the patient had mcrea ingly dry cough and roentgen exammation of the che.t
disclo ed progressive changes in the pulmonary parenchyma withm the treated
region which could not reaonably be attmbuted to growth of the tumour
Pneumomtis was treated with antibiotics and sterods Fig 15 illu trates
pneumomtis i pattent No 15 The film of the chest of the .ame patient tahen
before the beginning of treatment appears in Fig 9 and the ab orbed do ¢ plan
n Fig 10 Treatment was given 1n two enes at the end of the econd cries of
which additional trearment with ““Co was apphed to the mediasunum although
this did not affect the Jung tLeue The total maximum ab orbed do e i the Jung
u..ue was 7 100 rad n 16 fractions within 86 days A roentgenogram 1x menths
after the beginming of treatment (Fig 15) revealed pleural fibro ts and elevation
of the nght dome of the diaphragm as well as di1 placement of the medrastinum
to the nght with wide pread changes 1n the lung parenchyma due to pneumant
us This patient was treated for cough but a later roentgen exammation disclired
progression of the fibross Signs of pneumonitis u ually appeared 2 to 6 {mcan
3 o, months from the begimming of treatment Twenty-onc patients were controlled
at lea.t four months after the beginmng of treatment Pneumonitis was diagno od
m 9 of these whereas 12 patents had no symy or 1igns of p

Fibros. of the lung parenchyma was evident m 13 patents All had been
controlled for at least fine months after the beginning of treatment and of
9 patents with a follow up for at least even months B were affected Of the
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Fig 16 Roentgen examination of chest after conclusion of treatment 1n 21 patients followed
for at least four manths after the beginming of treatment Pneumonttis (x) and no paeumonitis
(@) dutributed among maxinum absorbed dose (rad) in the lung tissue and total number
of days The occurrence of roentgenologically demonstrated fibrosis of the lung parenchyma 15
also indicated (())

first mentioned 13 pauents 7 had alo displayed symptoms and 1gns of
Pneumomitis

Fig 16 gives the results of roentgenography of the chest after the end of treat
ment in pateents followed for at lea t four months after the beginnng of treat
ment The findings consist of rad or no i
distnibuted over total maxmum ab orbed dmcs (rad) m the lung parenchyma
and total number of days Fibrosis 1if any of the lung parenchyma s al o gnen
Three patients who had recenved a total maximum ab orbed doce 1n the lung
parenchyma of 4 500 rad or less (3700 to 4500 rad) apphed n 9 to 14

fractions over 21 to 28 days had no rad The re 18
Prtents had had a maximum ab orbed do e m lh: lung parenchyma of at lc;m
5800 rad and i 9 of these rad ns was drag I It seems

remarhable however that 3 patients \\ho had been followed for 5 to 6 months
and who had recenned a total maximum ab orbed do e in the lung parenchyma
of at least 7 200 (7 200 to 7 700) rad gnenm 9 16 and 16 fractions over 28
53 and 36 days respecinely had no symptoms or agns of radiation preumonitt
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Thirteen patients recened a conaderable absorbed dose to the medral puts
of the unaffected lung with con equent radiation pneumomtis 1 5, the total
maximum absorbed dose in the lung parenchvma on the healthy «de had n
the e 5 patients been 5 600 to 5 900 rad apphed 1n 14 to 26 fractions over 33 to
28 davs

Suriizal Fig 17 gives the sursival in months after the beginning of treatment
Ten pauents were alne 1 to 22 (medan 6} months after the beginming of
treatment at the end of follow up, 2 of thete 10 had generalized di ea e at the
beginninng of treatment and remote metasta es were later diagnoed 1n 2
patients A total of 26 patients had died within 1 to 16 {(median 4) months
after the beginming of treatment In 10 of these 26 patients generalization hd
been diagno ed before the beginming of treatment and 5 later had remote
metasta.es Lleven pauents thus died without chmically demonstrated extr:
thoracic spread of the dieae No prect e information was available about the
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cause of death of 2 of thee 11 patients One patient died from pulmonary
embolism following femoral vemn thrombosis, autopsy revealed no tumour within
the rrradiated volume One patent died from hemopty 15 and death could be
attnbuted to local progression of the growth m 3 patents Acute reaction of
the lung parenchyma (perhaps radiation pneumonmtis} was evident after the
end of treatment m 4 pattents and was considered to have contributed to death,
two of these acute reactions were however obsiously mfectious n character
The total maumum ab orbed dose m the ¢ 4 patents was not partrcularly large
viz 4700 5800, 6100 and 600 rad gnen 1n 11 24 16 and 18 fractions
over 24 59 36 and 50 days respectively

A total of 29 of the 36 patients had either been followed for at least a year
or dred 5 of the e 29 paucnts were alive twehve months after the begmming of
treatment

No concluston could be drawn regarding differences i survnal m groups
with varying rea ons for moperabiliry or mn groups of different hustologic types
It might be mentioned, however that 1if panents Nos 20 and 35, who were
controlled for onkv 2 months are excluded 6 of the 13 patients with everal
rea ons for moperability were alve four months after the beginning of treatment
compared with 14 of 21 patients conudered moperable for onlv one reason (5 out
of 8 patients who had been moperable becau ¢ of impaired ventlanon poor
grneral condition or location of the tumour clo e to the trachea and 9 out of
13 patients who had been moperable becau e of local spread of the tumour)
Of patients with epidermoid carcinoma 5 of 11 patients were alive four months
after the begimning of treatment compared with 7 of 9 with adenocarcinoma
5 of 10 with mall cell anaplastic carcinoma and large cell carcmoma and 4
of 6 patients with metastatic pulmonary tumours

Fifteen patents had recenved a total maxumum ab orbed dose of at least 6 300
(6300 to 7 500) rad gnen in mean 19 fractons over 46 days to the target
Seven of the ¢ 15 patients were ahive at the end of the follow up whereas of
the 21 pauents who had recenved a maller maimum ab orbed doce (700 10
6100 rad given m mean 13 fractions over 30 days) only 3 were alne
Tuele panents had recerved a total mimmum abeorbed dose of at least 5 300
(5300 to 6 900) rad m mean 19 fractions over 49 days to the target and 7 of
the e 12 were ahye at the end of the control whereas of 24 patients who had
Teceined a smaller mummum ab orbed doe (700 to 5200 rad i mean 14
fractions over 31 days) only 3 were alne

The vanation 1 the ab orbed dose to the tarset rea onably well agreed
with the range 5300 to 6 300 rad 1n 8 patuents sull alne at the end of the

control The treatment had 1n the e patents been gwen m mean 16 fractions
over 32 days
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SUMMARY

Thurty six patients with snoperable pulmonary tumours were treated wath high energy
clectrons The calculation and checking of the absorbed dose are descibed Only muld side
effects apart from radiation pneumonitis were observed Most patients were benefited by
the treatment The insestigation mdicated that the most useful total absorbed dose to the
target may be between 5300 and 6 300 rad gnen in sixteen fractions over 3 days

ZUSAMMENFASSUNG

Sechsunddre: sig Patienten mit inoperablen Lungentumoren wurden mut hochenerecti
schen Llcktronen behandelt Die Berechnung und dic hontrolle der absorbrerten Dosis
werden beschneben Nur Nebeneffehte wurden abgesehen von der Strahl
momns beobachtet Fur die memsten der Patienten war die Behandlung mrmlhaﬁ Die
Untersuchung zeigt dass die nutzlichste totalabsorbierte Dosis am Herd znmhm 5300 und
6300 rad 1n 16 Fraktionen wahrend 32 Tagen gegeben zu sem scheint

RESUME

Trente six malades attemts de tumeur pulmonaire noperable ont ete fraites par les
électyons de haute énergie Les auteurs décrnent le caleul et le controle de la dose ab orbée
A part la pneumopathic radiotherapique 1ils nont obsenve que des effets secondarres peu
importants La plupart des malades ont ete ameliores par Je traitement Ce travail montre
que Ia dose absorbee totale a la cible qui est le plus uule se situe entre 5300 et 6300 rad
donnes en seize fractions sur 32 jouts
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EUROPEAN TRIAL ON THERAPY OF NEPHROBLASTOMA

The International Society of Pediatric Oncology (STOP) 1s planning a tnal of the theraps
of nephroblastoma (Lesterte 1971) Considerable agreement ewsts on the treatment of
these mours the ! methods surgery d therapy and chemo-
therapy Certain questions remain unanswered however as to the value of the different forms
of admmustrauion of the two latter methods which might best be elucidated by clintcal
13l Such an invesuzatuon has been proceeding mn the USA for the last two vears and 1
anticrpation of the results SIOP has planned a European tnal to coser matters not mclud d
1n the American work and at the ame ume to complete the mestgation.

The purpose «cope and outlmes of the work proposed were discussed and agreed at the
SIOP meeungs m Madnd (1969) Lyon (1970) and Mainz (1971) The mam purpo € was
to decide a whether preop and | P d therapy yield bevrer results
than the latter alone and {b) whether multiple courses of acunomycin D therapy are more
successful 1n presenting metastases and recurrences than one single course after surgery
The purpose mught be achieved by collecting and analising the pertment chmical data
Schedule of the proposed trial
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The relabibty of such research obviously depends on the amount of matenal 3 alable
for analvas All those who wish to participate are cordaally mvited to apply for (irther
snformation to Dr P A \oute Emma hinderzckenhws Spnozastraat 51 Am t rdam,
the Netherlands

Reference

Lestree ] Therapeutic tnal and prospecine study on nephrobla toma a scheme {the
Internanonal Socicts of Paediatric Oncology STOP ) LICC Bulleun 9 (19/1 4
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CLINICAL AND CYTOGENETIC INVESTIGATION IN
CHILDREN OF PARENTS TREATED WITH RADIOIODINE

by

J Emvuorn MajHurren J LivosTen Harrizr WicsLuno and
P ZeTTERQVIST

Some extrathyroid rrradiation 15 always obtained as 2 side effect of radio-
rodine therapy Thus for instance the radiatton dose to the gonads for the 11
1otope 1s almost independent of age (Bucnan & Brivore 1970) and has been
estimated to be 05 to 1 rad/mCr {Jouns & Tavror 1958 Wenper et coll
1960) An mcreased frequency of structural chromosome aberrations has been
found mn lymphocyte cultures from panents after radiwodmne therapy (Bovp
et coll 1961 Macovtyre & Dosyns 1962 Norar & Berrwartes 1964
Orsut & Powuerat 1964 CastoLmo et coll 1966) The aim of the present
Investigation was to determune whether children concenved after 2 parent had
recenved radioodine therapy mught have a consistent chromosome aberration
or an mcreased frequency of aneuplordy or chromosome breakage Gytogenetic
and chmcal examinations were made in 33 such cluldren 14 of which from
10 fanultes were selected for 2 more detailed analyws In four of the famulies
the parent had been gnen farly small doses of radiosodme (15 to 7 mCr)
while large doses had been admumstered to € patents (14 to 175 @Ci) The
low dose group mcluded a family m which the mother had been treated dunng

From Radiombh and the D of Chinscal Genetres and Medical Peduatrics
Rotolinska Spukhuset Stockholm Sweden Submutted for publication 16 September 1971
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Table 1
Number of patients under 40 years of age guen radinodine therapy between 1952 and 1967

Males Females Total
Hyperthyroidism 28 104 132
Carcimoma of the thvroid 9 28 37
Total 37 132 169
Table 2
Number of spontancous abortions and children wn patients bre=wously gwen * I therapy deaths amon  the
children
No of No of children No of spontancous
pauents abortions

Before treatment  After treatment

Alre Dead Alne Dead Before After
treatment treatment

Hiperthyrordism

Males 14 9 7 2 3
Females 72 &0 4 22 1 8 6
Carer oma of the

thrrard

Males 8 9 4 3 -
Females 21 12 9 3 1
Total 115 110 4 42 1 16 10

pregnancy  Citogenetic analysis of children expo ed to 1omzing radiauon
dunny, foetal Iife have been reported onlh occasionally (LEJECNE et coll 1964
MacisTiRe et coll 1965 Brooa et coll 1967, Ucmina et coll 1968)

Materal  All 169 patients who had recened radiotodme therapy for
hyvperthvrordiem or caranoma of the thvroid between 1922 and 1962 and
who were less than 40 vears old at the time of the treatment were qucsuoncd
about post treatment  pregnancies {Table 1) Information on spontancous
abortions and termunated pregnancies was obtamed at personal interiews of
115 patients These patients had gren birth to a total of 157 children 43 of
whom were bom after radiciodine therapy to onc of the parents (Table 2}

Cytogencuc analyses were performed m 33 of the 43 children (19 girl 14
boys} of the remaming 10 children ome refused to cooperate while others
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Table 3

Results of the eytogenetic analyses tn famies 1 which at least 50 cells were analysed in the parent undergoin,,

radwotodine therapy and m the children born subsequently Fp female patient Mp male patent Fe, female

dhild e male child Fk female control M male control The number of anzublord cells was caleulated
as the number of centromeres

Faruly 1 therapy Ageat Total  Aneuplod Chro- Chro-  Cells
¢hro-  No of — "  matd mosome 1 tth
Dose  Age  mosome cells <45 347 preals breaks breaks!
(mC)  (years) analysis analysed or frag 1sofrag 100 cells
(years) ments  ments or
inter
changes
Hyperthyroidism
1 Fp 15 37 50 100 7 1 2
Mc - - 12 150 z - i 15 1
1 Fp 40 3t 4 100 2 1 1 3 4
Fo — -— 4 100 2 —_ 1 _ 1
Fe — — 3 100 3 —_ —_ 3 3
§ Fp 50 26—27 34 100 2 1 1 4 >
e - = 5 100 3 - 2 1 3
8 Fp 70 27 38 100 4 — 2 3 3
e — = 9 100 2 — — 4 4
12 Fp 140 97-28 36 50 — — — 7 14
Fe - - 6 50 1 - 1 2 6
Mc [ — 3 50 3 - 1 2 6
Carcinoma of the thyrowd
17 Fp 500 28 32 00— — > 9 11
Fe - - 2 100 3 — 1 2 3
13 Afp 00 37 41 100 1 — 2 13 1>
e - - 2 100 2 — 1 1 1
19 \Mp 700 3 36 100 4 — — 6 [
NMe — - 2 100 2 — 3 4 6
21 Fp 00 19 23 75 4 — 2 1 15
Fe — — 3 61 1 1 1 1
Fe - - 4 100 3 — — 2
22 g 9 31 5 - 2 5 19
P 150 18 {3, 100 5 - ) 3 Si
Ale — — 7 100 1 — 4 4 8
Me — - 2 100 — - 4 4 8
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Table 3 (cont )

Family + 3] theraps Agcat Total Ancuplod Chro- Chro-  Cells
———<chroo  Noof —— matd  mosome with
Dose  Age mosome erlls <45 7> breaks  breaks  breaks|
(mC1) (years) analysis analysed orfrag wofrag 100 cclls
(years) ments  ments or
nter
changes
Controls
Older controfs
23 Ak — — 49 50 - - —_ 2
24 FL - — 44 50 1 — 2 — 4
23 Mk - — 38 50 — — — —_ 0
26 Fk — — 36 50 1 — 2 4 12
?7 FL — —_ 35 50 1 - — — 0
2oun ¢ cont ols
28 ML — — 22 100 1 — 1 2 3
29 Mk — — 21 50 — — 1 — 2
30 Fk - — 17 50 2 — _ 1 ?
31 Ak - — 1 50 1 — 1 1 4
32 Fk - — 1 50 2 — - —_ 0

were lost to the inve.tigation because of culture falure Data on the tpe of
thyroid disorder i the parents, the time and dose of the radioiodine therapy,
date of buth of the children and results of the chromosome analysis are
presented 1n Table 3

Six of the 8 parents with carcinoma of the thyrord and one of the 14 with
hyperthvroidism had recened supplementary external radiation therapy The
patient with hyperthyroidiem (3 Fp) had had surface roentgen treatment (dose
unknown, for kelod formation 1n a scar on the nech. Five parents with thvrord
carcmoma (8 Fp 12 Fp 16 Fp 17 Fp 22 Fp) were wradited for 3 to 6
weeks with doses ranging from 3500 to 5500 rad to the thyrosd regon or
regional Ivmph nodes of the neck One (18 Mp) was operated on for senunoma
five months before the radioiodine therapy  ® Co hilocurnie rrradiation was given
after the operauon to the retropentoneal lymph glands over two fields in
addion to radiation treatment over two mediastinal fields and roentgen
treatment to the thvroid region Unlike the external irradiation of the neck
that to the retropentoneal fields (2000 rad/field) may hase contnbuted
sgmficantls to the dose to the gonads, since the frequency of chromosome
breahage was however not appreciably higher in this pauent than n those
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recenng stightly lower or hugher doses of **'1, and since the chromosome
abnormaliues did not depart from the overall pattern m any other way, the
patient was not excluded from the materal

Cen families were examuned m greater detall At least 50 and usually 100
cells were analy ed both from the treated parents as well as from the 14
children bomn after the therapy (Table 3) Four of these parents were treated
for hyperthyroydism and 6 for carcinoma of the thyroid The doses ranged from
15 to 175 mCi radiorodime  The ages of the 14 children ranged from 2 to 12
years {mean 4 6 years) at the tme of the mvesugaton The total do e to 13
parents was as follows
Dose of I (mCi) 15—7 14—70 175
No of children 4 7 2

In addiion a dose of 15 mCia was gnen Ine months before delnery i Case
INMc This child must therefore have been 1rradiated mm utero and 1s reported
separately

A control group for the cytogenetic imvestiganon comprised 10 volunteers in
apparently ound health (Table 3} Five were 1 to 22 years of age (mean 12
years) and five were 35 to 49 years old (mean 40 years) None of them had
undergone treatment with oruzing radiation or had ever been working m a
department of therapeutic or diagnostic radiology In the year preceding the
chromo.ome analysis none had been taling drugs known to induce chromo-
<omal aberrations had been exposed to diagnosue radiation or had had diseases
known to be caused by viral nfectuon The blood specimens were tahen dunng
the same period as the case senes

Examimations of blood groups {ABO Rhesus, MNS P hell, Duffs & Lews)
and serum protem groups (haptoglobins Gc and Gm) were performed mn
order to chech patermity and, with a consstent chromosome aberration to
determine gene location In those famihies m which complete mformation
could be obtained {Nos 6 11 13 16 17 18 and 20) no parent ciuld discre
Ppancies were obserned

Methods Each child underwent a careful physical examinaton by a pe
duatrician (P2 ) Iymphocyte cultures were made with mmor modifications
of the techmque of MoorHEAD et coll (1960) A mucromethod was used
when ventpuncture was difficult. All cultures were hanested after 72 hours
Colcemud (05 pg per ml of culture medium) bemng added for the last three
hours of culture The cells were stamed m acetc orcem and photographed n
phase contrast il immersion with a Zeiss ph pe  the ch
analysis was made 1n coded shdes Fifteen consecutne cells were photographed
when only the haryotype was d and the photographic enlargements
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Fig 1 Age height and weight of girls bomn after one of thewr parents had had radioiodine
therapy The distnbution in the Swedish population 1s indicated 2) Age versus heght
b) Werght versus height
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Fig 2 Are height and weight of boys born after one of their parents had had radiowodine
therapy The distribution 1n the Swedish population 1s imdicated a) Age versus height
b) Weight versus height

of the cells were haryotyped independently by two cytologists One hundred
consecutive cells were photographed 1n the cases selected for more detatled
mvesugatton  Each cell in 2 photographic enlargement was analysed inde
pendently by two cytologists for both haryotype and chromosome breakage
The results were compared controversial cells discussed, and if necessary,
rechecked under the nucroscope Doubtful abnormalities and gaps the
chromo omes were not scored as aberrations, and only clearly displaced chromo
ame pieces were <cored as fragments or breakages (Figs ! to 6 and Table 3)

The snterpretation of the haryotype was difficult m many cells especially 25
regards the disunction between structural aberrations and normal sanations
Double or enlarged satellites or enlarged short arms on the acrocentnc chromo-
omes were ot scored as aberrations even when observed only m 2 <mall
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Tig 3 461 — mary+ Probable deletion of Fig 4 An extra small chromosome sinular

one chromosome No 1 close to the centro-  to the Philadelphia chromosome
mere (\omenclature of the Chicago Confer
ence 1066 )

proportion of the cells m a smgle <ubject The e changes commonly appear
m cells of healthy subjects and are regarded as normal sanants of uphnown
or merely hypothetic sigmficance (Court Brow~ 1967) The same applies
to the vanation mn the size of chromoome No 16 one of which 1s sometimes
larger and ometimes <maller than normal Furthermore one B chromo ome
was ometmes difficult to distingur h from ome of the C chromo omes 1ts
long arm beng relatively short Chromosomes 1 and 3 are generally almost
metacentric Asvmmetry of one of these chromosomes especially No 1 appears
in <ome cells probably owing to vanations m 12e or extension of the econdan
constriction  Cells with such chromo omes were not cored as abnormal A
‘anaton mn the size of the Y chromosome 15 common 1n the general population
{Court Brown 1967) None of the subjects had a short Y chromo ome
while the father and on of family No 19 had a rather long ¥ mular
ze to a D chromosome furthermore the size of the Y chromosome vaned
among the cells from the father A omewhat enlarged short arm on a G
chromo ome 1n faruly Mo 17 was the only <o-called vanant of the short arm
of the acrocentnc chromo.omes evident in the present anvestiation  Because
of the difficults distingmshing certan structural chromocome aberrations
and because the scormg was performed according to strict prnciples  the
figures probably underesumate the true frequency of structural abnormalies
¢ control matertal was tested blindly by the <ame rules
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Fig 5 45 ® (16 GDic+) Mussing No 16 Fig 6 46 1br 29 Isochromatid break on the
and a G chromosome one dicentric chromo  long arm of chromosome No 2 Gap on
some o 3 not scored as an abnormality

Results

Clintcal observations

The body height and weight for all 33 children for whom a cytogenetic
analysts was performed fell within the normal range of vanation (Figs 1 to
4) therr physical and mental development was apparently also normal A
perceptive heanng impairment m the eldest on of farmly No 21 probably
had no connection with the radiation therapy to the father, since the mother
had several relatives with a similar type of heanng loss No other malformations
were diagnosed m any of these children

There were three twin pairs among the 43 children The matenal 15 too
small to judge whether the frequency of twins after radioiodine therapy was
greater than in the general populaton

Spontaneous abortions occurred 1 16 out of 130 pregnancies (123 per
cent) before and 10 out of 53 after (189 per cent) the radiotodine therapy
(Table 2) The mean ages of the treated parent at the end of these pregnancies
were 27 and 36 years respectively These frequencies are lower than those
reported by PerTErsson (1968) in the same age groups in the Swedish
population Four of the 114 children bomn before (1 out of 30), but only 1 of
the 43 children born after radioiodine therapy, died dunng the follow up
period These figures are not comparable since the children born before the
radioiodine therapy had a longer follow up pertod than the others
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Fig 7 46 ? (3+C) The simplest interpreta  Fig 8 45 16- C C G- dic+ mar +

tion Lemng either tasomy monosomy or a struc mar:+ marz+ Multiple changes One

tural rearrangement imolung one or 2 C  number 16 and three C chromosomes muss-

chromosomes ing and replaced by one dicentric one ab-
normal metacentnic and one long sub-
metacentric chromosome

Cytogenetic analysis
The results are presented 1n Table 3 and examples of chromosomal changes
scored as normal vanations and structural aberrations appear n Figs 1 10 8
The 10 famibes cubmtted to a more thorough cytogenenc examination and the
10 controls are reported in greater detail

Controls The mean frequency of cells with breaks mn the whole control
group was 29 11 per 100 cells analysed For the younger (1 to 22 years
mean 12 years) and older (35 to 49 years mean 40 years) groups the respec
tne figures were 22 £ 07 and 36 + 22 per cent, the difference being not
taustically sigmificant The frequency of aneuploid cells ranged from 0 to ¢
per cent with a mean of 17 = 05 It was numencally higher for the vounger
(22 + 08 per cent) as compared to the older (12 * 05 per cent) control
group, but ths difference 15 also not statistically significant {Tables4 5)

Parents grien radiorodine therapy The frequency of cells with breaks was
5509 per cent for the patients with hyperthyroidiem who recened fairly
small do s of radioiodine (15 to 7 mCs mean 39 mC1) This 15 not agnifi
cantly different from the value for the older control group (36 cells+22
Ppercent) The mean age was 40 years for the two groups (Table 4)
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Table 4
Cells with chromatid or chromosome breaks

No Cells with break
per 100 analysed
No SF
Controls 10 29 I
Children of parcnts gnen I therapy
Low dose {4 10 7 mC1) 4 28 10
High (14 to 175 mCy) 9 46 09
‘The chid irradiated 1n utero {1 5 mCi) 1 12
Parents gnen [ therapy
Low dose 4 55 09
High 6 122 15

The frequency of cells with breaks was 122 £ {5 per cent for the patients
with carcinoma of the thyroid 1n whom larger doses of radioiodine were gien
(14 to 175 mC: mean 75 mCi) This was significantly higher (p <001)
than tor the older controls and the whole control group (p < 001) The mean
age of the patients with carcmoma of the thyroid (33 years) was omewhat
lower than that of the older controls (40 years) The ncreased frequency of
cells with chromosome aberrations was mainly due to 1sochromatid breahs and
rearrangements rather than to chromatid breaks the incidence of which was
almost the ame for the two groups (Table 3)

The frequency of aneuploid cells m the pattents recening radioiodine therapy
was 38 £ 10 per cent There was no sigmficant differcnce between those
patients given fairdy small and those given high doses (45 = 12and 33 £ 16
cells per cent respectvels) The latier value 15 not significantly different from
that for the older controls or the whole control group {12 £ 05 and 22 +08
per cent respectinely) (Table 5)

A Philadelphia chromosome like abnormality was observed 1n a low proporttan
of the cells (3 per cent) from the father of farmly No 18 but the climcal
exammation and blood smear disclosed no «igns of leuhaemia

The internal from the ™! treatment to the blood culture ranged from 2
years and 9 months to 11 years and 6 months There were no evident dif
ferences 1n the frequency of scorable chromosome abnormalitics among patients
exammned at different ume intenvals after the treatment

Children of parents guen radiciodine therapy The mean frequency of cells
with breaks was 28 * 06 per cent for the 4 children of parents recening a
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Table 5
Aneuplord eells
o Ancuplod cells per 100 Age years
analysed
No SE Range Mean
Young controls 2 22 08 1—22 12
Adult controls > 12 05 3549 40
Chuldren of parents gnen 1
therapy
Lowd se (+ 10 7 mCn) 4 2> 03 3-9 6
Heh (1410175 mC) 5 24 06 2—7 3
The chuld wwradsated 10 utero ] ” 12
Parents gnen 1 therapy
Low dose 4 4> 12 3¢—a0 41
High 6 33 1f 2341 33

low dose of radioodine (4 to 7 mCi1) The corresponding value for the 9
children of parents gien larger doses (14 to 175 mCi) was 46 = 09 per
cent cells with breaks Neither of these figures differed signiftcantly from those
for the vounger controls and the whole control group (22 +07and29 £ 11
per cent cells with breaks respectnely) It 15 however notable that both
children of the only parent recening more than 100 mCi (175 mCt) recorded
a higher number of cells with breaks (8 per 100 analysed) than any of the 16
young controls or children of parents grven less than 100 mCi The probability
that this sould occur by chance 1s small (p < 001)

The chuld expo ed to radiorodine m utero had the highest frequency of cells
with breaks 12 per cent even though the mother recened the lowest do e
15mCi (Table 4)

The lugher frequency of cells with chromosome aberrations wn the children
was manly due to rochromaud breaks and rearrangements, and only to a
lesser extent to chromatid breaks The frequency of aneuplod cells 1n these
children was 25 + 04 per cent as compared to 22 % 08 per cent m the
Young controls and to 1 7205 per cent (aneuplord) cells n the whole control
group (Table 5)

None of the 33 children presented a cons tent chromo ome aberraton A
Phxladclphxa chromosome like abnormality was obsenved 1n 1 out of 100 cells
from Case 6 Mc that had no signs of leuhaema.
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Discussion

Radioiodine therapy 1s commonly applied in the treatment of hyper
thyroidism  atoxic goitre not switable for surgical treatment and carcinoma of
the thvroid Certamn rishs associated with the adi ration of radioiod
may already have been evaluated, while others are sull difficult to assess despite
the availability of large senes of patents followed for 20 years or more The
immediate hazards asociated with any exacerbation of the clhinical agns
after radiotodine therapy are small and may be further reduced by applying
the appropriate measures {LarssoN 1955, Epsmyr & Emuorn 1966, SaTer
Borc & Emnorn 1966) The frequency of hypothyroidism a long time after
the treatment 1s lugh (Bernve & Emmory 1961 Dunv & Cuaruan 1964
Green & Wirsov 1964) and the probability of recurrence extremely low
(Crapuvan & Mavroor 1955, WERNER et coll 1957, ELLER et coll 1960
Beumne & Emmorn 1961) The chance of carcinoma of the thyroid resulting
from radioiodine therapy s considered to be practically non-exstent m adults
(STarrurTHt 1966) but has to be taken into account n children (SHELINE et
coll 1962, Starr et coll 1964 hocur et coll 1965) The likelihood that
radiotodine therapy will induce leuk 1s regarded as ligible except
with the doses used 1n the treatment of carcinoma of the thyroid (Pocuin
1960 WernER et coll 1961 SerpLin 1925)

Tt 1s still difficult to estimate the risk of genetic damage as.ociated with radio
10dine treatment despite the large number of patients treated Estunates may
be made from the calculated radiation dose to the gonads and extrapolation to
other categones of patients exposed to radiation with the same gonadal doses
The largest presumptive control group mught be that exposed to wradiation
of the gonads in ¢ with Even though the
radianon doses 1n some roentgen exammations (LaArsson 1958) are often
comparable with the gonad doses m radioiodme therapy for a small toxic
goitre they are not comparable to the gonad irradiation associated with larger
doses of radioiodine Moreover the calculation of the radiation dose to the
gonads in radioiodme therapy 1s baed on an assumed random distribution
of the extrathvroidal radioiodine 1n the body, whereas in reality thns distnbu
uon 1s subject to extremely large individual vanations (Semurs et coll 1902
Jouns & Tarror 1958 Werper et coll 1960) It has also been demonstrated
that inorganic radiotodine passes nto the tesucular tubult and binds with
protein m the intertubular fluid which plays a mechanical role in the transport
of sperms Tlus flurd has also proved to be a rich source of substrate and co-
factors imvolved 1n the gametogemic funcuon of the tesus as resealed by
investigations mn svanous ammals (PANDE et coll 1966, 1967 a, b) Thus
gametogenesss mught be affected to a greater extent than computed on the
assumption of a random distnbuuon of radioodine 1 the body
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The most rehiable mformation on the genetic nshs associated with radiotodine
therapy will probably be obtained from follow up investigations of several
generations of descendents of tho e who have had radioodine therapy Such
maternals are not yer available and even direct information on the genetic
nish that might be associated with a common form of treatment would therefore
be of value (Heppre 1969, Sozers 1969)

No malformations ascnbable to mutations resulting from irradiation were
found 1n children born after the parents had received radioodne doses of up
to 175 mC1 Clinically these children did not differ from the general population
of the same age as regards waight height (Fig 1) and haemoglobin concentra
ton Nor were any other deviations disclosed by the clhinical examinavon to
which all the children were submutted However the materal 1s small, and
does not permut of defintte conclusions

No consstent chromosome aberrations were demonstrated 1 any of the 33
children The familtes submutted to 2 more detaded cytogenetuc analvsis are
however, of ome further mferest As expected from previous reports the fre
quency of cells with breaks was higher in the patients gnen radiotodme therapy
than m the controls (Table 4) It was also lgher (p<<00l} i those
ecening the greater rather than the maller, radioiodine doses. The frequency
of cells with breaks 1n the controls »sas sigmiicantly lower than 1n the panents
Teceving larger doses of radwiodine (p<<0001) and numencally but not
staustrcally signueficantly lower than 1n those given the low doses

The frequency of cells with breaks mn the children born after the parent
had recenved radiotodine therapy seemed to ncrease with the dose (Table 4)
The frequency of cells with breahs mn chldren of parents given a small dose
(410 7 mC1) did not differ from that of the controb (Table 4) The frequency
was higher than for the controls 1n the children of parents who had had the
tigher doses (14 to 175 mC1) but the difference m this small senes was not
statistically sigmificant In addition the two children of the parent with the
highest dose (175 mCi) had both a hugher frequency of cells with breaks
than any of the other 16 young persons in this seres (11 were chuldren of
Parents recenving the lower dose and 5 were of the jounger controls) No
definite conclusions can however, be drawn from this very small semes
espeaally since the two children came from the same famly It should be
mennoned 1n this connectron that chromosome aberrattons have been obsersed
n newbon swine after msenunaton with semen wradiated with roentgen
radtauon (ZarTa\ et coll 1969)

Chromo omal aberrations have been observed among suninors exposed 1n
utero at Hiroshtma and Nagasaht (Broos et coll 1967) The rather hgh
frequency of cells with breaks m the child exposed to radiation 1n utero 1n the
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pre<ent seres 15 remarhable 1 view of the small dose of radioiodine recened
by the mother (13 mCi) This frequency remaned unchanged for two
consecytine exarmunations at mtenvals of several months
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SUMMARY

The number of pregnancies and spontaneous abortions were mvestigated before and after
131 therapy in 169 patients Thurty of the 43 children who were born after the parent had
recensed the treatment were exarmned chnreally and cytogenscally and were compared with
a control matenal

ZUSAMMENFASSUNG
Es wurde eme Nachforschung bezughch der Zahl der Schwangerschaften und der spon
tanen Aborte an 169 Pauenten vor und pach der B dlung mut 3] yorg n \on

43 Kundern wurden 30 Kmder Mimsch und zytologisch untersucht die alle nach sorhenioer
Behandlung der Mutter geboren warcn Die Resultate v urden mit normalen Kontsollen
verghchen

RESUME

Les auteurs ont etudic le nombre de gros esses et Je nombre d avortements spontancs avant
ct apres trastement par '311 chez 169 malades Trente des 43 enfants nes apres traitement
de lcur mere ont ete climg et ¢ et ont cté om
pares a unc serie de temomns
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CERVICAL PLEXUS LESIONS FOLLOWING
POST OPERATIVE RADIATION THERAPY OF
MAMMARY CARCINOMA

b
P Westing H Svensson and P Here

Complications followmng post-operatne radianon therapy of m nmary car
cinoma have not been uncommon and have consisted of lesions ¢ the cenvical
Plexus subeutaneous fibrosts m the <upraclavicular ficld and mild lung reactions

A total of 105 pauents with mammary carctnoma were treated dunng the
peniod March 1963—\March 1965 71 with post operause radiation therapy by a
standardized *Co techmque The object of the treatrment consisted 1n the delnery
of 2 canceroaidal radiation dose to the regional lymph node areas through one
Parasternal one supraclavicular and one avllary field (Fig 1) The supra
clavicutar field measured approamately 8 cm X 12—13 cm with the medial
border reaching just over the mudline  omewhat below the clavicle The para
sternal field was centred about one centimetre lateral to the sternal border and
measured about 7 cm X 12 cm The beam direction of the supraclavicular field
Was verucal and to avord overlap m the border zone the parasternal beam was
directed 10° caudally The axillary field measunng 9—10 ecm X 11—12 cm
—_

leus Paper was read at the \II Intermational Consress of Radioloes Tokwo October
59 Submutted for publication 12 July 1971

T~
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Fig 1 a) The supraclavicular
and parasternal fields b) The
aullan field sradiated with
the arm elevated

was irradiated with the arm elevated and the central beam po itioned 1 a plane
through the centres of the axilla and supraclasicular frelds this beam svas angled
30° dorsally to the honzontal plane 1n order to reduce the overlap between the
supraclavicular and the axillary beams

A peak do<e of 400 rad was ginven daily to each of the e fields for five days a
week with a total dose of 4400 rad per field over 21 to 26 days (average 23
days) two of the three fields being 1rradiated each dav The 1 odoses m 2 plane
through the centres of the axlla and supraclavicular region appear i Fig 2 The
do e maximum (Fig 2 a) was rather small and located about 4 to 5 cm under
the skin but was considered acceptable, further investigations have however mn
dicated that the maximum majy be located more superficially 1n about 70 per
cent of patients (Fig 2b) and mav reach 130 per cent All the pauents were
treated supine

Indurauon of the subcutaneous tisues i the supraclavicular region was
observed 1n 90 per cent of the pauents, beginning after an average latency period
of 12 months (range 5 to 20 months) with light <omewhat tender edema
gradually becomung firmer The induration was not always homogeneous but was
nodular to suggest metastases fine needle biopsy performed m everal patents
fatled to confirm this possibility

The first few caces of cervical plexus lewions were evident about a year from
the end of therapy although at this ime the symptoms consisted only of shght
<ensony disturbances Not until about 1< months later were the first obvious mo-
tor lesions observed As ocon as 1t became clear that the svmptoms and motor
Iesions were not cau ed by metasta es around the plexus the method of treat
ment was changed (<ce p 214)
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a b

Fiz 7 Isodoses in planes through the centres of the awllary and supraclavicular frelds a) The
resultant maximuny dose (110 per cent) bes relatnely deeply b) The resultant maximum dose
(130 per cent) 15 stuated sn the plexus nene region

The cervical plexus le tons developed n 2 typical manner starting with
sensory disturbances such as wradiating pain numbness of the fingers and pa
resthesia After a penod of a few days to about 18 months the ¢ symptoms were
followed by motor signs (Fig 3) when ome relef of pam occurred Mild cases
conssted of <hight paresis of one muscle or muscle group while 1n others com
plete or nearly complete paralysis of one muscle combmed with moderate paresis
or normal functron m other muscles occurred Three of the most evere cases
had almost complete paralysis of one arm The distribution of the motor as well
as the sen.ory lesions were thus generally patchy EMG recordings were usually
obtained and pre ented evidence of conditions rangtng from the normal to parttal
or total denervation, reinnersation signs were ometumes apparent The motor
lestons were often progressive m the first few months later becorming stationary
although partial recovery was also observed The correlation between the latency
period and the degree of paresis was negatne the longer the period the mulder
the paress Many of the patients had some relief of pam from prednisolone and
Physiotherapy Decompre sive surgery has been reported by Stort & Aaprens
{1966) ome relief of symptoms occurred but the sensory and motor signs per
ststed Re ection af a part of the clavicle of 2 pauent of the present matenal
falled to produce a pogtive result since the tissues around the plexus nenves
were hard 1t was believed that di sections would carry a defimte nsk of healing
complicatsons including necrosts

Peripheral nenves are regarded as relatively radration resistant Much amumal
Tesearch work has been carried out on the functional and lustologic changes m
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Fig 3 Cumulatne percentage of motor lesions at different times
after treatment Each circle represents one patient The motor
lesions 1n 23 of 31 patients occurred at 16 to 33 months

such nenves (BacHOFER et coll 1964 Lerepmsky ct coll 1963) Most of thus
work however, concerns the effect of krad doses observed a short time after the
wradiation Expertments with do es at chimical levels and with longer obsers ation
times were made by Janzex & Warren (1942) The e authors reported no
changes n nerves rrradiated with doses between 4 000 and 10 000 rad after an
obsen ation ume of two months Linoer {1959) obcerved histologic changes at 3
to 11 months 1n nerves rradiated with 3 ¥ 1000 rad over 6 days No funcuonal
disturbances could be demonstrated, however

The cervical plexus lesions ¢ d an p 1 complication and at furst
suggested malignant infiltration of the nerves Lesons of this pathogenesis re
not uncommon and ca es were descnbed by Son {1967) and Nisce & Cut
(1968) The symptoms and signs of this syndrome are the same or very simulr
to those of radiation mnduced lesions The cffcct of radiation therapy {(mostly
<upenoltage) was excellent with reltef of pain and recovery of motor function
1 a fair number of patients A dosage of 4 000 to 5000 rad over four weeks was
more effecure than lower doses. Fibrosis induced by previous radiation therapy
or surgeny (N\isce & Cnu) was often evident and 1t was <ometmes difficult 1o
determine whether the ssndrome was caused by a neoplasm or fibrosis or 1
combinaton of both The results of radiauon therapy were better in patients
without pre-exisung fibro 1s. Though the po_ibility of malignant infiltration of
the plexus region could not be ruled out in the present matenal the repeated
negatne fine needle biopstes and the subsequent course suggested that the con
dition was radiauon anduced In no pavent treated after the beginning of 1962
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Fig 4 Time dose relations

did recurrence occur m the ipsilateral supraclavicular or axillary regions No
instance of plexus lesions was recorded 1n paticnts who had no or only shght
fibrosss 1n the supraclavicular region The nerve lesions were therefore probably
¢aused by pressure exerted by fibrous tissue by interference of the blood supply
by this pressure or by drrect changes in the small vessels of the nerves

Radiation mducd cervscal plexus lesions have been previously  described
MusenTiaLER (1964) and STorp & ANDREWS (1966)reported <everal cases
and Maruxava et coll (1967) published a further case It 1s also probable that
<ome of the sensory symptoms ob erved by Epsanr & Warstas (1963) were
radration mduced The present report was communtcated to the Swedish Radio
therapy Club 1 May 1966 and to the Scandinavian Society of Radiology 1n
1967 Norrer et coll (1970) publiched therr expenences mn a large <enies of
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cases StorL & ANDREws described different inaidences of plexus lesions with
various dose time combinations

The “’Co method described was replaced by clectron therapy to the supra
cluicular and parsternal region o March 1965, the awilla, however, was
treated by ®Co s before Different uime dosage schedules have been employed
with this combrned clectron *Co therapy The data of STorL & Anprens nd
our own are plotted on a double logarithmic <cale m Tig 4, which alco ncludes
the datr of NoTTFR ct coll StorL & Anprews reported 1 high inerdence of
plesus lesions (73 per cent), ome ensory m nature with 1 mummum plesus
dose of 5500 rad 4 MeV roentgen radiation over 25 to 26 duys (11 or 12
scssions’  The field was about 5 em X 15 cm, much less wide than m the
present matenal, it included the scalene supraclvicular and axillary node areas
With 1 somewhat lower dose of 5 100 rad over 25 to 28 days the ncuknee of
lesions was reduced to 15 per cent The wide supraclavicular field (mavimum 13
cm X 22 em) in 1nother group of patents produced an mcidence of 16 per cent
with a do ¢ of 4100 rad over 18 days Orthovoltage therapy was gnen to thar
fourth group by small fields to the apex of the axilla, the mmmum do ¢ woct
ated with neuropathy was 4 350 rad over 20 dyys

The *'Co technique described produced 1 cnleulated avernge plexus dose of
5400 rd over 23 days This dose m1y have vaned by & 1000 rd, deponding
on vanatons of the addiion — by radiation from the axilliy beam — 1o the
plexus dose from the supraclavicular field This calculation was founded on
dose measurements 1nd 1sodose plans mn the last two to three years m over 100
pitients The motor leston nadence was high (Ing 4) The suprcln iculrr
field size with the combined electron ®Co methad (avilla) was greatly 1cduced,
and extended only 1bout 3 to t em above the clavicle The combmed «kctron
(16 McV) “Co dose to the plexus regton averaged 5 100 rad over 15 dw n
first group of patents 28 of whom have been controlled for three years or mort
Only 4 patients Ind relausely mild Jesions 1n spite of the short ttme factor [n 2
sccond group the treitment was somewhat more protracted  the et doc
being about 5 200 rad over 20 davs 3 of 18 patients observed for three veas or
more had muld fesions Finally, the dose was further lowered to 4 400 rid oser
18 dys

Flectron therapy 1s now apphied 1t 13 MeV, the daily dosc bung 300 rad for
five days a week, the daily {5 days per week) “'Co dose to the awlla bany of
the sime 1ze The radiauon dosc ansing from the axillary wradiation s AR
measured with small thimble chanibers placed 1t several pomts on the un n
cluding that of the supraclavicular aren If the dosc to the Itter be rehuely
high 1 ¢ more than 5 per cent, the back angle 1s ncreased from 30° to 40 or
1 few cres o 50 to 60° Ihis method has now been n use for about 35
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sears, no ssmptoms of plexus lesions have been reported 1 20 patients controlled
for nearly thuis tme NoTTer et coll ob erved plexus lesions in 17 per cent of 237
patients with mamman carcinoma treated by ©Co Ther onginal techmque
placed the maximum dose in the axilla, where accordingly fibrosis occurred The
plexus dose 1n the ca es that developed 1gns of a lesion vaned between 4 500 rad
over 27 days and 8 100 rad over 21 days Modification of the techmque pro-
duced a homogeneous do ¢ distribution and with the present dose level of 5 000
rad over 30 to 32 davs no plexus lesions occur NOTTER et coll plotted their
doses on a double loganithmic dose ime diagram  Wath the STRANDVIST (1944)
<lope for kin reaction they constructed a line that was considered to repre<ent
the lowest dose that might induce a motor nerve lesion of the plexus Only five
of their own caces with symptoms fall below this Ime  the dose level of 5 100 rad
over 23 to 28 davs of StoLL & ANDREWS lies on the lime The dose level of NoTTER
et coll as well as that of the pre ent authors 1s clearly below the ine The do e
and ume factors u ed by NotTer et coll has been employed for <ome vears in
many centres

The stope of the ine may be questioned as emphasized by NoTTer ct coll It
<hould be noted that the number of fractions reported by the vanous authors
referred to 1 Fig 4 are different Stort & AnDREWS usually gave 3 fractions
per weekh and NoTTER et coll 3 to 5 fractions per week for ome tme and
later 3 fractions per week The patients of the present senes were regularly
treated with 5 fractions per weeh

It 15 ot po_sible to draw any definite conclu tons since great vanations exst in
for instance the <ze of the irradiated volume and the number of fractions used
It appears however probable that the do € of 5000 rad over 5 wechs m 3 t0 5
fracuons per week carnes a rea onably low 1.k of enous plexus levons provided
that the 1rradiated supraclvicular volume be moderate This do<e 15 also prob-
ably cancerocidal for most lymph node metasta es from mammary carcinoma
(Gurrvan 1966 and others) If le s than five weeks be preferred for the post
Operative treatment 1t would seem Wi e not to exceed 4 500 rad over 20 days

SUMMARY

Lesions of the cenucal plexus followmng post-operatine radiation therapy for mamman
carcioma are desenbed The symptoms and signs of these yange from shght sensory and
motor disturbances to severe paralyss The hterature on the subject 15 reviewed and the
dose tme effect relations are disrussed

ZUSAMMENFASSUNG

acthadiqungen des Nervenplevus des Halses wm Anschluss an dic postoperats ¢ Bestrahlung
s Mammakaranomes werden beschricben Die Symptome und Zewchen dicser Schads
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gungen reichen uber leichte sensonsche und motonsche Storungen bis zur schweren Lahmung
Es werden die Literatur uber diese Frage zusammengefasst und die Dosis Effekey erhaltmsse
besprochen

RESUME

Les auteurs decrivent les lestons du plesus cenical apres radiotherapie post-operatoire
pour cancer du sein Les signes fonctionnels et les signes physiques vont d un leger trouble
sensitif ou moteur Jusqu a une paralysie sesere Les auteurs passent en revue la litterature qu
concerne ce sujet et ctudient les relations entre les effets secondaires et la repartition de la
dose dans le temps
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FROM THE DIVISION OF RADIATION THERAPY DEPARTMENT OF RADIOLOGY LUTHERAN
HOSPITAI ST LOLIS, MIsSOURI LS A

VALUE OF PLLVIC PNEUMOGRAPHY IN
GYNECOLOGIC BRACHYTHERAPY

be

I J WEIGENSBERG

One of the hitherto neglected areas of dosymetric con 1deration 1n gynecologic
brachvlhcrap\ 1s the erosal surface of the uteru  This forms a natural landmark
and bamner whose 1nyols ement or fack of 1t 15 of considerable sigmificance For this
Feason dosage at this surface mav well be an important parameter of adequate
fadiaton therapy Thus far a reliable cntical doametnc pomt or et of ponts for
such therapy have not as yet been defined and m the absence of such knowledge
*t behooves us to mamntamn an open and inquinng atutude toward all such
Pertinent and relevant locattons Although the classic approach to preoperatine
fadiation therapy 1n endometnial carcinom s has been o pach the utenne cavity
with muluple radioactive <ources (HEvyman & BExSER Hisstas et coll ) <everal
Feports descnbe comparable satisfactory results using moderate doses of external
beam radiation {LawrE, Sara & DivL Recato) Invesugauon of the <te or sites
of cntical dosage and the magmtude of this do ¢ could be of benefit m the
fwfmd optimal utilizauon of each of these modalities

Submutted for publication 20 Jarmary 1971
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Pelvic pneumography provides an excellent means of demonstration of the
utenine serosal surface When utihized together with computer calculation of
dosage from these implants 1t can provide accurate dosage mnformation at this
surface

Method Pneumopentoneum 1s induced on the operating table A needle
puncture 1s made 1n the antenor abdomnal wall to the left of the rectus sheath n
etther the upper or lower quadrants, and 1000 to 1500 ml of air or ntrous
oude are mjected mto the penitoneal cavity This can be done erther before or
after the imnduction of general anesthesta  The pentoneal cavity can al o be entered
via cul de ac puncture as suggested by Lang, but the present author has found
this route to be less rehable than the anterior abdemimal approach because of
drstortion by tumor myomas, atrophy with age, relaxation of the pelsic floor,
etc

Following introduction of the intrapentoneal air the implant 1s performed 1n
the usual manner Radiolucent applicators are utthzed to the furthest possible
extent o as to facilitate localization of the <ources for computer dometry
(WEIGENSBERG et coll } At the time of the implant 2 metallic shin chip 1s affixed
to the cervix to serve as a roentgenographic marker Radiographically viable
paching 1s unlized pnmanly to demonstrate that no vaginal packing has i
advertently become interposed between the applicator and the cervix Dosage
at vanous pomnts such as the cenix bladder and rectum may be measured with
a probe detector to emve as mtenm gwdance until the computer data are
available A retention catheter contamming 5 ml of diatnizoate 1othalamate, or
other smular urographic contrast medum 1n the bulb 1dentifies the bladder nech
on subsequent roentgenograms

The pauent 1s taken to the radiology department from the recovery room The
techmque descnbed by STEvEns et coll for pelvic pneumograms s followed
wherem the patient s placed 1n the prone position and the head of the table lted
down 45 degrees o that the gas may nse to the pelvis Roentgenograms are
ordmarily taken with the beam aws vertical and uited 10 20 and 45 de,rees
toward the feet as well as a cross table lateral The table 15 then returned to the
honzontal postuon and the pauent is tumed supime Stereoscopic roentgenograms
which ene as the basis for locahzing the <ources for computation of do age
(Powkrs et coll ) are obtamned A small amount of banum is then run into the
rectum and distal sigmoid to identfy the relationships of the uterus and appl
ctors to these structures

The techmque for computer do imetry has been described previowly (Powrrs
et coll ) The <ources are <patially localized on a threc dimensional coordimate
svetem by stereoscoprc roentgenograms The contnbution {rom each ource to 2
mulutude of points in the irradiated volume s then calculated by esumation of
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Tig 1 a) b) The uternme fundus is well outhned bv the wtrapertoneal axr The cervix 1s
marhed by two metallic clips and the bladder neck by contrast medum i the bulb of tte
retention catheter A small amount of residual banum s sull an the rectum. The vaginal
Packing 15 indicated by marker c) The planes in which the 1sodose cunes were computed

} The 1sodose curies From the e data it can be seen that with the exposure of 6200
muligram hours the endom trum re ened at vanous pomnts 8000 to 10 000 rad the serosal
surface between 3 000 and 6 000 rad the cervic and \agmnal vault 6 000 rad the bladder neck
3000 rad and the rectun 2070 rad @ =Point where actne portion of the source pierces
the plane of computation

the Sievert mtegral tehing mnto account specific emussion of the <ource the
buildup of electron equilibnum absorption sithin the shield and ussues decay
with ttme and falloff with di-tance
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Fiz 2 Another simitar mmplant and 1t associated dose distibution The yarious pouts of
mterest are indicated as stated in fig 1 The exposure of 6100 milligram hours 1n @ in
stance resulted in the endometnal surface recening between 8000 and 10000 rad at varcus
pownts the serosa 4000 10 6 €00 rad the cenvax 4 000 to 6 000 rad and the rectum and bladder
neek 3 000 md each

Results

Figs 1 and 2 illustrate representatne mmplants and the attendant do<ige
distnbutions The serosal surface of the uterus 1s well defined by the intrapen
toneal ar while the endometnal surface 1s approximated by the sources The
cervix bladder nech rectum and pudsic wall are demarcated as mdicated previ
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ously The planes of computation are as indicated on the roentgenograms The
fne pnnaipal planes are perpendicular to the long axis of the implant, with the
central plane passing through the computed center of mass of the implant and the
others spaced at equal distances as desired Additional planes of computation may
be obtaned at will exther parallel to these or with the axes rotated At least one
coronal plane, through the long axis 1s usually obtamed Each of the pomnts of
interest demonstrated on the reentgenograms can be localized in relation to the
data printout, and dosage at vanous relevant points determined

The p 7 hmque produces 1 discomfort to the pauent
even when done under local anesthesia, and has been free of morbidity thus far
The only problem encountered has been madvertent imnterstitial mnjection which
was subsequently re orbed without difficulty

Discussion

The pneumopentoneum techmque affords a smple rehable and safe means
of determining the dosage at another lutherto neglected and hkely tmportant
location In the speafic wnstance of paching the uterne cavity with multiple
ources dowmetry has long defied an adequate olution This has charactenstically
been esumated by measurement of dosage about phantoms utihzing sarymg
arrangements of ources and multuple small radiation detectors or film {Heyaan
& Brxnir HevyMmaw et coll Nowanw & SteeLe) Direct measurements can be
made at the time of the mmplant using a probe detector m the vagima bladder
and rectum but the ¢ are of hmuted value (FLETCHER et coll Traprier)

KARLSTEDT meaured at laparotomy and with a probe dosimeter the do es at
various points on the uterme <urface 1n 18 patients With the techmque proposed
ntially by Heymax et coll  he found the mean dose at the utenne surface to be
2200 rad with large vanations between patients and at different pomnts on the
surface of the same uterus Radiation safety considerations as well as the usual
chinical practice of allowing an mterlude between the implant and hysterectomn
would preclude this being accepted as a routine dosimetric procedure The marked
vanabiity furthermore emphasizes the need to determine such do es on an
mdnidual basws rather than relymng upon standard tables 3 odose cunes or
averages Itisal o of interest to note that KartsTeDT also utilized pelvic Pneumo-
graphy i at least one patent to demonstrate the surprising extent of physiologic
‘anability in the thickness of the utenne wall With air outhning the serosa and a
Positive contrast medium 1n the uterne cavity the thickness of the uterne wall
Mlustrated was shown to be 17 to 18 mm when the uterus was not distended or
subjected to internal pressure and decrea ed to a thickness varying between 5
and 8 mm when the cavity was pached with Heyman capsules
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FROM THL DEPARTMENT OF RADIATION BIOLOGY KAROIINSKA INSTITUTET, STOCK
HOLM SWEDEMN

HAEMOPOIETIC ASPECTS OF
THE CHANGES IN THE NATURAL RADIATION
RESISTANCE OF MICE AFTER HYPONIA

by

M Beran and B Trisurarr

Decrea ed radiauon ensitaty of muce wradiated after hypovia { TrIBURAIT
& ForssBErc 1964 TriBurarT 1966 Onuvewick et coll 1968) 1s connected
to the decreased mortality between 8 and 15 days after wradiation with LDy —
1D11/30 exposure range The favourable effect of hypouc preconditioning 1
Fedificted to a distinet period of 1 to 3 days after hypowa and the upper limt
of the radiation dose 1 our expenmental conditions was 1000 R *Co gamma
irradiation

Irradiation with fugher doses resulted mn disappearance of the favourable
effect of hypoxia preconditiomuing  Apparently this mecham m 15 only effective
' animals dying from bone marrow depletion and the mortality caused by the
intestinal syndrome following higher roentgen doses 1s not mfluenced W ith
doses under 1000 R the dose profit after hypovia 1s about 150 R, this means

Submutted for publication 5 July 1971
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that the LD.o/30 after hvpoxia 1s about the same as found by Smrru et coll
(1969) 1n mvestigations on the effect of vanations mn the size of haemopoietic
cell population on the sunvsal of mice It was postulated (McCurrocn & Tt
1964) that the sunvisal of anmimals 1n the above mentioned dose range 1s related
to the sunival of colony formung units (CFU) of the haemopoletic tisue and
because of the exponential curve for therr hilhng (McCurrocn & Tir 1962)
m ome degree to the size of cell population exposed However, the evaluation
of the «ze of the CFU pool durmg the posthypoxic period demonstrated that
the survival of ammals 1n our experimental model was not amply related to the
size of the CFU pool (Beran & Trisukarr 1971 b) This may ndicate that
other factors affecting the radiation <ensitiaty of CFU, as the prohferame state
and environmental conditions, may mfluence their survival fracton Further
more the capacity of CFU for repair of sublethal damage (Etninp & SvrTon
1960) and rates of prohferaton and differentiation of stem cells should be
conudered 1f the relanonstup between radation effect on the haemoporetic s
sue and the response of the whole ammal should be establiched The aim of thr
mve tigation was to evaluate some of these factors in the normal and in the
more radation resistant hypoxia pretreated (HP) mouse
The evpenments pre ented 1n this paper were designed to evaluate (1) the
differences in the immediate response of stem cell to rrradiation in normal and
HP amimals (2) the extent to which the enhanced sunnal of mice depends
on the pohvcyvthemic state and (3) hmetic tvpe of repopulation of bone marrow
and spleen The term stem cell 15 used for a fraction of haematopotetic eclls that
after transplantation into lethally irradiated recipents 1s able to form macro-
copically visible calonies on the spleen surface At least a part of these cells
usually referred to as colony forming unuts CFU (TiL & McCurrocn 1961)
po ec properties that charactenze a multipotent stem cell

Materials and Methods

Six weeh old male albino NMRI mice weighing about 25 g were used 1n
thece expenments randonuzed mn control and expenmental groups

Hypoxic treatment Hvpoxia was obtamed in an automatically regulated
decompression chamber at a simulated alutude of 6000 m (=334 mm Hg)
as previously de cnbed (Trustharr 1966) The ammals were returned to am
bient pressure and srradated at different intenals thereafter

Irradiation The donors of bone marrow n the myestigaton on the carh
repair of CFU were rrradiated with roentgen rass under the following condi
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noms dustance 60 ¢m, 250 KV 10 mA 2 mm Al 40 R/mn The other mice
were wradiated with the "Co unit {distance 90 cm from radiation ource, dose
rate 80 R/mmn as measured i wr)

Determmation of the radiation senstisty and early repa of bone marrow
CFU The exocolomzing method of Tier & McCuttocu (1961) was used The
technique was the same as reported previously (Beran & Trisunarr 1971 b)
The surviving fracuon of the CFU was determuined after irradiation with do es
between 100 and 840 R of ®'Co 1rradiation For the determination of the early
repur CFU donors were mrradmated either with 400 R or with two doses of
200 R scparated by different time intervals Within 30 mun after the <econd
do ¢ the donors were hilled and pooled bone marrow cell suspension from $—6
ammals was njected intravenously mnto lethally wradiated (960 R of ’Co) re-
apients The number of mjected bone marrow cells was adjusted to give count
able number of colonies in recipient spleens 9 days after transplantation

Bleeding procedure A standard amount of the blood corresponding to 3 <%
of body werght was removed from the nfracrbital plexus

Transfusion polycytherma Two intraperstoneal injections of 1 ml of 80 5o
red blood cells suspended i sahne were gnen to each ammal on two consccu
uve days Thrs procedure resulted 1 the nse of the haematocnt value fo the
same extent as produced by hypowa

Measurement of the proliferative state of CFU by swcide techmique The
clecune elimmnation of cells in DNA synthesis after i vitro exposure to large
do es of tnuated thymudine of tugh specific activity (Beenee et coll 1963) was
used for the determmation of the bone marrow CFU fraction in DNA synthesis
At different mtervals after hypoxta bone marrow from the femur of at least 4
mice was suspended sn Hanhs BSS to produce suspensions of approxumately 10
nucleated cells/m! and divided mto 2 ahqouts 4 ug of thymuine/ml were
added to one and 300— 350 uCr of tntiated thymidine {specact 16—20 Cyf
mM) to the other Both suspenstons were mncubated for 25 mun at 37° C then
placed 1n 1ce water and diluted to the deared cell concentrations with Hanls
BSS contamung 4 «g of cold thvmidme per ml Alquots of both suspensions
were injected into the lethally iradiated recipients After 9 dayvs the recipients
were hilled theyr spleens removed and fixed 1n Boumn fixauve The number of
calonies on the spleen surface was counted The results were expressed as the
percentage of CFU which survived the lethal effect of thuated thymudine 1n
utre The number of CFU 1n the <uspension with cold thymudine wag taken
to be 100 ¢ The <urvnang fracton 1s negatively correlated to the prolferatsy
activity of the cell population imestgated P ¢
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Fig 1 The sunnal of male NMRI albino muce after uradiation with different doses of ¥ Co
samma irradiayon Fafteen mice were yrradiated at each dose level @ 1400 O 1300 B 1700
[J 1100 41000 A 900 x 800R

Results

The sunval of normal mice irradiated with different doses of “Co gamma
irradiation 1s shown m Fig 1 Doses between 800 and 1000 R, chosen for our
survnnal tests, resulted in the death of mice between 8 and 15 days after wradia
non All mice that died had signs typical for the haemoporetic death About 10
per cent of the mice survived a dose of 800 R

Effoct of the physiologic state of the haemoporetsc tissue on the 30 day sur
tizal The posthypoxic peniod 15 charactenzed by a polveythemic state with al
most supressed erythropoiesis It may be expected that this may result n ome
dnersion of the plunpotent stem cells mto the granulocytic pathmay wih an
improvement of survinal due to cnhanced producnon of neutrophils If the
radiatson sesistance after hypowa 15 produced by such a mechamsm then poly
cythemia induced by transfusion may produce a comparable effect on the sur
snal Similar bleeding of posthypovic muce etther before or after iradiation
could reverse the resistant state  Bleeding itself may 1mprove suryinal of ome
struns of mice #f made at a certain ume n relation to the iradianon (StoailArRa
et coll 1969, SuoAnara & Tanaka 1970 Magsu et coll 1968 Swrrie & WL
LARD 1969} and therefore we tested the effect of bleeding for comparion The
cffect of previous treatment of mice by hypowa blood transfusion and blecding

on the surinval of mice iradiated three davs thereafter 15 presented m Iig 2
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Fig 2 The postiradiation sunial of the normal muce (I1I) and mice wradiated 3+ 1th %9Co
gamma source three days after (1) bleeding (11) ten dys of hypoxia and (IN ) erythrocyte
transfusion Fifteen muce were used 1n each group and at each dose level O 800 [ 900

Tt 1s clearly evident that neither bleeding nor transfusion induced polvcythemia
has any effect on the surnnnval In mice made polycythemuc by transfusion the
haematocnt values and the supression of erythropolesis were approximately the
same as mn posthypouc muce Bleeding reduced the haematocnt values to about
70 % of controls one day after the blood was removed The 30 to 90 days
survinal of posthypouc muce wradiated with 900 R was 50 and 42 ¢ respec
wely 70 9o of the muce wrradiated with 800 R survived both 30 and 90 days.

Effect of bleeding on the stability of the radiation resistant state of mice
wrradiated 2 days after hypoxta The standard amount of blood was removed
from muce irradiated with 900 R either before or after irradiation  the results
are presented in Table 1 The bleeding affected to some degree haematocrit
and penpheral leucocvte values but did not produce any sigmficant effect on
the 30 day surnal of posthypowc ammals No conclusions can be drawn
from the shghtly decreased surinal of mice bled immediately after hypovia
or wrradiation as too few ammals were used
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Table 1

The effect of bleeding on the surcatal leucocyte counts and hoematocrit values of muce irradiated during the
period of enhanced radiation resistance fuo days after hypovia 900 R *°Co gamma 1rradiation

No of  30day  Daysafter aradtation
ammals  survival

) 13 27 13 "7
Blood leucocytes® Haematoent*®
Normal irradiated mice 12 83
HP mice irradiated 2 days
after hypovia 12 ic0o 930 5541 478 461
+203 + 5% = 30 04
HP mice bled immediately
after hypaxta and radiated
two days later 12 800 7 007 359 448
+1317 + 24 08
HP nice irradiated two days
after hvpovia and bled 1imme
diately after srradiation 12 900 1€85 6378 344 471
~ 312 + 049 1 39 05
HP mice irradiated two days
after hypovia and bled 5 days
Iater 12 1000 940 397 457
L1064+ 25 07

* The number of leucacy tes in thousands/ml blood Mean £ SE of at lcast 8 animals
* Per cent of whole blood \fean +SE of at least 8 anymals

Proliferatice state of the CFU n the ¢arly posthypoxic period Prohferiuve
acuuts of CLU may be of importance for the radiagion <enauvity of (ru
and con equently for the posurradiation recovery of the haematoposetic svstums
The wicade techmque permits determunation of the number of CIU 1 the
S pha ¢ of the cell cycle and from these data the probferatise state of the whol=
CFU population can be concluded

Re ults of two tdenucal experments are presented m Fig 3 In the normal
bone marrow about 70 Go of CIU sunnved the lethal effect of tritt sted
thymudine 1n vitro Accordingls 30 Se of CFU suscepuble to 3HTdR in vitro
sere 1 the DNA ssnthetic phase This fraction s hugher than reported by
Becnrr et coll (1965) and Dureas & Fersespeces (1970) The total number
of CIU increased dunng the carly posthypowc phase (Fig 3 a) wiich 1v 11
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Fig 3 Ha mopaietic status of mice at different mterals after hypowia as compared to control
Open and shaded figures refer to ty o separate experiments a) Number of CFU per femur
b) Total nucleated cell counts per femur 1 mullions c) Fraction of CFU resstant ta SHTAR
m sitro H 1t values the extent of h: The salues
Tepresent mean *SE of 4 to b animals

agreement with our previously published results (Berav & Trisunarr 1971 b)
However the fracuon of CFU sensitive to 3HTAR 1n vitro 15 the <ame imme

l(l‘;\tly and al o one day after hypowa but lower two days after hypoxia
18 3¢)

Radiation sensitivaty of CFU after by poxia When looking for the mechanism
responsible for the enhanced survival of mice iradiated 2 days after hypoxia
we conudered the po..tbility that at this ume the sunnang fraction of CFU
mught be ugher than CFU 1 normal muce Expeniments were performed 1n
which the radiation cenatnaty of femoral CFU was assesed The results
Ppresented 1n Table 2 reveal lower surviy ing fractions at all dose levels i mice
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Table 2

In cnto radiation sensitiily of CFU n the bone maryow of trradrated normal mice and bypovia pretreated

(HPY puce rradialed 2 days after kapoxia wutk different doses of *Co gamma wradiation Left part of

the table indicates surcriing fractions calculated as mean-4 SE from at least 6 lethally irreduated reciprens
of bone marrow Right parl of the table presents the computed Dy values

CFU fraction surviving raciation doses of )

100 R 300 R 4HOR 570 R 8i10R

Normal irsadiated mice 040 030 0052 0033 00010

+ 09 = 04 £016  £OI6 10003  W9R
HP mice srraduated 2 days
alter hypoxia 04 018 0024 0003 00007

107 _ 04 +008  F002 0003 99R

mradiated 2 days after hypoxia The computed Do valuc was however 99 R
for both normal and hypova pretreated mice

Larly repair of the bone marrow CEU The swgmad character of the
rdianon survnal curves for the prolferative capacity of mammahan cells
suggested that loss of prolferatne capacity involves an accumulation of 11dia
uon damage Usung the expenmental system 1n which the radiation do « was
gnen mm two fracuons Eramp & Surron (1960) demonstrated that 1c
cumulated sublethal damage may be rapidly repured and that the mcren ed
sunnving fraction 1s a fumtion of the ume by which the two doc are
separated Tir & McCutLocn (1963) were the first to demonstrate that yh
repar of raidiavon damage occurs n colony forming cells arradiawd nd
proliferaung 1 sino Recently impatrment of early repaur in CT'U of hypoxcilly
wradiated mice has been reported (Prmars & Hanks 1968) The proent
authors were nterested 1f carly repair dsd not chinge in lypoxia pretre sted
ammaly since this proce s may contribute to the earhier resumption of the
proliferatse actnaty of CFU and mfluence the speed of repopulation of
hacmatoporetic ussue

In the control mice and hvpov pretreated muce used 1n the cxperiment
the number of CFU per 10° nucleated marrow cells was 271219 Yo
apparent differences m the charactenstics of the early repur of CIU norm1)
and Nypova pretreted ammals were ob ened (L, 1) I'he values for
posthypoic animals tended 1o be shghtly lower and the differences wert
statnstzcally sigmificant 2t 2 and 8 hours (p==005) and 18 hours (p<001)
mtenals The maximal repair an both normal and posthypouc CIU w1
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SURVIVAL RATIO

00

2 4L 5 6 8 10 12 18
SPLIT TIME (HOURS)

Fig 4 hunetics of early repaic of bone marrow colom forming cells srraduated 1 vivo v ith
\wo doses of 200 R of roentgen rays separated by different ume intervals The sunnal ratio
1s defimed a5 the ratio of the percentage of survising CEU after t o doses separated by a ume
nterval (abscissa) to the percentage survival for the same total dose ghen as 2 single expo-
sure The mean *SE of the number of CFU counted on spleens of six to eight Tethall
uradiated syngenesc fecip ent mice are shown The dots represent values for control mice anzl,
the circles values for mice irradiated two days after hypoxia

observed at 2 hours split interval mimmmal repair at 10 and 12 hours dose
separation Then the surviving fraction slowly increased up to 18 hours split

mterval m the control group but remamned the same in hypoxia pretreated
mice

Postirradiation vepopulation of bone marrow and spleen Prelimnary re ults
have indicated that the decrea ed radiaton sensiwaty after hypovia eems to
correlate with the mmproved repopulanion of the bone marrow (Beran &
Trisukarr 1971 b) In this muesugation the quanttatne evaluation of the
repopulation hinctics of the bone marrow and spleen cells of normal irradiated

mice and mmuce irradiated 1t the tme of the maximal radiation resistance was
performed
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Fig 5 The recoven of cell
numbers in the spleen of 300 R
(%°Co) irradiated normal mice
A— A} and mice iradiated 2
davs after hvpowia © @) o
The points represent mean +SE co ° 20 10
of fne to 1x animals oA s 3 AR D 7O
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o
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Fiz 6 The recoven of the cell L
numoers n the femur of 310 R A
1%Co) srraduated normal  mice
A" 4 and mice srradiated
davs afier hpoua 1@ . o

The posns represent mean + SE ) ro 20 20
of five 1o six animals DAYS AFTES IRRADIATION

Two davs after hypoxta mmmediately before iradiation the total number
of cells per femur and pleen was Lghtly lower as compared with the control
group The depletion of cells after 300 R had the «ame appearance in beth
groups of ammab. The mummal Ievel was reached in both bone marron and
spleen on the second dav after 1rad On<ct of repop in the <plen
(Fig 3) was firt noted on the «xth dav after irradiation and no aemfic it
differences between the control and posthypovic mice were ob erved unul 30
davs after radrauon At this ume the number of cells was sull below the
normal level in both groups The repopulation of the bone mammow (Fig 6
tarted on the third dav after sradiation and unul the eighth dav the hinetic
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pattern m both normal and posthypovic mice was tdentical Between the sixth
and eighth day after wradiation the cell numbers reached the normal level
However marked differences were noted after the exghth day While the overall
cell proliferation ceased mn control mice and the number of cells decreased
below the normal level dunng the next three days the cell number contunued
to increase untl the tenth day mn the posthvpoxic mice After this perod the
hinetic pattern became the ame as m the control mice, however and for
the rest of the observation period the numbers of cells never fell below the
normal level and remamed significantly higher m posthypoxic than n control
mice

Discussion
Since there 15 evidence that CFU» possess different radiation <ensitmvity
depending on therr postion in the cell cvcle (Durran & Fervenprcen 19703
and because of the metabolic changes duning the posthypoxic period (STREFFER
et coll 1970) we d the possbility that the d response of
CFU may be different m hypoxia pretreated ammals Friep et coll (1966)
reported that immediately after hypoxia the fraction of CFU sunviving wradia
tion decreased and concluded that they are prolferating more rapidly
Ung the mn vitro swade techmque with tntiated thymidine (BEcker et
coll 1965) we were unable to detect an increased number of 3HTAR
enstne CFU, immediately nor one day after hypoxia Two days after
hypoxia, when the number of CFU clearly increa ed in bone marrow the
percentage of CFU mn the S phase was lower than in controls These unexpected
tesults obtained 1n two <eparate expenments cannot only be logieally explamed
by the decreased prolferatne actnvity The well known fact that the CFU
does migrate offers an explanation assuming that the increase m CFU numbers
15 2 result of increased mugration from the spleen or decreased migration from
the bone marrow This 15 however only a speculatne explanation like others
such as a ugher <usceptibity of CFU's to damage dunng the preparation of
cell uspensions resultng tn altered metaboli m of cells i vitro or hortening
of the § phase of the cell cycle °
When the radiation enativity of the CFU was measured a omewhat lower
Suniving fraction of the cells m the more resstant anmals was detected at
all do e levels but no differences m Dy values could be found This 15 1n agree
ment with the results of DuPLAN & FEINENDEGEN {1970} who 1n spite of the
dl?fher radiation sensittity of CFU 1n the S phase were not able to detect any
h:g}c,“::; :;:‘gizn;(hcc (;:‘lcjrallrll s:::mgn); :f Cg,I,J“ ;n 1pcq;uulaum:s with low and
Tecovenng from treatment with \mb\p] ¥ b e s on e
asune have shown esentially the same
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sunvnal fractions of CFU 1n both treated and untreated mice (Ssrrn et coll
1968)

These results together with those previou b reported (Beran & Triztsarr
1971 b) how no differences between control and HP ammals mn respect to
the aze of the CFU compartment and the radiation en.tngty of CFU This
suggests that these factors cannot be responsible for differences m the post
radation behaviour of the haemopotetic svstem re.ulting 1n sunnal of animals
due to prevention of the bone marrow death  Re ults of cxpentments companng
the early repair of CFU pointed m the same direction In thece expcnments
the capacity of CFU for reparation of the <ublethal damage appeared to b
rather Jower in HP mice The Jower houlder n the sunival experiments of
CFU 1s 10 conformuty with the results

On the other hand we have previously reported the recovery of Ingher
numbers of nucleated cells from the femurs of mice <ublethally srradiated
between the first and third day after hypoxia, at the ume when the radation
resistance was increased (Beran & Trizunarr 1971 b)  these prehmunary
results were now confirmed after wrradiation with 300 R Fven when the rate
of depopul of leated cells after irrad was the .ame m controls
and 1n mice tradiated 2 davs after hypoxia, the kinetic pattern of repopulbstion
was different. This 1s 1n agreement with the view that there 1s little difiercnce
between the early response of stramns and spectes with a low or high LD 30
and that the main difference 15 found 1n the rate of restoration of the nuck ated
cell count (Lipwic & houn 1964) In spite of difficulties m the mterpraation
of the changes i the number of marrow nucleated cells caused by the popula
ton heterogenesty and the influence of the posthypoxic polycythemia  they
mdicate ome differences mn the rate of proliferauon of different cell compart
ments dunng the recovery process

The posthypoxic period 1s characterized by a pohevthemic state with alno t
completely <uppressed ervthropotesis Therefore we tested the posibility that
some diversion of the plunipotential <tem cell favouning the granulocytopare 15
mav be responsible for the enhanced producuon of granulocstes the Jack of
which 15 well known 1o be an mportant factor 1n the bonc marrow death
{Bosp et coll 19632) Dinumshed granulocyte responce to endotoxin i ir
radiated bone marrow treated mice 1n which crvthropoests has been umulate d
before or after irradiation has been mterpreted in the <ense of a competition
on the tem cell level (Hetrsan & Grare 1967) The experments s uht
tran fuson pohcivthemnia however, clearly demonstrated  that of enhanced

unvinal of the HP muce 15 related (o the haematoposenic vstem as indicated
by the accelerated repopulation of the CFU compantment (brras & TRizUAIT
to be publ hed) and increased granulocytoporesis (Brras & Triptaarr 1942
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after wrradiation, this 1s by ne means a simple function of the polycythemic
<tate

The recotenn of the bone marrow of posthypoxic mice 1s more complete 10
the postirrachation pertod duning which the survival of muce depends on the
funcuon of their haematopotetic system and especrally on the neutrophils and
platelets balance This fact may play a sigmficant role for the sunvival of
anmals particularly if the difference 1s due to changes in homeostauc mecha
nisms resultng 1n accelerated granulocytrc recosery Indeed the detatled analysis
of the whole body granulocytic system has venfied that this 15 the cae m
HP more radiation reststant ammals (BErav & Trisukart 1971 a) Smce the
results presented do not support the wdea that this 1s due to suppressed
erythropotests possibly on the basis of stem cell competition we suggest that
the ¢ differences may be due to more complex alterations of haemoporesis and
particularly of the granulocvtopoetic system The explanation of these changes
15 not possible on the basis of the expennments presented It 1s known that m
the course of the readaptaton ¢f the orgamism from hypoua to the ambious
pressure, ome alterations of the mtermediate metabolism which paralleled the
sunnal changes occur (Strerrer et coll 1970) m liver cells Such types of
metabolic changes produced either locally 1n haemopoleuc ussue or outside
and mediated by a } 1 h may be able to favorably nfluence
the repopulation of haemopoietic tissue without changing the mmeduate cell
Tesponse to iwradiation Ab ence of similar <ituations in ammals made polv
cythemic by transfusion must explamn the inability of the transfusion pols
cythemia to mnfluence the postirradiation sunvival of animals
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SUMMARY

The contebution of the haemopoietis tissue to the ncreased Tadiation Teastance of the
mouse after hypovia preconditioming has been further analysed Nesther the radiation
sensitmty nor the early intracellular repaur of the stem cells were improsed The st muficance

;’: l;n posthy poxc poly cythemua for the survnal of irradiated mice 1 as tested using ammal
‘h:: le polycyth b fi e ery per s¢ did not mfluence
surywal Removal of blood from hypoxia precond d mice ether di after

YPOXIa or after 1rradiation did not change the radiatton resistance It 1s suggested that

metabolic changes resulung from by povia and subsequent readaptation to the ambient pres
sure allects the processes of and diff

h
of the ussue

ZUSAMMENFASSUNG

“Exe Bedeutung des hamatoperetischen Gewebes fur dre erhohte Strahlenresistenz der
s nach \ orbehandlung durch Hypowe 15t werter analvsiert worden W eder die Strahlen
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findl S 11

heit der noch deren fruhe mterzellulare I'tholung sind verly s
s:n Die Bcdculumz der posthypoxischen Polyzythamie fur das Uberleben der bestrahlten
Maus wurde an Tieren gepruft dic durch Transfusion polyzythamisch gemacht worden
waren Die Unterdruckung der Enth per se beeinf nucht die Uberlet

Auch Blutentnahme son H)poxm\orbchandchrn Tieren entweder unmittelbar nach Hy
powe oder nach Bestrahlung verandert micht die gesteigerte Strahlenresistenz Es wird ver
mutet dass durch Hypoxie hervorgerufene metabol: che Veranderungen und die nachfol
gende Readaptation an normalen Druck die Prozesse der Proltferation und Differenzierung
des hamatoporetrschen Gew ebes beeinflussen

RLSUME

La du tssu b p al de la rad e de I souns
apres preconditionnement par hipoue a cte 1 objet de nouvelles recherches Ce precondion
nement n ameliore i la radiosensibilite ni ta reparation intra cellulaire precoce des cellules
souches L nfluence de la polycythemte posthypoxique sur la sunie des souns irradiees 1 éie
etudice sur des animaux rendus polycythemiques par f La supp de I erythro
Ppotesc en so1 na pas d mfluence sur la sunvie La soustraction de sang sur des sours precon
ditionnees par hypoxie soit immedtatement apres [ hypoxse soit apres lirradiation ne change
pas la radio resistance L auteur pense que les modifications metaboliques sesultant de
I'hypouie et de Ia readaptanon ultericure a la presston ambrante modiftent les proces us de
proliferation et de differencration du tissu hemopouetrque
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RIDS SJURHUS DANDERYD SWEDEN

PREPARATION METHODS OF LIVER AND LUNG
RADIOPHARMACEUTICALS WITH & Sr», 9Tcem AND 13[n®

by

P E Asarp and IngeBorc Bols-SyEnsson

Earher investgations of methods of Iver and lung scntigraphy have made
ue ot ’ Au and **[ The development of generators dunng the fast few vears
for hort Ined 1 otopes has introduced a need for the development of mple
preparation techmques The use of such 1 otopes means short measunng time and
better information this depends on the fact that millicune quantnes mas be
admumstered the do e per mullicunie being much lower compared to that of
comvenuonal 1sotopes, such as *¥**Au and I

L: er agents HarrEr (1964) Harper et coll (1964 1966) were the first to
develop a **Tc™ compound for liver spleen and bone marrow gamma imaging
The first used a fat emulaon (Harrer 1964) and later on developed a sulphur
collord Harrer et coll 196+ 1966) The latter was prepared by pasing H S
through acidified pertechnetate olution gelaun as stabil agent
However the vield from convertmg TcO, 1o the collordal form waslow and it was
necessany to remove the free pertechnetate by pasing the solution through an
amon exchange resn a further drasbach was the usc of the toxic gas H S
A modified method for this preparation was published by Bruy (1967)

Another approach to the problem of prepanng a technetum collord was to

Submutted for publication 15 June 1971
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make a gelaun stabilized colloid by means of antimony sulfide and then label
the colloid with technetium {Decrosst et coll 1965 Garzon et coll 1965,
AnnTar 1969) The advantage of this method 1s that the colloid tself may be
preformed and stored for a long time before labelling  the drawback 15 the
towcity of anumony compounds

A sumplified method of preparing technetium sulphur collowds by formng the
collord of the sulphur hberated from odwm thiosulphate i1n the presence of
hydrogen 1ons was mtroduced by STern et coll (1966) The man disadvantage
of the method 15 that the pH must be carefully adjusted with sodiim hvdroxde
with nisks of overshoot errors The .ame techmque was developed by Parro
et coll (1966) who used as carmer perrhenate (ReQ7) a homologue to
technetum They simplified the preparauon technique n that they employed a
phosphate buffer mnstead of odium hydrowade to adjust the pH This preparation
was further modtfied and tested by Larsov & Netr (1966) and Frency (1969)
WesBER et coll (1969) reported that the use of rhentum was not necessany for
obtaiming a high vield of colloid

Goopwin et coll (1966) used stable indum as a carner but abo suggested
1ron n the first attempt to mm estigate the possibilines of **In™ 1n collardal form
A modified techmque and standardization of the indum colloid resulted m a
more simplified and reproducible preparation (ADpATEPE et coll 1968 PotcHen
et coll 1968) with iron as carner These authors used a phosphate buffer
stead of utrating the pH with NaOH A sumilar method (Brino et coll 1968}
nvohving utration with NHsOH and with phenol red as the pH ndicator have
al o been invesugated The effect of adding 1ron as carmer raied the uptake n
the <pleen by mereasing the wize of particles although the preparatton without
1ron gave as good scintigrams of the Iiver s with 1t {(CoLomseTT et coll 1969)

The man use of "'Sr™ 1s for bone scintigraphy * St™ callards may easthh be
made (Mxers & Huvrer 1969)

Lung agents The preparation techmques for making macroaggregated al
bumn particles labelled with **Tc™ have been based on the tagged albumin then
aggregated by heaung (Gwyruer & FieLp 1966 Pererson & Bowte 1967
SuprEnANT et coll 1969) The main drawback with this Ppreparation techmique
15 that the labelling of albumim 1s rather complicated A simpler method which
gues a high labelling efficiency 1s first to make a technetium labelled colloid and
::Clhcx:“::: la certain amount of albumm and aggregate albumin together with

al particles (CraGIN et coll 1969) The use of preformed albumin

mucrospheres labelled with *"Tc™ has al.o been suggested (Rutonss ct coll, 1969
\\;Xmm etcoll 1969a b Bflmm.w etcoll 1970 ZorLe et coll 1970)
preparation techmque for **In® labelled alburmn ageregates w.

by Crscato et coll (1969) This 1s however rather con;gs;xcicd ana; gumbchsc}::d
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suming despite the fact 1t 1s based on preformed macroaggregates of albumn
The preparation must, for mnstance, be centrifugalized twice during the labelling
procedure A simpler labelling technique 1s bated on preformed albumin micro
spheres (Zovrie et coll 1968, 1970 Bucuasan et coll 1969 Ruobes et coll
1969)

Carbonate particles labelled with ™'C or * Sr™ have been described (Myzgs &
Huvter 1969) although no details of the labelling procedure were reported

The trend 1n published preparation techriques appears to be m the direciron
of more simphfied methods This must be the tendency so that the sk of making
a mistake 1n the preparation must decrease as the methods become more simpht
fied It was therefore considered that 1t might be useful to lay down the cnitena
from the bacteriologic and radiation protection points of view regarding the
procedures (1) The whole preparation procedure must be performed 1n one and
the same stenle pirogen free and capped pial (2) The <olutions stenle and
pyrogen free needed for the preparations must be dispensed 1n once for all capped
phials (which means i it forms) (3) When adding <oluuons 1o the plnals
dispo able plastic synnges must be u ed and the number of njections wto the
phial be kept to a mummum (4) No pH measurements and titrations must be
used (5) No centnfuganon or u ¢ of 10n exchanged restns must be necc sany
16) It1s favourable if the final preparation 1s capable of being autoclaved

In addition the procedure <hould be uncomphcated and reproducible <o that
1n a buss 1 otope laboratory 1t may be performed by a shilled techmaan or nur<e
tramed n working with radioactne 1sotopes It 15 alo of practical value 1f the
preparations are stable at least duning one half life of the 1 otope Pomnt 6 13
further commented on 1n the discussion regarding the autoclasing of MAA part
cles

Simple and reproducible methods of prepartng liver and lung scanming agcnts
will be descnbed Attempts have been made to fulfil the six pownts menuoned,
there was a failure only 1 prepanng a lung agent with ® St which cannot be
autoclaved The amount of sulphur m the *Tc” collod and *"Tc™ MAA has
been reduced and no stabilizers or camers are included A new stmple method
for making macroaggregated albumin particles labelled with 13pgm and deuals
of * Sr=compounds are al-o presented All compounds have been tested 1 mice
and their stability mvesugated

Preparation techniques
All compounds are made up 1n 10 ml capped stenle and pyrogen free phiale
Disposable plastc ssnnges are used to add solutions to the phials, all <olutcns
are also stenle and pyrogen frec.
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A ®T¢” sulphur collord (1) Eluate 4 ml “Te” pertechnetate with saline, m
troduce 1nto 10 ml capped phial contaiming 05 ml 03 \ HCI and <hake the
bottle (2) Add 04 ml Na S.O, olution (4 mg Na 8§ Oz per ml) (3) In
cubate n a boihng waterbath for 5 min with agitation (4) Add immediately 25
mi of 2 phosphate bulfer {Sorenen buffer pH 68 contaming 935 g Na HPO,
and 9 2 g KH POy per hitre) and cool to room temperature (3) Autoclave for
25 mmat 1 atm Total volume 74 ml FinalpH 58

B “Tc™ MAAd (1—4) Sec pomts A1—A 4 (5)Add 04 ml albumm olu
ton {albumn 2 ; m stenle water prepared daly) (6) Incubate m a boiling
waterbath for 2 min with agitation of the bottle The particles are formed after
about one minute (7) Autoclave for 25 mun at 1 atm Fmal volume 78 ml
Fmal pH 58

(Some parucles have the appearances of snow flakes and are rather large
they are however eanly fragmented by shahing the bottle and by draswing up
mto the synnge a few tumes )

C g™ hydroxide collord (1) Eluate the generator with 1 ml 004 M HCl
(pH==14) mto a 10 ml capped phal contaimng 1 m! pho phate buffer (pH
67 5315 g NaH POy 2H_O and 64 87 g Na-HPO, per hitre} (2) Autoclave
for 2> minat 1 atm Total volume 5m! Final pH 64

D "Inm AfAA (1) See pont C1 (2) Autoclave for 10 min at 1 atm (3)
Cool the olution and add 035 ml albumn olution {albumin 2 %, m stenle
water prepared daily) (4) Autoclave for 25 mim at 1 aun Total volume 535
m! Fmal pH 64

{Step D 2 may be excluded becau.e the collord 1s formed even without heating
the solunon Thus form of preparation has been used by the authors for about
six months Further expenments have vevealed that 1t 1s possible to lower the
albumun content to 0 5 me per ml final olution at a pH of 5 6 10 6 0)

L ®8r carbonate collsd (1) Eluate the generater with 3 ml ame acd
0003 % {adjusted to pH 5 with ammoma} mto a 10 ml capped phal contaimng
I mi phosphate buffer pH 6 7 (same buffer as for the "3 n= hydroxde collond)
and 02 ml Na COj solution (20 52) Shake the bottle (2) Autoclave for 25
muat § atm Final volume 4 2m! FinalpH 94

F 87" carbonate partieles (1) Eluate the gencrator with § ml anc acd
0002 ¢c (adyusted to pH 5 with ammonia) mto a 10 ml capped phial contain
mg 02 ml Na CO;3 .oluton (20 %o) Shake the botle {2) Heat the <olution
to about 10 C1n a waterbath and add 05 ml §

rCl. (7 mg/ml
of the botle Final volume 37 m} Final pH 115 (7 mg/ml) with agation
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Table 1
Luter scannn, agents The errors mndicated are the standard ervor of the mean

Collo d Hours No of No of Percentage uptale
afier prep mice
prep Lung Liver Spleen Kidneys  Meant
Au — 6 011003 937,008 057006 013=004004 2002
T 0 > 2 16 02 917203 24 =02 10 =0) 029 ~003
sulfid 6 3 6 12 =02 98307 18 =04 11 =02 016 =003
Irm 6 3 2% 0652008 971=02 24 202 016=0020019-000%
bydroud s 3 6 048-004 973203 22 ~03 0090030016 000
Sem 0 > 25 31 02 08206 7% 01 34 203 055 00F
carbx nat 4 2 4 74 =18 8>3:3> 26 =02 38 =05 12 03

The main techmques for tesing the different preparations have been n wno
tests in white mice O 1 to 03 m! being injected 1ntrasenoudy into a tal van
The mice were hilled by ether 10 nun after injecuion of the collods and 2 min
after injecuon of the lung particles. Lungs Iner spleen hidnevs and heart were
dissected out and the total actwity 1n each organ was measured 1n a well-counter
The total count rate from each organ was cummed and from this the percrntage
uptake 1n each organ was calculated, (See discussion. )

For the technetum-culphur colloid the amount of free pertechnetate was es-
timated with thin layer chromatography in methanol 85 €¢ and with an Re
saluc of 059 The chromatographic plates used {cellulose acetate on an alu
munium base  were placed on roentgen films and after identification of the radio-
actne <pots aigmficant parts of the chromatographic plates were cut out and the
actian was measured 1n a well-counter

The numbers of parucles were measured 1n a Biirker chamber with a projec
uon micro~cope, after the albumin aggregates had been coloured with Roe
Bencal The nzes of the parucles, about 100 cach ume wefe measured with the
same microscope only one dimension was measured <o that the largest diameter
wasobtaned The parucle aize of the collords was not measured

The preparations were stored 1 a refngesator at about 4° C m tests of @
balits

The 1otope generators used 1n this 1nvestigation were delnered from the Ra
diochemical Centre Amersham England  All were eluated through 022 +m
mullipore filters mamnh to increase the lealage of parnucles the mother sotope
and other contamunauons. It has been disclosed (Freaci et coll 1969) that 3
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100 Lung 100 Lung
Liver
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a b

Fiv 1 Percentace uptake in lung and hver for “Tem MAA (a) and MmN AA (b} as a
function of the quantity of albumin

022 #m millipore filter considerably reduces the **8n contamination No ' Sb
could be detected by gamma spectrometry erther with a solid <tate detector or a
Nal crystal The amount of 12Sn was estimated to be of the order of 10 com

pared to ™In™ No tests on the lcakage of Mo and # ¥ were made

Results

Luer scanning a_ents The results of the tests m mice appear i Table 1 The
19550 collond delivered from Amersham has the nghest liner uptale and the
lowest lung uptale The spleen and lung uptakes were considerably lower than
those of the other collads 1nvesugated All the callods made by ® Tc* ¥ [ox
and *"Sr® have a considerable spleen uptake and the lung uptake 1s alco higher
than that of the gold colld The ladney and heart achvies which mamly
reflect the labelling efficiency of the agents are much lower for the gold and
indum collowds The ® Sr= collond gives the hughest lung uptake The.c expen
ments establish that the indmm collosd has nearly the same properties regarding
liver uptake as the gold collod the discrepancies lying mamnly 1n the hugher lung
and spleen uptakes.

The results of the stability tests of the different preparations are presented m
Table 1 The “'Sro-colloid eems to be unstable as after four hours the Iner
uptake 1s dimimshed and the lung uptale increases However the ¥ Tem and
am colloids appear to be stable n spite of the ab ence of stabilizers No pre

apttation of these three different preparations accurred dunng the obwened
storage ume
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Fig 2 Partcle size distribution for 1311 MAA 1%nm MAA and "Tcn \MAA Parucle size
denoted for instance < 20 xm means parucle sizes from 10 to 19 xm

The amount of free pertechnetate estmated by tlun layer chromatography
was 52 = 07 per cent where the error mdicated was the standard error for
twelve agents After 3 hours of storage the mean value for four preparatons was
58 % 16 per cent These values are slhightly higher than those earlier published
(Lorez & Frencn 1969) The results obtamed 1n the experiments m mice abo
indscated that no increase m free pertechnetate of any significance was obtamned
as was evident from the values of activity 1n the hidneys and heart { Table 1)

Lung scanning agents The amount of albumin needed to gie a sausfactory
lung uptahe 15 evident from Fig 1 for ®Tc® and ¥ In™ This indicates that 03
mg albumin per ml of the final soluton or more 1s needed for the “"Tc pre
paration to gne a Ingh lung uptahe and low liver uptahe One mg albunun per
ml final <olution was employed m these experiments. The amount of albumin
was lugher for the *In preparation, more than 08 mg albumum per ml final
olution being nceded (Fig 1b) 13 mg albunun per ml was used 1n thewe ex
penments

The particle size distnbution for the ™I (Amersham), * Tc™ and '"'In®
macroaggregated albumin appear tn Fig 2 The suze distnbution (mean value of
five preparitions) for 3In™ 1s about the same as for ™1 the difference bang
that ™I aggregates have a shghtly narmower size distnbution The number of
particles per ml and the mean sizes appear 1n Table 2 The size distributon for
® Sr™ carbonate particles 1s better as the distribution 1s narrower (Iig 3)

The results of tesung the particles in mice are presented in Table 2 The most
<untable agent for the uptake i lung and lner was "In® \MAA the particles
tabelled with 311, Tc™ and *'Sr™ having about the sume quality The stabulity
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Fig 3 Particle suze distribution for S1§rm_carbonate
particles Particle size denoted for nstance < 20
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Fig 4 The effect of autoclaving on particle size
distnbution for ®*Tem MAA Particle size denoted
for nstance < 20 pm, means particle sizes from

<05 <1 <5<10<20<40<B0<160 10 10 19 gm O before W after autoclaving

of these compounds was tested 1n muce and the results are presented 1n Table 2
These results mdicate that a storage ume of 6 and 4 hours for **Tc™ MAA and
*SIn" MAA respectnely did not affect the quality of the compounds A de
crease 1n the lung uptake and an mcrease in the lner uptake after 2 and 4 hours
of storage for the **Sr™ carbonate particles imdicate however that the compound
1s not stable

The **In® MAA 15 prepared by autoclaving the <olution after addng the
albumin so that the particles form dunng 25 mun at 1 atm The ®Tc® MAA
particies on the other hand are formed after the albumun has been added by
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Table 2

Lun, scanning agents The errors indicated are the stendard emor of the mean

NMAA agent Hours Parucles Mean No of No of
after m! size prep mee
prep 10 #m
LIS EN - 15404 287433 1 5
Te™ NLAA 0 03101 52619 5 24
6 4 8
In™ \{A 0 35-10 370113 5 2
4 3 6
Srm. 0 2801 210=13 2 72
carbonate 4 3 6

cubating the solution 1n a bottle agitated 1n bothng water for two mm The «{fect
on the particle distnbution of autoclaving the *'Tc® MAA particles aftcr 1n
cubation appears in Fig 4 This presents the results of fine dufferent prepara
tions The aize distnbution as expected 15 changed to larger particle diameters
after autoclaving The mean «ze before autoclaving 15 194 ym and after auto-
claving becomes 544 «m the number of particles per ml bemng reduced from
4 8 to 0 7 millions per ml The effect of autoclaving the =olution on the uptake 1n
different organs appears in Table 3 a shight merease mn the pulmonary uptake
1s obtamed

Discussion

A amphified description of the preparation techmques appears in Fig 2 TTus
15 intended to depict the number of steps with ¢ Te™ and ’In™ excluding
heating and coolng procedures The methods with © Se™ hase the .ame number
of steps as for "*In™ The “**In™-colloid 1s the stmpler one and m principle
merely consists of an elution procedure

Papers on *"Tc™ sulphur colloids have mentioned diffesent tvpes of stabilivers
being u ed as gelaun (Harper et coll 1966 Patron et coll 1966 Prrscos &
NAVERSTEN 1970) dextran iLarson & Nerr 1966 Dworniy 1967) carboxy
meth] cellulose (CMC) (STEr et coll 1966) polvvim] pyrrolidone (Gakron
et coll 1963, SzympERA et coll 1968 Ecr & Ricuarps 1969) manmtol Hes
TER 1969) and albummn (MWEzeir £t coll 1069) Patient reacuons following the
technetium <ulphur collord have been ob erved and the stabihizers included have
been blamed for these reactions (SuiTit et coll 1967 Bairx et cofl 1967
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Table 2 (cont )

Peicentage uptake

Lung Laver Spleen Tadneys Heart

959404 37404 0031001 017£002 0121004
9537403 36403 0094002 0434004 0162003
925403 39403 0084002 0454004 01100
985402 13402 004001 0164002 0061001
933405 16403 0074002 0224008 0154004
96107 33406 0114002 0273002 0242004
N3+47 76416 0281011 0402008 0452009

Wesser et coll (1969) stated that 1f no stabihizer were present n the collod
suspension the amount of free pertechnetate 1ons mcreased conuderably with
tme However Lorsz & Frencn (1969) excluded gelaun m makng the *Te=
sulphur colloid and at the same tme reduced the amount of sodm thiosulfate so
as to prevent the precipitation that occutred 1f the onginal quannty of sodium
tosulfate were used  The result was less than 2 per cent increase wm the free
pertechnetate fiv e hours after preparation

Methods published of prepanng “**In™ hydroxide collowds ' Goopwry et coll
1966 Apateet et coll 1968 Bruino et coll 1968, Potcuen et coll 1968 Bur
pne 1969, CoromperTt et coll 1969 Ficeer et coll 1969 WacNEr et
coll 1969 SEwaTKa et coll 1970) disclose that gelaun has been used as sta
bilizer A tnal to exclude stabilizer { gelatin or manmitol) faled (SewATRAR et
call 1970 owing to the lung uptake increasing considerably without them The
Pre ent results however indicate that no stabihizer 1s necesary for the “Tem
sulphur coflod at feast of the amoum of Na § O3 be dminished as su,
by Lorez & Frenen (1969) No stabihizer 15 needed for the
loid contrary to the opinion of SEwATRAR ct coll {1970) 1y
the storage time s estigated

The quabity of radiocollotds u ed for hser gamma imaging may be mainly ex
Pressed as the yptake 1n the fung as a percentage of the uptake 1n the lner a low
lung uptake 15 of coure dessrable A compan on with other publt hed tests on

Teng and Iiver uptake s presented m Table 4 The conclusion 15 that the modified
ubstances descnibed 1n this paper hase about the .ame

and spleen uptake as others that have been published

ggested
n"(0H)3 col
s holds at least for
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WinMocottold  MIinm.MAA  B1cMocotiod  I9TeM.MAA

Eluule into Eluate into Eluate into
phosphate phosphate
buffer buffer et
Add Add
album:n Na,5,0,
Add
phate phosph
buffer buffer

Add
albumin
Fiz 5 The number of steps in making Iner and lung agents labelled with
3]nu and “¥Tcm

Table 3

The cffect of autoddatng  Te™ A4 The evors wndwcated are the standard ervor of the mean for fi ¢
diffevent preparations with eack tested tn Lo mice

Parucles  \Mean Percentage uptake
uze
v 10 s Lung Liver Spleen  Kidneys  Heant

Before
autocla g 48 -09 194-49 96305 29205 021007 047+0090122004

After
autoclaving 06 =007 544244 972406 2203 0132006037+009010:003

The preparauon techniques for **Tc™ MAA and PIn™ MAA are sample and
possess the advantage that the same chemicals are uced both for the colloids and
the corresponding aggregates. The <tabiin of the MAA aggregates are quite
satisfactory over at least one half Ife ume of the 1sotopes The © §r parucles
<ccm to be unstable 2 condition perhaps improved by a stabilizer being added
this also perhaps holding for the corresponding *'Sro-collond  The pH of the
* Sr= particle <olution was too lugh and pan reactions occurred 1n the mice
when the lung parucles were mnjected  thes are thus unsustable for human use



PREPARATION METHODS OF LIVER AND LING RADIOPHARMACEUTICALS

Table 4

Ubtake in lung and spleen as percentage of Liver ubtake for lner scanming agents

251

Reference Type of collord Ammal Per cent Per cent
uptake in uptake 1n
lung spleent

Lapson & Nree (1966)  * Tcm sulfide Rabbut 39 26

Srerv et coll {1966) + Tem sulfide \ice 14 13

Coro ETTE ct coll (1969} * Tom sulfide Muce D6 18

Frencr (1969) $ Tcm sulfide Rat 15 —

Present authors Tcm sulfide Mice 16 25

ADATEPE ct coll (1968) 1 [pm Fe (OH) Rat 18 17

Coro merrret coll (1969)  Iam(OH) Mice 01 15

Present authors Inm(OH) Mice 06 25

CovouseTTr et coll (1969)  Au Mice 01 11

Present authors Au Aice 01 06

Table 5

Uptake 1n luer and spleen as percenta e of tung uptake for lung scanning agents (\{AA)

Reference Type of MAA Ammal Per cent Per cent
uptake 1n uptake in
by r spleen

Bovo et coll (1969) *Tem Fe(OH) Rat 12 01

Craciv et coll {1969} Tem \AA Mice 13 —

Y An0 et coll (1969) Tem $e(OH) Rat 895 —

Ruopes et coll (1969) Tem HSA

microspheres \ce 04—23 —
Present authars T \MAA Mice 38 o1

05

ADATEPE et coll (1968) Inm(OH} Rat 105 10
CoLOMBETTI et coll (1969) Inm Fe(OH) Rabbat 22 018
Brenavavetcoll (1969)  Inm HSA

mic ospheres. e 05 —
Rutones et coll (1969) Inm HSA

micro pheres Mee 14
Present uthors In™ MAA Mee 13 0‘0
Present authors IMAA Mice 39 ° l*
Cras o

G~ et coll (1969) INMAA Aice 05

.
Denotes caleulations based on the specific actvity in the organ
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e
N

Fig 6 The mean maxunum diameter of 200
MAA Pamd?Q?i\la function of the
square root ol where Q {mg ml1)
15 the guantity of albunun %&r ml and N 150 o
(ml 1" the number of particles times
10} A denotes the mean value of five
different batches of 1II[ \JAA @ () 100
and % denote the mean ralue of fne o
different preparations of ?'Tem MAA
stored 0 ? and 4 hours respectiely 50 2
A denotes the mean value of five dif
ferent M3[nm-\AA agents and O de
notes these with alburun ranging from
01 to 1 4 mg albumin per m! 10 20 30 40 50 60 pm

A companson of other published tests regarding Iner uptake for different lung
scanning agents appears :n Table 5 Our *"Tc™ MAA has a slightly higher ver
uptahe compared to “Tc"* HSA microspheres but much lower than the ¥ [\
Fe{OH )3 reported by Yaro et coll (1969) The ' In MAA preparation has
the <ame quality regarding the Iiver uptake compared to the *"In" HSA micro
spheres

The most cntical point 1n prepanng macroaggregated albumin partcles i the
size distribution and the number of partcles per mCi obtaned I the volume of
the particles be measured for mstance with a Coulter counter (Tow et coll 1966
Ricustonp et coll 1970) the relation between the number of particles per ml
V') the quanuty of albumun 1in mg/m! (Q) and the mean sze of the parucles

2

R um) s R ﬂ R 1s here meant to be the diameter of a sphere with

1volume | measured by the Coulter counter When the measurements of the
mean maximum diameters of the particles and the corresponding number of
particles per ml were esumated 1t appeared that a relatnely small samaton of
the diameters caused a large vanation m the numbers of parucles per mi Jt was
therclore considered that even of only the maximum diameter were measured
the relationship between R and Q/N would be a cubye functron The maxsmum
3

mean diameter £ has been plotted as a function of /g for different pre
parauonsin Fig G tius mndicates that a straight Iine may be dravn

The mean maxmum diameter of the parucles of the *Te™ MAA preparations
1s considerably changed by autoclaung The sze distnbuvon before and afur
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autoclas ing reveals that the number of particles with a diameter less than 20 «m
aggregates further duning the procedure However this <cems not to change the
lung and ler uptake so much as was expected Tow et coll (1966) have
demonstrated that 1t 1s possible that the larger particles are fragmented dunng
their pa_sage through the hearnt and lung vessels before lodging 1n the maller
vessels This means that the number of particles mjected may be estimated but
the true number trapped 1n the capillary bed cannot be known with the same
certamty The ue of preformed alburmn mucrospheres 15 thus favourable as
these particles will not be broken up mn the circulation and their number 15
accurately hnown beforehand The labelling procedure 1s however not <o simple
asthat of the agents presented m this paper

The autoclaving of the albumun particles especially the ®Tc® MAA may
be questioned as a rsh sull ests that the particles depending on their rather
large mean size, may be trapped at a precapillary lesel This means that pomt
6 m the mtroduction must probably be neglected for these types of compounds
The colloid may however be autoclaved and as the albumm may be prepared
daly 1 once for all capped pluals under well controlled conditions and the
fact that not more than 04 ml albumn <oluuon 1s used the n L of bactenal
contanunation 1s neghgible

The stability tests of the MAA particles mvestigated mdicate that 1t 15 possible
to store the parucles at least half the ume of the short Ived icotope The
paruictes can possibly be stored longer but after a time lapse corresponding to
the half decay ime the number myected will be double 1f the same quantity
of actnity be admimstrated Taking this 1nto account the specific actity of
the final compound hmuts the <torage tme

As was mentioned above the mam technique for testing the preparations has
been the use of mice This 1s a fast and reproducible method and 15 u ed as a
routine in our laboratory A test of 4 substance takes less than half of an hour
The authors have not tred to measure the total activity m the mice and relate
the distnbution of the activity 1n different organs to that value However f
this be dore the amount of activity 1n the tail of the mouse must be cheched
Ilﬂ‘r‘lasul’icen proved that an imperfect injecuon may produce activity 1 the tail

at cannot be neglected It means that collods and particles may be

trapped 1n the vem and may imtroduce a systematic error 1n the results

SUMMARY

A new and simple method of prepaning 3In  \{AA 15 presented together with tests of

collowds labelled v yth 1§em 99T,
‘em and 133Inm and lung scanning agents labelled
Mo stabilizers are used fot the colloids ; ¢ ed it these
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Fig 6 The mean maximum diameter of
NMAA particles as a function of the
square root of Q/N where @ (mg 1l 1)
15 the quanfity of albumin per ml and N 150 w”
(ml3) the number of particles times

10} A& denotes the mean value of five

different batches of 1] MAA @ (& 100

and 3 denote the mean value of fie o

different preparations of "Tcm \{AA

stored 0 2 and 4 hours respectnely S0 )

A denotes the mean ralue of five dif
ferent M13[pm \[AA agents and Q de
notes these with albumin ranging from
01 to 14 mg albumn per mt 10 20 30 40 50 60 um

A comparson of other published tests regarding lner uptahe for different lung
scanming agents appears m Table 5 Our ®Tc™ MAA has a shghtly igher Iner
uptake compared to ™Tc™ HSA mmcrospheres but much lower than the * T'c”
F(OH)3 reported by Yano et coll (1969) The ! In MAA preparation has
the same quality regarding the Iner uptahe compared to the ***In  HSA mucro
spheres

The most criucal pomnt in prepanng macroaggregated albumin particles 15 the
size distribution and the number of particles per mCr obtamed If the volume of
the particies be measured for instance with a Coulter counter (Tow ct coll 1966,
Ricinvonp et coll 1970) the relwuon between the number of particles per ml
(N} the quantty of albumin in mg/ml (Q) and the mean size of the particles

2
R (um) s R % R 15 here mcant to be the diameter of a sphere with

2 volume 17 measured by the Coulter counter When the measurements of the
mean maximum drameters of the particles and the correspondmg number of
particles per ml were esumated 1t appeared that a relatively small vanaton of
the diameters caused a large vanation n the numbers of particles per mt It was
therefore conudered that even 1f only the maximum drameter werc mensured
the relationship between R and Q/N would be a cubic funcion The maximum

mean diameter R has been plotted s 2 function of J% for dilferent pre
parations it Fig G this indicates that a strght line may be drawn

The mean maximum diameter of the particles of the ”Tc  MAA preparations
1s con 1derably changed by autoclaving The stze distnbution before and after
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ROM THE DEPARTMENT OF HISTOLOGY KRAROLINSKRA INSTITUTET STOCKHOLM
SWEDEN

EFFECT OF IRRADIATION ON THE RELEASE OF
LYMPHOCYTES FROM THE THYMUS

by

Urr ErnsTROM

The involution and regeneration of the lymphoid organs after irradiation
have been extensively mvestigated (Murray 1948 Switn & Rierrer 1957
Harrss 1958) Within hours after whole body irradration the thymus contams
pyhnotic nuclet and cell debris thymic macrophages are acavated and dunng
the following days an ncreasmg cellular depletion of the thymuc cortex occurs
Regeneration starts after a few more days with an increasing frequency of large
lymphocvtes and an mncreased mitotic activity 1n the thymue cortex The first
recovery of the thymus 1s incomplete and a second phase of cortical atrophy
tahes place (hartan & Brown 1957 Harris 1928 Cross et coll 1964
Haran Giera 1965 Osmowp et coll 1966 Tanapa et coll 1969) No such
cyche regeneration 1s reported 1n other lymphoid organs

The regeners”ion of the thymus 1s accelerated by thigh <hielding durmng the
irtadiation (harLan & Broww 1952 Osyoxp et coll 1966 Brosicren &
Revesz 1968) or by the intravenous injection of bone marrow cells after
iradiation (Brows et coll 1953 Browcren 1969) The second phae of
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thymic atrophv s also prevented The transfused bone marrow cells have
been traced to the thymus where they proliferate (Forp et coll 1936
Gencozian et coll 1957 Forp & Mickiev 1963, Mickiey et coll 1966)
Such cells, repopulating the thymus have been proved to be immunologically
competent to cause graft versus host reaction (Tyan & Cote 1965 Poer
1961)

The thymus even when uradiated, 1s important for normal regeneration of
the spleen and lymph node issue and for immunologic restoration (GLOBERSON
et coll 1962 MiLLer et coll 1963, Grorersov & Ferpaan 1964) Whether
this influence 1s hormonal or due to a release of lymphocytes repopulating the
spleen and lymph nodes has been much debated

The amm of the present investigation was to correlate the export of lymphocytes
from the thymus duning different phases after whole body irradiauon with the
regencration of the lymphoid organs Furthermore the effect of whole body
irradiation on the release of thymic Iymphocytes was compared with the effect
of local rrradiation of the thymus Such a compancon may help to distingus h
between a direct effect of radiation on the thymus and an mdirect effect

The present paper demonstrates that gamma radition causes n euly
mhibition of the export of lymphocytes from the thymus followed by a ucces-
anvely ncreasing release of lymphocytes The results suggest that the «cond
phase of thymic atrophy 1s due to the mncreasing thymic export of lymphocytes
at a tume when the thymic equilibnum between the prolferation and release
of cells 1s disturbed The exstence of a regulatory mechamsm in the thymus
for the maturaton and release of thymic lymphocytes 15 considered probnble

Material and Methods

Antmals A total of 543 male gumnea pigs each with an mual weight of
about 250 g was used The ammals were fed on cabbage turmps, carots and
sitamin pellets They were used n four man expenmental groups (1 m
vestigaton of the thymic veno-artenal differcnce after whole body irradiiuon
1104 anmmals) (2) mesuganon of the thymic veno-artenal difference after
local wrradiation of the thymus (145 ammab), (3) mvestigation of the blood
flow through the thymus after whole body srradiation {109 anmmals) and 4)
imestigavon of the blood flow through the thymus after local srradintion of
the thymus (143 animals)

The rest of the animals were non wradiated controls for myestigation of the
thymic veno-artenal difference (19 ammals) and the thymic blood flow 23
ammal )
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Table 1
Number of amimals used 1n the quantitative nzestigations of different ymphatic organs and of the blood

Days after irradiation

1 2 3 6 9 12 15 18 21 2%

Whole body irradiation 10 10 10 10 10 10 n 1 n 1
Local thymus nradiat on i5 15 4 14 15 Is Ia 14 4 154

Irradiation. This consisted of gamma radiation from a ®Co therapy umt at a
distance of 90 cm The doses of 150 rad at a dose rate of 75 rad per min gnen
are less than the LD o for guinca pigs which for 400 to 500 g ammals has
been determined to be 250 rad {Eritmorr 1945)

The whole body irradiations were performed on groups of five guinea pigs n
well ventilated plasc cages The local irradiations of the thymus were ad
minstered to one ammal at a ume Each was placed on its back with the
feet immobilized and controlled through a television screen dunng the irradia
tion which was resticted to an area of 2 em - of the thymic region

Investigation procedure The day for iracdiation 15 day 0 Dufferent groups
of amimals were miesngated 1 2 3 6 9 12 15 18 21 and 24 davs after
uradiation The number of anumals appears i Tables I 4 and 5

The followng investigaton procedure was used for the deterrminaton of
the thynuc veno-artenal difference 1n the number of lymphocytes The amimals
were anaesthetized with Nembutal .odwm 259, (25 to 50 mg/kg body
weight mtraperitoneally) The thymus was expoted by an incison and the
fargest of the thymic vemns severed the blood was collected m hepanmzed
ppettes for the counting of the white cells in a Burker chamber and for
clasai of the lymphocytes by therr hondnal content i supravital
Preparations Shdes were prepared with a mixture of Janus green B and
neutral red 1 alcohol for the latter purpose (Cuiine 1957) Janus green B
15 2 spearfic mitochondnal stain (SHowacre & Du By 1955 CoOrERSTER,
et coll 1933) A gmall drop of blood was applied to the dry <ude and a cover
82 puton and sealed with wax The preparations were immedtately examined

The nght carond artery was cut near the ongin of the thymic artenes and
blood samples were obtamed for the same examination as menuoned, which

L‘" P:ﬂofmcd wuhim a minute of the maision of the vem The artery was then
Zate
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Organ samples Thyvmus, <pleen, cervical and mesenteric lymph nodes and
adrenals were dissected out quantitatnely and weighed The dwsections of the
lymph nodes were pesformed by the method of Gyriensten (1953) Samples
of the thumus were prepared for histologic examination by fixation in formalin
10 9c embedded mn paraffin, cut 1n 5 g sections and stuned with hematoxyhin
and eosn

Cell counts For the white cell count m the Burker chamber 25 gl of blood
were diluted wath 475 ] Torsson s solution containing methsl violet for starning
of the white cells Differenvation was made between mononuclear and poly
nuclear cells

The suprasital preparations of the blood samples were exaruned in a light
mucroscope at 1 000 x magnificaon The lymphocytes (100 cells per sample)
were registered 1n three classes cells with 0 to 10 11 to 20 and over 20
mutochondna A mitochondnal content (MC) of 0 to 10, 11 to 20 and abose
20 mutochondna per lymphocyte was denoted as low medium and hugh MC,
respectnely  The nutochondmal content 1s correlated to the «ize of the
lymphocytes, a low MC corresponds to mall lymphocytes and a lugh MC to
large Ivmphocyvtes (Wiseman 1931, Frenterws & Larsson 1961 Ernarros
& Larsson 1963) The number of lymphocytes in each class was obtamned by
combination with the white cell count The number of lymphocytes per
of blood from the thymic vemn and the carond artery was compared 1 each
ammal and the veno-artennal difference registered

The results were analyzed statisucally by Students ttest The companson
between the number of lymphocytes of different categones per sl of blood
from the thymic vemn and the caroud artery was performed by statistical anlysis
of all the differcnces 1 the ndnidual ammals The p values <005 <001
and < 0 001 arc denoted as almost significant significant and lughly sigmificant
respectss el

Hestology  The wmus specsmens were nsestigated w2 kght rucro cope
The thickness of the thvmic cortex was mea ured 1n cach specimen by means
of an ocular <cale The mean of ten determmations was notcd The densty of
celis 1n the thymic cortex was obtaned by counting all aucler within a gnen
area defined by an ocular circle The thickness of the specimens was 5 s ind
an esumation of the number of cells per umt volume was calculated o
correcuons were made for nucler lying only partly withm the speamen  The
figures for cell density are thus not exact values but are used for companwns
allowing an esumaton of radiation mduced changes

The density of macrophages 1n the thymus cortex and of the Hasills
corpuscles i the thymus meduliz was amularly obtamned
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Fig 1 Body weight (g) of guinea pigs 3t dafferent snternals alter 150 rad + hole bodv (. )
or local thymus (— — —) rradiation Mean £SE

Fig 2 Wesht (mg) of adrenal glands of gumnea pigs at different wtenvals after 150 rad
whele body ( ) o focal thymus (—~ —) trrachation Mean %SE

Thymc blood flow The thymic blood flow was detenuned 1n a separate
expenment by the method of Larsson (1966) The gumnea pigs were anaes-
thetized with Nembutal and a femoral vein was exposed for the intravenous
admumstration of Hepann (1500 1U per 100 g body weight) The nght or
feft pugular vem was exposed by a 5 cm cervical momon Al small vens
emptying nto the Jugular ven were higated prowumally and distally to the entrv
of the thymic vems A hepanmized polythene catheter with an outer diameter
of | mm could easly by introduced through a minor inession i the wail of
the Jugufar vem The blood from the thymus flowed through the catheter into
a small contamer placed on a Mettler preaston balance on which direct
continuous readmgs were made [he distal end of the catheter was sited below
the prowmal end so that the capillary tesistance of the catheter and the siphon
effect equalized each other Vaporizauon of the blood was prevented by covenng
the container dunng the registration For the experiment to be accepted, a
continuous and constant flow was required for at least 20 min, the mean blood
flow per min was calculated

The operauons were performed on a heaung umt at 35° C Dunng the
registravon of the blood flow from the thymus the cervical wound was
covered with hquid paraffin at 35° G this was changed repeatedly for without
thus procedure, the thvmus was chilled and the flow decreased

Thynuce release of lymphocytes per mun The export of Iymphoeytes per mun
from each thymus was calculated from the blood flow per mun and the thymic
eno-artenal difference in number of lymphocites The standard deviation of
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Fig 3 Total number of lymphocytes per sl of blood from the carotid artery of gunea prgs at
different intenals after 150 rad v hole body (: } or Jocal thymus (———) sradiation
Mean *SE MMarked depression of the lymphocyte count occurred after the former A peak at
18 days comnerded wath the second phase of cellvlar depletion 1n the thymus

Fig 4 “umber of lymphocytes per sl of blood from the carotid artery of gumea pigs at dif
ferent imtenals after whole body irradiatton Lymphocytes dintded into three subpopulations
according to their mutochondnal content. Those with low medium and high mtochondnal
content are called small { } medwm sized {~ ~— —) and large (———) lympho-
cytes \Mean *SE Whole body irradiation caused marked depression m the number of small
and medmm sized lymphocytes sminmal values at 3 days

the mean product was obtained from the formula
Sy=+ o 5545 55

shere ¥==mean blood flow, ;= standard deviauon of x, j— eno-artertal
difference, Sj == standard deviation of 5

Results
I hole body wrradiation

No mortalits occurred after whole body irradtation with 150 rad  The
weight of the ammals decreased dunng the fist 6 days after wradianon
(—11¢ p=<<001), from the 6th day the body weight increased normally
(Fig 1) The weight of the adrenals was almost constant during the cxpert
ment (Firg 2}

Blood The total number of blood Jymphocy tes was marhedly decreaced carly
after irradiation, bemng only 40 < of the normal after 3 davs (p <0001}
at 6 davs the number had returned to normal (Fig 3)

The diision of blood hmphocytes mto subpopulations discloed that all
categonies of lymphocytes were decreased i number during the first days after
wradiation (Fig 4) The deficency was somewhat more marked and peransted
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Fig 5 \umber of granulocytes per xl of blood from the carotd arteny of guinea pigs at df
ferent ntervals after 150 rad whole body (~ , of local thymus {— ——) teradration
Mean +SE Depression of the granulagyte count oceurred 1% 10 21 days aftes the former bat
not after local thymus srradiation

Fsg 6 Weght (mg) of thymus of guinea pigs at different mtepals after 150 rad whole body
(-} or loral thysws (—-—-—) wradiation Mean ¥SE A hirst phasc of thymic atrophy
occurred at 1 to 12 days and a second phase of atrophy at 18 to 21 days after the lormer
Dittle change was endent after local thymus 1rradiation

for a longer tune among the small lymphocytes of low mutochondnal coptent

The granulocytes were essentially unchanged i number untl the 15th day
after yradsation when they decrez.ed to 31 95 of the normal value (p <70 001)
The number later increased towards the usual level (¥ig 5)

Thimus werght The weight of the thymus was marhedly decreaced after

wradiation (p<L0001) bewng only 53 % of the nommal salue after 6 dans
(Fig 6)

Thymus histology The histology of the thymus cortex was changed by
wradration  An increased number of macrophages thus appeared Thev were
evident as early as the firt day and contaned nuclear debns apparently from
lymphocytes da d by the rrrad: Almost normal histology was restored
by the third dav

Quanutamve morphology with coded shides confirmed the ohsernations
described 1n the thymus cortex and also demonstrated a more prolonged effect
of uradauon on thymus morphology The thickpess of the thymus cortex
decreased after wradianon beng 52 to 60 5% of the normal value at 1 to 6
days and 83 to 85 9% at 12 to 15 days. At 18 to 24 days the cortex was again
thinner 60 1o 73 96 of the normal value [Table 2) The density of cells per
unit volume of thymus cortex was only shghtly and staustically not sigraficantly
decreased after wrradiauon (Table 3) The denaty of macrophages “; markedly
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Table 2

Thtckness of thymic cortex (1) in non trradrated controls and after whole body and local trradiation of the
thyimus Creater cortical atrophy occurred after whole body than after local trradiation The former caused a
second phase of cortical atrophy at 18 to 24 davs Mean +SE

Days after irradiation

1 2 3 6 9 12 15 18 21 k]

Control 203 +11

Whole
body
srradia
tion 13640 15924 15747 13704 184118 224215 216414 191490 175414 157214
Local
thymus
wradia 207411 295421207 412218416227 £13 175216 201417 22541C 243116 7977
tion
Table 3
Nucleated cells per unit rolume of thymuc cortex v non wradiated controls after whole body o1 local
srradation of the thymus Only a slight decrease tn number of cells occurred after wradiation Cell ~ 10*
per mm® Mean 35T

Days after irradiation

1 2 3 6 9 12 15 18 21 ]
Centrol 13645
Wholc body
irradianon 13557 12045 12935 1937 19725 170 26 11525 140+ 138 4 13024
Lecal thymus
wradiatn 12443 177 25 M€ £C 17425 11044 1184 13045 11546 118 4 134+5

increased  the mncrease being 140 G at 1 day, 110 Ge at 2 days 100 Ge 1t 3 dys
and 50 G¢ at 6 days

The density of Hasall's corpuscles m the thymus medulin was unchanged

Thymus blood flon The blood flow decrered to a nummal value after 9
days (p<0001) and then returned to normal (Table 4) When the thvme
flow was calculated per mg thymie weight, the changes were les obnious wnd
the only sigmficant change 1ppeared at 9 davs (Table 4)

Thymc teno antenal difference 1n number of leucocyles The export of cells
from the thymus was measured by the thymic seno-rtenal difference 1 the
number of cells The difference n the number of small lymphocytes with low
mutochondnal content (MC) decreased after irrrdianon (Fig 7) No sgmbicant
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Table 4
Decteased thymie blood flow. {one lobe) after whole body yraduation with munimal value at 9 days VMean
+ SE
Control Days after srradiation
1 2 3 6 g 12 15 13 21 24
Thymie
blood flo v

lsan) 499 326 484 391 319 717 373 488 551 5.9 519
+43 36 267 358 154 41 251 +927 +B9 194 82

Thymuc

blaod flow

per mg

thymic

weaclll 675 026 037 036 027 Ot4 062 0629
mnmg) £003 £002 1006 =003 004 2001 00>
umber of

anmals 23 12 w12 12 8

031 033 030
+004 002 1006 1004

10 11 u 10 1

export was demonstrated at 3 days and the decrease from the control value
was highly sigmficant The decreased output persisted for 15 days when the
output sfowly mcreased to about the normal value at 24 days

No significant thymic output of medium sized lymphocytes (with medum
MC) 15 ndicated by the thymic veno-artenal difference m normal gunea pigs
However at 2 3 and 6 days after mrradianon 2 agnificant output of such
lymphocytes was observed (p<< 001 p<< 001 and P<00> after 2 3 and
6 days respectnely) later at 15 and 21 days a smilar output of medum
sized lymphocytes was registered {¥ig 8)

After the nrradiation tigher amount of granulocytes occurred in the artenal
bloed than in the thymic s enous blgod dicating an influx of granulocytes into
the radation damaged thymus This mflux was statisucally signdficant 2 days
after iradiation (p < 003)

Spleen The splemc weight marhedly decreased | p<<D001) during the
first 12 days after srradiation (Fig 9), the mutal weight being regamed at 15
days No second phase of atrophy occurred
Lymph nodes The weght of the cernvical and mesentenc lymph nodes
dianon (Figs 10 11} The decrease was hughty

igmificant and the initial weight was not regamed unul 15 davs after wradia
ton
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Table 2

Thickness of thymie cortex () wn non 1rradiated controls and after whole body and local rradation of the
thymus Greater cortzcal atrophy occurred after u hole body than after local rraduation The former coused a
second phase of cortical atrophy at 18 to 2§ days \ean £ ST

Davs after (rradiation

i 2 3 6 9 12 15 18 21 74

Control 263 =11
Whole
body
wradia
tion 13625 15924 15247 1374 184418 22415 216 =14 191£70 I75:L14 157214
Local
thymus.
iradia 20711225 221207 412218416227 13175216 211 417 225216 24316 279+£27
tion
Table 3
Nucleated cells per unit 1olume of thymc cortex 1n ron irradialed controls after whole body end local
trradiation of the thymus Only a shight decrease in number of cells oceurred after wradiation Cells ¥ 10°
per mm? VMean +SE

Days after irradiation

1 2 3 6 9 2 15 12
Control 13625
Whole body
tradiation 135 26 12925 1995 12327 12725 12626 11520 14056 1384 13844
Local 1t vmus
trradiation 12423 19725 1166 12425 11624 1BL 4 13045 1156 1184 13425

increased the mncrease being 140 ¢¢ at 1 day, 110 5 at 2 days 100 Gc at 3 dyys
and 50 €¢ at 6 davs

The density of Hassall's corpuscles i the thvmus medulla was unchanged

Thymus blood flow The blood flow decreased to a mnimal value after 9
days (p<C0001) and then returned to normal (Table 4) When the thymic
flow was calculated per mg thvmic weight, the changes were less obvious and
the only significant change appeared at 9 davs (Table 4)

Thymuc teno arlerial difference in number of leucocytes The export of cell
from the thvmus was measured by the thymic veno-artenal difference m the
number of cells The difference m the number of small lvmphocites with low
mutochondnal content { MC) decreased after irradinon (Fig 7) No agnificant
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Tig 9 Weight {mg) of spleen of guinea pigs at chiferent wtervals after 150 rad whole body
( ) of local thymus (— ——) uradiation Mean *SF A sigmficant depression of the
splenic weight occurred after both modes of irrachation but was mott marked after the former
the splemic regeneration between 12 and 18 days after whole body irradiation comcides with
the restoration of the thymic release of small lymphocytes (hg 13)

Fig 10 Weight {mg) of cervical lymph nodes of guinea pigs at dufferent mtervals after 150
whole body { r local thymus (——~—) wuradiation Mean £SE Marked in
volution of the lymph nodes oceurred after the former followed by a slow recovery 1n weight

Thymus Rstology The thymic cortex decreased mn thickness bemg 79 o
86 ¢% of the normal value at 1 to 6 days after srradiation (Table 2)  the normal
thickness was not fully restored duning the expenmental period The densiy
of cells per umt volume of the thymus cortex decreased shghtly but not sig
mficantly (Table 3) The denstty of macrophages increased the increase being
70 90 80 and 60 % after § 2 3 and 6 days respectvely

No change i the density of Hassall s corpuscles was registered in the thymus
medulla after the irradiation

Thymus blood flow The blood flow was decreased to a minimal value 9

days after irradiation (p<C001) even when calculated per mg thymic weight
(Table 5

Thynuc 1eno artenal difference in number of leucocytes The output of small
lymphocvies from the locally sradiated thymus was marhedly reduced This
output at 3 davs was only 14 5 of that of the controls At later intervals after
the rrradiauon the output was larger but creased and decreased uregularky
without reaching the normal level (Fig 7)

Do output of larger lymphocytes from the thymus has been observed mn the
normal gmnea pig m this and i earher imvestigations An export of medium
sized fymphocytes (with medum MC) was howeser obeerved after local
thymus 1rrad This was fi as early as the first day after the
radiation and persisted for 15 days (Fig 8)
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Fig 11 Weght (mg) of mesenteric hmph nodes of guinea pigs at different mtenals after
150 rad whole bady ( ) or local thymus (~—-—-) srradation Mean %SL Lhe m

e lution and the recovery were sinular to that m the cervical lyniph nodes

Fig 12 \umber of lymphocytes per ul of blood from the carotid artery of gutnca pigs at dif
ferent anten als after 150 rad local thymus iradiation  Lhe lymphocytes are divided mito three
subpopulations according to their miochondnal content The lympliocytes with low medism
and high mitochondrial content are called small (. ) medism sized (—~ — —) anl
large (— — —) lymphocytes Mean £SI' The local thymus wradation caused 4 depre won of
the number of small lympliocytes while the counts of medmm wized lymphocytes 1o rea ed
The changes were apparently duc to the alterations in the thymic release of lymphocytes after
local srradiation (figs 13 14)

Spteen The spleme waght was reduced 2 and 3 days after the wrridintion
(—15 %, p<<005) at later ntervals the <plecn increascd m weight a1
normal manner (Tig 9)

Lymph nodes Cenvical and mesentenc lymph nodes were not sigmfic antly
deereased 1n weight by local srradiation of the thymus (Figs 10 11}

Companson between the cffects of the tuo mades of uradation

Nether type of sradiation influenced the general appearance of the amnnls
The carly decrease in body weight was however omewhat morc marhed fter
whole body arradiavon (Liy 1), smularly, the adrenal woight was Jower
(g 2)

Blood The total number of blood lymphocytes was conuderably decrer «d
after whole body srradianon although not followng local irradhation of the
thymus (Fig 3) Both small and medium sized lymphocytes decreased 1n nunther
carly after wrradition of the whole body (g 1) The «mail lymphocstes m
the blood decrea cd 1n number at the same time asthe medinm  1zed lymphocs tes
ro<c by almost the s3me extent afier local rmadiation of the thymus (Hig 12)
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Table 5
Chanze n thymuc blood flowe {one lobe} after local wrvadiation of thymus with mimumal talue at 9 days
Mean 4 SF
Control Days after srradiation
1 2 3 6 9 1 15 18 21 24

Thymic
blczd flow 438 438 440 492 363 309 536 443 418 685 428
(lmm) +£43  £B3 470 %77 467 253 78 263 T2 1100 156
Thymc

blood fiov

per mg

thymic

e (uf 02 022 0% 028 019 015 027 023 019 031
#nmg) =003 +003 +003 3004 1003 002 3003 003
Number of

anmals 23 15 14 5 14 15 14 14

024
24003 £006 £003

14 14 14

The number of granulocytes fell late after iradiation with lower blood counts
after whole body than after local thymus irradiation (Fig 5)

Thymus The weight of the thymus markedly decreased dunng the first davs
after whole body irradiation but hardly changed at all after local irradianon
Secondary thymue atrophy appeared 18 and 21 days after whole body 1rradia
ton but not after local wradiation (Fig 6)

The thymus cortical thickness decreased afiter irradiation the decrease being
mare after whole body than after focal rradiauon {Table 2) A second fall
n coruical thichness was registered between 18 and 23 days after whole body
trradiation

The number of thymus macrophages rose much

more after whole body than
after local irradiation dunng the first 3 days.

Thymus blood flow The blood flow through the thymus decreased after
iadiation beng mimymal at 9 days The decrease was most obyious after
shole body wradiation No second decrease 1n the blood flow occurred later
(Tables ¢ 5)

The thymic blood flow 1n normal gumea pigs 15 correlated to the thymie
weaght (ErasTRoM & Larsson 1970) Sumlarly the decrease 1 thvue werght
After wradiation was accompanied by decreased thynuc blood flow Howeser,
9 days after both modes of irradiation

the thyme blood flow was significantly
decreased even when calculated per mg thymuc tissue { Tables 4,5)
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Fig 13 Thymic release of small lymphocytes per min at different nten als after 150 rad + hole
body ( ) or local thymus (—--— —) wrradiation based on thymic veno-artenal differences
and the values for the thymic blood flow (fig 7 tables 4 5) “Mean *SE Both modes of
srradiation caused marked depression of the thymic release of small lymphocytes The restora
11051 of the release seemed to be more irvegular after the latter

Fig 14 Thymic release of medium sized lymphocytes per mun at different intervaly after 150 rad
whole body ( ) or local thymus (— ——) trradiation based on the thymic venc artenal
differences and the values for the thymic blood flow (fig 8 tables 4 5) \ean *SF Both
modes of wradiation caused a sigmificant release of medium sized lymphocytes Thiv vanes
srregularhy dunng the regencration of the thymus

Thymic veno artental difference in number of leucocytes The thynuc veno-
artenal difference 1t number of small lymphocytes was decreased mn the carly
phac after both modes of iradiation The export was mimmal after 3 days
(Fig 7) The difference in the number of medium «ized lymphocytes ncreased
more after local thymus than after whole body irradiatton A <mall micration
of granulocytes from the blood mto the damaged thymus was observed after
both modes of irradiauon

The releac of cells per min from each thymic lobe can be calculated from
the thymic veno-artenal diffcrences and the thymic bload flow The calculitions
must be performed on values from two different groups of ammals due to
the technique apphed Thrs causes a larger vanance in this parameter than
n cach of the two factors used in the calculaion A companson of the ffect
of the two modes of iradiayon disclosed an adentical decrease in the output
of emall lmphocytes from the thymus dunng the firt 9 days (Dig 13)
Later on dunng the regenerauon of the thymus the release of <mall lymphocyvies
inerea ed continuously n the whole body srradiated anmmals and more vregu
larly after Jocal thymus rradiation

A sgnificant release of medium <zed lymphocytes occurred alter irradiition
(Fig 14) Tlis was larger after local than after whole body rradianion



RELEASE OF LYMPHOCYTES FROM THE THAMLS 2711

Spleen The spleme weight fell sn the early phase after both modes of
irradiation (p << 0001) but to a greater extent following whole body wradia
won The differtnce 1n effect on the splesn was hughly wgmficant. The regen-
eration was also different The spleen after local thvmic irradration had regained
s waght after 6 days but not uatl 15 days after whole body irradiation
(Fig 9)

Lymph nodes Only whole body wradiation caused sigmiicant atrophy of
the lymph nodes The weight was lower after whole than after local thymus
wrradiation also dunng the regeneratrve phase {Figs 10 11)

Discussion

Companson between the effects of wradianon of the thymus and of the
whole bodv provides mnformation about the direct effect of wradiation on the
thymus and the non thymc factors miluencing 1ts 1mvolution and the regenera
tion

Tt 1s firmlv established that iomzing radhaton nhubits DNA synthess wm
Iing cells (ALTvay et coll 1970) Total body roentgen radsation depresses
DNA synthess 1n the thymus withun 24 h (Harenseton & Lavs, 1955 Ozo
& Stonen 1956 Nicaarp & PotTer 1909) Dunng the regenerauon of the
thymus enhanced RNA svnthess precedes the peak of DNA svntheus and
mitosts and the recovery of the thymus weight (Troyesos et coll 1966) This
firct phase of recovery 1s histologically charactenized by an increa.ed frequency
of large lymphocytes (Greensirg et coll 1965 Bromcren & Revisz 1968)
which represent the precur<ors of the small lymphocites (Crabbock et coll
196% MeTcarr & Wiabrowski 1966)

Both modes of irradiation 1n the present expenment resulted 1n almost
complete failure in the export of «mall lymphocytes from the thymus (Fig 13)
'uggtsung a direct effect of the wradtation The faling thvmuc export of small

ymphocvies 1s app dary to cell death and the depressed prohfera

ton of cells i the thymus Some differences m effect on the thvmus of the
tne modes of weadiation were however recorded even in the early pha e of
thyme atrophy Thymic weight, cortical thickness and thviue blood flow thus
exhibited larger decreases after whole body irradiation As existing data indicate
that the bone marrow furmishes stem cells that can repopulate the yradiated
thymus the differences may be explaned by the exptence of a passage of stem
cells from the non irradiated bone marron  but no or decreased passage from
the wradiated bone marmrow The migranon of normal stem cells to the
locally yradated thvmus may thus be responible for the parual protection
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from decrease m thymuc weight from thymuc eortical atrophs and from iter
ference with thvimic blood flow Despite the low dose of radration used, the
whole body irradiation may have changed the releae of hormones such as
adrenalin and adrena! sterowds or other humoral factors A certam influence
of <uch factors on the results cannot be excluded, even if no adrenal hyper
trophy was recorded

Whole body irradiation probably thus reduces the pool of stem cells out ide
the tnmus. Funcuoning stem cells may slowly reappear and mugrate mnto the
thymus resulung 1n a return to normal of the thymic proliferation and the
release of lymphocytes as descnbed The venous output of lymphocites from
the thymus was Jow dunng the first 12 days post nradiavon. Immugraung
stem cells mav of course have contnbuted to the low seno-artenal difference
m the number of lymphocytes Later, after 15 days, a significant release of
both <mall and medwm sized Iymphocytes from the thymus occurred The
release of small lymphocytes then successelv increased towards the normal

The thymus had the fastest regeneranon of the lymphoid organs in the
first phase of recovery after whole body irradiation as judged by the mncreac
n weght (aigmficant increa.e from day 6 to day 9 Fig 6} The recovery of
the spleen occurred somewhat later (significant increase from day 12 to day 1o,
Fig 9) The increase 1n splenic weight comaded with the increase tn thymic
release of small lymphocytes {no agmficant relea € 1 to 12 days after iradia
ton, =significant release 15 days afterwards Fig 13) An intact thymus s
important for the nonmal regeneration of the spleen after irradiation and the
present results sugge.t that this may be due to the recurrence of the thymic
relea e of small hmphocstes

The expenments of Cross et coll {1964) with srradiated mice ndrcated
that the thymus 1 atu caused Inttle resteration of the immunologic re pon 1veness
for at Icast 10 davs although when the thymus was preent for a longer ume
rapid recosers ocurred This pattern of nme for immunologic restoration
correlates well with the present results 3t demonstrates the fatlure of the thymus
to export small Ivmphocytes for 12 days after wradiauon and then to rdeae
«mall lymphocvtes. This sndieates a selaton lup between cellular pa sage Irom
the thymus and immunologic restoration

The thynue re was not complete after the fint phase of cellular
repopulation. A sccond phase of thymc atrophy occurred between 18 and 24
davs after whole body smadiauon with a decrease 1 weight and cortical
thickness but wathout signs of mncreased cell death This <econd phase of thume
atrophy was not a soctated with amy decreace in the thyme release of mall
hmphocstes. The  econd phase of cellular depletion must thas be due w2
disturbed equiltboum between the prohferation of cells i the thyvmus and the
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wncreasing release of lymphocytes from the thymus The secondary cellular
depletion of the thynus 1s temporarnly associated with an mncrease m homograft
rejection 2nd hemaggluunn response to <heep red cells (Cross et coll 1961)

Local srradiation of the thymus produced a disturbed thymic equiibrium
No econd phase of thymic atrophy occurred but an uregular thymuc release
of Iymphocytes was evident The locally 1radiated thymus released medium
sized lymphocytes which ndicates that this occurred before the normal pro
Iferation and differentiation to small lymphocytes had taken place

The exact mechamsm behind the second phase of cellular depletion 15 not
Lnowa The supply of stem cells from the wradiated and perhaps exhausted
bone marrow may be deficient m the regenerating thymus Alternatively the
radiation may have caused damage to thyrc cells that produce a hormone
regulating the proliferation maturation and release of lymphocytes (GorpuTEN
et coll 1970) The release of larger lymphocytes after iradiation may be due
1o such a disturbed thymic regulation It mav al o be argued that the radiation
may cause a structural disorganization of the thymus, resulung i the venous
output of larger lymphocytes This 1s however mmprobable as the thymus
morpholooy was more intact after local than after whole body rradiation and
the release of larger cells occurred to the same degree or more after the local
thymus mradiaton Finally the release of lymphocytes from the thymus may
be regulated by 2 non thymic factor and due to a deficiency 1 thymus-denved
lymphocytes 1n non thvmuc lymphoid ussue Some evidence of the eustence
of such 2 feed back between the spleen and the thymus has been 1eached
expeniments with splenectomized guinea pigs (ErnsTRoM & Sanpserc 1970)
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SUMMARY

The thynue release of small lymphocs tes 1o the blood was markedly depressed after both
whole body and Iocal thymus gamma irradiation 1 a material of 543 guinea pigs This was
lol\z\« rddby ll;\ﬂr successively mncreasing release The smportance of the thymus even when
rradiated 1n the regeneration of the spleen and lvinph node &

Tradared in the regenss ph node tissuc 25 well a5 1n immunolone
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ZUSAMMENFASSUNG
Die Abwabe von klenen Lymphozivten som Thymus in das Blut war nach sowoh! Ganz
horper als auch lokaler Bestrahlung mit Gamma Strahlen ber einem Matenial von 543 Meer
chueinchen wesentlich herabgesetzt Diesem Abfall folgte emne nach und nach ansteigende
Abrabe Die Bedeutung der Thymus auch bestrahlt wahrend der Regencratton der Milz
und von Lyvmphknotengewebe ebenso wie ber der i hen Wiederh it wird
besprochen

RESUME

La hberation par e thymus de petts Jymphocytes dans le sang est nettement diminuee
sur une serie de 543 cobayes apres wrradiation totale du corps et srradiation localisee au
thymus par le rasonnement gamma Cec phenomene est suni d une augmentation ulteneure
de la liberation de peuts Iymphocvtes Lauteur examine linfluence du thymus meme
quand i} est irradie sur la regeneration de la rate et du tissu ganghonnaire Iymphatique
ains: que sur a restauration immunologique
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REDUCTION IN STRONTIUM ABSORPTION IN
PREGNANT LACTATING AND SUCKLING RATS

by

h kosuat N Grupen A Durakovic V Juvanac and I Srionovic

Previous work has mdicated that the absorption of radioactnve strontium from
the gut may be reduced by vanous dictarv addiives The best results were ob-
tained by mcreasing the caloum  phosphate and algmate content of the diet
(RosTIAL et coll 1967 a) [his also proved successful i reducing strontum
absorption from the mtestine 1n lactating rats (KosTiAL et coll 1969 a) without
mterfening with uts greatly increased absorption due to lactation (huosTiav et coll
1969 b Duranovic & hostiar 1969) The addition of sodium alginate to the
mull. of arufically fed suckhing sats also caused a reduction 1n the absorption of

{rom the 1 tract without interfenng with the hugh absorp-
tion of calcium (hosTiAL et coll 1969 a)

The purpose of the present work was to estimate the aborption of calcum
and strontium from the intesune over the entire reproductive penod (pregnancy
and lactation) as well as to evaluate the effect of dietary additives on strontum
absorption dunng this penod Ve also tned to obtain mere data on the effect

Submutted for publication 8 ¥ cbruary 1971




278 R ROSTIAL ET COLI

of dictary additives on strontium absorption from the gut m 57 day-old rats
by wsing 1 sumpler experimental techmque than i the previous cxpenments
{hosTiaL ct coll 1969 a)

The results obtamned indicate that alginates may be successfully usd for re
ducng strontium absorption without affecting the higher calaum absorption
duning, the reproductive period and at a very carly age

Mecthods

Deternunation of stronttum and calctum absorption . pregnant rats The
absorption of calcum and stronttum was determined m two groups of pregnant
albimo rats fed on a normal dict dunng the carlier (7—J0th d1y) and later
(16-—19th day) stages of pregnancy and 1n anothcr group of pregnant rats gnen
a diet with calaum, phosphate and alginate addives during the later stage of
pregnancy The absorption of these cations was 1l o detarmuned m two groups of
virgin rats fed on normal and expenimental dicts respecuscly The rats were be
tween 15 and 16 weeks old at the time of mating The begnning of pres nancy
was determuned from daily evaluation of vagmal smears  The number of wmmah
m each group varted from 5 ta 11

The calctum strontitm and phosphorus content of the control diet w1 12 ¢
186 ng and 08 g per 100 g dry food respectnely The addion of caloum as
chlondes, phosphates as potassum dihydrogen phosphate and alquates as
odwm alginate (Manucol SS(LD)2 Algmate Industnes I'td, London; to the
control diet increased the calgum phosphate and alginate content or the %
penmental dict 1021 g Ca 11 g P and 10 g algmates per 100 g dry food both
dicts were fed ad libitumn The food consumption was determined dunng the
carlier and later stages of pregnancy over 1 penod of three days wlile heeping
the ammals 1n metabokc cages for mesunng the absorption of caleum nd
stronuum from the ntestine The calcrum strontium and phosphate content of
the dict was deternuned by standard mcthods (Cowar 1965 HaRrrison 1928
Lucrsa Gonne & Pratr 1957)

Camer frec * Ca or #°Ca or * St as supphed from the Rachochenmeal Centre,
Amersham England were guen to ammals w dapking wawr for two dus
About 05 #Ci of calcum-47 wnd 03 ;Cy of strontium 83 were Added to 10 mi
of dnohing water contuning about 10 mg of calaum per 100 ml, no addional
cammier was therefore vequiced The water bottles were supplied with stanles
steel balls to prevent spillage of the mdioactine soluton The amount of radho-
sotope recened by each ammal was caleulated from the difference between the
weight of the radoacuve olution at the begimming and end of the two dny
penod  The percentase of radioactinity recorered i the carcass, unne and feces
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under such expenmental condibions amounted to 93 per cent with an average
standard error of 3—4 per cent. The technique used produced the same results
as m experiments 1 which radioactne 1otopes were added to the diet <o that
uniform muxing of the rathoacinv e Lotopes 1n the dnnling water with the calawum
and strontwm 1n the diet was assumed The arumals were hlled 24 hours later
by an overdose of ether All ammals were i metabobe cages over this penod
and separate coliectzons of unne were made

The carcass of the mother rat (the gastromntestnal tract removed) the uterns
with fetuses and the pooled three day unne <amples were ashed m a muffle
furnace Calcum47 and strontum-82 1n disobed «amples were determined 10
a well tvpe santillation counter connected to a <ingle channel analyzer (hosrtiaL
et coll 1964) Calgum-4s preciptated as oxalate was esumated m an end
window counter Al results were expressed s percentages of the oral dote The
absorbed dose was recorded as the sum of the radroactivity 1n the carcass fetuses
and unne 1n pregnant ammals and in the carcass and unne i controls.

e EXP ! methods wed were v the same as m the previous

work 1n lactating ammals (hosTiar et coll 1969 a b)

Determation of calcrum and stronttum absorption in neu born rats The
experiments 1n young rats were performed bv a sinular expenmental techmque
of artificial feeding as descnibed m our previous paper (hosTiaL et coll 1967 b)
The baby rats 5—6 days old were fed arufiaally for 8—10 howrs on cow s
mulk with tracer amounts of * Ca and * Sr and additnes of calaum phosphate
and alginates After this artificral feeding penod thev were retumed to their
mothers and kilfed 40 hours later The babv rats were fed by means of the
dropper each recen ing about 18 drops 1 a valume of § 4 m! The control group
had cow’s muilk with CaCl and hH PO, additnves to reach the normal calcrum
and phosphate content of rats milk (400 mg Ca and 230 mg P per 100 ml of
wulh) {Spray 1920) The expenmental group recened an addinonal amount of
sodium alginate O G | (Humenrexs 1967) of 2 g per 100 m! Radioactve cal
cum and strontium were determned 1n disolved ashed samples of the carcass
m the same way as i the mother rats.

Results

The re<ults of calcium and strontium absorpuon m pregnancy are presented
m Table 1 and Figs 1 and 2 together with the previous data obtained during the
eather (2--5th day) and later (14—17th dav} stages of lactauen for rats on
control (hostiAL et coll 1969b Dimanosic & hosTiar 1969} and expen

mental diets (hostiat et coll 1969 a) Al expermments were performed by
pracucally the same expenmental techmque
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Table 1

Caletum and strontium absorplion from the intestine 1n pregnant lactating end tirgen vats on control and
experimental diet  Each value represents the anthmetic mean and standard error of the mean

Expenimental Dret Mo of Amount Ihetary
group amim of food Cag?
consumed 100 g
gfday
7—10th day of pregnancy Contro} 1t 171407 1990
Margtns Centrot 8 6110 ) son
16—19th day of pregnancy Control 10 206205 1200
Alginate 5 7100
\rrging Control i0 IS 1200
Alginate 8 2 100
2—5th day of lactation Centrof i2 245108 1o
\rrgins Control 12 16110 1 00
14—17¢th day of lactation Control 27 30912 1700
Vlginate 1% 100
Mirgins Control 41 16110 § 0
\ginate 400

The daily calcium and strontium ntakes appear 1 columns 4 and 7 of Table
1 The +alues were calculated from the result of dails food consumption ' ¢ slumi
2) and the calaum 12 g 21 g and 24 g per 100 g of food, respectisch and
strontium (18 6 sig per 100 g) content of the diet. The daily calesum and tron
tum aborpuions from the mtestie are presented n columns 6 and 9 and were
calculated from the dadly tntake values and the percentage radioactnne caloum
and stronuum absorptions /columns 5 and 8)

“The results obtained duning the earlier and later phase of pregnancy and licta
ton i anumals on expenmental diets presented m Table 1 are always foll wed
by data obtained 1 virgin control ammals on control and expenmental dirt for
the same ume ntervals

Food consumption appears gradually to wncrease dunng the reproductne
peniod being only shightly Ingher duning pregnancy to reach the highest salues
dunng the later phase of lactation Al virgin rats consumed approximatels the
<ame amount of food on control and expertmental diets <o that the same figure
of 16 gr per dav was used for calculavions tn Table 1 The percentaye cakum
absorption was al«o higher m pregnancy reaching the Iughest values toward the
end of the lactation The increase 1 the percentage stronttum abrorption durng
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Table I (cont ]

Dady Ca Ca Dally Daily Se® Daly

Ca ntake g absorp Ca Sr ntake P
mg mg 12 121

205 169407 347414 38 81203 256109
193 139511 270+22 300 86110 237430
248 164204 405510 383 70209 268208
433 106403 459413 383 26201 98104
193 137405 264109 360 60202 180307
338 88206 298419 300 22102 66405
794 187411 549433 456 74206 338121
193 124113 221428 300 1932722
In 295413 1093450 575 614235
(514 42508 1054439 166412
194 114405 222410 300 50104 14810
38 14204 284414 300 25202 72407

the reproductve penod was always less marked The percentage radioactne cal
cum abcorption was always lower mn amimals on expenrmental diets but the
daily absorptian of calcium from the gut remained practically unchanged The
percentage strontium absorption and the dailv strontium absorption, 1n rats on
expenimental diet was however always decreased

The resuits m Fig 1 demonstrate the merease 1 the amount of stronuum
absorbed from the intestine over the reproductive period  Pregnant and lactating
anumals with calaum phosphate and alginate addiuves i the diet mamtaned
howerer the same level of strontum ab orption from the gut as the rats in the
control group

The results presented m Fig 2 disclose the hugh icrease 1n the absorpuon of
calerum from the gt during the reproductive period compared to the virgm
controls The addimon of ealerun phosphates and alginates to the diet failed to
present the increased absorption of calewum dunng the reproductive peniod

The selective acuon of these dietany additves on strontium abeorption from
the gut dunng the reproductive period caused a great reduction 1 the $Sp/* Ca
or * Ca ratio m the carcass of the mother fetus and suckling (Fig 3) The yalues
were corrected for the calcum content of the diet
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Fig 3 Rato of radwactive stron
tum to calcum i the carcass of
the mother (to the left) and fe
tuses or sucklings (litter) (to the
nht) dunng the later stage of
pregnancy and lactation in am
mal on control diet (open field )
and diet with calcium  phosphate
and algmate additnes {(hatched
fields) \fean*SE

The effect of dietary addiives on strontium and calcrum absorption mn neua-
born rats The retention of radioactne calaum and strontium n the carcass
1 sucklings fed arufically on mulk with and without alginate additives appears
mn Table 2 The previous data obtamed in 10 day feeding expenments are pre
<ented 1n the same table for comparison (hostrat et coll 1569 a) Both sets of
the results are 1n good The add of al

to mulk cauced a
decrease of about 50—60 per cent of the radiostrontium retention without 1n
fluencing the high calcum absorption from the intesune

Discussion

The data of calcium requirements during the reproductine penod are usually
calculated from the amount of calcium provided by the mother for the fetus or
wfant and {rom calcium losses m the mother s unne presumung an intestinal ab-
sorpuon rate of 25 per cent (WHO Technucal Report Senes 1962 1965) The
authors hase however previously been able to mdicate both with 1n sitro and 1n
wivo techmiques that the absorption rate from the intestine greatly increases mn
lactaung rats Thus mcreased absorption 1s assumed to be mamly due to an 1n
creased passive transport of these 1ons but alo to an enhanced active transport
of calcium through the intestine (KosTiAL et coll 1969 b) The changes n the
almentary tract of lactaung ammals observed by other authors prowide
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Table 2

Influence of alginate addits s on the retention of Caond St by >—7 davold rats fed artificrally on sats
milk for 1 and 10 davs

Milk Davsof No of  Retention in carcass percentige oral d se mean
(mg 100 mh arufial rats + SE

T T freding

Ca P Alg Sr Y1Ca Sr Ca
400 730 - 1 136 6350084 67111080 09’7 004
400 230 2000 I 86 26312058 6068170 0439 0007
400 230 —_ 10 3€ €999:076 73524084 09 +001
400 230 2000 10 36 33764057 RARAES B 04004

morphologic 1nd histologic bases for explantion of these results (Boyng et coll
1966) The pre<ent expeniments reveal that an creased absorption of calaum
through the gut wall starts by the pregnancy pertod and reiches maximum values
durning the later phase of lactation The rats 1l o balance thair lugher needs for
calerum by increasng thar consumption n food dunng the reproductine stage
The present rusults of food consumption are i good agreement with data
published by Ruvaresan & Turner (1968) for pregnant and by Asper ov &
Turner (1963) for Inctating rate.

The tbsorpuon of strontium 1s 1ho merersed dunng the reproductive pentod
although not to the <ame degree as thit of calaum

Several other changes in calaium metzbolism due 10 pregnmey md lactmon
m also affect the depostion of strontium in bone The acceleration of ¢alaum
turnover (STERNBERG 1968 SreRNBERG et coll 1969) mwv cause the remorval
of bone scekers incorporated 1n the deeper parts of the bone before the re
productine peniod This has been demonstrated for radiostrontium 1n varon ey
penmental invesugations | Mowatoviz et colt 1969 Rouimrr & hruott
1961 Ros\eren et coll 1968) and consututes another wav i which rdroacive
strontium m be transferred to the fetus and in nursng mothers to therr inf ints.

The best w1y of avording ridiostronuum uptihe an the fetus nd wcking
would be to prevent radiostrontium absorpuon from the mother s mntesunc dunng
pregnancy and lactwson This pught yusufy the use of dietan addines 1 1
means of decrersing racdioactine strontium retention n both mother and Wt
«prngs dunng the reproductine penod  Algmates huve alreads been sucees fully
emploved m human subjects and expenmental ammals for reducing rico-
<trontium absorption from the intestme (Harrison et coll 1966 Hrep & Rave
gotTas 1963} An addinon of caleum  phosphiates and alginates to the dict has
been proved 1o be the most elfective method of lowenng rdiostrontium refentioft
i experimental anunils (hosTiar et coll 1967a) Rats fed on diete wuh
alginate Additves for one vear descloped no changes m food consumpt: n
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growth rate or calowm and phosphate content 1 thewe sheletons  (HARRISON
1067) Sunslar results were obtamed 1n rats fed calaum phosphate and algmate
supplemented diets for six months n our expenments (SLaT & RosTar 1967)

The present data on the effect of thece dictary addinves 10 pregnancy fully
confirm the previous results obtamed during the lactation period, they indrcate
a successful means of decreasing radiostrontium ab orption from the intestne
without mfluencng the greatly increased calcum absorption from the gut
during the reproductive period Their mcluston results 1 a three to four times
lower mtestinal strontium absorption and i a four to six tmes decreased stron
Hum to calcum ratio n the carcass of the mother, fetus and suckling

The other possible way of decreasing strontium absorption from the gut mn ar
ufically fed mfants or ammals would be a direct addition of alginates to the
muill The present and previous results indicate that the addwon of algunates to
the mmik reduces stronium absorption from the gut by 50—60 per cent without
decreasing the very high caloum absorpuion Algmates seem to be the only
additnne to the mulk that causes a decrease 1 strontiem absorption since an m
creased calaum or phosphate content m the milk had no effect on stronium
metabolism 1n new bomn rats (hosTiaL et coll 1967 b RosTiaL et coll 1969 a)
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SUMMARY

The absorption of oral radioactive calcum and strontwum was determined dunng the
carher and later stages of pregnancy and lactation m rats A gradual increase m thewr
absorption from the gut occurred mavmum values beng reached at the end of lactatian,
The addition of algimates to the mik of new born rat  fed aruficially decreased the
absorption of strontmm without affecting that of calclum
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RYSUMYS

L absorpuion de caleium et de strontsum adunnistres par voie bucale a ete ctudice pendar
fes premuers et Jes derniers stades de Ia gravidite ¢t de Ja lactation chez des mtes On

obstive unt duelle de leur absory fe fes valeurs maximal
ctant attewates 2 la fin de la Jactauon L addwtion dalginates au dait donné 3 des ra
nowy eaux nes al artifrerells a dintmue }absorp du sany modifre

celle du calcium
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The distnbution of doses 1n the female pelvis about the radiation sources used
for treatment of caranoma of the utenine cervix has been mmnvestigated with
vanous methods durng the last three decades Reconstructional techmques were
for example employed by Leperaran & LaserTov (1948) with excellent results
but wcre too tedious for routine use I<odose rate curves determined by measure
ments around the apphicators combined mn 1deahzed geometry have been
supenimposed on roentgen films of the pelvis and thereby related to frontal and
lateral projections of the pelsic anatomy (WarsTasm 1854) This method offersa
general appreciation of the distibution of dose rates Chmucal expenence at Ra
dmmhemmet has revealed that routine dose rate measurements along the anterior
and rostenor contours of the tumor may be used as 2 guwide for the determnation
of treatiment and 1ts duration 1n the indrudual patent Unexpectedly ugh dose
rates or the observation of the maxumal dose rate at an inappropriate location
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mdicate that the sradiators arc mcorrectly placed and that rewsertion 15 adiss
able Together with information on the extent of the tumor and on the distances
from the uterime cervix to the bladder, the rectum and the pehic wall, thee
measurement data combined with knowledge of the dose rate distribution about
the wradiators form the basts of the mdiiduatized dose planned ntracmstan
treatment The measured dose rates may also be used for the characterzation of
treatment by defining a reference dose rate curve on the peripheny of the tumor

A more complete speciltcation of treatment requures dose rate measurements
close to the apphcators combined with dose assessments 1n the lateral parts of the
pehis horruerr (1931) utilized an romzation chamber for dose rate mersore
ments at the pelvic wall duning the procedure of cxtraperitoneal ymphadenee
tomy the radium trradators bemng m situ dunng surgery  Thermolumincewent
dosimeters have now become avmlable tnt sizes and shapes that mahke them
sutable for dose detcrmnations wn the pelvic semns (TjErRNBFRG et coll 1968
Jouansson et coll 1969 Jorrssow et coft 1970) This techmque mahes
possible to ascertain the integrated dose for the treatment time thereby nuthfying
the effect of an inconstant relatronstup between the Jocation of the wrrdiaters
and the anatomy of the panent

Methods for calculating the do.e distnbution 2bout mntracaystary trr whators
with the help of a computer have been mtroduced 1n several centers {Apaws &
Mevrn 1964 SnELLING ef coll 1067, Powers et coll 1965 Bavter et colt 1966
Stacen & Stovart 1966, Durrerx 1967, Rosenwarp & Durrerc 1970 The
1sodose curtes about any combination of nradiators may thus be defincd and
depicted wath great saving of ume The computer may be programmed to ieler
anatomy related 1sodose cunes for every plane of nterest such as the frontal
ablique through the thac lymph nodes and the transierse plane throush the
center of the tumor

No imestigation appears to have been published on the accuracy w chmnal
practice of the computenzed caleulation of pehic dose distnbution This work
was therefore designed with the aim of companng such caleulations with dose
measurements 1n the same parts of the pehis dunng mtracavitary treatment 2
the Stockholm techrque performed at Radmmhbemmet The cateulatons were
undertahen by computer at Insutut Gustave Roussy

Clinrcal materal
Ten pauents 32 10 72 years of age with carcmmoma of the uterme cenviy 1768¢
th1la, were mvosuated The Stockholm techmque was used for the 1
cautary irmdiauan wWhich was alwass performed before the extermi team
sreatment The patents were <o selected that the cambmation of a gien i
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uterne cyhnder and a flat box Bhe 1agmal wrrathator was conudered to represent
their optimal treatment The cylinder was Ioaded with an actwity of 70 mg
radwim, 1ts drameter being 8 mm, total length 75 mm and actrve length 55 mm
The total filtration was equal to 15 mm Pt The box was loaded with 9 radium
needles total actiaty 72 mg 1t measured 6 mm X 45 mm > 45 mm the actne
surface beng 26 mm X 35 mm The walls of the box were of palymethyl meta
crylate The total filtration was equal to 05 mm Pt The same cylinder and box
were used for the treatment of all the patients The irradrators were hept in place
by inserting a gauze tampon pached 1nto the vagina The tampon also had the
effect of increasing the space between the irradsators and the rectum

As a bass for the computenized calculation of doses the location of the wradia
tors 1n the pelyis was d d i ap and cross-table lateral roentgenograms
The films were always taken 3 to 4 hours after the rradiators had been applied
by which time the patient had recovered from the anesthesia A specially con
structed cassette holder was always used and was fitted with Jead 1ndicators in
the top and bottom as well as m the side walls [he information denved from
the analyses of the projection of the crosses n the film was used m correcting for
the position of the diarnostic source {Rosenwarp & DuTrewx 1970)

Dose rates close to the rrradiators were measured along the anterior contour of
the uterine cervix with the dose rate detector 1n the urinary bladder and the
urethra and along the posterior contour of the utenne cenix with the detector n
the rectum A Siemens Gammameter was used with the CdS crystal mounted n
the end of a shghtly cuned ngid brass sound of 7 mm diameter This enabled
the detector to be approximated closely alons, the outer contour of the tumor by
compressing the intervenmng tissues Doses were measured with the patient 1n the
Iithotomy position according to a schedule that allowed after temperature
correction a persistent probable error of method of * 10 per cent (JorLssov &
Backstroy 1969)

In addwtion 10 the determnanons with the Stemens Gammameter doses 1n the
wiamty of the apphcators were d with th 1 ent do-

sumeters loaded mto teflon catheters these were ntroduced mio the urmnary
bladder urethra and rectum

Doges at a distance from the trradiators were measured with hthium fluoride
LiF {Harshaw extruded rods 6 mm long and 1 mm 1n diameter) loaded 1mto
prestenlized teflon catheters introduced 1nto the external and common 1hac remns
by a techtuque comumonly used for venaus cathetenzation Lead spacers had been
placed between the dosimeters to allow after phlebography, a precise roentgen
ologic determmation of the location of each numbered LiF n’)d 1n relation togth
pelvis The dosimeters were left 1 s dunng the whole course of treatment ‘
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a b

Fig 1 a) \p and b) lateral projections of combination of vaminal and uterine i adiators
Input data on the anatomy of the pelvis and the geometry and locition of the raduation ources
s ere obtaned from these films 11tF dosimeters m teflon catheters have been inserted into the
pelic vemns and the bladder and rectum The dosimeters senved as reference points { r com
puter calculated doses

The thermol techmq

The mfluence of vanous heating procedures on the precicton of the thirmo-
lumuinescent technique has recently been mnvestigated with Lil” dises (Crr sson
1969) Maximal precision (6 =20 3 per cent) was achieved if <o-¢alled prean
nealing was avoided and the dosimeters were heated only dunng the read-out
cycle The resultant distribution of the clectron traps means however that fading
exerts much influence The 20 to 30 hour exposure of the dosuneters in the ex
penments necesstated additional heat treatment to avord the effect of fulng
cven though this impaired the preaision (02215 per cent) Before exposure the
dosimeters were hept for I hour at 400° C and for 24 hours at 80° C beforc the
rcad-out they were held for 15 minutes 10 80° C

The dosimeters were calibrated with a ® Co beam, the calibration constuts
C; beng Ci==Y/1, where 1,15 the thermolumnescent signal from dosuneter
number 1 Thesc calibriuon constants express the vanation mn the scnatnatics of
the do imeters around a common mean 1 Esen though 1 changes, € remamns
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Central phantom

1g 2 Phantom designed to allow comparison between measured and calculated doses i a
situation mvolving a constant relation hip between the radiation sources and the dosimeters
The separate parts of the phantom and the way they are comb ned dunng measurements

constant for each dosimeter provided all the dosimeters are subjected to exactly
the same heating and cooling procedure (MarTENSSON 1969) Four dosimeters
from each senies were recalibrated cach time duning the measurements while the
mdwidual calibration constants were cheched after every second measurement
The obseried vanation of the cahibration constants was 15 per cent The LiF
dosimeters were divided from the beginning into one series for the vessels on the
nght side of the pelvis another for those on the left side and a third <enes for

the bladder 2nd rectum Each dosimeter always had the same location in the
teflon catheters and 1n the body
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Fig 3 Roenteenograms of the phantom 1 a) ap and b) lateral projections used to detennine
the coordinates of the radium needles and the LiF dosimeters

Dose computation

The calculation of doses by computers was pesformed at Insutut Gustas« kou
with the CUGYLC program and a Unnac 1107 computer (Centre de alcu!
de IINSERM) with a cunve plotter Input data regarding the anatomy of the
pelvas and the geometry and location of the radiation sources were obtamed from
ap and cross-table lateral roentgenograms with a curve tracer (Fig 1 The
ongn of the three dimensional coordmnate system in which the positrons s pace
of the end points of the radium sources and of the reference points wert leter
mned was chosen to comcide with the anatomic center of the pelss as di fined
by Rosexwarp & Durresx (1970) The filtration factor of the mds idual wiuree
was taken 1nto account 1n the program but no speaal allowance was made for
the influence of obhique meidence Tissue attenuation was corrected by the
formula of \{eiserrcex ct coll (1968) Lxponential attenuation was conudered
10 occur at distances of more than 10 cm from the <ources Ongnally the pre ram
allowed only the drawing of 1sodose cunes mn arbitranly choen fr mtal
<agittal and transerse planes through the pelis as well as in the planc
through the iliac lymph nodes In addiion doscs could now be computed
at a number of reference pomts, formed by the LiF dosumcters in the pehuae
sans the unnary bladder and the rectum Opaque sphenieal balls on a rod
graduated 1 cenumeters and placed mn the lumen of the rectum alw «ncd
the same purposc
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Phantom measurements

Measurements were undertaken with a polystyrene phantom immersed 1n
a water bath to compare measured and calculated doses m a situation in
olung a constant relationship between sources and dosmeters Determuna
tions were made 1 48 locations at vanous distances from the same cylinder
and box as were used 1n the senes of patients The wrradiators were combned
i the phantom 1n a geometry that represented an aserage apphcation 1n the
10 patents as judged from their localization roentgen films The phantom
was designed so that the LiF rods could be placed m a manner that simu
lated the middle part of the common 1hac vems and the nuddle part of the
external hac vemns In additton LiF rods were arranged in the sagittal plane
through the nradiators at distances from the radiation sources that repre
sented the base of the bladder and the antepor rectal wall (Fig 2) The
phantom incorporated opaque matenal to simulate the bony landmarks of
the human pelvis used 1n the d of the ongin  Roent
gen films taken with the same techmque as 1n the senes of patents could
therefore be utihzed to mdicate the coordmates of the radium needles and
the LiF rods (Fig 3) Additional measurements were made 1n the 1dentical
phantom with teflon substituted for these lead rods The latter experiments
served for mvesugating the nfluence of the lead mdicators upon the magm
tude of absorbed doses in the I1F detectors

Results

Doses in the urinary bladder The chncally sigmficant dose rates along
the antenor surface of the utermne cervix with the detector of the Siemens
Gammameter ntroduced into the urinary bladder vaned between 86 and
146 rad/h mean 110 rad/h (The values represent the mean of the three
highest dose rates measured on consecutive centimeters ) Where LiF dosime
ters loaded mto a teflon catheter were mtroduced mto the bladder
through the urethra therr positions d m the local
films corresponded to calculated dose rates of between 40 and 50 rada/h
The depth dose cune in the ventral direction derned from the computer
printout of the dose rate distribution 1n the midsagittal plane through the
pelis revealed that the ndividual distance between the detector of the
Siemens Gammameter and the LiF dosimeters at the moment of roentgen
exposure ranged from 15 to 20 mm As the catheter holding the dosimeters
i the bladder floated dunng the course of treatment dlcarclauonshx be
tween the dosimeters and the radim sources was iconstant Thus the absﬁrbcd
doses measured with LiF  detectors mtegrated over the whole course of
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Table 1

Vleanzed radiation doses during one course of sntracatitary radum lreatment tn various parts of the 1ems
in vad os mean values and lomits of determination 1 ten patents Because of anatomic tnequalities the right
and left sides of the pelss are considered separately

Common jhac vein External thac vein

Cranial  Middle  Caudal  Crannl AMiddle Caudal

Right side
\fean 210 190 370 300 510 150
Liut 14530 110-250 160—53> 230-1000 300—9%0 275765
Left side
Mean 245 300 1450 580 660 530
Limit 182—350 143—410 245—775 240—1200 280— 1410 80— 1000
Left Right sid

(Rughtade 100 417 +60 +22 +16 +2 T
Right side

Table 2

Computercaleulated radiation doses durtn,, one course of ntraca tlary raduim treatment 1 tanous parts of
the pelic vewns 1n rad as meon 1alues and limits of determination n ten patients

Common ihae vemn External ihac vein

Cramual \Middle Caudal Crarna) Middle €2 al

Right side

Mean 255 2ap 430 550 540 1
Limn 240-°,0 160—415 225 -600 275-915 375-800 3’ 510
Lefe s de

Mean 360 450 565 [ 750 o4t
Lumae 330323 200-,80 3°0—119> 270—1145 295—17% 78 80
Lt Rishrade g, +41 ~55 ~3 +25 +37 -

Right side

treatment  corresponded to only 70 to 80 per cent of the doses computed from
the postion of the LaF rods duning the roentgen exposure

Dases mn the rectum The chmcally sigmficant dosc rates along the pos
tenor contour of the utenine cervix measured with the detector of the Sie
mens Gimmameter introduced 1 the rectum vaned between 58 and 100
rad/h mean 80 rad/h (The salues are the mean of the three highest ccnvec
utne dose rates obsened at cenumeter intenals) The doswes ealeulate i by
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Table 3

Differences betueen computer-calculated and measured doses as percenta e of the latter wn zanous parts of
the pel 1c rems The figwres vepresent means of ndwdual differences

Common i} 3cvein External ihac sein

Crantal Anddle Caudal Cramial A ddle Caudal
Right side
Mean +31 +19 +19 ESH +1 -3
Limt +50 +66 46 +32 ~37 +38

and ~2¢  and 433 and —%6  and —"2  and ~20  and —32
Lefe s de
\Mean +50 +48 +30 +19 +10 +7
Lamit -89 +130 +150 +76 +39 +40

and +10 and +8 and ~20 and —17 and —20 and —23

the computer at reference pomnts represented by spheres of the rod placed 1n
the rectal lumen or by the LiF dosmeters i the same position, vaned be
tween 25 and 65 rad/h mean 50 rad/bk Judging from wdnadual dose rate
duff es between me [ ns G ) and calculauons
at the reference pomnts the discrepancy proved to be 1 to 19 mm mean
9 mm The position of the rod n the rectum as indicated by localization
films didfered neghgibly from the average location dunng treatment the
doses measured with the LiF dosimeters were equal to those calculated

Doses 1 the peltc 1ems The doses absorbed i the common hac and
external 1lac vens measured with intravascularly inserted LaF dosimeters
were referred to different parts of the veins using the mformation gained by
phlebography (Table 1) Anatormc asymmetry made it necessary to consider
the nght and Jeft sides eparately On the nght side the mean doses in the
common 1kac vewrn gen A caudal direction proved to be 210 199 and
370 rad 1n the external thac vemn the doses also i a caudal direction were
500 540 and 450 rad The doses on the left sde amounted to 245 305 and
450 rad 1n the common ihac vemn and 580 660 and 530 rad in the external
thac vem The maximal difference (4-60 per cent) between the left and
nght ades was obsenved 1n the middle part of the common iliac vein The
tenindnidual vapations were marhed — for example a dose 1 the cramal
part of the external jhac sem of 1200 rad m one case and 260 rad
1n another gne

The doses i the dufferent pornions of the common jhac and externd] jlia¢
vers were alo calculated by computer with the Lif dosimeters as reference
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pomnts i the computer program (Table 2) The differences between the
calculated and the measured dose as percentages of the latter were - 31,
-+ 49 and 4 19 per cent 1n the common 1hac vein on the nght ade The
corresponding differences 1n the external iliac vemn were - 11, 1 and —3
per cent On the left side the differences m the common ihac vem were
~+-50, + 48 and ~ 30 per cent and m the external ilac vem + 19, + 10
and + 7 per cent (Table 3)

Doses 1 the peluc phantom LiF dosimeters surrounded by lead mndi
cators were employed 1o measure absorbed doses five times 1n the phantom
for each of the locations corresponding to the common and external ilac
vems, the bladder base and the antenor rectal wall These detemminations
mdicated that close to the srradiators as well as at a distance from them the
average variation amounted to 6, with a maximum of 12 per cent

The ap and cross-table lateral roentgen films of two of these measurcments
served as a basts for the calculation of doses by computer In the separatc loca
tons the differences between calculated and measured dose values as a percent
age of the latter, were as follows for the common sliac veins, average 5 maximum
14 per cent, for the external ihac vemns average 6, maximum 15 per cent for the
locations equn alent to the bladder base and the rectal wall average 5, maximum
9 per cent for the points on the long axes of the radium needles 1n the \agmal
box the differences were greater and aseraged about + 20 per cent

The measured doses used 1n the companson with the computer data were alo
compared with measured valucs, obtamned with teflon 1n place of the lea | indi
cators surrounding the LiF rods The differences between measuremen  per
formed with and without lead indicators did not exceed 12 mean 5 per «ent1n
any location.

Discusston

Computers are used as a routine 1n many centers nowadays to calcul.
actua) anatomy related dose distnbution 1 the pehss with a combmation of
mtrautenne and vagnal irradiators The results of such caleulations ha  not
been compared with the results of measurements 1n the same locations 1n ¢ trious
parts of the peluis Earlier investigatrons have indicated howerer tht the
location of the radiation sources as established from one sequence of roc wgen
projections 1s not representatie of their posiion dunng the whole coure of
treatment, especially of the sources be made heavy by encapsulation i tunles
steel (JoELsson & Bickstroy 1970) If dosimeters remain 1n place dunn the
whole course of treatment any effect of an mconstant Jocanon of the rad) ition
<ources will be accounted for n the measured vatues This holds true for the

the
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dosimeters mtroduced m the pelvic vems, where they are kept 1 a fixed pastion
Difficulties are however encountered in the long term measurement of doses m
the unnary bladder and n the rectum Here, on the other hand, dose rate
measurements have proven chmeal sigmficance (Grav & horrmeer 1957

horruer & Gray 1961) Close correlations have alko been found between the
computer calculated and the measured dose rates at the bladder wall and the
Tectal mucosa (DoprowoLskl et coll 1972) Caleulated values may be consid

ered to afford an accurate description of the dose distnbution at a specific mo

ment duning treatment except along the long axis of a radium needle where the
effect of obhque filtration 15 neglected

Ten pattents with tumors i moderately advanced stages were treated with the
Stockholm method m this mvestigation Even though this method emphasizes
mdniduahzation the treatment m stages Ib and 11a s fairdy standardized Data
representing the average dose distribution m the pelvis may therefore be regarded
as indicatimg an optimal dose distbution since 1t has been established that this
techmique 1s capable of yielding a hugh 5 year survival rate (Annual Reporton
the Results of Treatment m Carcinoma of the Uterus and Vagina, Vol 14
1967)

The measurement of doses 1n vanous portions of the pelyis with the thermo-
luminescent techmque and LiF rods served as a basss for the compansons with
the computenzed calculanon of doses In phantom measurements the average
differcnce between repeated dose determipations was 6 per cent It had bren
demonstrated previously that the vanability of the calibration constants was 15
per cent when compared with a mean for all the doameters used The difference
n precision may be explaned by the difficulty even 1 phantom expenments of
abtaning a constant relationship between iradiators and dosymeters

The LiF rods were mterspaced with lead indicators for the 1dentification of
each numbered dostueter during the clincal measurements: A problem has been
whether or not the presence of lead by producmg a charactenstic radiation may
mfluence the dose measured with the adjacent dosimeter Measurements 1n the
bhantom gave no conclusine answer the difference between dases measured with
2 dosimeter flanked and unflanked respectively, by lead lay withm the expen
mental error

With the phantom measurements m mind the doses m vanous parts of the
pelus calculated by the computer were compared with the results obtained with
LiF dosimeters Good agreement was observed in the external shac veuns on both
sides the differences exceeding 10 per cent only 1n the cramal parts of the vems
the mean of the mdividual differences mcreased at greater distances from the
iradiators The calculated values were larger than the measured ones mn the
common 1liac veins on both sides where the highest mean difference amounted



300 1 JOELSSON ET COLL

Fig 4 The location of the radis
tion sources according to Jocale
zavon films exposed 2 hours (ir
radators 1 black) 12 hours (ir
radiators 1n haif tones) and 2%
hours (irradiators in \ hite) after
the applicaton The intrautenne
©hnder has rotated around the
aus of ssmmetn and assumed a
more oblique posinon The angle
bets een the e hinder and the box
has become acute The irradiators
hare moved 10 a caudal as well
as a dorsal direction

to 50 per cent A diference of as much as + 150 per cent was noted m the
nuddle part of the common iliac vemn n one pauent and amounted to + 10 per
cent 1n 2 other patients.

Several factors mas be responable for the difference obseried between (alu
lated and measured doses 1n the pelvic wde wall It would appear that the mo't
important factor 1s the unstable relavonship dunng treatment between the
radation <ources and the anatomc structures The roentgen projections o1 which
the computenzed calculations are based depict the situation at one pa ueular
moment In order to reduce am effect of anesthesta upon the tone of the pelic
musculature and thereby upon the poaton of the uradiators the Jocal sation
films were not exposed unul the patent was fulh awake Despite this repeat
exposures duning the latter part of treatment cometimes revealed that the
poation of the imadiators gradually changed 1n a caudal as well as a dor<al direc
ton (Fig 4) The imrauterine cylinder was found 1o rotate around the s of
svmmetry and thereby assumed a poation m the transverse rather than in the
trans cree-obhique plane through the body  This mght augment the dos 10 the
cranmal portions of the vessels The discrepancy between the calculan 1 and
measured values could be qualitatinely explamed almost alwavs by the eftect of
<uch a movement

It 15 suggeted that hght weight irradiators are best for retaming poition
dunng lengthy periods Support for this contention was attained from an an Rt
of roentgenograms taken at intenals dunng more than 30 hours of treument
with ceaum <ources mounted n plasuc tubing attached 1o a vaginal meund
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#
1

) Fig > Intracaviary applicators with the
Intrautenne cyhinder m a markedly asme
metne position.

.

The first thing in the nterpretation of localization films 15 to define the projec
tion of the anatomic ongin mn the pelvis Expenience has ¢stablished that the
caudal end pomnts of the sacro thac josmts the cranial domes of the acetabular
structures and 1n the lateral view the promontory of the sacrum are easly
1dentified and make swuitable landmarks The next task 1s to determune the co-
ordimates denoting the ends of the radiwm needles n the cylinder and vagnal
box (7 needles) The distortion due 10 an oblique direction of the diagnostic
roentgen beam 15 automatieally corrected and selective magmification factors are
applied for structures dispersed throughout the depth of the pauent The com
puter program also mcludes a calculation of the error in the determmaton of
coordinates data from the frontal film being compared along the longitudinal
axis of the patient with those from the lateral film A discrepancy of up to 4 mm
1 constdered to be acceptable the error in this senes never exceeded 2 mm  The
nfluence of an error m the determmation of coordinates upon the calculated
dose vanes with the distupce between the reference pomt and the radiation
source If this be about 3 em an error of oniv 0 3 mm will distort the calculated
dose by more than 2 per cent

The mtrauterine cylinder used m the treatment of the patients 1n thus senes
represented the onginal design while the vaginal box had been reconstructed n
that the stanless steel enclosure was replaced by polymethyl metacrylate this was
necessary for identification of the mdisidual needles m the box The dose 1n the

I 15 O d i the direction of the long axis of the
nc:dl:s Such an overesumation was obsenied in the phantom expeniments for
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the poutions m the direction of the axes of the radium needles This may <ome
umes have played a part also where the intrautenne oy hinder was placed mark
edh asvmmetnieally (Fig 5)

The caleulated doses include a correction for tissue attenuation, assuming no
mhomogenenty It has been suggested that gas in the bowel interpoced between
the radiation sources and the pomts of mterest, may disturb the correspondence
between calculated and measured dose values in the pelvis This 1s not hkely,
howeser, as the effect of tissue attenuation would be reduced by the presence
of gas to less than alloned for m the calcutation the experimental results pomnt
to the opposite

The dose rates m the close vicimty of the iradiators were measured regularh
with the Siemens Gammameter The position of the probe dunng the mcasure
ment of chmcally stigmificant dose rates could not be documented and conse
quently the results failed to lend themsches to compansons with calculated doses
The doses 1n the bladder and rectum were sometimes measured with LiF doame
ters tntroduced i teflon catheters There are reacons to beliese that such a
catheter floats, at least 1n the unnary bladder and that dose values caliufated
from the position of the LiF rods as determmed Irom localization films would
differ considerably from those measured durng the whole of treatment Tlus
was venfied regarding the unnary bladder, but the doses calculated at the
reference pomt in the rectum were remarhably close to those measured with
the LiF dostmeters i the rectal lumen In both the bladder and the rectum the
distance was estimated between the location of the flexible catheters and that
imposed upon the dosc detector of the Stemens Gammameter duning the mea
surement procedure The distance was up to 20 mm 1 the bladder as weli as m
the rectum This 1s due to the fact that dose sate meaurements accarding to the
Stockholm technique define the dose rate at the contour of the tumor rather than
that within the bladder or rectum

The results of this im estigauon 1ndicate that there 1s good agreement bervween
measured and calculated doses m the vices of as well as at a distance from
radiation sources sn stuations imohing a stable relattonshup betsseen the sources
and the reference pomts. It scems that the differences obsen ed between cala {ated
and measured doses m the chinieal senes were due to movement of the Fravy
wradrators dunng treatment lasting as Jong as 24 hours. The computer ¢cul
tion with such applicator systems provides information about the dose dustnhution
around the radiation <ources but caution must be exercised when applyn  the
data to the designation of a treatment dose at specific anatomuc pomts For other
types of apphicators and especially of the relationship between radiation <ources
and pelvic anatomy be checked Jor constancy dunng the whole of treatsy ond
computenzed dose calcul. may be suggested




DOSE DISTRIBUTION IN THE PELVIS 303

SUMMARY

The correspondence between doses m vanous parts of the pelus as measured w ith L.F
dosimeters or calculated by means of a computer was myesugated Close correlation of dove
values along the external hac vems wath a discrepancy for those along the common iliac
vein were evident The & cy may be explamned by the ment 1 caudal and dorsal

direction of the heavy radium arradiators dunng lengthy peniods of treatment

ZUSAMMENFASSUNG

Die Dberemstimmung 7 1schen den Dosen 10 verschuedenen Tetlen des Beckens it LiF
Dosimetern gemessen oder mit Hilfe emmes homputers berechnet wurde untersucht Eine
enge Rorrelation langs der externen Vemae ihacae mut emner Dishrepanz fur solche Werte
langs der Vena thaca commums war offenbar Der Unterschied kann durch die Bewegung in
kaudaler und dorsaler Ruchtung der schweren Radwmurradiatoren wahrend Jangeren Be
handlungszeiten erklart werden

RESUME

Les auteurs ont etudie 1a correspondance entre les doses dans differentes parues du bassin
selon qu elles sont mesurces par des dosimetres a LiF oun quelles sont caleulees par un
ordinateur Ils ont trouse une bonne correlation le long des vewnes 1haques externes mais une
discordance pour Jes doses situees le lone de la veme thaque 1nterne La discordance peut
s exphiquer par le mouvement de 1irradiateur a radium dans la direction caudale et dorsale
pendant de longues peniodes de traitement
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GFNERAI EQUATION FOR THE CALCULATION OF
NOMINAL STANDARD DOSE

by

R L Dixon

In order to compare the biologic effect on normal ti.sue of vanous do e ume
fracuonation regimes 1 radiation therapy Eriis (1968 1969 1971) has sug
gested the use of a nominal standard do e (NSD) The NSD 1 essenually a
parameter which defines a parucular vo-effect surface i a three dimensional
pace having axes dose time number of fractions If the same NSD 15 achuieved
by dhiferent dose ume fractionauon schedules the damage to normal tssue 15
presumably the <ame There » 1dealls 2 1ngle value for the NSD which rep-
Tesents connective tissue tolerance but which may vary from center to center —
depending on dosimetry and judgement (as to what 1s chmcally tolerable} In
realits tolerance will depend on the location and the 1ze of the volume treated
and hence one mught have several \SD s — each one being appropnate for the
treatment of a speaific dieac (or a class of di eases) According to ELus one
should compute the NSD for one or more treatment regimes which Tepresent 1n
ones own judgement connectne ussuc tolerance and then adopt the average
value as the tolerance \SD for one s own center The NSD 1s then no Ionvcr a

Submutted for publication 5 July 1971
D-T3004 4t R4 1z Th pyPhy Bulppi !t 1t (1977)
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sanable Once the tolerance NSD i1s established one no longer computes the NSD
for a gven treatment schedule but rather a ret dose (EvLis et coll 1969) which
is computed as a partial tolerance (Ertis 1969) If the ret dose 1s less than
the NSD the gnen schedule does not aclieve full tolerance

The calculation of NSD (or ret dose) for a single course of treatment 1s quite
ample however for a sphit course where there 1s a gap (or gaps) mn the treat
ment or where the dose per fraction 1s changed duning a sngle course of treat
ment the calculation 15 somewhat more complicated In the examples of <pht
course calculations previously given in the Iiterature (ErLis 1968, 1969, Winston
et coll 1969), the NSD representing tolerance 1s presumed Anown 1nd the
number of fractions or the dose per fractton are then adjusted unul the treat
ment schedule attans the specified NSD These are specific numenical examples
and no general equation has been dertved for such calculations. Several of the
examples available imolve the use of a shde rule (WinsTon et coll 1969 which
tends to obscure the g used in the ]

In this paper a general equation s derrsed which can be used to caleulate the
NSD {(or ret dose) for any «ituation, and which 1s readily suitable for computer
calculations of thesc quantities A ample FORTRAN program for these (alcula
tions 1s described W e use thus program routinely (as part of 1 larger pro.t um for
calculation of depth dosc 1nd treatment time) 1 order to evaluate the proposed
treitment <chedule for each panent — the ret dose being printed out on the
patient s treatment record Our mamn program which caleulates and priats the
cnure treatment record for the patient 1s interloched so that an ‘unrer mnable
ret dose cannot be ginen

Calculation of nonunal standard dose If the dose per fraction remains the
same throughout the course of treatment, and the fractions are (more or les)
evenh <paced in ime the NSD may be calculated from the formula

D (n

D= ren

where N 1s the number of fracuons T 1s the time 1n davs between the first and
Iast fraction and D s the total absorbed dose delnered In actual practice &
fixed number of frictions are gnen per weck, and hence T and N are not 0
dependent vanables For a gisen number of fractions, the exact value of Twil
depend on the dav of the week the fisst fraction 1s gnen, howeser, the average
value of T (for an arbitrany starting day) may be approximated by (WrsstoN ef
coll 1969)

T=KNt13 (2)
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Table

Fractwnation scheme

o of fiactions/week K

5 (Mon —Fr1) 0389
4(M T Th F) 113
3(M W EF) 151
2 (T Th) 229
1 461

where K depends on the number of fracuons per week and takes the values given
1 the Table If we combme egs (1) and (2, we obtamn
NSD = N0 6357 } -0 11 (3

where d=D/N 1 the dose per fraction

The calculation of the NSD for a split course of treatment ts .omewhat more
complicated If there are gaps in the treatment eq (1) no loner applies (nor
does 1t apply if the doe per fracton or the number of fractions/weck are
changed during a course of treatment contaiung no gaps) The proper way to
calculate the NSD for a split course 15 to use the concept of partial and rewdual
tolerance (Errts 1968 1969) For example if the NSD representing tolerance
13 1760 ret (corresponding to 6 000 rad given m 30 fractions 5 times per
week over 6 weeks) then an incomplete treatment of 3000 rad gnen m 15
fractions results 1n a partral tolerance of (15/30) X 1 760 =880 ret (and not
1133 ret as computed from eq (3)) The residual tolerance 1s then 1 760 —
880 =880 ret In the examples of sphit course calculations previously given m the
Iiterature (Erus 1968 1969 WmsTon et coll 1969) the NSD representing
tolerance 1s presumed known and the number of fractions or the dose per frac
tion are then ad)usted until the specified NSD 1s attamned It s therefore necessary
to mvert this yeasoning 1n order to obtam the (unknown) NSD for a specified
treatment schedule This 1s precisely the problem that would face a ( hypothe
tical) therapy center which treated all patients with sphit courses 1n trying to
establish therr own tolerance NSD

We will consider for smpliaty a split course having a single gap as illustrated
schematieally below

(Nyda fy) (N df)
](\T,——>|<——Tc~—>[<~T — |
1st course gap 2nd course
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The total courw con.ssts of N fractions given an T davs uung, £ fracuons/week
and d; rad/fracuon followed by a gap of T: days, followed by N fractons
grenn [ davs uung f fracuons/weeh and d rad/fraction We a ume that
the \NSD winch represents full tolerance 1s pecified (from our pont of view
we are tarung with the deared answer) In order to reach full tolerance {in the
abwence of any gaps) at the dose/fraction and number of fractions/sech specified
i the firt course we would require Ny fractions, where Ny 15 found by «olung
eq (3 for the number of fractions required to reach the specified \SD, 1 ¢,

o= \SD1 3R013d,m1-3 (4)
where K1 depends on {; according to the Table The parual tolrance at the nd
of the firt coure 1s ther (N\y/Ny ) NSD The parual tolerance at the end of the
gap 1s somewhat smaller, duc to recoven (or repair) dunng the resting penod
and s gnen by

Ny Ts an
PT - sD (_—) 13)
N Ty +Te
The readual tolerance 1s then
RT=\$D—PT 6)

The number of fractons that would be sequired to reach full tolerance ( tarting
from the firt day and with 1o gap) at the rate peafied n the second cure 1s
N = \SD! 3pn13d-1a2 17)
Ihe number of fractions required 1o deliser the resdual tolerance m the «cond
coure and thus bnng the split coune treatment up 10 full tolerance 1x gnen In
(RT/NSD N If we require this number of fractions 1o be equal to the number
of fracuons peaified for the sccond coure se
N EANN 8)
\NSD
then our calculation 1 self-conssent Thaty  the «cond course — as peafi 1—
15 exactly what g5 required 1o bring the treatment up to full tolerance If we then
combme eqs 4—8) and whe for the \NSD exphicith, we obtan an equauon
wiich represents the NSD for a spln coure treatment namely

NPTy 34 Ty \on (\aL. d)]s;]w 2 9
NSD [( Ron ) (h*lr) - Foou

Ths equation s alo salid of there 1s o gap (I ==0; but the courr 1y phm
the sense that the dow, fracion or the number of fracuon /week 1s different lo\r
the two parts of the treatment It s easy 1o show that eq (9) reduces toeq 3]
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n the proper mit viz, Te=0, hy==he=DRK and di=d =d Eq (9) s
therefore generally apphcable

For a course with two gaps te three courses one can show by wmlar
rea omng that the equanon for the NSD 1s

N0637 4;\15 2 Ty o1 N 0637 d\1 ¥
o - {55 (e - B

T+ T 4+ Tar on N3063 7 dg\15 3 J0627 10
(T‘+T-+Tu\+TG) 1-( Ry ) } 1o

The generalization required for any number of courses 1s then obvious

It 15 necessary to point out that we have assumed the treatment to be a com
plete treatment and the NSD thus calculated represents 1n our judgement full
tolerance for that particular treatment Tolerance in this sene will depend on
the location of the uradiated volume as well as the 1ze of the volume eg when
treating a large volume 1n the abdomen one usually must treat o a maller NSD
than would be u ed to treat a small volume n an extremuty

Calculation of ret dose Once the NSD which represents connectine tissue
tolerance has been established then all treatment schedules can be referred to
this tolerance NSD for purposes of companson That 15 one calculates a ret dose
for 2 gnen treatment schedule — the ret dose bemg calculated as a partal
tolerance For an unmterrupted course of treatment the ret dose 15 computed as
follows 1f N 15 the number of fractions requred to reach full tolerance and N
fractions are given the ret dose 1s

l'CtdOSE:(\iv)NSD:L\SD'“S:Nd‘SS}\‘o‘J (11}
D

where eq (3) has been uced to compute N It 15 evident that two dfferent
centers will compute dilferent ret doses for precicely the same treatment chedule
i they have cho en different tolerance \SD < In fact the rato of ret dose to
NSD will be different as 15 evident from eq (11) {The two centers will how
ever compute the same NSD for the same treatment <chedule )

For the split course treatment previou ly conadered the ret do<e 1s gven by

M Ty \ouse)
ret dose = NSD | — | =—— —
e [1\1 (Tl + Tc) N ]

_ SO5 3 N0635 ,\153 T on No067 g\1 3
=\SD Rl 1t R
[( Rot ) (Tx+Tu) +( Ron ) ]“2)
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If the reatment reaches full tolerance <o that the ret dos 1s equal to the NSD
then the above equation reduces w cg {9) as expected

Computer calculation of NSD and ret dose The proviowsly domed egr atons
can be caih oorporated into a computer program wlich will calculs ¢ the
N\SD or ret dow for any treatment schedule (no matter how complex) Th pro-
gram b ted m the Figure, calculates NSD and ret dowe by an steratne froces
which generates the appropnate cquavon for the number of courcs entered
Ihe ret dowe calculated 1s seferred to an NSD of 1760 st

A copy of the prozram suntable Jor use with a teletype termnal may be ot tan 1 on
request {rom 1} ~ author

SUMMARY

A general equation 1s drned which can be wsed 1o calculate a pominal standard dme

of ret dae for amy treatment sef dule no matter 1w complx A computer progta Dt
sach calculations 15 dmenbed
ZUSAMMEANTASSUNG
Jane all~rmeine Glad unz wird herp les et dir serwendry werden kann um on 1 M
aelle Sty ddard Dous oot rine Ret Domu fue jedes | fundlunms Schema wir b %
n

diset 22 b o1 3= ru beze hoen Ein hew sterpeogratam fur s lehe Fore b
wid b fo b
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RELSUME

Lauteur presente une equation generale qu peut ctre unlisee pour caleuler la dose
standard nominale ou la dose ret pour tout plan de traitement s1 complique soit 31 11 donne
un programme d erdinateur pour ces calculs
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FROM THE DEPARTMENT OF MEDICINE UNIVERSITY COLLEGE DUBLIN IRFLAND

SELENIUN LABELLED TOLUIDINE BLUE AS AN \AGINT
FOR PARATHYROID SCANNING

Theoretic constderations
by

T G Brien

Radiorcotope <cintillation scanming was first introduced as a medieal dirgnotic
aid in the middle nineteen fiftzes Stnce that time st has become a useful techmque
for the mvestigation of disorders of many organs particularly brain thyrod
lungs hidnev hver and bone Two organs in which «anullation scanming has
met with less cuccess are the parathvroids and pancreas mainhy because « f the
lack of a radiopharmaceutical which localizes <ufficiently selectinel i thee
organs

Currently  the radiopharmaceutical used for <canning the panereas and
parathsroids 15 Se selenomethiomne a Sc analogue of the natural ulfur
contaiming amino acid methiomne Farst antroduced by Porcnrs n 1963 this
compound has been used by a number of workers for scanmng both pan reas
and parathvroids The results however have been far from encourtung
McGrows et coll  1968) having reviewed the literatuse of parathsrod <
mng and reported a further eight cases concluded we think that sclenomethio-
nine  Se 15 not sufficienthy <electnely concentrated i the parathyvrond glinds
and that real progress n the <canming of thewe glands will depend upon the
diccorens of a more «uttable radioactive compound  Garxkow & Ssumir (1968)
conadered a theoretic model of the process wherehy sclenomethionine 15 on

SaLmutted for puf fication {8 June 16,1
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centrated 1n the parathyroids and concluded that it 1s niot to be expected that the
normal parathyroids will ever be demonstrable by the sclenomethionine scan
mng technique even though the mam difficulty in surgery of the parathvrords
hies 1 the necessity to detect and 1dentify not only the tumor or tumors but the
remammng normal glands (Davies 1999) In 1967 ForchE~ et coll described
40 cases m only 24 of which the scan correlated with the surgical findings
They described the results as encouraging albert frustrating  Sumlarly Dr Griio
& Morares (1969) found that Se methionine scanming identifted the ab
normal gland in only 13 of 23 patuents with surgically proven parathyrod
adenoma They concluded that scanning was of httle diagnostic use 1 patients
with small adenomas (less than 2 ¢} and in pauents with hyperplasta or with
adenomas or hyperplastic glands lying m the thorax Pancreate scanmng has
proved somewhat more successful but there agawn many difficulties anise Selen
omethiomne 1s al<o taken up by the Iner which due to 1ts greater size accumu
lates more radioactivity than the pancreas When the two organs overlap pan
creatic 1dentification 1s either interfered with or completely bloched Soper
(1964) reported a semes of 251 pancrez-tc scans and despite difficulties of
mterpretation  successfully predicted caranoma m 24 of 26 proven cases In
131 cases later diagnosed as normal the scan mterpretation was also normal in
145 Meruep et coll (1968) also reported a high correlation between the scan
and the nlumate dragnosis They correctly predicted the result m 37 out of 40
consecutis € cases hoth normal and pathologic
Despite these good results the interpretation of pancreafic scans presents
many difficulties even to expenenced chmoians particularhy when there 1s a
generalized reduction m uptake of the radiorotope (AcnEw et coll 1969)
Attempts at 1mproving the results have ranged from methods ammed at Increasing,
uptake by pancreatic sumulation (Aane et coll 1966) to scannmg Iner and
pancreas with two different 1 otopes and using electronic devices to subtract
the Iner scan from the superimpased hver pancreas scan to give an mmage of
the pancreas alone \CotTraLL et coll 1968) Another techmque employed
has been the direct mjection of seler hionme mto the artery
{RevTer & Conv 1969) a method which has been shown to mprove the pan
creas/luer ratio of radioactivity ( huptc & Kaseater 1969
aa:\;\i‘;nhdﬁs the Iimtations of seleromethionmne as a pancreatic scanning
&{ARLS:\; prevented 1t from achieving its hoped for potentiality Indeed
RTH ¢t coll (1970) have shown that with present methods small
and hence resectable tumors of the pancreas cannot be detected
“;"';'é':]l"‘:s‘lilrl:; I.:;(:\ZR u&l MtOEd( IUQSGGI) observed that when toludine blue
panereas and ga tric corp:s Ssz'ax:mgo:hc;e ‘C:"’Cﬁﬂ(m‘;d n e parathyrods
gans a distinct blue color Ths
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observation has later been confirmed (Hurvirs et coll 1967, Riavesy &
LirzGrrarn 1968)

Ihis dye hrs alo been used to Jocate wd adantfy parathyrond ghinds at
surgery (Rrorrig & Moy 1966, kraviny & FrrsCirann 1968, Yiacin &
Rerwmrsts 1969 and to detect a tumor of the pinercas (Rraviny ot coll
1971)

It soon became obvious, thiat af 2 swtible radoactise Jabd conld be
corporated within the toludine blue molccule, without altering ats hility to
concentrate - the organs mentionad, 1 dewrable scanming agent conld
be prodeced  The fint attempt at producng, a radwactine form of tolurdine
Bluc was by Brars & Reavesy (1968) who Ibdled the dye with ' [ and
achieved a parathyrond 1o thyrod raun of 297 in 2 dog, 20 tunutes after 1n
Jection urther work howeser, faled to improve this ratio shich w s approx
mtely the «ame as that obtunable sath sdenometinonme (Briz s, unpublished
obrersations)  Arcarr b coll (1969) who prepared ' tolurdime blue and
me wurad ats concentrson m sanous organs m the rat ey found 1 pir
thyrond to thyrowd ritio of 30 aftar five mnutes but reported that the pan
thyrord uptake eIt rapndly thereafter They concluded that the Libelled dve did
not rem i the parsthyrords for a sufficiently long, perod to render st v seful
agent for extornal sannllation seannmy,

Another sttempt to produce 1 Jabelled verson of tolmdine blue wang ©*T¢”
pertechnetate faled becwse the matenal obtaned w1 n an ygregated form
wnd over 70 per cent of the injected dose accumulated s the hver (Y et coll
1968,

Smce the molecule of toluidine blue contams s sulfur atom withn 1h nng
structure of the molecule 1t was though that replicement of this sulfur som
by 1 radinactine selemum atom conld rosult 1 1 molecule with the requisite
biologie and unctosal properties T Se his an adequately lang half hfe 121
days) and emits only gunma raye the prneipal energies being, 110 keV 270
kel and 230 heV [heee cnergies are all smtable for s with standard <annllh
tion sanners

Caleulation of theoretic specific actisies and gland concentration of 7S¢
tolwdine blue In order 1o eviluate the vsefule s of 7 Se tolmdine blue s« 1
wanmng agent for the parathyrouds the following, caleul sions were m aul

Molecular werght of ¥ Sc twlmdine blue s 300 molecular weght of «lerum
1879

Speafic actnaty of 7 Se after four weeks aradintion 18 62 mCils, (§ o=
chemncal Manual) Speaific actnaty of * Se toludine bluc 95 79 /02 163

300
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mCy/.. If the tissue concentratton m the parathyrouds after a 100 mg/hg dose
1 90 g tolwmdime blue/g parathyroid (hanc & Di Giswio 1968) then the radwo-
actne concentration 1s

1 G 0
168 mGy X Neg 015 pCifg nssue

g
Alternatiely, if  Se labelled tolurdine blue can be synthesized using com
mercially avatlable  Se with a spectfic actity of 1 mCy/g selemum {Rado-
chemical Centre Amessham) then the speafic actiaty of the  Se toludmme
blue could be
1x79
S0 026 pCrfg
and the tissue concentration 1n the parathyroids would be
260 uGt _ 90 ug
x —=or 23 4pCifg
100~ g f

Although there 15 evidence to suggest that radioactivation might prove 2
sinple and convement method of preparing  Se labelled tolwdme blue from
the non lahefled molecule (\McConneLL et coll 1962 Babmiro & Brecaa
1966) the length of ume requured to mradiate the matenial to an adequately
high speafic actwity would appear excessnely long It 1s suggested therefore
that the more practical approach would be ab mitio synthesis of the molecule
using relatevely high spearfic wctnty  Se

Gren a reasonable high specific acvity  Se toludine blue it sull remains
10 be shown that sufficient radwoactvity wll be concentrated mn a parathyroid
gland to permt 1ts demonstration by comentronal scannng techmques GARROW
& Switit (1968) determmuned that 1t was necessary for a pomt source to contam
atleast 05 «Crof Se in order to be visible on scan with the conditions they
used A thata 1 g ad effectreely rep a pomt source then
2 ussue radioactmty of 05 «Cifg would be necessary to permut demonstration
of the gland McGeown et coll (1968) using phantom tumors 1 a radio-
ii\Cll\]c soluton simulaung an evenly distnbuted background found that for a
. :’m ::;ngr : minmum actaty of 0 16 #Ci was necessary to allow detection
Birmnare acl ?uund was one third this Jevel On the other hand Dr Grurio &
oo S (1964) in simlar experiments found a detection kmit of 002 #Ct
Tater o tumor again with a background of one third the tumor level These
thyrmdb ersdagme fairly well with therr own data on the ussue actrty of para
o glands exased after adnmumstration of  Se methiomne (0005 to 0 043

1/g) and also wuh that of McGrown et coll (0012 10 0021 nCifg)

Although this evidence from  Se meth h gapp,-a,-s

to be somewhat conflicting there 15 no doubt thrat 2 1 g parathyroid adenoma
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should be readily demonstrated at a tissue radioactnity concentrauon of 1 «Cily,

According to the data of hane & Dr Guweo (1968) 2 dosc of 10 mg of
tolwdine blue per kg body weight results in a concentration of 90 «g of dye
per gram of parathyroid tissue In order to achieve 2 radioactive concentration
of 1 uCi/g parathyrord the necessary spectfic actinity of tolmdine blue would be
1 #Ci{90 ug or 0011 uCifpeg The total dose to a 70 hg man would then be
10 X 70 X 1000 X 0011 =7 700 «Ct

This would appear to be an unacceptably high dose of radicactnsty to
admunister 1n a diagnostic test considenng that the generally accepted dose of

Se metliomne 15 200 to 200 #Ch

An alternatne method of approach 1» to calculate the percentage of the
administered dose which 1s concentrated m parativroid tissue Using the syme
data as 1bove the dose to 1 70 hg man 1s 10 X 70=700 mg The parathyrond
concentration 1s 90 #g/g tssue Therefore the per cent dose/g tissue s

90 ¥ 100
700 x 1000

This 1s about the same as that found after  Se methiomne (McGrow et coll )

Since tolmdine bluc has a much larger molecular werght than methionme
306 1s agmnst 117) the incorporation of one labelled atom of selentum nto
cach molecule would result i a much higher speafic actnaty for sclenometino-
mine than for seleno-toluidine blue Thus of the same percentage of the
admimetered dose of each 1s meorporated into parathyrord tissue 1 lugher
concentration of ridioactivits would be expected m the ¢ase of slenome thio-
mine Thus 1t would 1ppear that on 2 molr basis sclenomethionne 15 m fact
concentrated to a greater extent in the parathyroids than 1 toludine blue
However the average parathyroid to thyrotd satio of radioactiaty 15 about 3
after  Se methionine admmnstration (D1 GruLio & MoraLrs 1969 McCiows
et coll 1968; After tolurdine bluc this ratio nises to 10 (Rase € Dr Cietto
1968)  Since the bachground actmty regrstered by the senuilation « wner
would thus be decreasd the abwolute level of actinity necesary for demon tr
von of the parathyroids would alo be decreased Thus factor was tahen mto
account by Rasc & Di Grrto when they estimated that for a 70 k¢ mn
350 #Ciof I labelled tolwidine blue would be sufficient to demonstrate 3
03 5 paruinrord at a ussue concentraion of 002 xCilg, this figure of ()
71Ci/g bang thar measured level of radioactnaty an exased parithyrod tfter

Sc methionine

Another factor which necds to be taken into account 1% the fact that the
permusable dose of - Se methionine 15 heated by ats long Iiologic half hle m
man which h1s been sanously reported as being as low a¢ 23 and as lugh as

~0013 ,/g
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144 days (SopeE 1964 PennEr 1966) Although there 1s to date no published
data on the biologic half ife of tolurdine blue m man the 1mpression gamed
from clinical mvestigations 1s that the figure 1> of the order of days rather than
weehs

This 1s supported by the findings of MorTeENsEN & McRax (1970) that no
tesidual toludine blue could be found 1n any organ of dogs who had recenved
mtray enous mjections of the dye forty eight hours previously From the radiation
doumetry point of view therefore the acceptable dose of Se labelled tolwdine
blue might well be considerably greater than that for Se methionne The final
answer to this question however wall probably hase to awart the production of
the labelled molecule for metabolic radiotracer my estigations

Expernnental In order to evaluate the level of actmaty wiich would be
Tequired and the mumumum size of parathyroud detectable 2 number of expen
ments were carmed out using 2 phantom model of the parathyrods Ths
phantom conststed of a circular dish 12 cm 1 drameter i which were placed
four small flat bottomed test tubes arranged 1 a square of side 4 cm These

test tubes contamed a solution of 7 Se of the following volumes and concentra
tions

Tube Volume  Concentration
1 1 ml 1 «C/ml

2 03ml 1 «Cy/ml

3 1 mi 05 u#Ci/ml

4 05ml 1 uCa/ml
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The arcular dish was filled with a solution of 100 ml of ¥ Se at a concentrt
tionof 0 1 pCa/ml

The phantom was scanned using a Nuclear Chicago Pho-Dot scanner u ing
a 19 hole collimator at a speed of 10 cm/mun and a suppression factor of 80 per
cent The result 15 shown i the Figure All four tumors are clearly seen and
<ome ndication of their relatis e sizes can also be deduced

Concluston
1f 7 Se labelled tolurdine blue with a specific actiaty of 001 #Ci/pg can be
synthesized and 1f this compound retams the biologic properties of tolmdme blue
1t should concentrate sufficiently selectively n the parathyroids to prove 1 u eful
scanming agent for these glands Tumors down to 300 mg or less i size should
be adequately demonstrated instead of the 1 to 2 g hmut currently obtunable
with  Se methiomine Some indication of tumor size may alo be possible
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SUMMARY
The usefull of rad ¢ labelled ) of tolutdine blue as scannimg ag s for
pancreas and parathyroids is considered with particular reference o the mamnium 17e of
parathyroid ad hkely to be d d It 15 concluded that a sclepium | 1 elied

analogue of tohndine blue should prove a better scanmung agent for parathyroids ther  clen
omethionne and that s ith appropnate specific acuvities adenomas of 300 mg or Ir nuld
be derected

LUSAMMENIASSUNG
Dic Anwendbarkeit radioakuns gezeschneter Analoge von Tolwdm Blau als Sub v nzen
fur das Scanning des Pankreas und der Parathyreordea wird erwogen besonders an Hin
blick auf die genmmste damstellbare Grosse des Vdenotns der Yarathyreordea Man b vt
dazu dass e Sclenumegereichnetes Analog son Tolurdin Bl sich mehr als Scar nn
Substanz der Parathyreoidea eignet als Sel [ und dass mut geeigneten | ¢
fischen Aktnataten Adenonie vor 300 mg oder wentger nachgewsesen werden konnet

RLSUME

1 auteur crudie 1utilite d analogues marques radio-activement de bleu de foturdine ut hes
pour l2 saintigraphie du pancreas et des parathyroides 1l a étudte en particulrer Jes & en
sions minimales du plus petrt adenome parathyroidien que ces corps permettrasent de s mc
en éudence 11 conclut quun analogue du bleu de toluidine marqué au sclentum de rant
ctre un malleur agent phique pour les parath des que Ja selenometlucnn et
que avec des activites speaifiques approprices on pourrait detecter des aden smes de 300 g
0y mons
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FROM THE ROENTGEN DEPARTMENT, LANDSPITALINN REYRJAM IR, ICELAND

INCIDENCE OF PULMONARY CARCINOMA IN ICELAND
BETWEEN 1931 AND 1964

by

Gisut Fr PETERSEN

The National Hospital of Iceland — T andspitann — was opened 11 Decem
ber 1930 and i 1959 the author published a review of the cases of pulmonary
carainoma obsersed between 1931 and 1957 The present report 1s a contmuation
of the earlter one and includes matenal up to and including 1964 The cases hase
been assembled not only from Landspitalinn bue also from the Reyhjavih City
Hospital and St Joseph s Hospital Only those cases in which the diagnosis had
been fully established by histolog; 1on at autopsy biopsy or by cytology
were accepted in accordance with the requirements of the UYCC Fre cases have
been mcluded however m which the chimcal and roentgenologic diagnosts seemed
to be beyond doubt although no biopsv had been carried out and 1n 30 cases the
diagnoas was based solely on the autopsy findings In Iceland all autopsies and
bropsies are performed at the Insttute of Pathology at the Unnersity and the
relevant histologre matenal from the Institute was re-examuned and classified
for thismestigation () Hallgnmsson)

‘This report was presented as a part of the Gosta Forssell Memornal Lecture given at the
first meeting 1n Reyhyavik Ieeland of the Nordic Soctety of Medical Radiology in June
1971 Subnutted for publication 11 October 1971

DT At R4 log Th pyPhy B rgyd I 1119 ) 261
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Table
Pulmonars carcinoma diagnosed diring the period 1931 to 1961 Sex and age distribution

A, 30-39 4040 20-50 (0—(9 70-79 80< Tl Bk
- T = s xey
Sex MTP MF MI MT MT MF M OF
1931 1944 ! EO | 51t
194 1919 2 3 i 2 () 8 4 10
190 1053 2 1 503 4 0 135
1955 1999 YL, 1?4 6 53 0 2 30 13 13
1Ha 19t ¢ 1 1 [ 72 4 1> B 4 € 4 a8 2% ka4
[t > 2 1> 7 0 13 27 16 9 8 9 4 104 4 It

The Cancer Registry m Jeeland was opened m 1924 The cases regsterad m
clude those n which the diagnoss was based solely on the chinieal findings or the
death certtficate and where Instolo,ic confirmation was consequently lacking The
numbcr of ¢1ses of pulmenary carcinoma on the register 1s 4 little over 20 per cent
Iagher than in the present matenial Tt may probably be assumed that <ome of the
cases that were not venfied histologically realls were caneer cases, and the
adence figures that emerge n the present matenal ought thercfore to be lower
than the true figure

In 1ddtion to the aim of obtuntng mformition on the meidence of pulmonars
caranom and its <x and 1ge di tnbutton an attempt w1s made to obtun 2
complete a chinieal ind roentyenologic v aluation of the cascs 1s possible from the
begmmng Al cawe records roentyen films and lung reports including thos made
before the pauents had developed any symptoms sere smvestsgated i ordes to
determine of posible the carlicst rocntyen signs and the incadence of the different
findings 1t roctgen o xaummmaton

Ihe age and sex distnbution an the 149 patrente ss given in the Table Only 6
e 5 men and 1 woman were dignosed dunmg the first pertod wlidde m
duded 14 years from 1931 to 1941 The Inter perods cover 5 years e number
of eascs ws newrh twice as fugh m the sccond md durd penods ad i the
fourth and 11 ¢ penod an icrese of Just over 67 per cent s noted A con ider ible
tcrarse had thus taken place dunng the penod covered Iy the imvestigation

The averrge amnual merdence per 100 000 men nd women separately v
dicated B 1 Inthe fir t penod dunng 193] o 1944 the madeonce swas g t
under 05 Tn 1940 10 1949 the figure for the men wae 2§ 1t anercsed rapudhy
and dunn, the 190 t0 1951 and 1905 to 1909 peao Is it more than doubfed 0
71 Inthe final perod 1960 to 1964 1t screased by 18 per cent, to 105 For the
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Fig 1 Incdence of pulmo-
nary carcinoma per 100000
inhabitants  bens een 1931 and
196+ Hatched field repre
= et YT .y 0T sent men and unfilled women

women the annual madence was only 06 per 100 000 between 1945 and 1949
A considerable increase even more marhed than m the men 1s noted for this
category abo durng the 1955 to 1939 and 1960 to 1964 penods the figure ro<e
by 74 percent to54

Actording to the UICC s report the annual incsdence of pulmonary carcinoma
m Denmark for the perod covenng 198 to 1962 was 40 6 for men and 7 5 for
women per 100000 In Norway the mcidence for the years 1929 to 1961 was
176 for men and 4 2 for women In the same period the madence 1 Sweden
was 22 7 for men and 6 2 for women and m Finland 60 2 for men (the highest
figure among the Nordic countries) and only 5 0 for women

In comparison the incidence of cases per 100 000 was much lower in tceland
than 1 the aboy e mentioned countrtes The figure for men 1n Iceland for 1960
10 1964 was 10 5 whereas it was twice as high 1n Norway and Sweden four times
as high 1 Denmarh and six times as igh i Fioland For women on the other
hand the mcidence 1n Iceland was not much lower than 1 the other Nordic
countries It should however be pointed out that the number of patieuts increases
annually and the 1929 to 1961 period for the Nordic countnies 1s thus not wholly
comparable with the 1960 to 1964 penod for Iceland

The table abo shows that most of the men /46 or 41 2 per cent) belonged to
the 50 to 59 year age group The number of women was highest 1 the 60 to 69
year age group (16 or 326 per cent) In the 70 to 79 year group there were 9
men and 8 women (8 6 and 17 8 per cent respectnehy )
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Table
Pulmonary carcinoma dra nosed during the beriod 1931 to 1964 Sex and age dutrsbutton

\ge 30-39 40-49 30->9 60-69 70-79 B8O Taoal Buh
e sexes
Sex MOF MF M F MF MF NMF M
1931 - 1914 1 + 01 5 1 €
1913 - 1917 4 3 2 11 8 2 10
1950 1324 4 1 2 3 4 21 i3 5 8
1055 - 1979 L | 50t 12 4+ 6 >3 2 2 30 13 43
10O 1914 1o % 415 8 4 6 4 48 74 kA
Tl 5 2 1> 2 4 13 °7 1 9 8 2 4 10 42 149

The Cancer Registry i Iceland was opened n 1954 The crses reqistertd
clude those in which the diagnosis was based solely on the chneal findings or the
death certificate and where hustologic confirmation was consequently Jaching The
number of cases of pulnionary carcinoma on the register 1 a Iittle over 29 per cent
hiher than i the present materiat It may probably be asumed thnt some of the
cases that were not venfied hustologically realls were ¢ancer cascs, wnd the m
adence figures that cmerge 1 the present maten sl ouht thercfore to be lower
than the true figure

In addition to the aim of obtaining nformation on the tadence of pulmonany
carunoma and ts sex and 1ge distnibution, an attempt was made to obtun 1
complete a chmeal and roentgenologic ¢saluation of the ca es s posable from the
beginning All erse records roentgen films and lung reports, including those mde
before the pattents had daveloped any svmptoms were myestigated i order to
determine f possible the carhiest rocntgen signs and the medence of the Qifferent
findings at roentgen examnation

The 1ge and sex distrbution m the 149 panents 1 given m the Table Onh 6
tases o men and 1 woman were dingnosed dunng the fir t penod which m
cluded 14 sears from 1931 to 1944 The Iater pesiods cover 5 years The number
of caxs was neary twice as hush an the scond and third perrods nd m the
fourth and 11 1 penod an merease of just over 67 per cent 1s noted. A constderable
merere had thus taken place dunng the period covered by the myvestigation

The werage annul inadence per 100 600 men nd wamen <eparatel 15 11
dicatedan big T In the fint penod dunng 1931 to 1944 the madence was ot
under 05 In 1983 to 1949 the figure for the men was 2 1 It ancrersed rpudh
and dunny the 1930 to 1904 and 195) to 1999 peno 1s 1t more than doubled 10
51 In the fina) period 196010 1963 1t screased by 48 per cent 10105 Forthe



INCIDENCE OF PULMONARY CARCINOMA IN ICELAND 325

the most common 1te of the disease Infiltration had occurred 1 and beside the
tilus 1n 59 cases (50 per cent) and m the middle or penpheral pants of the lungs
1n 45 cases (378 per cent) Bronchial stenoss n assocation with cegmental or
lobar atelectasis was present i 69 cases (58 per cent) Thisis a hugh proportion
and suggests that the correct dragnosis had been made comparatively late m ths
material Exudative pleunse was the domunant roentgen change in 11 cases (92
per cent) Pleural thickening and apical lung changes with fibrous are obened
relansely often 1n assocation with pulmonary carcinoma Such lung changes
were noted 1n 32 per cent 1 some, 1t was doubtless remans of a tubercutous
mfection

Pulmonary tuberculosis has been considered by some 1 estigators to be one of
the ymtative factors that mmght have a pathogenetic connection with pulmonary
carcmoma, In the precent matenal there were 10 cases {67 per cent of the
whole senes) with concurrent tuberculous pulmonary changes, n 2 instances
with cavitzes

The histologic classification of the matenal followed that recommended by
WHO 1In 13 cases (8 7 per cent) no classification could be made however In
the other 136 cases epidermord carcmoma was noted mn 17 4 per cent anaplastic
small cell carcinoma 1n 33 6 per cent adenocarcimoma in 22 8 per cent, and large
cell carainoma m 16 8 per cent One case was considered to be a caranoid
tumour {bronchial adenoma) when the hustol 1 was re- d

This result 15 remarkable <eemg that eprdermord carcinoma constituted only
17 4 per cent of the cases when a figure of around 50 per cent was 1o be expected
according to other statsucians Instead anmaplastic carcioma and large cell
caranoma together accounted for 50 per cent of the cases

In the 59 cases m which the tumour was siuated 1 the hilar region or
centrally 458 per cent had anaplastic small cell carcinoma and 16 9 per cent
eprdermoid carcinoma But among the 45 cases with the tumour 1 the middle
parts of the lungs or at the penphery nearly one third (31 1 per cent) had adeno-
caranoma and 26 7 per cent epidermoid caranoma  anaplastic and large cell

carcinoma together accounted for nearhy 33 per cent (156 and 17 8 per cent
respectively)

Conclusion

Jt has been found that th snadence of pulmonary carcinoma 1s relatisely, low
s
but a high proportion of cases are women The histologic distibutien 15 alo

unusual since only about 17 per cent of cases consist of epidermord carcinoma
whereas anaplasic and large cell carcinoma together account for nearly 50 per
cent of the cases F
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SUMMARY

The incrdence of pultmonary carcinoma in Iccland between 1931 and 196+ has heen
mesugated It has been found to be relatnely Joo  but a ngh proportion of cases are
women

ZUSAMMI NFASSUNG

Fs wurde das V von L k aul Island zwischen 1931 und 19704
unter ucht Dicses war relatn niedrig Jedoch war ein hoher Antetl der Falle Ieauen

RLSUMT

1 auteur a etudie la frequence du cancer pulmonaire en Islande cntre 1931 et 1968 Cente
frequence st relats cmment basse mars | auteur a trowe une lorte proportion de cas femnins
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FROM THE DEPARTMENTS OF RADIOLOGY AND NEUROSURGERY, UNIVERSITY OF MIN
\ESOTA HOSPITALS, MINVEAPOLIS MINNESOTA USA

CURRENT STATUS OF INTRATHECAL RADIOGOLD
IN THE TREATMENT OF MEDULLOBLASTOMA

by

L HAGown S A Kisrrer G ] DAncio V T Fatrovand D M Lone

The medulloblastoma 15 2 highly radiosenstive tumor of childhood occurring
m the cerebellum The standard treatment regimen of these patents has been
surgical removal of the pnimary tumor followed by irradiation of the entire ce
brospmal axis and suppl 1 1rradiation to the postertor fo a Survnal fol
lowing this regimen has been quite poor According to BLoow et coll (1969) the
main cause of death 1s recurrence of the primary tumor Excluding postoperatne
deaths McFarLanp et coll (1969) have calculated a 40 St mortality m one
year and a 75 9% mortalty within three years m a recent extenstve review of the
Iiterature Better survival has been reported by PATERsoN (1963) and Jevkrv

(1969) The latter reports a 62 % three year survival and a 53 % fne year
survival

Exfoliated cells from the prmary tumor disemmate readily via the cere
brospinal flud pathways resulung 1n so-called drop metastaces along the spmal
axis McFARLAND et coll (1969) calculated a 33 %o madence of metastases
outsde the posterior fossa of which the vast majonty were to the <pmal axis

The high madence of metastatic deposits along the spmal axs and the fre
quency of recurrence of the pnmary tumor suggest that the standard treatment
Tegumen 1s inadeq A th il arises when the tolerance of the

399
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central nervous system to external radiation has been reached and the patent
requires further treatment to eradicate spmal axis metasta es A po tble olution
to this problem has been proposed utihzing a f# eritung radionuchde (** Au)
mntrathecally 1D Ancro et coll 1968 Kierrer et coll 1966 1969) Radioactne
collordal gold 1s primanily a g emutter with an average range of undcr 500
microns and could potentially eradicate nests of tumor cells 1 few cell layers thick
while spanng the underlving central nenvous syvstem parenchyma Becanse of s
<hort range radiogold has no sigmificant effect on tumeor masses with any bulk
Therddore implants viible at myvelography must be treated first with external
radiaton unul dicappearance Followng this, wntrathecal radiogold can be ad
minsstered

Ricrrer et coll (1966 1969) reported on laboratory studtes in 19 dogs fol
lowmng mtraventnicular injection of collordal radiogold The dogs were acnficed
at vanous time 1ntervals up to eighteen months Gross and mucroscoprc examina
tions demonstrated no parenchymatous changes n the bram or spinal cord but
many ammals demonstrated pernva cular round cell mfiltration 1n the lepto-
meninges Auwtoradiograws showed a rapid and fairls even distnibution of the
radioactn e colloid over the leptomeningeal surfaces of the <pinal cord 1nd « wda
cquint Based on these findings a treatment regimen was devgned to evaluite
the chnical effect of mntrathecal radiogold 1 the management of patients with
medulloblastoma

Treatment regimen

The following regimen was designed and followed 2s closely as choeal vt
sencies permutted 10 the management of all pattents mestigated Radical
tumor cxcision with removal of all gro slv identiftable neoplasm f po bl »
utihzed as the primary treatment Cerchrospnal fluid hunts are employed when
neces ane A myelogriphs 15 performed as oon after postenor fo a exploration
as chimeal conaiderations permut 1f negause 3500 rd are delnered to the en
tire 1ntracrarual contents and spinal canal in three weeks uaing “Ca extermt
teletherapy A angle spade haped posterior head and pinc portal 15 upple
mented by an oppo g anterior hull field In an cffort to present local tumor
recurrence an addional 1,00 rad ss delnered to the postenior fo <1 through
opposung lateral portale mn one and one half weeks Followmg this another
mvclographs 18 performed employing a sufficsent volume of Pantopaque fo de
monstrate completels the <pinal <ubarachnoid space particularly on ats po teror
a pect where amplants are mo t likely to occur If the myclography reveals no
A1 1ble tumor depo its the Pantopaque 15 completely withdrawn and raciogold 15
admimny tered mtratheealls  IF myclogriphy demonstrates drop metastases local
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external radiotherapy 1s employed until the metastatic deposits are no longer
visible at myclography When the tumor ma.s has disappeared radiogold is then
mserted mtrathecally Another snular procedure 1s followed if metastaces are
sdentified at the first myelography This has been described m a previous report
(D Ancio et coll )

The radiogold s ntroduced intrathecally following the myelography + ith the
patient 1n the prone posttion and tilted head down at an angle uffictent to msure
cephalad flow of the radiogold (usually 45 to 60 degrees) Ten to fifteen mCi of
9°Au muxed with 3 to 5 ml of cerebrospmal fluid are mtroduced No barbotage
15 used for reasons discusced elsewhere (Rierrer et coll 1966) The patient re-
mams tilted head down for 15 muinute penods 1 the prone supine and both
lateral decubrtus posttions External montoring with a suitable hand held survey
meter 15 performed to document cephalad migration of the radioactive gold
The patent then 1s returned to the ward where he remains mn the prone supme
and night and left lateral decubrtus po ttions for 1/2 hour mn each position

Three courses of mtrathecal radicactive gold are given at approximately six
week mtenvals each course preceded bv myelography Assummg an even distn
bution along the memngeal surfaces each cour e of radtogold gives an esimated
3000 rad to a layer of usue 100 microns beneath the meningeal surfaces
(D Ancio et coll } Only if the myelography 1s negative s the radiogold admmis-
tered 1f metastases are een at myelography the patient recenves addinonal local
external radiation (usually 1 000 to 1 500 rad 1 10 to 14 days) to the region of
metastasts Another myelography 1s performed and if the tumor has disappeared
radiogald 15 mtroduced i the behef that any remamng tumor deposts must
be extremely mall and thus amenable to treatment with radioactve gold

Large volumes of Pantopaque have been employed tor myelography mn order
to demonstrate completely the spinal subarachnoid space on both 1ts antenor and
posterior aspects The average volume of contrast medmum u ed on the e youn,,
patients was 24 ml with a range of 12 to 36 m]

Clinical data
Fourteen patients with hustol

TaTlohl

1ly proven have been
teated at the University of Minne ota Hospitals There were 10 males and 4
females in the group The average age of the patients was 8 years with a range
from 21/2t0 17 years Thirty four gold insertions were done altogether

The } ad of rad ¢ gold produced relatvely few
and minor immediate complications The most common reaction was a mld
fever (n seven Ppatients) which occurred a few hours after the myelography and
radiogold insertion The fever was rarely greater than 385° C and usually
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Table 1
Vedulloblastoma sur-cal rate (Lyfe Table Vethod)

Pertods after Alneat Dicd dunng  Wathdrawn  Projected Standard
diagnoas (yrs) beginning mtenal during proportion error
of interval ntenal sunving

0-05 12 i 0 092 008
05-10 1 [ [ 092 L]
1015 n 1 1 083 ofl

15 20 9 0 o 083 oIl
20-23 9 1 2 073 014
25-30 b o 2 073 01$
30-35 4 o 3 073 014

disappeared within 24 hours Six pauents had mild back pan at or near the
lumbar puncture ate Six complamed of headache and four of nau ea and vom
ing These complants were all muld and transient and cleared within 24 0 36
hours One pauent had a muld transient menmgismus

There were no postoperatine deaths mn ths <enes. Gross sunvnal data arc gnen
utihzing the Life Table Method (Cutier & Eperer 1938) (Table 1+ Two
patients were chminated from the surmal data «ince both were operated upon
and treated with radiation at another hospital Nerther recen ed radiogold i the
minal postoperative penod according to protocol They were «cen sx v mine
months later at the University of Minnesota Hospitals wath metastases and were
obviou Iv poor candidates for treatment There 1s an 83 ¢ estmated twe vear
sunisal rate with a standard error of 11 ¢4 The estimated three year sunnal
rate 1s 73 €¢ with a <andard estor of 14 S¢ The standard errors are larg be
cause of the smll number of pattents i this <erses It remauns to be scen wh ther
survival figures based on longer follow up will be different from the best r ults
previoushy reported where the treatment regimen did not include antrar! ceal
radiogold (Jesnin PaTERson )

Two of the 5 pauents who died have been mentroned an bref above On¢ had
malienant cells 1 the blood and metasta.cs m the spmal canal He eventt alh
dicd with bran metastases but without chmeal evidence of recurrence 1 the
cerebellum A detailed hustors of the chinical cource of the other case (whe ilo
presented with spmal axis metastases; has been gnen an a previous repost
(MARTIN et coll 1966) A thurd pauent (Cac 1) had a senv rapid and ful
munatng course termmating i death 5 monthe after operaton He did not
recene external Tadiation 10 the spinal 2as and was given onfy one court of
radwactnve vold He developed sptnal axis mesta tases within 2 months of oprra
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Fig 1 M elography demonstrates 2 complete block

at Thil to Thi2 multple metastases below the

block not su gested chiucally External radiation

produced complete resolution of the metastases

= (Reprodu ed with permuss ou from Awmer §J Roent
genol 97 (1966) 980 }

tion ( ee Ca e Report) The other two patients died 2 vears and 11/2 years
respectnely after operation with systemic metastases one had bone metastases
and chmcal evidence of recurrent cerebellar tumor while the other had bone and
spnal cord meta ta es Unfortunately post mortem examimnation was not ob-
taned 1n the e two ca es

Fe patients m the ertes had metasta.cs to the central nervous system Two
had metastases to the bramn {proven m ane ca ¢ at autops\ and presumed 1n the
second on the bass of chinical findmgs a positive bram scan and LEG findings)
and all 5 had prnal axis metasta.e<. One of the patients with pinal a<ws metasta
esis<tll abve 5 years following operatton however he has recently demonsirated
malignant cells 1n the cerebrospinal flud The other 4 pauents have died

Three pauents had metasta.¢es to bone and all have died. One patient had
mixed ostegblastic and o teolytic bone metasta es The Ivtie lesions occurred
the peluss and femoara while the blastie metasta.es were m the ribs and vertebrae

 other two patients had hie lesions m the bone

Myelography Serial follow up myelography was an mtegral part of the Pproto-
col Sixty two exanunations were performed on the fourteen patients Large vol
umes of Pantopaque were unlized 1 order to completely fill the thecal sac and
o't out the possibiits of mall posterior placed metastases escaping detection
Spinal axis metastases were detected by myelography m 5 patents. In two pa
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sent z wtal of 4 meta 1a es were found at myclography winch were not <,
geied chimeally Figs 1 2 a and ¢; emphaszmg the importance of enl hiree
volume myelographs 1 the care and evaluanon of thewe patent Msdography
demonstrated an appearance compatble with arachnoidinis in 2 patiems One of
the ¢ showed evidence of arachamdits at La—S1 the site of a metastae dego it
previou b treated with external radtaton which had disappeared  The other
patent case 2 had myelographic evtdence of arachnordiuis insolving the cnure
lumbar <pmal canal following s treatment cour<. He developed a ven <cvere
cauda equma svndrome with paraplegia and lo < of bfadder and bowel control
Operaton demonstrated cvere arachnowditss with marked thichening, of the dura
matting of the nenve roots and ¢y ue changes m the arachnord ( ee Cre¢ Re

port

Case reports

Cacl A3nvearold bov v as seen imuialls because of difficults in nauntarming lus b lance
and fslling to bus 11 bt Fiue days prior ta admession he became drowss and beran s mruing
fhs wal ¢ revealed pap and 1mparred coordigaton of the upp 1 rxere
mues A sentriculography demonstrated a mass in the i sentricle Fosterior fos 3 plora
i revealed 2 medulliblastoma

Fostoperauseh the panent s as treated with # Co extemal teletherapy to the bull 3010
rad 3 veeks o radmtion was gien to the spral canal A mavelorraphy vas 1 man
and the patient was gnen 10 mCi of yntrathecal radiorold

He returned 2 months later with araua lo s of bladder control snsommia and seru hiliy
Alsel craphy demonstrated diffu e metaseases throu hout che subarachneid pace apy 4nn”
as of the pmal cord v a5 enca ed in wmor CSF protein was 300 mg The patent v 0 et
local external ¢ Co teletherapn ta the lumbosgeral region (1000 gad 10 davsy v lu hovas
then followed by an additional 100) rad in 10 dass to the entse spime Neverthel  he

ontinu d 10 do pooth with treatment 3 bran scan shot ed a focus of mcrea ed act 1y 19
the left temporal revion and thr chnteal pictvre proeressed to diffuse bram stem wmol - nent
The panent exprred 5 months after operation Awtopws sevealed metasta €8 an th pens
medulla and left temporal Libe and recurvent wior an the ceret ellum The eaure p ol
cord was encased 1 3 thick heath of neopls m

This pau ot was one of the fir ¢ of tus <eries to bie weat d and 1y as thou br tha v uth
a nezatine myvel orap by imtrathiecal radiogold alone wonid be sufficent 1o provent mee ta <
without externat radiaticn to the spine M rapidh detertorann course indicated th ¢ e
ternat radiation of the cerel ro final axie 1s eysential 1 th trestment of thee patient and
thes was ancl sded 1 the remunen lor a)l other ca ~

Case 2\ I0acarold bey presented s uh severcly dimin | ed viwal acuny b lade
ataxta and papdledenz A preoperaus e semtpculographs revealed a mudhine cereb ar 12
P rrior fos 3 explofat: noeevealed 3 cerel ellar o dull blastoma but exeron «f thet 5 f
w0 vmplete

Pis cperatnels the patient 1 ad reated with external “Co tradiaty n recenanz
rad to theskullin 14 davs N rreadiaton was grven o the spraal v at s im

F
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Fig ? a) Three metastases that were not suegested clmucallv are scen in the lumbar reeon at
myeclograplin b) A myelogram showmg irreeulant of thecal sac and utkened nene Tous
ndicating hnord c) Cl nically d at Th3 to Th# and Th9 to Thi10
at melorraphy d) Repeat myelogram after further external radntion shows severe arach
norditss + ath iregutanty of the thecal sac and t} ick matted nenve roots

Two woenths fater the patient had 2 myelography which revealed metastases m the lower
lumbar region (Fig 2 a) whch v cre unsuspected climeally 3300 r1d of 'Co teletherapy
were gnen to the cenacal and thoracte spine and postenior fossa in ¢ + ¢ebs An additonal
4000 rad ¢ ere then ginen to the lumbosacral arex 1 4 1 2 weeks A repeat myelosraphy
however shos ed p of the intrad and a further 1500 rad were gnen
to the lumbosacral spie A third myelography was negatne and 18 mCi of radiovold 1 ere
njected ntrathecally This was repeated six weeks later Over a penod of 4 months the

patent had recened a total of 5 500 rad of ® Co teletherapy to the lumbosacral region
Twenty-one months after

P the patent gradually loped signs and pt
of the cauda equina syndrome s 1th loss of bov ¢l and bladder control and pain paresthesias
and progressne weakness of both Yoy er An elec was 4 as

consistent with the cauda equina svndrome Myeh hy d

P d thickenine and i
regulanty of nerve roots and wregularity of the theeal sac in the lumbosacral region {Fig

7b} Surgical explorition revealed markedly thickened leptomerunges The nerve toots were
thickened irregular and matted together Posteriorly there v ere cysuc pouches of arachnoid
m y huch were trapped globules of Pantepaque

Exghteen months alter s first negative myelography and 27 months after his posterior
fossa exploration routine repeat myelography revealed clhimeally unsuspected metastases i
the upper and lower thoracic region (Fig 2 €) Further local external %°Co radiation to

the thoracic spine (1500 rad over 12 days) resulted 1n disappearance of the myelographic
filling defects A myelography 7 manths later again g 4 severe humbar arachnosd
ws (Fig 2}

At the pre ent tme the patient is alive five vears following surgery He 15 paraplegic and
has ascending sensory and motor defictts which are now located 1n the upper cerical resion
A recent analysis of his cerebrospmal flud shos ed mahgnant cells

Case 3\ 4year-old gul was 1n good health untl two w
eeks prior to admission when
she e}l down and struck her head Skull hims demonstrated + denung of the sutures :Cn
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decatitg tacreased weeacaanaal pressure A ventricufographn revealed 3 posterior fossa tumor
and a medullobl was found at op Postoperatinehy the passent was given 3 51
rad of **Co 1rradiation to the skull and spinal canal in 4 weeks and an addaionat 1 500 rd
to the postenor fos a1n 10 days

Two and one half months after of a 5 4 phy way negatne and 10
mCi of ¥ Su were nstilfed into the subarichnotd space € weeks fater Another negatne
nnvelography was followed by 12 mCy of mtrathecal radiogold A third myelography i
another 6 weeks was al o negause and 10 nullicuries of radiogold were mstilied smtratheealty

At the present ume the patient 1s doing extremely well 31 months alter operation with
only a nuld reidual cerebellar Maxa

1 s ol

Cauda equina syndrome

One evere complication has occurred m 3 patients i thas stndy which was not
antuapued Tius 1s the development of the caudr equm syndrome (15
which 15 chaructenzed by leg and back pun weaknes and parcsthean of tle
tower extremuties and loss of bowef and bladder control

All fine patents have mamifested varying degrees of pam m the bick ind fems
and weakness of the lower extremities, as wedt as hyporefiessn Three potunts
expenensed pare thesas i the legs and three had varung degrees of los of
bladder wd bowel control Twa patients had metistr ¢s w the cauda eq o de
mon trated mvelographically pror to the dnum traton of ridiogold but the
other thret had no such pre exisung abnormality

Two of the 5 patients with the CL S sub cquently dhed of dhs emmatd tumor
One had 1 clweal &1 S which completely cleared alter wteatheen! hemo-
tharapy  uggeang thae the wos and sumptoms were due to metastr ¢ whnch
werc too small to be <en 1t myelographn This pitient eventually dos loped
wilely i cmmniated metasts es and died Unfartunately no autopsy wi pet
formed The other patient had spmal 1as metastases 1t s ] myelogs il
thus wcountng for the CLS when 1t was fint duteted  His smptone and
agns mmproved with external radanion but were never comphaedy re ohed At
myelography  everat months later arachnoiditis was cen an the lower 1 mbar
el ol regrons It was not elear ae that ume shicther recurrent tumor acd
trix post radrtion effect or 4l three were respon ible for thie rcurrent 1.t wad
ssmptoms

Case 2 had a very <evere O S which appeared T year 2fter s spin R
metastr. 05 were bronght under controf At the pre ent time lie g¢ campleteh pt
plegic with loss of bladder and bowel control and a <lonly a cendmg, Jeved of en
ey 1nd motor impurment i the corvical regon The other two pents hne
mild 1o moderate CF S Newther had any addstional arraditon nor it thes
have climucal ar inelographic exvidence of metasta s
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Table 2
Moedulloblastoma Cauda equina syndrome

External rad ation to Inteathecal radiogold Spinal axis  Aractnowds Extra
lumbosacral spine metastases  tisat my  thecal
at myelo.  elography  Panto-
Total Time No of Time graphy Paque
(rad) coutses
3500 41k 3 3 mo - — +
10 53> 15 mo 3 4 mo + + +
5500 4 mo 2 2 mo + + +
3500 5vks 3 35 mo - - +
33500 4 wks 3 3 mo - - +

All 5 pauents with the cauda equina syndrome had ome extrava.ation of
Pantopaque from the <ubarichnord space during repeat myelographies Two
patients had myelographic esidence of hnordits

Discussion

In the e patents there seem to be at least six factors that could account for
the development of the CES  tumor implants per e tumor mplants treated
with external radiation therapy and leading to an 1rregular theca (cicatrix) be
fore treatment with radiogold Iigh doe external radiation arachnoidius
trapped and extrathecal Pantopaque and thecal radiogold (Table 2)

Two patents never developed spmal axs metastases Thus they recesved only
the standard 3 500 rad of external radiation therapy to the lombosacral region
prior to the msnllation of rad ogold The CE S developed thereafter In another
pauent the CES cleated completely alter chematherapy suggesung that st was
due to spinal axis metastases too small to be demonstrated at myelography QOne
pattent had pinal axis metasta.es adequate 1n degree and location to account for
the CES In additon he had unusually high dose external radiation to the
spmal axis (10535 rad m 15 months) Ca.e 2 1s worthy of more extended dis~
custon He recenved hugh do e external radiauon to the lower spimal region
(5500 rad 1n 4 months) The <pmal axis metastases cleared but myelography
demonstrated arachnodal adhe 1ons with q ppmg of Pantopaque
globules He developed the CES approximately one year after external radia
ton therapy and 1nteathecal radogold bad produced cleanng of the spinal axis
metastases It was not known whether s signs and symptoms were caused by
residual or recurrent tumor radiation damage or arachnoidal adhestans con
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sequently a lammectomy was performed The nene roots were found to be
marhedly thinned and ughtly bound in arachnowdal adhesions The operatne
findings suggest that a s1cious cycle of events had been mtiated  cicatns forma
uon after succes<ful treatment led to arachnoidins This comb Ied to
damage and con equent nartowing of the strands of the cauda equina winch be
came enca.ed withm arachnoidal pockets The mtrathecal radiogold like the
Pantopaque tended to become loculited withun these pochets <o that a high
do ¢ was delnvered to thinned nerve roots A major portion of each strand of the
cauda equina thus was within range of the electrons bombarding the circum
ference from all sides The penphery of the nerve root thus recened do s m the
thou ands of rad leading to narrower roots and more arachnoiditis and <cting the
stage for more <evere damage at the ume of the next radiogold instillavon In
additton  eatrathecal Pantopaque might have increased the arachnoiwditis nd
helped to perpetuate the cycle

The common and probably crucial factor to all the patients who developed the
CFS was mirathecal radiogold Undoubtedly, the other factors plaved a role
and aided 1n the development of the CE S, an rrregular theca due to wrach
noidis secondary to previous tumor rvadiation and Joculated Pantopaque tould
onh make matters worse by trapping the radiogold

It 1s ymportant to realize however that radical treatments for lethal csion<
ometimes produced regrettable complications Permanent eradicaton o drop
metastases in patents with medulloblastoma seldom 1s achieved by sta idard
regumens of therapy One ca c died of the comphications of the di ca ¢ but hid 5o
residual intra pinal tumor at autopsy  The other pauent with proven pinal
metastases at mnelography 1s alne 5 years after operanon albeit he suffers from
aven severe CES and has recently demonstrated mahgnant cells in the cre
brospma! flud

We now belicve that this comphcation can be avorded in mo taf not al' p1
uents by the smple manewser of placng the patient m a 60 10 90 head-dmn
poaition at the ume the radiogold 15 mtroduced This posture 15 maimamed for
a minumum period of one hour while the other rotan posttions descnbued ¢
where are as umed In this way mo ¢ of the radionuchde has 1n opportumc 10
flow away from the lower lumbar regron Only the re idual activty (estimate 110
be about 50 ¢ at one hour) 1s available 1 the lumbo<acral theca for depo 1 1on
on the cauda cquna Twelve addinonal patents with medulloblastoma | ne
been treated at another institution by one of us (G DA ) dunng the pat wo
vears u ing this modification No in tance of the CE S has been encountere 1 1<
set i this group although another chuld with acute Jeukemia who recened « alh
onc stllation of radiogold has developed leg weakness of unknown ctiology at

this waing
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Electromyograms and nerve cond veloaity measurements of the peroneal
and nbial nerves were performed on at least two occasions on three pauents and
once tn one patient (Case 2) with the cauda equna syndrome In two caes the
needle electrode exammation revealed imitabiliny of uwits expre <ed as repettine
drcharges but only 1n one muscle of each patient The case most «everely af
fected chinucally (Ca e 2) showed evidence of partial denenvation m all mu.cles
tested 1n both lower extremiues and m the para pinal muscles The nerve con
duction velouty 1alues were within the normal range m 2l nerves tested of each
patent except for a shghtly low value (36 m/s) m the nght peroneal nenve of
Cac 2 [his degree of reduction mn conduction veloaity 1s not unwual when
proximal disorders hav e resulted 1n severe peripheral denervation

The electromyogram can provide ome wmndication of carly neurogenic damage
to antertor horn cells or nenve yoots When the denenvation 1s more chnically
mamfest the test may be useful i a.certamng the distnbution of the process
Electromyography performed at regular mtervals may be of value m following
patients treated with ntrathecal radiogold to detect early mamfestanons of the
cauda equina syndrome possibly before 1t becomes evident chimcally

Routine myelographv using a large volume of contrast medim 1n order to
outline completely the antenor and posienor aspects of the ubarachnod pace
would seem to be an extremely important adjunct to patient management In two
cases mine chimcally unsuspected metasta es were revealed by myelography
Congiderable care should be used m performmg the myelography children
should be heavily <edated to avord the problems of extrasasation of Pantopaque

SUMMARY

Fourteen patients with proven medulloblastoma have been treated with external wradsa
tien follos ed by intrathecal radiorald When two patients who presented late after devel
opmient of widespread metastases are omuted the cstimated two year and three year sunvwval
15 83 % and 13 9% respecunely Late development of the cauda equina tvndrome was seen
n 3 panents The complex causes leading to this complication are discus ed

ZUSAMMENFASSUNG

Vierzehn Patienten mut emem nachy

gey icsenen Medulloblastom wurden durch exy
Btstﬁhlunz gefolgt von intrathecalem Radiogold behandele Wenn = e1 Pauenten :::
geschlossen wurden die 7w spat nach Entwickl
o wnirden e 7p och In ;v‘l: un§ allgememer Metastasen emngey 1esen

" jahres-Uberleh 83 bzw 73 ©
spate Emwicklung des Cauda equna Syndroms wurde bey 5 Patienten btobach(:l E.[‘)r:f:

komplexen Urachen die zu dieser homplikauon fuhiren werden besprochen
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RESUME

Quatorze malades attemnts de medulloblastome venite ont cte traites par irradsation ex
terne sunie dinjection sous arachnoidienne dor radio actif Si on ne tient pas compte de
deux malades qui se sont 1 ps apres le deselopp de disséom
nees les taux de survie a deux ans et & trots ans sont estsmes respectiement 3 83 % et 73 %
On a obsene chez & malades lappanuan tardive d un syndrome de Ia queue de dm:l Lcs
auteurs ¢ les causes comy qui cond A cette
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FROM THE DEPARTMENTS OF PHYSIOLOGY, PATHOLOGY AND MORPHO10GY, EGE
UNTV ERSITY MEDICAL FACULTY, BORNOV A IZMIR TURKEY

ATTEMPT TO MODIFY THE IONIZING
RADJATION INDUCED HISTOPATHOLOGIC EYFECTS
ON THEF CENTRAL NERVOUS SYSTEM
BY RESLRPINE ADMINISTRATION

by

N I Hamm 3 Ansu § Farakariand O 1 Tonczr

As supervoltage aradiauon now allows the delivery of greater depth doses
reports of mjunes are again ncreasing n frequency and so-called radiore 1stant
structures are being recognized as vulnerable More knowledge of the hazards and
benefits of rrradiation therapy s essential to 1ts progress and increasing effectine-
ness (Rusiv & Casarerr 1968)

The challenging task of 1dentlymng the sigmficant vanables governing neural
pariicipation 1n radiation effects has only started Radiation destruction of
ascular and ghal tssues within the nervous systera may alter the metabolic
processes essential for neural actvity thereby altening the structure and function
of neurons, It 15 apparent that better resolution of the duality now postulated for
radiation effects on the nervous system must be obtamed Although attention has
been focussed on function and behaviour morphologic alterations mav constitute
the most obvious effect of sradhation Tt effects on neural tissues may be largely
a result of vascular alterations although evidence exists that they are exerted on
neurons The relatie contnbutions of vascular and late effects represent mayor
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Fig 1 _4 hours after arradiation Pernascular  Fig 2 48 hours after irradiation Ten seular
mfiltranon  Haematox m—eosnin x 350 infiltration hyafine thrombus  Haemut wylhn
eosin X 8.0

problems that have not been resolved The application of newer biophy 1l and
tistochemzcal techmques for the  ubcellular analvas of neural and va cular
tisues can be cxpected to yield a better under<tanding of the mecham m im hed
in these ctructural changes (Rnetporr & Huxr 1960)

Matenal ard Methods The head of rabbits anaesthetized with 20 m_ kg
Nembutal Sodium were imadiated (220 AV 15 mA 1 mm Cu filter) irans
temporlly The actual iradiation doses were 320 R/mun to the upper surface
and 160 Rymin 1o the Jower <urfacc of the head Each «de was rrradiated for
scven minutes. The animals were sacnificed at the 1st 2nd 3rd 5th 7th and 8tk
postirmadiation davs. Some anmals sunned 10 to 12 days after wradiiuon
The bramns were fixed mn 10 ¢ buffered formaldchyde and eght «tandard
«ections cut ( Tnosrson 1966) After paraffin embedding 3 to 5w huste e
sections were cut and stamned by haematoxylin-co in and modified Rudley meth
ods. The 1me expenmental procedures were repeated 1 the reserpine (Serpn il
CIBA 1m 05 mgke 24 hours and 05 mg kg 5 hours before wradiation pre
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Fig 3 24 hours after irradiation Endothelial  Fig 4 21 hours after irradiation Pernascular
proliferation Haematoxyhn eosin x 880 mfiltration  Haematoxylin eosin X 880

treated ammals ‘The sections were studied microscopically and the results were

compared A general classical autopsy was carried out to nsestigate the posaible
cuse of death

Results

Vascular effects such as hyperemia teleangiectasss endothelial swelling and
proliferations pernascular fibrosis and hyaline thrombus as well as ghows focal
necrosis were observed {Figs1 2 3 4 5) Beside the vascular and glhial changes
such as intranuclear and mtracytopla mic vacuolation protoplasmic swellng
disintegration darhly staming and condensation of neurofibnls apparent, topo-
graphic Jocalization and condensation of Misst bodies especially i the pons
mdbrain and bulbus were observed (Figs 6 7,8 9 10 11) The amumals that
were pre treated with reserpine presented almost no vascular alterations although
after the 12th post wradiavon day some regressne changes occurred at the
neurons 1e¢ intranuclear and intracytoplasmuc yacuolation cytolysis and dis-
wtegration of neurofibnls It was concluded that reserpine was protective agamnst
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Fig 5 o1 hour after Tels and b Haematexylmec im0
Fig 6 A mulupolar ganghon cell 24 hours after irradiation Intranuclear and intracyt ¢ mn:
sacuolation chromatolysis neurofit rillar d and penpl enc of o um

fibrils Macmatoxy lin-eosin x 2 200

radation damage The results of general autopsy indicated that pcnphcn(l:
collap<c was almost alwys the pessible case of death One cace had faa
necross 1n the adrenal cortex and 2 cases pre ented evidence of bronchopuey
monia

Discussion
Radiation destruction of vascular and ghal tisues within the nenvous sy tem
m1y subscequently alter the metabolic processes esentnl for negral acuvty
(Rasterporr & Huxt 1965) These responses of antersutial and va culir oon
nective tissuie 1re more marked, more permanent and more progres 1ne s the
ndition dose 15 mncrenced All these changes are non speafic (not umgue 0
radiation)  The ntersuuial fibrosie and the fibrosus of small blood vesscls ¢ n
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Fig 7 Mulupolar ganglion cell 48 hours after Fig 8 8 days after iradiation Tntranuclear
d Lation  d

iffuse  acyolaton and chrematin condensation m
chromatolysis and eytolysis Haematoxyl o eosint astrocytes Sikver impregnation x 560
%7 200

sutute a premature mcrease m the histohematic connective tissue barner (the
barner between the blood and the dependent parenchymal tisue cells) It 1s
through the e that diffusion of nutnients and ga.es must take place and a prema
ture advance 1n the development of artenocapdlary fibrosis both of which are
progresave processes i normal aging ( Casarert 1963)

An attempt has been made in the present mnvesttgation to modify the rontzing
radiation induced alterations on the central neryous system by the administration
of reserpme Basically reserpine exerts important effects on behaviour and
autonomye functions It 15 believed by some worhers that its ability to cause the
release and infubit the binding of amines such as serotonn and norepwephrine
rests on the role of altered amine metabolism and furthermore that the effects of
Teserpine vary greatly The Brodie hypothesis has at any rate simulated enormous
amount of work 1n this field 1t suggests that the depressant effects of reserpine
nray be due to serotomin release although just how such release produces auto-
nomuc effects of behaviour 15 not clear The continued production of the amime
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Fi> 6 Nfuluprlr panghon cells of a rabbit  Fiz 10 Multpelar gungl m cells of o raoot
shat w.. pre treated with reespme 12 davs  thar was pre treated with rewrprie 15 203
after irradianon. Onl  shrht regres e chang aftes arradiation. Haematox lmrocany A
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without an effecuse binding mechanism 1o the cell may <uggest a poatne role
for increased serotorun levels as the mediator of reserpine It 15 posable however
that the depletion of <erotonin also ss of <ome 1mportance 1n this connec ron.
Although these speculations mav <cem of acadenuc mterest onbs 1t bould be
recognuzed that attempts at correlating behaviour and bram chemstry ar- of
great moment and Justifs the elaboration of working hvpotheses (Goit 1951)

Bsochem:cal research m the field of mental iliness dunng the last decade was
greath sumulated by obsenations mdicaung that brogenic ammes, <uch z =
dol and cathechol. 1ma\ <ene as neurotransmytters m bran f.nc
ucn. This hvpothests was <upported by the fact that mans psychotropic ac~nls
Iike psicho ogemes, tranquillizers and antdepressants mterfere with the met.bo-
Lism or the acuons of biogenic amunes (Brese 1960)
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Fig 11 Vult polar ganolion cell 13 days after arradianion Neurofibrial
condensation Beemnming of wtranuclear and mtracytoplasmic vacuola
tion Silser impregnation X 360

Starting from the pomt that histochemical techmiques may be expected to yield
 better understanding 1 radiation induced alterations and that some agents
wterfere with bram metaboli m a <eries of expeniments was planned to in
vestigate the possible radration protection effects of these agents (1€ meproba
mat re erpine adrenaline acetylchohne mescaline etc ) The re.earch 1s still 1n
progress Apart from the mnvestigation of the effects of the other agents the extent
of the radiation protectant action of reserpine on the following will be determ
ned (1) monoc-ammes of the central nervous sy tem (a cositve fluoro cence
method will be used) (2) electrophysiologic changes in the bram (3} the
changes in the DNA and RINA content of the bran neural cells (4) the hsto-
pathology of the ghal and neural cells by means of electron and light micro copy

Acknowledgement
The myestigation was partly d by the I

Atormc Energy Agency

SUMMARY

Trochemical research mn the field of mental 1llness has been greatly sumulated by obseria
ion that biogenic amines Mav serve as nevrotransmutters m bran function A series of ex
peniments has been plinned to imyestigate the possible radioprotective actions of psycho
tropic agents that interfere with the metabolium or action of biogeme amines Reserpmne 15
supposed to act as a radiition protectant
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ZUSAMMFENTASSUNG
Die bochemischie Forschuniy auf dem Gebier der Gmlnkrankhencn sst wesentlicl dusch
dir Toststellun® dass Liogene Amine als Nrurotr, 1 an der Hunf

teslnehen konnen  sttmuliert worden Fs st ene Rethe son Versuchen geplant worden
die snoglichen strablenschutzende Wirkungen psychotroper Substansen di auf d 0 Me
tabolismmus oder die Wirkung son biogenen Amumen emwitken zu untersuchen T's wird an
genommen dass Reserpin als Strahlenschutzoubstanz wirksam st

RISUMI

Le fait que Jes amines biogeniques penent sene de neuro transmetteyrs dans Ja fonc
tion cesebrale 4 hraucoup stunule 1a sechesche binchunuque dans Je dosnae des taladies
mental Loy autcurs ont ctabli le proget d une séne d exploences pour ctudier s acuons
radio-protectives povsibles des aents psychotropes qui snfluent sur Je metabolsme ou Tac
tin d s ammn s bicgeniques s supposent que la poscrpine ait comme rads) prote o ur
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FROM THE DEPARTMENTS OF NEUROSURGERY AND PATROLOGY, UNIV ERSITY OF
COLORADO MEDICAL CENTER DENVER COLORADO U S A AND KLINIKUM STEGLITZ
FREIE UNIV ERSITAT BERLIDY, GERMANY

EFFECT OF IONIZING RADIATION ON NUCLEAR
ENERGY TRANSDUCTION IN NORMAL AND
NEOPLASTIC GLIA

A quantitative cytochemical mvestiganon
by

W M Kmscu D Scuurz E Fuens and P Nagave

The mutial watracellular biochermucal disturbance mduced by 1onszing radration
1 tissue 1s poorly understood Ths fact has been emphasized repeatedly (ALEx
arpEr 1960 UN O 1928) with the conclusion that the imtial step of radiation

damage remains to be determumed Ambigmty charactenzes the many reported
attempts to determune dhate intracellular radioch

1 lesions  pnmanly
becanse of linutations 1 quantitating biochenucal events m discrete subcellular

compartments or organelles These difficulties can be readily appreciated m
view of conventional cell fi methods c g of the h

von of wchemic tsue 1 water Thus approach though comventent, 1mposes
unavoidable analytical artefacts to wclude (1) nevitable ussue autolyss and
anowa dunng specimen preparation (2) extraction of important small molecular
werght substrates and and (3 inevitable cros of one
subcellular organelle with another In an attempt to reduce these artefacts to
a mmmum and esamine immediate radiochemucal effects 1n as clos to newly
wnposed steady state bioenergetic conditions we have developed a new method
for subcellutar fractionaton of nucler from normal and neoplastic neural nssue

349
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Fig 1 Muntage of represeptatne ficlds of § oplulized gl las oma nued 1 and fr >
somes s lated by our 5om aquesus mett xd White bne 1n Jower neht hand corne  f
each [hitorraph represents 1 g 1-—1 Fulk o llectin of gliblastcma nuder st wore
cvan surface characterisucs 1—-2 through ¢ are chromwsomes prepared from 14 -
blastomna cells sn culture 1n partial mutotic synel rony secondary 10 duble thyt nd ne
Llorkade A wide sanety «f mut tic stages are represented 1—2 Lmer Jeft anajtas
upper right metaphase 1-—3 4 o metaphase plates 1—6 late metaphase 1—7 212
phase and 1—38 hirhly extended chsomatin — presumably mterphase fiber
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Tig | {Forlegend s e opposite page )

{Rrscn et coll 1970 harscr et coll 1971) This report deals with the use of
the method for the elucidation of earlv radochemical effects i nucler and cyto
plam with particular emphasis on nuclear energy tran.duction Inferences
regarding the latter have been dehneated by measunng the changes m steady

tate compartmental concentration of sub trates with bioenergetic potential m
response to omizing radiation
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In brief the nuclear 1solation method permuts an examination of the sub trate
concentration gradient between nucleus and cytoplasm within a fow  econds
after «xposurc to sontzing radiation, or at any other appropnate time nterval,
on the ba.1s of quick freezing fixation

Material and Methods

Expenments on munine bran and ghoblastoma have been conducted as
follows Six weck old muce recened 500 rad of wrradiation from conventional
orthovoltage equipment (250 kV 30 mA, 1 mm Cu -1 mm Al) to the head with
the rumainder of the body shuelded Within five to ten seconds after the comple
tion of bran irradiation, the mice were decapitated, and the evered heads ather
immediately frozen or allowed to incubate in an ischemuc state for one minute
prior to freeang Freeany of the severed heads was accompls hed in Freon 12
(CCLF ) chilled to nts freeziny, point (—156° C) by hqud nitrogen Bramn
rendercd rschemmic for one mnute and then frozen has cxpended endo.cnous
glveolytic energy re erves m a closcd anaerobic system (Lowgy et coll 1964)
Brains from control, non irradiated micc were prepared by freezing m an 1den
ucal fa.luon In the case of trradiated globlastoma, cell cultures of the hem
cally nduced munne ghoblastoma grown to Jog phase were irradiated with
300 rad of sonwing radiatson (same radation paramcters as for munne bram)
while at a temperature of 37° C Within five scconds after radiauon exposure
the mcubation media was quickly poured off cells washed twice with 1.otome
saline, and the cultures quickly fro.en Control, non wrradiated cells were ucated
idenucally

Alter fixaton of 1 <ue by quick freezmg  brams were disected from the
frozen, decapitated heads at —30 € and both bram and tssue culture materal
hophihized under ngidly controlled conditions at —25° G Condstions for Is phs
lization are enucal to permit subccllular fracture of & sue alons, the nu lear
cvtopla mic juncton Cell di ruption for nuclear Iiberation 15 accomph he i by
tonscation and heanng of the fyophilized tu ue 1n vicous neutral hygro copic
media (glycerol) at 2° C Nuclear pdicts are prepared by centrifugation m 2
gradient composed of glycero! and 3-chloro-1,2 propanediol resulting an a super
natant band compo.ed of cvtoplasmic and membrane consttuents virtually free
of nucler Lyophilized nucier 1solated by this method are devoid of contaminating
endoplasmic seticulum and contain a complement of labile water oluble com
ponents (cations and smportant glycolytc ubstrates such as pho phocreatine
(PCr) adenome tnphosphate (ATP) glucose 6 phosphate (G 6 P) and
Jactate) The latter have been meaured by the fluorometne methods of LowrY
et coll. Fig 1—1 1s a scanning electron mucrograph displaying a typical nuclear
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Fig * T electron of lyophilized nucles {from cell culture)

1solated by this non aqueous method One micron sigmfled Mo contaminating endoplasmic
reuculum promunent nucleol: ntact rner nuclear membrane

preparation from munne ghoblastoma grown m ussue colture As an asde
1t should be noted that the method has been extended to permt the 1solation of
liobl ch m the lyophilized state (hirscm et coll 1971)
Fig 2 15 a transmussion electron mucrograph of isolated ghoblastoma nucler
demonstrating the absence of contamunaung external nuclear membrane or

endopla mic 1 Fig 3 15 a scanning electron micrograph of
an 1 olated ghoblastorma cell nucleus at huigh magnification

Results and Discussion
Nuclear preparatons from bramn and ghoblastoma sausfy accepted biochemucal
cntena for punty, and as such are amenable to the determunation of the steady
state levels of important lugh energy intermediates The supernatant fractton
after centnfugation, appears as a discrete band m the centnfuge twbe and 1s
assayed to gne a provicional esumate of substrate content 1n the cytoplasm An
aliquot of the broken cell suspension or glycerol homogenate has been assayed

I-THOM 41 R4 Ige Th prPhy sB Lgyd t 12 (I972)
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Fig 3 High magnification view of isolated
ghoblastoma nucleus demonstrated by scan
ning electron microscopy  Magnification
signzfed by micron marker on photograph

prior to centnifugation m order to gine an overall picture of sub trate content
Informaton 1s obtamable i the following form Sub trate concentration m ho-
mogenate (H) cytoplasm (C), and nucer (N) expressed as muM/mg protem
In the case of ghoblastoma i 1 sue culture, onh zero ume (Oy) values hase
been determuined  zero time signifymg that the ub trate concentraticns m
homogenate cytoplasm and nucler have been compared m control and 1rradia
ted u sue culture preparations immeduatels after radiation exposure In the
case of munine bram these sub trate concentrations have n addiion been
determined after one minute of 1schenua m a clo ed anaerobic svstem  Since
the munine bram 1s functioning 1n a closed anaerobic system 1t 1s forcrd to
rely on glycolyss for the generation of ATP An esumate of the energs potential
m nuclear and cytopla.mic compartments has been made by summating the
hnown energy equualents of ATP (2~P per equnalent) and PCr (1~P per
equuvalent) expressed as concentration Thus estimate m the ca<e of ghoblastoma
1s only a part of the total energv reserve since glycogen and gluco e werc not
measured, and 1s thus an approximaton of the energy charge in the ademlate
pool only In the case of bram where gluco ¢ determinations have been per
formed a closer approximation to the total energy charge could be caleulated
For the purpo es of this report only ATP and PCr~P equnalents have been
calculated for both brain and globlastoma An extensne di cu.sion of the den
vation and rationale of the calculation of energy charge has been presented
by hkscn (1965) and Lowry et coll (1964)
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Fig 4 Immediate and schemie changes 1n suburates of ghycolyny in e
nne bram with and vathout exposure to lomzng iradiatron Scale for
homog nate |H) cytoplasm (C) and npuclear (N) substrate concentra
tions (ATP PCr gluco e G-6-P and lactate) on left calculated chane
n cnergy charge (ATP 4+ PCr) ~ P equnalents (7) expressed on mght
Chang s sn srradiated bram plotted with broken line and open circles
whereas controls are represented by contnuous line and closed arcles
Duration of wschemic mesbaton one munute 1o all cases Substrate and
energy equnalents (~ P) expressed as muM/mg protern Values are the
average of at least four and s many cases more indivydual determinations

The nuclear energy charge of normal murnne bram and ghoblastoma responds
differentially to 1omizing wradiations (Figs 4 5) The ymmediate response of
normal munne bram to 500 rad of iradiauon 1s an immediate and sgnificant
lowenng of total steady state cnergy resenves particularly ATP and PCr This

4 oteurs pred by m bran cytopk: P bly secondary to a
disturbance 1 mitochondnal encrgy transduction In contrast to cytoplasm,
brain nucler exhibit a modest, but definte, merease 1n the level of energy resenes.
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Murine Glioblastoma (Cell Culture)
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Fir 5 Immediate changes 1o steady state concentration of tmajor substrates
of glycolyss 1n enltured murine glioblastoma after exposure 1o 10n1zIng rra
dizton Scale for homogente (H) cytoplasm (C) and nuclear (N) sub-
strate concentrations (ATP PGr GG P and lactate) on Jeft calculated
clange 1a energy charge (ATP + PGr} ~ P cquualents on nght Arrow
indicates direction of zero time change in szrious cytologic compartments
Closed cirele represents control non irradiated values and open errcle irm
diated tissue values Determunations are the average of at Jeast four scparate
samples i each case

after irradiation The latter may be related to a disturbanee n the nuclear
utilization of nuclcotide triphosphates for biosynthetic purposes perhaps RNA
biosynthesis Conustent with these observations 18 an clevatton of zero ume
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steady state lactate levels m bramn cytoplasm  The latter mdicates an wradiation
induced immedrate actryation of glycolysss 1n the cytoplasmic compartment — an
expected response to an mmpairment of mutochondmal energy trausduction Once
glycolysis has been actvated, the rate during the first mmute of sschemua 1s
1dentical i control and irradrated ammals (Fig 4)

Opposite immediate irradiation effects occur m the mtracellular compartments
of tis.ue culture preparattons of ghoblastoma cells A shght but defite mcrease
m ATP 15 found m ghoblastoma cytoplasm immediately after exposure to wrradia
non (Fig 5) Thismcrea ¢ n adenylate charge could be due to erther an ncrea e
m ATP production, or a decrea e n ATP utilization 1n response to radiation It
appears on the basts of <ubstrate evidence that cvtoplasmic glycolvas (2 meta
bolic feature charactersic of many malignant tumors — mncluding the gho-
blastoma) mn both normal and neoplasuc tssue 15 activated ymmediately by
srradiation Substrate evadence for this contention can be summanzed as follows
levels of (1) glucose 6 P the mnal step m glycosss and (2) lactate, the fmal
metabolic end product are marhedly ncrea ed 1 tumor cytoplam withm

econds of radiation exposure The other po ble explanation which cannot be
excluded by this data, 15 that ATP expenditure 1 cytopla.m for synthetic or 1omec
gradient mamtenance 1s suppre..ed by irradiaton leading to a secondan rie m
steady state values Tn contrast however the adenylate charge m the tumor nu
cleus conventionally thought of as the mo t radosensitnve subcellular organelle,
1s reduced as an 1mmedyate re pon e to wradiaton One important mmphcation of
this ob ervation 1s that a radiosensiive Hutherto unrecogmzed umque nuclear ATP
energy generatng system 1s pre ent within the tumor cell nucleus which 1s
d d diately by rrrad The presence and significance of a system
of this nature 11 neoplastic ti sue has been peculated upon m presious publica

uons {hirscu et coll 1967 Heapee & harscn 1971)

Since the nucler 1 olated by this non aqueous techmque are su ceptible to
a.sav for cation concentration 1 addiion to of labile sub: s
prelimmary expenments have been conducted to determune <hufts 1 1ome con
centration gradients in bramn as an immediate effect of irradiation and 1schemia
(Table) Though this data must be interpreted with caution certam nteresting
provisenal obsers ations are possible The total Nat and h* content of bram as
determined in the homogenate 15 m good agreement for previouslv reported dry
weight values 1n bran {(ANDBOOR OF BIOLOGICAL DATA 1926) Of con 1derable
nterest 15 the Na* /h* ratio of 15 m normal bramn nucles mdicating a sodiam
nich nuclear compartment The mmeduate effect of irradiation on brata, nucles
to virtnally halve the Nat/K* rato to0 8 despite an elevation 1n nuclear energy
reserves This effect 1s paradovical and not subject to ready explanation <ince
rchemia alone — an event which 15 Lnown to reduce total cellular energy Te
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Table

The liate ¢ffect of rrad on the Hular catron distrrb tn murine bram  All calues

expressed as mEq(g protern F C N refer lo glcerol homogenate cytoplasm and nuclear fraction sespec

tiely O and I mn refer to tume of anaerabic tncubation prior 10 raprd free.ing of tissue Ao+ and K+

determunations performed by flame photometry on bophilied samples Results are the a erage of at least tuo
and 1n many cases three ar more delermunations ont separate samples

Normal Ischeme Irraciated Irradiated
bran (O} brain (1 mm) bramn (Oy) sschemic bram
(1 mm)
H Na+ 0380 055 071 072
R 075 079 112 099
C Na* 10l 151 076 046
K+ 087 092 099 075
N Nat 545 320 200 181
K+ 036 040 02 026

serves — 15 also associated with a lowermg of the mtranuclear Na* /K ratio The
combination of irradiation and ischemra resulted i the lowest nuclear Na*/h*
ratio The sigmificance of a Ingh mtranuclear concentration of Na* mn normal
bramn 15 unclear esther the nucleus has direct contections with the extracellular
space or there 15 a preferenttal Na* hinding to negatively charged nuclear con
stituents

Tius innovation 1n cellular microsurgery opens new and potentially rewarding
experimental avenues for research 1n radiobiology It 1s now possible to dissect
the mitual effects of radiation induced lesions in speafic subcellular compartments,
witl special attention (o mtranuclear biochemical events Most importantly, these
techniques permit a comparatve exammation of the mfluence of therapeutic
agents such as lomzing racdhation or radiosensttizers, on nuclear energy transduc
tion m normal and neoplastic cells Though the general pattern of mjury sub-
sequent to exposure to 1omzing uradiation 15 relauvely well understood, there
15 no question that a new approach 1s required for elucidatton of 1mmediate
lestons sccondary to wrradiation’ We have presented data obtained by the applica
tion of a new method for the evaluation of early or mmtial chermcal lesions s
condary to the 1n vivo exposurc of irradiation The expenimental approach pre
sented offers a potental avenue for resolving this problem of the nature of the
carly radiation lesion
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SUMMARY

This investigation compares the immediate effects of 1omane iradiation upon measured
energy reserves (ATP PCr) in subcellular compartments of normal munne bram and glo
blastorma 1n cell culture Determnatton of these effects 1s made feasible by application of a
nev method for tissue fixation employmg rapid freezng hyophilizaton, and subsequent
1solation 1a fugh purity of yophilized nucler The diate effect of irrad on normal
munne brain 15 a sigmficant lowenng of steady state ) ATP cnb d cytopl:
glycolysis with minimal changes i the nuclear energy charge These results are to be con
trasted  ith immediate irradiation effects 1 the ghoblastoma namely a shight nise in ¢yto-
plasmic ATP but loss of nuclear energy resenves The latter observation implies the presence

of a rad ATP system 1n gliobl \ aucler
ZUSAMMENFASSUNG
Diese Untersuchung serglescht die 1 Wirkungen Strahlung auf

die gemessenen Energiereserven {ATP PCr) in den subcellularen hompartments des nor
malen munnen Gehins und des Glioblastoms tn der Zellkultur Die Besummung dieser
Effekte v ird durch eine neue Methode zur Gefixation ermoglicht wober das Gev ebe rasch
gefroren gel: und d die Nucler in hoher Renhent
1soliert 1 erden Der unmuttelbare Effekt von Strahlung auf das normale munine Gehim 1st
ane sigmikante Eredrigung des Steady state ATP des Cytoplasmas eine gesteigerte
ytoplasmatische Glyhose nut miummalen Andesunven der Energie Ladune 1m Zelkem
Diese Ergebmusse stehen sm Gegensats zu den uamattelbaren Strableneffekien auf das Glio-
blastom namlich etnem leichten Ansueg des cytoplasmanischen ATP's aber emem Verlust
der Energiereserven des Zellkerns L B bedeutet das Vorhandensen
etnes Strahls findhchen ATP bildenden Svstems in den Nucler des Glioblastoms

RLESUME

Ce travail compare les effets immediais & une sradiation 1omsante sur les resenes d ener
g1e mesurces (ATP PCr) dans Ies compartiments subcellulawres du cerveau normal du rat
¢t dans le glioblastome en culture cellulaire La mesure de ces effets est rendne poss ble par
lapphication. d une nouvelle methede de fixation tssulaise tmployant une congelation ra
pde la lyophilisation et 1isolement ulteneur de novaux Jyophilises de grande purete
L effet immediat de 1irradiation du ceneau normal du rat est une basse sigmlicatne de
1 ATP cytoplasmique en erat stable une augmentauon de fa glycolyse eytoplasmuque avee
S;lsﬂ;nodnﬁc;;um\s mnlmmcs de lndl(lh:x'rg’L ‘dencrglt nucleatre Ces results s opposent aux

de a savoir unc legere elevation de 1ATP
¢ycoplasmuque mass une pertc des resenves d encrgie nueleaire Ce dermer {at waplique 1a

Preseace dans les noyaux de glioblastome d un svsteme generateur d ATP rad o-sensible
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FROM THE DEPARTMENT OF RADIOLOGY, UCLA SCHOOL OF MEDICINE, LOS ANGELES,
CALIFORNA U S A

ATROPHY FOLLOWING RADIATION THERAPY FOR
CENTRAL NER\OUS SYSTEM NEOPLASMS

by

G H Witson J Byrieroand W N Hanaree

Patients who have recened radiauon therapy for central nervous system neo
pla ms often pre ent with a recurrence of ssmptoms following their therapv The
radiation therapist 15 under pre sure to gie further therapy on the acumption
that the symptoms are related to re growth of the neoplasm It has been pointed
out by others (Leg & Apaws 1968 Verimy 1968) that patients with radauon
damage may have symptoms which <ugge ¢ re growth of tumor Re evaluation
ty neuroradiologic examination 1 ¢ ental to determine if there 1s a recurrence
of if the symptoms are related to radiation damage In ome of thee caes 1t
will be po uble to demonstrate atrophic changes at encephalography I the
patent has al o been operated upon po t-operamne adhesions may contnbute to
the symptoms and 1t may not be po uble 1o disunguch urgical damage from

d damage at encephalography

Material

This 1s a retrospectn e iy estigation of the encephalographic films of 40 patients
who had recaved radiation therapy for le sons of the <tull or 1ts contents and
were evaluated for evidence of recurrent tumor or evidence of radration damage
Of these panents 21 had 1 surgical exploration pror 1o yrradiation Tw enny-one
also had been examined encephalographically before the radiation therapy and
the films were avalable for companon The ume mtenval from end of 1rradia
tion to the encephalographic exammation vaned from four weehs in a patient

361
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with temporal astrocytoma to 13 years i a patient with an ependymoma of the
fourth ventrcle It 1s obyious that this 1s a selected group since not all patients re
cenving radiation therapy for lestons of the <kull or its contents underwent follow
up encephalography

The primary pathology in the 40 patients 1s shown below {one patient was 1r
radiated for both e philic ad and medullary ghoma)

Histiocytoss of calvarium
Sarcoma of calvarinm
Piturtary tumor

Empty clla

Optic nerve ectopie pincaloma
Hypothalamic glioma

CPA metastans

Glomus jugularc

Bratn stem glioma
Medulloblastoma

Tourth ventricle ependymoma
Cerebellar astrocytoma
Pincaloma

Glioma roof of tlurd ventncle
Cerebral hemisphere astrocytoma

[E N I S C ST CJ S S e SN

There were 12 pitwitary wmors, <even chromophobe adenomas and five eosin
oplilic adenomas Of the 12 pitwitary tumors, ten had visual frelds recorded
prior to wradhation Five patients had abnormahuses of thewr visual fields four
with chromophobe adenomas and one with eosnophilic adenoma The ¢ ten
patients al o had visual fields recorded prior to their post radiation encephalo
graphy and the <ame five patients had abnormal visual fields, esther unchanged
or worse One patient who was treated for pitwitary tumor probably had an
empty sclla prior to the wradiatton She recenved wradiation on the basis of 2
ballooned ella and poorly documented visual freld cut There were 1x brain stem
gliomas and five tumors of the cercbral hermsphere The remamder of the lestons
vaned widely 1n type and location

Results
The post radiation encephalography revealed atrophy m 17 cases residual
tumor in 18 Resdual twmor was diagno ed whenever there was a space occt
pying mass which may or may not have changed n sze following radmtmr;
therapy Atrophy was diagnosed whenever there was less than the nurmﬂl
amount of bramn sub tance as evidenced on the films by enlargement or abnormal
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position of the gas contaming spaces Atrophy was particularly evident when the
bram stem had been included 1n the treatment field {Fig 1) Two cases had both
reaidual tumor and evid: of atrophic changes 1n ady; bram tissue

In two cases changes occurred other than atrophy or residual tumor one case
of obstructive hydrocephalus following menmgitis and one case of post-opera
twe adhesions In two caes na encephalographuic abnormality was demonstrated,
one of these had been irradiated for bram stem ghoma and the other an acro-
megalic, had no ewvidence of suprasellar extension at pre radiation encephalo-
graphy

The atrophic graup as teen below 1ncluded all of the eosinophihe adenomas
except the one whch had no suprasellar extension before or after radiaton All
but one of the cerebral hemisphere tumors were al o 1 the atrophic group
Eostophilic adenomas
Chromophobe adenoma
Cerebral hemusphere ghomas
Pincaloma
Medulloblastoma
Ependymoma fourth ventnicle
Brain stem ghomas
Husuocytoss
Glomus jugulare
CPA metastasis

[ e N S N T

The group with residual tumor (see below) included all but two of the
chromophobe adenomas both of the cerebellar astrocytomas and two of the
brain stem ghomas
Chromophobe adenomas
Hypothatamic ghoma
Cerebral hemisphere glioma
Pinealoma
Ectopic pinealoma
Ghoma roof of third ventncle
Cerebellar astrocytomas
Ghoma of fourth ventricle
Brain stem gliomas
Glomus jugulare
Sarcoma of calvanum
Histocytosts

Of the 18 pattents havn
three autopsy confirmation

et e R e RO = e e e

g 2 diagnous of residual tumor six had surgical and
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Discussion
Roprirson {1967) has sHustrated 2 post radiauon encephalogram of an
acromegatic which demonstrated gas i the puunary fo 2 and at sub cquent
urgical exploranon the pitmtary foca was found 10 bt vinpty and no tmor
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Fie 3 \'5 vearold male recened
diatron therapy on three occa tons over
a period of st vears on the basis of an
enlarnng sella and visual problems the
last rrradiavien 335 four vears pror to
encephalography Brow up lateral tomo-
gram extens e destruction of floor of
sella with the third \entnele estendin~
nto the enlarged prtuitary fossa

L ue was een LEE & Apaws included a similar case i therr dicusson of the
empn elia syndrome Five of the eounophihc adenomas and one of the chromo-
phobe adenomas 1n the precent enes demon trated this tvpe of change Four of
the eo mophthic adenomas howed varying degrees of arachnordal gas in the <lla
(Fig 2) One of the eounophulic adenomas and one of the chromophobe ade
nomas had the third ventncle protruding mto the <ella (Fig 3) These ca e of
empty ella are <econdary to the treatment and difer from the empty clla
de cnbed by havrsan (1968) and by Gaeriere (1968) which 1 not ascocrated
with tumer

Marson (1969) reporied an aserage <urvisal ume for pauents wath brain stem
gloma of less than one vear and stated that hould any pauent with a chmcal
diagno 1s of brain stem ghoma still be alive as lang as 18 months after diagnous
e mve tiganon and urgical explorauon 15 indicated as ome other leston 1s
probabl pre ent In Evans (1969) expenence the reverse has been true 1 his
opinton 1f po t rad enc 1 phy does not d of the

tumor then another diagnosts hould be entertained Rozertson (1967) has
Hu-trated three cases of bram stem ghomas with post radiation encephalography
ane case examuned ten months following wradiation demon.trated a return to
normal appearance a econd case examined 15 months post iradiation demon
strated atrophac changes. Two patients m the present <enes demonstrated residual
tumor at thyee and five years respectnely after radiation, two pauents exammed
at two months and 21 months respectnely followmng radiation showed a return
10 normal appearance and two pauents exammed at one 2nd two years post
wradiation had atrophic changes (Fig 4)

Rozrrrson de cribed one patient with cerebellar astrocytoma who was exam
tned 12 years following radiation therapy wath the finding of atrophic changes at
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et 4

big + A9 earold female with blindness and opuc atrophy 1o years following comp) pon of
srradiation for pontme ghoma a) Upnght lateral s1ew prior to radsation therapy The pontine
cistern 15 compressed the aqueduct stretched and elevated and the fourth ventricle com res

t) Upnzht lateral wmogram after irradiation Enlarged fourth ventncle prominenc [ the
ceret ellar folia and marked reduction 1n size of bram stem

a

a b

Fiz 3 A 29 earold male A needle biopsy of a grade 11 astrocytoma in the Jeft te poral
lobe was performed four months pror 1o the encephalography Irradution completer four
weeks pror (o the encephalograph ) Brow upap view marked enlargement of Jeft e poral
Born b) Brow-down half axial view enlargement of trigone on left

encephalography  Two years later surgical exploration demon trated 1udto-
necroas and re growth of tumor Loth cerebellar 2 trocytomas in the pre ent
senies showed evidence of restdual tumor at post radiation encephalography
Rortrron found that there was reduction in the 1ze of the cerebral 1emi
sphere evidenced by enlargement of the ventrcle followtng roentgen therars 10
<pite of roentgenographic evidence of residual tumor Of those pauents 1o the
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Tig 6 Radiation dose m 23 patients plotted on a Strandquist graph which includes three
recommended lmes amed at preventing radianon damage The upper curve 1s \hat recom
mended by Bopey {1950) for the presention of radiation myeliis The middle curve 1s that of
Iiaoeses {198) who + as concerned prumanly with cerebral necron The lov er curve 15
that of Patwuss et coll (1961) below hich onlv one well documented case of myelstis has
bren reported Open ircl s patients with encephalographic evidence of residual tumor
Clo ed_circles atrophic group (one case as an ) | but two of the atrophic group are
above Livboren s Line and one of these 15 above Paturs hne The one ase belo v Partts line
as a brain stem ghioma (Fig 4) (BobEs 5 curve 1s in roentgens )

present series that recenved irradiation to the cerebral hemi pheres five revealed
evidence of atrophy without roentgen evidence of residual wmor (Fig 5) and
four showed evidence of residual tumor with no sigmficant atrophic changes

Of tho e patients in this enes with awrophuc changes for whom adequate 1n
formation was available concerming therr rachation therapy nine were conadered
1o have received only moderate do es of radiation and two had received what we
con idered a low radiation do e Only two m this group were considered to have
recenned more than a moderate tumor do ¢ Howeser when plotted on a Strand
quist graph the radiation dose appears more significant (Fig 6) Surprisngly
the patient m whom the radiation doe cemed least sigmificant had marked
atrophic changes at encephalography (Fig 4)

SUMMARY

When symptoms do tecur following imadiation 1t 15 smportant to keep m mund the posst
bty of radiation damage rather than 2 recurrence of tumor as a cause for the symptoms
regardless of the dose delnered partienlarly s hen such radsosensine areas as the bran
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stern are included i the treatment field It 1s essential that the patient be re evaluated by
neuroradiologic 1m estigations to determine if 1n fact the symptoms are related to radiation
damage

ZUSAMMENFASSUNG
Wenn nach emer B hl Sympt f i 1st es wichtig die Moglichhert
cines Strahlenschadens als Ursache dcr Symptome eher als das Wsederauftreten des Tumors
2u erwagen bh von der verablol, Dosis b ders wenn derartig strahlen

emp{indliche Gebiete wie der Hurnstam im bestrahlten Feld gewesen sind Es 1st wichug
dass der Pauent erncut neuroradiologisch untersucht sird um festzustellen ob die Symp
tome tatsachlich auf einen Strahlenschaden zuruchzufuhiren sind

RESUME

Quand des symptomes reapparaissent apres Lirradiation 1l est important de penser que la
cause des symptomes peut etre une radio lesion plutot qu une recrdive de tumeur quelie que
sort 1a dose defnree en particulier quand des regions radiosensibles comme le trone cerebral
sont compnises dans le champ de traitemnent 1l est essentiel de fare de nouveaux cx:mens

pour d s1 en realite les symptomes sont dus a une radio lcsion
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The Iiterature has from the beginmng of this century contamed publications
dealing with the 1ntraluminal treatment of malignant diseases of the urmnary
bladder with radioactive 1sotopes a form of therapy that has been considerably
increased by therr production m atom piles The 1sotopes used have been 1n the
form of interstitially implantated radioactive media tantalum wires (WALLACE
et coll 1952 Broom 1960) radon sceds {PooLE Winsox 1950) gold grains
(Hopr et coll 1952) and radwm needle mmplantations (VAN DEr WERF
Mrsswve 1965 1969) as well as by the mtravesical instillation of radioactne
solutions with or without a contamer of N
Stvcram 1952) and Au and Co-1sotopes (.
1949 Mengen 1962) Radium and cobale
placed centrally m the bladder (Frrepstan
HOLY 1962, SeLL 1967)

The treatment results of most of these different treatment techniques have
been difficult to evaluate and compare partly because of the absence of common
ules of tumour classification and partly because of the selecuon of Ppatients
—_—

2 and Ba ssotopes (Warton &
Erus & Onwver 1955 Murrer
sources 1 a balloon have also been
& LEwrs 1949 1958 Sery & Joros
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which presumably has ofien been a radical one although this 1s difficult to
esumate from the figures Dunng the last vears thesc methods of trertment
especally after the mtroduction of high voltage therapy n the treatment of
carcinoma of the bladder have been on the dechne

The principles, the pracucal performance, the advantages and disads antages
complications and fields of indication have been presented 1n detail by WaLLace
1959 SerL & Jorcsiory in a preliminary publication descnibed the principles
in the treatment of growths of the bladder with intracavitary radwum by 2
modified Walter Reed techmque The results of this treatment mm 50 cascs of
bemgn and malignant tumours (Sere) faled to reach those obtamed by
Frirpman & Lrwis (1948 1958) who 1n a similar number of cases m all stages
from A to D, (Marsnav s classification 1956), obtamed a 5 year crude sunisal
rate of 56 per cent this appeared to be a high goal to reach in this conditton

The present mvestigation was undertahen to deal with the result and
complications 1n the treatment of 165 cases of malignancy and to throw further
ght on the usefulness of the method Forty of these cases were part of the
matenal published by SeL The tumours have been reclassified, following the
recommendations of the UICC, by the TNM system They have also been
graded according 1o the prinaples laid down by BercguisT et coll (196%)
with a grading of malignancy from 0 to IV

Method This was descnbed in detail by Friepyan & Lrwis (1958) and Sert
& JercsnoLy The prnciple consists in irradiating the bladder from the nade
by means of a radium source placed centrally 1 the balloon of a Toley catheter
24 — 26 The balloon 1s distended to a volume of 40 ml and produces &
relatvely stable means of placing the radium <ource mn the center of the bladder
at a distance of about 4 cm from the wall, this 1s of course provided the lumen
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of the bladder 15 not filled with any mass that displaces the balloon with the
radum source The essentral part of the onginal Walter Reed techmque
consisted 1 siting the catheter through a cystotomy Large tumour processes
could thus be removed and symmetnic and central location of the radum
source with homogeneous irradiation of the mucosa secured, furthermore, by
reducing the masses underdosage of the deepest layers of the tumour could be
avorded Only 1 a few of the present cases was the catheter mtroduced through
a cystotomy 1t was usually passed up the urethra and its final position controlled
by cystography after the mstillation of a few ml of contrast medium

The do<e to the balloon surface and the mucosa for 120 hours 1s approximately
3500 rad for a 20 mg source The treatment was usually admrmustered 1n two
sessions of 120 hours each with an mterval of 14 days to give a total do<e to the
mucosa of 7000 rad/25 days Because of the rapidly decreasmg depth dose
(Frg 1) the total dose to tumour cells lying 10 to 12 mm under the mucosa
will be only 3 500 rad and at 2 depth of 20 mm about 1 700 to 1 800 rad/25
days

The mtention of the treatment was merely palliative m some of the cases
These were treated at one session with a total dose of 3 500 rad/> days The

source was oc 1lv placed ecc lly m the balloon eg in growths at
base of the bladder wath possible v asion of the prostate
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Table 1
Dustribution of grouths and kustologic type

Transitronal Planocellular Other histology
cellular

Men 120 865 ) 2

Women 25 926 ) 0

Rato Men/Women 181 10

Material Most of the cases were admutted from surgical departments m the
distnict for radiation therapy but some 5 per cent were resident outside this
area and were admutted spectfically for treatment 1n a penod when highvoltage
therapy for carcinoma of the bladder had not become general The cases were
selected primanly from those 1 which (1) surgical treatment was unsuitable,
especially those with large tumours m which the alternative would be cystectomy
or extenste elect, gulation (2) 1 biol lly tnoperable cases in which the
risk of operation was constdered too great, and (3) 1n cases 1n which the treat
ment was clearly palliatne especially 1n those with large bleeding tumours Only
m a few cases was the treatment part of a prescheduled treatment plan The
treatment was grven to only 12 cases with no restdual malignancy, the remamder
not having undergone radical operation or no operation at all An obvious
selection of cases 1n the direction of a bad nish matensal thus occurred with a
large proportion of widespread and multiple tumours and a heavy load of
patients 1 poor general condition

A total of 181 cases were treated mn the period 1958 to 1965 Eight have been
omitted from the mnestigation because of the absence of histologic confirmation
and a wrong diagnows § cases had no malignancy of the bladder and were
omutted as well Malignancy was present m 165 cases 131 of which were men
and 34 women a ratio of 3 8/1 Sixty mne patients were over 70 (42 per cent)
and 120 pauents were over 60 (72 per cent), the average age for men was 678
and for women 63 5 years (Fig 2)

The distnbution of growths by histologic type (Table 1) indicates a sur
prisingly high mcidence of the planocellular varety These were mostly of low
differentiation and carned a bad prognosis because of which they hate 1n the
followng tables and figures been separated from those of the pure transtuonal
cell type

Only one case of adenocarcinoma and one of letomyosarcoma were registered

All the Iistologic slides have been revised by one of the authors (SEH)
for grading of malignancy by the pnnaple lzid down by BERGQUIST et coll
(1965) The dwtnbution of planocellular carcinomas and transttronal ccll
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Table 2
Distrabution of tumours of different Ristology and grading wn tumour categores Trs50T4

TNAL Transitional cell tumours Tumours of other h stology
category
11 m Iv Plano \denoc  Sarcoma

Tmstu 21 5 0 0 0 0

T 10 36 5 3 I L]

T2 3 19 2 4 0 0

13 2 13 13 7 1 0

T4 1 7 8 + 0 1

Total 37 80 28 18 1 1

carcnomas grade 1T to TV sm the cliical turour categories T 1 s to T 4 appears
from Table 2, while Table 3 presents the percentage of grades Il to IV in
each tumour category As expected tumours of grade I dominate categones T 1
s and T 1 whie this grade of differentiation seldom appears in tumours of
deeper nfiltration In one instance howesver a grade I tumour was in category
T4 i 2 cases in category T 3 and in 3 cases in category T 2

Tumour clasufication was carried out according to the principles laid down
by the UICC by means of the TNM system based on ¢ystoscopy biopsy and
bimanual palpation under general anaesthesta Evaluation of the N factor has
nat been possible and lymphography not performed Only in the palliative treat
ment group have distant metastases been demonstrated and then only 1 10
cases

Al the cases were confirmed histologically by biopsy P staging from lustologic
shdes obtamed at operation was possible 1 82 cases Ninety four cases were
operated upon but 1n 12 of these no matenal for histologic examnation was
avatlable Where the chmcal evaluation of tumour category has been uncertain
the case has been placed m the lowest of the two possible categones nsking
rather an und than ow nt of tumour category and thereby
a displacement of treatment results in a favourable direction

The treatment must be charactensed as palliatie n 8 cases classfied as
category T 3 and 1n all cases of category T 4 Ten of these had distant metastases
at the beginming of treatment and m nearly all palbatine cases the doses were

reduced to half the usual The e 29 cases appear n .ome tables as a palliauve
treatment group

The cases may 1n prnciple be divided into two large groups One group
consisting of 71 cases were not subjected to any surgical treatment before radium
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Table 3
Percentage of tumaurs of grades I toIV tn tumnour categories Ts s to T 4 n 145 transitional cell carcinomas

TNM Transitional cell tumours () Total

category number
1 94 n
Tmsuty 81 19 0 26
T1 20 70 10 51
T2 12 80 8 24
T3 8 46 46 28
T4 6 44 50 16
Table 4

Distribution by primaty condstions and recurrences

Primary cases 125 No surgery 50 pat
Curative 130
Treatment } Surg ry+Radm fradical op 125at
165 conservati € op 741at
Palliative 29 [No surgery 21 pat
Treatment } {Surgcry+Radnum radical op 0yat
Recurrences 40 conservatiy & op 8 pat

therapy apart from biopsy the other group of 94 cases had ome surgical
treatment before the radim therapy, the treatment beng radical 1n only 12
patients  Eleven cases had resection of the bladder, 3 of these resections being
radical 1n 9 cases the treatment was performed transurethrally as clectro-
coagulations and elcctroresections, 1 no nstance radical Operation 1n the
remasung 74 cascs was performed transvesically with cystotomy as electrocoagula
tions resections and extirpations, in only 9 cases radical

Radum treatment following operation was admimistered two to three wechks
later except 1n a few cases when the first treatment was recenved 1 immediate
connection with the operation

The distnbution of 165 cases by primary conditions and recurrinces, curatine
and palliative treatment and surgery and no surgery grouping appearsn Table 4

Results
All the cases have been followed for at Icast 5 years A total of 144 of the
mtial 165 cases have been controlled without loss for 7 years The data wert
obtuncd on a fixed date 31 December 1970, and at annual controls where
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cystoscopy and exploration were performed under general anaesthesta Only
for the patients of tumour category T t s has 1t been necessary to compute
the 7 year surnvnval rate as a large drop 1n obsenations between the fifth and
seventh year distorts the sunvnal cune (Fig 3) The sunnal rates enumerated
n tables and figures are crude survnal rates (CSR) Fre of the 53 pauents
sunviving five years without recurrence had been subjected to surgical treatment
m the penod between the radium treatment and 5 year obsenation the CSR
reahty bemng 5 year recurrence free

Twenty-one patients died without recurrence before the end of the 5 year
observation Cystoscapy at the most three months before death had faled to
demonstrate any sign of residue or recurrence The tables and figures have
not been corrected for this rather large proportion of deaths without recurrence
a correction that mught <cem reasonable 1n a population of such high average
age

The CSR for ca.es in tumour categories T1 s to T 4 appear 1n Fig 3 For
categories T 1 s and T 1 the mal steep dechine m the survisal curse ends
at the third year and for categories T 2 and T 5 at the fourth vear Nunety
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Tig 4 Crude sunntl rates in 163 cases
of transitonal <ell and planocellular car
anomas of the bladder according to lus
tology and grade One adenocarcinomn and
a lelomyosarcoma are excluded O grade 1T
x grade 111 @ grade IV [ planocellutar

per cent of the 29 patients in category T 4 were dead at the end of the first
year only one pauent 1n this category sursnved 5 years

By way of comparnson Fig 4 gues the CSR for cases with tumours of different
grades of differentiition tranaitional cell carcmomas and planocellular car
anomas An adenocarcinoma and a letomyosarcomn of category T 3 and T 2
are not ncluded both the patients being dead at the end of the first vear
The considerably better prognosis in grade I tumours 1s evident  Fifty siv per
cent of these tumours belonged to tumour category T 1 s When all the ¢ res
are placed under one heading there appears to be litle stgnificant duffercnce
mn the CSR for those with growths of grade TH and 1V 1 <pite of the fact
that 75 per cent of grade IV tumours were in categortes T 3 and T 4 the
corresponding figure for grade I11 growths bemg only 25 per cent When
pallintive cascs are excluded, 1e all cases of T 4 and 8 of those n T 3 the
<ituation 1s reversed, the gride IV tumours now having 4 shghtly better 5 year
CSR than thosc of grade 1T {Tug 5)

The difference i the CSR between grade 1H and the Jow differentinted grade
IV tumours 15 not ugmificant the slihtly better prognosis for the ltter in thow
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TS0 Fig 5 The same as b 4 but pathame
1 cell an car

cinomas ha ¢ been excluded O grade 11

1oz 3 4887 xgrde NI @ grade IV [] planocellular

cases that were subjected to curatne treatment and 1n which adequate tumour
doses could be obtamed mught indicate a higher radiation sensitrvity

The poor prognesis n planocellular carcinomas 1s noteworthy Only 2 of 18
patients survived for five years one dying without recurrence after six years
the other from distant metastases but without vesical recurrences seven years
after the radum treatment

The distribution of cases into primary cases and recurrences was 123/40 The
Tepresentation of pathatise cases 1n these two groups was 25 per cent i each
the rate of planocellular carcmomas being the same and the distnbution of
cases in tumour categones and grades identical Nevertheless there was con
siderable difference 1n the CSR 1n the groups The 5 year CSR for 104 pnman
cases treated with a curatn e intention was 42 per cent while the corresponding
figure 1n recurrences was 28 per cent this last group consisted however only
of 32 cases and the difference in CSR 1s not statstically sigmficant

The treatment results 1 cases of transitional cell and planocellular carcinomas
treated with radium alone and with a combmation of surgery and radwm are
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of transiional cell and planocellular car

cmons of the bladder treated with radum M

abne and with surgery and radwm  Pal
hatnve cuses have been excluded 2xSD

e
lias been marked X surgery + rdaum (86 I I 8 7
cases) O radium alone (50 eases) v

presenteed (Lig 6} Palltise cases have been excluded A total of 136 caus
was treated 50 with ridium alone and 86 with radium and surgery the first
group including 8 plnocellul sr neoplasms, the Iast 7 tumours of this histology
The distrbution of tumour categories was, however to the prejudice of the
non-operted group this crmnying 1 heny load of T 3 tumours of 15/50 e
30 per cont while only 12/86 of the operated group belonged to this categury
1¢ 14 per cent Bearing this diffcrence m sclection m mind the 5 year CSR o
the operated group 1s sigrficantly better Radically and unradically operated
cases were not distinguished since thar prognoss did not differ (g 6)

The total 5 year GSR 1 caces with transtionl cell tumours treated with
richum alone was 16 per cent When the intention of the treatment was cure
the figure rose to 23 per cnt A 5 year CSR of B per cunt was reached when
the ridum trcatment was preceded by surgery  The results wath this combied
trevtment are nearly dentieal i tumonr categores 11 s, I'1oand T2 and
not much worse in T 3 (Table 5) The number of <olttry tumours m the
operited group was substantifly lugher and, as earlier mentioned  this gronp
ncluded foewer ersesof T 3
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Table 5

Fize sear crude survwal rates m 145 transihonal cell carcnomas of the bladder curatize and palliatice
«ases according 1o treatment group The fractions under the headings Ti 5 to T 4 wndicate the Srear
sureitorsithe number of cases treated

Curatiy¢ treatment Syear Pallate  § year
CsR CSR
Tis TI T2 T3 curatne total
T3 T4
Number 26 51 2t 20 8 2
No surg ry 61 3{10 4416 0f3 111 10,42 o7 0/12 10/61
(2t ) (16 )
Surgery with res due 73 714 1527 9/18 4/9 3>/68 0N Y3 36,73
1) (19 )
Surgery without residue 11 2 48 o1 o sM 0 0 511
s ) 5 )

The grave outlook for patients in the palliative group 1s ilustrated by the
fact that 50 per cent of thesc were dead 3 months after treatment and 90 per
cent after one year

As 1 other published results of treatment of carcinoma of the bladder thus
material has indicated a better prognosts for papillomatous than for sohd tumours
of the transitional cell type and the 5 year CSR for <olitary tumours clearly
separates them from multiple tumours (Table 6) A sigmficant difference
withm 95 per cent confidence limuts between solitary and multiple papillomatous
tumours (61 and 33 per cent 5 year CSR respectively) and between papil
lomatous and solid tumours (43 and 18 per cent 5 year CSR respectivels} was
recorded 1n the whole matertal Out of 145 transitional cell tumours, 42 were
of the <olid type and of these 42 only 3 growths were of grade IT differentration

Mrety one patients had recurrence locally m the bladder or distant metasta es
withimn the first 5 years after radium treatment With the exception of 5 patients
the ¢ were all dead before 5 years had elapeed after treatment 50 per cent
having died after 2 years and 7> per cent after 3 years Surprisingly the ime of
Tecurrence and death seem independent of categoy m T1 s to T 3 tumours,
while 90 per cent of patients with T 4 tumours were dead after about a year

Mne cases with recurrence had ¢y stectomy between 1 and 3 years after treat
ment by radium This was followed m one case by fatal complications but by
none i the others. None of these pauents Ined more than 2 years after operation

¢ wnmediate mortality followang treatment by radium 1s hard to evaluate

Only 2 pattents died dunng the treatment these from pneumoma and heart
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Table 6
Fue year crude suruual rates according 1o Hpe and multiplicity of transttional cell tumours Fractions
indicate rumber of Sear surcworsftotal mumber of group Planocellular tumours and tumours of other
Histalo, y are mot wncluded

Solitary  Multiple 5 year

CSR
Papullary 22/36 21464 43/100
B o) (33 ) (B

Sohd 7129 1/16 8/45

(24 ) 6 ) (s,
5ycar CSR 29765 22/80
“s ) @)

failure 11 patients died within 2 month of treatment and within two months
a total of 22 patients was dead half of these belonging to the palliatne treatment

group

Complications The evaluation of complications in intracavitary radium treat
ment has been made difficult by the fact that m 94 cases a mixture of post
operative and postactinic sequelae arose Infection of the bladder has often been
present before the treatment a fact that presumably plays a certan role,
especially m the development of mmmediate reactions, and possibly m late
sequelae aswell these latter may of course mash a recurrence

Immediate complications have consisted of more or less marked symptoms of
cystitis with dysunia and spasm These have usually been reliesed by suitible
analgesics often of the morphine type and psychosedatives such as largactil
Some mfection of the unnary tract has usually occurred and has been treated
with antibiotics Only rarely have the immediate comphcations been so marhed
as 1o warrant discontinuation of the treatment This matenial has not produced
eudence of any connection between the seventy of immediate complicattons
and the length of mtenval between surgery especially electrocoagulation nd
the treatment by radiim Nether have any differences in immediate reactions
been noticed between cases treated wath radium alone and those undergong
surgery followed by radium On the other hand the immed:ate as well as Inte
complications have been most marked where radium has been used 1n the treat
ment of recurrences, especially 1n cases earlier subjected to muluple clectro-
coagulations

Late sequelae were registered 1n 39 cases although they appeared m 12 of
theee 1n close relation to recurrences one to three years after the radim  The
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Table 7
Late sequelat n 165 patents treat d with wivacantary radwm for malignancy

Comphcations No of cases Freatment

Severe cysatis 8 Predmisone (8)

Severe cystitis and 14 Cystectomy (8)

consircted bladder Tleur and bladder (1)
Predn sone (5)

Severe cysfitis and 8 Lystectomy (1)

neerons R section (1)
Predmsone (6)

Caleulus 5 Lithotripsy (3)
Fredmisone (2)

Urethra stricture 6 Pougre treatment {o)
No treatment (1)

Total number 41 cases {39 patents

@25
Wathout recurrence 29 cases/27 patients

(16 )

dommating complication was severe radration cystitis with severe mflammators
changes, bleeding m the mucosa and layers of fibnnous incrustations 1n more
marked cases with necrosts, usually at the site of the primary tumour even endmng
™ fibrosis of the bladder wall and with a decrease mn vesical volumes of 50 to
160 mi

Severe radiation cystitis occurred 1n 30 cases (Table 7) This i 14 cases
Produced a constricted bladder and 1n 8 cases necrosts Predmsone or trypuresolu
Yons and antsbrotics always formed the primary treatment Cystectomy had to
be done 10 8 cases with a constricted bladder but was ney er fatal 1t was planned
1 a further case but was not performed because of a large moperable recurrence
Treatment with predmisone rendered 5 cases relatnely svmptom free Necrosis
Was an andication for cystectomy m one case, m another resection of the bladder
“as done and 6 cases presented no indications for operatie treatment Of 9
Patients n whom cystectomy was performed because of complications 6 survived
for five years without recurrence 2 died without recurrence and 1 patient dred
2172 years after cystectomy from distant metastases from a grade IT tumour
Ctegory T s

The total number of comphcations amounted to 41 m 39 cases out of 165
treated (or 25 per cent) (Table 7) Twelve cases had symptoms of cystitis 1n
cloe relationshp to vecurrence and 1t seems reasomable to subtract these < as
to leave 2 rate of complications of 27/165 (16 per ceat) Approumately half
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these cases were subjected to surgical treatment Operative treatment of
complications m no nstance led to a fatal outcome
No renal complications have been recorded 1n this matertal

Discussion

The results presented seem substantially infenor to those obtained by Friep
MaN & Lewrs (1958) The 5 year CSR for all cases of transitional cell car
cinoma 1s 51/145 (35 per cent) Ths figure does not include the planocellular
carcinomas whose prognosis 1 extremely poor with a 5 year CSR of 2/18 (11
per cent), a survival rate that corresponds with that obtamned with other treat
ment procedures, including cystectomy

In considering a group that may reasonably be compared to the one of
FriepMAN & LEwss the cases treated by combmed surgery and intracasitary
radium may be selected Of 84 patients with transttional cell carcioma treated
with a combination of surgery and radration therapy, 41 or nearly 50 per cent,
Lived for 5 years without recurrence These were nearly evenly distnibuted 1n the
tumour categortes T 1 s to T 2 (Table 5) It seems fair to assume that the
improvement 1n possibibties for a central symmetnc placing of the radim
catheter and the reduction mn tumour masses obtamned by operation has played
an essential role n securing more homogeneous wrradiation of the bladder wall
and higher doses to penipheral parts of the tumour

Treatment with intracavitary radiwm without preceding surgery has had
Inttle success Of 61 cases with transitional cell carcinomas so treated only 10
Iived for 5 years 1e 16 per cent The selection of cases for this treatment was
heasy, nearly 50 per cent of the growths being of category T 3 and T 4 m
contrast to a correspondng figure of 16 per cent for the operated group But
evenif these advanced tumours of category T 3 and T 4 be ignored 1t 15 obvious
that only 1n category T 1 s have the results obtamned by radium treatment alone
been equal to those secured by combined treatment, with a 5 year CSR of 50
per cent The results have been considerably mfertor 1n the categones T 1, T 2
and T 3 The distribution of tumours of grades IT III and IV has been equal
but in the non-operated group an overweight of multiple tumours was evident
Tt scems reasonable to assume that the results would have been better mn this
group If the oniginal Walter Reed technique with application of the radim
catheter through a cystotomy had been used, or, at any rate, certain tumour
ablation surgery had been performed before the introduction of the catheter

The 1mportance of grade of cell differentiation n assessing treatment results
and procedures 1s hard to evaluate from this matersal The prognosis in grade 11
tumours 15 significantly better than i grade III and IV tumours This 15
good agreement with the fact that grade 11 tumours m only 44 per cent of cases
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were imasie, while the corresponding figures mn grades III and IV were 94
and 100 per cent respectively This mvestigation has demonstrated no sigruficant
difference 1n the treatment results between grade 1II and grade IV tumours but
the relatnely small figures prevent any realisuc evaluauon It must be stressed
however, that i spite of the fact that 75 per cent of grade IV tumours were
wn categontes T 3 and T 4, while only 25 per cent of grade IIT tumours were
1 these categories the 5 year CSR for these grades did not differ significantly
The classification of tumours by the TNM system seems to work well A close
relationship between the 5 year CSR and T category was evident Grading of the
tumours by their differentration 1s of the greatest help m distinguishing between
grade II tumours and those of grades III 4+ IV and of lesser signuficance in
distmgishing grade III and grade IV tumours at any rate when the treatment
consists of a combmation of surgery and radiation therapy The authors suggest
that the most accurate representation of a vesical tumour would be obtained by a
combination of TNM staging a cytologic grading by the BErcQuisT method and
a classtfication of the growths into papillomatous and sohd differentiated and
duffe 1ated tumours ding to the IOU system

Conclusion
Intracavitary treatment by radum may be ehmimnated as a reasonable choice
among a mulutude of irradration procedures when the tumor 15 of category T 3
or T 4 These growths are usually of such magmtude and extend extraesically
that the rapid fall 1n the percentage depth dose will produce a low tumour dose
1n peripheral tumour areas with a considerable nsk of underdosage Furthermore
these advanced tumours ase often assoctated with metastases *o regional glands
on the pelvic wall glands that will be markedly underdosed Only 1n patliatie

Cases can 1ntracastary treatment be considered
Leaving out of account the complications and considering the treatment results
alone mtracavitary radium treatment seems very smtable for the treatment of
tumours of category T 1 s with or without preceding surgery The results in
category T 1 are best when the treatment 15 combined with surgery transsesical
and transurethral and the same seems to obtan 1n tumours with superficial
muscular myvasion category T 2 and even 1n cases of deep muscular iy asion
category T 3, but without large extravesical masses The 5 year CSR for these

three tumour stages mn the present matenal has been 55 45 and 40 per cent
Tespectively when the has been a2 comb

senatn e surgery and radwum
b The treatment results are as in all forms of treatment of vesical maligntancy
st when the tumour 1s solitary and especially when 1t 1s papillomatous The

of radical or con
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himitation of the irradiation methods based on implantation techniques tantalum
wire implantation and radium needle implantation 1s the magmtude of the
masses, most authors considering a diameter of 4 to 5 em as the maximum
safety margin Many of the so called sohtary tumours of the present sertes have
had a drameter exceeding this, suggesting that mtracavitary radium treatment
may be a reasonable alternatne to implantation High voltage, external treat
ment would here most often be the method of choice easily obtanable as it 1s1n
most centres nowadays Comphcations must however be considered These are
rather heavy m mtracavitary treatment but the question anses as to whether
these are not acceptable 1f a higher cure rate be obtamable External hugh voltage
therapy of vesical tumours 1s not without sequelae although these scem fewer
(EpsMyr et coll 1967) and of another type, espectally when ansing from the
mtestmal tract The good results obtamed 1n carcinoma of the utermne cervix
with combined radium and external high voltage therapy suggest that a simlar
combimation might be a possibithty worthwhile mvestgatng 1n carcinoma of
the bladder, as an alternatie to pnmary cystectomy The consequence of such
a treatment would doubtless be a number of secondary cystectomies because of
complications although this mught not be an unreasonable price to pay if the
result were lugher cure rates for this very mahignant condition

The results presented were obtamned 1n cases which because of the selection,
must be charactenzed as bad risks and are likely the mimmum obtanable with
this treatment procedure Mo doubt better results would be obtaned in a fair
chinteal tnal and 1t seems reasonable to believe that the frequency of complica
tions could be substanually dimmshed if the radium therapy were combmed
with careful conservative surgery and antibiotic treatment before, during and
after radium therapy

SUMMARY

The results and complications n the treatment of 165 cases of malignant disease of the
bladder by radium alone and combined with surgery have been i esigated The importance
of the tumour grading and the selection of the patient are considered The advantages of
the use of Iintracavitary radum as opposed to high voltage therapy 1s discussed The five
year survinal rate rose to 2bout 50 per cent with radium treatment preceded by surgeny

ZUSAMMENFASSUNG
Die Ergeb und k der Behandl von 165 Fallen cmer malymen
Erkrankung der Blase durch Radium alleine oder i Rombmation nut Chirurgic wurden
Dic Bed: g der Grad Eintesh der Tumoren und der Selektion der Pauen

ten wird henvorgehoben Die Vorteile der Verwendung der intrakavitaren Radiumbehandlung
gegenuber der Hochvoluherapre wird besprochen Dic 5 Jahres Uberlebensrate stieg mit
der Radmmb d} nach vorh hender ¢k B dl auf etwa 50 Prozent
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RISUME

Les auteurs ont emdie les vesultats et les complications dans le tratement de 163 cas
daffection maligne de la vessie par le radum seul et assocte a la chirurgie s examinent
importance de la determination du grade de Ia tumeur et de la selection des malades Iis
etudient les asantages de ] emplor du radium intracavitare compare au tratement par les
haut voltase Le taux de sunvic a 5 ans sest eleve a emviron 30 6% des cas trautes par le
radm apres trastement clururgical
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RADIOLOGIC PULMONARY CHANGES FOLLOWING
COBALT 60 TREATMENT OF MAMMARY CARCINOMA

by

S Hacenand A KOLBENSTVEDT

Patients with mammary carcinoma treated by irradiation may develop changes
1n the lungs and pleurae the frequency and localization of which will depend on
the dose and type of wradiation The percentage of patients with visible changes
reported 1 the literature vares from 7 per cent (Chu et coll 1955) to 90 per
cent (Ross 1956) This paper deals with these changes as revealed m routine
chest roentgenograms during follow up of a group of patients treated by cobalt
60

Material Eaghty three patients with hustologrcally proven mammary carcinoma
were given postoperatre cobalt 60 dunng the penod January 1968 — June
1969 All patients had been treated by radical mastectomy and staged I and I
(Stage I no metastases Stage I metastases of the axillary lymph nodes No
evidence of metastases eLewhere ) Thirteen patients were later excluded due to
absence of follow up films four months or more after the end of treatment

The 1rradiation was as follows The upper field was wnchined 15° laterally to
avoud the deeper midline structures the medial border lay 1 cm to the unaffected
side of the mudline while that of the lower field was at the mudline, the border

Submutted for publ 7 September 1971
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Fig 1 Fields used 1n postoperative co-
balt 60 treatment of mammany carci
noma stages I and IT

between the two fields was situated 1 cm below the jugular notch (Fig 1) Daily
doses of 300 R at the 100 per cent level were delivered to each field The total
doses (100 per cent level) were 6 000 R 1 66 patients 5700 R 1n 3 patients and
4800 R in 1 patient The treatment time was 25 to 42 days (85 per cent within
26 10 34 days)

Three patients were aged between 30 and 39 18 between 40 and 49 22 be-
tween 50 and 59 and 27 between 60 and 69 years

Roentgen examination of the chest was performed 1n all patients before treat
ment and in 22 pauents at the end of treatment The later follow up films 121
mn all, were obtuned 7 weeks to 30 months from the end of treatment

The patients were classified m four groups according to the seventy of the
pulmonary changes (1) No changes (2) shght changes (3) moderate changes
manly i the medial part of the upper zone no shnnkage (4) marked changes
involving a large part of the upper zone with considerable pulmonary shnnkage

Results

Post iradsation roentgenographic changes were observed 1n 61 patients (87
per cent) Nine (13 per cent) patients were classified as negatnve 16 (23 per
cent) as having slight changes 30 (43 per cent) moderate and 15 patents (21
Per cent) as having marhed changes

No thanges were evident m any of the roenigenograms obtamed at the end
of the treatment which vaned from 25 ta 42 days
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Fig ® Tvpical development of post iradiation changes Left lung a) before treatment ) 7
\ eeks after the end of cobalt 60 of mammary The indelinite

il radiation c) d) 5 and 19 months after treatment. Fil rosis
» sth eradual shnnkace towards the medsastinum.

The mutial changes and their further development appear in Fig 2 At about
2 months an indefinite fan shaped infiltration with ats apex pomnting towards the
hilum appeared this subsequently changed to radiating strands suggestng fi
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4 Fix 3 Right lunv a) Before treatment b)

€) 4 and 16 months alter postoperatse co-
balt 60 treatmept for arcinoma of the neht
breast The rad atron [ibrosis extends below
the hilum following the torder of the para

! sternal field

brosss Shrinkage gradually followed so that the lateral border of the mfiltration
moved medially and was situated along the upper mediastnum Such shnkage
may lead to elevation of the hilum and the diaphragm Compensatory em

physema of the lower part of the lung has been observed as well The fibrasts may
<emetimes extend below the hilum parallel to the mediastinum (Fig 3) follow

ng the lateral border of the paratternal freld of treatment Pleural effusion was
notobsenied whereas pleural thickenmg was common Dunng the relatnely short
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Fie > Lateral tomogram of lung v 1th ra
duatson fibrosis The changes s the posterror
part of the upper lobe are more marhed {
thap 1 the antenor part contrar to s hat

ould be expected from the dose distribu
fron

obsenation time no changes were evident m the bones within the wradiated
areas The four degrees of radiation changes werc plotted agamst the age groups
to check the relationstup between the extension of the fibrowis and the age of the
patents Fig 4]

D and Concl

The pathology of pulmonany lesions due to srradiation was descnbed by
ENGELSTAD 1n 1934 (rabbit lung) and 1n 1940 (human lung) The luns, re
action has a charactenstc hustors m which four stages may be diingushed 1)
An imunl «tage tarting one ar two hours after wrrachauon and lasting one or W0
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Fio 6 Left lune a) Pul conany rad ation b
brosi extending to the penphen of the apex
b) A adentall induced preumoth >ras durine
ubsequent surgical mtenention No pleural
adhesions 1o prevent the hun from collap 1w
The homogenee s i fltrason at the apex
(> represents radmt n fbresis <1 Re
expansion f the lur» The radiation [ibross
resumes it onieinal appearances

davs (2) A latent stage with a duraton of two to three weeks +3) The mam
stage charactenized by inflammatory or degeneratine changes and ahveolar pen
bronchial and pernascular exudation The e changes reach therr manmum one
Or two months after the irradianon (4) A regeneration <tage in which the exu
datine changes are gradually replaced by proliferation of connectie tissue
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The pre ent roentgen findings correspond with ENGELSTAD s description of the
main and regeneration stages (Fig 2) The indefimte mfiltration 1s referred to as
radiation pneumonutis m the Iterature (EGER & Grecr 1965 Notrre et coll
1970) This pneumomtis corresponds 1n time to ENGELSTAD s mam stage while
the later fibrotic appearance represents the regeneration stage The earliest
changes n the material were observed 7 weeks after the end of treatment which
for this patient lasted for 32 days Bate & GurTMANN (19537) n a senes of pa
tients treated mn a similar way desenibed the desvelopment of radiation fibrosis
from a few weeks to a few months after the concluston of radintion therapy

The shninkage of the fibrotic tissue towards the mediastinum may lead to a
reduction of the affected area as seen m the roentgenogram It ts important not
to musinterpret this as resolution and disappearance of the affected zone

The longest observation time of any patient of the present matenal was 30
months and signs of radiation fibrosis may still be demonstrated Ross (1926)
described changes mn a lung 7 years after arradhation which were misinterpreted
as tuberculosts The roentgenologic evidence of fibross with shnnhage (11 ible
fibrous <trands elevaton of the nlum and draphragm and compensatory em
physema) indicate that the lesions may be irreversible Extenston of the radiion
fibrosis late in the development has been unusual If such merease seems to occur
other causes ¢ g metastases or inflammatory conditions may be indicated The
location of the fibrosts does not correspond exactly to the fields wrradiated except
occaswonally 1 the parasternal field (Fig 3) The fan shaped mfiltration <cems
to follow one or morc pulmonary segments from the nlum to the perntphery
rather than the border of the field Ordinary lateral roentgenograms fail m the
main to reveal such changes some of the patients were therefore examned by
lateral tomography This usually disclosed more marhed changes m the postcnor
than the antertor part of the upper lobe (Tig 5), contrary to what woukl be
cxpected from the dose distribution No certain explanation of this obsen tion
can be gnen It 1s possible that anatomic factors such as the bronchial and vas
cular supply may have been of importance

The most obvious post wradiation change m many roentgenograms has been
pleural thicheming Pleural effusion has not been obsersed FNgrLsTAD (1934)
stated that the pleurac were radiation resistant Several authors have stressed
the absence of free effuston (WaRreN & GaTEs 1940 Loucnesp & MAGLIRE

1960) Bactuan & Machew (1959) howesver, reported an effusion m 5 per
cent of their patients Extension of the pulmonary fibrosss to the pentphery of the
lung does not necessanly result m pleural adhesions In one patient with such
changes a horax was accaidentally induced during subscquent surgyeal
mtersention No adhesion was present to prevent the lung from collapung the
partially collapsed lung with a homogencous mnfiltration at the apex, representing
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radiation fibrosis appears m Fig 6 MclIstosir & Serrz (1939) stated that the
lungs of elderly subjects with arteriosclerosis were especially prone to radiation
pneumonts and permanent fibross Catreratt & Ociivie (1959) obeerved
a decrease m dilfusing capacity after radiation especially i elderly patients A
simitfar relationship was evident 1 the present matenial when the sevenity of ra
diation fibroms was plotted agamst the age groups (Fig 4) The older the pa
uent, the greater the rish of gross radiologic changes although the.e are not
necessarily excluded by youth

SUMMARY

Seventy patients with stage T and stage IT mammary carcinoma were treated by radical
mastectomy followed by srradiation with cobalt 60 Routne follow up chest films revealed
post radiation changes in 61 patients (87 per cent) It appears that the changes may end
as an irreversible [ibrous stage and that they are more marked 1n the hicher age graups

ZUSAMMENFASSUNG

Stebarg Patienten mit enem Brusthrebs 1m Stadwm I und 11 v urden durch radikale
M. mut nachfolgend hl mit Cobolt 60 behandelt Routinekontrollen
der Brust zeigten bet 61 Patienten {87 Prozent) strahlenbedingte \ eranderungen Es scheint
als ob diese Veranderuncen 1o emem ureversiblen fibrosen Studium enden und dass diese
i den hoheren Altersgruppen starher ausgepragt sind

RESUME
Sorxante dix malades attemtes de cancer du sen au stade I et 11 ont ete traitees par
mammectomie radicale sunnse d weradiations par le cobalt 60 Les examens de controle sys
tematique des poumons ont montre des lesions post radiotherapiques chez 61 malades (87
pour-cent) 11 semble que ces lesions peuvent abouttr a une fibrose srrescrsible et quelles
sont plus marquees dans les groupes d age éleve
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FROM RADIUMHEMMFT {DIRECTOR PROF ] EINHORN) STOCKRHOLM SWEDEN

INTRAARTERIAL DISTRIBUTION OF COLLOIDAL
BISMUTH COMPOUNDS INJECTED IN MAN

by

G Lusbern

A considerable amount of the “Br acetate in saline mjected intrasenousl
muraarteriafly 1s abeorbed dunng ns first capiffary passage (LIvHORN et o
196+ The distnbution of four bismuth compounds has been ¢ spe
Attention being paid to the possibility of therr accumulition 1 twmours situ:
distafly to the site of thesr artenal ijection Colloydal compounds of bisa
have been proposed for ystemuc and local u e in the treatment | hans 1
Van pEr WERFF 1928 1965 MatTHEwWs 1962) and diagnosis (v an DER WE
1966 Grrmarn ct coll 196%) of malignant tumours It has alo been sugge
that the accumulation of colloidal solutions with certan properties may |
therapeutic impheations for the admimstration of compounds of <hort |
1sotopes n perfusion therapy (BrowwrLL et coll 1960)

The four compounds of "Bs used m the 1mesngation were the acetat
totomce sahne and 1n 5 per cent glucose the nitrate in dilute HNOz and
sulptude m human albumm The actniey ranged from 0 5 to 1 mCy/ml

. Matenal The case matenial and the compounds used are presented 1n
able

—_—
Submuted for publication 14 Decesmber 1971
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Table

The pattents examned after wyection of tartous * I compounds wnto an thac artery

C1 Sy A Diseas Compound nsed Adtiy
aty
ingec
[N}
rCy

1 MO O te emc waresma 0 1wer part I acetate m siline 740

of Lt lemur

2 A 17 Twing # sarcomaon left £ mur I e tatean saline ot

3 M 1 Osteogenie kire im v nudd!l of left I teetate i siline (3]
ubiy

4 M « Caranom of bladder no sheletal B wcetate i gluese iH0
meiastnes

» 1 [} Aanimary eramomy with mt tases Bomteate modidor HNOQ 0o
in femur

( A 2 Ciran mycfbladd v oo metntses Buomrate o didute (N0 0o

7 M 70 Curammcfm uil and lower Iip Brsulpludein 2 human Ly
nomet st es all wnn

8 1 a7 AMyel v van lefi teg RBisulphide sn 2 bumin Y

Albumin

Methods 1he bismuth compounds were myected mto the Ift or nght evternd
the artery by the perentancous techmique, the anjection was made on the
wfected side when 1 tumour was present

The cxammation was carned out 1s whole body seanmng and by profile din
sram measurement The TRB whole body semtigraph (Jovssow et coll 1117)
ws used 1t 2 detector speed of 600 mm/mim, 1 e space of 2 mm md 2 ke
factor of 20 or 1bove In view of the high cnergy of the gimma radiation from
B, a focussing collimitor was mcorporated 2l beneath wheel 1 spuolly
designed extra lead shidd was mounted  this produced 2 shielding of at Joast
10 em of lad i Al dircctions except at the collimator opemng The detector
consisted of 1 thalhum activated sodium sodide crystal 3 inches (76 cm) thick
and 3 mches (76 em) an diameter, the scanner was cquipped with 2 sle
channdl pulse height analyzer The measurement was begun from the el
downwards within 15 hours of the mjection of the rdioactive compotnd wd
repeaated at different sntenals up to 4 dys
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€ e Fig | Case 1 Osteogenic sarcoma
of the loft femur Profile scanping

/ Measurements at %0 mum (a) 92

4 (b} 305 (c) and 525 (d) h after

\ the injection of  %Bi acctate m

salme Levels indicated A — ankle

e K — knee S — symphyss U —
4 K s 1

-c

K s ¢ umbilicus J — jugulum:

Results

* By acetate i saline Caes 1 2 and 3 High counting rates were recorded
mitially 1n order of diwmimishing activity  the tumour area, adjacent areas distal to
the injection site thorax and the abdomen 1Figs 1 a 2a) The accumulaton m
the tumour arca dummshed raprdly i the furst few hours after the mjection and
2 transfer of activity towards the abdominal region occurred (Figs 1 b ¢, 2b «)

* Br acetate in glucose Case 4 Carcinoma of bladder with no signs of leg
nvolsement Two hours after the mjection an accumulation of the 1sotope
decrcasmg penpherally appeared in the leg on the side of the mjection this was
also evident 1n the thorax and upper abdomnal region (Fig 3 a) Ounly an
eXtremely small amount of actiity remamed n the leg at 19 hours (Fig 3 b)

"Bt mitrate Cases 5 and 6 The distribution and tune sequence were similar
to those for the acetate 1n glucose

"B sulphide Cases 7 and 8 Ninety minutes after the mjection no accumula
Uon of the componnd was evident m the leg on the side of the myection either m
the myeloma case (Case 8) or m the one with no leg insolvement {Case 7) Most
of the actvity was i the upper abd 1 region corr
the Iner (Figs4 5)

g to the area of
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Fig 2 Case 3 Osteogenic srcoma of the Ieft tbia ~ Fig 3 Case 4 Scntigraphy Scan
Scwmugraphy Scanming started 75 (a) 8 (b) and  mng started 2 (2) and 19 (b) h

255 (¢) h after the mnjection of 2By acetate 1n after the mjection of B acetate
s2lime The 1so10pe accumnlation in the middle part  glucose revealed an mitial accomls
of the left tibia was greatest at the exammation 25 h tion 1n the night femur and to a les-
after the injection following which there was a ser extent in the night tiba o siens
rapid decrease Levels indicated h — knee § — of tumour iy ol ement of leg

smphvsts ] — jusulum.

Discusston

Dunng the firt passage through the vascular system much of the bismuth
acctate 1n saline or 1n glucose and the brsmuth mtrate njected were probabh
filtered off by the capillary system and remamed mn the tissues n the region In
view of the nature of the changes m the leg the senes 15 too small and lacking 1
homogeneity 10 permt any defimne conclusions regarding the differcnces
between the four compounds of bismuth The most stable of them the sulphide
would however seem to be transported more rapidly to the Ler and spleen The
reason for this 15 probably that the three less stable compounds soon form larger
aggregates n the blood most of them then being remos ed from the carculation by
fitration m the capillany sytem. The redistnbution of the colloid toward the
abdonunal region 15 probably due to 2 gradual breakdown of the aggregates that
arc then accumulated tn the reuculoendothebal svstem and possibly also excreted
by the hadnevs.
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Fig 4 Case 7 Scanmng started 1 b and 40 muin after the njection of
20484 sulphsde 10 2 per cent human albumun No tumour of the leg

Fig 5 Case 7 Profile scanning Measurement 15 h after the mjection
B 4

As all the compounds mn estipated remamed for only a short ume cven an
hughly vascular tumours (Cases 1 2 3) they seem unsutable for miraantenal
therapy the redistribution to other organs occurs too s0on

Conclusions

Vanous °°Bi compounds were myected mto the external shiac artery in 5
patents with keletal tumours 1 one leg and 1 3 patents without signs of
tumour myolvement of the legs A fair amount of the acetate and mitrate prepara
tions persisted 1n the leg distally to the site of mnjection It 13 suggested that this
was probably due to filtraton durnng the first capillary pa.sage The cases with
a tumour situated distal to the artery mnto which the acetate or mitrate was
injected was however redstributed rapidiy to the liser spleen and lungs The
accumulation 1n the tumours was of too <hort a duration to provide {avourable
cond; for selective rad therapy by the intraartenal injection of an
1s0tope compound with a half hife penod of “B1

SUMMARY
hThc requirements for the use of vanaus compounds of P for selectve radation
therapy by 1 snjection were d 1n 8 cases 10 which the 1sotope was injected

f
nto an ihac artety An accumulation m the tumour arca was obtained with some of the
compounds Redistnbution occurred so rapidly  however

that the technique must be
considered unsmitable for intraartenal sotope therapy
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ZUSAMMLENFASSUNG
Die Forderunzen fur die Amwendung verschiedener Verbmdungen von  Bi fur die
selekine Radiotherapie durch lle Injeltion wurden in 8 Fallen untersucht in

denen das Isotop 1n die A iliaca mpzert wurde Mit eingen der Verbindungen wurde eme
AkLumulauon im Tumorgebiet errercht Die Redistnibution war jedoch so rasch dass die

IS 1,

Technik fur die lle Isstoptherapie als werdea muss

RESUML

L auteur 2 examune sur 8 cas ou lisotope a cte njecte dans une artere thaque les conds
wons requises pour ! emplor de diferents composes de 20 Br pour la radiotherapie s lective
par injection intra artericlle Certams des composcs se sont accumules dans la region
tumorzle La redsstribation etart cependant st raprde que cette techmque ne comvient pro-
bablement pas pour le traitement inira antenie] par les isotopes
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EFFECT OF SUBCUTANEOUS FAT ON BONE MINERAL
CONTLENT MEASUREMENTS WITH THE
‘SINGLE-ENERGY PHOTON
ABSORPTIOMETRY TECHNIQUE

by

Tours Zerrz

The single energy photon technique of CAMERON et coll (1963 1968) 1s
presently used by a considerable number of laboratones for the measurement
of bone mineral content 1n humans {Proceedings of bone measurement con
ference 1970) "1he expression used m ths determination of bone mineral content

15 generally of the form
n
S PR L
=k [é Ll” 7).

=1

813 the distance traversed in an mtegration mterval A a proportionality constant

>l

—_—
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ZUSAMMENFASSUNG
Die Forderungen fur die Anwendung verschtedener Verbindungen von ‘fBu fur die
selektne Radiotherapie durch lle Injektion wurden m 8 Fallen untersucht

denen das Isotop tn die A thiaca mjizrert wurde Mit emmgen der Verbindungen wurde eine
Alkumulation mm Tumorgebtet erreicht Die Redistnibution war jedoch so rasch dass die
Technik fur die intraarterielle Isotoptherape als ungeeignet betrichtet werden muss

RLSUME

L auteur a examune sur 8 cas ou ] ;sotope a ete injecte dans une artere thaque les cond:
uens requises pour 1 emploi de differents composes de  9°Br pour la radiotherapte electine
par injection 1ntra artenielle Certains des composes se sont accumules dans la region

1 etait cependant si1 rapide que cette technique ne convient pro
bablement pas pour le traitement intra arteriel par les 15otopes
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o
H F

Fig 1 idshaft scans of human phantom left arm and the left anus of indraduals with
\arming deorees of adipase tissue Weight, height and Ponderal Index are (1) 1038ks 1™ m
10883 (2) 804 kg 167 m, 11339 (3) 608ke 15°m 112> (4) $9ke 15> m 172809

© meaturements are takes with the arm nedly clamped 1 a plaste bos contaming Super
Srulf The scans of the four mdniduals are adyusted vertieally w that the scans tn the region
between the radhus and ulna spprovumately downward and the ulna s arufically placed to the
wight of 1ts actust scan postucn to 3 oid confusing the vanous scans.

10 and tts Iinear aborption coefficient as measured with rys from a un filtered
13T <ource (ca 27 4 kel ) duffers by no more than 2 per cent from that for the
TEL Linear scans across the forearm were carned out at about 1/3 the drtance
up from the distal to the proumal end of the rads The long term precision m
per cent standard deviation for measurning integral values in human forearm
bones was found to be about £ 2 per cent (Zerrz)

An estimate of the error mvohed m 1gnonng the fat component was made by
determining the mtegral value for scans of a bone reference standard kndl
<upphed by Casmerons Laboratory (WrrT et coll Fig 3) with and without
vamng configurations of subcutaneous fat in the path The cocfficient of vana
tion 1n measunng the ntegral value of the standard m water was less than 1 per
cent The bone standard plus fat were always immersed 1n 8 cm of water The
dimensions and absorptance of the large stmulated bone 1n the <tandard approa
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I)g 2 Midshaft left arm scans of the individual designated (1) (2) and (3) of Fig | The
mersurements are taken with arm immersed tm water The scans are ploteed directly from the
data with no displacersent as n Fig 1

mates those of the midshaft radius The beef fat employed 1n these studics was
found difficult to accurately shape or metsure Therefore the shapes and the
dimensions of fat configuritions arc only approximate

Results
A companicon of the scan of a fat free phantom arm to several human arms in
Fig 1 shows an increased transmutted mntensity toward the arm edges which can
be scen to be larger the smaller the ponderal mdex (Hunrr 1969) Ro whert
heght in em,

2 Sweghtinhg
and 1 Jow ponderal sndex indicates greater obesity Subjects 2 and 3 m Tigs 1 and
2 have approvimately the same mnerease 1 transmatted tensity over the fo*
lesel There 18 no signsficant change m transiitted intensity when the beam
enters the phantom 2rm from the tissue equu atent matenal (Super Stuff) untid
the bone 1s rerched
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16" BASED ON THE MEAN OF SIX VALUES
o) | REG!ON BEYOND REGIONS ON BOTH

CONFIGURATION OF FAT  { BETWEEN BONES™'[ cyreanal ence®!|  SIDES OF BonE!

o
APPROXIMATELY UNIFORM

+1 +
THICKNESS OF 25 em *
® 101520 m

¥g00,
PExsias s 43 -3

-6 +2 -2
-9 +5 =1

=5 +15 F1

Fig 3 Per cent error in the determination of the mtegral value for dufferent arbitrar Iy chosen
configurauons of fat The bone standard plus fat are mmmersed 1n 8 cm of water

Scans with the arms immersed 1n water (Fig 2) show that the fracuonal
Increases in transmutted wtensity at the edges of the arm were approumately the
Same while the shape of the hump of increased transmussion was shightly dif
ferent for the two cases This suggests that the distnbuuon of fat 1 <oft g sue
of the arm 15 the primary cause for a greater transm sion than 15 expected for
soft tisue plus ussue equivalent matenal The pl: of each ¢
of water by subcutaneous beef fat resulted in a 20 Per cent mcrease m transmitted
intensity Based on these data we estmate that mdiidual 1 1n Figs 1 and 2 has
a peak thichness of a htle Jess that 4 em of fat Jareral to the radius and a thickness
of about 1 cm between the radis and ulna These esmates are to be accepted

as veny approumate and are used only as a gwide 1n selecting fat thicknesses to
be used 1n the examinations outlned Fg 3




406 LOUIS ZEITZ

Table

Integral values (mm) for radws and ulnz usin,, different m thods to obtan Ip* Forearm constrawt and
tissue equualent matersal

Invidual i 1
Figs 1 and 2

§5/PB* Wire

Radus Ulna Radius  Ulna

Aethod employed (o obtain [,*

a} \can between radmus and ulna 177 185 177 125
—12 -9 ~7 -7

B \lean of six successive counting mtenals
starting on the third mierval from the edge 229 225 202 147
of the radius {ulna) away from the ulna (radius) +14 o411 +6 +9

€) \ean of stx intervals three on each side of
radius {ulna) starting on the third intenval 201 203 190 132
from the cdges of the bone

@) \aluc taken at a pownt outside the bone 3 mm

from the edge of the radius (ulna) away from 233 226 205 147

the ulna (radius) +16 +11 +8 +3
€} Valae talen at a point outside the bone 3 mm

from the edge of the radius (ulna) toward the 175 189 177 12t

ulna (rads) —13 -7 —~7° —

* Super Seuff 1n plastic box
* Water immension

The errors resulung from the presence of the different configurations of fat
shown m Fig 3 were determined The maximum fat thichness used was less than
that estimated to be present m the indiidual designated 1 1n Figs 1 and 2 The
mtegral salues obtained for the scans of the vanous fat configurations are
dependent on the manner 1n which the Jo* values are determined The In*
was determined 1n three different ways The method designated between boies
used 6 inten als starting from the third from the edge of the large simulated bone
going toward the smaller simulated bone that designated region beyond external
edge uses six mtenals on the opposte side starting with the third from the edge
and regions on both sides of the edge refers to the mean of six intenals threc on
cach aide starting on the third intenval from the edges The distance traversed m
one counting intersal was 0.549 mm
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Table (cont )

2 3

SS/PB WIs* SS{PB NI

Radsus Ulna Radiws Ulna Radius Ulna Radius Utna
203 177 181 64 167 149 162 128
-1 -6 ~3, —6 ~8 —5 -6 -8 ,
213 205 198 191 197 166 178 150
+4 +8 +6 +9 +8 +6 +3 +8
205 189 186 173 182 157 172 139
209 212 197 190 198 164 177 155
+ ., +12 +6 +9 / +9 +4 +3° +12
200 183 181 165 168 141 166 12¢
-1 -3 -3 —6 -8 ~10 -3 -9 4

The per cent error was determined from the ratio of the integral values ob
tamed with the fat present to that obtamed when water replaces fat The mtegral
values for the standards immersed 1n water agree with those reported by other
labaratories for the same type of standards (ZErtz & Fxrerp WrTT et coll } The
errors obtained for configurations (b) and (d) of Fig 3 are found tobe a
munimum when the Jo* 15 based on the average of the transmitted ntensity
mmedtately adjacent to the two edges of the bone For this reason only ths av er
aging method of obtaming the Jo* which for future reference will be called
double-edge averaging was used to imestigate the error for the different con
figurations of (e) 1 Fig 3 The errars found m (a) of Fig 3 show that a
umform thickness of fat mtroduces no appreciable error with the different
methods used to determme fo* For a fat configuration simular to that of {c) of
Fig 3 which 15 untihely to occur n a human forearm the large error found 15
independent of the manner m which the I, o 15 determuned For 2 step type con
figuration which may be clase to what occurs m some humans arms as suggested
m the scan of ndiidual { (Fig 2) even the method of double-edge averagmg
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which results 1n 2 mnimum error still gines a value which deviates considerably
from the actual or true mtegral value for certain positions of the step

The integral values were determined for the radius and ulna of individuals 1,
2 and 3 (F1s 1 2) on the bass of frne different methods for obtaming Io* The
ntegral values for the arm 1n Super Stuff and 1n water are not drrectly com
parable since the scans in the two cases were mnadvertently at shghtly different
po wons on the arm

The double edge averagmg techmque for obtaining Io* results in 2 calculated
value which 15 closest to the true integral value but even this value could be off
by 3 per cent or considerably more from the true value for possible configurations
of fat 1n obese mdmiduals Let us assume that double edge averaging results in
the most accurate determination of bone mineral content 1n obese indniduals
Calculated per cent deviattons from this best mtegral value can be determned
and are gnen under the integral values of the Table

Discussion

It 15 clear from the Table that the method employed for determining Io* hasa
considerable effect and whether compression 1s or 1s not used on the arm has
some shght effect on the value obtamed for the bone mineral content of the arm
of obese indniduals Using water immerston, where there 1s no compre ton of
the arm does not 1n all cases dimmsh the deviations from the best mtegral
value for the different techmques used to obtan Io* It does for the radius
measurement of mdinidual 1 but increaces 1t shghtly 1n the cases of the radwus
of indinidual 2 and the ulna of indnvidual 3

The data given 1n the Table suggest that conuderable vanation i the bone
muneral content measurement of human arms 1s posible with a single encrgy
photon absorptiometnic bone muneral analyzer if different techniques are used
1o determine /o* The magmtude of this saration could be evaluated by
measunng the bone mmneral content on the .ame obese mdnrdual with (wo
nstruments which use the two different techniques for determuning fo* 1¢ the
double-edge aseraging and the method designated (d) mn the Table The latter
techmque 1s presently bemng used m the Morland—Camcron bone munsal
analyzer emploved in some laboratortes

The «ngle-energy  photon absorpuometnic technique gives a precigon 10
deterrining the integral value of about *+2 per cent (Zerrz) for forcarm hones
for all indiniduals regardless of degree of obeaty Therefore the method of
photon absorptiometry 15 a very useful too! for seral examiations of bove
muneral content of the forearm bones Further work 15 required if one 15 ©
determune the accuracy of scnal examinauons on indiiduals where there 1 2
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drastic change n the <ubcutaneous fat content of the arm 1 the cout<e of the
i estigation

With relatively large differences 1n results possible with different mstruments
for ohese mdniduals 1t would scem adivisable m reporting results to exphently
and carefully define the method employed to obtam the ntegral value and to
@i the proportionality factor used to obtamn the absolute bone mineral determ
nation from the integral value

We are presently considering posable approximate corrections related to the
ocbesty of the ndivdual as well as attempting to determine if there 15 an obesity
index level below which the error n the determmation of bone mineral content
remains below a fixed preassigned value such as 2 or 3 per cent
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SUMMAARY

with fat f suggest that mneral consent
measurements of the forearm bones by the single energy photon absorptiometric techrque
could be in appreciable error for certain marked fat configurations Actual profiles of trans
mutted mtensity for the mid forearm of obese indwiduals indicate that the bone mineral
content determmations on these individuals could differ for different absorpuomerric m
struments Because of these possible dufferences 1t 15 suggested that the method emploved
to obtam the integral value be explicitly and carefully defined

In

of bone

ZUSAMMENTASSUNG

U h n von hnochenpt mut Fettk lassen vermuten dass Ves-
sungen des M mt der hen Photonen Ab: hak fur
gewisse ausgepragte Fentkonturen mut emem wesentlichen Fehler behaftet sein konnen
Aktuclle Profile der durchgelassenen Intensitat vom mittleren Unterarm fetrer Personen
deuten darauf hin dass Besummungen des knochemen \lneralgehalts dieser Personen mut
rerschicdenen Absorptionsnstrumenten ntesschiedliche Ergebn se geben konnen W egen
dieser moglichen Differenzen wird daran eninnert dass die versendete Methode my der
der Integralwert erhalten wird ausfuhrlich und sorgfaliig prazistert werden soll

RESUMEL

Des recherches fattes sur des fantomes osscux entoures de masses graisseuses font pens:
que les mesures du contepu muneral des de lasant bras par la techmque abso mmcpt e
de photons d une scule encrgie poutratent donner une erreur appreciatle prgur ";(nqn\x:
Mmasses graisseuses volumineuses Les profils d intensite transmise pour le mibieu de Ia:;n’is
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bras dmdnidus obeses montrent que les mesures du wnlenu muneral de los chez ces
windnadus pewt differer sunant les duffe es En rason
de ces differences posibles lauteur propose que la methode cmplo)c: pour obtenur la
valeyr integrale soit expliatement ct soignen. ement defime
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CARCINOMA OF THE THYROID IN CHILDREN
AND YOUNG ADULTS

A review of 32 pattents
by

Berta JErEr and T LowHacen

Several extensive muestigations of carcinoma of the thyroid in children have
been published (hexveoy 1933 Damwey & Lrvpsay 1950 Durry & Frrz
GERALD 1950 Hare & Newcods 1950 Warp 1805 Exersy & Frsazein 1969
Winssie & Rosvorr 1969) Ths is a rare disease so that case senes at the
vanous nsttutions have been small and the expenience of the condition somewhat
lunited The present investigation was directed at the pertnent chmical data in
32 pauents of 20 years or under m whom the treatment consisted 11 operation

ppl d by rad therapy and thyroid hormone medication

Vaterial A total of 1024 patents with caranoma of the thvrord were treated
duning the penod 1916—1967 Thirty four of these were twenty years old or
under the first being admutted 1 1929 and the last 1n 1967 Two of the 34
Ppatients had to be excluded one because the mahignancy was not confirmed at
the review of the histology and the other because the shides were misstng The
first patent exhubited chinical igns of thyrotoucoss and at the sury ¢y a diagnosis
of benign hyperplasia of the thyroid epithelium was made

Submutted for publication 16 Norember 1971
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Table 1

BERTA JEREB AND T LOWHAGEN

Clinwcal staging of carcinoma of the thyrod

No palpable Homolateral lymph Bufateral lymph  Fixed Total

nodes. node metastases node metastases  nodes

(N\O) (\1b) (N2b) (N3)
Single tumour confined to
the gland (T1) 2 6 2% 1 u
Multifocal tumours or
deformuty of gland
gaitre (T2) 9 a* 1 - 15
Attachment to surrounding
structures (T3) 4 1 - 1 [
Total 15 12 3 2 »

* One patient with metastases 1n the lung
Table 2
Treatment of carcinoma of the thyrord
Vasible tumour \isble remaants  Total
removed in toto of tumour left behind

Operation 8 6 (+1)* 15
Operation - radiotodine 3 5 8
Operation+external iadiation — 6 3
Operation ~external irradiation - 3 3
+radiorodine
Total " 20 (+1)* 3 (L

* D ed at the operation

The <enes of thyroid carcinomas thus consisted of 32 patients — 21 girls and
11 bovs — 8 aged 7 to 10 10 aged 11 to 15 and 14 aged 16 to 20 years

The follow up time since 1ntzal treatment was in 30 of the 32 patients morc
than five years and 1n 21 patents more than ten years The first evidence of the
condition 1n 21 of the patients was advancing goitre or a nodule mn the thyrosd
1n 3 patients <nlarged cenvical lymph nodes and 1 3 patients cough respiratory
distress or hoareeness The duration of these signs and symptoms before admiwon
ranged from one month to 19 vears with an average of 2 years Goitre and hypo-
thyroidism had been pre ent at brrth m 3 patients
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Table 3
Surgical methods 1n carcnoma of ihe thyrard

Total Thyrordectomy No of
A palients
Subtotal Total +subtotal
Unilateral
with neck dissection 1 - - i
without neck dissection 3 4 - 7
Bilateral
with neck dissechon 3 2 6 14
without neck dissection 2 3 4 9
Taal 12 9 10 31*

* One patient died £ om hacmorrhage during the operation

Chnical staging was performed m retrospect from data obtained at the time
of admission A summary of this taging 1s presented 1n Table 1

Treatment All the patnents were operated upon and 17 recened radiauon
therapy conssting of external mradiation or radioodine at yanous tumes after
wards (Table 2) Thirty-one patients were put on permanent thyroid medication
after the operation or postoperatine irradiation n 3 patients treated m the
early fifties this was delayed for 4 to 5 years

As the patients had been operated upon at different hospitals and over a long
penod of me the surgical approach was by no means uniform (Table 3) In
geaeral the more adsanced the tumour the more aggressine was the surgery
Total thyroidectomn of both lobes was performed 1n 8 patients The necl, dssec
tion was radical 1n 5 patients and partial in the rest It was hnown i 20 patients
that not all the visible tumour had been removed Tissue 1n the cervical region
accumulating radioiodine was evident after operation 1 all 26 patients in whom
scanmng was performed m 6 of these patients the neoplasm was consdered
to have been completely removed though only n 3 of them was total thyroidec
tomy performed An accumulation of radiotodine was present m 24 pauents 1n
the postoperatine <can in the thyroid regon and m 2 patients 1 metastatic
lymph glands
N Radiation therapy was gien to 17 pauents 1n 14 of whom part of the growth
e:i:]c:ln“lg; behind at ;perlauon Only 3 pauc:!s under 15 years of age recened
. xano:“e::n atlm) one » as‘gu\ en radioiodine ’{;hc moydalma uced for

the s i5 sere mz"n\ entional 200 KV roentgen umts
patient teleradhum 3 or 5 untts 4 patients “"Co short distance umit 3 patients
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Table 4
Histologic findings on re-tew of 32 young patients treated for carcinoma of the thyrord

Histologic tvpe No of patients Lymph node
metastases

Papillany carcmoma 30 18

\Medullary caramoma with amyloid stroma 1 1

Indeterminate 1 -

Towl 32 13

Percentage 59

The absorbed dose obtamed mn the tumour tisue could not be accurately
calculated 1n retrospect for the last two modakties and was therefore onh est:
mated The method of treatment has been descnibed elsewhere (Jacorsson
1934) Doses of the order of 5000 to 6 000 rad yere estimated at the surface
and at a depth of 2 em 1 the thyrord region and on both sides of the neck The
dose applied with com entional roentgen radiation was 2 000 to 3 000 rad. Due
to the retrospectine determination there have been vanations in the order of
+ 20 per cent in the esumated doses One patient recenved external comy entional
roentgen radiation for recurrences Radiorodine alone was guen to 7 patients
whom a po toperative uptake was evident 1n the cenical scan 1n 2 others radio-
1odine was adnunistered for local recurrence and m 2 more for pulmonary
metastases

Radioiodine was gnen as a single dose (50 to 80 mC1) to 6 patients and
5 of these was repeated untl there was no further uptahe, bnnging the total dose
up to 100 to 400 mCx

An attempt has been made to evaluate 1 retrospect from the med:cal docu
mentation whether the pauents were hypothyrotd or enthyroid—adequately
<ubstituted  Ths retrospective evaluatron s naturally unrehiable but has never
theless been conadered more comprehensive than an esumation from the dage
of thyrord hormone administered

Histology Tissue <ections were available for review from 31 pnmary tumours
and i one from recurrences The carcinomas were reclassified 1n accordance
with the recommendatons of the Amencan Thyroid Assocrauon Al the
growths with papillany or mixed papillary and follicular structures were Tabclled
papillan caranoma.

Thurty carcinomas were of this tvpe (Table 4) although only a few had pure
papillany appearances, most of them being of the mixed hind Of the remaning
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Fig 1 Medullary carcinoma
with amyloid depassts (Case
1)

Fig 7 Smallcelled rather
monomorphic poorly differen

Can tated carcinoma Several m
1Y o toses present (Case 2)

2 tumours one was a medullany carcinoma with amyloid deposits (Fig 1) The
other could not be classified according to the recommendations of the American
Thyroid Association and was therefore listed as indetermuinate the shdes from
Tecurrences — the only ones available for scrutiny — revealed a <ohd tumour
made up of fairly small monomorphic cells 1 solid and suggested trabecular
formations (Fig 2) Mitotic figures were numerous A marhed tendency for
mvasion of the surrounding structures was evident No retrogressne changes
such as necrosis or cyst formation were present The nstogenests of the tumour
could not be established from the sections of the extrathyroidal growing recur
rences However 1t was considered that the growth most likely arose from the
thyrmd gland The histologic Teview disclosed lymph node metastases 1 18 of
the 30 patients with paprllary caremoma and 1 the one patent with medullany
taranoma

Attempts were made to group the patients with respect to the presence of single
or multiple carcinoma foct mn the thyreid gland from surgical and onginal histo-
logic reports The mulufocal form was tentauvely recorded in 13 patients but
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Table 5
Four patients with carcinoma of the thyrmd secursences
Sex \ge  Hustolegic Stage Treat Treatment Recur Treatment
(ycars) findings ment rence of
begun year recurrence
location
F 15 Papillary ype  TiNIb 1925 Total+subtotal 1962 Leurpaton +
multlocal resection Iymph  thysoud hormcne
tumours neek dissection node
hmph node night {not racical;  thyrod
metastases
F 8 Papilary type  T2N\O 1935 Bilateral subtotal 1960 Bulateral total
resection thyrotd thyroidectomy +
thyroid hormone
M9 Papudlary type T2\G 1960 Subtatal4-total 196, Tatal resection
resection thyroud right +nech
thyroid hormonc dissechion +

radiai> Iine &
thyroid hormone

Fou Papillary tvpe  TIN2b 1967 Bilateral total 1968 Extsrpation
Iymph 1 xde thyroidectany Iymph nede
metastases neck dissection 1969 Tstrpation +
bijateral (not fymph raciorodin
fradecal ) thyrord fnde <+ thyrad hormone
hormone

after a cntical review of the lustologic shdes available tn this retrospectne
vestigation 1t became apparent that st was smpossible to distinguish botween the
true multifocal form and more or less confluent mtrathyroidal tumour spread
Moreorver the considerable difference w the number of scctions from one ¢ xve 10
another made 1t impossible to draw valid conclustons

Results

Thirty of the 32 pauents treated were alne and well with no signs of a
recurrence at the end of this mvesuganon Tollow up times (after mynal treat
mem) for surnors without discase were as follows More than 15 years 6 pa
tunts more than 10 vears 19 patents, more than 5 years 28 patents and morc
than 3 years 30 patrents The lustories of the 2 patients who dud are beiefh as
foflows

Case I Boy aged 9 years with advanced mahgnancy of the thyrord glind and sevesal
Ixed censeal lymph node metastases Surgical exploraton revealed an extensie firm
tumour that eneircled the trachen imohied the carotid vessels and extended dos n mto the
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Fig 3 Gul aged 12 on admi
sion Metastases of carcinoma of
the thyrosd

jugulum Dunne the operation uncontrollable bleeding mto the mediasunum led 1o death

Histolooic of the surgical sp n disclosed medullary carcinoma with amylod
deposits (Fig 1)

Case 2 Gurl aged 10 years operated on 1n 1926 for an egg sized tumour which was not
radically removed The hustologic diagnosts at that tume was trabecular adenoma with
transition nto mahgnancy Owing to recurrences resection and external irradiation were
performed 1n 1928 1937 1933 1932 and 19345 General sheletal metastases developed in
1947 and led to death in 1949 At no tme did the patient recerve thyvroid hormene medica
tion The shdes from recutrences — the only ones a atlable for re exammation — faded to
indicate the type of tumour but 1t was possibly a vanant of poorly differentiated follicular
caranoma of the thyroid (Fig 2)

Fifteen patents recenved no postoperatne irradiation  Recurrences i 4 of
these developed some time after treatment {Table 5) One of the 17 patients
treated with radiation therapy m addition to operation 1s dead, no local recur
Tences were recorded

Two guls aged 20 and 12 years operated on m 1926 and 1967 respectively
had pulmonary and regonal lymph node metastases on admission The former
were diagnosed by gen examination and ac 1} of rad ¢ todine
m the thoracic region appeared m the scans (Figs 3 4) The tumours were of
the papillary type and visible remnants were left at the operations which were
followed by postoperatne raciotodine therapy and thyroid hormone medication

Thirteen and three years respectinely after the operation no local recurrences or
metastases were evident (Fig 5)

Late comphications Five patents suffered permanent postoperative damage
2 had undateral paresss of the recurrent nerve and 3 pauents had msufficiency
of the parathyroid glands necessitating permanent substitution therapy Four of
the § patients underwent total thyroidectomy and one patient subtotal unilateral
tescction: Cervical dissection had been performed i all the patients,

T Ar R4ty Th pyBhy sB Lgylel 11 (157V)
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Fig 4 Same case as in fig 3 Profile diagram beforc treatment Uptake of 1311 in the lung
Umbihicus (=) and jugulum ( —) levels indicated

Eight of the 9 pauents given external irradiation are still alive Where a con
ventional roentgen umt was used only shight atrophy and hyperpigmentation of
the 1rradiated skin was produced Seven patients treated with the short distance
gamma beam of the teleradium or the *"Co decacunc unit developed atrophy of
the wrradiated shin with teleangiectases and fibrosis of the subcutancous tissue
One of these patients had chromc ulceration of the skin requinng a skin graft
Another had a stricture 1n the lower portion of the hypopharynx probably duc
to the radiation therapy, as well as shght dysphagra A third patent suffered
mwnor trauma shortly after the radiation treatment which resulted 1 fricture
of the clavicle with a subsequent pseudoarthrosis This patient complained of
paraesthesia mn the nght arm probably due to pressous irradiation of the nght
supraclavicular area but as she had also undergone neck dissection on the same
side this may have been a contnbutory cause of the nerve condition

Eleven patents treated with radioiodine had no damage that could be 1ttn
buted to this kind of therapy Eight patients treated between the ages of 14 wnd
20 are now of fertile age Three female pauents all unmarned have normal
menstrual periods Four with 2 and one patient with 3 healthy children recened
between 50 and 100 mCi radioiodine

D and Concl
The prognostic sigmiicance of age in carcinoma of the thyrowd 1s well ¢ tab
hshed (RENSEDY 1935 Hors & Duis 1954, SLoan 1954 Warp 1955 Winwmp
& Rosvort 1969) and was confirmed 0 this imestigation In only onc of the
32 pauents aged 20 years or under was this conditton the direct cause of death
The neoplasms were mn all but two of the patients who dicd well differentiated
papillan carcinomas W hether tius hugh inaidence of well differentiated growths
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Fig 5 Same case as 1n figs 3 and 4
After application of 120 mCi 11
and thvroid medication Mo evidence
of metastases

m young pattents can alone accouant for the favourable outcome cannot be de
aded from the analysis but this response to the treatment of recurrences and
metastases would seem to suggest that other factors are also imolved A locally
advanced stage of the tumour recurrence and metastases did not necessanly
diminish the chances of survival n this senes nor did a non radical surgical
procedure All the patients in whom wisible remnants were left behind at the
operation survived even when no postoperative irradiation was gien All 5 of
the patients with such remnants and recering only postoperatne radworodine
therapy survined without recurrence 1n 4 of these panents the follow up time
was longer than 10 years

Other investigations indicate that where no operation 1s performed or where
tumour residues are left behind at operation radiation therapy improves the
prognosis (SHELINE et coll 1966 SwuEDsL et coll 1967 Tupana et coll 1969)
Our expenience on this point may be mconclusne but the favourable results were
obtained when radioiodine therapy was given after conservative surgery External
radiation treatment incurs a considerable nisk of late radiation sequelae  radio-
todine treatment however failed to produce demonstrable damage to the patient

None of the patients 1n whom the resalts of treatment were unsatisfacton. had
adequate hormonal methcauon The patient who died had never recened thyroid
medication it was admumstered to 2 patients with recurrences only when these
actually appeared and m a third pattent the dose of medication was Lept low
A fourth patient who was found at operation to have carcinoma of the regional

ymph nodes had had adequate hormone medication and was alo recening
continuous sterod therapy for asthma



420 BERTA JEREB AND T LOWHAGEN

The treatment of the patients compnsing this senies vaned, as did the stages
of the condinons. Whether the good results can be ascnbed to effectn e operations,
supplemented m 12 cases by radiation therapy, or to the thyroid hormone
medication cannot be decided from the data available It 15 however notable
that of the 4 patients not given a thvrord hormone as immediate postoperatine
treatment one died from carcmoma and 2 pauents developed recurrences or
late metastases The medication thus <eems to be a prime prognostic factor
{CriLE 1957 THOuAs 1957)
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SUMMARY

The treatment of carcinoma of the thyroid 1 32 patients of twenty vears of age o under
during the period 1929—19657 1s deseribed. The clincal features result and complications
are dealt with 1 tum. Factors bearing on the course of the conditon are discussed and

4 col s are offered.

ZUSAMMENFASSUNG

Die B dlung des Schildds i\ ber 32 Patienten 20 Jahre alt oder junmer
wahrend der Periode 1979—1967 ward beschricben Die RMinischen Eigenschaften Ergebrss ¢
und homplilationen werden macheinander besprochen. Faltoren die den \erlauf dieser
Erkrankung beemflussen, werden diskutiert und Vorschlage fur deren Behandlung « erden
vorgelert.

RESUME

Les 2uteurs decnvent le trartement du cancer de la thyroide chez 32 malades ages de 20
ans ou de momns de 20 ans au cours de I periode 1920—1967 Ils examunent les signe” b
mgques les resultats et les compleations Iis etudient les facteurs qur ont une nfluence sur
le cours de la maladse et font des son
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VIRUS PARTICLES IN RELATION TO RADIATION
INDUCED CHANGLS IN THE THYMUS OF C,H MICE

by

B JarpLD

Thymic lymphoma 1 mousc strams with low spontaneous frequency of leu
haemma eg C 1Bl and C;H may generally be mnduced by suitably fractionated
wradiation (RarLan & Browy 1952, Gross et coll 1959) In CiH muce this
mode of irradiation leads also to disorders in the diphasie regeneration of the
thymus (Jarpup 1968) Radiauon induced leuhaemia has been transmusuble
with non-cellular matenal (Gross 1958, Lieperyan & hartan 1959) and virus
parucles have been demonstrable in thymic lymphoma which developed ter
iradiation (Gross & FrLoman 1968 Lacerror 1968) Acutely radiation
damaged thymus has al o proved to contain morphologically demonstrable virus
particles (Gross & Ferpyan 1968) Little, however, 1s known about the exact

ite of the ¢ particles within the thymus nor of how the occurrence of particles 15
related to the vanous pha. es of regeneration of the thymus and to the mduction of
thvmic Ivmphoma

Viatenal and Methods Fracuonated whole body irradiation was given to 79
female CsH mice A total dose of 550 R was divided between four equal ex
posures and guen every fifth day beginning at an age of 25 & 2 days

Submutted for publication 19 October 1971
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The ammals were rradiated m 2 plasic wheel as descnbed earker (JareLiD
1968) The roentgen apparatus used, Muller MG 300 was operated at 260 KV
and 95 mA The radiation was filtered by 05 mm Cu and 05 mm Al An extra
filter of Cut was wed with 2 HVL of 19 mm Cu at the periphery and a HVL
of 22 mm Cu at the centre The focal distance was 45 cm and do e rate 74
R/mm

Morphologic in estigation Eaghteen fractionated wradated mice were Lilled
for histol and electron pic i estigation 1n groups of 4 to 5 at 3 10
17 and 24 days after the last fraction Twelve untreated ammals enved as con
trob and were autopsied 1n groups of 3 at corresponding times Al ammals were
killed by cenvical diclocation The thymic lobes were exciced and one part of
each lobe was fixed 1n Stieve s fluid for hght micro copy and the other part was
prepared for electron microscopy Conventional hi tologic methads were used and
the ections were staned with Ehrlich s haematoxyhn and eosin The <pecimens
for electron micro copy were fixed in a formaldehyde glutaraldehyde olution ac
cording to harnovshy (1960) for at least 24 hours and postfrced m 2 67 per
cent osmium tetroxide buffered with s-colidme (Bexver & Lurt 1959} for 1
hour The fixations were performed at 4° C The matenal was dehydrated in
ethanol and embedded 1n Epon (Lurr 19611 One « ections were stamed with
02 per cent tolutdine blue for light mrcroscopy {Bjosnyan 1962) Sections
about 700 — 800 A thick were collected on 300 mesh copper gnds and stained
with uranyl acetate 1n methanol (STEspak & WaARD 1964) for 5 munutes and
subsequently with 0 2 per cent lead aitrate (VExaBLE & Coccesnart 1965) for
1 mmute These sections were examined tn a Siemens Elmishop I A at 60 LV
Specimens from both cortex and medulla of each thvmic lobe were exammed
by light microscopy as well as by electron microscopy

Non cellular extracts Fifty mne mice which had recened fractonated irradia
ton were hlled i groups of 10 to 33 at 3 10 and 17 days after the last ex
posure Non cellular extracts were-prepared fram the excised thymus glands ac
cording to Haran Guera (1966) The extracts were njected mtrapentoneally
o newborn syngenic mice or nto thymic grafts under the kidney capsule m

previously thymectomized and whole body wradiated (400 R) young adult
syngemic mce

Results
The eputhelial cells of the thymus could be identfied by therr tonofilaments
and desmosomes (Fig 1) The general ultrastructural appearance of these cells
however was somewhat sanying They had rather large and often oval nucler
with finely disperced chromatn and one or more promunent nucleol: The cvto-
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Fig 1 Epsthelial cell from thymic medulla 17 days after fractionated irradiation Centrally
a cluster of vacuoles (V) contamming virus parucles (VP) Tonofilaments (T) 1 a oo
plasmic extension Inseried field shows mnuh{;mcms (T) and desmosome (D}

plam was promment ofun with long extensons between other eelh The
amount of nibosomes was moderate I'lic tonofilaments often appeared near the
nucleus and at the peniphery of the cell where they ometimes were in.crted 10to
desmo omes connecting adjacent epithelial cells The amount of mutochondna
vaned At one 1de of the nuclus the cytoplam of the epithelal cells often
contamed a cluster of vacuoles (F1g 1) the ¢ varied m form and 1ze, meas
unng up 1o 35 # 1n dameter The vacuoles were surrounded by a membrane,
<ometimes with microvillous projections nto the lumma In these Jumina an
amorphous material of moderate density and ometimes virus particles were
found

¥ arus particles were only found i the epithehial cells of the thymc medulla,
no parucles were seen m the thymic cortex In untreated control nuce a fen
<ngle particles were found within sacuoles of epithehat cells mn the thymus from
2 of 12 ammals mmvesugated In srradiated muce the particles most frequenthy
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F1= 2 Detatl from fi= 1 Enveloped
virus parucles vath relatively elec
wron-dense capsids

appeared n the cytoplasmic vacuoles (Fig 1) but n a few caes within the
cytoplamic mawix 1e together with nbo omes or budding from endoplamic
reticutum The appearance of the virus particles was <milar to that descnbed
for murine leuhaema virues (tvpe A and C partcles Bervnarp & Grern
1928)

Mot of the virus particles appearmg in the cytoplamic vacuoles lav free
within the lumen (Figs 1 to 31 These parucles scemed te have an envelope with
a diameter of 100 — 110 me the diameter of therr capads was 50 — 60 mu
Some of the<e parucles had an electron lucent centre and have been described as
emeloped A parucles (pr Hapves 1968  Other partcles had a more electron

dense centre (C typ~ parucles) In a few ca.es enveloped A particles were <een

to bud from the vacuole t In the cvtopl matnx the partcles

generally appeared as doughnut shaped capsauds (naked A particles, pE HarvES,
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Fig 3 Epithelaal cell from thymic medulla  Fig 4 Lpithelial cell from thymic medulla
3 davs after sradistion. Emveloped virus 3 days after irradration Varus particles with
parucles with electron lucent centres (en  doughnut shaped capsids and electron lucent
tllC'Ptd A parucles) i cytoplasmic sac  centre (naked A particles) 1n the cytoplasm
uoles

Fig 4) with an ccternal drameter of 80—90 mu and an internal diameter of
40 — 50 m« The centre of the capad 1¢ the nucleoid, was electron lucent The
particles appeared i diffuse groups or as single <cattered particles Some of the
particles were buddmng from mtracytopla mic membranes wiich ecemed to take
part in the formauon of a viral envelope (Fig 5) Some virus particles were alo
budding 1nto the asternae of endopla muc reticulum (Fig 6)

Varus particles n relation to tume afler wradiation As <een mn Table La
moderate to large number of partcles were found in about half the number of
cases mvestigated 3 10 and 17 davs after the last irachauon  After 24 dave
howerer no more than a few virus particles were found m each cae On exch
occason of exammation most of the sinons were emeloped A particles or (o]
parucles.

Non-cellular extracts were prepared from thvmus 3, 10 and 17 days after it
radiation The injection of these extracts mto thymic grafts i pretreated mice or
nto newbom mice did not result 1 any case of lymphoma within 2% montts
after mjecuon
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Fig 5 Epithchal cell from
thymic medulla 24 davs after
wradiavon. Budding of a aircular
virus capsid from an intracyto-
plasmic membrane

Varus particles mn rela won to thymic Iistology Three days after the last ir
radiation the thymus was i the first phase of lymphocyte depletion (JarrrLm
1968) with a moderate lo s of werght On the tenth day the thymus was at the
maximum of the first phase of regeneratton As seen it Table 1 there seemed to
be no difference 1n frequency of observed virus particles between 3 and 10 days
after treatment 1n spite of the difference in histology between these two occasions
The single thymuc lobes from ten ammals which were autopsied 17 and 24 davs
after the last irradration were classfied histologically accordmg to Jarein The
different histologrc appearances of the thymrc lobes were bnefly Normal histo-
logy Corucal thmnmg  the cortex had an irregular thin and less dense ap-
pearance than normal Untform depletion the content of lymphocytes 1n cortex
and medulla appeared to be of equal order of magmmde Cortical imersion the
appearance of the medulla was mamfestly unchanged whereas the cortex was
almost enurely lacking m lymphocytes Regeneration immature lymphoid cells

with fine chromaun structure in large nucler and with ba aphil cytoplasm formed
a broad, mtosis-nch cortex
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As scen in Table 2 there was an abuadance of virus parueles m ane normal
lobe and in one lobe with cortical thinmung One lobe 1 regeneration had 2
moderate number of particles whereas only a few or no particles were ob «ned
m the other fobes In four ca.es the thymus had a smular hustologie apprar mee
0 both lobes In one of these there were many particles m one fobe and only a
fos n the other In tvo other cpses there were a few or a moderate pumixr of
particles i one lobe and none 1n the other The fourth case had na particks
ather lobe In three muce the thymus was 1 a state of lustologic asymmetry
1JsreLID) 1e one lobe had a normal huistalogy or was m a regeneration phe
while the other was the wte of depletion of dilferent degrees cortrcal thmning,
umform depleton or cortical inversion ‘Two of the.c three asymmetric ca es had
a few virus partides sn each Jobe The last asvmmetnc thymus had one normal
lohe with many virus parucles and one lobe with corucal dunming and onh 1
few virus pasticles

Discussion
Virus pasticles were found epithelial cells of the hynic medulla both ‘m
antreated control ammals and 1 yradiated anumale Thus a few angle parue T
+
were seen withie vacuales of the epithelal cells tn 2 out of 12 control amm!
exammed
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Table 1

Frequency of trus particles wn the thymus in telation to tme oficr end of fractionated wrradiation Approvr
nate arera e number of turns particles per grid square 0 no particles obsereed - 140 10 particles (feu)
- 11 to 20 particles {moderate) 4+ + more than 20 particles {abundant)

Days after irradiation Frequency of particles
3 FE 4+t ++ 0
10 L+ +- + o
17 +++ Tt - + 0
” + + + 0 )
Table 2

Frequency of observed virus pariicles in single thymuc lobes in relation to histolo,ic chan,es of the same lobe

17 1o 24 days afier the end of fractionated trradiation Approvimate @ ero e number of vurus particles per

grid square O no partecles obserced + 119 10 particles (fere) + + 11 to 20 particles (moderate) + + —
more than 20 particles (abundant)

Histology Frequency of virus particles

Normal L4 o

Cort cal th nn ng +++ -+ + + 0

Unuform depletion + + 0 e 0 a
Cortical mvers on + -

Regeneration 4+ + + [\

Virus parnicles occurred to a moderate average extent after 3 10 and 17 days
after the end of iradianon but felt afier 24 days to at most a few particles per
gnd i rradiated amimals Thus tendency to a reduced frequency of particls
with tme may perhaps be related to the reduced mfectivity found by Haran
Guzra (1966) with non cellular matenal from thymus and bone marrow of
C Bl muce later than 10 davs after irraciation In the electron MICroscopic m
‘esugation by Gross & FrLomay (1968) on nraduated CaH muce wirus particles
were alo found m occasional thymt examined after 8, 15 and 22 days while a
thymus examuned on day 23 contained no particles

As already noted the vanous times of observation 3 10 17 and 24 days after
tradiation represent four different phases m the develapment of thymic mjury
These vanous phases are charactenzed by morphologic differences localized to
the cortex, whereas the appearance of the medulla showed no major changes
Duning the depletion phase the cortex 1s narrower and thinner than normal
while dunng the regeneration phase 1t has 2 more normal breadth and contams
an abundance of faurly large lymphord cells of blast hke appearance Despite
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Fig 7 Radwiuon induced thyme Iym
phoma Budding virus particles within the
cvtoplasm of a lymphoma cell

this morphologic difference there was no apprecable difference m the occurrence
of virus parucles between the first depletion and regeneration phases and be
tween them and the econd depletion phae Duning the second regenerition
phase on the other hand, a reduction mn the number of virus particles took
plice

The occurrence of virus particles accordingly does not appear to be related
to the morphologic appearance of the thymic cortex, which al o <cems to be
evident from the hmited matenal m which the frequency of parucles has been 1
vestigated 1n respect of the lustologic appearance of single thymic lobes (T1ble
2) An abundance of particles occurred only in a lobe with cortical thinning and
m a lobe with normal morphologic appearance The majonity of other lobes
howed few or no virus particles I'hree of four vases with amilar hustologic
appearance 1n the two lobes within the <ame thymus differed in respect of the
occurrence of virus Conversely two cases of three with histologic asymmetry had
a amular number of particles withm both lobes The explanation may lie m the
fact that virus parncles were 1n no ca<e found n the thumie cortex As already
noted all parucles were instead localized 1n epithehal cells in the morpholog
ically less changeable medulla This however, does not contradict the theory
adanced by hartan (1961) that lymphob! m a rege thymus are
target cells for an actisated or hberated virus A wider understanding of this
problem however requires a greater knowledge of the normal functions and
mutual relatons of the vanous kinds of cells in the thymus
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The attempt to test the leuhaemogemc properues of the virus particles oc-
curring during the thymic regeneration has hitherto had a negatnve result A
corresponding investigation has however, been successful on C; Bl muce when
filtrate from thymus was mxed with filtrate from bone marrow (Haran GHERA
1966) but not when thymus filtrate alone was tested 2 or 7 days after the end
of wradiation {HarAN Guera & Perep 1967) It has earher been menuoned
that radration induced thymic lymphema m CzH or Cs-Bl muce may contam
virus particles (Gross & Ferbmaw 1968 Lacerior 1968) and that such
tumours mav be transmitted with non cellular matenal (Gross 1958 Lieser
yan & harian 1959) In the present investigauon the thymus was s estigated
m one case with generalized thymic lymphoma in respect of the occurrence of
wirus particles Apart from a moderate number of parucles in intracytopla.mic
vacuoles a few particles were found also 1n the cytoplasmic matrix of lymphoma
cells m the cortex (Fig 7) After injecuon of leukaemia virus virus parucles
occur 1n the thymus both extracellularly and intracellularly and both in lympho-
cytes and epithelial cells (CarnEs et coll 1968 Ricu & Jomns 1968) After
leukaemogem¢ 1rradiation particles were found 1n the present mnvestigation only
m epithehal cells of the medulla Even if the number of virus partcles 1n the
thymus mncrea.es after rradiation, the significance of virus particles for the
duction of thymic Imphoma 1n these mice still appears to be unclear
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SUMMARY

The occurrence of virus particles 1n the thymus after fracuonated leukaemogenic irradia
ton was investigated 1n respect of the vanous phases of the thymic regeneration. The
signuficance of s1rus particles for the induction of thymic lymphoma was discussed

ZUSAMMENFASSUNG
Das Auftreten von Viruspartikeln im Thymus nach Leuk; hen fend
Bestrahlung wurde 1m Hinblich auf dic verschicdenen Phasen der Thymusregeneration
untersucht Die Bed der V kel fur die Induk des Th y
Vird diskutiert i
RESUME

r Lauteur a ctudie Ia presence de parucules virales dans le thvmus apres wuradiation
Irl:mmnnze leucemogene en fonction des differentes phases de la regeneration thymigue
ctudie Linfluence des partscules virales dans | imduction d un Iymphoeme thymique
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FROM THE DI\ ISION OF RADIATION BIOLOGY, THE RESEARCH INSTITUTE OF NATIO
NAL DEFENCE, SUNDB1 BERG SWEDFN

LATE EFFECTS OF IRRADIATION
ON THE THYROID GLAND IN MICE

1 Irraciation of adult mce
by

G Warnper

The experiences gained durning the past twenty vears with radiation mduced
neopla ms ;m ammal and human thyroid glands have enabled the following three
conclu 1ons to be drawn (1) The doses required to produce a certamn fre
quency of thyrord neoplasms are much higher after the adminstration of **'[ than
after roentgen irradiauon (see reviews by Doniacr 1963 McCrerran et coll
1963 and SarncEr et coll 1963) (2} Increased growth of the thyroid epithe

hum potentiates marhedly the c g effects of 1rrad 1n the gland (see
revew by Linpsay 1969) (3) The thyrod glands of young ndnviduals (child
Ten) are more enstine to the ¢ &L action of ! than are those

of adults ( ee reviews by Doreuin 1968 and HespeLstaxy 1969)
The first of the ¢ pomts 1s a general ob ervation and applies not only to neo-
Pla ms but al o to more acute effects such as the radiation duced mutotic death
observed i thyroid epithelium (WALmDER & Sjoben 1971 WaLivoer 1972)
:l;h: difference in effectiveness between 1rvadiation with roentgen rays and with
T for inducing neoplasms 1s probably manfy the result of dose rate depend
—_—
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ence, as 1s the case with acute radiation effects (WALINDER et coll 1972) The
third pomt 1s probably largely a consequence of pomnt (2) (Warnpir & Sjo
DEN)

It 1s important to bear the.e threc pomts mn mind when the nsh of thyrod
damage 15 being assesed and when adequate protectuve measures are being
decided upon for a population that has either already been exposed to radio
actnve fallout or 1s Ihely to be so The decision as to when and to what extent
measures for the protection of 2 civiban populauon 1n a fallout area are to be
put 1nto effect must 1n the hght of the aforementioned pomnt (3), be pnmnly
ba.ed on an assessment of the nisks to the unborn (pregnant women) and to
voung children Besides the differences in radiation sensitivity, the consequences
of the radiotodine incorporations will be especially dangerous for foetuses and
voung children because the doses on exposure to the same amounts of activity
will be higher i the smaller thyrotd glands of the young than n the thyrods of
adults (Covarp et coll 1970)

The significance of the above menuoned three conclusions has been m
vestigated earlier with respect to the acute effects in nuce (Warinper 1971 Wa
LinpER & Sjopen 1971 WarLwper 1972, WALINDER et coll 1972) Corre
sponding investigations on the radiation effects in mouse thyroids one to two years
after the exposures will be reported in the present paper, as well as in part 11
(WaLinper & SjopeN to be published) The section now presented deals with
mice given M1 snjections or subjected to roentgen rrradiation at an adult age

Material and Methods

Male CBA muce were used for the expennments The muce rrradiated with
1 recened the nuchde by injection at 110 to 113 days of age As half the
radianion dost 15 delnered withun 4 days and 90 per cent within 12 days 1t may
be said that the mice had in practice been irradiated at the age of 110 to 125
dayvs. The amimals that received roentgen srradiation were exposed at 123 to 130
days of age The management of the ammals and the techmique employed for
the radiotodine injections and the roentgen arradiaton have been described
carlier (WaLisper 1971 Warivper & Sjones) In order to avord as far as was
possible any braced influence from factors possibly connected with the po ition
of the muce the cages were moved to vamous places in the room at different
tmes after the exposures

Seven hundred muce were wradiated by njecuon of 15, 30 and 45 #Ci of
3] or by roemgen wradiavon with 500 1000 and ] 500 R The rocntgen i1
radiation was localized to the thyroid by shiclding the rest of the body with lead



LATE EFFECTS OF IRRADIATION OY THE THYROID GLAND IN MICE 435

Because of the secondary radiation, however, the dose to the hypophyeas was
approx 10 per cent of the dose to the thyrod (WALIDER & SJopEV)

Histologic inzestigations The mice were halled with chioroform at 680 to 730
days of age and therr body and thyroid weights were determmed A few mon
bund ammals were killed at age 580 to 680 days The panetal bone was removed
m afl ammals, o that the hypophysis was visible and m this condition the skull
was placed in formaldehyde olution (neutral) After fixaton for come time, the
hypophysis was removed and weighed  Overweight hypophyses (= 6 mg) were
et a1de for hustologic exammation and were <ectioned and stamned with PAS-
Orange G (Tnpas) (Pearse 1968)

All thyrowds and macroscopically observable tumours in other organs were
exanuned at a prelmunary histologic analyss the tissues having first been fixed
m neutral formaldehyde or 1 Stieve s flud {Romers 1948) and stamed with
haematoxylin and eosin (H & E) by the method descnibed by Rowvzrs In those
cases m which nodules and tumounrs were found (or had been directly vistble
the operating mucroscope) the seral sectiorung was continued over the whole
lobe and the cervical lymph nodes were taken out and examuned m the micro-
scope The staimng with H & E was then supplemented with van Gieson 5 stamn
(Romers) and with the penodic acid Schiff stan (PAS) according to the
Hotchkiss technique (Pgarsk) Another more detaled analysts of the frozen
carcases (—20 C) of these mice was al.o undertaken

This method of election may have resulted in a few small thyroid tumours
beng overlooked but becau ¢ of the relatively large number of mice n the
different groups, as well as of the fact that the tumours were usually so large that
they al o occupied central parts of the lobes and furthermore were as a rule
directly visible 1n the operating microscope 2 statistically acceptable comparison
figure could be obtamned for the number of tumours 1 the different groups

Defininions To make stnct disuncuons between hyperplasia and benign and
malignant tumours by morphologic methods 1s impossible Instead 1t 1s necessary
to rely wholly upon certamn defimuons based on expenience The cnitena applied
for disungwshing an adenomatous goitre nodule from true adenomas 1n the
Present mvestigation were based on the definitions <et up by Warren & Merss-
MR (1953)

Adenomatous goitre nodule True adenoma
Multiple nodules Solitary nedule
oo encapsulation Good cncapsulation
Varable structure Uniform structure
Comparable growth pattern sn adjacent gland Dufferent growth pattern 1n adjacent

gland
No compression of adjacent gland Compression of adjacent gland
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The mterpretation of whether an obsened tumour was malignant or not
was based on current morphologic criterna, namely, invasve ability, cellular
atyprr (e g polyploidy ), and mitotic frequency

AMeasurement of cell surtieal in the thyrord By allowing the mice to have
access for 12 days before uradiation to drnhing water contatrming 01 per cent
propylthiouracll  (PTU}, and then injecting 10 #Cr tntated thymidine
(*H TdR) the remamning DNA bound tritum actiaty 1n the thyrod mny be
regirded as a value for the cell sunival i the gland (Warmper 1972 WaLr
bpER & WALINDER 1971)

The following experiment was carrted out m order to mnvestigate the cell
survnal in irradiated and unirradiated CBA mice Two hundred male mice were
divided up mto 4 groups, wath 50 ammals 1n each, and were treated according
to the schedule gnen below

Date of treatment 2412—51 41 111261 251
Group 1 PTU Todine low dret

Grousp 2 PTU Todine low dret 3 G
Group 3 PTL 3H TdR Iodine low dict

Group 4 PTU 3H TdR Todine low diet 3 pCr131

‘The mean do e to the central parts of the thyraxd lobes m the mice mn groups
2 and 4 was 14 000 rad which meant that the dose at the penphery was 5 600
rad (WaLnoer 1971) One day after the mjecton of radiotodine the 1odine
deficient diet (<01 ng I per g food pellet) was exchanged for a normal diet
(crrca 20 « g I per food pellet) The 1odine content of the diet was deternuned
by actinanon analyss Ten mice from each group were hilled with chloroform 1,
7 30 92 and 182 days after the mjection of *'I Details concerming the treat
ment of the thyroud glands and the measunng techmque for determmation of the
trtium actinity m the ussue have been reported n an earher paper (WALINDER
1972)

Twenty mice, 10 of which had been treated smultancously with, and in the
same wav s the mice m group 1 and the other 10 smilarly to those in group 2
were hilled 156 davs after the radioiodine njection for quantitatine analysis of
the different thyrord components and for met urement of the 24 hour uptake of
B (02 1 Cr I anjected antrapentoneally 24 hours before the micc were
Lilled) The techmque used for the activty measyrements as well as the morphio-
metnc methods, have been descnibed carher {WALINDER 1971, 1972}
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Results
Thyrord and hypophysis weghts

Irradiation of the thyroid gland led after about two years to marked de
generative changes (Fig 1) and a aigmificantly lower glandular weight than was
found in the controls {Table 1)

As was the case with the acute radiation effects 1n the thyroids of CBA mice
(WAuNDER & Sjopen) the dose needed to produce a certamn degree of growth
mhubition was higher when * 'I mjecuons were gien than after roentgen ir-
radiation This difference eemed to wncrease shghtly with increasing doses to the
thyroid (Table 1)

There was a positive correlation between the hypophysis weight and the doses
to the thyroid With an a.sumed Linear regression the correlation coefficient was
= 0182 1n both the I and the roentgen experuments, a value that was sig
nuftcantly separated from 0 {p < 001 m both cases) Hypophyses which had
Pproved at the hustol to contain were not mcluded 1n this
analysis Such glands may reach weights of over 25 mg

Cell survaval in srradiated thyrowds
The results obtained for cell survival m uradiated and unirradiated thyrods
are presented 1in Tables 2 and 3 They were sumilar to those observed earlier 1n
C 57BI muce (Warrper & Warnoir) A rapid decreae m the trnium activity
mn the thyroids between the <eventh and thirtieth day after the U1 jection
(Table 2) indicated a penod of ncreased cellular mortality Following this
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Table 1

We,hts of body thyrord and ks pophy sus 1n 680 1o 730 day old CBA msce wradsated al around § months of age
(According to ICRU Handbook 85 1 R=0 95 rad)

Group Sourceof  Amount No of Total dose (rad) Dody Thyrod  Hypophyss

No weadiaton  of I survi to thyroid lobes  weight  weight weight mg
mjected ving [ mg (£SE}  (4£SE)
#Cr mice Centre Peniphery
1 - - 100 - - 3re 11814037 1871009
2 1 15 93 5400 2200 312 5954015 2014008
3 1 30 88 11000 4400 308 4004010 2114008
4 1 45 80 16000 6400 304 37540H 2254010
5 Roentgen - 96 475 475 317 10464018 2041011
€ Roentgen 9 950 950 313 6604015 2094010
7 Roentgen - 84 1430 1430 301 4394012 2154010

penod, the decrease m actvaty proceeded at a much slower rate The values m
Table 2 cven indicate that the tnuum content 1 the thyrords then fell more
<lowly than in the controls, which would suggest that the irradiated thyroid cells
gradually developed a longer life cycle than the umrradinted cells

The mncreased cell death that occursed dunng the first month after the ™'Tn
jection dud not cause a corresponding decrease 1 thyrord werght Such a de
crease occurred later however becoming sigmficant between the third and
fifth month after 1njection of the radioodine (Tables 2, 3) The 1odine uptake
decreased at approximately the same rate as the fall 1 the thyroid weipht ( Ible
3} The percentage proportions of collotd epithelium, mesenchymal tisuc nd
blood were largely the <ame 1n both srradiated and unirradiated ghinds but the
number of epithelinl cells was much maller in the irradiated glnds The mean
volume in the epitheliat cells was larger in the srradiated glands

Hustologie obserrations

Hypophysis tumours Irradiation of the thyrotds led not only to an increwse
n hypophyseal growth but al o to the development of tumours the hypo-
phyws particularly in those mice which had recaved the lughest doses to the
thyrowd  The ¢ tumours were usually of the angular type which s typical of
TSH cells (Fig 21) They contamned ne acidophilic cells whatever, and normal
hypophy 1s usue could only be ob erved 1n thin penpheral lavers (Fig 2b) In
exceptional cases trabeeular and more pleomorphuc tumour types were scen
(g 2¢ d)
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Table 2

Thyrod uerghts and remarming tntwm actinly in wradiated and wnrrediated thyrords at different times
after igection of 3 uCt WM (Dose to lobe centres 14 000 rad Dose to perphery of gland 5600 rad)
CP\l = counts per min as measured 1n a santillation counter

No of days after injection Thyro d we ght \ean actnity of
of ' 1 mg (£SE) tritum 1n thyro &
CPM
Controls
1 41202 1059
7 41202 1124
30 44201 1034
9 77404 81
13 117=05 706
Mice wnjected with 1
1 1085
7 1167
30 825
9 687
182 613

Table 3

Todine uptake and weights of components 1n V3 vrradiated (3 jC) and tn umurradiated thyroud glands 156

dass after wyection of the radiworwdine Figures within brackets denote wai hts of vespective components 11

ber cent of total thyroid wer ht The 24 hour uptake ts sigmficantly lower n the vradtiated than 1 the wur

rodiated glands but taken per mg of tissue the t ptake 15 approvimately the same 0 30+ 0 05 g bermg in the
controls and 0 260 02 o ter mg en the tradiated muce

M ce nyected with

Unurradsated controls

3 aC 1

o of mice 10 10

Dose to Tobe centres rad 14 000 -

Body we ght g 102 388

24 hour uptake 17407 32103
Thyro d weight mg 72404 109106
geﬂold mg( ) 53 (7401 81 (744
spuhelum mg{ ) (RSN 17.(155)
troma and blood mg ( ) 078 (109) 1trqon
o of epithelsal cells 050 10¢ 12 10¢
Mean volume per pithel al cel 718000 1442004
mm {0 -
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Fiz 2 Hypophysis tumours 10 mice whose thyroids had been 1rradiated when they were  bout
4 months old a) The angular cell type ( TSH cells )} occurrng most commonly in these
tumours (Tripas x450) b) A narrow [enpheral zune of normal tissue enclosing the t 1our
+Tnpas x 780) Occasionally solid masses of cells with discrete lobulation (c) (Inipas > 80)
and areas of pleomorphous cells (d) (Tripas ¥ 280) are secn 1n these tumours

Thytord tumours The 1ncrea ¢ 1n thyroid weight observed in the aging € BA
mou ¢ s largely a re ult of increasing colloidal gotre The follicular enlargement
»s particularly noticeable 1n the central parts of the thyroid lobes wiich thereby
gradually Josc their funcuonal acusity (WaLIsDeRr et coll 1971) The follicles
are <ull acune at the penphery, parucularly at the apices of the lobes, and as the
mouse grows older increasing hyperactvaty leading to hyperplasn (Iny, 31)
and hyperplasuc nodules (Fig 3b) may be observed in the ¢ areas
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Fig 3 Nodule development 1n CBA mice
over 700 days of age a) Typeal
penipheral hyperplasia m an unirradiated
gland (H &'E x50) b) Two nodule
vanants in hyperplastic thyroud tissue
with follicular and papillany 1nfold ng
Tespectively (H & E x125) c) A later
stage of a nodule probably hvperplastic
'n otgin of the same type as that mn
(B) m a mouse myected ik 15 uCi

It 117 days of age (H & E x 100}
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The two most common forms of nodules 1n such hyperplastic regions may be
seen m Iig 3 b The process begins as a rule with vacuolation and fragmentation
of the collord 1n 2 follicle, accompanied by papillary and microfollicular in
foldings Thus development continues until all colloid has disappeared from the
lumen of the follicle resulting in the formation of cystic nodules Nodule for
mation did not go beyond this stage in the control mice 1n the pre ent mvesuga
tion In the irradiated thyrods however, the whole of the old follicle had ome
times become filled with cells and the nodule was often encapsulated and be
cause of continued cellular growth was pressing on the surrounding tissue lig
3c 15 a photomicrograph of a nodule mamly of papillary type, 1 a relatnoly
advanced <tage of development

The borderline ca.e Mlustrated n Fig 3 ¢ was classificd as a papillary adenoma
on the bass of the defimtions used in this mvestigation In addition to papilliry
tumour structures the most common histologic types of bemgn tumour ob-
<crved m this matenal were follicular (I'ig 4) and trabeeular (Iig 5) n struc
ture Two of these three types were often ob erved 1n one and the same tumour
In such cases the cla.ificaion was ba.ed on the dominant structure 1 the
tumour

The fise claufied as mal all displayed a faily Ingh degree of
differentiation of follicular type, although the tumour tlustrated m Iig 6, with
uts duffu<c nfiltration of surrounding tissue suggests an anaplastic tendency The
capsular and intrasa cular infiltrations consisted of ovord and hypereellular
tumour ma.<es of organord pattern (Fig 7) A sccton from a follicular carcy
noma with marked cellular atypra 1s shown m g 8

No metasta.cs were obserned Table 4 gives the inaidence of neoplasia the
matenal
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Fig 5 A trabecular adenoma m a 730 day old mouse mjected v1th 45 #Ci 131[ at around
110 days of age The tumour 15 almost 1 holly without collod fran Gieson x130) b) An
enlarged vsew of the same adenoma ( X 290)

Discusston

Reltabiity of the values oblaned The thvroid andhypophyasweightsinTables
1103 are given as = standard errors of the mean For errors of this type to be
tapable of gning any indication of the reltabihity of the measurement values 1t
15 necessary that the values <hould be randomly distnbuted and thus that no
expenimental group has been subject to any systematic source of error Such a
Prerequisite 15 strictly speahing  eldom at hand m anmmal expeniments and
especially not when 1t 15 a que ton of long term expenments From a pureh
“twsucal standpoint even a roentgen dose of 200 R (475 rad) cemed to ghe
asignificantly lower thyrord weight than was obtained i the controls (Table 1)
T35 doubtiv} however whether this shght diffcrence 1n the thvrord werghts was
bmlug(cal\y «gmficant The rish of 2 biased emvironmental influence 1n the dif

eTent groups had it 1s true been obiiated to ome extent by moving the cages
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Fiz 6 _Infiltrating thyroid carcinoma tn a mouse roentgen rradiated at 4 months of age ith
1500R (H & E > 110)

repeatedly to different parts of the room, but 1n an cxpeniment extending over
1 long penod 1t 15 probably not posable completely to chmmnate by such imple
measures the cffect of cage factors and other parameters of relevant 1g
niflicance

Laery salue for the tntum actinity 1n the thyrowds grven i Table 2 was ob-
tuned from two amples each contaiming 5 glands It 1s therefore not posuble
to state any value for a standard crror s this case It mught perhaps be saud
that 1n both groups of animals the values obtained 1 and 7 days after the injc
ton of "] suggested that the tntium actnaty 1 mou e thyrowds stll unaffected
n radiaton gave a standard error value of approximately 2 per cent of the
measurement value Twelve days treatment with PTU or 3 AFA (3 ammo
triazole) gves a tntum actsaty of between 1000 and 1200 cpm in the thyrotd
of the CBA mouse (MWaurspir 1972) and of the C 57Bl mouse (VWALINDER &
Watinper) Tihus constancey 1in the measurement values from expeniments carned
out on different occasions indicates that the incorporation of SHTdR n the
gottrogen challenged mouse thyroid 1s a farrly exact mechamsm  The difference
1n the rate at which the actans decreased 1n the thyrords in the two groups of
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¥ig 7 a) Thyroid carcinoma 1n a mouse roentgen iradiated at 4 months of age with 1500 R
Artrows point to 1nvasion of blood essels H & F X125 b) An enlarged view of the lower
masion { X 500)

mice in Table 2 would accordingly cem to permut fawrly far reaching conclusions
to be drawn concermng the effect of radiation on cell <urinal m the glands
The morphometrnic methods used for determimin, the relatne proportions of
different thyrord components and the number of epithehal cells m the gland
tevealed 1 all mnstances lower scattenng among the individual measurement
‘alues than in the ca e of the thyroid weight The highest scattenng obtamed 1n
the mea urement values among the mice 1n one and the same expenmental group
Teferred to the percentual proportion of coflord 1n the thyvrowd, since the sanations
1 the weight of the e glands depend manly on differences 1 tharr collord con
tent The smallest thyroid (66 mg) among for instance the wradiated mice
Ppresented in Table 3 contamed 73 1 per cent colloid while the largest (8 4 mg)
contained 748 per cent collomd The colloid values in the other mice lay
between the e two figures which thus means that the percentual difference be
tween the colloid values was much maller than the corresponding difference be
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Fig 6 Infiltrating thyroid carcmoma in a mouse roentgen trradiated at 4 months of ag with
1500R (H& E x110)
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repeatedly to different parts of the room but in an experiment extending over
a long penod 1t 15 probably not posable completely to chminate by such mmple
measures the effect of cage factors and other parameters of relevant 1g
nificance

Esery value for the tntum actsity 1n the thyroids given m Table 2 was ob
tamed from two amples cach contaiing 5 glands It 1s therefore not po ible
to <tate any value for a standard error 1n this case It might perhaps be ad
that 1n both groups of animals the values obtamed 1 and 7 days after the mjec
uon of **1 suggested that the tntium activsty 1 mouse thyrords stll unaffected
by radiauon gave a <tandard error value of approximately 2 per cent of the
measurement value Twelve davs treatment with PTU or 3 ATA (3 ammo
tnazole) gues a tnuum actnaty of between 1000 and 1 200 cpm 1n the thyrord
of the CBA mouse (WALINDER 1972) and of the C 57B! mouse (Warnnrg &
WAunper) Thus constancy m the measurement values from expenments carnied
out on different occasions indicates that the incarporation of *H TdR i the
gottrogen challenged mousc thyroid 1s a farrly exact mechamsm  The difference
1 the rate at which the actnaty decreased 1n the thyvroids in the two groups of
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Table 4

Tumour frequency 1n 680 to 750 day old CB 4 muce wrvaduated at approvmately # months of age The
carcinoma disslaved reloticely ki, h differentiation end was manly of the follidar trpe

Growp o of Sourceof  Dose (rad) to Aden Curee- Total
o sursnving uradiaion  thyrord lobes oma noma
mce

Centre  Edge Foll Fap Trab Total

we - — -

1 e o o [ ] 3

° 93 1 15,Ci 5400 2200 2 1 1 4 0 4

3 83 13040 11000 4400 2 1 1 4+ 1 5

+ 80 1 45,C 16000 6400 7 0 - 13+ 1 1>

Total 261 1 5400— 2200 11 2 9 22 2 24

16000 6400

3 9% Roentgen 40 45 2 o o 2 @ 2
500 R

6 9 Roentgen 950 950 3 o i 4 0 4
1000 R

7 81 Roentgen 1430 1430 6 1 3 0w 3 13
1300 R

Total 775 Rocntgen  475—1 430 [T | 4 15 3 19

trrad; A umlar expl has been advanced by Grele (1963) to ex

plain the hypothvroidism that 1s often observed 1 pauents a few vears after
treatment with ' for thvrotowicoss He considered that this late hypothyrot

dism 15 a con_equence of a radianon induced detenoration 1 the reproductne
ntegnity of the thyvrordal epithel. Aut fogic factors probably al.o play
2 part m encouraging mncreasing hvpothvroidism espectally in persons <uffenng
from thyrotoucoss (Jonsson et coll 1968 Lexprws et coll to be publihed)

That wradiation of the thyroid actually does produce a protracted deteroration
of the reproductne integnty of the thvrowd epithelium has been demonstrated by
AvHtDsw1 & Wizsos (1965) 1 rats a radanon induced whibion of got

trogen stimulated thyroid growth could be observed dunng the entre penod of
the expenment 1 other words for up to one year after the exposure The hvpo-
function 1n mouse thvrods gnes nse to mereased TSH production which 1s
reflected 1 hypophy<eal enlargement mcreasing with the «ze of the radiation
doe and 1 hypophves tumours of the TSH cell tvpe This mereased “TSH
Pressure feads 1o hyperplasia 1 tho ¢ parts of the thyroid which are till func

tonally active and finally to the formaton of thvrowdal nodules and neoplasia,
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Between the third and fifth month after a 11 dose of 14 000 rad to the cen
tral parts of the thyroid a thyroid weight «igmficantly lower than that found
the controls was obtained When the observation penod 1s continued unut the
mice are two years old the difference m weight 1s agmficant already after 2 ']
do e of 5400 rad (to the centre of the lobes) and a roentgen do e of 1000 R
{po sibly already after 500 R) The difference observed carlier {(Warmper &
Sjopen) between the cffectvene.s of <hort term reentgen urradration and of 1
radtation of **'[ 1 causing mhibition of goitrogen stimulated growth, scems to
apply al o to nbition of the slow regencraton of the thyrowdal epithelium

Radration induced neoplasia in the thyrord Many adenomas undoubtedhy
desvelop from Iisperplastic nodules mn the way scen in ig 3 Probably there are
other lincs of development as well In ome of the irradiated thyroids there were
penfollicular agglomerations of rapidly prohferating cells which could in many
ca es have been pre stages to tumours The papillary adenoma dllustrated i Fig
3¢ however probably developed from an earhier cystic nodule through con
unuou Iv progre.sing papillary mfoldings

The radation induced carcinogent 1s depends to a lugh degree on the g owth
of the thyroid (Furtie 1957 Lisnpsay 1969) The frequency of carcinoma
mncreases when growth 1s sumulated and a decrea ¢ can be brought about
through the admum trauon of desiccated thyrord powder (Linpsay) Mah nant
tumours mav be produced cven 1 ammals in which thyrord carcinoma canni t be
wduced by a 1 mnjection alone f the ™1 1rradiation 1s combtned with wub

cquent goitrogenic challenge of the glind (Doniaci 1963 Morrrs 1920 A
stmitar phenomenon hias been ob erved 1n human subjects who recenved roenten
radiaton over the cervical region and later deseloped hyperthyroidi m 1 Do
staci et coll 1966) In these patents the occurrence of thyrowd tumours coms
to have been much higher than in those i whom srradiation of the thyrowd 1 not
followed by hvperplasia in the gland tt sue or 1n whom the gland ussuc has be
come atraphied The frequency of thyroid carcinoma 1s, as mentoned earlier,
alo higher m children given roentgen trradiation over the nech regron at n
carly age than in adults who have recened the ame treatment (HeupeLyass
1969)

The fact that 1t has been po..ible 1o preduce mahgnant tumours in the thyrod
of the CB\ mou ¢ after a single injection of 2'1 1s remarhable The only other
amimal 1n which this has definitely proved to be po sible ltherto 15 the Long
Frvansrat {(Lisnsay) In the case of the CBA mouse 1t would seem reasonable 1n
the hight of what has been said 1bove to a sume that the obviously strong TSH
pressure on the thyroid gland brought about by the normal age dependent
thvrotdal development 1n these mice mn assocration with the radiation damage
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produces a combmation effect which 1n other animals can only be achieved

throngh bined 1rrad and exper lly provoked thyroidal growth
The Long Evans rat al o displays charactenstc features that might possibly be
of fi m causing mal thyrod 1o develop m this tram

after mgle 1 myections [he normal occurrence of thyrod tumours 18 verv
Iugh 1n the Lone Evans rat {Livpsay & Nicriors 1969) These spontancousty
occurnng tumours are however of a different type (medullary carcmomas) from
tho ¢ that are induced by radiaton (mamby follicular and papillary tumour
types) Contrary to the findings 1n other ammal species (including other rat
strams) no sigmficant reduction m thyroid weight has been obtamed in the Long
Esans rat one year after exposure not even after farly huigh **'I doses although
decrea ed follicular diameters and distinct vanability 1n cellular and nuclear «ze
have been observed Even a dose as low as 1 # C1 1 — a dose that 1s not cap-
able of producing any signs whateser of hstologic changes of the type seen after
Tigher doses — has guven rise to0 thyroid carcinoma 1n the Long Evans rat {Govp-
BERG et coll 1964)

The total ntegrated dose of **'1 needed to give nse to a certamn tumour m
adence 13 lugher than the roentgen dose required to gne the same effect The
difference m effectivene s seems to be almost twice as hugh as mn the case of the
Tong term effect on the thyrod weight Although the penthyrordal tissue masy
have been damaged o everely by the roentgen wradiation that the blood and
lymph <upply to the thyroid may have been changed and thereby have con
wbuted 1n producmg the effect the difference in effecunene s between the two
types of iadiation 1s probably to be explaed mainly by dose rate dependence
a3 was the case with the acute effects (WALINDER & Sjopen WALINDER et coll
1972) Ttis thus not possible either i the cae of effects on the thyraid eprthe
lum or of radiation mduced tumours to draw direct conclusions concerning the
T nsks from expenments with roentgen wradiation without taking differences
w dose rate into consideration This conclusion 1s valid not only 1 compan.ons

between short term external wrrad and 1 yrrad; but al o 1n com
pansons between the effects of radioiodine nuchdes with duff phvacal half
lnes

The tumour frequency does not according to the evidence m Table 4 appear
1o be linearly dose dependent However as only three doses were given m each

expenmental group 1t was not possible to obtam statistical confirmation of this
non fineanty

SUMMARY

The thyroid gland of CBA mice was wradiated by mjection of 1311 gr by local raentgen
sradiation, and the eftect on the sunuival and regeneranon of the epithehal cells as well

"3-T004 A4 Rdwlog aTh pyPhyn B Ley X 0 11 (1)
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as the frequency of thyroidal neoplasia were imesugated The irradiation gave rise to inual
cell death and to ink of the ep 1on This process led to an wereased
producton of TSH (reflected i increased hypophyseal weight and adenomas of the TSH
cell tvpe) and after a ime to hyperplastic thyroidal nodules which 1n some cases dex eloped
tnto neoplasms

ZUSAMMENFASSUNG

Die Thyreotdea von CBA Mausen wurde durch Injehtion von 131] oder lokale Rontwen
bestrahlung bestrahlt Es wurden der Effekt auf das Uberleben und dic Regeneration der
ht B

Epithelzellen sowie die Frequenz der Neopl der Th
fuhrie zu emem mittalen Zelltod und zur Hinderung der helsalen R Dieser

Prozess fuhrte zu encr gesteigerten TSH Produkuon die sich in emem Anstieg des Ge
wichts der Hyvpophise und Adenomen von TSH Zell Typ wiederspiegelte sowic nach ge
wisser Zewt zu hvperplasuschen hnotchen der Thyreordea aus denen sich 1 esugen Fallen
Neoplasmen entw ickelten

RESUME

La grande thyroide de sounts CBA 2 ete irradiee par mjection de 13'1 ou par uradiation
locale par les rayons Roentgen et | effet de ces irradiations sur Iz sunvie et sur la regeneration
des cellules eprthehiales ainst que la freq de laste thyroid ont ete etudies Cette
irradiation a entraine une mort cellulare inwiale et une inlubton de la regeneration
epitheliale Ceet a cause une augmentauon de Ja production de TSH (traduite par | augmen
tation du poids de | hvpophyse et par des adenomes de type a cellule TSH ) et a provoque
au bout dun certam temps |appanuon de nodules thyroidiens hyperplasiques qui dans
certains cas s¢ sont transformes en neoplasies
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FROM TIE DF{ ARTMENT OT RADIATION BIOLOGY, THI GUSTAF WIRNLR INSTIFUTF
UMV TRSITY OF Ul PSALA, SWFDEN

ITFICT Or 180 McV PROTON OR *Co GAMMA
RADIATION ON THI INCORPORATION OTI' *[-JODO 2™-
DI OXYURIDINF INTO INIFSIINAT AND SPLINIC

DI OXYRIBONUCITIC ACID OF MICT

by

K ] Jouansovand B Larsson

The clasucal observation (Leerr & Hrvesy 1942) that jonizing raditon
mhibits the synthesis of deoxynbonucleic acid has been confirmed by many
workers as evident for example in the review by Mirenree (1966) Most i
vestisations have been concerned with the effects of rocntgen and gammn 12
dintion while corpuscular radiations have been included to a much Jess extent
It was conudercd mteresting to compare tn the therapentic dos. range the
effects of high-cniergy proton and gamma radiation on the syntheas of DNA
! 15 10do-2 -deoxyundine (* TUdR) was chosen as a labelled DNA precur of,
the incorporation of TUAR into DNA 15 known to occur m microorgantsms and
mammalian cells 1n culture aswell asanvivo (of Prusory 1963)

This work was supported by the Swedish Atomic Research Council Subrmitted for pub-
lication 13 January 1972

452
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Material and Methods

Ammals Male NMRI mice of about 30 g were kept on ordinary laboratory
diet and water ad hbitum

Proton srradiation was admnistered with the external proton beam of the
Uppsala synchrocyclotron under condittons that have previously been described
m greater detarl {cf Larsson 1967) The dose rate was 120 to 350 rad per
mmute 1he mouse m a thin plastic tube was placed longitudinally m the about
10 cm wide beam with the head towards the accelerator The part of the beam
cross-section used was uniform to within £ 10 per cent

Gamma wradiation was admmustered with a freely radatng *'Co source
(hmeLL & Larsson 1960) at a dose rate of 56 rad per mmute as measured by
ferrous sulphate dosmmetry (Sprmks & Woops 1964) The mice were placed
\ertically 1n plastic tubes with 2 mm walls and Lept rotating at 2 radiws of 40 cm
from the gamma source as well as around therr own axis

Skam srradiation Control mice were confined 1 plastic tubes for about the
same peniod as the irradiated mice and then mjected with * [UdR m groups of
six after 2 8 or 24 hours The results from the 2 and 8 hours groups taken to-
gether provided a four hour control Ten non treated mice were regarded as the
control for the 72 hour group

Adrumstration of * IUdAR 1In the wradiation expeniment 10 xCt * IUdR
(Rad:oct al Centre A ham) 1n 1 m! sotonic saline with 01 gmol nop-
radioactive TUAR per ml (synthesized according to Prusorr 1959) was myected
2 4 8 24 or 72 hours after the 1rradiation

The mice were killed by cervical dislocation 90 munutes after mjecuon The
distribution of the radicactnaty of * JUAR was invesugated by mtraperttoneal
mjection three times at four hour intervals, the mice being killed 24 houss after
the fast injection

Preparation of tissues The spleen the small intestine from zbout 10 cm below
the pylonc sphincter to the 1leocecal sphincter and the large mtestine were quickly
removed, the content of the latter being flushed out with 1ce cold rotonc salme
A jejunal specimen was fixed for histology n ethanol mixed with acetic acd

(3 1), the remaing parts of the mtestine and the spleen beng frozen on sold
CO and stored at —20  C unul analysed

Extraction of DNA After thawing the intestine was opened  the mucosa
seraped off with a glass shde and DNA extracted by a modified Schnerder ro-
cedure The tisue was homogenized m 10 m! 1sotonic saline 1n a Potter Er:vc
hjelm glass-glass-homogenszer placed 1n an ice bath and mixed with an equal
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Table 1

Dustrsbution of actunly of V81 i fractions from lissues of muce following three yections of \*IUAR ot
JSour hour sntertals with a total dose of 10 pCt per mouse The muce were killed 24 hours after the third

wnpection

Fraction \Mucosa from small intestine Mucosa from large mtestine
cpm Percent  SE cpm Percent  SE
Acid soluble 930 09 02 390 26 13
Nucleic acid 103 200 955 07 14 100 933 26
Protein 3930 36 07 620 41 13

volume 04 N CHIO; (PCA}, 1t was then stored m the cold for at least 30
minutes centrifuged (10 mun, 1200 g) also mn the cold, and washed twice with
5ml 02 N PCA The threc supernatants were pooled together to gne the aad
<olube fracion  Nucleie acids were extracted by 10 m! 05 N PCA at 90 C for
60 minutes centnfuged and washed twice with 5 ml 05 N PCA The super
natants were pooled together to give the nuclec acid fraction The restdue  the
protein fracion  was dissloved 1n 10 ml 2 50 NaOH at 90° C for 10 minutes
The extraction procedure was smestigated by 2 ml ahquots of homogenized
mucosa from the small intestine previously treated with cold PCA and umformly
suspended in 05 N PCA in a Potter Evehjelm homogenizer being left 1n closed
test tubes 1t 90° C for various periods

Nuclerc acid estimation DNA was estimated by the diphenylamine method
modified by Burton (1956) with calf thymus DNA (Sigma Chem Co ) as
standard The absorbeney was measured 1n 1 Zaiss PMQ I spectrophotometer
2t 600 nm

Radiometry The actiaty of ' T1in 1 ml samples was measured in 1 well type
Nal(T1) enystal with 02 Gt * IUdR prepared on the daw of injection 1s 1
standard The counting rate of the sample dnvided by that of the standard and
by the optical abwrbeney at 600 mm was used as @ measure of the speafic
activaty of the DNA <amples

Autoradrographic techmque The fixed portion of the jejunum was embedded
mn Histowax (Matheson Coleman and Bell mp 56 to 58° C) and <cctioned
transsersely at 5 #m The shdes were immersed 1n cold trichloroacetic aeid for
20 min <tamned by the Teulgen techmique after hydrolyas 2 munn 1 N HGLat
60° G this short penod of hydrolysis was chasen 1n order to reduce the low of
radionctinaty from DNA (Lase & Mauorrr 1960)  Autoradiographs were pre
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Table 2

Dustribunon of activaty of ¥ *1 n fractions from Ussues of mice killed 90 minules afler an wnyection of
10 Gy 135 [UR

Fraction Mucosa from small Mucosa from large Spleen

mtestine mtestine

cpm  Percent SE cpm  Percent SE cpm  Percent SE
Acd soluble 38000 264 19 18400 562 26 22100 313 32
Mucecacd 100800 401 18 13600 417 26 41800 636 30
Prote n 5080 35 02 680 21 04 3580 51 02

pared by the dipping technique (MessiEr & Lepiown 1957) uwsing Iiford K5
emulsion 1n water (1 1) the emulsion was dned at ordmary room temperature
and exposed for a peniod equualent to a 14 day exposure starting on the day of
mjection The shdes were deseloped in hodak D 19B for 2 mun dipped m 1 ¢;
acetic acud for 10's and fixed in hodafix for 5 min

Gramn counting Analysis was restnicted to crypts avatlable for examination
from base to top Begmning with the Paneth cells at the base of the crvpt the
cells were numbered consecutnvely up to the level of the cryptovillal junction and
the grains over each nucleus counted For each mouse 20 crypts were scored with
2 Leitz Ortholux mucroscope equipped with a 90 X objectise far oif immersion
and 2125 X ocular The grain counts were corrected for background 1e by the
gram counts n the same specimen 0ver an equal number of villous nucle;

Three zones m the mtestinal crypt of the mouse starting from the cryptovillal
Junction have been defined (Turasner & GrevLica 1965) Zone 1 with mm
wum prohferation {7 cells) zone 2 with maxsmum probferanon {7 cells) and
#one 3 contammng the Paneth cells at the base of the crypt (4 cells) The cells 1n
the present work were scored from the base of the crypt 1e cells numbered 1 to

4 belonged to zone 3 cells numbered 5 10 11 to zone 2 and cells numbered 12 to
18 10 zone 1

Results
Drstribution of radoactizaty after injection of ¥ IUdR The fate of !
injection of !
1 any
the

I after
TUdR 1 illustrated sn the senes of expenments Presented in Fables

d 2 Approximately 95 per cent of the total radioactivity of the mucosa of
*mall and large intestine was present n the nuclerc 2ad fracuon 24 hours
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after injection Nnety rmnutes after injection, about 70 per cent of the total
radioactinity of the small intestine was present 1n the nuclec actd fraction  the
cortesponding salues for the large ntestine and the spleen being 42 and 64 per
cent respectnvely Only 2 to 5 per cent of the total radioactnity were evident sn
the protemn fraction

Extraction of DNA from the intestinal mucosa and the destruction of deov)
ribose The procedure of extraction of DNA was imvestugated 1n an expern ent
performed with homogenated mucosa from the small mtestine previously tre ted
with cold PCA The results are summanzed wn Frg 1 The radioactinaty s ex
pressed as a percentage of the radioactinity m the soluble fraction at 10 nun
utes extraction the time at which maxumum absorption with diphenylamine
appeared The exponentially occurning destruction of deoxynbose (cf TowThrup
1962) would be expected to reduce the absorbency at an inereased extraction
ume D\A hydrolyus was, however still contnbuting to increased rachoactinaty
in the <oluble fraction

Brochemcal inz estigation of incorporation of * IUdR nto DNA after irradia
tron A depressionof ! JUdR tncorporation mto the DNA occurred after irradia
tion This followed 2 smlar pattern 1n all the organs examined (Figs 234
1e a fat decrease in mcorporation <oon after irradiation followed by some hours
of heaily depressed DNA syntheas and a recovery period with a more or less
marked over shoot The DN\A content of the splecn was much reduced (Fig )
10 the extent that the depresion of DNA svnthests caleulated was affected The
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Fig 2 Incorporation of 1 IUdR into
DNA 1n mucosa of the small mtestine
of muce after uradiation Each pomnt
represents the mean of stx mice (2
4 8 2% h) or 3 mice (72 h) Stan
dard error of mean for 200 rad
© 200 []400 7 800 rad (protons)
and A 400 rad (69Co gamma)

Fig 3 Incorporation of ! STUAR
into DNA in the mucosa of the large
mtestine of mmce (See also legend
o fig 2) D 200 rad [, 400 ad
7 800 rad (protons) and A 400 rad
(*)Co gamma)

corresponding decrease m the DNA content 1n the small mtestine was not so ob
vious {cf VMore & TeMpLE 1959 Nxcaarp & PorTer 1960)

Autoradographic investigation of incorporation of * IUAR into DNA of
small tntestine The gram count m the control group was 445 for 160 cells of
the zone of Paneth cells 1868 for 280 cells of the zonc of maximum cellular
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proliferation and 818 for 280 cells of the zone of mmmum cellular proliferation
(Table 3) Twenty four hours after irradiation at 800 rad {p) or 400 rad ¢,)
a sgmficant difference between the results obtaned by brochemtcal and auto-
radiographic methods was evident A corresponding difference was not pre ent
24 hours after 200 rad (p) or 400 rad (p)} The most marhed difference was re
corded at 72 hours after 800 rad {(p) and a lengthening of the crypt parucularly
of the zone of maximum cellular prohferation, 1n this case contaimng more than
7 cells appeared to have occurred

Discussion

Apparently ' IUdR 1s a specific DNA precursor with hittle Jabelling in the
acid <oluble and protem fractions as also noted by other authors (Fox & Pru
SorF 196> HucHes et coll 1964) Hugues et coll stated chenueal arufact
due 1o the incorporation into substances other than D\A have not been found
and 1odide 15 apparently the only by product of concern Injected TUdR 1s ca
tabolized to uracil and 10dide with a half ife an the blood of 3 mn (Hucnrs et
coll ; most of the jodide appears in the unne {PRUsOFF ct coll 1960} °H thy
rmdine 1 favoured for corporation into the DNA of the small mtestine of mice
by afactorof 15 (Fox & Prusosr 1960) to 3 6 (DeTiLrrses 1970)

Although the D\ A of the small intesune <cems to be ea.tly extracted as com
pared with the DN\A of the Iner (Lowrrep 1962) extraction for 60 mmn proved
necesary There was sull some mdication that insoluble DNA contaming ! TUJR
was contamnating the protein fraction since a decrease m ' I actnaty after
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Fig 5 The DNA content of the spleen of mice after iradation Each point represents the

mean of six mice (2 4 8 24 h) or 3 mice (72 h) O 200 (] 400 — 800 rad (protons} and
4 400 rad (4'Co gamma)

wradiation not only 1n the nucleic acid fraction but alo in the protem frac
ton  was evident The diphenylamine reagent reacts mamly with the purine
motety (Diseue 1960) which 1s easer to extract than the pynimidines (Lormve
1960)

Irradration results 1n a heavy reduction of * TUdR incorporation into DNA
which 15 more marked than when *H thymdine 1s used The depression of DNA
synthesis observed to be close to 1ts maximum as early as 2 hours after rradia
ton may be observed soon after irradiation The incorporation of *H thymdine
determined by the gramn count per labelled cell i the ileum of the mice drops
to one half of 1ts normal values within about 30 mun after 800 rad of 240 AV
roentgen radiation (SHERMAN & QuasTrER 1960), the incorporation of thy
mudine 2 C** nto DNA 1n the spleen of the rat 1s depressed to 45 per cent at 10
to 20 mun after srradiation at 400 rep (370 rad) *Co gamma radiation (Ny
CAARD & Porter 1962) A still faster effect (3 min) has been reported (Orp &
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Table 3

Tncorporation of 1*SIUAR wnto wntestnal DNA followng 180 Meb proton (p) or *°Co gamma (y)

irrachation Results expressed as percentage of control The gram count in the control groups 10 mue

were for the zone of mummum cellular priferation 818 (SD=131) for the zone of mavimum celtutar

proliferation 1868 (SL=209) for the zone of Paneth cells 445 (SL=78) and for the 3 most labelled
cells 1 the cypt 1541 (SC= 124)

No of Dose Hours  Biochemical Autoradsographic method

mice (rad) after method
wra
diation Per  SF Zoncof mun Zone of max Zone of 3 mast
cent cell prol  ccll prot  Paneth cells labelled
nucler
Per SE Per SL Per SE  Per §I
cent cent cent cent
b 200(p) 24 Hs 11 107 28 123 17 158 28 144 7
[ 400(p) 24 61 12 36 8 54 6 % 8 67/
[ 800(p) 24 28 3 15 1 38 3 63 8 [ 2]
6 400(s) 24 120 13 65 15 92 u 107 1t 100 10
3 200(p) 72 211 160 153 245 141
3 400(p) 72 131 171 139 207 136
3 800(p) 72 535 323 189 331 187

StockrN 1957) This inttial phase of the change observed must be due to 1 1dia
tion effects upon cells in S phase (SurrmaN & QuasTrrr) The mtotic figures
disappear at once after about 300 rad and return to normal frequency after 3
tme Igof up to 40 hours depending on the cxpenmental conditions { Anow: Ton
& Hemrermann 1949 Lesnpr & Bauman 1968 Drvik 1968) The nutotic
count fails to give nformation on the rate of cell production unless the mutotic
duration 15 known Drvix (1971) estimated the mitotic rate mn the small

testine of umirradiated mice and i other muce at 1, 2 and 3 days after 1000 R
of 250 kV roentgen radiation to be 2 1 08, 26 and 7 0 mitoses per hour per 100
cells respectinely and the duration of mitoses to be 1 25, 375, 067 and 06
hours respectively The Gy penod 1s about 3 hours (range 1 to 9 hours) i the
small intestine of mice (CamerON 1971) so the effect of a mutotic block on DMNA
synthess would appear from 3 hours presuming, no change m the length of the
Gy penod occurred It s possible that the prolonged cffect on the ynthesis of
DNA 15 a consequence of the mitotic block but damage of the syntheas mech

ansm seems abwo to interfere since the gramn count per labelled cell 1s extremely
low Fhe recovery penod may seflect two events a repair of the damaged DNA
syntheus system and a recovery from the mitotic block  The sedimentation pat

ten of DNA from T'ocols Bir as changed alter roentgen rrradhation which prob
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to the standard error The RBE was
200 400 600 800 ecumated at the level of 400 rad $'Co

DOSE rad gamma irradiation {open square)

ably reflects a repair process in which broken pieces of DNA are rejomned
(McGrati & WiLLiams 1966)

Radiation may reduce the DNA content 1n a proliferating organ by hilling
the cefls and reducing the DNA synthests These effects were much evident m the
spleen (Fig 5) A decrease of the DNA content of up to 50 per cent withmn 2 days
after 400 R of 245 LV rocntgen radiation also occurs 1n the small intestine of the
rat {Nveaarp & Porter 1960) More & TempLe (1959) using the DNA
content 1n the ntestine as a quantitatine index of damage and recovery after ir
radiation reported a loss of about 20 per cent of total DNA 24 hours after 300 R
roentgen radiation Devin (1971) observed a decrease in the number of cells 1n
the section of one cript at » maxirum of about 33 per cent 1 day after doses up
to 700 R 250 LV roentgen madiation and an increase of about 35 per cent at 3
days An au wradin ~ phic 1 thod m which gramn counts over indisidual cells
are recordec  >u  mot be ¢+ rbed by the decrease mn the DNA content and

changeinc The wfference 1n the results of the autoradiographic and
biochemic 10ns was less than expected considerng the change m the
DNA con' eIl number known to occur (Nycaarp & Porrer 1960

Mote & o 1956 Devix 1971) The cells that die after irradiation 1n the
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small 1ntestine are mostly crypt cells (WARREN & Wineprr (922, Movtsona
& WiLsov 1955) and the decrease in DNA content will be correlated to the
number of cells that can synthesize DNA Other changes in the crypt cdl, such
as nuclear cnlargement (McGrati & CoNopon 1959), may also interfere with
the autoradiographuc results

The calculation of the relatine biologic effectiseness (RBE) defined as the
ratio of the dose of '"Co gamma radiation to produce a given effect and the dose
of proton radiation to lead to the same elfect was restricted to the small
testine and the group hilled 2 hours after irradiation Cell death and other sec
ondary effects scemed 1o be of httle importance at that ume The RBF and ats
standard error were calculated from the data in Fig 6 It was assumed that the
RBE was constant 1n the dosc interval mnvestigated (300 to 400 rad) The calcu
lated RBL for protons under the experimental conditions described 1512 + 03
The mean hinear energy transfer (LET, ) for 180 McV protons (05 keV/p)
and ''Co gamma radiation (03 heV/x) 1s ssimilar so that the pattern of the
primary radiochemical events should be about the same The fact that the dose
rate for “’Co gamma radiation 1s 56 rad per minute and for proton radiation 100
to 300 rad per nunute ought to be of mor sigmficance Hornsev (1970),
for example reported a dose rate dependence m the sunvisal of crypt cells as
well as in the LD o for mice wradiated with cectrons at 5 krad/min or 200
rad/min The LD,o ., was 1 330 rad for mice irradiated at 6 hrad/min and 1 458
rad when the dose rate was 500 rad/min  The corresponding Do values for the
crypt cells were 125 and 160 rad respectnvely The high dose rate was more
effective i producing cell death and killing the muce

The pulsauon of the proton beam (June ct coll } should be ummportant as
at the actual dose rates interaction between reactive speaies produced along
different proton tracks 1s unlikely to occur

SUMMARY

he incorporation of ¥ Tododeovsundine o the mtestinal and splemic DNA «f mniee
was investrzated by biochemical and autoradiorraphic methods after ® Co gamma and
120 Me\ proton uradiation ! IUAR proved ta he a speathic precursor for DV A movited
decrease occurred similar to the results obratned by bochemieal and autaradiographic tech
niques

ZUSAMMENIFASSUNG
Per Eintauvon ! fododeosyundin in dic DNS des Darms und d r Mz der Maus s urde
nach “Co Gamma und 180 Me\ § rotonen Strahlun» mut biochemischen und autoradio-
graphischen Methoden untersucht 1 JUAR erwies sich als speafi che Vorstufe der DNS
Fin starker 0 shren Frgehms en fur die bicchennsche und autoradiograplische Technik
abnlicher Abfallun 7 TUAR Fiabau trat nach Bestrablung anf
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RESUME

Lncorp de 1 Iododeosyunidine dans 1 ADY intestinal et plenique de sourss a ete
etudiee par des methodes bioch et ) h apres wrradiation par le rayon
nem n¢ gamma du *°Co et par wradation protonique de 180 MeV La? TUdR s est reselee
etre un P peaif! de 1ADN L rrad, proroque une nette dininution
semblable aux resultats obtenus par des methodes b et d
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RETENTION OF * I GIVEN AS *°I-5 1I0DO-2 -
DFO\YURIDINE TO MICE AFTER 180 MeV PROTON
OR “Co GAMMA IRRADIATION

by

K J Jomanson

Todine labelled thym:d 1 for ple * 15 10do-2 deoxyundime
(* "IUdR) are speaific precursors for DNA and therr only labelled catabolic
products of significance appear as I (HucHES et coll 1964) To prevent ac
cumulation of ' I 1n the thyroid after the mnjection of * IUdR mto muce Nal
may be mtroduced 1nto the drnking water from the day before mnjection most of
the ' 31 15 then excreted mn the unme (PRUSOFF et coll 1960) This technique has
been used in combination with whole body counting to 1y estigate the effect of
irradiation on **'I retention 10 whole mice and in cotton rats after the admimstra
tion of *'IUdR (Grrrmy et coll 1962 O Farrers & Dunaway 1969) Grriee
et coll reported a 50 to 60 per cent depressed retention of ' given as *1UdR,
even after 25 or 50 R 250 LV gen 1rrad The ! [ after
! TUdR 1y probably reflected q ly the * *IUdR incorporation
mto DNA  Jonansov & Larsson (1972) stated that the * STUJR 1ncorporation
mto DNA of the intestine and spleen of muce was much depressed after proton and

This work was supported by the Swedish Atomic Research Council and the Ss cdish
Cancer Society Submutted for publication 13 January 1972

3072004 41 Rdotg Th pyPhyn B Lpyh I 11 (197) 465
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gamma 1rradiation The amm of the present mvestigation was to compare by
whole body measurements the effects of 180 MeV proton and *Co gamma ra
diation on the mcorporation and retention of ! I given as! IUdR It was abo
hoped to elucidate the possble use of such labelled DNA precursors that can be
used for whole body scintigraphic investigations of cellular hinetics

Mater:ials and Methods

Antmals Female NMRI mice weighing 20 to 25 g were given water and food
ad Iibitum 01 % Nal was added to the dunking water from 24 houts before
tnjection of ' TUdR

Irradiation The mice were irradiated 1n plastic tubes Gamma rradiation was
admnistered 40 cm from a freely radiating ®Co gamma source under conditions
previously descnibed (Jonansov & Larsson) The dose rate was 46 rad per
minute as measured by Iricke dostmetry (Spinks & Woobs 1964) Proton irra
diauon was given with the 180 MeV proton beam from the Uppsala synchro-
cyclotron as previously descibed (Jonansow & Larsson) The control mice
were sham irradiated under conditions ssimilar to the gamma srradiation

Admumstration of ** IUAR Two hours after yrradiation the mice were given
008 #Ci ' TUdR (Radiochemical Centre, Amersham) per gram body wuight
mtrapentoneally 1n 10tonic saline at a speaific actwvity of 100 #Ci/pmol and then
placed three 1n a cage (floor area 450 cm”) The litter was changed near the
muddle of the period betwcen njection and hilling to decrease external contamma
tion

Radiometry and organ preparation The ' 1 actinity of the whole mice was
determined twenty hours after injection of ' IUdR with2 37 (7 6 ecm) Nal:Tl)
crystal with an 157 (38 cm) well and 01 #C: *°] 1 mice geometry 15 2
standard The mice were killed by cersical dislocation within an hour of whole
body counting and the small intestine and spleen prepared for ™1 actissty deter
munation The rctention of 2 I was calculated as a percentage of the dose
Jected and further expressed as a percentage of that of the control

Results
The effect of irradiation of the * [ retention 1s presented in Figs 1, 2 and 3
At Jow doses (40 rad for spleen 2lso 80 rad) the *'Co gamma radiation scems 10
affect the ! [ retention with higher efficiency than the 180 \MeV protons this
cffect was obsenved in the organs examined (Figs 2 3) as well as i the whole
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Fig 1 Retsined ? I acthity m ar
radiated mue 20 hours after mjec
ton of 1 JUdR © ©Co gamma
® Proton Each point represents the
average of 6 mice + SE

Fig 7 Retaned 1 T acinaty m the
small ntestine of wradiated mie 20
hours after imjection of 1 FUdRL
© 6Co gamma ® Proton Each
pont represents the average of § nuce
*SE

¥ig 3 Retmoed ' § acuwny m the
spleen of yradiated mice %0 hours
after mnjection of 1 TUdR © 60Co
gamma ® Proton Each point repre
sents the average of 6 mice % SE
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Fig 4 Regression of 1 I actnaty retained in the small intestine as a function of the 1 1 ac
tivity remaming in the whole bodv 20 hours after injection of # IUdR © Control M Proton
® 60Co gamma

body (Fig 1) In the dose 1nterval of 80 to 640 rad *Co gamma and proton 11
radiation had simular effects on the ! I retention 1n the small intestine, the small
dufferences bemg within the expenmental error The same effects occurred 1 the
spleen at doses between 160 and 640 rad at 160 and 320 rad, however, the
protons appeared to be more effectse 1n affecting the * T retention m the whole
body The most marked decrease of ! I retention occurred in the spleen after 1rra
diation with 160 rad or more

The ™ I retention 1n the whole body 1s compared to that in the small mtestine
and the spleen 1n Figs 4 and 5 The * 1 retention 1n the small intestine and
spleen should be a better measure of the ! IUdR mncorporation mto DNA than
the ! I retention 1n the whole body Extrapolation in Fig 4 gnes about 04 per
cent of the injected dose retained tn the whole body when no * I remained 1n the
small intetine

Discussion
The =1 retention proved to be 4.5 per cent in the umrradited muce at 20
hours after the ! 3IUdR injection About 04 per cent of this amount was proba
bly duc to contamination of the skin asndicated 1 Fig 4 as well asn the work
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whole body 20 hours after injection
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of Hucres et coll (1964) The remaming 4 1 per cent were probably mostly 1n
corporated mto DNA of proliferating tissues In 6 week-old nuce, 8 3 per cent of
the 1jected I given as *'JTUdR were retamed at 20 hours after mjection
(Hucues et coll ) Smce these authors used younger mice than those of the
present work a higher 'L would be expected The cor reten
fi0n 1h cotton rats was 3 per cent at 2 days after injection (O FarreLL & Duva
WAY )

Incorporation of ! IUdR mto DNA m prohferating tissues after wradiation
has previously been mvestigated by the extraction and determination of the spe
afic actinty (Jomanson & Larssov) Ths method indicated that '~1UdR 1n-
corporation into DNA of the small intestine was depressed to 22 per cent of the
control 2 hours after proton irradiation at 200 rad and to 9 per cent after 400
rad No sigmficant differences were evident m the results obtained by autoradio-
graphic and biochemical methods at the above doses at 24 hours after wradia
ton Interpolation in Fig 2 gves 2 ' 1 retention 1 the small intestine of 23 per
cent of the control after proton wradiation at 200 rad and about 13 per cent at
400 rad Tt would appear that sumilar results may be obtamned by evaluating the
elfects on the small intestme of sradiation with these three mdependent methods
A simifar companson of the results of the spleen experiments res eals more diverse
results probably due to the fact that a marked decrease n the DNA content of
the spleen occurs after wradiation (cf Jomanson & Larssos) This decrease
reflects a ssmilar decrease 1n the cell content

The two types of radiation seem similarly to affect the * I retention 1n the
dose range 80 to 640 rad (160 to 640 rad for the spleen) The RBE for 180 MeV
protons of 12 + 03 from previous work on the mcorporation of * IUdR nto

mtestinal DNA at two hours after 1rradiation (Jomansos & Larsson) appears
to be in conformaty with the present 1y estigation
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The large differences at doses of 40 rad (and 80 rad for the spleen) are
surprniang Figs 1 2 and 3 mdicate however, large standard deviations so that
the indn1dual vanation was considerable The possible effect of stress due to dif
ferences in the rradiation techniques cannot be excluded

The findings have a bearing upon the problem on how to find sintable labelled
precursors for diagnostic investigations of cellular prohferaton 1n man Only
Lmited possibilities exast of labelling natural precursors of DNA with gamma or
positron emutting nuchdes Although formate labelled with 'C (positron emuter
097 Me\  half hie 20 5 min) can now be produced and labelling of thynudine
with C 1s under mvestigation {STEnsTROM 1971), the low MC actinaties
available and the short half Iife become hmiting factors Labelled base analogues
have to be used for external detection Jododeoxyuridine seems to be the most
useful "™'IUdR and ' IUdR, which are commercially available and for
example ! *IUdR or ** JUdR may all be possible alternatnes ! *[ has a half
Iife of 13 0 hours dwsintegrated by clectron capture resulting i cven gamma
rays {0159 MeV) 115 a beta enutter with a half Iife of 2 3 hours gimma
rays of vanous energies are also emitted The short half life of * 3I will result in
radiation exposure lesels that cannot exceed 2 small percentage of those from
™ 1 procedures completed dunng one day (Mvers 1963) !°I can be
produced by cyclotron from ! Te or ! *\e to gne acceptable activities and
rather pure ' °I (Hupr et coll 1968 Lenowrrz et coll 1971) * I gencrators
are commercally available ' *IUdR or * IUdR may be a valuable tool in
medical diagnosis for examining cellular proliferation 1n man Thymidine 13
ncorporated preferentially over IUdR by a factor 2 to 3 (Fox & PrusorF

1965 DernLersen 1970) on the other hand the reutilization of TUdR 1s less
than that of thymidine

SUMMARY

The effect of 180 \eV proton and ¢ Co gamma radiation on ! I retention 70 hours
alter 1 ILdR injection was imvestigated 1n the whole mouse the small intestine and the
spleen The RBE for 180 \fc\ protons of 12+03 from previous work seemed to be con
firmed Labelled precursors for d e of cellular prolfe n man are
diseussed

ZUSAMMLNFASSUNG

Die Wirkung von 180 MeV Protonen — und ® Co Gamma Strahjung auf die 1 I Reten
tion 20 Stunden nach ! 1UdR Injekuon v urde an der ganzen Maus am Dunndarm und
an der \ulz untersucht Der RBE-Wert fur 180 MeV rotonen von 12403 von fruberen
Untersuchun~en schemnt bestatig zu setn Cez schnete Vorstufen fur diagnostische Unter
suchun~en der Zellproliferation hesm Menschen werden diskutient
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RESUME

Leffet des protons de 180 MeV et de la radmtion gamma du %°Co sur Iz retention de
1 120 heures apres njection de 1 TUdR a ete etudic sur la souns entiere Lintesun grele
et la rate LEBR pour les protons de 180 MeV evalue a 12403 dans un travail precedent
paran confirmee Lauteur exanune lintetet des precurscurs marques pour les examens
diagnostiques de la prohiferation cellulaire chez I homme
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EFFECT OF INCORPORATED *°‘Rh ON COLONY
TORMING UNITS OI' BONL MARROW AND
SPLEEN IN MICE

by

V Svopopaand V' KLENFR

Reports on imvestigations of the long term effect of 1omzmg ridation on
hematopolests 1re not numerous Lavertov (1962) obsened the respon ¢ of
penpherl rat blood elements and hematopotetic tissues to continuous external
gamma srradiation at dose rates of from 176 to 4 rad per dvy and reported that
50 rad was the highest dmly dosc at which the pcnpheral blood count was
steachly mamtained Brachrrr (1967) stated that under smular conditions of
wrachation production of crythrocytes remarmed nommal mn rats, n abihty ex
plamed by TarsutT (1969) as duc to changed cellular kinetics of the crythrod
precurors Twestyvan & Brackrrr (1970) applied continuous arrdintion
(40 radf/dry) n mice and demonstrated that although the erythropowctic
system did not break down it failed to present 1 considerable degree of anwmin
caused by increased blood loss from thrombocvtopemn The istologic chinges
in bone marrow i mice produced by *Sr were described by MiLssos (1970)
The hinetic investigauon by Friep et coll (1966) dealt withs the relwtion of the
spleen stem cell compantment 1o the bone marrow damaged by * Sr radation

Submutted for publication 78 December 1971
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The present worh was directed to the stem cell compartment i marroy
hematopotesis s mice surviving for a long period after “Ra incorporation
Predomunantly alpha particles partcipate 1 the biologic effect The distrnbution
of Tadm 15 not umform m the bone the arrangement of the bone structures
delimiting the marrow spaces differs 1n various types of bones and need not even
be the same 1 the various parts of a single bone Furthermore the meorporated
nuclde mduces also the rearrangement of the bone tissue The «tuation 1s further
comphcated by the retention of a fraction of radium daughters These conditions
suggest that data may be obtained on the changes n the stem cell compartment
as a whole although 1t may be extremely difficult to analyse such findings 1n
relation to the spatial dose distribution in the bone marrow volume

The colony forming umts of medullar and splenic hematopotesis m rrradiated
mmice and controls were assessed by the method of Trie & McCurroen (1961)
the basis being the accepted view that these umts have the properties of the
hematoporetic stem cells that form the spleen colontes of clonal cell populations
Stem cells 1n the present report are the self rephcating cells capable of progressive
differentsation 1nto one or more ty pes of mature cells

Material and Methods The experiment was carned out in female random
bred mice of H <train caged n groups of ine under standard conditions ™ Ra
was mpected mtrapentoneally (003/«Ci/g body weight) 1n a group aged 10
weeks mean weight 25 g another group with the same parameters bong kept as
a control The mice were halled at mtenals of 5 9 14 18 and 37 weeks after
mjection, and at which peripheral blood counts and blood smears were carmed
out and the whole body actinvity was measured The nght femora were dissected
the bones ground 1n 2 mortar (CarsTen & Bowp 1968) and the pooled marrow
cells washed 1n 10 ml Tyrode solution The suspension obtaned afforded the
optumal number of bone marrow cells to comply with the expenmental mtentions

The spleens were Temoved and homogenized 1n 2 tubercubin syrmge with 3 mi
Tyrode <olution the homogenate bemng filtered through a mylon gause with
further Tyrode solution to make up a volume of 50 ml The SUSPENSIONS Were
prepared under asepuc condittons at 2 temperature of melting 1ce The cellularity
of the pooled spleens was determuned

Recipients of the same ongin sex and weight and aged 10 weeks were 1ra
diated with a TUR roentgen umit 1 a rotating plastic box with a homogemzed
field under monnonng comtrol wih a chamber Integron—Victoreen T}Te nuce
were expoced to 800 R whole body irradiation at a rate of 60 R/min 2 HVL of
:"?l :l::t(‘}lu anld a focus-obyect distance of 50 em The endogenous spleen colomes

to less than 05 colony per spleen One group of mice recened 10
nucleated bone marrow cells 1n a volume of 0 2 m} mtravenously and m another



474 Vv SVOBODA AND V KLENER

Table 1
Colony formation and spleen  Fe uptake after imyection of bone marrow and spleen cells of tested mice
(n=5)
Wecks Group of No of No of No of Per cent 18 hour T
after tested mice recipient colonies colonies uptake 1nto recipient
'Ra mice per 10 per 10 splecns
apph bone marrow  spleen cells
cation Bone Spleen cclls admimstered  Afier 10 After 100
mar administered  (mean £5E) bone spleen cells
ror {mean +SE) marrow cells adnnms
administered stered
(mean£SI'} (meand SI)
5 Controls 19 16 215415 264420 29403 38403
Ra 8 16 14041804 366418 17+02%% 47403
9 Controls 19 197409 24402
Ra 0 18 161109 309+16 13401*% 29403
14 Controls 29 359+13 38403
Ra 17 286415 33403
18 Controt 1t 1e 247412 400422 26402 35403
Ra 18 17 161414%% 253117 18402¢ 19302
37 Comtrols 17 21 185408 209407 20102 15401
Ra 19 20 149:09%  193£13 16101  17:01

S gnuficantls diff rent from control value at 95 level
* Sigmificantly i rent at 99 Jevel (1 test)

group 10* spleen cells were mjected under the same conditions The animals were
illed by transection of the cenical cord on the mnth day 18 hours before w hich
1 #Ciof “Fe wasnjected mtrapentoneally The spleens that were remoyved were
fixed 11 Bown's solution the relatine actiaty being ascertained from the 1n
corporated “Fe (Syrrit 1964 a b) The colontes were counted 2t double magnt
fication at 24 hours The control expeniment was performed under the same
conditions The number of colony formung units 1n the femoral bone marrow of
the spleen were reached from the cellulanity and colony formmg thihity (hxosre
ct coll 1970) The results were statistcally evaluated

Results
Double the number or even morc marrow cells and double the number of
colons forming units were obtaned 1n the femorn of mtact ammals by the abore
techsque 1s compared with flushing only the shaft cavity (ef Praveam & Co'e
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Table 2
Perpheral blood enunts femaral and splen exllulorits and taral colony farmung urals of trsted wict

Werks Group of Bevthrocy  Lencory  Suckated Sudlested Yorad  Tawd
afier  tested muce tes mm tes mm morrow  eelly wolony wolony
(mean = {resn= cellsper  perspleen forming  Demung
et SEy 210 SE) - 10 femur Hia units units
non 10 per
femur splecn
10 1
§  Cootrobs 101206 128-08 N8 183 68 48
Ra 0§10 9308 340 1) 48
K Cantrats. W04 o=t 43¢ 16 8>
! Ra 1f0-0~ 327 233 32 72
1? Controly i20:25 123 43
##Ra 5210 bl 3
13 Controls 10904 140 11 3w} 83 8 39
Ra 102208 118207 ¥4 15 2 19
37 Controls 10203 102318 42 81 82 iB
Ra 9540 §2-07 28¢ 12D 4 79

193, About 30 to 40 X 10* marrow cells per femur and about 20 spleen
colonies per 10 applied marrow cells were recosded Carsten & Bovo 1968
alv obtaned a greater yield of tolony forming unsts if they prepared the ceftular
suspension by chappiag and washing off the bones

The number of macroscopie spleen colotses and the ‘Fe uptabe w the spleens
of reapients after the intravenous mjection of 18° marraw cells and 10* spleen
cells are presented sn Table 1 The aumber of colonies per 10 marrow cells in
mice gven *Ra dunng the expentmental perrod was lower than i the control
groups the ratio of these salues howeser camparable The corre
spondung re-ults were obtamed by meauring the *Fe uptake m <pleens colomsed
by tyadiated bone marrow cells

Alter njection of 10° spleca cells from **Ra weated mice the vield of spleen
calorues was the hughest 1 the first mtenal and decreased m further mrervals
whereas the number of colomes m vhe controls rose The *Fe incorporation nto
the spleens of recipients gnen spleen cells from ™ Ra exposed mice was also
hugher in the first intenval and subsequentls decreased below the control values.

Further data i tested animals are summanzed 1n Table 2 The colons forming
units 1 femors of mice given ™ Ra amounted to 48 to 63 per cent of the control
talues which corsesponded to the decreased stem cell compartment At the
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beginming of the expenmental series the femoral marrow cellulanty in the radium
treated mice {uled to differ from the control value 1 the tatenals that followed
the number of marrow cells 10 ntact mice mereased and rexched the level of
forty mllion while in those given ™ "Ra 1t amounted to thirty mullion At the 9th
18th and 37th wech after radium 1njection the femoral marrow cells m the tested
mice were reduced to 74 73 and 65 per cent of the controls The femoral marrow
cells i antact ammals amounted 10 1 13X 10% per gram body waight, this beng
n good agrcement with the results reported by Bozzint et coll (1970) this
figure 1n ” Ra treated mice was 088 > 10" cells per gram body weght the
difference bang staustically sigmificant (p<<00s) The bone marrow mn mice
gren radium was thus hvpopla te and this condstion was mamtuned duning the
whole expenimental penod

The cellulanty of the spleen 1n ™ Ra treated mice changed only shghtly in the
firt two inten als exceeding even in the %th week the respectine control value and
decrering to 1+ minimum o the 14th week The number of spleen celis 1gamn
increased 1n the <ubwequent mtervals <o that n the 37th week 1t was double 3¢
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compared with the controls The colony formung umts m spleens of ammals
exposed to radium changed 10 a stmilar manner

The cellulanty of the femoral bone marrow and of the spleen m mice with
"Ra 1s presented m Fig 1 as a percentage of the control values The colony
forming unuts appear in Fig 2 The continuous decrease of cellulanty and slower
disappearance of the umts from the control spleens with age were noteworthy
Likew 1< as 1n the expeniments reported by CoceLE & Prouraks (1970) neither
the number of femoral marrow cells 1 agemg muce nor the size of the stem cell
compartement as determined by an exocolonizing assay, decreased

Discussion

The radration effect upon femoral hematoporesis i the pertod of 5 to 37 weeks
following the mtrapentoneal administration of 075 #Ci "Ra per mouse was
mamifested by dimunution of the stem cell compartment A less significant decrease
of bone marrow cellulanity also occurred while the number of penipheral erythro-
Sytes and leucocytes was fully compensated duning the entire period of obseria
tion

The °Fe incorporation 1to spleens of mice recen tng bone marrow cell suspen
sion from those exposed expressed as percentages of control values has been
compared with the decrease m the colony forming wnits smularly recorded
(Fig 3) The results m the first two mtervals may suggest a decreased erythroid
differentiation  Nevertheless this companson as a whole does not definitely
indicate a change n the differentrating capacity of stem cells con

tinuously
iradiated by mcorporated “°Ra no evidence on a different sensitvty of per
haps already ¢ d el with 1

populating ability appears
0 exast

Broon (1948) obsenved after the intrapentoneally mjected radium 1n the
range of 017 to 10 #Cy/g body weight a maximal depletion of marrow cells in
the metaphyses and epiphy es of the femora of muce, 1¢ regions with trabecu
lar bone and large endosteal surfaces as well as along the endosteum of the
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<haft It 15 probable that even with the smaller actnsties injected a greater hazard
to the marrow cells exssts 1n these entical paraendosteal volumes than in the
remamng bone marrow Assuming that the distribution of stem cells 1n the bone
martow be umform the decrease in the femoral colony formmg umits observed
in the present expenment 1s inadequate for the size of the cntical volume Ths
<suggests that more stem cells are asailable cloe to the endosteum

Due to the known effect of bone seehing nuchdes upon bone tissue, the
possibility that depletion of the mesenchymal cells of this tissue participates at
least indirectly 1 the d of the h poietic stem cell compartment
cannot be excluded This conception 1s to a certamn extent supported by the recent
findings of PaTT & Maroney (1970) and Fone et coll (1971) These authors
proved that the regeneratne process m bone marrow after localized depletion
ongnates 1n uncommitied mesenchymal cells mn the connectine tissue of the
Haversan canals of the adjacent bone No less interesting were the 1m estigations
by Crospy (1970) Tavassort & Crosey (1970) and AmseL et coll {1969)
which demonstrated that the stroma cells of bone mamow transplanted into
extramedullan stes have the properties of pnoutive cells. This would appear to
be stmular to the behaviour of the above mentioned mesenchymal cells i bone
tssue

The colony forming umts and cellulanty 1 mice exposed to  “Ra were
changed m the same way as reported by FRiep et coll (1966) who myesugated
mice ginen St These changes may be understood as manifestations of compen
satory blood forming activity i an irradiated organ following the rmpairment of
bone marrow hematoposesis The importance of the spleen as a source of com
pensatony hematopotesis with an increasing * Sr dose 1s obvious {NiLssos 1971)
Considening that the rradsation from ™ “Ra incorporated 11 mice farled to change
the peripheral blood count for a canstderable ime 1t would appear that effective
reparatony and compensaton mechanisms did much to neutrahze the damage to
the bone marron
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SUMMARY

Data on hematoporesis 1n muce were obtamed over a period of 3 to 37 v ecks alter 1he
intrapertoneal injection of  Ra The repopulation ability of bone marrow cclls ay med
sured by the “*Fe uptake in the reaiprent spleens changed in step with the colony formurs
units The effects an the latter and the cellulanty of the spleen may express the geactiot
of the iradiated or-an to impatrment of the blood forming capacity of the marrow
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ZUSAMMENFASSUNG

Daten zur Hamatopoese der Maus wahrend emer Zeat von 5 bis 37 Wochen nach intra
pertonealer Injektion von Z°°Ra wurden erhalten Das Repopulationsy ermogen  von
Anochenmarkzellen gemessen durch die 9Fe Aufnahme der \ilz von Reaipienten folgte
den Verand der koloniebildenden Einh Der Effekt auf Ietztere und die Zellu
farutat der Mulz mogen die Reaktion des b O aufl die Blut
tildende Kapazitat des hnochenmarks zum Ausdruck bringen

RESUME

Les auteurs ont etudie | hematoposese de sourts au cours d une pertode de 5 a 37 semaines
suvant Linjection intra penitoneale de  #Ra L aputude au repeuplement des cellules de la
moellc osseuse mesuree par la fixation de  9Fc dans les rates receveuses change en fonction
des urutes formatrices de colonies Les effets sur le repeuplement et sur la cellularite de la
rate peusent exprimer la reaction de 1 organe mmadie a la duninution du pousoir hemato-
poictique de la moelle
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VIRGINIA AND THE DEPARTMENT OF RADIOLOGY DIVISION OF RADIOLOGICAL
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INVOLUTION AND RECOVERY OF THE THYMUS
AND SPLEEN OF THE MONGOLIAN GERBIL
FOLI OWING ROENTGEN IRRADIATION

by

J L Mo~tour and R. C Riey

The lymphatic organs of various stramns and species of laboratory mammals
have been noted to exhibit simlar radiauon sensisities (Broom 1954) even
when their radiation sensitivities are somewhat different when acute lethahty 1s
used as an endpoint Accarding to Bowp et coll (1965) the LD g 3¢ values for
most laboratory anunals fall between 450 R {guinea pig) and 850 R (hamster)
Most quantutative imvestigations on lymphatic tissue radiation sensitrvity have
uttheed mice which have LDgo o values i the range of 600 R to 700 R Jacos
SO\ McDermoTT & Ritey (1971) have reported that the Mongolian gerbil
Wenones unguiculatus hasan LD g 30 of approxamately 1 100 R

In these expenments we have taken advantage of the high LD5030 of the
gerbtl to examune radiation induced lymphatic tissue mvolution and recovery
et 2 range of doses not possble with more radiation sensine ammals The
Tesponse of the gerbil lymphatic tissue 15 compared to publiched yalues for mice
—_—

Submutted for publication 14 December 1971
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Table 1
Bady waghts follawing wradiatian

Day Expt Average body weights (g)
oR 100R  200R  400R  800R 1200R 1600 R

' 1 685 660 668 G+6 616

” 606 609
2 1 635 696 658 696 €16 665 606

2 288 591
3 | 660 694 635 596 658 682

2 552 53¢
> 1 68 706 684 664 G s71 597
8 1 671 681 672 09 620

2 162 188 449
1 1 665 ns 780 655

” 566 560 610

3 610 610

It was thus possible to determinc whether or not the sensvity of the spleen and
thymus s actually constant regardless of the animal teradiated

Methods and Mater:als

Radiation condiions Exposures were performed uubzing a General Electnc
Mavitron 300 constant potenual therapy apparatus operated at 300 M p and
20 mA with 2 mm Cu added filtravon The firt half value layer of the beam
w1s 17 mm Cu and the second 31 mm Cu The dose rate measured under
conditions of maximum bachseatter at a target midline distance of 71 cm was
B2 R/min*5 per cent

The antmals were exposed in groups of eight or nine m a 25 cm X 2> em
luctte chamber 3 em deep Different doses were obtamed by vaning the cxposare
ume Afl ammals ncluding the sham srradiated controls were retuned i the
expasure chamber for a ime equal to that necessary for the highest do

tmimals Approumately three hundred male gerbil 100 to 105 dass old
were exposed to doses ranging from 100 R to 1600 R (Expt 1) The ammal
were housed four per cage provided with wood shavungs as bedding and fed
an ad hbium diet of Punna mouse chow, sunflower seeds carrots and watef
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Table 2
Thymic waghts following wradiaton mg per (00 g badv weight (mg ) ESE

Day Expt OR 100 R 200 R 400 R 800R 1200R 1600 R
[ 11852 88 747498 T>4250 724439 738130

L 746100 619+ 55
LA 9184 87 8974 42 725253 513425 318429291421 269409

o 619+ 73 620104
3 8964112 633+ 60 676L74 496451 74711215418

2 b86L B 134221
5001 986+ 66 778+ 69 824-55 635454 307121 187424 165205
8 1 165+ 82 996+82 758+39 425130218%19

H 700= 73 39)x 94
141 10224 49 108546 863433 77393

2 7242 731013 b7 96777

3 8954110 561490

Table 3

Splenic werghts followng wradwation mg per 100 body weight (mg o)+ SE

Day  Espt OR 100 R 200 R 400 R S80R  1200R IS0 R
! 1 777451 538+27 575229 551431579447
2 68432 531248
2 1 898456 65721 621126 526L31 575128503425 495422
2 81286 576:50
30 851233 64345 53921 354138 42522 416423
2 760269 399147
EI 86044 704223 674154 53525 469116462420 483417
8 1 868432 0580 610436 453121408426
? 676=35 573:39
] 1 822214 €91-36 833-70
2 800=41 846:75 s80x47
3 746120

622459

Ondays 1 2 5 8 and 14 after exposure 5 to 8 ammals from each dose
sroup were weighed Lilled by cervical dislocation and therr spleens and thymuses
femoved and weighed to the nearest 0 1 mg Deaths 1 the 1 200 R and 1600
R groups precluded measurements at both these dose lesels 14 days after



484 ] L MONTOUR ANDR € RILEY

Fig 1 Thymc weicht loss and re
covery after 1 hote body rradiation
of the gesbil T 100 R @ 200 R
T 400 R 4 800 R B 1900 R
A 1600 R

Fix 2 Splemic wersht loss and re
coveny after whole body arradiation
e getal O 100 R @ %00 R
C 4R AEOR M 1°00 R
ALfDR
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exposure and 8 davs after exposure to 1 600 R In each case where addstronn!
ammals were added (Expt 2 and Expt 3) sham rradiated control ammals were
ncluded for compancon and conditions were 1dentical to those described above

Results

Body weights of Al groups are presented an Table 1 and thymic and splentc
wothts (cach m mg/100 g of body weight) are presented m Tables 2 and 3
respectinels The imvolution and recoveny of the lymphatic organs with time re
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Fig 3 Maxmum involution of the
thymus of iradiated gerbils The
solid hine represents thymic weight
which has been divided into a senst
tive component (broken hne A) and
an msensitive component (broken
Lne B) Per cent weight m com
ponent A 20 (66) component B
80 (31) and thymc 1 eght 100
(100) ED ¢ n component A 50 R
(69 R) component B 560 R
(317 R) and thymic weight 400 R
(90 R) Values in parenthesis are
comparable values for the mouse

taken from Aatons &  homw
EXPOSURE (R} (1955 a)

PERCENTAGE OF CONTROL WEIGHT

I N
200 400 600 800 0G0 1200

presented as percentage of control weights i Fig 1 (thymus) and Fig 2
(spleen)

Thymus One day after exposure the thymic weights m all groups (except
100 R groups) were reduced similar amounts to approximately 62 per cent
of the control weights Two days after exposure a recovery m weight was seen
at 200 R a shght additional decrease at 400 R and a similar decrease in weight
to approximately 32 per cent of control weight, in the 800 R, 1200 R and
1600 R groups Three days after exposure additional mvolution (agamn
approvimately equal) was scen m the 800 R, 1200 R and 1600 R groups
only Five days after exposure recovery was evident 1n the 800 R, 400 R 200 R,
and 100 R groups This recovery continued through the eight day observation
Penod and by the fourteenth day was extensne with the thymic weights of
the 100 R and 200 R groups being larger than those of the control group
Additonal weight loss was seen at 1200 R and 1600 R on day 5 On day 8
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10

a0

Fig 4 Maxunum msolution of the
spleen of 1rradiated gerbuils The sohd
lne represents splene weight which
has been dnuded into a sensitne
compx nent (broken Iine 1) and an
insensitive component  (broken line
B) Per cent weight 1o _component
A 3% (57) component B 65 (48)
and splenic weight 100 (100} ED3o
m component 1 50 R (82 R) com
ponent B 2060 R (498 R) splenic
eight 900 R (177 R) Values in

PERCENTAGE OF CONTROL WEIGHT

N
°
N e

>

pwenttesis are comparal e 1alaes 200 400
for the mouse taken from Kartuan
& Rous (19251)

a—
600 800 1000 | 00

EXPOSURE (R

many ammahk were dead and the remainder monbund n the 1600 R yroup
No recovery was apparent m the 1200 R group at that ume Maamum
muolution of exch dose group 1s plotied n Fig 3 for doses to 1200 R The
1600 R group was not included wince the ammals were monbund and ~ portion
of the maxumum insolution was probably due to the poor conditon of the
anmals

The <olid hne in g 3 (thymic imvolution) has been dissded into two compo-
nents A a radaton sensitne and B, and msensine component The snative
comporcnt comprises only 20 per cent of the weight and has an I Dao (50 per
cent depreston) of approximately 50 R The insenstine component comprires
80 per cent of the waight and has an 1D 4 value of 560 R The FD o value
for total wesghit Joss was found to be 400 R

Spleen One day after exposure the splenic weights of all groups had decrersed
to approximately the same level (69 to 78 per cent of control waght) On the
«cond and thrd day the 100 R and 200 R groups decrerced slightly whereas
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the 800 R, 1200 R and 1600 R groups decreased approximately equal amounts
to 55 10 59 per cent of control weight on day 2 and 49 to 53 per cent on day 3
As with the thymus 1o recovery was <een 1 the 1200 R and 1600 R groups
through their abbreviated observation penods At 800 R no addiional decrease
n weight was seen fne or eight days after exposure but recovery was exten
e by the fourteenth day At 400 R and below, recovery m splentc weights
were observed by the fifth or exghth davs after exposure and were approaching
or exceeding (100 R) control weights by the fourteenth day Maxaimum
levels of depression in the splemic weights are plotted in Fig 4 The spleen lihe
the thymus appears to consist of a radation sensitne and an nsensitive
portion ED,q values of 50 R (component A) 2 060 (component B obtamed by
extrapolation) and 900 R (splenic weight) were obtaned from analysis of Fig 4

Discussion

Involution of the thymus and spleen following exposure to 1omzing radiation
15 the result of damage ta two populations of cells the small mature lymphocytes
which normally have no further capacity for cell dmision and the diiding
large and medwm size lymphocytes The <ensitine components n Fig 3
{thymus) and Fig 4 {spleen) are due to the illing and remosval of the small
lymphacytes The sequence of cvents msolved are rapid and not dependent
upon cell duison The sensine compenents of both the thymus and spleen
are considerably smaller than the comparable components 1 the mouse In the
gerbil the ¢ compnise approwmately 20 per cent (thymus) and 35 per cent
(spleen) of the total organ weights I the mouse these components have been
reported to compnise 66 per cent ‘thymus) and 52 per cent (spleen) of the
organ weights (hariman & Komrx 1925 a b)Y The radiation sensitnaty of
this component m the gerbil (ED,q of 50 R) 1s smular to that reported by
Katrvan & Ronw for the mouse (thymus =69 R spleen==82 R) Examuna
tion of data on mice obtaned 1 our own laboratory mdicate yalues very sumilar
to thetrs for both amount and sensitnity of this component { MovTour et coll
1969) It 15 our conclusion that whatever other differences ma) exa t n tissue
rathation sensitn ities from anmmal to ammal the small Iymphocytes are of smilar
sen 1ty “)

The ccond or insensitine component m the gerbil comprises 80 per cent by
weight of the thymus and 65 per cent of the spleen compared to 34 per cent
and 48 per cent 1n the mouse Although the senutye component was at least
a5 senatne as the same component tn the mouse, the nsensin e component
showed ED,q values of 560 R (thymus) and 2 060 (spleen), vastly greater than
the reported values for mice of 317 R for the thvmus and 498 R for the spleen
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It would seem then, that when diniding cells are considered, radiation sensitivity
can vary considerably depending upon a number of factors including drvsion
rates and position 1 the cell cycle This would appear to be the case mn the
<pleen and thymus as 1n other cell systems

It 1s interesting to note the manner 1n which mmolution occurs, with time
after exposures (Figs 1 2) All organs decrease in «ize at about the same
rate regardless of dose, until recovery becomes a significant factor That 15, the
rate of weight loss does not <eem to be dependent upon dose, but the amount
of weight loss 1s directly related to dose

The waghts of the thymus and spleen at any time after radation exposures
are of course the net result of radiation damage and uissuc recosery Even at
the time of maximum weight losses some recovery has undoubtedly occurred and
recovery ts under way Recovery can be <cen to occur by two to three days
after exposure at lower doses and at least by the fifth to eighth day at 800 R
Through 800 R recorvery 15 rapid and extensive by the end of the fourteenth
dav Onh in the 1200 R and 1600 R groups s recovery not apparent In
these groups however, death precluded measurements over the entire expen
mental perod

It 15 of interest to note that even at a dose of 800 R which would be lethal to
most ammals the recovery by fourteen days 1s almost to the control level
Experiments are under way to examine the radiation responce of other gerbil
ussues and determine to what extent radiation resistance occurs at the tissuc lesel
n this relatively radiation ressstant animal

SUMMARY

Young male gerbils 1 cre exposed 1o 100 R (o 1600 R Thymee and splenic weight v ere
deternuned 1 2 3 5 8 and 14 davs after exposure Although the rate of imolution of these
organs appeared to be independent of dose the degree of weight loss was direetly refated
to dose Maumum weight loss compared to dose was found to be a two component func
tion for both organs The sensitive component 1n each case had an FD, (50 per cent
wesght loss) of 50 R sumilar to that for the same component in mice The second of
insensitne  components were much more reustant than the comparable components in
mice yielding ED , salues of 560 R (hymus) and 2 060 R (spleen)

LUSAMMENFASSUNG

Junne mannliche Springmause wurden nut 100 bis 1600 R bestrahlt Das Thymus und
\filrgewicht wurden 1 2 3 5 6 und 14 Tage nach der Bestrahlung besummt Obwohl die
Ceschwindigkent der Involution dieser Organc unabhangig son der Dous zu sem schient
stand das Ausmass des Gewschtserlustes i direkter Beziehung zur Dous Der mavimale
Cewiehtsserlust bezogen auf die Doss war fur tede Organe eine e Romponenten
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Funktion Die sensitive homponente i jedem Fall hatte eine ED , {50 5% Gen tchesverlust)
vor 50 R ahnhich der von Mausen Die zweite oder unempfindliche homponente war
wesentlich ressstenter verglichen mit der von Mausen mit ED o Werten von 560 R (Thymus)
und 2060 R (Milz)

RESUME

De jeunes gerbowses males ont ete exposes a des doses de 100 R a 1600 R Les paids du
thymus et de la rate ont ete mesures 1 2 3 5 8 et 14 jours apres 1 expositon au rayonne
ment Bien que Ja vitesse d mvolution de ces organes apparasssent independante de la dose
limportance de la perte de pords etait directement en relation avec la dose la perte de
poids maximale comparec a la dosc sest resclee etre une fonction a deux composantes
pour ces deux ofganes La composante sensible dans chaque cas avait une ED 4 {50 pour
cent de perte dc pords} de 50 R semblable a celle de 1a meme composante chez les souns
La seconde composante ou composante peu senuible etait bezucoup plus resistante gue les
composantes comparables chez les souns donnant des valeurs ED , de 560 R (pour e
thymus) et de 2060 R (pour la ratc)
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TFTTLCTS O TRACTIONATED DOSES OI' LLLCTRONS
ON HUMAN SKIN

by

S Berrertiand G Iunrst

Recent dat on the sunnal and recovery of mammaban cclls (BARrapseY et
oolt 1963 Hrwirr & Wirson 1959 Ratnyan et coll 1964, Suini & MrraLis
1966, have indicated that the dose ume relationshup for 4 gnen fracuonation
schedule may be more specifically expressed by the relationships between (1) the
tatl dose and the dose per fraction (1e total dost /mumber of fractions) el (2)
the total dose and the time inters 2! between repested equal fractions

I'he work of FowLFr et eoll (1962) on pig <hin erythema 1nd desquumation
tevealed that the dose value per friction plays a greter rale than the ume inter
11] between fractons The vanation s total dose with total fractionation time
18 small bue not neghgible and has been discused by ors (1967) TowLek
(1065 1968) and Sirine & Hotanrre (1968) Ihe present climeal ymvestiga
tion t1kes nto account only the firt of the two relanon lips leaving aude time
factors such as the antenal of ume between fractions and the total fractiontion
tme

S thaed for put bicanon 78 June 1971
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Vatenal The imvestigation was based on the evaluation and companson of
early and late shin reactions Pauents with ry caranoma undergy
radiation therapy after surgical treatment were examined over a pertod of eight
months The effects of dufferent dose fractionation schedules were evaluated by
companng skin Teachions of both parasternal sides of the same pauent Irradiation
was carned out with 15 MeV electron beams to 4 em X 12 cm areas

Dostmetry, was performed by means of an 1omsation and extrapolation cham
ber (BeLierrt & TorwieLnr 1964) whereas the dose distnbution on both
parasternal sides was determined by photographic films

Eraluation of skin reaction The nght parasternal side of each patent was
used as a control field and wradiated according to a constant fractionation
schedule The comparson between two different fractionation schedules was
camed out on the same patient This was to anoud vanability due to the diffenng
sensitivities of dufferent patients as indicated by varying magnitudes of reactions
or differing tumes of therr appearance

Early san reactions were evaluated by three different stages of ervthema
mitial flond and purple, numbered 1 2 and 3 respectively The most reliable
evaluation was obtained when the erythema reached the second stage 1mtial and
purple erythema lead <ometimes to equivocal conclusions Among the late
reactions were the appearance of dyschromias shin atrophy teleangiectasts and
sclerosis of the subcutaneous tissues Farly reactions were cheched 20 to 24 hours
after each fraction whereas late reactions were controlled weebly startmg 3 to 4
months after the end of radiation therapy Expenience m the use of electrons
together with that of other authors (Truccin 1960) established that for elec
trons the erythema chractenstics of the dowes gien appear within 24 hours
without the necessity of waiing a greater length of time The evaluation of carly
and late reactions was carned out mdependently by 4 to 5 different obsen ers
The mndicauons supphed by the majont, of the observers were considered vahd

Fractionation schemes Only the influence of the dose per fraction was
mtended to be taken into account leaving out the mfluence of the tume mterval
between fractions

Fractions of varying dowes (150 250 300 rad) were delnered to the lefy
parasternal side and a constant fraction of 200 rad to the nght paratternal ade
(Table 1) Daily doses up to those values are commonly used m chincal practice
and are gnen for five days a week with the usual intenval of two days between
eack cycle of five wradiations The mvestigation alo tock 1nto account hugher
dose values per fraction (400 600 1000 rad) The ume mterval of such high
doses (and for the 300 rad doses) was mereased to 2, 3 and 7 days respectuvely
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Table 1

Fractionation schemes

Dose per fracticn (rad/intenal, No of
patients
Left para Right para
sternal side sternal ide
150 daily 200 daily 12
250 daily 200 daiy 10
300 daily 200 dasly 12
30072 davs 200 daily 8
400 2 days 200 daily 10
600 3 davs 200 daily 8
1000 7 davs 200 daily 4
Table 2

Method of obtairung the ralue of the fractionation factor

No of Dose 10 Dose to Rano
patients right side leh side

i ay b bija

v @ b byfay
3 a by bla

" an bn bnjan

Z )
14
Fracuonan n factor of \ rad day :.__‘—/"

in order to avoid overdose reactions This procedute alo allowed useful informa
tion on the use of high doses in the chinical field to be obtatned

Late renctions were investigated at 90 and 120 days from the end of treatment
by sanmmg within the usual therapeutic dose tange, the total dose for the
200 rad/day scheme (on the nght parasternal side) This represented the refer
ence fractionation and held constant the total dose for the sanous fractionation
«hemes under test (on the left parasternal aide) Several groups of patients were
<clected for every fractionation schemce with a total constant dose on the left side
for each group but vanable from group to group (300 to 200 rad/day m four
groups of patients with total do cs constant for each group of 3 600, 3 500 3 900
3300 respectinely) (Tables3 4) Ihic two total doses for every group of patients
that will eventually induce the ame late reaction on both sides mas be exumated
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Fractionation factor The ratio between the two doses found to be necessarv to
produce equivalent effects 1m both the test ficlds of a gren patient yields an
1ndex of the relatne efficiency of the two fractionation schemes 1n causing the
early or late reactions One of these fields received the fractionation under test
and the other the 200 rad/day reference fractionation A senes of values of this
rato (cach one pertaming to a single patient) 1s obtamed from each group of
patients treated with the same fractionation scheme The average 1s a dose
modifymg factor due to fractonation this will be termed frachionation factor
for breuty

The method of obtaining the value of the fractionation factor appears i
Table 2 {200 rad/day nght side compared to % rad/day left side}

Dose a, and b, refer either to the appearance on both sides of an equal grade
of erythema (stages 1 2 3) duning treatment or to the appearances of a sunilar
type of Jate reaction on both sides 90 to 120 days from the end of treatment The
valuesol @ and b for erythema and late reactions due to the different fractiona
tion schedules are reported, together with the resulting values of the fractionation
factor 1n Tables 3 and 4

It 15 necessary to remember that late reactions are associated with alterations
not only in the epidermus or dermis but also in the underlying subcutaneous
tissues The appearance of these alterations after a given dose treatment does not
follow constant progression and assoctation because of different indiidual
sensitivity A particularly late reaction was not therefore considered but since the
comparnison was performed 1n the same patient the two different fractionations
and the two different total doses were assumed to be equivalent when the late
Teaction appeared to be the same on both sides of the patient

Results

The data for early and late reactions appear together mn Fig 1 although for
comemence they will be discussed separately

Erythema The values of the fractionation factor for erythema were plotted
aganst the dose per fracion the daly dose of 200 rad per fraction was used as
reference (Fig 1 Table 1) A continuous cunve was drawn up to the expen
mental point at 400 rad and extended as a ongnal/broken curve at tugher
doses since reliable fractionation factors for erythema are not available at these
levels In fact, the values obtamned at doses hugher than 400 rad per fraction
may be unavoidably affected by the large difference m total dose between two
successive numbers of fractions For instance with the 600 rad per dose frac
tonation method the progression 15 600 1200 1800, 2 400 rad (b m Table 2)
which, compared to the progression of the 200 rad per dose 1n standard frac
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Table 3

The dse values for erythema in the thiee stages of wtensity nthal flovid and pusple (stage 1 2 3)mn
both parasternal fields Each line and each comparison 15 deried from one patient The stage the dose tn
both fields and the dose ratio are sndicated for each patient The values of the fractonation factors also

af pear

200/day — 150 day 200 day —250/day 200,day — 300 day
Stage  Rught Left  Raus Stage Right Left  Rans> Stage Right Left  Rauo

nde  wude ude  ude nde  nd

dne  d e dos d e dpe  d 3
z 2000 2400 1200 2 2400 2000 0833 2 2700 2200 0815
2 2700 2850 1295 2 2000 2000 1000 2 1860 1500 0833
2 1400 1800 285 3 3200 3000 0937 3 2600 2400 0)°3
3 3200 3€00 112, 3 3000 2800 0933 1000 900 0900
2 2000 2250 1125 | 1200 1000 0833 2 3000 2400 0£00
2 2200 2400 1040 2 2200 2000 0909 1000 ano - 0900
2 1600 2100 1352 2 1800 17,0 0972 2 2800 2400 087
2 2000 2250 1125 3 2600 2500 0961 ! 1200 900 07,0
i 1000 1200 1200 2 2000 1730 0875 2 2900 2700 0.3
3 3200 3600 1125 2 2200 2000 0909 2 2900 2400 0£27
1 1200 1500 12,0 1 1,00 1200 0700
2 2200 2700 227 2 2300 2100 0913
Fractionauon [ ctor Fracu snavion factor Tractionaton factor
1197 40072 091 £0 07 0354

’\|‘§zg fracionation factor between 200/day—300/day and 200/day—300/2 days 15 0 840X
10 )

uonation (@ 1n Table 2), produces values of b/a ratto scparated by 2 large
smitenal the error affecting the fractionation factor already wgnificant for the
400 rad fractionauon method would then become <o large as to depmve the
calculated value of its meamng, (g 1)

Late reactions The fractionation factors for late reactions appear in Tig 1
It was ympossthle to calculate the error of the expenmental pomnts stnce with
the staging method st would have needed an mmpractically Jarge number of
patients to obtamn sufficient fractionation factors Rescarch was therefore hmited
to one salue of the fractionation factor for every patient, following the staging
technique mentioned abose The spread of values s indicated in Table 4

A companson between fractionation factors for trythema and late reaction
diccloses a stmilar trend <o that 1t appears that the fractionation factor 1s the
<ame 1 the case of carly and late reactions This finding agrees with that of
Fowrrr ct coll (1963 1962) 1n pig skin On this assumpuon the curve of
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Table 3 (cont

200 dav—300 ? davs 200/day —400 ? days 00 day —600 3 davs
Stage Right Left  Rato Stage Right Left Rato Stage Right Lefk  Ratio
nde  side sde sde sde side
dose  dose dose  dose dose  dose
1 1300 100 0810 1 1000 800 0800 " 3000 - -
1 1000 500 0900 3 1800 1700 0667 3 2200 1800 0820
2 1800 1500 0833 2 1400 1°00 087 2 2000 1200 0600
1 1200 900 0750 1 1400 1200 087 2 7200 1200 063!
1800 0818
2 2400 1800 0.50 2 2000 1600 0800 2 2200 1200 0681
1800 02818
2 2000 1800 0900 1 1200 800 0667 3 2600 - -
i 1600 1200 07,0 ° 7000 1400 0700 2 1800 1200 0667
3 2800 2400 0857 2 1600 1200 07:0 3 2800 - -
3 7000 ) 600 0800
3 2600 2000 0769
Fract onation factor Fracuonat on factor
0818 076700/0

crythema was extrapolated up to 1000 rad per fraction maling use of the
fractionation factors for late reaction obtamed at higher doses

Knowledge of the average value of the dose causng erythema for a gnen
fractionation scheme enables the results to be plotted as a cune on which the
enythema dose was plotted agamnst the number of fractions The average value
of the erythema dose measured 1n 64 patents on the nght hand parasternal
control side was 2 100 rad for 2 fractionation method of 200 rad/day 1e 105
fractions of 200 rad each gnven daly This value and the fractionation factors
m Fig 1 produced an o-effect cune for 1> Me\ electrons refernng to a
+em X 12 em area {Fig 2 cune 1) A reference cunve S has been plotted on
the same graph thus represents the wso-effect curve for ervthema obtamned by
STRANDQVIST With coms entional roentgen radiation Although no correction for
doe or RBE has been apphed the absolute values of the o cunes are n

reasonable agreement (assuming an RBE for the electrons of less than umty
would bring them mto better agreement, although thetr <hapes appear to be
different The value of 1320 rad 15 the extrapolated equn alent dose for erythema
obtained by draving cunie 1 (Fig 2)
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Table 4

The parrs of total doses that induce equicalent reactions at 90 to 120 dars from the end of treatment are
guen for late reactions The dose range produced matched reactions n both parasternal fields  the values of
the resultant fractionation factor are stated

200,day —300/day 900day ~400/2 days

Right Lek Rato Right Left Ratio
side side side side
dose dose dose dose
4200 3600 0857 4200 3200 0761
4 400 3 600 0818 4 400 3200 0727
+ 600 3 900 0847 4200 3200 0 /61
4000 3300 0825

Dose 4000 — 3300 4000 — 3200—

Range 4 600 3 %00 4600 3000

Eractio-

nation

factor 08360018 0749000

Conclusions

A companson between the two effect cune for erythema obtated 1n the
present sertes of expertments and the theoretic curves derned from research m
expenmental radiation biology 15 interesting Such curves were presiously ob-
tamed and analysed by FowLER & STErN (1963) These authors, on the basis
of mammalian cell survisal curve reported by Hewrrr & Wiesow (1959) Puck
& Marcus (1956), ELhovp & SuTTow (1960), BARENDSEN ct coll (1960) used
values of Do and # of 130 rad and 28, respectinely It has moreover been
noted (Nias 1963) that small vanations 1n these values introduce msignificant
changes in the 150 effects curve

The curves used by Fowrer & STERN have been plotted for this companson
1 Fig 3 It should be noted that the ordinate of this graph s the ratio Du/D1
(where D, represents the dose necessary to obtam certun effects with a single
fraction and D, 1s the total dose for n fractions) and this 1s plotted agamst the
number of fractions n This plot takes into account only the shape of the cune
without consideration of the actual do<c value given by Dy Only two of the 1so-
effects curves drawn by FowLER & STERN appear i Fig 3, curve a with a Dy
of 1040 rad and curve b with a Dy of 1500 rad These values of Dy appear
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Table 4 (cont )

200,day —F00!3 days 200 day —10007 days

Raght Left Rauo Reght Lefc Ratio
side side side side

dose dosc dos dose

4000 3000 0750 3 200 2000 062>
4200 3000 0711

3800 3000 3200— 2000

4600 3 800

073720025 06%

to allow a comparison to be made with an 150 effect curve for erythema Cunve 1
mn Fig 3 15 that obtained by the present authors and curve S represents the results
of STRanpQvIST It may be deduced from the data in Fig 2 that cunves 1 and §
demand that the values of D should be 1 350 rad and 1000 rad respectively
and that the expenimental and theoretic values of Dy are thus almost equal

15 fractionation
factor

150 2008 300 400 600

Fig 1 Fractionation
rad

factor plotted against the do e per fraction (reference fractionation 200
[

per fraction 5 days/weeh) Closed circles indicate the value of the fractionation factor for
nid erythema with open curcles as late reactions

3-IN0M At RdIg Th pyPhy B igyh ! 11 (197)
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4? fad
x 0% 1

a

Fig 2 Tlond enthema dose plotted
agamst the fraction number Cune 1
Present results (15 \eV  electron on
4 em x 12 em arca) Cune § Strand ! 20 a0
quist s enthema cune fract ons

FowLer & STERn have suggested that no such curve obtained i the chnical
field may be explamed by survival curves having values of Do and n like those
appeanng 1n radiobrologic research The curve obtamed in the present senes
of experiments 1s however in good agreement with the theorctic curve b, more
over this curve was obtamned with a2 Dy of 1500 rad almost equal to the
experimental s alue of Dy

The different time intenal between fractions when 400, 600, 1000 rad per
fraction were gnen make 1t likely that the value of Dy obtamed 1n the wxpen
ments was higher than the true value becausc of the intervening recovery
phenomena If D) were lower the curve would considerably steepen and so
would approximate cune b even more closely owtng to the high values of the
abscissa

It 15 suggested that the good agreement between the experimental data and the
theoretic cunve 15 due 1o the substitution in the chimeal freld of the relationship
dose against the number of fractions for the relationship of dose agamnst time
Furthermore 1t may be caused by the removal through direct companson of two
adjomning sides of the same patient of the errors resulting from a comparnson of
patients of different sensitisity Of course, the errors inherent 1n investigations 1n

40
fractions

Fig 3 Rauo D /D, plotied agamst the fraction number for present results for Strandgvist &
enthema cune and for certam theoretic cunves as follows Cune ! Erythema cunc present
results (15 Me\ electrons 4 cm X 12 em area) Cune S Strandquists erythema curve {from
Fowtex & Stean) Cune a Theorctic cunve deduced from a sunaval with Dy=130 rad
n=28 conudering Dy =1 500 rad (from FowLex & Srerw)
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human subjects may raise some doubts abaut the conclusion drawn, especially
when the changes in the values considered are not particularly high

It may be concluded that the method allows a strict evaluation of the different
types of fractionation schedules wath the dose values most commonly employed
1n chncal radiaion therapy (150 200 300 rad every 24 hours} On the other
hand for doses of 400 600, 1000 rad for which the time between fractions
had been mcreased a different influence of recovery factors was probably present
Although 1t would appear that the results obtamned are reasanably rehable even
for hugher dose values 1t must be recogmsed that the nfluence of recovery factors
has sull been msufficiently evaluated This problem therefore requires further
constderation
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SUMMARY

The authors have evaluated several types of dose fractionation in patents treated after
amputation of the breast for carcinoma and wrradiated with 15 MeV electron beams w0
bilateral parasternal lymph nodes Reactions obterved m the same patient with different
types of fractionation are plotted and the resulting curves compared with results reported by
other workers

ZUSAMMENFASSUNG

Die Verfasser haben verschiedene Typen von Dosis Fraktomerung bei Patienten ber
denen nach Amputation der Brust wegen emnes harzinoms bilateral dic parasternalen Lymph
knoten mut 15 N{eV Elcktronenstrahlen bestrahlt waren beurtelt Rie Reaktionen die beim
scloen Pavienten mit verschiedenen Tapen der Dosis Frakuomerung beobachter wurden
werden graphusch dargestellt und dic erhaltenen hunven mut den von anderen Unter
suchem beschriebencn Resultaten v erglichen

RESUME

'n{f:“z:(eurs ont ctudie differents types de fracuonnement de la dose chez des malades

ATy :)“r:sl ampul:lmn du scin pour cancer et irvadices par des faisceaux d electrons de

chea mﬂrn es ganznons lymphauques parasternaux des deux cotes Les reactions obseryces

s o e malade avec les differents types de [ractionnement sont mises en graphique
s Tesultantes sont comparees avee des resultats presentes par d autres auteurs
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THYROID RADIONUCLIDE UP1ARE MEASUREMENTS

Report of a panel of experts of the International Atomic Energy Agency

Tests of thyroid function based on measurements of the uptake of radiolodine by the gland
(thyroid uptake tests) constituted one of the fint diagnostic apphcauons of radioacuve
tracers and have been widely used in the diagnosis and mvestigation of thyroid diseases
In 1960 the International Atomic Energy Agency (TAEA) mvited a group of consultants
to draw up a standardized procedure for such uptake The rec d;
of this group heren referred to as the 1960 recommendations  related primanly to mea
sufements of the uptake of 3311 24 hours after its oral admsmstration—the basis of the
thyroid uptake most commonly performed 1n [960—and 1 ere published in a number of
scientific journals (TAEA 1961 1962)

uring the cnsung decade thyroid uptake tests und deselop t
Mew nadionuclides were unlized new and for the of
uptake v ere devised and an ncreasing emphasis 3 as placed on tests based on uptake
measurements made relatnely soon after admumstravon of the radicactive tracer Parallel
development tool place mn tests moluing the use of radinuchdes but based on measure
ments of parameters other than uptake In view of these advances TAEA deaded in 1970
10 convene a second panel of experts to review the status of thyroid uptake tests and to up-
date and where necessary amend the 1960 recommendations

The Panel whose report follows met at TAEA Headquarters Vienna from 17 to 21
May 1971 It compnsed De W D Alexander (UK) Prof C Beckers (Belomm) Dr
B Bok (France} Dr H 1 Glass (UK.) Dr S Grebe (Federal Republic of Germany)
M€ C Hams {USA} Prof R Hofer {(Austria) Prof H Kakehr (Japan} D¢ M P
hoenig (Swuzerland) Dr P Paraskesoudakis (USA) Dr ] G Shimmins (U b} and

DrH N Wellman (US A ) Drs G Gomez Crespo and E Komaroy attended the meenng

501
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as representatnes of the World Health Orgamization Prof K E Scheer and Drs E H
Belcher and R G Daou of the IAEA Secretanat also parucipated Drs Belcher and Daou
acting as Scientific Secretaries

1 Clinical Requirements for uptake tests
11 General considerations

111 The panel recogruzed that whilst thyroid uptake tests have been widely pracused
i the d and 1 of thyrotd disorders no single test of thyroid function
15 applicable 1n all circumstances {Fracv et coll 1971) There ts increasing evidence that
the best screeming tests for hypo or hyperthyrodism are those related to the level of
arculating thiroid hormone or more specifically to the level of free thyroxine—for
example a deternunation of serum thyroxine in conjunction with an i vitro tr1 10dothyronmne
uptabe test (Grrpe & Dorep 1970 1971} Thyroid uptake tests reman valuable how
ever whenever detailed mvestigation of the thyroid function 1s required They are also
useful 1n the follow up of drug treated hyperthyroid patients and patients with non texic
goitre and 1n the determination of dosage for radiowodine therapy

112 The pancl noted that whereas paragraph 4 2 of the 1960 recommendations states
Uptake measurements of Jess than 2 hours are not recommended as a routine proce
dure uptake tests based on such measurements being described as early tests based on
much earlier nieasurements are now widely practised The advent of such tests has rendered
the vord early a subject of confuston The panel therefore recommended that the
designation early uptake tests should henceforth he restricted to tests based on measure
ments made up to about 30 minutes alter intravenous adnunstration of the tracer such
as tho e made with 9Tc7 1n the form of pertechnetate the uptake of which reflects pon
aipally the rodide trapping function of the thyroid Tests made at 2 hours or later such
as those made with radioisotopes of 1odine in the form of 1odide the uptake of which reflects
princpally the jodine binding function of the thyrord progressively modificd by secretion
of thyroid hormone should be designated late uptake tests

113 A hist of the radionuclides in current use in thyroid uptake tests and their more
mmportant physical charactenstics 15 given i the Table The panel drew attention to the
fact that preparations of radionuchdes used in uptake tests should conform to specifications
for the quality control of pharmaceutical preparations laid down in the International Phar
macopoera (WHO 1967 1971) and 1n national pharmacopoeias The choice of radionuchde
the adnunstered radioactivity and the time at wluch uptake 1s measured will be influenced
by clinical considerations (eg tvpe of discase to be recognuzed resulung radiation dost
to the patient type of therapy to be prescribed) as well as by the measurement equipment
available The need to perform other simultancous or subsequent tests {¢ g tr lodothyronme
suppresston test thyroid scan) switl also mnfluence the choice of radionuchde the ad
munstered radicactinity and the time at which uptake 15 measured

12 Larly uptake tests

The panel noted the increasing emphasis being placed on carly uptake tests based on
mcasurements made up to about 30 minutes after mtravenous admtmstration of 9Tc™
1n the form of pertechnetate In most clinical suuations the re ults of early uptake tests
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Table

Radronuchdes used 1n thyrord uptake measurements

Rado Typeof Half  Enereies of princ pal radiations (he\ ) Resulung raduation
nuchde tran  Mfe (with mean numbers per disintegrauon)**  dos 1o adult
s hon** thyro d (mradfuCi
Particles Photons administered)s**

Iem IT 6h Conv 119 (009) 140 (088) 02

my EC 13k Conv 127 (013) 159 (083) 16
rtg 27-31 (087)
1 EC 60d Conv 33 (008) 35 (007 1120

31 (01N rte 2731 (1 36)

g 80:d p 192 (090} 640 (007) 1520
95 (007) 360 (083)
1 [ 23h g 836 (0184 3 1398 (009) V7
669 (006) 1280 (00f)
60° (009) 925 (021)
412 (020 773 (0 8%
337 (018 671 (007,
305 (00 668 (099)
266 (008 630 (008
234 (0 16) 620 (008)
573 (017

IT 1omenc transition

EG clectrsn capture

* mean energics

Com  consersion electron

Data from Dretsas (1969 1970y

Data from Gooupev etcoll 119¢8) The calculattons ar tased on a matimum uptake of 30

a gland mass of 25 g and equivalent rad us of 1 81 cm a b ologsc half I fe of 138 davs and a half
P rod of uptake of 5hours The 1 15 a sumed free of

.

T and other radionuclidic smpur ties

with ® Tem carrelate well with those of late uptake tests and the t o are ol approxunately
equal value for the recognition of hyperthyroidism (Sinuns et coll 1907
tests v ith 99Tem are unig
5pe the,
&

)} Early uptake
que m that duning therapy with anu thyroid drugs of the thuouracl
3 e resubts which reflect the underlying functional state of the thyroid gland as
stinct from the rate of thyrotd hormone production This ts because the
f “Tem reflects principally the sodide trapping function of the thyroid + hl
thiroid drugs affect the later 1odine binding functions A further advantage
th3t s u & makes 1t possible 1o perform an uptake measurement and a thyron
2 1ad ation dose to the patient about 1/1 000 of that fram 13T These tests ar
however for the diagnasis of hypathyrordism

early uptake
st these anty
of ®Tem
d scan 1 uth
€ unswitable
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13 Late uptake tests

The panel noted that 1n contrast to early uptake tests late uptake tests based on mea
surements made 2 hours or more alter adminstration of the tracer have undergone htile
development 1 recent ycars Such tests can be used for the diagnosis of both hypo and
hyperthyroidism but therr main value lies tn the diagnosis of the former condition for
which purpose they cannot he replaced by early uptake tests They find a further applica
tion 1n the d 1on of dosage for radioiodine therapy

14 Sumulation suppression and dischasge tests

The panel noted that these varants of simple uptake tests may be based on eher
carly or late uptake or both § tests can successfully be based
on ?Tem uprake measurements even at low uptake Jevels {GooLpen et coll 1971) How
ever 99Tcn 15 unswitable for discharge tests and only radiowodine should be used for this
purpose

15 Factors influencing the results of thyroid uptake tests

The panel drew atiention to a number of clinical conditions and extraneous factors
which can nfluence and so lead to the misinterpretation of the results of uptake tests
A breef summany of these conditions and factors 1s given below
Cauning increased uptake
Stumul of the hvpothal piturtary feedback mech
after therapy with anuthyroid drugs of the thiouracil type which lead to low Jevels
of errculaning thyraid hormone
after subtotal thyroidectomy or radioiodine therapy
alter recent therapy with glucocorucords
Decrease of extrathyroidal or intrathyroidal sodide pool
1 duning or after low dictary intake of sodine or in other 10dine deficiency states
2 after subtotal thyrordectomy or radioiodine therapy

w N

Causing decreased uptake
Depression of the hypothal pitureary feedback mech
1" during therapy with thyroxine tri jodothyronine or thyroid extracts
2 during prolonged therapy with salicylates phenylbutazone and related drugs at high
dosage
Increase of extrathyroidal or intrathyrordal sodide pool
1 during high dictary mtake of jodine
2 durning therapy with 10dine contaimung drugs
3 after adnumistration of 10dine containing roentgen contrast media
When the measured uptake cxpressed as a percentage of the administered tracer is dif
ficult to interpret determunation of the absolute 1ndine uptake i pgfh may prove helpful
{ALEXANDER et coll 1967 Brcners et coll 1967 1969 Worrr 1909)

2 Early uptake measurement techniques
21 Chowce of radionuchide

The panel noted that since pertechnetatc ts trapped by the thyrod in 2 sinular manner
to jodide but 1s not orgamcally bound the uptake of 9/Tc admnistered in this form
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provides an mdex of the sodide trapping [uncuion of the gland mdependent of its 10dine
binding funcuon (Drcrosst et <oll 1963 Arans & Ricuarns 1968) The uptake 15 pro-
geessnely affected by the return of the radionuchde to the curculation from the thyrod
but a single measurement of uptahe at 20 minutes has been shown to gne a sausfactory
index of trapping (AnDRos et coll 1965 Smivums et coll 1967 De GarreTa et coll 1968
Sinivns et coll 1969) hanetic imvestigations with radiorodine m the form of 1odide can
be used to deternune both 10dine trapping and binding but these require sequential mea
surements cxtending over at least 2 hours the peniod needed 1n order to obtain data which
accurately define the shape of the uptake cunve (RORERTSON et coll 1971) Such mvestiga
tions have so far been camed out with 1311 The 1sotope ! 31 has more smtable physical
charactenstics for the purpose but 1s not yet generally avalable ! T and 331 are less
satisfactory (Gootnes et coll 1968 WEtwan et coll 1971)

22 Choice of measurement techrique

221 The panel noted that the basic problem m early uptake measurements 1s the cor
rection of the data for the effect of extrathyroidal radicactivity which may be of the same
order as that in the thyroid wtself (Hirprres et coll 1967) Such corvecuons are most readily
apphed 1if the uptake 15 measured by means of a moving detector or stationany-detector
mazng desire the ontput of which 13 10 digual form {Suisuss et coll 1967 De Garrera
et coll 1968} As regards moving-detector devices either a single or dual-detector scanner
may be used (Wiuaws et coll 1972) Profile scanming techmiques can also be used to
abtam data which can be analyzed so as to take mto account the extrathyroidal radioactivaty
{Tonme & Gaur 1971) If only an indication of changes in uptake relauve to an earher
salue 1s required as in the follow up of pauents undergoing drug treatment for hyperthy
roidism m whom large changes in uptake reflect the course of treatment simple measure
ments of uptake with a fixed detector such as 1s used n late uptake measurements may be
sufficient (Susstvins et coll 1971) For quanttative #9Tcm measurements the following
techmque (Wittzaus et coll 1972} which makes use of a single-detector scanner can be
expected to yreld sansfactory results

222 ddminutration of tracer An amount of 05—1 mCi of %4Tem m the form of per
techactate 15 admnsstered by antravenous mjecnion The mjecuon should be completed n
Iets than 10 seconds to mummize errors in timne

223 g of njected rad tty The count ponding to the injected
radioactwity may be determimed by measuring with a scaler the counting rate due to the
njected radioactity m the 1nyecuon syminge placed at a known distance from the detector
of the scanner the collimator bemg removed for this measurement Alternatvely  an
2kiquot of the dose solution may be scanned 1n a sutable phantom If the former procedure
1 adopted 1t may be necessary to use a shield or employ other means to ensure thay the
:’:m“r: counting rate 1s not excessne Whichever procedure is adopted care must be

At ertors are not introduced by changes in techmique (ez by using a different

tipe of syrnge) An appropnate calibration factor must be mntroduced 1mto the

caleulations subsequent
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224 Time of measurement of uptake The most surtable time for measurement of uptake
15 20 minutes at which tme uptake will usually have reached 2 mavimum Conditions
are accordingly arranged so that the intenval between the injecton and the mud time of
the scan 1s 20 minutes

225 Measurement of uptake Uptake 1s measured by counting the indivadual dots on
a scan of the thyrord region Any mouvng detector scanner normnally used for thyrod
mmaging and equipped with a dot (apper 1s smable for such measurements The only
operating condttion which normally has to be changed 1s the dot factor which should be
adjusted so that the mndndual dots are clearly visible The detector resolution (full width
at half maximum; should be better than 10 mm in the focal plane of the collimator which
should lie about 25 «m below the skin of the patient The scan area should be not less than
15 emX 15 cm The scanner speed and line spacing should be arranged so that the scan 1s
completed m less than 5 minutes The pulse height analyzer should be set to accept events
within the entire total absorption peak (120—170 keV) It should be noted that these
operating conditions may not be suntable for conventional scanmng so that a further scan
under different conditions may be necessary 1f an 1mage 1s required for diagnostic purposes

226 Correction of data for extrathyrordal radioactiity The scan 1s dwided nto two
or more areas one of which contains the entire thyroid 1mage and the total number of
dots 10 each area 1s counted by means of a stmple hand-operated counter The corrected
dot count due to the thyroid 15 then determmed by subtracting from the dot count in the
area contaiung the thyroid image that in neighbouning arca{s) above or below this area
due allowance being made for the relative sizes of the areas The extrathyroidal area(s)
should be chosen to exclude the region of the submandibular salwary glands and any
other regtons of high radioactnuty Ci for extrath dal rad ity based on
measurements over the thigh or on the use of lead filters should not be used 1n thus tech
nique

227 Calculation of results The determination of uptake requires the expression of the
dot count duc to the thyroid corrected for extrathyroidal radioactinity 1n terms of the count
corresponding to the injected radioactivity Corrections must be applied for the depth of the
thyroid 1 the neck of the patient and for the physical decay of the tracer between the ume
when the mjected radioactnity 1s measured and the time when the scan s performed
Provided that the depth of focus of the collimator 15 adequate 1t 15 not necessary to make
indinidual corrections for varsations i thyroid depth 1t being sufficient to use an average
depth of 25 em for thus purpose The tinte spent over each area within which dots are
<ounted must be known If necessarv corrections for vanation 1 scanmng speed should be
applied Since some dots due to radioactivity mn the thyroid lie far outside the thyrod
image the corrected count will vary shighily with the size of the chosen area contatnmy, the
thyroid image If a calibration cunve relanng the corrected count to the size of thus area 15
prepared a correction may be applied for this effect otherwise relative errors of up to 10
per cent may be mtroduced (Wiriiavs er coll 1972) The percentage uptake is caleulated
from the relationship

U - 100 D (A—RB)
Che—t

where
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U = uptake (per cent injected radioactrvity)

D ot factor

N ot count 1n area contaimng thyreid image

R atio of area contaming thvroid mmage to extrathvroidal area(s)

B ot count 1n extrathyroidal area(s)

o = counting rate due to mnjected radicactivity 1n 1njection synnge

A = ratio of dot count from scan of gnen radtozctivity tn suitable phantom multtplied
by dot factor to counting rate due to same radioactivity 1 injection syringe (calt
bration factor)

—* = comection for radioactive decas between ume of measurcment of njected radio

activty and time of scan

3 Late uptal ement tech

31 Introduction

Techmques for late uptake measurements were the subject of the 1960 recommendatons
which related primanly to measurements of the uptake of 131 with a single fixed detector
24 hours after admimstration of the tracer The panel discussed the conunuing apphicability
of these d and whie that radi des other than 1311 and
techmques for the measurement of uptahe other than those using a single fixed detector are
now also employed in late uptake tests considered that the general principles of the 1960
Tecommendations hold good 1n the situations to which these recommendations are relevant
Though not umersally adopted the recommendations sull seem desirable and useful as 2
means of and @ Lined ‘The panel drew attention
howerer 10 2 number of pomts m the recommendations where there have been changes
maahdity emphasis or applicability

32 Chorce of radionuchde

The panel noted that 131] 15 stifl the most widely used radronuchde for late uptake tests
A tracer dose of up to 10 #Cy of 3311 as speafied 1n the 1960 recommendations 15 still
Propi for uptake on adults but 1s not suitable for children because of
the gh radiation dose to the patient with this radionuchde Oral admumstration of an
aqueaus solution of 31T in the form of sodium 1odide 1s stlt the preferred means of admin
Istration, though capsules contamning 311 may be used With the latter 1t 1s important that
the amount of stable 1odide 1n the capsule and its contents should not exceed | g Because
of us shorter half hife and other physical ch 13] can be m com
Patable amounts with much lower radiation do ¢ to the patient and whilt this radio
nuclide 15 not yet generally available 1t could be used with considerable advantage 1n late
Uptake tests {GooLnEn et coll 1968 WeLLMAN et coll 1969 1971) The radiation dose to the
Patieat with 13 1 45 also much less than v ath 1311 but the short half hife of 13 I contra
:l:dlc;ues its use for uptake measurements later than 6 hours after admunstration (GooLpes
m“r‘:ll 1968) “loreover the high energies of 1is gamma photons necessitate the use of
crsome detectors with heavy collumators The 1sotope 1 1 1s not in widespread use for
UPtake measurements largely because of the low energies of its roentgen and gamma photons
ey ‘U:ll‘: lr;‘coll 1968) The mean radiation dose to the patent with ' I 1s also lower than
(Frrosn, T but 1ts biologic effects may be disproportionate 1o the actual absorbed dose
EGEN et coll 1971 Feice et coll 1971 Lewitis et coll 1971)
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33 Choice of measurement techmaque use of single fixed detector

331 The panel noted that the use of a single fixed detector as spectfied in the 1960
recommendations remans the most widely used techmque for late uptake measurements

332 The panel noted that the 1960 recommendations allowed the use of a scnullation
counter or a Geiger Muller counter as the detector and did not msist on the use of an energy
selective counting techmque Since these recommendations were written there has been a
widespread mcrease 1n the use of scntillation counter systems ncerporating facilires for
energy selectne counting for uptake measurements In photo peak or total absorpuion peak
counting the role of the neck phantom in | d, in the
neck of the pattens 15 less significant and the configurauon of the phantom 1s less critical
The 15 em X 15 cm phantom speaified 10 the 1960 recommendations and the 127 emX 127
cm phantom specified by the Oak Rudge Institute of Nuclear Studres {Batcer 199) may
then be equally acceptable Indeed under these conditions a neck phantom 1s not necessary
at all as long as an approprniate factor 15 used to correct the data for attenuation of prunary
gamma photons in the nech hssues

333 The panel noted that the 1n the 1960 r d. that the volume
of the standard should be comparable 1o the volume of an aserage szed thyrord gland (30
ml) had met with entticism paruscularly 1n countries where capsules were in widespread use
There appears to be no unnersally acceptable configuration for the standard Prosded that
an energy selectne counting technique 15 employed moderate changes 1n its size or shape do
not stgmficantly affect the accuracy of measurement A standard in the form of a capsule
majy then be quite acceptable There 1s a need however for special procedures for measure
ments on chuldren For such purposes the use of a smaller standard in an adult neck phantom
15 not sausfactory

334 The panel considered that the mummum detector crystal size {25 cmX25 cm) and
the collimator charactenistics specified 1 the 1960 rec d are still approp
Collimators designed to meet these specifications with 33!] cannot however be expected to
have a corresponding fi with rad, hdes emtting photons of higher energy
{eg 12 1)

335 The panel noted that whilst the lower sensitnnsty of the Ceiger Muller counter
makes 1t unsuitable for soutine uptake measurements 1t 15 sl useful for measurements on
patients undergomg radioiodine therapy

336 The panel recogmized that correction of the measured uptake for the contribution
from extrathyroidal radioactivity 1s necessary in uptake measurements at 2 hours but
becomes progressively less important with the passage of time and may be unnecessar at 24
hours Two methods for estimating this contnibution are n current use measurcment of thigh
radioactnaty as described 10 the 19h0 4 and of nech radio
actinity with a lead block (B filter) covening the thyraid as specified by the Oak Radge
Insutute for Nuclear Studies (Brtcer 1959) Both have been found sausfactory pm\ldtd
enesgy-selectine countng techmiques are employed (Gowez Cresro & VerTer 1966)

34 Other measurement techniques

341 The panel recognized that since the 1960 recommendations were drawn up several
other acceptable but hat more el: h for late uptake hasve
been dexeloped However these techniques require equipment which may only be asatlable
in certam centres and they are onlv recommended for use 1n special mvestigations
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347 High sensitiety techmgues The panel recogmzed that it 1s most desirable to Limit
1he radiation dose to the patient 1n tests on children and pregnant women This may be
achieved by the use of high sensitivity measurement techmques involving the use of large
scuntiilanon counters placed close to the neck i a favourable geometric relationship with
the thyyoid {WeLrway et coll 1967 Scmirrz & Roiro 1970) A further gam n sensinuty
15 acliesed 1f the measurements are carried out inside a whole body counter shield (Latrer
& Erstasuo 1963) By these means the amount of tracer to be admunistered may be reduced
by 2 factor of 1000 The same techmiques may be apphed n the measurement of small
amounts of radioodine 1 zc Ly or exposed indnaduals Hos ever the
sensitinty of the detector system used 1s dependent on the depth of the thyroid i the nech
and a correction for depth must be made to each indinidual measurement One method
devised for making such corrections mnvolves measuring the counting rate  sth the detector
system at two cfferent distances from the body surface (Scurrz & Rotro 1970} Arnother
involves measunng m two different regtons of the photon spectrum (Weisas et coll 1967
Esprnasse et coll 1969)

343 Santgraphic techmques Teck logous to those described for early uptake
measurements using 3 mosing-detector of statonary detector device the output of which
1510 digital form may be used for late uptake measurements (Hitorren ct coll 1967 Tauxe
1969) With such these tech offer the ad that 1t 15 usually
possible 1o obtain a satisfactory image concomutantly with the uptake measurement

344 Profile scanning and whole body counting techmques Profile scanming and whole
body counting tech also find m late uptake mn partcular
1 pavents with thyraid carcinoma in whom uptale may occur it mctaseases remote from
the thyroid regon (Tormite & Garr 1971)

A hmited number of sets of the worling papers considered by the panel are available on
Tequest from the Medical Applications Section International Atermic Energy Agency P O
Box290 A 1011 Vienna Austnia

SUMMARY

This report was drawn up by a panel of twelve experts comvened by the Internatronal
Atomuc Energy Agencey in May 1971 to revies the status of tests of thyroid function based on
measurements of the uptake of a radioactive tracer by the gland (thyroid uptake tests) The
“epart updates and where necessary amends the recommendations of 2 group of consultants
convened by the Agenev in 1960 to draw up 2 dardized dure for thyrotd radrorod,
uptake measurements A distmction 1s made between early uptake tests based on measure
fments made up to 30 minutes after admimistration of the tracer which reflect primauly the
:::;n: ;rﬂhppmg functton of the thyroid gland and late uptake tests based on measurements
function !;urs or more after us admimstration which reflect primanly the 10dine binding
detntog of the gland The usefulness of tests of each type 1s assessed their Teguirements are
nique ml;zmcularly as regards choice of radionuchde and choice of measurement tech
Iead o e consideration 1s gien to chnical conditions and extraneous factors which can

musinterpretation of the results obtatned
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ZUSAMMENFASSUNG

Dieser Bericht wurde von einer Gruppe son zwolf Experten verfasst die auf Emladung
der Internationalen \tomenergie Organsation 1m Mar 1971 den derzestigen Stand der fur
die Schildd, funktion verwendeten und auf der Mcssung der Speicherung von radiwo
aktiven Indikatoren m der Druse (Schild test) beruhenden Tests ub f
Der Bericht erganzt und revidtert die Emp[chlungen die eine von der IAEO im ]ahrc 1960
cmnberufene Expertengruppe zur Festlegung eines Standardverfahrens zur Messung radio
akuver Schuldd; herung b hatte Es wird unterschieden zwischen imtialen
Aufnahmetests welche auf Vessungen beruhen die mnerhalb 30 Minuten nach Verab
reschung des Indihators durchgefuhrt werden und hauptsachlich die Jodidspercherfunktion
der Schildd wiedergeben und §; fnah welche auf Mescungen beruhen die
zwer oder mehr Stunden nach \’crabmchung erfolgen und hauptsachlich die Jodbindungs
Iunkuon der Druse wiedergeben Die Zweckmassigkert der beiden Tests wird diskutiert ihre

1m Detail fuhrt ¢ ders was die Wahl der Radionuklide und der
Messtechnik betnfit Klimische Bedingungen und aussere Faktoren die zu emer moghchen
Fehlinterpretation der Ergebrusse fuhren konnen werden behandelt

RESUME

Le present rapport a ete redige par un groupe de douze experts qui s est reunn en mae 1971
sous les auspices de | Agence mternationale de ]energie atormque pour etudier 1etat des
connaissances touchant les examens de la fonction thyroidtenne fondes sur la mesure de la
fixatton d un radionuclerde par la glande (tests de fixaton thyrosdienne) Le rapport met
a jour en le duf; parfois les d: dun groupe de consultants qu vt
cte orgamise par 1 Agence en 1960 afin d elaborer une methode normalisee de mesure de la
fixanon du radiorode par la thyrode 11 etablit une distinction entre les tests de frcation
precoces fondes sur des mesures effectuees Jusqua 30 munutes apres adnunistrauon de

i € 11 3 la cap de Liodure par Iz thyroide et
fes tests de frcanion tardifs fondes sur des mesures effectuees 2 heures ou plus apres admi
de 1imnd qu d 11 a la fuatton de liode par la

glande Le rapport analyse linteret dc ces sortes de tests precise les criteres auxquels als
don ent sanisfaire notamment le chorx du radionuclerde et celut de la methode de mesure et
wndique les conditrons cltmques et les facteurs etrangers qui peusent mener a une ster
pretation erronee des resultats obtenus
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INFLUENCE OF IONIZING RADIATION ON CILIARY
CELL ACTIVITY IN THE RESPIRATORY TRACT

by

KN Fupwara C H Haranssovand N G Toremarym

Treatment of malignancy of the mucous membrane of the arr passages with
omzing radiation 1s beconung mcreasingly more common This 1s espectally true
of mantle nradiation for Hodghins dicease and bronchial carcinoma which
despite 1mproved dragnostic possibihues s still often discovered at such a late
stage m its development that radical surgery 1s impossible Treatment of such
<ases by yrradiation has been used 1n spite of the poor prognoss (DEELEY et coll
1968) and undesirable side effects (Fernuorz & MurrLer 1969) including
fibrosis of the snterstitral ussue (DegrEy 1967 Horstr & VuoriNew 1967) and
decreased pulmonary arr entry (JENNINGS & ARDEN 1961 Brapt et coll 1965
Bousny et coll 1970) as well as atrophic bronchitis Femporary or permanent
changes i the coating of the mucous membrane affect the production of secre
tion and cibrary function (Ruckes & HoLisTem 1968)

be purpose of the present s estigation was expenmentally to test mn vitro
the effects of 1omzing radiation on the function of the tracheal mucous mem
beane This fyrst report will deal with the vanations that anse m the beat fre
q“““?\yofthc cthae as the dosage of wradiation 15 ncreased The effects of

. From the Department of Radiavon Therapy Unnersity Hosptal Lund and the De

rmmgm of Otorhinolaryngology Malmo Allmanna Sjukhus Malmo Sweden Submutted
¢ publication 29 November 1971
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DC ] ght sourc
*heatflt

Fig I Diagram of the recording set up

tonizing radiation on secretion will 1 due course alvo be imestigated and, if
possible the ntracellular reaction to irradation exammed by electronmicro
scopic methods

ethods and Matenals The trachea of the rabbit was used for the entire test
sertes Rabbits 35 to 5 kg in weight, were killed by the intrasvenous 1njection of
mebumal sodium (6 €2) and a 5 cm prece of the trachea was prepared and
suspended 1n an expenimental chamber (Fig 1) Five ammals were used for
cach of the control and irradiation expenments 20 antmals in all

An automatic device for the immediate counting of the cihary frequency has
previously been descnbed (Hananssov & ToremaLy 1965) A system of
clectronic magmification enabled a large region of reflexes to be viewed This
also afforded the possibility of continuously followmg the frequency of the
beating cihae mmmediately recorded by an ik wnter and a tape recorder for
later analysis

The actual expenmental set up appears 1n Fig 1 and 1s a further deyelopment
of the recordmg device of sample and hold circuits described by Hakansson &
ToreMaLy (1971) Heat filtered DC light was directed towards the ciliated
tracheal surface (the trachea beng opened 1n the pars membranacea), and its
reflection from the cihary activity recorded by a microscope and a TV momitor
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A hght wire was mounted above a pomnt on the momtor where focussing on the
surface reflexes was possible the vamations i light intensity were registered with
a phototube that further conducted the signals to an mtegration umt Clear
«gnals were obtained by the screeming of those above 23 Hz which lie out ide
the range of cihary frequencies by means of an electrode filter (hrohn Hite
type 3350) The wignals were then fed into a mingograph (Elema Schonander
\Mingograf 34 No 140) which has both a direct wntng and amphiier output
One channel was used for direct reachng of the frequency the outputs of this
channel bemng fed mto the data collector Medicord Lyrec, Denmark) where
they were again removed and conducted back to the Mimngograf output with a
guen time delay and with greater amplification of the osallations The amph
fication proved surtable for companson with the direct registraton  The signals
were conducted back further to the data collector from the amplifier of this
latter channel and then to an amphfier with an oscilloscope for cheching the

phtude (DISA DC-Amplifier 51B01) and to an electrome caleulator + Hew-
lett Packard 5233L) The final stage was to a Facit punch tape for automanc
frequency analysis on a data machme A digttal analogue converter (Hewlett
Packard 580A) and an mhk writer which 15 necessary for making adjustments
may also be included 1n the system for cheching purposes A comverting umt was
connected to the system between the frequency counter and the punch tape
(omutted however from Fig 1)

The expeniments were performed at a temperature of 30° C The humdity
was hept as near 100 per cent as possible to aveid drying out of the mucous
membrane The temperature was cheched at the mlet of the humid air 1nto the
chamber inside the trachea and at the air outlet the humidin was controlled
by means of 2 psvhrometer (Ellab Copenhagen type B19)

The trachea specimen was uradiated by means of 2 Philips contact therapy
apparatus Factors 50kV 2mA FSD 40 mm dose rate 34 6 rad/s

The direct manual analysis was carned out as follows The frequency and the
‘2natons in frequency (cf Hanaxssos & Toremary 1971) were counted each
second for a period of one rmnute at fne minute mtenals during the entire
€xpeniment which lasted two to three hours the mean value of these countings
bemng given as the mean value of the frequency for each five minute pertod The
mean values for each fifteen mnute penod together with the standard desiation
Were conaidered best suited for accompanying the 1llustrations now presented

Results
‘hConlml expertments In vitro expenments are always subjected to a decav of
Tl: physiologic functions startng at the time of depreviation of the blood supply

¢ wtracellular oxygen 1s consumed withm seconds but for a long penod the
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Fig 2 Cilian beat {requency dunng con Fig 3 Effect on beat frequency of 500 rad
stant esternal conditions  Control expen
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cihae surrounded by mucus and moistened air are beaung and the underlying
smooth muscles change their tone It 1s therefore necessary to follow the physto-
logic actnty after preparation m order to determine the suitable duration of an
expermment

The mean values of the cihated cell frequency during three and a half hours
together with the standard deviations are presented m Fig 2, the frequency 15
between 563 and 598 beats per minute The frequency usually changes con
tnuously (Fupiwara et coll 1972) The constancy however, as a whole of the
beating ability 15 proof that frequency may be used as an objective and rehable
measure for at least 3 hours The duration of the expenments was therefore
himited to this ume

Irradiation experrments The frequency was measured 15 to 30 mnutes be
fore wrradiation to ensure a steady state being gamned

Irradiation with 500 rad The beat frequency per mmute before wrradiation m
this group was 525 + 41 SD (ME 100 * 3 ¢;) (Fig 3) Irradiation with 500
rad caused the frequency to decrease gradually and fall to a low value of 472 =
44 por second (ME 90 % 6 ) at 45 munutes It then began to recoser and
returned to normal at 105 minutes The slopes of the mnal decrease and 1n
crease of beat frequency were — 0 5 and — 0 38 respectively

Irradiation with 3 000 rad The beat frequency 1n this group before 1rradiation
was 539 = 29 (ME 100 £ 4 ¢) (Fig 4) After the exposure of the trachea a
decrease m the frequency was immediately obsenved the slope being — 25 The
lowest value was obtained at 60 munutes (427 + 31) (ME 77 £ 6 %), after
which 1t recovered until compl wasob d at 135 minutes
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Fig 4 Effect on beat frequency of 3000 Fie 5 Effect on beat frequency of 7000
rad rad

The slopes of increase were calculated to + 04 The decrease in beat
frequency was more rapid and the total depression effect was hgher than that
of the group rradiated with 500 rad Recovery was achieved at a Jater ume

Irradiation with 7 000 rad The beat frequency before the wradianon was
486 & 58 per minute (ME 100 = 4 S¢) (Fig 5) It reached 2 mintmum value
of about 359 57 per munute (ME 74 * 6 ) at 45 munutes after irradiation
and then held almost constant values of 350 £ 53 (ME 72 + 6 %) 10 358 &
4 (ME74 £ 5 %) per munute no recovery was observed at 3 hours

Arapid decrease 1 the beat freg was obtained diately after irradia
ton the slope of decrease 1 this group being almost the same as for the one 1r
radiated with 3 000 rad (— 2 5)

Discussion

A temporary reduction 1n the cihary beat frequency 1n a tissue culture of the
trachea of an ox after roentgen irradiation with 10 HED, corresponding to 3 000
to 4500 rad was reported by Umepa (1927) The beat frequency reached the
nttial salue after one hour and conunued for at least 8 days Hene (1936)
performed 10 vitro expenments with roentgen 1rradiation of the trachea of the
tabbit He stated “11 200 rad was required before any gross effect upon the
yab"") of the ailiated epithelum could be noticed  The author concluded

“thated epithelium will stand an enormous amount of intense roentgen ray ex-
Posure with a maximum of viabality

The precent results pomt at an immedate response with a reversihility to the

hal value withm one hour and a half for up to 3000 rad absorbed dose
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ZUSAMMENFASSUNG

Der Effeht von Rontgenbestrahlung auf die ciliare Bewegungsirequenz der Trachea des
hamnchens wurde 1a utro mut emer Lichtreflex Methode untersucht Rlemne Dosen ver

b ledighch vorubergehende ¥ d gen der Schlagh der Cilten wahrend
mit grossen Dosen die Bewegungen vollstandig und zum Stll ] gebracht
wurden

RESUME

Les auteurs ont ctudie les effets de 1irradiation par les rayons roentgen sur la frequence
des mouvements aihares de la trachée de Japin 1n vuro par une methode detude des
reflexes a la lumiere Les petites doses ne prodi que des 1 dans
la frequence des battements des cls mais avec les fortes doses les mou\(mcms sont
completement et defirutin ement arretes

REFERENCES
Botsuy S F Hrrcason A H and Nort L. B The effect of radiation on the lung and
bronchal tree Amer J R 1 108 (1970) 28%

Brapy L W Germov P A and Cavper L. The effects of radiation therapy on pulmonary
function mn carcinoma of the lung Radiology 85 (1965) 130

Deerey T ] The of of the bronchus Bt J Radiol 40 (1967) 801

— and Rice EpwasosJ M Radioth n the of cerebral secondaries from
bronchial carcnoma Lances 1968 1 p 1209

Fernnorz H J und Murter G und hompt der Telekobalttt
beim Bronchualk b 137 (1969) 381

Fumara b HAxansson C H and Toremarm N G Studies on the physiology of the
trachea VI Interaction between ciliary beat fi and of
Ann Otol 81 (1972) 212

Gorpuaser G and Back A Studies on radiosensitivaty of amimal cell 1 vitro II' Radio

of lar and ciliary Proc Soc exp Biol (N Y )48 (1941), 150

HAkansson C H and Toremars N G Studses on the physiology of the trachea I Ciliary
actity mdirectly recorded by anew light beam reflex method Ann Otol 74 (1965) 95¢

— — Caliary actraty recorded by TV momtor and phototube Acta oto laryng 71 (1971}
508

Here L H  The effect of radhation upon cihated eprthehum Ann Otol 45 (1936) 60

Hensaw P S Pecuhiar growth lestons m frogs induced by srradiation of sperm cells with
N rays J nat Cancer Inst 3 (1943) 409

Hotstt L B and V LORL\"EN P Radsation reaction in lung after continuous and split-course
m 1t f b hial Brt J Radno] 40 (1967) 280

mems F L and Arpex A r: 1 of Arch
Path. 71 (1961} 437

Qa1 D Studies on the cellular effects by radiations I Effects on the cilia movements of § ray
irradiation of human and rabbit epithelial cells in vitro Nippon Acta radiol 19 (1959) 135

Rajewsks M F  Invitro studies of cell proliferation in tumours Europ J Cancer 1 (1965)
281

Rl,cxzs J und Houstaiv H \Iomhologlsche Befundc an Trachea und Bronchien nach

hi von B pie 136 (1968) 515

Usgpa T The action of hight X ray and radium on the movement of ciliated epithelum

(a study 1 uissue culture method) Acta derm (Ryoto) 10 (1927) 603

Ll Y




FROM THE DEPARTMENTS OF RADIATION THERAPY (DIRECTDR PROF M LIND-
GREA) PATHOLOGY {DIRECTOR PROF C G AHLSTROM ) AND RADIATION PHNSICS
(DIRECTOR PROF E.LIDEN), THE UMVERSITY HOSPITAL LUND SWEDEM

RADIATION SFNSITIVITY OF TISSUFS IRRADIATED
DURING MANTLE TREATMENT OF HODGKIN § DISEASE

by

T Lanxpeere L Barpetorr L. G LvpeERG and GUDRCN Stam TapPEr

Mantle treatment has been widelv used mn recent sears for extended field

d of supradiaph Hodgkins dueae It 1s hoped that this tech
mgue will produce better results than the mvolved field technique The value of
such improvement may however po sibly be reduced by an increased frequency
and seventy of late adverse effects of radiation since the mantle field usually
mcludes much more tissue thag the mnvols ed field treatment

Lavnsere et colt (1971) in 2 prehmunary report reviewed the hterature and
descibed <ome of the wide cffects of mantle treatment The <equelae that have
attracted mo<t interest are those due to rradiation of the lung tsue the hear
and pericardium  the nervous system and the bone marrow and to <ome extent
the mucous membranes the thyroid and connectrve tissue

This paper reports autopsy findings 1n different organs within the wrmdiated
volume 1 two cases that had recerved mantle treatment with 2 plit-course

techmque for Hodghin s disease It abo reviews the radiaton sensitivity of <ome
of these tissues
—_—
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NI
Fig 1 Climcal location of Hodakin s N
disease 1 Case | (left) and Case 2 8_7‘(9"‘
(night) at the beginmng of mantle \ A /
treatment

Vaterial and Methods A total of 38 patients recened mantle treatment for
Hodghin's disease during the period February 1967 to August 1970 m 32 of
these the condition was local whereas 1n 6 patsents the lesions were widespread
The treatments were given according to the principles descnbed by Svamy
Tarper & Lanopere (1971) Radmation doses are expressed as absorbed dose
(rad) with cobalt 60 For 170 kV roentgen rays (HVL 10 mm Cu) the
absorbed dose 1s calculated with RBE for cobalt 60 =085

Five of the 38 patients had died by August 1970 This report 1s based on 2 of
these patients 1n whom autopsy was performed

Case reports

Case I Female aged 20 years who had been operated upon four years carher for a
wmour of the night lung this was radically excised and proved to be a fibroxanthoma the
present senes of cxammanon was undertahen as she had become aware of lumps on the
night side of the neck Biopsy of a node revealed Hodgkin s disease type muxed cellulanty
Rocntgenography of the chest with tomography of the mediasinum seven months later
apart from postoperative pleural changes revealed nothing abnormal Roentgenography of
the skeleton lymphograpliy and phlebography of the mferior vena cava were negaune The
bone marrow of the manubrium stermi was normal Scintigraphy of the lwver and spleen
revealed no changes Blood values were normal Clintcally the disease at that time was
confined to the lymph nodes on the night s1de of the neck (Fig 1)

Radiaton treatment was given for about three months with the mantle techmque with
®Co m 1wo senies However for techmeal reasons part of the absorbed dose to the right
side of the neck was admunistered with 170XV roentgen rays Two thids of the total
absorbed dose was delivered 1n the first series and the mtenal bety cen the two series was
33 davs One of the two ficlds was irradiated at each fraction The vanation 1n the absorbed
dose 1o the target was smoothed out at the end of the treatment by successive reduction 1
the field sizes thus dose to the target being 3 800 to 4 600 rad in 23 to 32 fractons over 37 to
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— - e 24

Ty 2 Case ! Se en months after the beginming of mantle treatment the pateat had siens
of radiation New h changes d 1y within the

lung ussue Hila retraceed up ard and trachea displaced to mght Pleural reacuon around
apex of syght hung and shght pleural changes of left lung ventro-basally

77 days The absorbed dose 1a the spmal cord was 3700 to 4300 rad and shiclded lunz
1 sue recenved an absarbed dose of 400 to 700 rad

Seven months after the begining of mantle treatment the patient had signs of radiation

confirmed by by of the chest (Fig 2) there was also evidence

of pleural thickening on the mght side upward retraction of the pulmonary hilum and
displacement of the trachea to the nght The panent was given steroids and broad
Spectrum antthiofics Roentgen exammunation a month later revcaled no change n the para
medsastinal lung fibrosis or the shrinkage 1n the supenor medastinum The radiatton pneu
mMotutis ran a protracted climcal course but six months later the pattent no longer had
¥ y had no¢ beer perfe d diatels before the mantle treatmyent
but eght months later revealed moderately decreased maximal soluntarn ventilation
suggesting restrictive changes Apart from evidence of radiation oesophagitis for the first
three months after the treatmene swallos g+ as no longer difficult

About a year later the d of the pauent d and she developed recurrent
feser and anemia 1mvolvement of the 1 er and spleen was discovered and there was tachy
cardia tlectrocardiography revealed 2 R S raua exceedtng 10 i lead Vy < hich mighe
haye denoted night ventricular hypertrophy The blood pressure was 120/70 mm Hg no
hnical signs of pencarditis. Treatment s 1th Vinblastine v as started three months alter this
but had 1o be stopped before completion because of pancytopenta Chest fikms (Fie 3} then
disclosed moderate shrnkage of the upper parts of the lungs 1 ith upward retracuon of the
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Lig 3 Case ! Lighteen months after begmning of mantle treatment Treatment for ?
months with \ mblastine Much paramediastinal pulmonary Librosis and sncreasing contrac
tion 10 the upper part ¢f the mediastinum with marked upward retractron of the Hila and
displac ment f the trachea to the night Apical changes compared with Iig 2 unaltered

hila The marked pleural reaction around both apices persisted The pattent had no signs of
adhersc radrauen effects on the central nenvous system or the perpheral nerves She recened
blood transf and with Ps was started after a few weeks sterords
were also gnen Her condition however deteriorated rapidly and she died 19 months after
the beginning of the mantle treatment

Lesions of Hodgkins discase were prescnt n the Jung tissue lLiver spleen and lymph
nodes 11 various regions at autopsy They were also evident in the bone marrow [ ercarditis
and pleurius were obsenved and the stomach contamed blood from multiple small ulcera
tions in the lower part of the oesophagus

Case 2 Male aged 27 years with four months history of ereasing cough Buopsy of an
enlarged lymph node i the left supraclavicular fossa revealed Hodgkms disease type
lymphocytic depletson {reticular form) and roentgenography {Fig 4) disclosed a diffusely
outhned tumour 10 cm in diameter 1n the left of the supertar mediastinum Small paren
chymatous changes with atelectasis were present in the adjacent parts of the left upper
lobe The trachea was displaced somewhat to the right No other abnormality was noted in
the lung Besides the lymphomas in the left supraclavicular fossa similar masses Jay at the
night side of the neck The bone marrow of the manubrium sterm was normal Scntgraphy
of the lver demonstrated slght enlargement of the hiver which extended 6 em caudally to
the costal margn 1n the mid clavicular hne the hepauc uptake was uneven Scintrcraphy
of the spleen indicated nothung abnormal and roentgenography of the skeleton lympho
graphy and inferior casography revealed no changes The discase (Fig 1) was thus confincd
to Iymph podes on both sides of the neck and the mediastinum and perhaps also to the
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Fig 4 Case 2 hy at b of mantle

Mass 1n left of supenor
5 caustng shight dusp of the trachex 1o the nght Parenchymatous changes
vith small atelecases 1 the tumour adjacent lung mamly in the upper lobe of left lung
e 1 maning lung and pleura are normal

hver parenchyma climically however the hepatic involvement was uncertair and was
therefore not dered to d) mantle

This treatment was given for two months with *°Co n two series Two thixds of the total
absorbed dose was delivered 1n the first series and the interval between the two seres was
33 diys Both fields were irrachated at each fraction a beam flattening filter and an indy
vidual contour compensating filter of copper was used The total absorbed dose in the target
was 3900 to 4 300 rad gnen 1n 22 to 24 fractions over bl to 63 days The absorbed dose in
the spinal cord was 3 900 to 4 300 rad and the shielded lung tssue recened 400 to 700 rad

Roenteen exammation a few weeks later disclosed 1radiauon effects medually n both
upper lobes {Fig 5) The patieat gradually felt better but two months later developed
pruntus and feser Roentgenography now revealed pleural effusion on the left side (Fig 6)
There were stll signs of radiation reactions paramediastinally on the two sides only parts
of the Jeft lung were acrated Further santigraphy of the liver indicated dehimite and more
marked changes than before the begianiag of treatment Apart from a low hemoglobm
value the blood values were normal The pleural effusion was treated by pleuracentesss and
treatment with Vinblastine was started after a few weeks Because ol super ening
teucopenra the chemotherapy had to be modified and sometimes mterrupted The patient
felt better for a while but six months later had many superficial lymphomas He then
develaped puralent bronchatis with the left side of the thorax almost totally filled with
flud and pracucally no air i the left lung A small pleural effusion was present on the
nght side and the nght dome of the diaphragm «as elesated by the enlarged hver The

Paticnt was admutted to hosputal m poor condition and died 14 months after the begmning
of the mantle treatment
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Fig 5 Cae ? Three weeks after conclusion of treatment Patient symptom free Regression
of the turtour i the superior med \ew parenchymatous changes at apes of left
lung Both sides display further small apical pleural reactions Some contrast medwm iR
1l racic | mph nedes afier | mphangiography perfr rmed 3 months presously

= v

Fi. € Case 2 Seven months after beginnng of mantle treatment T1e disea e was chinically
!:enerzl Exammnation revealed a left pleural effusion and atelectays at base of left lunZ

< changes but perustent cf anges suggesng
pitmonary fibrosis Further regression of tumour 1n suf erior medsastinum
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Fig 7 Anatormc stes from which autop v tpecy
mens were chtamed 1—lung tissue from base of
night los er lobe 2—lung tissue from apex of neht
uper lohe 3—lung tisue from peht hilar region
4—raches d>—oesophagus 6—msocardem  7—
sentral part of percardium 8—thyroid  9—paca
tharoid (only Case ?) 10- cerebetlum 11—spinal
cord (remon Cb) 12—spinal cord (remion Th7}

13—nicht plexus cenvico-brachiahis 14—bone mar
row from vertebra Th7 13—bone marror from
manubrum stermt 16—shin and ubcutaneous us

sue from suprasterna) region 17—musculy ster

neoclerdomastoidens

Autopsy confirmed Hodshms discase in among other tissues the mediastnum  pern
cardum myorardium both Jung- and the left pleara as well as in the diaphragm the
left lobe of the Iner the kidneys and the lymph nodes of several regions Apart from
sass the spieen appeared normal

Autopsy findings

Specimens were obtained for microscopic examination from eventeen different
sttes within the wrradiated volume that had not been chmcally mvoled by
Hodghin s disease at the time of the mantle treatment ! Fig 7)

WMicroscopy revealed cxtensve growth of malignant tssue m the visceral and
parietal iningy of the pleural cavity mamls on the left stde and m lymph nodes
in the mediastinum and hilar regrons as well as i the axllae and supraclavienlar
regions in both cases and 1n Case 2 1n the penicardium as well Several areas of
tumour tyssue necross and large tumour cells of the Mind noted after irradiation
therapy were Ppresent m most sites however wital wmour tissue that mught have
m\ad‘tld the area after conclusion of the radiation treatment could be demon
strate

. ihc histology at the dufferent sites indscated m Fig 7 are summanzed m the
able

Obvious changes attnbuted mamly to radiation therapy were present at the
pex of the nght upper lobe hilar region and in the lymph nodes around the
nght cerico hrachial plexus (2 3 and 13 Fig 7) Marked fibrosis and tele
angiectatic capillary vessels occastonally with minor thrombosis and prohferation
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Table

Surces of hustologic findings 1 aulapsy specimens

Histologic changes  Site No Tissue Absorbed dase (rad) /
(Fig 7) number of fractions |
number of days

Marked and manly 7 Lung from apex of upper lobe 4000 --4400/22 —25/61—68
atnbutable to raa 3 Lung from hilar region
tion 13 Tissue around cervico brachial
plexus

Obyvious but mamlh 7 Pencardium 3700 —4400/23 —32/34—~77
attributable ¢ 10 Cerebellum
factors other than 1 Cervical spinal cord
radiation 12 Thoracic spmal cord

17 Sternocleidomastoid muscle
Stght and mamh 14 Bone marrow from Th 7 4000 —4300/24 —2/63 ~68
atiributable to Is Bone marrow from sternum
radiation
No changes attry 4 Trachea 3700 —4300/23 —28/3° =77
butable 1o 5 Oesophagus
radiation 6 \vocardium

8 Thyroid

9 Parathyroid

16 Skin and subcutaneaus tissue
from suprasternal region
1 Lung from base of lower lobe  about 400/24—28/63—71

of the endothelial cells Imning the vessels were evident at these sites Much
necrosis was noted as well as scarnng, which occasionally resembled the nodular
sclerous type of Hodghins disease 1n areas with tumour growth The absorbed
dose 1n these regions had been 4 100 to 4 400 rad n 25 fractions over 68 days 1
Case 1 and 4000 to 4 300 rad in 22 to 24 fractions over 61 to 63 days 1n
Case 2
The morphologic examination revealed changes i the pericardium  cerebel

lum spmal cord and musculus sternoclerdomastordeus (7, 10, 11, 12 and 17,
Fig 7) that must be ascrnibed mainly to direct effect of the malignant tissue
growth or sccondary effects such as interference with the vascular supply or
dramage from a particular area Thus muld general oedema of the nervous tissue
of the spinal cord may most lihely be explamed by the extensne malignant
growthn the thoracic cavity on the left side 1in both cases, shile a shght reduction
m the number of the Purkinge cells in the cerebellum was probably due to termt
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nal anovic changes The absorbed dose 1n these five areas had been 3 700 to 4 400
rad 10 23 to 32 fractions over 34 to 77 days w Case 1 and 4 000 to 4 200 rad
24 fractions over 63 days in Case 2

The bone marrow (14 and 12 Fig 7) from the manubnum sternt, but not
from the 7th thoracic vertebra showed decreased cellulanty m Case 2 although
the ratios between the dafferent cell senes scemed to be preserved Mo sigmificant
depression was observed 1n Case 1 The absorbed dose i areas 14 and 15 (Fig
7) was 4000 to 4 300 rad 1n 25 fractions over 68 days i Case 1 and + 200 to
4300 rad 1n 24 fractions over 63 days m Case 2

Mo abnormal findings attnbutable to the uradiation were noted 1n the trachea
oesophagus, myocardum thyroid parathyroid or the shin with the subcutaneous
nssue {4 5,6 8,9 and 16 Fig 7) It 1s remarhable that the ciliated cells of the
trache1 seemed to be well pre ened 1n both cases The absorbed dose m these
areas was 3 700 to 300 rad in 23 to 28 fractions over 32 to 71 days in Case 1
and 4 000 to 4 300 rad m 24 fractions over 63 days in Case 2 The dose reported
here for the trachea was read from the dose plan and thus does not mclude a
slight correction for gas volume 1n the trachea

The basal parts of the night lower lobe (1 Fig 7) appeared normal This area
had recened an abcorbed dose of about 400 rad m 28 fractions over 71 davs m
Case | and about $00 rad m 24 fracuous over 63 daysn Case 2

The radiation effects on cimically unaffected ussues were thus microscopically
most obvious m the lung tissue at the hilar region the apex of the upper lobe and
the supraclavicular region Some tissues presented changes that mught have been
due at least partly, to radiation effects whereas no signs of such effects could be
demonstrated microscopically m other ussues Death was due chimcally and
pathologically to advanced Hodghin s disea € 1n bath cases and not to radiaton

Discussion

Both patients had recerved chemotherapy, and the discase was far advanced at
the ume of death These two factors mught have contnbuted to some of the
mictoscopy findings reported

In the radiation therapy of Hodgkin s disease many radiation therapy centres
giv¢ an absorbed dose of 4 000 rad to the target over 4 weeks with five fractions
aweek Kapran (1966) reported that at this dose level the {requency of local
fecurrence per field treated was about 5 per cent
. According to T Lus (1969) the normal connective tssue tolerance to wrracha

ion (the Nominal Standard Dose) may be calculated for different fracuonation
schedules from the equation

e
M6 4t Rd Ty TH pyphy B gyl I 11(1872)
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NSD =D N®‘*Xxt°"

NSD = Nominal Standard Dose (ret)
D = Total absorbed dose (rad)

N = Number of fractions

t = Elapsed time (days)

WiNsTON et coll (1971) stated that at Oxford the NSD for connectise tissue
15 1800 ret for cobalt 60 The authors further considered this figure to be valhd
for connective tissue apart from that of bone and bramn throughout the body

It was planned m the present matenial to deliver 4 000 rad to the target in
24 fractions over 60 days with spht course treatment with 5 fractions a week and
two thirds of the total absorbed dose 1 the first series The NSD would then
have been about 1 200 ret

The most erous side effects so far encountered in mantle treatment are
probablv those ansing from irradation of the lungs, the heart and pencardium,
the nervous system and the bone marrow A short review 1s given below of the
literature on the radiation sensitivity of those tissues 1n the dose ranges concerned
Most of the mformation emanates from the investigation of cases that had
recened radiation therapy for condittons other than lymphoma e g carcinoma of
the breast bronchus and hypopharynx The follow up that 1s reported 1s usually
onl of some yvears duration and little has been published on effects that may not
become evident before long after the irradiation

Lung tissue The acute radiation reaction 1s usually evident within stx months
{Syrra 1963 Ecer & GRecL 1965, TeaTES & Coorer 1966) and gradually
merges 1nto the late reacton (radiation lung fibrosis) It 1s difficult to say exactly
where radiation pneumomtis ends and fibrosis begins The latter may also dev elop
even 1f no radiation pneumomns has been observed (DEELEY 1960)

Besides the stze of the absorbed dose to the lung tissue (HELLMAN et coll 1964,
EcEr & GreGL 1965) several factors have been considered to be of importance
i the causation of radiation pulmonary reaction, e g the size of the wradiated
lung solume (hutz 1958 BenwerT et coll 1969), hypersensiivity (WIERNICK
1965) and infection (BENNETT et coll ) The length of the treatment penod alo
seems to be important  Gisu et coll (1959) pooled their data with those from
the Itterature and constructed a dose ime Imne for radiation lung reactions
separating those that were temporary and those that were permanent The hne
passed 4 000 rad n approxumately 29 days Gisit et coll found the slope of the
cunve (about 0 35) to be slightly greater than that for the tolerance of any other
tssue  this indicated that 1if the irradiation to a given absorbed dose level be
protracted over a long penod the reaction may be less marked A smilar
obsennanon was made by Horstr (1967) who observed a somewhat better
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tolerance of the lung tissue when the treatment was given m sphit course 1 two
series than when 1t was continuous and even when the patents in the former
groups recer ed larger absorbed doses

An absorbed dose of the order of 4 000 rad over 4 weehs s probably <ooner or
fater always followed by radiation fibrosis (Dereey 1960, Heriman et coll
1964) of varying degree 1f only part of the lung tissue has been wrradiated the
signs of radiation fibrosis may be absent or neghgible, and ventilatory function
tests indicate only httle reduction which usually occurs withn the first year
(Teates & Coorer) However iradiation of very large volumes of lung uissue
eg mantle treatment may often cause permanent imparrment of ventilation

Heart and pencardium Tt 15 concens able that cardac and penscardial reactions
after radiation therapy are more frequent than widely supposed

Electrocardiographic changes are common after an absorbed dose of 2 200 to
3300 rad given over 3 weeks These changes are muted to the T wave and are
usually only temporary (CaTTERALL 1960) Senous damage to the myocardium
and the coronary arteries may, howeser, occur and fatal cardiac infarction due to
severe atheromatous changes 1n the coronary arteries m a 15 year-old boy 16
months after mantle treatment for Hodghins disease has been described by
Com et coll (1967) They also reported myocardial fibrosis of varying seventy
after mantle treatment 1n 5 other cases

Radiation therapy 1s probably more often followed by pencardial than by
myocardsal reactions The complication usually appears as acute pencardal
effusian (Cowy et coll 1967 Fajaroo et coll 1968) which may be self hmting
but sometimes progresses to chromc pencardial contraction and may require
penicardiectomy The degree of pencardial reaction to uradration seems to be
dose dependent and StEwarT & Fajarno (1971) gave the pencardial toler
ance as 1500 ret to large volume treatments and 1850 ret to small yolume
treatments

It has been postulated that patients are more susceptible to penicardial reac
uons after radiation therapy if the adjacent node beaning regions be chnucally
imoled than if no medhastinal disease has been demonstrated ( mediastino-pent
cardial reactions  Jowes & Wencwoon 1960 Prerce et coll 1969)

An absorbed dose of the order of 4 000 rad over 4 weehs 15 thus probably only
¢xceptionally followed by severe radiation reactions of the myocardium  Pen

cardial effusion usually self I
y self lumting but sometimes progressing to chrom
cardial disease may occur ¢ "

m‘\"“’"‘ System  Opinons differ regarding the radiation sensitinaty of the
Tvous system  Not only dosage but factors such as the relatne size of the
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sradiated volume /Bopen 1950, Bere & Lixnoren 1963) and the condition of
the vascular supply (Asscuer & Anson 1962) are also of importance

Imvestigations 1nto the radiation reactions n the cerebellum of the rabbit
{Berc & Livneren 1958) mdicate that the smallest absorbed dose that carnes
a nisk of necrosis 1s probably larger than 4 000 rad over 4 weeks and Davmorr
et coll {1938) alko found experimentally that the cerebellum 1s relatively msenst
tinve to radiation

The penpheral nerves also seem to be relatn ely resistant to radiation the motor
nenves more <o than the sensory nerves (Haxmaner & Lmoorev 1970)
Brachial neuropathy of sarying degree was reported by SToLL & ANDREWS
(1966) 1 10 to 20 per cent of cases that had recened 4 100 to 5 100 rad over
3 to 4 weehs postoperatneh for carcinoma of the breast However, i the devel
opment of nene 1njun postoperative effects and oedema causmg fibrosis and
pressure might have been of greater causal importance than direct effect on the
nenes from the irradation

The spinal cord 1 probably the most susceptible part of the nervous system to
jury be mantle treatment though signs of radiation myehtis may be transient
and are then attributed to oedema (Jowes 1964) Radration myehus has been
observed at sanung ntervals after wradiation, but usually within one year
{BopEN 1930 Paruss et coll 1961 PmiLvips & Buscixe 1969) \ost of the
Teports on the radiation sensitmaty of the spinal cord mdicate a threshold value
for symptomatic radiation myehitis m the order of 3 900 rad over 4 weeks (Bo
peN Pariis et coll Psrries & Buscuie) but smaller absorbed doses have
also been recommended for large fields eg 3 000 to 4 000 rad over 28 days
(Partis et coll ) The radiation sensitisity of the spinal cord seems to be tme
dependent and 1n a diagram with loganthmc scales the slope of the ume dose
hne has been found to be 026 (Lmoorex 1928) or 021 (Parus et coll )
Relatnely larger absorbed doses may then be tolerated if the treatment be ex
tended over a long pertod provided that the absorbed dose at each fraction be
not too large {Arxins & TRETTER 1966 PuiLries & Buschuxe 1969)

Bone marrou It may be calculated from the figures gnen by ELuis (1961} on
the distnibution of active bone marrow 1n the adult that the mantle field mcludes
about 30 per cent of the red bone marron Even after small absorbed doses of
the order of 100 rad or less changes though transient may occur in the red
marrow  The larger the absorbed dose the greater the depletion of the marrow
and the <lower the recovery if any (DexsTap 1943)

Compensation may occur 1 two different ways m radiation induced depletion
of the bone marrow First previously tnactinve marrow outside the yradiated
volume may become active, as judged from an increased uptake of callordal
1"Au (KjeLicres & Jonsson 1969) Sccondly the irradiated marrow mav be
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repopulated by arculating cells (ScErnota et coll 1968 Kasakov et coll
1968) Irradated marrow will not always regenerate The dose permitting
recovery of the sternal bone marrow was considered by SYREs et coll (1960) to
be at the most 4 000 to 4 500 rad over 3 5 weehs and by Syres et coll (1964)
to be 2500 to 3 500 rad over 2 to 4 weeks At such lesels the marrow became
permanently acellular in about half the cases

"The chemotherapy induced bone marrow depression may reverse within 1 to 2
weehs after Vinblastine treatment (SELLEI et coll 1970) and within 1 to 3 weeks
after Procarbasine treatment (D ALESSANDR1 et coll 1963 Martme et coll
1963} The two patients 1n the present senes recened no chematherapy during
thelast 3 weeks of their illness

SUMMARY

Clinical observations and post mortem findings 1 vanious ussues irradhated dunng
mantle treatment with the split course technique 1n Wwo cases of Hodgkms disease are
reported The radsation sensitnity of the lungs heart and pencardum nenvous system
and bone marrow 1s discussed It 1s suggested that the wradiation may with advantage
be eviended over a relatiely large number of fracuions and a lang period of ume 1n order
to muumize the nisk of radiation reactions of healthy tissue

ZUSAMMENFASSUNG

Es wird uber klmsche Beobachtungen und post mortem Befunde von verschiedeness be
strahlten Geweben ber der Mantelbehandlung mut der Split-course Techmk ber swer Fallen
von Hodgkin scher Erkrankung benchtet Es wird die Strahlenempfindhchken der Lungen,
des Hemens und Penkards des N und des hanoch ks & Es wud
daraufl hingewiesen dass die Bestrahlung mut Vorterl uber emne relaun gro se Anzahl von
Fralonen und eine lange Zestperiode ausgedehnt werden kann, um dic Gefahr von Steablen
realttanen des normalen Gewebes auf e Mimmum zu sermindern

RLSUME

d‘[l;:s R::lsl:urs presentent leurs observations chiniques et les constatanons postmortem dans

155us srvadies an cours dun tranement par champs en mantelet avee la techmique

splitcourse dans 2 cas de maladie de Hodgln Ils examinent la radio sensibilue des

r:umons du ccur et du pencarde dy systeme nerveux et de la moelle osseuse Les auteurs

nseat que i irradiauon pourrait avec avantage etre ctalee suf un nombre relatnement

i:l:iat:: zfrancuons et sur unc longue peniode de temps de fagon a nunismuser le risque des
ux radations des tissus sains
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DEFENCE, SUNDBYBERG, SWEDEN

THYMIC SHIELDING IN IRRADIATED MICE
by

B JarrLm

Protection from external irradiation has been a valuable technique 1n mves
tigating haematopoietic tissues in muce 1n reference to function, mterrelationships
and roles m radiation leukaemogenesis Bone marrow and spleen have been
thoroughly 1 estigated 1n these respects Although the greatest interest during
recent years has been focused on the thymus radiation protective investigations
on this organ have not been reported n mice This 1s probably because of the
mnaccessibihity of the thymus within the thoracic cavity In some experiments mn
rats (STAPLES et coll 1966) and rabbuts (VELpMan 1970 Nieuwennus 1971)
the thymus has been shielded together with the sternal and vertebral bone
marrow with a lead shteld outside the thorax In the present experiments efforts
have been made to protect the thymus in mice without protection of any other
tissue mcluding bone marrow of the thoracic vertebrae

The equipment (Figs 1 2) conasts of three mam parts an operating board
{ABC) two thymic shields (D) and an angled stand (E) The plastic operatng
boird consists of a base plate (A) with a groove (B) for the mouse and an
arrangement (C) for stretching the mouse and fuang the shield (D) The base
plate 1s azed 2 mm X 100 mm X 150 mm The groove has a semaircular cross
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\ Fig 1 Equpment for thym
\ / \ 4 shielding " — Base plate B —
[ Groove for the mouse C — Ar

%1 rangement for stretching and fiung

= the mouse D — A proper shield of

5 platna (black) and a sham shield of

-— = sihvercoated plasuc E — Stand for
3 the base plate formmg an angle of
& _———{& 50 wath the honzontal plane

i

Thym ¢ sh eld

Thyme Lobe

M s body

Vrtebol ¢t m

Fig 2 The equipment for thymic

shielding v 1th a mouse 1 position for
1rradration

ection with an mner diameter of 24 mm and wall thichness of 2 mm  The hon

zontal surface at the top of B 1s sized 12 mm X 22 mm and 15 located 21 mm
above the base plate At this surface the shield (D) 1s fixed with a screw a spring
and a prece of metal The stield (D) 15 composed of a hollowed plastic plate
sized 15 mm X 12 mm X 22 mm a 08 mm thick bar of teel and the thymc
shield proper of exther a plastic (sham shield) or a platina matenal The thyrmic
<hneld 15 crescent shaped in cross section and 15 sized 5 mm X 9 mm The
thichness of the shield 1s 23 mm To avod static electricity the plastic shreld 1s
covered with a thin layer of siver The platina shield 1s estimated to afford
Protection corresponding to about 43 mm lead The protectne effect of the
Plastic shield 15 neghgible The plastic stand (E) for the base plate forms an
2ngle of 50 degrees with the horizontal plane (Fig 2)

Technique For the experiment the mou e was anaesthetized with an mtra
Pentoneal 1n; of [ barbital sadiam {Meh 1) and placed i a dorsal
Posiion 1n the groove (Fig 3) A rubber band was affixed to the teeth and the
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Fiz 3 Fig 4

Fiz 3 Anaesthetzed mouse fixed and equipped with the thymic shicld for irradiation

Fiz 4 Left and muddle Dotsorentral films of mice with a_thymic shield of plastic (sham
shueldire left) and planna 1ouddle; respecinch Raght Shiclded area of thymicshielded
mouse 1 Jeft and nzht posision as for iradiation \o protection of the vertebral column.

ammal was stretched backwards to get the vertebral column as straight as
pos 1ble and fixed with tapes over the hindlegs and tai] The thymus was evposed
by the method of Sjapm et coll (1963) The bisccted sternum was op-ned
with 2 forceps and the <hield was mserted along the ventral surface of the
thvmus <0 as to cover part of both Jobes Ieaving the shield bar pasang through
the sternal sht. The shun wound was closed around the bar and the fore legs were
fixed along the edges of the plasuc tube The base plate with the mouse was then
placed on the plasue stand for srradiation from an angle of 40 degrees with the
transuersal plane through the ammal (Fig 2) The animal was yradiated 1n two
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‘Table

Total wer,ht of thymus (m.) 1 to € days after srradwation with 600 R n for each sample = 5 Veanzt
standard exror

Daysafter  Thvmus Thymus Controls
wradiation  shiclded sham shiclded untreated

- - - 7054219
1 33244179 33644138 -

2 251022 14 1904+118 -

4 20704126 12112083 -

3 2530165 1307059 -

phases ane on each side, with a short interruption for turning the base plate with
mouse After iradiation the animal was examined roentgenologically for cheching
the position of the shield A dorsoventral film showed the position of the sheld m
the median plane (Fig 4) To ensure that the vertebral column had not been
protected films were also exposed of the shielding area with the ammal m post
tion as for iradiation above (Fig 4) For that purpose small films (about
Lem X 3 cm) were placed just beneath the thorax of the animal in the groove
The films were developed and animals with the shield not m proper position were
excluded

After roentgenography the sternum was opened again the shield was removed
and the cutaneous wound was finally closed with clips

Prelmmary expernments In prebmman expeniments uradations were per
formed with a Tocntgen apparatus Muller MG 300 operating at 260 AV and
12 mA The radiatton was filtered by 05 mm Cu and 05 mm Al The focal
distance was 25 cm and the dose rate 250 R/mmn One hundred and ten two
month old C 7Bl female mice were divided mto two equal groups and wrrachated
with 2 X 300 R Dunng the irradiation the thymus was shiclded m one group
with plauna and 1n the other with plastic (sham shielding) The day for irradia
on was called day 0 Twenty muce served as untreated controls The ammals
were subjected to blood exammation and killed 1n groupsof fiveat 1,2 4 6 8
ll)(r]zc;?allﬁnm 214 and 30 days after the wradiation The thymus spleen and
Sumen s dguma and mesentenic lymph nodes were weighed and fixed m

uid (RovErs 1948) together with sternum for histologic mvesugation

The number of mononuclear cells in the peripheral blood was counted n a
Burker chamber
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Results

Thymus The size of the shielded part of the thymus was difficult to state
exacth It may be esumated however, to have been about 20 to 30 per cent
Judging from the difference m weight decrease of the thymus between shielded
and sham shielded antmals and from the extenston of the histologically presened
areas of the thymus in the shielded ammals The histologic observations and the
mean weight of the thymus with its standard error 2 4 and 6 days after wradia
ton (Table) indicate that this shielded part of the thymus was of similar order
of magnitude between different indniduals 1n the same group

Duning the first phase of lymphocyte depletion days 1 to 4 (JareLn 1968)
the weight of the thymus m the sham shielded ammals decreased to almost 60 per
cent of that of the shielded ammals by day 4 (Fig 5, Table) Shielded thymus
had then a faster and greater increase of weight and alo more esident <econd
phases of depletion and regeneration (JarpLip 1968) than the <ham shiclded
thymus

Histologically the well known imtsal phases of destruction and depletion of
Iymphocytes { Murray 1948) were seen m all unshielded and sham shielded parts
of the thymic cortex The shielded areas seemed to be well preserved and were i
gencral rather sharply delimited from the unshielded areas (Fig 6) On the 4th
day a regeneration started 1n these irradiated areas in four out of five ammals
with a plauna shield and 1n one out of five ammals with 2 plastc shield Two
days later the regeneration 1 these arcas was of similar appearance m both
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Fie 6 Thymus one day after rradiaton 1th 600 R Left Rather well presened part of
cortex shield » 1th platma Right Sham shielded part of cortex with destrucuion and depletion
of lymphocytes Haematoxyhin and eosin x 230

groups On day 8 the whole of the thymus appeared normal agam A shght
degree of cortical thinming was seen dunng the period 16 to 24 days i the
sham shielded ammals and during the period 20 to 24 days 10 ammals with a
thymic shield After 30 days the histologic appearance of the entire thymus was
normal again

Spleen The changes m weight of the spleen predominantly reflected the devel
opment 1 the red pulp (Fig 7) The mnitial destruction and depletion of cells
“as of similar order of magmtude 1 the two groups In two ammals with a
shielded thymus the extramedullary haematopolesis started on day 6 and n alt
other ammals on day 8 The extent of this extramedullary haematoporesis was
Somewhat greater 1n the shiclded than in the unshielded ammals There was no
dufference 1n cellulanty of the white pulp with the possible exception of day 6
On this day the centrofolhicular parts seemed to be somewhat more depleted m
the unshielded than 1n the shiclded group The entire spleen had a normal
histologic appearance again on days 20 to 24
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Fig 7 MWewht of spleen after
wrradiaton 1 1th 600 R @ un
treated controls C shielded thy
mus % sham shielded thymus n
for each sample = \ean+SE

Fig 8 Weight of brachual lymph
node after irradiation with 600 R
® untreated controls O shielded
thymus X sham shielded thymus
n for each sample=5 \fean+SE

Weight of spleen

Weight of brachal lymph node

B JARPLID

- 3
a a
2=

o

~

~

o . L

0 15 20 25
Days after wradiction

<

N
. K

a

15 20 25 30

Days after irrodct on

Lymph nodes After the imual decrease in weight the increase in weight of the
Iymph nodes was faster 1n the group with a thymic sheld than mn the unshiclded
group (Fig 8) Histologically no notable differences between the two groups
could be detected Howeser, as the paracortical zone (a thymus-dependent area,
PARrOT et coll 1966) 1s a dominating part of the lymph node 1n the mouse, the
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difference 1m weight probably reflects diffcrences 1n the cellulanty mamly of this
part

Bone marrow Duning the different phases of destruction depletion and regene
ration both groups had a simlar histologic appearance

Penpheral blood Protection of the thymus seemed to lead to a higher number

of mononuclear cells {mamnly lymphoid cells) 1n the penpheral blood 6 to 12
days after irradiation (Fig 9)

Comments

The most smportant differences between shielded and sham shiclded anmals
appeared i the weight and histology of the thymus The findings 1n extrathymic
Uissues indicate that partial shielding of the thymus duning wrradation promotes
the re of other lymphoid organs luding the <o called thymus-
dependent areas, and increases the number of lymphoid cells in the penpheral
Hood These results confiem the central role of the thymus for the lymphoid
ussues and for the arculating pool of lymphocytes
; The size of the shielded part of the thymus could only be grossly esimated
7om the degree of weight decrease and from the extension of the hustologically
::‘cned damage The expenments indicate however, that the method of

iclding of the thymus, when further developed may be a valuable new

e
hChmquc for expenimental mnvestigations of the thymus and 1ts relation to other
atmalopmcnc tissues
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SUMMARY

A method for shielding of the thymus 1 mice during external irradiation 1s described The
results of the expenments indicate that thynuc shielding during roentgen trradiation promo
tes the regencration of extrathymuic lymphoid tssues and the recovery of the number of
lymphord cells n the penpheral blood

ZUSAMMENIASSUNG

Es + ird eme Methode beschrieben um den Thymus ven Mausen wahrend externer Be
strahlung zu schutzen Dte Ergebmisse der Untersuchungen deuten darauf hin dass emn
Schutz des Thamus wahrend der R b, hi die R der ausserhalb des
Thymus gelegenen lymphoiden Gewebe und dse Erholung der lymphorden Zellanzahl im
penipheren Blut beschleanigt

RESUME

L auteur decrit une methode de protection du thymus des souris au cours de [ irradiation
externc Les resultats d experience montrent que la protection du thymus au cours de lirra
diation roentgen favonse la des tissus {ymphoid et la restaura
tton du nombre des celiules Iy mphoides dans le sang periphenque
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CLOSED STEREOTAXIC HYPOPHYSECTOMY BY MEANS
OF “CO GAMMA RADIATION

by

E O Backuvvp T Ramy B Sarey A DE SCHRYVER and | W ENNERSTRAND

Luer et coll introduced hypophysectomy 1n 1952 as a therapeutic procedure
In patients with advanced mammary carcmoma The importance of this con
tnbution to endocrine surgery has been mamfested 1n a great vanety of ablation
techmques and a large number of patients Apart from comventional surgical
&mcedurﬂs hypophysectomy has included physical agents such as cold heat and
cx::mund (RaND 1964 Zervas 1965 ArsLan 1969) Nevertheless all expen
o 4 !Dr date mdicates that 1t 1s sull difficult in spite of sophisticated techmiques
umz\ﬂ orm really radical ablation free from the nsks of complications and
‘zm:ard side effects on the structures i the viamity of the pituitary gland
pmm‘;ﬁ wradiation techmques have been used mamly as open stereotaxic
(FORRures for the introduction of radioactve sources mto the prturtary gland
con hl;iT ¢t coll 1959 Taramach et coll 1962 NoTTer 1969) The rate of
Qﬂs after this type of treatment must however be taken into con
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Fig 1 Sella turcica wath the position of the sagittal {a) and frontal (b) secttons of the total
dose dustribution when a single target 1s irradiated with a2 3 mim x5 mm beam The curves
wdicate 90 90 and 10 1sodoses 1in relation to the dose at the target pont

sideration 1 PioTrow sk1 & Penzmorz 1971) Closed radiosurgical procedures
with beams of heavy charged particles through the mtact shull have been
developed and arc employed 1n certain cyclotron laboratones (Tosias et coll
1952 Larsson et coll 1963 Lawrence et coll 1963, hjeLiperc 1968)
These techimques appear to date to have mdicated the best means of performing
radical piturtary ablations

A prehminary report of another hind of radiosurgical techmque for hypo-
physectomy in which the anteror lobe 15 treated selectisely with °Co gamma
radiation 1s now presented The technique has also been applied by the authors
to pituitary tumours the prelimunary expertences of which have been published
(BachLunp 1969) It also enables the radiation sensitivity of the normal anterior
lobe to be mvestigated under virgin conditions when its viabilty has not been
compromised by surgical trauma and when the radiatron dose to the hypothala
mus the mfundibulum and the posterior lobe as well as to the arteries supplyng
the pituitary 15 hept to a minimum

Irraduation technigue The gamma umt descnbed by Lekser (1968 1971)
was used for the rradiation This umit was destgned within the field of funcuional
stereotaxic neurosurgery for the purpose of producing mnute disc shaped radia
tion lesions deep down 1n the brain (LArssov et coll 1970) The leson 55
tnduced by collimated beams from 179 © Co sources drstributed sithin a spheneal
<ector with a lattude angle of 70° and a longitude angle of 160° The beams
are radially directed towards the centre of the sector of the unit at which the
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n o targer points are irradimated each

with a relame dose of 100 and

\1th a mutal distance anteropostersorh
-~ of 36 mm Beam size 3 mmx5 mm

target pownt 1n the gland has to be positioned (Fig 3) The mner colkmator
helmet contatming the diaphragms that defme the geometric cross section of
the beams 15 exchangeable two different helmets alter the cross <ection of the
beams at the centre to ether 3 mm X 5 mm or 3 mm X 7 mm Total dose
distributions based upon photographic measurements 1n one single beam have
been calculated (SarRBY & Larssox 1965 Dau et coll 1970) TFwo or three
target points 1 a spatial pattern may be used to adapt the wrradiated volume
to the shape of the mdividual pitmtarv total dose distnibutions with configura
tions as i figures 2 and 7 can be obtamed The dose values mentioned below
ndicate the dose admnstered to the target powts

The stereotaxic locahization of the pituttary the determination of the coord:
nates of the target pomts and the postioning of the pauent in the irradiation
Ut were the same as 1n an open hmque (LErserr 1957) The
radiation treatment was gnen at one session and comprised irradiation of one
©r more target points with only minor mterruptions for change 1n the posttion

of the patient The treatment tuwe for 20 krad to one target pomt 1S at present
about two hours

Matersal The patients were selected by the Department of Radiation Therapy
;zd % far 8 have been treated All had advanced carcinoma of the breast with
\I::t l}‘:xctastases No patient had undergone oophorectomy or adrenaly
o ad had a long free wtennal between the prmary treatment of the con

'on and the appearance of the first metastatic leson all were n the
Postmenopausal period aged between 50 and 76 years
s ‘Cuamenor two-thirds of the pitwtary as judged from the contours of the

rtica were given 2 dose of 20 or 25 krad to each target point The 50
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Fiz 3 Section through the $Co gamma
unit shos ing fine of the beam channels
a — ®Co source b — Collimator helmets
¢ — Shielding matersal d — Central beam
e — Morable operatng table {The ap-
paratus was manufactured by AB Motala
Verkstad Motala Sweden )

per cent isodose was directed entirely withi the boundartes of the sella the
intention was to keep the optic nerves below the 10 per cent 1sodose imit. With
one target pomt the lesion was <omewhat teo thin 1n 1ts anteroposterior direction
(Fig 11 and because of this two targets behuind one another dunng the same
procedure were alo employed (Fig 2)

Results

Three of the 8 pauents treated died one, three and eight months respectiely
after the irradiation  another died following haemorrhage from intestinal ulcera
tion three weeks after the treatment, the observation times for the 4 sunnors
were four to nine months Although no far reaching conclusions can be drawn
from this small matenal a certamn varying influence upon the postoperatne
hormonal state was demonstrated (Fig 4) An interesting obsersation %as the
frequent occurrence of diabetes msipidus, which according to Reep & Pizey
11967, indicates good therapeutic response The treatment obsviously yielded
relief of pan and an increased sense of well beng n the 4 survvors In the
mam the rate of clintcal response did not differ sigmificantly from that in other
series published

The non surviving group consisted of 3 patients who had recened a dose of
25 krad to one targer point and one panent with 20 hrad to each of two target
pomts The latter was the woman who died 3 wecks after the treatment from
intesunal hacmorrhage



CLOSED STEREOTAXIC HYPOPHYSECTOMY 549

o D RE BE R T
oPne

- 0 - 0O B 0

L = B w TR & I o |

o0 0o - oo

0o oo - -

S0 O B O O = 5g 4 Auerauons n the hormonal state
P00 O O O Donedmms o b b
T O O O O O [3mnsung dunng the whole obsenation
T H O O O O Ofahe i e s

aft r the wradauon = Tranuent re

sponse  Values unaltered as compared
G e
Bresoorse [7] wse csooes [ wome B0 2 efore  treatment = o re

ot conciusive / Not B0tqua smined sponse

The macroscopic appearances of the lesion at autopsy were amular i the
3 patients who recerved a dose of 25 hrad to one target pamnt All died more than
2 month after the rrradiation The area of the necrosis was sharply demarcated
and the border zone m the section examined was confined within the 70 and 80
Per cent 1sodose curves 1€ withan 185 + 15 hrad (Fig 5) The reconstruction
1 figure 5b 15 based on the assumption of the shrmhage of the section being
fosignificant (Rasmussen 1924) The woman who was gnen 20 krad to each
of two target pomnts and died three weeks after the treatment had no macroscopic
cs1on but, on the other hand pyknosis and other nuclear changes were scattered
throughout the anteror lobe ndrcating that 1ts almost complete destruction
rght have been expected 1f the patient had suninved the intercurrent disease

A thorough histok ton was performed only 1n one

systematic gl
patient (the same as n Fig 5) No mucroscopic changes were obsenved n the
Vianty of the hypophyss and the bone of the <ella the hypothalamus and the
Oplc nerve pathways appeared completely normal The general histologic
:Ppcarance of the lesion was essentially the same as in sumlar lesions produced
‘gggxplanted radiossotopes (ReLry et coll 1958 Forrest et coll 1959 Norreg
o, BORNER et coll 1960, BermnGER et coll 1965) although the lesion was
- © regular n shape and well defined (Fig 5) Ths corresponds with the
&pgcnccs with the same technique when used 1n bram tissue (W ENNERSTRAND
) AGERSTEDT 1970) The fibnilar stroma withim the leston proved to be

<t which corresponds with the findings of Boraer et coll and Berncrer
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Fe o al Radiation lesion n the anteror lobe four weeks after the delnery of 2 krad to
one 1arget The necross left s v ell demarcated b) Reconstruction of the same section
relaty n to the dose distnbution Beam size 3 mm> 7 mm Dotted area posterior Jobe

et coll and comcdes with the observations of Baiey (1962) that fibrous
structures are relatnely resistant to radiation Congested vessels were evident at
the edge of the necrosts a border zone that has been described as haemorrhagic
by NorTEr and BERDGER et coll With the exception of one macroscopic
haemorrhage within the necrotic area, no evidence of bleeding was observed 1n
the patient examined A nm of normal glandular parenchyma was present
mmmediateh outside the necrosis (Fig 6) a few cells of which however were
degenerated with pvhnotic nucler while agamn outside this zone the tissue was
fibrotc and the parenchvma reduced the latter might have been a direct
conscquence of the trradiatton (NoTrer 1959) or an indication of ageing

Bucuer 19621 Shght inflammatory reaction in the sunaving glandular tissue
but no «igns to suggest regeneration of the parenchyma were present Dufferences
10 radiauion sensitin ity between the vanous cell types were not obsenved

Discussion

The 1ntention of this tentatne imestigation was to develop a method for
prutary ablation as far as possible free from nsks It was possible to perform
the procedures smoothly No general anaesthesia was required and the patients
were cared for 1n a nonsurgical ward The radiation treatment was based on 2
dese ditnbution for the 179 contnbutig beams calculated from mea.urements
on one angle collimated beam The multiple target techmque was based ont
supenmposed dose ditributions The phyacst took no part in the chntcal plan
mng and the performance of the treatments \o undesirable ade effects duc to



CLOSED STEREOTAXIC HY POPHYSECTOMY 551

S— i
P T B P AR
# ” 3%

7lre 5 2y 27 ikl
Yt BN G LT
Py st e T e 7
. 4 ¢ l‘_‘,‘,"f"";"'{(g;’ w g’»(";g;’\\ o .(
(8 e AR ey R
R S TN Y ST AL Tk %t
{ o BT TR £7R I Fie 6 The border zone of the
o - .');5’" N8 U0 2% 7t leson lmmeduately owside the
A SN A{'ifi AL STt % necrotic area (a) & narrow zone

t - of elandular parenchyma (b,
o 34,3 ,'f“";‘)lﬁ' A E Y 5.

SN T VY FEel - 1s eudent 1 s tum  sur
roe S Wy - LT® s, 5 tounded by fibrotic ussue tc
A ,;}/,f, 7 DT iy w2 contuming an increa ed pumber

¢ A % A% Igcyre of vessels and reduced paren

L rntand o BT A AR F chvma

2 b <

the 1rradiation were encountered However eumpliaity and safety of a method {or
}I)‘poph)s:cmm) should not be a subsutute for its effectveness Even 1f a cats-
factory clincal response after subtotal destruction of the pitwitary 1s sometimes
achiesed — as 1 the present <eries -— really complete destruction of the gland
should be the intention (Lurr 1969)

When the first pauent was treated by means of one target pomt 1t was
fauly obuious that the radiation lesion expected would not cover the whole
anteror Jobe The treatment was therefore planned as a two-tage procedure
the intention being to complete the nradiation with destruction of the surviving
poren hyma at 2 second seance Surprsingly enough this panent responded
well both as regards her general condinon and the laboratory findings As the
biologre response of the pitmitary after this type of irradiation could not be
entirely predscted 1t was surmused that the leston had become more extensie
than was expected Because of this the second irradiatton was postponed for the
Tutwre Symafar expenences were also gained m some of the other pauents

The conditions for performung total hypophysectomy by means of external
Madiations have been thoroughly investigated at the cyclotron departments of
the Donper Laboratory Berheley (ToRias et coll 1952 1964, LAWRENCE et coll
;938) and Harvard Unneraty (KRjeLiserc et coll 1968 hjeriserc 1968)

21ourable results have been attained in a great number of pauents treated with
Mulipls beams of heavy charged particles The intention of applying the °Co
f““ma umt for hypophysectomy should be to produce dowe distnbutions that
:f'ﬂumatc to the physical properues of those obtamed with the methods
m:::"ztd At Berleley most of the patients waith metastatic mammary carcmoma
3 kr:d dowes to the centre of the pitwitary ranging from 13 krad m 6 weehs to

in 12 days the latter doses and and fractionations proving the most
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Fig 7 The total dose distribution when three target points are used each with 2 relatne dose
of 100 ¢ a) Sagmal and b} horizontal (Qa—-Qp) section The positions of the target poits
are indicated by crosses Supenimposed upon the 1sodose curves (10 % separation) the grey
templates indicate a normal szed pitwntary gland that fits an aserage sella (according to Dr
Curo & NeLson 1962) The optic chiasm (CH) will be situated outside the 20 7 wsodose
The cross sections of the beams for the antenior target are 3 mmx 7 mm and for the two pos-
teror targets 3 mm X 5 mm

effective (ToBlas et coll 1964) The energy of the radiatian (340 MeV protons
or 980 Me\ alpha particles) were high enough for the beams to penetrate the
head At Hanard the patients recened doses of 17 krad to the gland with
protons of an imtial energy of 160 MeV The range of the protons was moderated
by plexiglass absorbers m order to position the Bragg prak within the gland
and the treatments were performed at one stung The biologic effect of “Co
gamma radiation for necrotiang hypophyseal tissue may, compared with the
particle radiation according to the Berkeley techmque, be expected to be about
the ame (McCoses 1957) but n relation to the Harvard technigue somewhat
lower (RJELLBERG et coll 1964)

Because of this and since 1t was desirable for practical reasons to gne the
treatments at one sitting with the '""Co gamma umt 1t was deaded to apply
doses of 20 to 25 krad to each target pomnt 1n the first senes of patients With
the ungle target techmque (Fig 1) only partial destruction of the antertor lobe
was obtained even a modification with two target points (Fig 2) usually does
not produce complete destruction of the most lateral extensions of the gland The
correlation betwcen the dose distributions and the post mortem findings (Fig 5)
however mdicates the possiility of obtaming complete destruction of the
antenor lobe with three target pomnts One example 1s given n figure 7 This
modification which will be uced 1n the next senes 1s a compromeee between the
intention of attaining a steep dose gradient at the surface of the pituitary, 3
homogencous dose withm the gland tolerable doses to adjacent nervous tissuc
as well as 1o vessels and the practical problems connected with too many super
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mposed 1wradiations With this techmque overdosage n the zona intermedia
will be unasoidable although 1t 15 expected to be msigmficant In comparron
with the dose distnbutions used for hypophysectomy with heavy, charged particles
(McComps 1957, Tobtas et coll 1964, KjELLBERG et coll 1964) this distrbu
tion for *"Co gamma radiation will produce about the same dose gradients at the
borders of the gland as well as comparable doses to adjacent nenves and vessels
1f the dose to each target point 1s 25 hrad

The mam advantages 1n using the gamma unit for hypophysectomy apart
from 1ts smphaty and easiness for the patient are the hugh accuracy and saus
factory reproducibihity of applymng a predetermined indrv1duahzed dose distribu
tion to the pitmtary This 1s due to the precision of the stereotaxic system n
cludng the coordinate determunation and the fixation of the patient (mamum
emor =0 7, LEkseLL 1927) as well as to the mechanical alignment of the beams
m the gamma umt (the maximum deviation of the beam axes relatne to the
centre of the untt1s 0 1 mm)

Dedication

This 15 one of a number of papers dedicated to Professor Herbert Ol ecrona
by friends and pupils on the occasion of his eightieth birthday 11 July 1971

SUMMARY

A preliminary report upon a new techmque of closed stereotaxic hypophyseciomy In
which the anterior lobe of the pituntary gland 1s treated selectnely +ith °Co gamma
radiation 1s presented The matenal consisted of 8 patients with carcnoma of the breast
With bonie metastases The small size of the series prevented any [ar reaching conclusions
being drawn although the 4 surviving patients obtamed constderable relief

ZUSAMMENFASSUNG

HEs\urd ein vorlaufiger Bericht uber eme neue Techmk der geschlossenen stereotaktischen

"Pophysektomie ber der der Vorderlappen der Hypophyse selchtv durch $9Co Gamma
erahlung behandelt wird gegeben Das Materral bestand aus 8 Pauenten mut emem
“mSﬂ(rcbs mit Knochenmetastasen Der genmnge Umfang der Serie macht es unmoglich
bl:nd\velche waterreichenden Schlussatze zu zichen obwohl die 4 uberlebenden Patienten
¢trachiliche Erleschterung hatten

RESUME

m";:: :(:::u:s presentent une note prelmunaire sur une nouselle techmque d hypophisec
mm“eme:lmque a crane ferme dans laquelle le lobe anterseur de ! hypophyse est tratte
o somy s par la radiation gamma du °Co 1lls ont traite 8 malades attemtes de cancer

metastases osseuses Le petit nombre de malades empeche de tirer des con

clusig
o éb:onguc portee bien que les 4 malades survnvantes aient beneficte d un soulagement
erable
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FROM THE DEPARTMENT OF RADIATION BIOLOGY, THF GUSTAF WFRNFR INSTITUTF,
AMD THE INSTITUTF OF ZOOPIHYSIOLOGY, UNIV ERSITY OF UPPSALA, SWEDEN

EFFECTS OF *Co GAMMA RADIATION ON
THT DISTRIBUTION, CATABOLISM AND
INCORPORATION OT *#1-5 IODO 2-DEOXYURIDIND
INTO INTTSTINAL AND SPLENIC
DEOXYRIBONUCLEIC ACID IN MICF

by

R J Jonanson

180 McV protons and “’Co gamma radiation produce imilar effects on the
mcorporation of the thymidine analogue ' 15 10do 2 deoxyundine (* JUdR)
110 D\A of the small intesune and the spleen an mice (Jouanson & I Arssov
1972; Two hours after “Co gamma sradiation at 400 rad, for example, the
tncorporatron of ! JUdR into DNA was 13 per cent of the controls

Gty et coll (1962) using *PIUdR and whole body counting m a large
enystal reported that 2 hours after srradiation of mice at 416 R 250 kV roentgen
radation the retention of *»I was 12 per cent of the normal value The result
was confirmed and extended by Jonanson (1972) and reflects a more marhed
depres 10n of the DNA syntheus than has been demonstrated with *°H thymidine
or other DNA precurcors used (cf Mircurer 1966) [he marhed effect on the

This work was supported by the Swedmsh Atomic Research Council Submutted for
publication 13 January 1972
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tion

Fig 1 Modified four factor model
(frve factor model) for the metabohic
pathways of thymidine (Quastrer
1963) The new factor included 1s
thymidine from dead cells

Catabolism

tncorporation of ! TUdR after srradiation may depend upon seseral factors The
fol]omng effects have been imvesugated (a) disturbance of precursor distnbu
tion (b) disturbance of precursor catabolism and (c) increase m the thynudine
Pool due to the break down of DNA from dead cells
. An expeniment was designed in which the hinetics of the distnbution of
IUdR 1 the blood stream the small ntesune and the spleen was examined
(a2} The appearances of the catabolic products in the blood were examined (b)
It 1s known that JUdR 15 mainly broken down to rodouracil (IU) and further
to 1odide (Prusorr et coll 1960 Hameron & EmINOFF 1961) Fluorouracil
“as used 1n an experiment to wncrease the mcorporation of * IUdR mto DNA
(€) Fluorouracil blocks the synthesis of thymidine de novo (HEIDELBERGER et
coll 1957, DannenEre et coll 1958) and in this way decreases the thymudine
Pool A mouse gven fluorouracit 1s probably a more sensine indicator than

the normal mouse for changes 1 the thymdmne pool (Fig 1) which 15 smaller
than m the untreated animal

Material and Methods

hu‘:}'lllmnlx Male NMRI mice weighing 26 to 28 g were given water ad hbitum
2d o access to food from 20 hours before radiation
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Gamma irradation Irradiation was apphed with a *Co source as pres 1ously
described { Joranson & Larsson 1972) at a dose rate of 56 rad per mmute
The control mice were sham irradiated

Admristration of ' IUdR and fluorourac! Ten «Ci ' IUdR (Radio-
chemical Centre Amersham) and 0 1 gimole carner IUdR (Sigma Chem Co)
m 1 ml 69 ¢ NaCl were injected mtrapentoneally two hours after trradiation
or sham iradration The mice 1n one experiment were gnen an mtrapcn!oneal
mjection of 5 X 10 mole fluorouracil {Schuchardt Munchen) mn 1sotonze saline
10 min before the mjection of ! JUdR

Preparations of organs Groups of 3 control and 3 1rradiated mice were fulled
by decapitation 2 4 8 16 32 or 64 mun after mjection of ! IUdR Of the
blood collected 100 p! were tran_ferred with a hepanmzed pipette to a plastic
tube with 2 ml water for measurement of the total actmty of ' I The radio-
actnaty of the precipitate was determined after deproteimzation with perchlonic
aad (PCA) and centnfugation Another <ample of blood was transferred to 2
test tube with 500 #l water and the <ample was stored at —20° C unul analvzed
by thin laver ch phy after dep with PCA The spleen and
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10 em of the jejunum were al o removed as quickly as possible and the content
of the mtesuine was flushed out with ice cold 150tome <aline Both organs were
frozen on sohid CO and hept at —20° C unul analyzed A <ample of the
pertoneal flud was stored at —20° C until analized by thin laver chromato-
graphy after deprotemization with PCA The muce mn the fluorouracil experniment
were killed by cenvical dislocation 90 min after injection of * IUdR and the
spleen and 10 em of the jejunum were prepared as described above

Extraction and estimation of nucleic acids Low molecular weight compounds
were extracted with icecold 02 N PCA the acd soluble fraction and the
nuclesc acids with 05 N PCA at 90 C for 60 min the nucleic acid fraction
The extraction procedure has been described 1n more detail elsewhere (Josman
$0N & Larssov) The DNA was estimated by the diphenylamme method
modified by Burton (1956) with calf thymus DNA (Sigma Chem Co) as
2standard The absorbency was measured at 600 nm m a Zeiss PMQ I spectro-
photometer

Radiometry The actiity of ' T was measured 1n a well type Nal(T1) crystal
with 02 4Cr* TUdR in | ml solution as a standard A quantity called specific
a0ty was calculated from

radioactnity recorded (¢ pm )
absorbency at 600 nm
‘thdllm layer chromatography The distnbution of radiactne components 1n
proteinized blood and pentoneal flud was analyzed by thin layer chromato-
g'oalslgy with Merch TLC-plates slica gel F 254 and 1opropanol  chloroform
e (v/v) as the solvent (Fox & Prusorr 1966) Non radicactine samples
€ ren with TU and TUdR (Sigma Chem Co ) in parallel to the radioactive
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Fig 5 Relamne acimun of ¥ 1 an the nu Fiz 6 Relatne actnity of 3 [ in the nu
clerc acid fraction of the small mtestine after  leic acad fraction of the spleen after njec

amection of 1 ILéR T control @ ur uon of 1 IUdR. O control @ irradiated
radiated

sample The posiion of the spots were located under UV light The chromato-
graphy of the catabolic products of ! IUdR on thin layer plates with the solsent
svctem emploved permutted excellent separavon of the 1odide 1odouraci! and
tododeoxvundine A «urtable area was scraped off and 1ts actnaty of * I deter
muned

Results

The appearance of ** I tn the blood The tota! radioactnty 1 100 4 blood
at vanous times after mjection appears in Fig 2 The actiaty mcreased up to
32 min and then reached a platean at about 5 per mulle of the mjected * I
actviny 1 100« of blood Assumung that the blood volume of a 27 g mousc
be 1.5 ml i BerasTen 1966) the corresponding total actsity of * I 1n the blood
was about 75 per cent of the injected dose about 10 to 15 per cent of this
activaty was msoluble in 0 2\ PCA (Fig 3)

The catabolism of ** IUdR The actnaty of * I1n the acid soluble fracton
of blood 1s mainly m the chemical form of TUdR, 1U and I (PrusoFr et coll
1960 Hamrron & Emmorr 1961) A lincar decrease m the actnity of the
ILdR occurred from 4 to 32 mun after myecuon 60 per cent remaimng un
changed at 4 mn and about 20 per cent at 32 mun (Fig 4) The 1U concentr2
t0n was always low and the I concentration increased inversely compared with
that of the ILdR, indrcating a rapid breakdown of U to I 1 accordance with
provious obsennatons (Huonzs et coll 1964) About o per cent higher radio-
actity was evident 1 the JUdR fraction of the srradsated mice than m the
control mice The ! [actvan remammng as® TUdR was higher in the penitoneal
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flud than 1 the blood Four mmutes after mnjection over 90 per cent of the
radioactiaty was still m the form of IUdR m the pentoneal flud (60 to 70 per
cent 1 the blood} At 32 mn about 70 per cent of the radioactnvity m the

irrachiated mice and 55 per cent 1n the control mice remamed as IUdR (20 per
cent 1n the blood )

Incorporation of * *IUdR into jejunal and splenic DNA The incorporation
of * TUdR mto DNA s presented in Figs 5 and 6 The mcorporation i the
pleen was almost completed 32 min after mjection both mn the 1radiated and
control groups The rate of mcorporation was constant durng the first 32 mmn
The incorporation rate of ! IUdR in the small mntestine was also constant 1n
the rrradiated group for 32 mmn and i the control group for at least 64 mun
Only small changes 1n the relatne actvity I the acd soluble fraction of the
small intestine were present from 2 to 6% min after mjection A 75 per cent

'-;;\Creasc 1 the relative actnaty in the spleen was recorded dunng the same peniod
8 7)

Effects of fl i on the incorporat of ¥ JIUdR mto DNA Flu
orouraail increased the mcorporation of ' IUdR 1nto DNA 11 the control group
with 54 per cent in the small intestine and 17 per cent 1n the spleen (see Table)
and 2 hours after irradiation with 200 rad with 95 per cent n the small mtestine
*“_‘"d 42 per cent 1 the spleen The results wndicate an enhancing effect of

torouracil on the mcorporation of ' *IUdR mto DNA after rrradration

Discussion
p‘;‘;c route of injection of TUdR nfluences the period dunng which the
N l;)r is available for the syntbesis of DNA  After an intraperstoneal injec
of" TUAR the maximum concentration of * I actnaty m the blood appeared

Yoy
T RA Ty T by Phy 4B [ayi 021007
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Table

Incorporation of WSIUAR mto DAA during @ 90 munute period . the small intestine and the spleen of
mice 2 hours after 200 rad with and without fivorouracil (FUY treatment Vean of G mice and standard
error (SE) of mean

Dose Aad soluble fraction Nuclerc aeid fraction
(rad)
Relame  SE Relane  SE
achty activity
Small intestine
FU weated 0 795 ] 1859 371
FU treated 200 862 148 326 64
o FL i 878 100 t2n 315
o FL 200 168 % 167 2
Spleen
FU wreated 0 362 30 230 48
FU treated 200 1433 74 3% 4
No FL [ 329 34 197 1i5
No FU 200 286 52 24 5

at 32 min (Fig 2) A umiform distnbution of mjected ! I (128 X 10%°cpm)
m the whole mouse would give 47000 cpm or 036 per cent of injected
actnaty 1 a 100 sd blood sample The value obtammed 64 min after injection was
63000 c pm (049 per cent) 1n the control and 67 000 c pm (052 per cent)
n the srradiated mice There was no significant difference mn the * I actnity 1n
the blood of control and irradiated mice (Fig 2) a ttest on the 32 and 64
mun groups pooled together giing 02> p > 01 A difference of at least 2000
¢ pm /100 s blood could be explamed by the higher incorporation of * IUdR
nto DNA 1 the control group The ! I activity in the blood that was not soluble
in the cold PCA (Fig 3) was probably associated with the plasma proteins and
cell fragments Small amounts of * TUJR may have been mcorporated into DNA
of cells which had then entered the blood stream

Once 1n the blood stream, TUdR 15 rapidly catabolized, particularly in the
Imer The firct ctep 15 the cleavage of the nucleoside to 1odouraci and
deoxyribose (Prusorr et coll 1960) This appears to be a rate miting
enzymatic reaction {Huches et coll 1964) an assumption corroborated by the
present obsennation that there was only a small amount of 1odouracil 1n the
blood (Fig 4) The next step 1s the desodination of sodouracil which begims with
reduction to gne 5,6-dihydro-1od I resulting 1n sp loss of 1odide
(BARRETT & WEST 1926 GrisoLia & Carposo 1927, NEwsark et coll 1962)
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The half lItfe of ! TUdR m the blood appears to be about 3 mm (HucHEs et
coll 1964)

The incorporation of IUdR 1nto ntestinal DNA after mntravenous injection
15 thought to be completed within 20 min (Hucnes et coll } The pre ent results
indicate that after an intrapentoneal mjection a pool of * IUdR 1s produced m
the pentoneal flud and 1s available for transport via the blood stream This
would increase the penod of ! IUdR incorporation mto DNA to about 30
min m the spleen and about an hour 1n the small mtesune It 15 possible that
the periods are stll longer after subcutaneous njection smce a gher retention
of “UdR m mice has been reported after subcutaneous than after n
trapenitoneal injection (ROTENBERG et coll 1962}

Only small differences appear to exist m the hinetics of the ! TUdR distnbu
tion 1n the blood the small intestine and the spleen as well as i the catabolism
of ' TUdR m the control and rrrachated mice The differences observed might
be explamed by the decreased mcorporation of * IUdR mto DNA m the
srradiated muce

The results of the fluorouracil expenments (Table) indicate that an increase
m the thymidine pool due to breakdown of DNA from dead cells i the small
intestme and m the spleen 2 hours after 200 rad *"Co gamma radiation are of
minor wmportance It 1s known that fluorcuracil blocks the synthess of thymidine
de novo (the conversion of the methyl group in the formation of thymidine)
fo produce a decrease mn the thymdine pool (HEIDELBERGER et coll 1957 Dan
“EBERG et coll 1958) 1t seems reasonable that the incorporation of * IUdR 1nto
DNA wonld be less mn fluorouracl treated mice than m control mice f there
were a flow of thymidine from dead cells into the DNA synthesizing cells

An overproduction of precursor for DNA may of course occur in each cell

due to a disturbed balance between synthests of the precursor and 1its incorpora
tion mto DNA

SUMMARY

ﬂ;l;:zhdkn ol( 200 rad %°Co gamma radiation on the kinetics of the distrbution and

Fhatolim of 1 TUdR was mvestigated m mice No sigmificant changes were obsen ed

- muraul mjected before ! TUAR increased its incorporation into DNA Thus increase

pooldou marked at two hours after irradiation mdicating that changes 1n the thymidine
ue ta flooding of thymidine from dead cells are of mmnar mportance

ZUSAMMENFASSUNG

g von 200 rad %°Co Gamma Strahleng auf die huncuk der Vertalung und
mus von * SIUAR wurde ber Mausen untersucht Es wurden kewne siguftkanten
e beobachtet Fluorouracil das vor * IUdR inpiziert wurde stergerte dessen

Die trkuny
des hatabolg
v tranderung,
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Embau in die DAS Dieser gesteigerie Einbau war zwes Stunden nach Bestrahlung starker
ausgepragt was darauf hinwerst dass Anderungen 1m Thymidin Pool durch Einstron von
Thymidin von getoteten Zellen von untergeordneter Bedeutung st

RESUME

L auteur a ctudee Feffet de 200 rad de radiatton gamma du ¢°Co sur la ainenque de la
distribution et sur le catabolisme de ! TUdR sur des sourss Il na pas observe de modifica
tion sigmficaune Le fluorouracile injecte avant Ja* JTUAR augmente son incorporation dans
1ADN\ Cette augmentation est moins marquee deux heures apres lirradiation ndiquant que

les modifications du pool de thymidine dues a 1 nondation par la thymdine t des
cellules mortes sont d importance mineure
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COMPARISON OF TUMOR UPTAKE AND KINFTICS
OF DIFFERENT RADIOPHARMACEUTICALS
UNDER EXPERIMENTAL CONDITIONS

by
D Emrict A voN zur Munren F Witrceroriand A Lasmmici

Radiopharmaceuticals for the del of tumors have been manly selected
empirically and by the physical properties of the radionuchide Little data 1s
available for comparison of physiologic behaviour of such radiopharmaceuticals
although the extent of radiation activity mn the tumor, the ratio of tumor to
background radiation activity and their changes 1n relation to time may heawily
fluence the usefulness of a substance for tumor detection We have mvestigated
these parameters for eight rad maceuticals util a transplantable rat
sarcomn

P

Materials and Methods
The Yoshida sarcoma (Yosimma 1949) was used i male Wistar rats (AIF
Hann  Gescllschaft fur Versuchsterzucht, Hannover, Germany) weighing
200—300 g Since preliminary expenments had shown that the tumor uptahe
of *HgCl decreased after <everal passages, each group of definite expenments

Sub d for publ, 21 December 1971
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Table 1

Radiopharmaceuticals and doses

Rad opharmaceut cal Range of speaific activity Doses adminastered
{mCs/mg) [(s0)
Ga-ctrate Carmer free 50
* Tem pertechnetate Carner frec 300742
Se sclemite 76-245x10 /5¢0?° n-20
® HgCl, 60108 x10- {HegCl 0
Hg H albummn 10 5—17 5 x 10~ /H albumin 20~-35%
Hg B\IHP 64—500x10- /B\MHP 20-40
* Hg-chlormerodnn 549 5x 10" /chlormerodtin 20
I'H albumin 5312610 [H albummn 30—50*

* = 0289 mg H albumn

was started by a frozen preparation of the tumor (GERICKE & ENGELBART
1962) debrered by the Cancer Rescarch Laboratory of Hoechst AG, Frankfunt
Germany Tn order to grow sufficient tumor tisue to implant 20 to 30 rats
05to 10 ml of the thawed tumor suspension was mjected per animal i 2 1o 4
rats over the scapula After 7 to 10 days the tumors were excised under general
anaesthesia (Nembutal 5 mg/100 g body weight) Shces of 05 to 10 mm
thickness were transferred anto 09 % saline at 4° C Here they were cut
Pieces of approumately ! mm X 2 mm Three to four pieces per ammal were
transplanted over the scapula of the ammal using a cannula of Krebs Pieces
containing macroscopically necrouc areas were carefully excluded Seven days
after the transplantation the radiopharmaceuticals were injected At that time
the tumors measured 0 5—1 0 cm by10—20¢cm

The radiopharmaceuticals used are presented mm Table 1 All were com
merally avadable preparations except *"Hg H albumn which was specially
Prepared by Hoechst AG Frankfurt Germany Preliminary expermments had
ﬂw;;m that the subsequent blood of only **'I H albumm and
i g H albumin differed after intravenous and mtrapentoneal injectson There
ore these substances were mjected intravenously and the other radiopharma
tenticals were admmstered ntrapentoneally

Samples were taken for mvestigation at & 24 and 48 hours For *Te»
f:lncchnnatc samples were aleo tahen at 15 30 and 12 hours and for  Se
h::;!c 4t 72 hours The tumors were d d and macl pically
— 1\\crc cut Muscle tissue was obtained from the erector trunai The tissue

Ples were weighed wet and were then dissolved 1n 5 0 ml concentrated mitric
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Table 2
Effect of time after trap L Gp) and (12) ad on the of
radwation acticrty n tumor blood and muscle Mean ralues 3= SE Number of ammals tn parenthesss
Tumor ¢ Ig) Blood { jml)
Hour after
adminsstration 15 3 6 12 24 48 72 15 3 6
» Hg-chlor 10 9) an
merodrin (1p) 020 017 010 0109
=007 +000% +0007 +0004
* HgCl (1p) (10, a3 (o)
050 052 036 041
=002 4003 002 +003
Hg BMHP (9 @ (10)
(p) 08 063 056 098
=004 4003 +002 =006
HgH 10 (1) (8)
albumin u s ) 107 081 075 064
=009 4007 +007 +006
I H albumin an (8) (12)
(O] 122 03¢ 013 350
=007 =002 +001 1019
Se selenite 1p ) (5) (5) (5) (5)
058 062 060 062 129
+002 +005 4007 +002 -o0l0
Ga-cutrate 1p ) 5) (6) (6)
091 153 188 129
+007 +013 4009 +006
Tem per 6 6 (6 6 (5
technetate Gp) 046 019 015 012 0009 091 041 026
=003 =003 0006 0010001 +002 +00> =0007

acid Blood was withdrawn by puncture of the heant and samples of 1 0 ml were
hemolyzed tm 40 m! of distlled water The samples of radiation actity were
measured 1n an automatic well scintllation counter with spectrometer using the
photopeak of the radionuchde Aliquots of the mjected doses were measured at
the same time 1 the case of *Tc™ after every fifth sample Counting statistics
were hept below 2 per cent The « of the rad actinity was
calculated as a percentage of the g en dose per g wet tissue or per mi blood

Results
The concentrations of the radiotion actiaty 1n tumor, blood and muccle at
varnous times are presented m Table 2 Three patterns of tumor uptake emerged
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Table 2 fcont }

Muscle (7 g}

I 48 2z 15 3 6 12 24 18 72
0054 0026 0012 0010 0003
+0003 £0001 0002 £0007 +0001
026 014 ooe 001 000°
2001 001 +0005 +0008 £00001
036 022 0036 0087 0077
£002 1007 =000 000> +0001
03+ 025 008 006 00>
+002 +003 =001 +001 =001
083 03l 007 004 003
+006 1003 =000 +0003 =0003
058 043 050 010 016 015 012
£003 14004 2002 =001 =00 00> =910
03 oo 014 010 01
002 Loo0l 001 4003 +003
016 pog 0037 00°8 0031 0017 —
0009 +0004 +0003 +£0005 +0007 40001

M>19%/g ¢Gaatate T H albumin, and ' Hg H albumun  (2) 05—
109%/g v Hg BMHP, ‘Sesclentte “*HgCl (3) <05¢c/g *'Tc™ per
technetate and “Hg chlormerodnn

The tumor uptahe of ® Ga citrate increased until 48 hours after admmustra
tion The radiatron activity concentrations of  Se selemite mn the tumor remained
about the same The radraton acunity concentrauons of the other <ubstances
n the tumor decreased after the 6 hour measurements This decrease was rather
Tapid for I H albummn and %*Tcm pertechnetate
2)T§1\: decrease of the radiation actnity m the blood varied considered (Table
h ¢ determuned the half Iife of the acts 1ty 1n the blood between 6 and 48
0urs for the different radiopharmaceuticals by the graphic method using the
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Table 3
Half Iifes in the blood betueen 6 and 48 hours after wection

Radiopharmaceutical Hours
Tc™ pertechnetate 85
Ga-citrate 140

1 H albumn 165
» Hg.chlormerodrin 205
= HgCl, 270

Hg BMHP 310

Hg H albummn 415
#Se sclenite 720

mean of the concentration values for the different time sntervals The data which
are presented 1n Table 3 may be an approximate parameter for the brologic half
Ines of the substances in the blood after their distribution had taken place

The values for the tumor blood rauos of radiation activities at various tumes
are presented 1n Table 4 together with values and times of maxtmum tumor
uptake The blood concentrations for ™I H alburmin and of *Tc™ per
technetate were always hugher than their concentrations m the tumor Except
for © Ga citrate, which ranged as high as 22 3, the maximum tumor blood ratios
ranged from 04—12 The concentration of **Tc™ pertechnetate in tumors
reached 1ts peak measurement at 12 hours the others were highest at 48 hours
The ume of maximum tumor uptake comcided with the highest blood tumor
rauo only m the case of Se selemte and ¢ Ga-aitrate

The uptahe of muscle was mvestigated smee 1t 15 an ubiquitous tissue It
was below the tumor uptake for all radioph 1cals mvestigated, hut there
were differences between them which Jead to the following classfication (Table
2) 1) Muscle uptahe << 10 G¢ of the twmor uptahe "“HgCl, “Hg
chlormerodrin, ™ Hg H albumin, and "1 H albumin  (2) Muscle uptake 10
10 20 % of the tumor uptake '* Hg BMHP *Tc™ pertechnetate and *'Ga
ctrate only after 6 hours) (3) Muscle uptahe 20 to 30 % of tumor uptake

Se <clentte

Discussion
The three biologic factors mainly determimng the value of a tumor delneating
radiopharmaceuucal are (1) The degree of tumor speaifiaty (2) the con
centration of radiation actity 1n the tumor and (3) the ratio between the
radiation activits 1n the tumor and the blood and the surrounding tissue
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Table 4
Mavrum tumor uptake and effect of time after admintstration on tumor blood vatto Mlean ralues = SE

Rediopharmaceutical  Maw At ‘Tumor uptake/bload concentration (at h)
mum h
tumer 15 3 6 12 24 48
uptake
(° fg}
Ga atrate 188 48 072 505 2231
+009 +008 +024 4153
* Hg-chlormerodnn 020 & 186 324 424
+00? 024 £025 023
Hg H albumn 107 6 145 239 387
+009 +012 2014 1035
* HgQl 052 24 120 193 260
4003 +008 +013 +017
! Hg BIHP 063 2% 039 178 258
2003 4005 4008 017
Se selerute 062 24-72 046 107 122
+005 +00> +006 007
T H atbumin 122 6 037 039 043
*007 =002 +00” 003
Te® pertechnetate 046 15 050 047 059 077 068 —
+003 4002 003 003 4010 009

We have mvesugated the last two factors as a function of tme after the
admunistration of the radiopharmaceuticals In agreement with MatnEws &
Mormaro (1963), Lone et coll (1963) and Tator (1969) we found a higher
maximum tumor uptake of *'1 H albumn than of **Hg chlormerodnin although
they used different tumors 1n rats and mice The maximum uptake of *Tc™-
Pertechnetate was over twice as high as that of "*Hg chlommerodnin A stmular
7210 was observed by McArrEe et coll (1964) when they compared the uptake
of these radioph euticals by a transplantable ependy n mce ©Ga
Cltrate exhibited the highest tumor uptahe of all substances which we tested
The same canclusion was drawn by Haves (1971) and Frascas et coll (1971)
after comparing tumor delmeating radiopharmaceuticals m expenimental tumors
but detals of their iy estigationss are not yet available

When we considered the influence of ime on the extent of the activity con
:emrauon m the tumor two patterns became apparent mn the substances tested

Sesclenite and *Ga atrate remamed 1 the tumor or mereased with time
:}A‘,C other substances all decreased with time some of them rather rapidly hike

TH albumn and *T-= pertechnetate Matnrws & Mormvaro (1963) also
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Table 5

Tumor index tn yelaton to time after adminsstration Vfaxtmum values i talics

Radiopharmaceutical Time after admumistration (h)
15 3 6 12 24 8
Ga atrate 06> 773 419
+ Hg H albummn 15 194 250
1 Hg BAHP 034 112 115
HgUl 060 100 09t
Se-sclemite 027 066 073
= Hg chlormerodnin 037 055 042
I H albumsn 045 013 006
*Tc pertechnetate 027 0o 009 006 —

reported a decrease 1n the tumor concentration of '*1 H albumin Lone et coll
1963) observed a con<tant concentration and TaTor (1969) demonstrated
even an increase dunng 48 hours after ad ation This duffe e may
reflect differences n the preparations of radioodme labeled H alb and
the amimals used

The background in tumor delincation consists of radiation actwity in the blood
and n surrounding tssues Among the substances tested “’Ga citrate had the
most favorable tumor blood ratto and "1 H albumm and *Tc™ pertechnctate
the most unfavorable Tumor muscle ratios were considerably higher for all
substances tested and showed only small differences except i the case of Se
<elenite The ratio tumor blood and tumor muscle, however did not remain
constant windicating a different change of the radiation activity concentration n
the tumor blood and muscle compartment That means that the demonstration
of a tumor may be improved by considening the opumum tumor bachground
rauo o relation to time

In most sub es tested the tumor radation acuvity did not
comade with the optimum tumor blood ratio In order to compare simultaneously
tumor radiation actinity and tumor blood ratio for the different radiopharma
ceuticals we caleulated a

tumor uptahe

tumor index == tumor uptake < Diood concentration

postulaung that both factors are of equal sgmf; e for the del of a
tumor 1 Table 5) These indices predict different relatve usclulne s for the
radiopharmaceuticals when compared to therr relatne usefulness as predicted
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by ether therr maximum tumor uptake or thewr optimum blood tumor rato
Furthermore the indices predict what tme may be most favorable for the
delineaton of the tumor The predicted optimum time also differed considerably
for some of the substances judged only by therr maximum tumor uptake or by
therr optimum tumor blood ratio The tumor index may be extended by mulupl
€ation with the decay factor of the labeling 1sotope 1n relation to the time after
the of the radioph eutical Thus takes mnto consideration the
effective half ife of the radiopharmaceutical The ratio to surrounding tissues can
also be mcluded m such an index In practice the sigmificance of these parameters
may be different depending on the type of tumor and the types of surrounding
tisues But from a comparative point of view the mdex 1s useful since 1t combines
different Parameters which do not always run parallel

The mechanssms of tumor uptake by radiopharmaceuticals are not known
They may depend on the agents used and on the tumors The different aspects
have been discussed previously in relation to brain tumors (Bakav 1967 1969)
None of the substances which have been used chnically to date are specific for
Malignant tumors The extent of therr tumor uptahe does not exceed their extent
of uptake by other organs (MaTHEWS & Mormagro 1963 Lovc et coll 1963,
Tatox 1969) Therelore the question anses if there are also general factors
which influence the tumor uptake When we compared the extent of tumor
uptake after 24 hours with the approxmmate biologic half hfe in the blood

teen 6 and 48 hours for the substances tested we observed except for ® Ga
clirate and ¥Se selenute that the longer they remained 1n the blood the higher
%as ther uptake by the tumor (Figure) MaTHEWS & Mormaro (1963)
;‘IPﬂﬂed some correlation between the radiation activity concentration in the

%0d and 1 the tumor for several of the agents thev tested They postulated that
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this would indicate a predomnantly extracellular deposition mn the tumor,
whereas a tumor concentration independent of the blood level would suggest a
mamly ntracellular deposition There 15 evidence from biochemical and auto
radiographic imvestigations that  Se selente and © Ga citrate are deposited
mtracelularly (CavALER: et coll 1966, WenzEL et coll 1971, Haves et coll
1971 SwarT2ENDRUBER et coll 1971) and that radioiodine labeled H albumin
like some other agents 1s localized extracellularly (MunpiNGER & GERHARD
1963 Tator et coll 1965 GernarD et coll 1965) However, a mainly extra
cellular deposition would not exclude mtracellular deposition to some extent
For example 1t has been shown that tumor cells can incorporate serum albummn
(GnosE et coll 1962 Meco & McQueen 1965 TaTor & OLszewski 196b)
Although our data are consistent with the hypothesis of MarnEws & Motvaro
{1963) other explanations cannot be excluded Further mtensie insestigitions
are necessary to clanfy the localization of radiation active agents in malignant
tumors and the mechanisms of their uptake Such data may lead to 2 more
systematic selection and evaluation of potential tumor delineating substances

An mportant question 15 whether expenimental results of tumor delineaung
radiopharmaceuticals can be applied to the situation m the human This 15
uncertam to date But comparatne mvestigations 1n bramn tumors by LorsLey
et coll (1924) showed some predictine value of animal experiments The pre
dictine value of our ammal model 1s supported by the expermental findings
which led to the time at which tumor scanmng 1s normally performed m the
human 1e after 48 hours or later for “’Ga citrate after 24 hours for "*H.Cl
after 48 hours or later for 7 Se selenite after 24 hours for **Hg chlormerodan,
and after 1 5 hours of ®Tc™ pertechnetate
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SUMMARY

Using the transplantable Yoshida sarcoma in the rat radition actnaty concentrations
wete determined 1n tumor blood and musele at various times for ¢ Ga curate #Tc  per
technetate  Seselenste 99HgCl 19 Hg H albumm, 197Hg BMfHP  “Hg chlormerodnn
and U Halbumin ¢ Ga exhibited the highest tomor uptake and the most f{avorable
tumor/blood raue For some radsopharmaceuticals the extent of tumor uptake correlated
with their biologic half hfe in the blood There 1s some evidence that the model might be
comparable with the human
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ZUSAMMENFASSUNG

Am transplantablen Yoshida Sarkom der Ratte wurden Tumoraufrahme Blut und
Muskelhonzentration sowie eimge hinetische Parameter fur © Ga Zitrat */Tem Pertechnerat

SeSelemt  °3HgCl 1° Hg H Alburmin  197Hg BA\IPH  ™Hg Chlormerodnn und 1311
Albumin untersucht und miteinander verghichen ¢ Ga Zutrat zaigte die hochste Tumorauf
nahme und das gunsugste Tumor/Blut ¥ erhaltms Fur eimige der gepruften Substanzen be
stand eine horrelation zwischen dem Ausmafl ihrer Tumoranreicherung und ihrer bio
lomschen Halbwertszest 1m Blut Es ergaben sich ferner Hinwerse dafl das Modell vom
X hen S

aus mut den V beim Menschen vergleichbar st

RESUME

En utihsant le sarcome d Yoshida transplantable sur le rat les auteurs ont determme
les concentrations de radio actmite dans la tumeur le sang et le muscle a differentes dates
Pout le citrate de ® Ga le pertechnetate de ®Tcm le selemte de  Se  3HgCl! ¥ Hg H
albumme 19 Hg BMPH  "Hg chlormerodine et 311 H albumine Cest le ¢ Ga qu a
presente la plus forte fixation tumorale et le rapport tumeurfsang le plus favorable Pour
tertans agents radiopt 1 de la fixaton tumorale etait en rapport
avec leur dem: vie biologique dans le sang Il y a des premves que ce modele peut etre
comparable avec 1 homme
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FROM THE DIVISION OF RADIATION BIOLOGY, THE RESEARCH INSTITUTE OF NATIO-
NAL DEFENCE SUNDB) BERG, SWEDEN

LATE EFFECTS OF IRRADIATION
ON THE THYROID GLAND IN MICE

11 Irradiation of mouse foetuses
by

G WaLnpir and ANNE MARIE S[opes

The neoplastic changes occurning 1n the thyroids of CBA muce exposed dunmng
matunty to 1omzing rad either by irradiation localized to the
8land or by mjection of 1 haye been reported i the first part of this investiga
ton (Watrper 1972b) In the present part, the thyrords of mouse foetuses
were uradiated on the 18th day of gestanon (usually 2 days before birth) erther

) Intravenous 1mjection of 3] to the mothers, by whole body exposure of the
Y’;\Oth:rs 1o roentgen radiation or with a combimnation of both tvpes of radiation
m’;molbjcct of these investigauons was among other things to compare the

on ensivity of the growing thyroid 1n mouse foetu es with that of mature
::;C: as reflected 1 the occurrence of radiation induced neoplasms Such a
5 :Pan on could not be made however as it was found that the thyroids of the
as)ﬂ:dd control mice used 1n the pre ent expeniments weighed twice as much
iﬂle earlier expennments (Fig 1)

Surm,:ud for publication 24 February 1972
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Thyroid weight mg

to age in male CBA nuce The lower
(broken} curve v as obtamed from
mice in the carler experiments and
the upper (solid} curve from mice
1n the present ones Age days

El
i
¢
1
Fig 1 Thiroid weights i relation E
0

100 200 300 400 S00 600 700

The results obtained m the muce wradinted i the foctal stage wall, however be
de cribed here s they throw ight when compared with the earler expenments
using adult mice on the part played by the growth factors m the development
of radinion damage mto tumours 1 the thyrowd of the CBA mouse

Material and Methods

The housng and management of the nuce were the same as m the expen
ments on adult immals The methods for the ™1 injections nd the determin
von of the ™1 do es i the thyroids have been described i more detul by Wa
1npER (1971) 1nd Warmoer S Sjopen (1971)

The rradition of the pregnant mothers with roentgen rys was carned out
with the s placed 1n a slowly rotang plexaglass wheel at 2 distance of 45
cm from the 1node of the roenteen tube Radition datn 260 kV 10 mA filter
5 mm Al 4+ 08> mm Cu and HVL 2 mm Cu The dosc rate was 72 R per nun
ta the centrl parts of the ammal (caleulated on the biss of mersurements with
LUILP s LT’ dosmcters 1n mouse phantoms) All mice given rountgen weadin
tion were expo ed for 263 min and 1t was ctleulated that the mean dose to the
foctuses was approx 190 R = 180 rad (ICRU Handbook 85 196t)

The techmques used for ectioning fixation nd stunmg, of the thyrosl and
pruttary o sues for examimations with the hght nucroscope hwve been de cnbed
carher (Watrnorr 1972 b)
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Males and females of the CBA mou e strain were used The thyroid weights
were measured m 550 males and 584 females when the mice had reached an age
of between 680 and 750 dave Some monbund animals had to be hlled before
that age, however, the number was espectally large i the groups that recened
roentgen irradration The hustologic analysis covered 1 511 muce (815 males and
696 females) The distnbution of the mice over the different radiation groups
1s indscated 1n the following tabulation (M == males, F = females)

Roentgen dose rad I doses to Jobe No of thyrouds werghed  No of thyroids examined

centres rad histologicalty

\t F N4 F
- - 207 215 263 225
- 19002 100 138 141 172 160
- 3800 37 23 89 58
~ 47004 900 12 18 16 20
- 68007 300 69 60 102 83

180 — 27 39 48 47

180 15001 800 3 52 9 73

180 7 600—3 000 17 33 16 30

The pitwitary glands from mo ¢ of the mice that had been elected for de
termination of the thyrord weight were al o removed for weighing Some pitws

tanics from the controls as well as all tho e that weighed more than 6 mg were
examined histologically

Results
Thyrord and hy pophysis weights

The thyrotds mn the 2 year old ruce weighed as mentioned before much more
than those in the carlier expeniments (WALINDER et coll 1971 Warnpir
1972b) The immediate explanation of this increase seems to be that besides the
collordal gaitre which was the mam reason for the previously observed enlarge
ment in the aging CBA mouse (WALINDER et coll ) there was in the present
‘mesugation also a considerable increase in number and size of hyperplastic areas
and nodules (Fig 2) as weil as a relatis ely hugh frequency of thyroidal neoplasms
}(::HC 2) The basic cause of this adenomatous deselopment 13 not clear
. ¢ser The weight of the pituttary glands 1n the control mice was abo higher

an 1n the earlier expeniments (Table 1)
r:;ﬁzczmmﬂ with what was observed 1n the earher experiments with mice 1
v he dunng maturity no correlation between thyrmd dose and pitmtary

181t was found On the other hand, there was a positive correlation berween
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Table 1
Thyroid and pitwtary weights of muce exposed to YU yoent en rays or a combination of the two fpes of
radwtion
Idoseto Roent Sex Thyrod P Pututtary Thyrodweight p

central gen \ eight mg weight Mg Pitmtary weight
thyrod lobe  dose (£SE) (£SE) (£SE)
rad rad

- - N 208-03 2021013 106+03

- - F 15103 2364007 67401
19002100 — MO 203204 - 2054014 10103 -
1900100 — F 149403 - 2204015 6302 -
3800 - M 195207 <005 222:026  88x03 <000
3800 - F 132207 <001  225x011 58402 <0001
47004900 ~— M 165+08 <0001 2331011 68103 <0001
4 00-$900 — F 119204 <0001 217+016 52402 <0 001
6800— 300 — MO 155205 <0001 2172015 66x02 <0001
6800~ 300 — F 108-05 <0001 225:008 48402 <0001

- 180 AL 201106 - 2131015 108403 -

— 180 F 149104 - 2181016 70402 -
12001800 180 M 194205  <00>  222+010 88402 <000
12001800 180 F 132-04 <0001 2164008 5601 <000!
?600—3000 180 AL 172410 <000t 2394020 70403 <0001
~600-3000 180 F 121205 <0001 2244026  50+02 <0001

thvrerd and priunan weightssathin the differentexpenimental groups Becau ¢ of
this correlation the quotient betw een these gland weights displayed a much smal
ler degrec of <cattering around the mean salues than was the case with the thyrord
weights The stgmificance of the changes m the weight relations between the two
glands was in consequence more evident 1n the lower dose range thanwere the cor
responding agmiicance figures for the thyrord weights (Table 1) It was found
al o that the rauo betw een the mean weightof the thyroids m the micegn en+4700
104 900 rad to the centre of the lobes and that 1n the controls was the same as had
been obxersed when the mice were 1 to 8 months old (Watper & Sjopey 1971
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Table 2

Number and frequency of thyrord neoplasms The figures wsthun brackets sefer to sur-rng muce (Rulled ot
€80 10 750 days of age) n groups that wncluded morsbund amimals which had 1o be killed prematarely

ldoseto  Roent o of Sex No of o of carcinomas Percentage of
central g mice adeno- mice with
thyrosdlobe  dose  examuned mas Foll Pap  Anapl Total negplasms
nd rad

- - 263 AV ] 1 [ i 2 4242

- - 23 F o4 e ¢ o 0 1212
1%0-2100 — 172(140) AL 1504 2 © 1 3 10 (17)
1900-2100  — 160(135) F o o o o o 3137
3800 - 89(57) M 10 0 1 2 3 15 (23
3800 — 88 F 2 o o o o 3549,
1000-4900 - 1) M4 1 ] 1(0) 31 (36
4 00-490 20(16) F 43 1 [} 0 1 23 (79
6207300 —  102(90) M 29 4+ 1 1 6 34(3%
68007 300 - 83 (73) F 12(10) 1 0 ? 3 18 (18

- 180 /0en M2 ¢ o o o 1974

- 180 4739 T © o o o 0 L)
1500-1800 180 794 M 4 o 0 1 1(0) 63(10)
1500-1800 180 383 F o o o o o 69(9
zsno-a 000 180 46260 M8 o o 1 ) (0) 2031

600-3000 180 @25 F 6 o 0 0 0 20024

Wanvper 1972 a) In the hugher dose range the corresponding quotient had de
creaed shightly

An additon of 180 rad of Toentgen radiation increased the inhibitory effect of
the radiorodine on the thyroid werght A ten times higher extra dose of ] to
. :5 c:g\r: of the lobes was required to produce the same increased inhibiuon as
. obtamed wath the roentgen dose (Table 1) As the ' dose decreases to-

ards the Ppenphery of the lobes and amounts 1n that area to 50 per cent of the
ro‘c 10 the central parts of the gland (WALmDER 1971) the effectiveness of the
oentgen arradiation n it d d } dal enl: may be

age
H 4 P
id 1o be between 5 and 10 tmes greater than that of **'I irradiation
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Fig Thvrord tissue m an unirrodiated 2 year-old mou e The follicles are arregular v ‘Illh
1 wslir or grapalar colloid The hyperplastic foct and nodules contamn desenertted cells
(H&E »M

Tig 3 H pop hiseal tumour containing hiehly pleomorplic cells with bizarre nucles Nuclear
mclut n and sesicular nucles are common (Tripas X 30

Histologic observations

Frequeney of thyroid tumoars The classificatson of bemgn and malignant
mour in the CB A motne thyroids followed the same defimtions as thos u ed for
the adult nice

The totl number of mice and tumours and the tumour frequency, are gen
 Table 2 Moxt of the nuce were hilled when they were between 680 and 750
dass old Some monbund ammalb had to be hlled before the age of 680 dvys.
Ilic values in Table 2 have therefore been supplemented wath the number of
mice md tumours and the tumour frequency n curvivng amals (within
brichets) te nuce hilled after the aie of 680 days None of the tumours obsersed
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!f;{gttngz}%u)m carcmoma Follicular elements can be seen 1n the capsular blood vesscl

B2 5 Papdlacy carroma The cel) are srregularly arranged and the nucler are vesicular
h ese cella ar charactensiics are an marked contrast to the more uniform cells and usualt
=

Al;"n;);\mmahc nucles an the p. of hyperpl: nodules /ran Gieson

:’\ monbund mice were present in anumaly under 558 days of age The thyrod

heights 1n the controls were roughly the same at that a¢ as they \ ere when the

mice were 750 days old (Fr, 1)

m'{h!lt nulmber of thyrord tumours was wn these expenments much higher than

m“;ar ier expetiments In the lower do e range the number of neopla.ms mn

sog r:j]m: or less linearly sith the dose, while ta the range hetween 3800 and

e dusa there was an abrupt increa ¢ m tumour frequency which cez ed when

s e was further ras ed to 6 800 to 7 300 rad

Cf&::te 2 d?cs not gne such a clear picture rcgardx?g the relation between the

Torm, enes’ of roentgen wradiation and that of I wradiation. Additienal
gen radiation did not appear to rare the tumour frequenuy 1n the lower
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dose range but the sharp increa ¢ 1n frequency which 1n muce treated with 1

alone took place 1 the dose range between 3 800 and 4 900 rad was obtaned
already with *'f doses of less than 3 000 rad f this radiation was combmned with
a roentgen do ¢ of 180 rad

A tnhing difference noted between the effects of iradiauon with ' alone
and those obtained with combined rrradiation was that the former gave a much
higher tumour rate 1 males than i females while this effect was not ob erved
when the two forms of radiation were combined

Morphology of the prtutary tumours The hypophyseal tissues had the same
hyvperplastic charactenstics as tho e observed 1 the mice irradiated at a mature
age In contrast with the findings i the earlier expeniments, howesver, such ti sue
changes were now often <cen 1n the glands of the controls as well Espeaialls in
the mice that had been exposed to both '#1 and roentgen srradiauon  there were
often very large piuitary glands weighing as much as 85 mg The largest pitw
tary obwerved 1n the mice irradiated with 31 alone weighed 11 mg The largest
puutary tumours were compased of very large chromophobe cells with nucler
inclusions and a high mitotie frequency (Fig 3)

Morphology of the thyrord tumours A much larger number of different (l;
mour forms was found m the ¢ expenments than m the preceding ones Both
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Fig 7 Small cell carcinoma 1) Lobulated part of the tmour (H & E <123) b) \agmified
View of the same section showing a diffusely growing part of the tumour { % 300)

berugn and malignant tumours were observed even 1 the controls a finding that
“asnot obtamed 1n earlier ms estigations on the thyrouds of old mice (WaLNDER
et coll Wanper 1972 b) A relamvely large number of anaplasuc thyrord
€arcnomas of small cell gant cell and sohd pleomorphic type were encount
ered such forms were not ob erved m any of the prestous expenments (Figs
4‘8) However n spite of this finding and desprte the occurrence of numerous
‘acular myasions no metastases were seen either m cervical lymph nodes
lungs or skeleton

Discussion
Thyroud and hypophysis uerghts As a resultof the afore mentoned adenoma
eaulslgmm mn the controls the thyrord weights were nearly twice as high as in the
m; :r &ipenments This development obvioush was a concequence of a more
thed thyrodal hypofunction than had been present n the previous expen
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Fig & Giant cell carapoma The cells are often mulunucleated The
mutotzc frequency 1s high (H & F < 500)

ments a conditon which manifested 1t elf m piturtary glands that were larger
than had previously been observable i umirradiated non goitrogen stmulated
mice and n a distinctly po itne correlation between pitary and thyroid
weights

Irradiation of the thyrotd in mou e foetu es led as has been demonstrated car
her (WaLvpEr 19722, to upprecsion of cell division, and cell death during
the first week after exposure After a 1 dose (to the lobe centre) of 4 600 rad
however cell divicon was resumed to the ame extent as in the thyrouds of the
controls from the econd week and onwards after the ijection of the radio-
todine The ¢ muto ¢s were often atypical however and did not result 1 daughter
cells 10 con equence there al o occurred a certan amount of cell death after the
first week of hfe Notwithstanding this the thyrowd weights mncrea ed at the same
re as m the control mice a process that was however, due rather to mcreasing
hvperaemia than to compen atory proce..es uch as increa ed cell 1ze or n
creased collowd formation The 1rradiated thyroid glands neser reached the same
weights s those of the controls The probable explanation of this 1s that the
radiatton damage to suniving cells as well had been o extensive that compen
<ators effects uch as have been ob ened for instance n mice partially thyroud
cctomized by surgery (WaLnDER et coll ) had been unable to normalize the
parual thyrordectomy produced by the irradiation This inability was alo reflected
mn a maller thyroid werght/prtmtary weight quotient in the irradiated muce as
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compared with the umrradiated amimals (Table I) It may howesver be mentioned
in this connection that *¥'I doses {to the centres of the lobes) of 5000 to 6000
rad to mature CBA muce led to greater differences between the weights of 1
radiated and umirradiated thyroids when the mice had reached the age of 2 years
than was the ca.¢ when the mou e foetuses i the pre ent experiments were 1
radiated with the same doses (cf Warmper 1972 b) The rea on for this may
once agan however he in the more powerful TSH pressure on the thyvroid
glands and the nodule formation re ulting {rom 1t 1n the mice wrradiated in the
foetal stage 1n the present experiments as compared with the earlier ones in which
adult mice were wradiated

Radiation induced thyrord tumours In view of the extreme thvroid growth
m the aging CBA mouse — extreme m compan on with earlier ob envations —
the high tumour frequency and the tendency toward more anaplastic tumour
forms noted 1 the pre ent expeniments cannot be atiributed <oleh to the early
growth 1 the 1mmature wou e or to the late very rapd growth n the old
gland Expenments have been tarted however with the object of combimng
the mestigations presented 1n this report and tho e described earlier | WaLINDER
1972b) The e expennments have been carnied out with mice born at the same
tme m ome groups the pregnant mothers were ijected with 1 or wrradiated
with roentgen rays alone or 1n combination with **'I on the 18th day of gesta
tion and 1n other groups the corresponding rrradiations were not given unnl the
mice had reached the age of 3 months It <hould then be posible by vest
gating the development of thyroid tumours m all the offsprng unul they reach
the age of 2 years to detect any differences between the tumour mducing effect
of the irradiation 1n the thyrods of the foetu es and of the mature mice rrespec
e of how the gland subsequently develops in the old mouse These expenments
are not yet ready for histologic analysis

e present experiments have however demonstrated in general the gmifi

€ance of the growth factors in the radiation mduced tumour genesss. Increased
thyroidal growth may mn teelf erve as a tumour provohing factor and 1t poten
tiates the tumour inducing elfect The proce.s apparently takes place in the fol
lowing way The wrrad ation first miubits the epithelial proliferation This process

Probably cof the deselof of rad damage mto macroscopic tu
mours In the CBA moun e howeser the collordal goitre increasing with the age
of the amimal as well as the rad induced mhib of the epithelial prohif

ration leads to increased TSH pressure on the glands which by degrees gives
T € to hyperplastic centres and nodules from which wmours may develop if the
fadiatton dose has not been too hugh Many of the nodules abserved in the thy

toid glands which had received the hughest doses of *'1 (6800 to 7 300 rad to
the lobe centres) were compo ed of stnhingly degenerated tissue displaying
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marhed cell damage (haryorrhexis, pyhnosis) this may explam why tumour
frequency was not higher than i glands that had been exposed to 4700 to
4900 rad (Table 2) In the earher expeniments m which the thyroidal grouth
had been more moderate the optimal tumour dose was higher

SUMMARY

The thyroid gland of mouse foetuses was wradiated by exposing the mothers on the
18tk day of gestation to ntravenous injections of 1311 shole body roentgen srradration or
a combination of the t o forms of radiatton The occurrence of thyroid tumoitrs was m
vesuzated when the off pring had reached the age of about 2 years The frequeney of both
benign and malignane thirotd tumouss was fugh As the aging thyroids of the urrradiated
mice revealed adenomatous changes to an extent that had not been seen 1n earlier i estiga
tions the high frequency of wumours n the irradiated thyroids could not be attnibuted
uncquivocally to any specal radiauon sensunstty in the foetal glands The sigmiicance of
the growth factors in the development of radration induced thyroid neoplasms 15 discussed

ZUSAMMENFASSUNG
Die Thyreaidea der foetalen Maus wurde durch Exposition der Mutterere am 18
Graviduatstag durch sntrasenose Injek von 1311 G th L 1 rut Rontgen

oder emner hombinanon dieser beiden Bestrahlungsformen bestrahlt Das Vorhommen von
Tumoren der Thyreoidea ber diesen Foeten wurde untersucht wenn diese em Alter von
ctwa 2 Jahren ermercht hatten Die Frequenz von sowohl benignen als auch malignen
Tumoren war hoch Da dte alternde Thyreoidea von nicht bestrahlten Mausen adenomatose
\ cranderungen 1n emem Umfang aufwses w e sie nicht in fruheren Untersuchungen gefunden
vorden war kann die hohe Frequenz son Tumoren n der bestrahlten Thyreoidea nucht
ohne s enteres auf eine besondere Strahlenemphindlichkert der foetalen Drusen zuruckgefubirt
serden Die Bedeutung von Zus achsfaktoren an der Entwicklung von Strablen henor
gerufenen Nroplasmen der Thyreoidea wird besprochen

RESUME

La glande th roide de foetus de sourss a ete srradiee en exposant les meres au 18eme
jour de la gestation a lnjection intra vemeuse de 131 & luvadiation par les ravons de
Roentgen de tout le corps ou & une assocration de ces deux formes de radiatron Les auteurs
ont etudie | de tumeurs th quand les sounts uradices an utcro ont
attent environ lage de deux ans La frequence des tumeurs thyroidiepnes bengnes €t
malignes etaie elevee Ltant donne que les thyroides des souns non irradices ont presente
mec Juge des Iesions adenomateuses dans une mesure qui navarent pas ete obsence au
cours des recherches precedentes la grande frequence des tumeurs dans les thyroides
irradiecs na pa pu etre attrsbuce de fagon certaine a une sensibilite specrale aux radiations
des thirordes foctales Les auteurs examinent $importance des facteurs de cromsance dans
Ie developpement de neoplasies t

dues aux
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MODIFICATION OF ISODOSE CURVES BY MEANS
OF COMPENSATING FILTERS

by

N E Sorensen

Two parallel opposng fields may be the best means of uradiaung carcmoma
of the thyraid or other cencal neaplasms although masking of the lower part of
the area by the <houlders has to be overcome The fields may be angled 10° to
25° of onh a small area 15 cut off depending on the size of the region to be
covered (Fig 1) The 1.odose cunve, which touches the longitudinal axis of the
patent will follow cune C 1f a plane field be compensated for mssng ussuc
Added to the corresponding cunve from the opposng field 1t produces an 1
homogencous ab orbed do<e distnbuuon with a hot spot n the upper part of the
affected area. A change from C to an 1odosc cune such as G, 15 needed for
homogeneous distnbution over the central part of the area

Durrerc & Dutrerk (1962) and later Jouns & Cussinenay (1969) de<crib-
ed an empinc method of parallel hiftung of the 1odose curves to correct for an
awrgap k  the displacement for ¢'Co wradiation 1s 2/3 & This method resersed
makes 1t possble to determine the contour of the patient which alters the nodose
cune from Cto C

A <cnies of lines 1s drawn parallel to the central aus (eg at 1 cm mtenaly)
The distance 4 from C to C along the lines 1s measured and 3/2  marhed out

Sutmutted for publication 12 July 1971
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Fig 1 Fig 2
Fig 1 The prnciple of the method

Big 2 & companson btween calculated and measured absorbed dose distribution 1n an
Mderson phantom The talculatons are represented b the cunves and the measurmg powts
Y ® Figures indicate percentaces of doses g1 en

from the hne AB, which ndicates the reference plane of the 10dote curve
Contour AQA’ {the broken curve m Fig 1) which must be produced by means
of the compensatng filter 15 thus obtamed The filter 15 designed from alumm
tum columns (Erets et coll 1959 Harr et coll 1961) of square cross section
The length of the columns corresponds (1o the nearest cm} to the amount of
fusing tissue and the square 1s equivalent to 1 cm in the treatment distance
The contour AQA 15 then approached with the saw tooth cunve 1e the sum of
the compensating filter and the true contour of the patient

Anormal filter that compen ates up to the plane DE 1s first designed  The filter
5 then mcreased with block DOA and decrea.ed with block EOA (hatched
reas} o that both a correction for mssing tssue and adjustment of the 10do e
curves are obtamed m the same filter

Calculated and measured ab orbed do e distnbution with opposing fields (uze
95 ‘m X 10 em) angled at 20° for an Alderson phantom are compared 1 Tig

Mo corrections were made for bodv imhomogenetues The measurements were

obtained by means of thermolurmnescence with LiF powder the standard devia
tionwas + 35 per cent

SUMMARY

" :X:;uhud of modifving 10do e curves by means of compensating filters 1n the treatment
iy ot discase of the neck 1 d scnbed This is required vhen the shoulders interfere
Parallel oppo ng fields 1n radiation therapy
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ZUSAMMENFASSUNG

Die Anwendune son Ausgleichshitern ber der Strahlenbehandlung von malignen Erkran
Lungen des Halses wird erortert Diese Falter dienen zum Dosenausgleich entgegengesetater
Felder wenn die Schultern im Wege sind

RESUME

L auteur decrit une methode de modification des courbes 1sodoses par des filtres com
pensateurs dans le traitement des affections malignes du cou Ceci est necessaire quand les
cpaules s mterposent dans la radiotherapie par des champs paralleles opposes
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ANGULAR DISTRIBUTION OF RADIATION
SCATTERED FROM A PHANTOM EXPOSED TO 10
TO 50 kVp ROENTGEN RAYS

by

D M J Benstock and T E BurLiv

Several 1y esigations of the radiation scattered from anthropomorphic
phantoms exposed to radiation from therapy installations are extant (GLASSER
coll 1961 Lorevrzow 1954 Warstam 1954 Liwpere 1954 Frantz &
Wyekorr 1959 Sanpers et coll 1960 HeTTinger 1960 Martiv & MurLer
1961) 1n reviewing the data provided by these imvestigations, Bomrorp & Bur
L1 (1963) noted a lack of information concerning scattered radiation at angles
Zlhtr than 90° and 180° and carried out measurements to provide the required

2t for irradiation of 100 to 300 KVp McEwan (1966) made a very sumlar
:"r.s of measurements to those of Bosrorp & Burrrv but extended them down
. an energy of 50 AVp In the treatment of dermatologic conditions by 1onsing
N lation roentgen rays of energy 10 to 50 LVp are frequently employed There
,rl:gam tobe a complete lack of information concermng the scattered radiation
us:d‘s energy range even though the dose rates from the berylium window tubes
&‘7 much greater than those from conventional therapy machines and

Submutted for publication 12 January 1972
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m addiuon the operator 15 pernutted to remain 1n the treatment room (Code of
practice 1963 Thus paper presents measurements of the angular distribution of
the «cattered radiation m this energy range

Expermment

As the purpose of this inve tigation was to provide data relevant to protection
mn a radiation therapy department the atomic number of the scatterer was not
vanied The measurements were confined to a ussue equualent phantom of
cross-<ection 30 em X 30 cm and depth 22 em This latter dimension amulates
the antero-postenor thichness of a large pattent The roentgen ray beam was
directed honzontally at the phantom as shown mn Fig 1 Two fields 21 cm X
21 em and 9 cm diameter arcle at 30 cm focal <kin distance were used and both
fields lighthy overlapped the edge of the phantom to ensure that the maximum
«cattered radiation was measured parucularly in the forward direction The
details of the po stion of the fields with re.pect to the phantom are shown
Fig 2 The curface areas of the phantom irradiated by the ficld were 54 cm and
431 cm Measurements were made at five different tube potentsals the filtration
and half value thickness being shown in Table 1

The exposure rate at the mnadent surface was measured and the scattered
radiation was measured at ) mctre from the corer of the phantom at 30 45 60
“0 120 13> 150 degrees 1o the central axis of the beam A 350 cm?® tonization
chamber was used 1n conjunction with a portable electrometer (F 1 L 37C
dosemeter) to measure the scattered radiation 1n these positions The jomzation
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Fig 2 The shaded area represents the
dated field and sho s 1ts position with
respect to the phantom.

WV m— - - 30enr

chamber was enclosed 1n a 2 mm thick lead shield, which had a window wide
enough for the whole of the chamber to just <ce the whole of the phantom Ths
chamber was thus shuelded from the leakage radiation from the tube houstng and
the extraneous scattered radiation from the walls floor, etc, and 1t recorded onl
the radiation scattered from the phantom

The 10 hamber required calit 1 the scattered photon spectrum
to which 1t was exposed at the different angles This 1s facilitated by the fact that
the photon energy spectrum changes very little duning scattening n this energy
region This may be seen by firstly constdering the change mn the photon energy
1 2 single Compton scattening event Table 2 illustrates how small the maximum
and mean photon energy changes are mn fact Secondly 1t should al<o be noted
that below 20 LkVp (9 keV effectine) Rayleigh scattening where no energy
change occurs 15 the domnant scattering process Experimental confirmation of
the assertion that the photon energy spectrum 1s almost unchanged on cattering

Table 1
Half valu. thickness and effecti € photon energy of the primary beams

Tube potential \dded filtraton  Hall alue th ckness Effects ¢ roentgen
{kel) (mm _— energy Eerr
mm A mm Cu (kev)
10 _ 0017 51
20 017 A1 0078 94
kY 040 Al 078 14
40 17 AL 053 18
50 1Al 0.2 20
100 _ 17 28
150 3 Cut10Al o4 56
0 5Cu+10 Ml 19 10
250 1Cu+10 41 185 108

S00 $50+05Cu 32 142
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Table 2

Vavimum and mean change in the photon energy occurning n a single Compton scattering of the maximum
and the ¢ffectice photon energies in the roentgen spectra (kel )

Tube po Maximum  Maximum  Mean Ffleetive Maxtmum  Mean

tential energy change change energy change change
Lmax 10 Em g 1n Emag Eert in Ferr mnEn

50 50 81 40 20 14 060

40 40 54 25 18 12 050

30 30 31 15 14 08 03

20 20 15 06 94 03 o1

10 10 04 01 54 ol oot

1s provided by the work of McEwan (1966} He found, to within the limuts of
his expenimental accuracy, the half value thickness of the scattered radiation for
50 K\ p roentgen rays was 1dentical with that of the pnmary radiation at all
scattenng angles Nevertheless roentgen ray spectra generated at 10 to 50 kVp
change sigmficantly with distance from the target due to filtration by the mter
vemmg air The total path length of the photons from the target to the phantom
and thence to the jomzation chamber 15 about 130 cm It then follows that as the
spectrum 15 unchanged by scattering, the scattered photon spectrum, to which
the romization chamber was exposed, will be virtually the same as the primary
photon spectrum at 130 em from the target The lomization chamber was there

fore calibrated against a Victoreen Grenz ray chamber, which had been stan

dardrsed at the Natonal Physical Laboratory, at 130 cm from the target i the
primary beam The half value thickness of the primary photon beam at 130 cm
was measured in order to determme the appropriate NPL quality correction
factor to use with the Victoreen Grenz ray chamber

Results

Magnitude of the scattered radiation The results of the measurements arc
presented 1n Figs 3 and 4 The scattered radiation, expressed as a percentage of
the surface dosc 15 presented in a polar form Tig 3 refers to the scattered radia
tion from the 54 cm” and 431 cm arcas respectively Tig 4 refers to the rada
tion <cattercd from both areas at 10 kV

The range of values obtained for the radiation scattered at 100 em from the
surface of the phantom with a 431 cm freld was 2 X 10 % to 8 X 10 of the
surface dose for all the angles examined At 90° the magmtude of the scatter
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Fig 3 Polar distribunion of scattered radiation at 100 cm from the phantom surface expressed
as a percentage of the surface dose 5% cm {lefr) and 431 em (nght) iradiated area & 20
W30 A 40 and 150 k\

from the 431 cm area was between 2 X 10 and 2 X 10* of the surface dose
These values for 10 to 50 LVp roentgen rays are mostly lower than those reported
by Bosroro & Burriv for 100 to 300 kY p and by McEwan for 50 to 250 LV P
and indicate that the trend to lower values of the percentage scattered radiation

with decreasmg roentgen ray energy obscried at the higher energies continues
below 50 kVp

Vanations of scattering with primary roentgen ray energy The scattered radia
tion 1n all directions increases with the energy of the pnimany beam between 10
K\ p and 50 KVp The tube potential added filter and half value thichne s used
by Bosrorp & Burim 1s well as those used 1n the Present measurements are
bisted mn Table 1 Tie effectne photon tnergy was determined from the half
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Fig 4 1he same as Fig 3hutat 10KV O 5 an
and [l 131 m arradiated area

value thichness using mass attenuation cocffictents (BirMANN 1936 Gross
KURTH 1934 Gropstriv 1957)

In hig 5 the percentage scattered radiation intensity for 400 cm ficld s
plotted agunst photon encrgy for both scts of measurcments It should be noted
that Bosrorp & Burtin s experimental set up was shghtly different in that the
radintion beam did not overlap the phantom This results 1n 4 shight discontinutty
between 50 KVp and 100 kVp for radiation scattered 1n the forward direction
the scrttered radiauon iensity tends to reach a plateau value 2t 150 heV
effectine photon energy but the maxima reported by other worhers were not
obsened 1n thest measurcments

I anation of scattering with angle to the primary beam Tig 6 shows the radin
ton scattered at different angles In all cases the mmimum value occurs at 90
Ins the bachwards direction the scatter mcreases quite rapudly from 90° to 150°
at all enerptes Above 20 hVp the magmitude of the back scatter exceeds that of
the forward scatter hut 1t 10 kX p the forward scatter 1s the greater Although
the exposure rate from back scattered radiation 1s often taken as about three
tumes the exposurce rite from sude scatter radiation (Code of practice 1957),
thee measurements show that m the cnergy rnge 10 to 50 kVp the back
scattered radation 1s always considerably greater than this
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Fig 5 The vanauon of scat
tered radiation at 100 cm
from the phantom surface
from an irradated area of
400 cm  expressed as a per
centage of the surface dose
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Vanation of scattening with area Only two areas 54 cm and 431 cm  were
miestgated in these expennments The ratio P431/P54 of the percentage scat
tered radiation from the 431 cm area to the percentage scattered radiation from
the 54 em area was determmed for each angle at every potential (Fig 6) The
line joins the mean value of P431/P54 at each angle It was found that at each
angle the ratio was nearly mdependent of the energy 1€ the values of the ratio
lay within (P431/P54) mean * 05

The rano of scattered radiauion 1s con iderably below the ratio of the
irradrated areas (viz 8 0) Thus the radiation <cattered from a phantom 1s not
Strictly proportional to the wrradiated area This finding 15 consistant with most
of the results at higher energies the one exception being the results of MarTiv
& Murer (1961) This difference probably anises from the different expen
mental arrangemenrs (MRTIN & MuLLER ued a roentgen ray beam at 45° 1o
the incident face cf the scatterer )
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Fig 6 The araton in
the ratio of the percentage
scattered radiation for a o

431 em arradiated arean

to the percentage scattered ¢ —
radiation for a 5% cm 3 ‘
wradiated area with the i *

scattening angle The hne 2

connects the mean values

of the rato at each angle

X 50 kv A 40 KV

D380k D20kV and 36 5 = e
10K\

© e 0 00 N0 10 =0 WO 1O 180
SCATTERING ANGLE (deg)

Conclusion

The scattered radiation expressed as a percentage of the surface exposure
rate 1s smaller for 10 to 50 A\ p cnergtes used most frequently 1n radiation therapy
Nevertheless it must be remembered that the exposure rate from the beryllium
window tubes employed 1n dermatologic treatments can be an order of magmitude
greater than those used 1n com entional radiation therapy (1€, 1n excess of 2 000
R/min) The absolute magmtude of the scattered radiation may therefore be
greater i dermatologic treatments than 1n conventional radiation therapy This
emphasises the caution needed in interpreting the permissive regulations allowing
perons 1n the treatment room duning irradiation with roentgen below 100 KV
and dispensing with structural shielding when energies below 50 AV are used
(ICRP 1960) Certamnly the adequacy of local shielding or protective clothing
must be scrupulously cheched, whenever a person 1s allowed 1n the treatment
room duning irradiation

The results alo stress the need for caution 1n applying approxim1tions % huch
may be valid for high energy rocntgen rays for estimaung the magmtude of the
scattered radration at 10 to 50 kVp Onc example 15 the method suggested for
csimating the scattered radiatton in directions other than 90° to the pnmary
beam

To equate scattered radation 1n all directions to that at 90° (ICRP 1960) or
to evaluate the bach <cattered radiation as three times that at 90° (code of
practice 1957) can be a large underestimate Another example of a source of
nusestimation 15 1n the assumption that the scattered radiation 1y prupomoml to
the arca
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SUMMARY

h

The radiation scattered from an hrop phantom by roentgen ray
beams of energy 10 to 50 kV p has been measured The vanauon of the scattered rachation
with scattenng angle photon energy and field suze are discussed Caution 1s needed i
interpretng permusstble regulations relating to lov  energy rays contaned in Codes of Prac
tiee The approwimations used to estimate the magnitude of scattered radiation for radraon
of buch energy are not always valid for radiation of lov energy

ZUSAMMENFASSUNG
Es wurde dic § \on emem antrop mit R von emer
Enerqie zwischen 10 und 50 kVp hlten Phantom Die V der
S mit dem § inkel der Pl und der Feldgrosse 1 erden

diskuvert Ber der Interpretation zulasshcher Grenzen fur Rontgensirahlen von medniger
Energie wie ste m Codes of Practice enthalten sind st Vorsicht nots endig Die verwendeten
Approumationen um die Grosse der Streustrahlung fur Rontgenstrahlen von hoher Energie
abuschutzen sind rucht smmer fur Rontgenstrahlung son medriger Energie gultig

RESUME

Le rajonnement diffuse par un fantome anthropomorphe trradie par un fasceau de
Iavons Ruemgm dune energic compnise entre 10 et 50 kVp a ete mesure Les auteurs
cudient Ja vanation du rayonnement diffuse en fonction de langle de diffusion de | enerzie
des photons et des dimensions du champ 11 est necessare d etre prudent dans | interpretation
des xeg, Tes de faible energte gui sont contenues dans
I3 Codes of Practice Les approwmations utlisees pour esumer limportance du rayonne
ment diffuse pour Jes rayons de haute energie nc sont pas toujours valables pour les rayonne
ments de faible energre
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PROCEDURES IN RADIATION THERAPY DOSIMETRY
WITH 5 TO 50 MeV ELECTRONS AND ROENTGEN AND
GAMMA RAYS WITH MAXIMUM PHOTON ENERGIES
BETWEEN 1 AND 50 MeV

Recommendations by the Nordic Association of Clinical Physics

The I [ on Rad Umts and (ICRL) has
Published gencral recommendations on dosimetry procedures for photons (ICRU 1969)
and others are 1n preparation for electrons (ICRU 1971) These may be supplemented to
2dvantage by national or regional suggestions cos ering practical details of routine dosimetry
procedures and taking into account the particular requirements and provisions of the country
and region Local data have been prepared for the United hangdom (HPA 1969 1971) and
the LS4 (SCRAD 1966 1971) and more are under + ay 1n West Germany (German Standards
\ssociation 1971) This paper deals with the establishment of recommendations that are
Perunent to the situation 1n Denmark Finland Iceland Norway and Sweden

Obyectize “The amm 15 to grve the hospital physicist a_code of practice to be followed at all
Tadiation therapy centres in the “ordic countries so as to secure untformty of dosimetry This
Sutended to cover both the mitial when y 1 first performed with a new
therapy and the upersion 7 toensure that the basic dosimetry 1s
Properly employed to facilitate adequate and consistent radation therapy In weighmng high
accuracy and theoretic strictness agamst practical usefulness the latter has been gien much
*mphasis $6 that the procedures may eastly be followed at all therapy centres

© mpl, of these d will probably have to be carned out 1n
:; P2 The various centres following the are d to adopt the p for
a‘c determination of the absorbed dose as so00n as possible On the other hand the work aimed
ad:lmpmvmg beam uniformity will for instance often necessitate gradual improvements and
a2l equipment such as well designed sealed momitor chambers balancing chambers
g8 forls and flattenmng filters and high quality equipment enabling good definition of
nmmdnauon geometry Above all 1t 1s highly desirable that i considering the purchase of
o ;ccclcra\on much werght 1s gnen to the bihty of that correct

<try Finally each centre will have to base its control procedures on 1ts own expertences
8 L‘: implied that dosumetry d with modern ltage therapy requires a quals

'spital physicist to accept responsibility for the complex physical measurements needed

603
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‘The recommendations are to a large extent based on work with accelerators at present in use
i the Nordic countries that 1s betatrons below 50 MeV and hinear accelerators below 10
eV the latter only with photon beams

Principal features For the purposes of radiation therapy dosimetry theabsorbed dosen water
should be specified at a reference port i a water phantom (ICRU 1969 1971) more re
search 13 needed on the absorbed dose 1n other materals At the high energies with which this
report deals however the absorbed dose m a small specimen of muscle fat or bone at the
reference pomt will rarely differ from that in water by more than ten per cent

No standards of absorbed dose are at present available at any national laboratorv The
question of transfer of absorbed dose calibration from the natonal laboratory to the user of the
calibration 1s still a matter of research an international situation reflected in the recommenda
tons Widesp lib of the dose will presently have to be based on *Co
exposure cabbranon and ia yiew of their )| and p methods are
recommended for the transfer of absorbed dose calibration to the user

‘When an 1on1zation chamber 15 used for the assessment of absorbed dose 2 factor 1s necessary
to convert ats readimg 1o the absorbed dose i water Such conversion has been done with a
comersion factor C; ICRU 1969, for photon radizuon while a factor Cg hasbeen suggested
(ICRL 1971 for electron radiation The present recommendations retam factors € and Cg
but extend the applicabilits of the C; concept to other measurement depths by means of the
expenmental results of SvEnsson (1971) based on the use of an effective me surng pomnt
tDorrere & Dutresx 1966 HeTrGer et coll 1967 Harber 1968)

With regard to the standardized depth of absorbed dose measurements one depth (5 ém) 18
recommended over the whole range of photon energies considered This eliminates the nsk of
mustakes in measurement depth at centres having several types of radiation equipment and
the construc uon of ph hfied C these adv antages a askof
error 1 the comerson factor |C;) exists due to the possibility of electron contamination 2t
high photon encrgies A considerable degree of will be clearly distnguished
from exammation of the shape of the depth dose curve A twenty per cent contamuation by
electrons mas occur without being easily discernible 1n the warst case (at high energies) this
would introduce an error of less than two per cent in the absorbed dose determination This
should be acceptable in view of the unambiguwity and simplicity in using a smgle depth of
measurement

An accurate specification of the nize and ahgnment of the radition beam 1 essenual 12

d therapy Lnfk there 15 no accepted specification avalable and
further consideration 15 needed One reason for the difficulues stems from the differences
between the beams defined from theoretic geometnc considerations and those of the actual
radiation The cross section area of the beam 1s now defined from purely geometric considera
tions whereas the alignment 13 made with duc attention to the actual radiation beam

Recent muestigations (Svesssos & HerTincer 1971) have mdicated that the flattening of
the radiation beam of some betatrons leay es much 1o be desired It 1s imperative that the beam
flatness be imvestigated and adjusted to make the rest of the dosimetry meaningful Aum
formty index has been used to describe the flattening This concept has been preferred because
tincludes the possibility of having irregularly shaped ssodoses — with the present trchmgues
such should sull be common_ at least with some types of accelerators

The recommendations hsted contain only the procedures without cxtensive comments on
thetr background or altematn e methods The reader 1s eeferred to previously published papers
for more detals (HPA 1969 1971 SCRAD 1966 1971 ICRU 1969)
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Fig 1 Determination of energy at the
surface by range analyss SSD 100
cm Field size 12 em /12 em
_ Ry + 03

T 7052

The recy d: p with clectron beams have been worked out
after consultations with the ICRU task group on electron donmetry but may need mod:
fication when the final ICRU report becomes available The recommendations for photon
beams (ICRU 1969) have been followed with two exceptions (extenston of the C; concept and
the use of 3 single depth of measurement) which have been discussed above

Energy determination at accelerators

Aknowledse of some measure of radiation quality 15 necessary both breause the abrorbed

 conversion factors C; and Cg are energy dependent and because stand. d depth dose
tables may be used by Jabx having accel stmilar n provided that
the eneroy 1y determned in 2 uniform manner (Svesssov & Hevrvcer 1971 Sveusow [971a)
Different methods d. dent on the aspect in which interest lies arc recommended
{thatss conyeryion factor determmation or depth dose table selection)

) Electrons The clectron energy should be evaluated by means of a ranze analyys The depth
OUZIUOn Curye 1 water 15 meavured at a beam size of 12 em ¥ 12 cm (above 30 MeV 16 cm
:his )} or larger by means of th pt of an effectr e measunng posmt (p 611) The pomt

¢ the extrapolation of the linear fall-off at the mnflevion pomt of thig curve meets the
TO0loen ray background s called the practical range P, (Fig 1) The energy at thesurface E,

SFihe electruns s derryed (Vazxes 1964 SCRAD 1968 Svewsios & Hrrwraces 1971) from
the relaxmmh,p

Py=0C Ex—C, [$)]
52 e (MeV) *and €, = 0.3 em (The electron energy detrrmmed from eq (1)
e most probable energv at the surface of the phantom j The 2 ¢raze rnergy Eof
trons at depth z m the phantom 1s estimated (Harper 1565 by with

E=E, (1 —~2iPy) 2

where; — g,
= close 19 g,
G elecy
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HPA (1961)
Graene (1963}
Svensson and Hettinger (1971}

Fig 2 Theraup of the s cmand 15 cm

depth omzauons 70> and J(la - |
(SSD 100 cm 10 ém 10 cm as a —I = f

function of the acceleranon potenual [ hd
(maximum photon energy  The full ‘} I I i ;
line gies the r commended 1+ alues .

3 i
A:nl'ruxlon pot ntal /MY

Photons When photon and electron beams are available with the same betatron the photon
energy miay 1within a few Nl be obtained from the electron energy at the same encrgy
seting by calculauon of the energy of the electrons before they leave the accel ration tube
Ths calcalation means that electron energy losses 1n all scattering materialsin the radiatian
beam must be added to the electron energy measared The sum will give an estmate of the
photon energy sufficiently aceurate for determunation of the absorbed dose conycrsion factor
[

VWhen it s not posble to use ths simplified procedure for energy determination
and the maximum photon energy 1s Iess than 10 MeV a depth tonization method should
be used for er aluation of the maximum photon energy i the spectrum used both fyr converston
factor determmation and for selection of depth dose tables A calculation 1s made of the ratto of
the onization measured with the effective measurmg pomt (p 611) of the chamber at 5em and
at 15 cm depth in a water phantom The maximum photon energy 1s then taken from the full
line of Fig 2 the spread of the experimental results 1n Fig 2 gives an 1dea of the accuracy of
the method

When the maximum photon energy 15 higher than 10 McV the 1omzation ratio m thod inds
cated above is sufficiently accurate for an evaluation of the absorbed dose coner ton factor
The published depth dose data (Table 7) hos ever should only be used if the maximum
photon encrgy of the spectrum has been determined by methods based on ( n or( 2n)
threshold encrgies The four recommended reactions and their threshold enersres (1CRY 1963

are fisted 1n Table 1 along with a short Y on proced
De of the th Ids at the (, n) may be made with a puls -countiag
d detector hilation quanta or beta radiation Considerable interference

from the {  n) process occurs at the detection of the (, 2n) processn oxygen the actvily
produced being several decades hugher Aleasurement of the 23 \e\ y ray from the former
reaction is therefore necessan, by means of pulse height analyss A pile up of pulscs from
competng anniulation photons may be considerably reduced by filtermy with sevcral centy
meters of lead The settings of energy at the threshold values arc determined by cxtrapolion
to the energy axis i a diagram of the squarc root of the measurcd net counting ratc agaimt
instrument setung (SCRAD 1966 Fig 3)
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Table 1

Recommended threshold reactions The irradiated spectmens should aluays be measured without the srradia
lion container or cover

Reaction Threshold Irradut on procedure
energy/Mel
Cu{ n) Cu 108 Pure copper plate iradiated m 0 5 mm cadminm
cover
Oyn) O 157 Distilled water in plastic contamer
C{ njug 187 n heptanc p a  n plastic conta ner
O m)n0 289 Disulled  ater in plastic contamner

Geometric considerations

‘The definition of the pomnt from which the radiation emerges 1s not critical for the beam size
deterrunation nor for the beam alignment The essential factors in the specification of beam
size are the source surface distance and the beam defining diaphragm and 1n the alignment
the properties of the radiation beam at the potnt of irradration are the most significant The
term source centre which 1s primarily defined with the sousce surface distance m mind will
therefore also be used in discussing alignment although 1t 1s realized that strictly speaking the
term 1s ambiguous

The use of a nomnal specification 1n terms of geometric beam stze s only yustified if there 15
aclose between the and the useful radiation beams Requirements
foncerming alignment and beam size are gnen beloy to ensure such a correspondence The
discussions concern unmodified beams only that: open beams without wedges or blocks

Geometric beam Source centre refers to a point that1s defined n a ©Co source as the centre of
the front surface of that source in accelerators producing photon beams as the centre of the
front surface of the target and 1n accelerators emutting electron beams as the pownt determmed
by the cross wire method (Ponvrr 1960) The first grid G, i this method (Fig 4) 1s made up of
four wires (1 to 3 mm) and the second grid G of two v res (under 1 mm) a photographic film
1sirradiated behind G 1 The transmission chamber may be removed from the beam and an
€tternal montor behind G mav be used nstead to decrease electron scatterng and thus
Improve the film image  The position of the source centre 15 determned from the refaton
§henin the figure (Th msabgnment indicated results in a non uniform beam )

The nomunal specif 1t1on of the radiation beam should be by means of the geometric
beam Thus beam 15 denned by the straight hines drav n from the source centre through the
distal end of the fir b <m defiming diaphiragm

The geometric be m aus at symmetnc daphraoms s defined as the straight line passing
through the source ¢t and the centre of symmetry o 2 plane figure formed by the edge of
the beam definin .. phragm system

Beam alignmer arallelepipedic phantom 13 often  ~d 1 measurements relating to dosi
metry Thephan  surface 1s positioned normally + e geometnc beam axis The reference
plane 1s definea vendepth . beneath and par to the phantom surface The selection
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Fig 3 Evaluation of the maximum photon energy by the threshold method

of the depth . was
Table 2

A reference pownt lies in the reference plane of symmetric diaphragms and 1s the intersection
of the geometnic beam avis and the reference planc (g 5) The commonly used light
beam should e adjusted so that the Dght sourcc 1s at the same distance from the teradiated
surface as the radiation source centre The symmetry avis of the Light beam should intersect
the reference plane at the reference pomt
The centre point of the radsation beam in the reference plane may be defined as the centre of
Bravily of the area within which the absorbed dose exceeds 50 per cent of the maximum ab-
sorbed dose 1n the same plane This posnt should be found and should be less than 4 men from
the reference pomt The centre pomt will be closely thr same if the 50 per cent area of net film
blackenin, or 1onizanion 1 employed as discussed below (p 610)
The light beam should be used to mdicate the treatment area on the patent In the absence

of a light beam 1n electron therapy the treatment area will in practice be defined by the mner
contour of the colimator

Previously discussed (p 604) and the recommended values are given in

that the alignment 13 chreked on the installation of a new accelerator The accelerator manu

facturer should be held Tesponsible for any adjustments required before the accelerator s
handed over for routine treatments
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Fig 4 Determ nation of the source centre of electron beams v 1th the cross wire method The source
© atre does not necessartly come de v 1th the pos tion of the scattering foil a) Set up for the deter
mration b) Evaluation of source centre and the source-surface d tance from the measurement

Faterens |
olane

w B m

a VA b
Fg 5 Examples of m a urem /geomm.cs a) Determination of ab orbed dose n the refe ence
Pont The symmetry aws of thl hamb r1s po toned mn the [ rence plane b) Dete minat on of
absorbed d se at pomt along the beam ax1_ An effecuve mea u ng poit nables s mple deter
Minat on of the depth ab orbed dose curve from the depth 1on zatton curse In the example the
ionization measured 15 assigned to the r ference point

Uniformity of the radation beam n @ giwen plane A useful measure of beam undormity 1s the
uniformuty index Ths ss defined m the reference planc for a specified quantity (¢ g absorbed
dose or net film blackenino) as the ratio of the area containing pomts where the value of ths
Quantity exceeds 90 p r cent of 1ts value at the reference po nt and the geometric beam cross
section area of the phantom surface The umformity ind \ f absorbed dose should exceed 0 80
with both photon ard electron beams In addition the beam umformuty with electron beams
should be such tha tae absorbed dose at an arbutrary p 4t w the reference plane should he
less than 105 per 1t of that at the reference point The corresponding figure with photon
beams should be 1) per cent

3-1300¢ A¢ R W Th pyPhy BigV i H
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Table 2
Depth of reference plane
Type of radiation Depth
fem

Photons mawmum cnergy 1—20 et 5
Electrcns energy at the surface 3—10 Mel 1

10—20 Ml 2

2050 Me\ 3

Some accelerators are overflattened 1n order to produce uniformuty at a specified depth
differing from that of the reference plane The umiformity figures given should then apply at
the particular specified depth

Beam uniformity may be measured 1n different ways Photographic film in a polvstyrene
phantom offers the adyantages of high spaial resolution simplicity of handling short rradia
tion times and abo ¢ all the fact that it will lead to simultancous recording of the entire radia
tion field With some care as discussed below the figures gnen above for absorbed dose
umformity may be substituted by the same figures for net film blackening uniformity A drav
back of the film method 1s however that 1t can hardly be employed without an automatc or
serm automnatic density plotier

Alternatnely an wonizauon chamber tray ersing the beam i the reference planc n a water
tank for gantry angles a1 90 from the vertical could be used This method will produce hugher
precision than the film method provided that the readings are related 10 a highly reproducible
monitor chamber preferably covering the central part of the beam If the 1omization method 15
used the umformaty at other gantry angles could be investigated by means of a polystyrenc
block with holes drilled 1n the side to take the 1onization chamber (NAvLor & CIIVERALLS
1970 The absorbed dose umformuty figures may then be substituted by the same sonization
uniformity figures provided that the chamber meets the specifications given later {p 611}

With the film method the beam umiformty should be mvestigated by means of photo-
graphic filmn a light tizht corer of regular thickness but not of a radiation fluorescent material
industrially pre wrapped film mav be used The film should be wrradrated i a polystyrenc
slab phantom and the absorbed dose should exceed 50 rad so as to minmze the mfluence of
mual pertubations i accelerator beams and of shutter movement in “Co brams Beforc
rradiation accelerators should have been run under operating conditions for asufficient pertod
of time to effect a proper warm up The relation between film blackening and the absorbed

dose depends erttically on the devel procedure used of 1mp aretype
of film and developer devel time and temp Al these should be combined 10
produce a linear rel between black and absorbed dose over a Jarge range of the
former Thearerturediameterof thedensity readershould beselected tocxertneghipblenfluence

onthespatal pattern recorded The yanation in film density ona homogeneously srradiated film
shauld be less than =2 per cent only a few types of film seem to meet these requirements
(Rassow eteoll 199,

The film blackening should be chrcked regularly for slope and hineanty against the abrorbed
dosc cune atleast every tme the film cmulsion pumber or developer 15 changed
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Determunation of absorbed dose at the reference pont

The absorbed dose determumation should be made by methods This d
must also be th hl when new di of d are employed for
mstance when an accelerator comes into action for the first ime The checking should prefer
ably be done with an independent dosimetric method for instance based on calonimetry or
ferrous sulphate dosimetry Even less accurate methods for instance those based on sold state
dosumetry may be worth while If no alternatne dostmetry method 15 available all steps
mvolsed in the absorbed dose determination should be checked by somebody other than the one
responsble for the determnation

Itis frequently useful 1n measurements with a cylindric tonization chamber to assign the
measured to a point displaced three-quarters of the radius of the chamber cavity
(irrespective of the diameter of the central el de of chamber
below) from the centre of the sensitnve «olume of the chamber towards the radiation source
parallel to the beam axis This 1s called the effectiue measunng point

Tont ation chamber and electrometer The 10mzation chamber for the assessment of absorbed dose
must fulfil certam requirements It should hase an inner diameter of less than 8 mm and a
length of less than 20 mm and the central electrode must not be too massive The spectral senss
twity should vary by less than 5 per cent in the range from moderately filtered 100 k% roentgen
rays (filter 2 mm Al HVL 2 mm AD to ®Co radiation It should not have 2 metal stem that
causes marked mnfluence on the jomzation current The current produced when only the cham
Derstem 1s srradiated must be neghgible If the losses duc to 1on recombination at the absorbed
dose rates used are less than 1 percent rec willnotah ays b It
isobvious that gving this low should b foyed Alow
Tecombination may be difficult to realize however i the case of pulsed radmation (ELtis & Reap
1969) the loss 1s for instance 2 per cent with the Siemens Sondenfingerhuthammer (collection
voltage 300 V) and 3 5 per cent v 1th the Farmer 0 6 cm® chamber and the Farmer dosimeter
(185 V) at a dose rate of 0 15 rad/pulse (The recombrnation loss 1s a function of the charge
liberated per pulse i the chamber The ratio of the absorbed dose and the iomization and
therefore the recombination losses as well vary by less than 20 per cent for the radiations with
which this report 15 concerned The figures above are calculated with £ = 20 \e\ at the
measurement point ) Correction must then be made for recombination losses exther by cal
culation (Boac 1956 ICRU 1964) or by measurements (LOEVINGER 1961) the currentin the
latter mstance s plotted agamnst the 1y erse of the applied voltage (in the region of recombina

tion losses below 5 per cent) and the d current 15 d by '
minite applied voltage
S bers are keted by Nuclear E: (Farmer) Victoreen

Stemens and Physikalisch Technische Werkstatten (Pychlau) among others Almost any
commercially asanlable high quahty low current measuring mstrument may be used i connec

tion with an tomuzation chamber The current system should be based
on either an imntegratng Townsend balance system or on one v ith an electrometer amplifier
with loop-gain exceeding 107 1n order to reduce of the coll lectrode voltage

The Farmer Secondary Standard Dosemeter 18 a To msend balance electrometer  Several
makes of vibrating reed such as those {2 for mnstance by Cary and
Reuhley may be obtained Special attention should be drawn to the possibility of using
electrometer operatic nal amphfiers A soled state clectrometer amplifier may be budt by any
hbomlaryy.nh Fiel s Effect Transistors (FET) (Matperix & Bruno 1969) Analternative to
FET input amphfi r s offered by varactor bridge mput amphifiers (Jostaxsso et coll. 1970y
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Both types may be obtamned for instance through Analog Devices Betatron Burr Brown or
Reithley

“The radio frequency fields that exist about microwave linear accelerators may affeet the
responses of clectrometers coupled with wmzation chambers Speeial attention 1sneeded to
ensure that this does not occur

Each radiation therapy centre should have a local jonization chamber together with an
electrometer sclected as a reference y dard) mstrument preferably for the purpose
of cal of other only The should be i data
standardizing laboratory particularly for °Co gamma rays at least once every two years Its
sensitnvaty should be checked at least quarterly against a sustable radioactiv e sourcein the inter
val between these calibrations When a %Co } ourcesused for th olsaccasion
al constancs controls against a second teletherapy source 1s advisable A %Co half bt of 5272
(=001 a Rvrz 1970) ts recommended for such controls Any change in sensitnvity of more
than 2 per cent revealed by the constancy control should lead to a thorough mnyestigatian of

the mnstrument and re cabib at the y
I chambers of d for routine clinical should be calibrated
against the local secondary standard and be subjected to controls The freq f

these must depend on local conditions

Lxposure caltbration Reference (sccondary standard) instruments should be exposure cah
brated through the entire cnergy range over which they arc employ ed atleast once every second
vear The exposure calibranon for Co should be made in free air against a teletherapy *°Co
umit at a field size of 10 cm » 10 cm and a distance of 100 cm between the front of the source
and the centre of the chamber The latter should then have an additional polymethyl
methacrylate (trade names Perspex Luctte Plexiglass) cap with a total wall thickness of about
05gcmt

The energs spectra of photons from ®Co teletherapy units have a
from low energies up to the two primary gamma ray energies Along the beam axis the contr
bution 1o the total exposure from secondary photons amounts to 10 to 15 per cent (ICRU
1970 Lorroti 1970) Energy spectrum differences between dufferent teletherapy units are not
likely 10 be of any significance 1n the exposure calibration except with s ery accuratc measure
ments

1The exposure calibration factor Rfdnasion of the secondary standard chamber used as
national Swedish standard at the \ational Institute of Radiation Protection Stockholm has
recently been reassessed As from 1 January 1972 the new calibration factor (whichs 1 03 nmes
the old onc) will be applied by the Stockholm lat y when calib from
other Sy edish insututions )

Measurement procedure The absorbed dose should be determined with a water filled poly
methyImethacny late or pol t with outer of 30 cm x 30 cm > 30
em the water filling being at least 25 em (Fig 5) At large field sizes a larger phantom ¥ ith
a water filling exceeding 25 ¢m should be used in such a way that a mimimum distance of 5cm
between the edge of the beam and the phantom wall exists at the entrance surface The thick
ness of phantom walls oniented towards the radiation source should be 05 em or less The
tonization chamber should be protected during the measurement by a tube wath a wall thickness
of | mm fi from polymeth hacrylate This tube 1s attached to a holder that
can be adjusted for meastrements at s arious depths The 8y mmetry axis of the chamber must
be positioned m the reference plane
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X 05 om
I
| o wie
| PR Frg 6 Determination of absorbed dose
| \ of photon beams 1ath a wedge The
i P otm absorbed dose at the reference pomnt
’ ; 7 -t should be taken as the average of the
i results from the two measurements
R indicated The difference bets cen she
k H two cases amses from 180 rotat on of
N em diaphragm and wedge
Measurements should be made for all comb of irrad d Al 1

or \ertical beam direction may be employed Whether this mfluences the dose determmation
hasto be controlled With wedge ficlds the edge of the wedge should be placed parallel to the
svmmetry aws of the sonzation chamber The measurement should be made at the two
possible 180 different orientations of the wedge (Fig 6) and the averageresult should represent
the absorbed dose with the wedge

Coleulation of absorbed dose The assessment of absorbed dose 1s based on the use of an exposure
calibratton factor % (R/dwision) for **Co (p 612) and a conversion factor Cyor Cr (p 604) The
absorbed dose Dy (rad) 1n water at the reference pomt 1s calculated from the exposure meter

reading Vf (d d for pressure stem effects and the like) with eq
(3a) for photon and eq (3b) for electron raduation
De=0C M\ (3a)
De=Cr MM (3b)
Eq (3a) thus defines the comverston factor C3 1n thesame v ay asit as indrcated by the ICRU
(1969) although the definttion 1s extended to other depths The

numencal values of € 1n Table 3 have been adjusted sbo e 10 Me\ toalloy for the chanced
depths by means of the expennmental data of Svens ov 1 971 a} Attheseenergies the G value
at 5 emas typicallv 1 per cent higher than that at 7 cm or 10 em

The encrgy dependence of Cg for electron beams mav be assessed to a sufficrent degree of
accuracy with the a\erage electron energy E caleulat 4t omeq (2) (Harper 1962 Syrwssow
& PerrERssov 1 )67 Rassow 1970) Thevalues of Cg pres nted in Table 3 kave been eval tated
with E but for convemence are listed for different en~ 1 s at the phantom surface E ard are
gnen for theret  nce depth The valuesrecommend o a e ithin about & 1 per cerv cen
sistent with data  aleulated from theorenic consideration and are also in closeagre m nty th
the mean values ot xpertmental results from different nvestigators (Rassov 1970

The follov1  relationship v as used in the theoreti u rvation of Ce v 3! es



614
Table 3

Recommended 1alues of the conversion factors Cy and Cx at the reference pont n a water phanfom

Electron radiation Photon radiation
Energs at Reference \rerage energy Comersion  Radiation Conversion
surface depth at reference factor quality factor
depth
EofMet Lem Iney I b
rad/ R rad/ R

6 t 39 090 “Coy 09

8 59 089 EASAS 094
10 80 087 6 09t
12 2 80 087 8 093
14 100 086 10 093
16 170 085 15 097
18 140 085 20 091
20 160 084 25 091
2 3 191 083 30 090
30 241 LE: 35 090
32 201 081 10 089
40 341 080 45 089
42 392 079

133
Ce=58 at Tpu A

where
ir = Mean mass stopping pov er ratio water to air caleslated for different energies
L and depths (Kessars 1970)
u
- =3375C=089rad/ R (1 =337 eVfion pair)

The factor py; corrects for the absence of electron scattering in the air s ofume of the 1omization
chamber and 1ts numerical yalues have been chosen for a cylindrical 5 mm diameter ehambre
(Harprg 1968) The largest deviation of pa; from unity 1s for low energies (pawe = 09783
F =3 \e\) Within one half per cent the same values will apply for chamber diameters
between 3 mm and 8 mm - Astention 15 pad to the attenuation m the build up cap 4t * €
xposure calibratton by the use of the correction factor 4 = 0 98 which apphies for the 0 5g eov
cap recommended

Table 3 41 es the conversion factors €3 and Cr 1n unsts of rad i water per ocnigen 1idf R
The Cr valuesare caleulated for use when the absorbed dose 13 assiened to the off ctive measue
1z point The same values may also be employed howeser at the seference pont i n the
atorbed dose 13 assined to the centre of the chamber with an crror that rareh exceeds 05
srr r'tnl this 13 because of the slow variation in the depth sonization curve near i © 1ef tence

epth
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Table 4

t the
Mo sources of inconsistency bedaeen duffrent senties an. the dc!mnmahgan t[ nb:iz;d d:;l m::}n, :" the
(o gamma rays About 90 °p confidence fimi
wefeeence pont from exposure calibration of &
foee fmau Al:‘;nmmbl: undey well controlled laboratory conditions ore fusted

t T cent
Saurce of inconsistency {egs (3a) and (31)) Unceramty {pes )
Electrons Fhotonsy
05
1 Transfer of exposure calibranon factor 39
2 Exposurs metee reading mneluding corrections M 05 [33

3 Differences 10 stem scatt ring and leakage conditions oa
hetaesn cal bration and absorbed dosc determination 02 2

4 Differences mm the conversion factor €y or Cg due to v
wowor d flerences 10 photen or electron spectyum 15

5 Dilferences n the conversion factor Gy or Cp due to
chamber construction € g caused by scattenng in the air Yo
canty 10

Overall rms uncertainty 19 13

The Cs values mav also be 1ently by the rel: h

Cg=Cy—Cylog (E G+ 1)

where

(Harper 1965a)

C,=0987 rad/f R C,=0120 rad/ R and C;=1 \e\ ! with a thrmble 10mzation
chamber of 5 mm di2meter
1"Thas relation s alsa valid for calculations of Cr, for depths other than that of the reference
pomt as described below {p 618) It could be emplayed 1n the energy range 3 <E<40 Mel )

Congistency and accuracy The mawm sources of inconsistency between different centres in the
absorbed dose determmation under well controlled laboratory condinons appear 1n “Table 4
The overall yncertanty amounts 10 less than = 2 per cent which should be a Jower lumut to
the kied of conuistency that mught be attawed It should be possible for the vafious centres
following these to have a withm 4 3 per cent 1 statements

concerning the absorbed dose 1n water at the seference pomt Showld any evidence suggest a
greater difference a reasscsstnent must be made

2 shou'd be noted thatan additon to being subjret to the sources of error given 1n Table 4
the absorbed dose mav be ncorrect due to uncertainties i the reference yalue of exposure of
¢ Coandn the £, and Cgralues The latter two uncertamties however do not snflugnce the
conustency between vanous centres firstly because & coordination of the Nordic national

reference values of exposuse with ¥La 15 being planned and secundly because the same values
of C; and Cg will be used by all centres
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Table 5

Defth dose data for electron radiation with BBC betatrons Depth (em) at whick a certam percentage depth
dose 11 obtatned Data at 6—30 Mel dered with 8 different BBC 35 MeV betatrons and those at 3> and
0 Mel with one 45 Mel betatron The energy at the surface was determined by range analyais SSD =
110 cm according to the manfocturer  The data refer to circular beams exeept for the square 10em ¥ 10em

beams

Energy at  Beam size Percentage depth dose

phantom Diamet ¢ con

surface 9 9 80 70 60 50 40 30 20 10

Eo \Men

6 .10 10 17 18 t9 21 22 23 2% 25 26 30

10 > 22 25 30 33 36 38 41 43 45 50

- 10 10 26 ?8 32 34 36 39 41 43 45 49

K] 4 25 29 36 42 46 51 56 61 66 73
t 33 38 4> 49 53 57 60 64 67 73
8 35 40 47 52 56 59 62 €6 69 73
10 10 38 43 20 54 57 60 63 6 70 7%

20 4 28 3+ 43 50 57 63 70 3y7 85 96
f 42 49 59 65 70 77 8t 86 91 98
8 43 51 62 69 74 80 85 90 95 103
1010 47 3¢ 66 73 78 82 86 90 95 M0

] 4 31 38 20 59 67 75 83 93 103 19
6 47 57 69 78 85 92 99 106 ¢ 2%
8 49 61 74 83 91 98 lo4 111 117 128
10 10 53 6> 79 88 95 102 107 13 119 177
1 54 66 80 89 97 103 108 U3 Ny 177

30 4 35 45 o8 68 78 &7 96 108 121 140
t 43 59 76 87 97 105 i+ 123 132 147
8 24 68 85 96 106 J1¢ 123 131 139 15)
1010 55 72 91 103 11z 120 128 134 143 13)
1” 56 73 91 102 114 122 19 135 143 151

3 4 37 48 3 72 86 98 109 lz2 138 163
8 46 61 82 98 111 124 13€ 149 167 180
15 57 73 95 11 125 138 148 158 170 199

0 + 38 50 67 81 93 (05 119 134 1.8 194
8 48 €5 87 100 122 136 150 1€, 184 218
5 f2 77 98 118 135 151 Ir4 179 195 O
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‘Table 6

Dtk dose data for electron radiation with Semens 42 Vel betatron Depth fcm) at whick a certan

pacenta ¢ depth dose 15 obtained Data measured for tuo different betatrons with agreement within 0 2 cm

§SD —~ 103 em by the cross wire method (the manufacturer s value 15 SSD = 100 (em The energy at the
surface was determned by ran,e analysis

Encrgy Energy  Scatter Field Percentage depth dose
1 Me\ at phan ingfoil sizc
sccord tomsur Lead  Diameter/9> 90 80 70 60 0 40 30 20 10
mgto  face thickness em

M EeV fmm

meter
3 60 0 >12 16 17 19 20 21 72 73 23 26 77
n 100 LB >12 29 3% 35 37 39 41 43 45 47 49
1a 150 025 12 39 46 53 28 61 641 67 70 73 76
143 01 8 43 45 20 54 37 29 63 66 68 72
15 148 01 3 39 44 49 53 56 59 62 65 67 79
0 200 025 >12 45 55 65 73 78 82 87 91 96 101
0 198 ot 8 44 53 63 70 75 80 B> 89 93 98
0 198 ot 6 43 5t 59 66 71 76 87 86 92 97
B 20 05 12 46 57 72 84 93 100 106 113 120 177
L uE 02 8 45 58 72 82 90 9o 102 108 115 122
» uE 025 6 45 55 68 77 84 91 98 105 112 120
N moe o5 ~12 46 58 78 94 106 117 125 134 143 I>4
0196 032 8 48 63 80 93 103 112 120 129 137 148
N 296 025 6 47 58 74 86 95 104 114 123 133 145
B 50 10 ~12 47 60 83 102 116 130 143 155 167 18>
B 34 05 8 51 66 86 101 113 124 135 146 158 17>
B on2 05 6 49 61 79 93 105 I1> 177 138 1s1 167

1615 supposed that the Me\ meter has been calibrated for farge field sizes and thus with a thicker
sateemg fo Lin the beam than when smaller field sizes are used

Determination of absorbed dose at any point 1 a phantom

Ponys along the beam avus The absorbed dose at the reference pomnt 1s essential for the deter
Mation of the absorbed dose at other points m a phantom for all radrations The absorbed
%€t points of interest along the beam axis may usually be obtained from published beam
e depth dose tables The absorbed dose at the reference pomt 1s then multiphed by the ratio
the depth doses at the pomt of intcrest a» well as at the reference point
.,pf,,“ tables published by HPA (1961 1968) should be used with *Co radiation both + ith
- [and wedge fields The depth dose curves both of photon and electron beams with different
leraton of suular design tend to nearlv equal Tables 5 6 and 7 should be used when
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Table 7

Depth dose data for photon radiations The energy was determined by the 5 em—15 cm wonr ation ratio
method at 6 MV and threshold methods at the higher energies

Type of Varan 6 MV BBC 35 MeV Sicmens  BBC
accelerator  linear accelerator betatron 42 MeV 45 Mel
betatron  betatron

Accelerator 6 3 43 45
soltage/ My
SSD ¢m 100 100 100 110

Freldsize 6 6 10 10 20 20 4x4(X)* >10%10 8x8(%)* >10x10 >10x10

cm ¢m (x)* (x0*
Depth em

13 1000 1000 1000

2 992 990 987 887 926 860 »8 95
3 939 90 91 966 982 950 984 980
4 902 97 912 937 1000 9838 1000 998
2 857 864 875 1000 994 1000 993 1000
o 812 84 838 986 973 993 977 992
. 69 783 803 961 945 976 a5 972
8 27 746 768 931 914 952 931 913
@ 687 710 736 897 883 922 903 915
10 648 674 703 864 851 891 874 887
1 578 607 612 799 792 87 814 875
14 516 540 583 738 736 767 760 753
16 460 489 532 681 685 710 707 710
18 411 439 483 79 639 658 657 i
0 367 395 439 582 594 611 610 670
’2 328 325 400 39 553 566 567 578
24 293 318 363 499 516 525 528 210

*\ and \ designate different beam fatteners

approprite (Horstex ctcoll 1968 Svewssow 1971) The shape of these curves should then be
subject to a rough control at one or two points outside the reference pont and if these are
more than 4 mm off the published curi e the latter should be avoided In other cases the beam
axis depth dose cunve of photon beams should be assumed to equal the beam aus depth
1onization curve as measured with effectn e measuring points (Stevssox 1971} An addional
adjustment of the depth 1omzation curc must be made wath electron beams by means of eqs
(2) and (3 and Table 3

Pownts outside the beam gris The absorbed dose of electron beams at points outside the beam
axts mav be assessed by means of photographuc film placed parallel to the beam axis in pobs
styrene phantoms A segmificant difference between the relitne depth dose cune and the
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relatie depth blackening curve exists at depths under 2 em (LOEVINGER et colt l‘)gl Hé:d
motr & Svenssox 1967) The beam axis depth dose cuns easfirst obtamed as already m‘}l
{p 617) and 15 used 10 asngn a depth dose value to all pomnts along the beam axis in l{};: i :x
Tsodenaty curves jotning points m the film wath the same net Hlackening are asugned to t c‘
dep b dose at the pomt where they pass the beam aus Itas frequently sufficient to construc!
the ¢ s with gross blackening

ﬂﬁ:‘:—‘};‘::od for p;:;mon beams as for electron beams may be employed although the
accuracy of this method 11 the penumbra region 13 less satisfactory An approach mvolving
httle expennraental work consists m trans: essal measurements at four depths with 2n 1mzation
chamber (decrement line method (OReHARD 1964 Oxr et coll 1964)) followed by computer
calculation of the 150dose curs es {haLnAEs & Murk 1971) Alternatinvely complete tontzation
curves also present the 1sodose pattern directly

Control systems relating to the basic dosimetry

The followmng paragraphs deal only with control systems relating to the basic dosimetry

All technical checking procedures prescuibed by the apparatus manufacturer should also be
followed In deciding upon the of the vartous pi the b of agh
degree of safety for the patient must be weighed agamst the hugh cost of frequent controls
The numbes will also 1o some extent depend on the behavivur of the pariewlar mathmne and
1ts intended use 1f previous examinations indicate few or slow changes some decrease m (hewr
e roay be A good evaluation of the results should make use of all possibh
ties of cross controls that will be available — usually one particular test directly or indirectly
nvolves several items of nterest The controls hsted below are as 2 rule part of a suggestion
of how a system could be designed 1n thiscase the word could has been used \there the
word should has been used only strong cownter arguments mught justify a different
control system ox lower control frequency

‘The control system for the and
cussed earlier (p 612)

has been dis

Beom monstoring of accelerators The radiation quality absorbed dose rate position of the source
ceotre and stmular parameters are with © Co unats likely to remain constant for 2 given set of
rradiation conditions V4ath accelerators however vamations do occur and it 1s essenbial thar
these are kept under contrel Some general principles concerning this control are given below
and a number of ded h of these les appear later (p 019

It 1s fundamentally important that the total absorbed dose at the reference point delvered
during a given period of irradiation should be known To that end the accelerator should be
provided with an integrating absorbed dose momitor this should be well calibrated that is the
relavonsinp between 1ts respanse and the absorbed dose at the reference pownt should be
aceurately knawn when a given field size and encrgy setung arc used  The calibration should
as far as possible be nsensitive to changes in the settings of the accelerator panel (eg ‘el
mcter and extrartion) the field st ¢ absorbed dose rate f th I magnets
2accelerator beam direction the scattering foul or flattening flters et The re ponse of hermety
cally sealed momtor chambers should be examined as regards their independence upon 211
DPressure and temperature

The nomunal absarbed dose monitor calibration factor refers 10 a gn en set of s alues of some
of the parameters mentioned (for mstance dose rate or extraction) These parameter yalues
will in the normal course of accelerator operation fluctuate Permusstble ranges should be
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stated for all the values imolved 1n order to ensure that the use of the nominal calibration
factor leads 1o acceptably small errors in absorbed dose d attherefc pomt The
ranges should be selected 1n such a way that at any setung of parameters within the gnen
ranges the absorbed dose monitor calibration factor differs by less than 42 per cent from the
nommnal factor

The absorbed dose at any pomt within the irradiated volume bears a certain relationship to
the absorbed dose at the reference point It s essential that this relationship 1s not significantly
changed during normal accelerator operation The 1sodose pattern and the beam untlormuty
should thus be 1n estigated similarly to the absorbed dose at the reference potnt as reards the
nfluence of beam parameter variation

Ceometric controls The purpose of these should be to ensure that the pointers the geometnic
beam and the Iight beam are alt centred at the refetence pomnt further the relationship between
the sizes and centre points of the radiation field (e g the 40 °, 1sodose linc) and the light ficld
must not change Rotational therapy umts or umts with 1socentric set up of patient also have
o be examined regularly for consistency between the radiation beam axis and the centre of
rotattion  Deviations of the order of a few mull b ly to the overall
errors These controls should he made wa several beam directions at least —90 0 and +90
and 1n the 180 direction of thus ss uscd for treatments It will often be convensent to combine
the control of consistency between hight field and radiation beam with the examnation of

ficld h Detailed 1nf on suitable pracedures has been given by the HPA
(1970a)
Beam unyfarmuty controls of accele The umf may be d with photographic

film in the reference planc by the methods outlined earlier (p 610) Each control should deter
mune the posiuon of the maximum blackening point of the film  the blackerung of this pont
relative to the reference pont and the blackening along two axes through the reference point
perpendicular to each other  Naturally a full eval of the film L 18 of greater
value as the umiformity index may then be calculated Other control systems should present
information corresponding to that obtained from the film measurements as given above
Farameters to be wncluded in the cantral sy stem of the uniformity are the following accelerator
beam dircction (for wstance —90 0 +90 ) all fouls flateening filters and energiesused The
controls could be made weekly with cyclical permutation of some parameters so that each
combination 1s cantrolled at least once every month A special balancing system 1s required
with some betatrons (PrrTerssov & Herrivger 1965 voN Arx 1965 Romivsov 8 e
Dotcats 1967) When applicable this system should also be subjected to a control program

Lnrrgy controls of aceelerators Some accelerators designed for one fived energy may not need
asepacate contral of the beam energy Control of the encrgy setting for electron beams only 15
howerer sufficient when photon and electron beams are available with the same betatron The
meaturement should be based on depth ionization and the control system calibrated in connec
ton with the energy determination (p 605) Anenergy below 20 VeV i necessary Them asure
ment could be performed with an 1onization chamber inserted 1n the poly methylmethacryhte
or polystyrene block formung part of the phantom employed for control of the absorbed dcse
The response of ths chamber could be compared with that of the same chamber placed p
prouimately at the reference pomnt  the reading at the former depthshould be 4010 50 per cent
of that at the latter (§orsT 196%) The energy could be controlled once a week

When only photon beams are available the energy control could be made with the rato of
1onization measurements at 5 and 15 em depth 1n water or polystyrenc Alternatnely above
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103% one of the reactions in Table § could be selccted and a certamn amount of matenal
yradia ed ‘The control should then aim at proting that the actnation measured at fived
d and d 13 constant

bsorbed dose controls The constancy of the absorbed dose 1n the reference pomnt should be
examuned by 10nization measurewnents 1 2 specaal control phantom desnned for ease of
bandling Parameters 10 nclude 1n the system ate the same as above (p 620) and the same
frequency of the controls could be applied

Cantrol of the absorbed dose given to the patient

e15 essential that the absorbed dose ghen to each patiene m each treatneat i under proper
contrel (ICRP 1970} Pertinent radiation protechion aspects are beng dealt with by a Nordic
+ otlans party that will soon produce detailed recommendations for the Nordic coumrnies
(Lixpers 1971) The corem nts grven below have been discussed with thuscommuttee but carry
no offinal cogmzance

“To protect the patient from oy erdose or from incosrect cond dual
systems are recommended Apart from mustakes made by the operator incotrect functiomng
of the dosimetry system will sigmificantly add to ather sources of error connected with radiation
thesapy (Lpskovc ct coll 1972 Avte & Henpersox 1972 RASMP 1969) The measure
ments and control systems mdicated below should be used at each treatment lo additeon
whereever there are dual monttoring systems these should be controlled against one another
each morning before patient start N chambers shonld be

hermetically sealed pacticularly of they are located 1 the close provimity of magnetic colls
that can become heated

All #Co umts should be provided v ith a imer that will antomatically return the beam

control mechanism to the off position after the pre settume haselapsed Inaddition achecking
chamber could be positioned on the patient side of the sh tobe asan

meter capable of presersing st accumulated response in the event of any {ailure or mterruption
in the ap of the equip dunng, Al an

dent time;
systrm tnggered by the shutter could be used The absorbed dose denved from the momitor o:
control umer reading should for each patient be compared with that dern ed from the tamer

setting

All accelerators should be provided with dual integrating monitoning systems Bath of thy

should be capable of terminatng the exposure after a pre set value has been reached 0l ot
these values should correspond to the absorbed dose intended for the patient the othe oot
Tugher value for mstance a fixed lgh value (several times hundred rad) or a certain in e
(several tumes ten rad) above the desired value At least one system should have its P
volume on the patient side of any scatteing foals or flattenig hlter At deast one of(l’l\cs B
sfiould preserve its accumulated signal i the event of any failure or interruption 1 1}: i
tion of the equipment during treatment At least onc of the systems should s}:m a!:er: ::::g

at the heginning of the patient treatment Bo: m; uld be co
th monitor read;
the e ¢ g3 should be compared for each
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SUMMARY
R dattons for dosimetry procedures of Co radiation therapy apy and accele
rators in the Nordic countries are presented These deal both with imitial measurements of the
and ¢ Is of stems rmportant for the dosimetry They include methods
for energy d d ding beam d and means of calculating

the absorbed dosc at anv point m a phantom
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