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INTRODUCTION

wisH T0 £Xpress my deep apprectation of the wvitation
I of the Wayne County Medical Society to give the
Beaumant Lecture for 1955 When I read the hst of dis
tingusshed teachers chicians and mvestagators who have
had thus privilege m the past thurty four yeus my sense
of appreciation deepened but t the same time I ques
toned my worthiness and my abiity to approach the pat
temn of owellence which has been established by my
predecessors

Inaway my topic was chosen for me smce the mvita
tion was accompamed by & sugpestion that I speak on
cancer of the hing Obwviously some humtation was re-
quired smce only a restneted feld could be explored and
developed m one lecture That ficld was detenmined by
those current circumstances which have ereated an m
tense mterest o possible ecausal factors In bronchogenic
carcinoma we have 2 malgnmt neoplasm of which the
madence has mereased at an alirming rate within the
hfetime of most of us The minnsie qualities of human
protoplism cannot change that rapidly The evidence
pounts to cnv 1 factors 1 propose to explore with
you the causes ntrnsic nd extnnsic proved and sus
pected of bronchogenie cancer In pursmng this purpese
1 shall draw upon medical hustory for chimieal obsenahons
which have contnbuted to present knowledge This fusion
of the old and the new 1s fully 1n heepang wath the trads
tions of the Beaumont Lectures and tomorrow today will
be hustory 1 shall endeavor to establish a general biologie
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concept of causation m neoplasw and m particnlar of
bronchogeme carcnoma, to assist n cultvating sound
methods of evaluating causation, to present controversal
matters wapartially and to stress the fact that to the ex
tent that an environmental factor can be establshed as the
cause of any cancer to the same estent that cancer be
comes o preventable disease

That productive mvestigator of the enwvironmental
causes of cancer W C Hueper, notw at the National
Cancer Institute has reminded met that I wrote i 1929 *

No other form of neoplastic disease 25 more mtrigmng
from the standpomt of meidence than primary carcinoma
of the lungs for withm a generation 1t appears to have
become one of the common forms of malignant disease
mstead of the rarsty which 1t was believed to be at the be
gnmg of the century

In the twenty six years since 1929 the gross madence of
pulmonary eancer has continued to merease and so has
mterest i the disease itself but more particularly m sus
pected causes The accumulated statistical wmformation ap-
pears to ipheate the smobing of tobacco as especially
important This pleasant habut has long been under sus
picion but 1 3 rather detached way and at an acaderme
level With the present emphasis this question has be
come a matter of personal concern to many mullions
There 35 also the possibility of s disToeating mmpact upon
a segment of the national economy which extends from
the plantation to the reta] owtlet It 1 natural that, un
der these stresses sound jud yields to part
opponents and proponents vse the same evidence to prove
thexr respective views and lay editoral writers wnstruct
the pubhe




i

GENERAL CONSIDERATIONS

OR ALL PRESENT PURPOSES cancer of the lung 1

bronchogenic carcinoma,_ Primary sarcomas of the
lung are rare The small round celled sarcoma of earher
days 15 properly 1dentified as carcmoma with cells of a
low level of differentiation It 1s true that there 15 an
accasional example of a lughly mahgnant neoplasm which
has been vamously designated as termmal bronchiolar
carcinoma or alveolar cell cancer of the lung This lughly
malignant entity 15 represented in the Micligan necropsy
matenal to an extent of less than one per cent It has cer
tmn structural resemblances to jagziekte a pulmonary
disease of sheep i South Africa and Iceland This neo
plasm 1s usually widely disseminated m both lungs m a
manner which suggests acrogenous metastasis but which
could be explammed equally well if the causal agent 1s an
air borne virus In my opinion this entity 15 1n entirely
different disease from bronchogentc carcinoma and 1t will
not be meluded in further considerition of the causes of
pulmonary cancer

Those new growths which are called bronchial adeno-

mas hewse must be excluded from the general group of
bronchogenic cancers This 1s done with some reluctance
since bronchial “adenomas” may mfltrate locally and be
found 1n adjacent lymph nodes However they differ so
stnkingly 1 age and sex madence 1n potentialits for
growth and i prognosis that only confusion would result
if an attempt were made to include them 1 a discussion
of etiologic factors for the lighly malignant bronchogenic
carcinomas

5
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Bronchogenic caremoma can anse 1n any portion of 2
tong but large bronchs are more commonly i olved than
the smaller branches Thus 1t comes about that there 15 a
gradient of decreasimg frequency from the hlar struc
tures, as represented by the mam stem bronchi and
branches of the first order, toward the penphery of the
lang Ths 15 reflected sn the presenting signs and symp
toms of the d which are frequently those of a medi
astinal tumor ° cough pam in the chest, sputum, usually
bloody or blaad strenled at some fime dyspnea cyano
sis, venous and lymphatic engargement of the upper part
of the body laryngeal paralysis, hoorsene: Y
wmequahty, mequality of the radial pulses abdommnal
pan, dysphaga, wd stertor In a second group the
patient 1s Jed to seek medical advice because of general
systemie effects such as loss of weight weakness chlls
and fever, anoreua, or nausea and voming A thid
group 15 established for thase patients mn whom there 1s
easly myolvement of the pleura with pleural pam and a
hemorthagie pleural effusson  Unfortunately, 1 some
patients the presenting signs and symptoms may be pro
voked only by metastatie neoplasm and thus a fourth
group must be estabbshed Many patients m this group
will gve evsdence of a lesion of the central nervous
svstem exther encephahic or spmal The hustolagic exam
naton of a tumor from the bram may give the first
presumptive evidence of a bronchagense carcmoma

Farber* found that 34 per cent of the patients mcluded
m hus very large study group first sought medseal 1tten
tion because of symptoms which were due wholly or m
part to metastatic lesions  Anghts® discovered that pul
monary cancer was the most commen source of cerebral
metastases i male patients (29 per cent) whereas mam-
mary cancer took iis place mn female patents (47 per
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cent) These Rgures were derned from 94 cases found 1
6 500 necropsies at the Henry Ford Hospital Detroit

Because there 15 some suggestive wformation by no
means clear cut as yet that there may be sigmficant corre
lations between environmental causal factors and type of
cell 1n bronchogenie © brief ref must be
made to hustologic features Regardless of reputed ongin
m large medmm or small broncht or even m mucostd
glands three lustologie types may be encountered These
are designated as squamous celled gland celled and un
differentiated celled Although these terms might seem to
be mutually exclusne no sharp haes can be drawn be-
tween groups Not only may great vanation m cell type
be found n different portions of the same neoplasm but
therz 15 2 large group w any eollected senes m wiuch
neoplasm cells are 1n an mt; diate level of duff
tien Usually the squamous celled carernomas predom
nate Farbers* figures recomputed on the baus of 849
necrepsied patients of known cell type give 37 3 per cent
squrmous 250 per cent gland celled and 348 per cent
with wndifferentiated cells

Some years ago® I found that 1t faelitated presentation
of the relationship between the yarous cell types of bron
chogeme cancer if they are concened as arranged m a
1 shaped pattern (Figure 1) At the intersection of the
stem of the ¥ and sts branches I locate the neoplasms
retaming the lesel of poorly differentiated “basal cells of
normal brorchil mucesa Along the left hand inchned
hmb of the ¥ are distubuted the carcinomas of gland
celled type wath the most fully differentiated columnar
celled papiflomatous muein formng ndenoearcinomas at
the end of the hne ond less elaborately differentiated
forms n descending pattern Those cancers with eells
resembling the normal colummar bronchual eprthelum




8 CANCER OF THE LUNG CAUSAL FACTORS

occupy about the posiion marked with x Simlarly, at
the extrematy of the nght hand limb are placed the heav
ily cormfymg squamous celled carcinomas, followed by
those with little or no keratohyaln and finafly, by medul
Jary carcmomas which have lost almost entwely the
squamous celled character The stem of the Y recewes
the medullary carcimomas showmng charactenstics of

Glond colind Squomous colled

Und tterentiated

Ficune 1 Scheme to show the mutual refationstup of the cellular
types of bronchogensc carcnoma

neither gland cells nor squamous cells These are some
times referred to as oat seed carcinomas On the upper
portion of the stem belong such carcmomas with plump
cells and same trace of alveolwr pattern Arranged pro
gressively downward are the less well differentiated
forms with diffusely infiltrating cancers which have very
small spherical cells at the bottom of the figure

All mvesthigators agree m classifying the carcmomas
which would be placed near the extrermties of the three
branches but within the rectangular zone idicated by
the broken lne differences of opiuon are inevitable
Probably this 1s the chuef reason for vanance m statistical
reports, but 1t may develop that certam study groups are
differentially weighted 1 respect to age sex, or envaron
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mental risks It 15 because of thus latter possibility that it
has seemed necessary to Testate this concept of the relz
tonship of cell types i bronchogeme carcinoma There
1s even now some evidence that the proportion of squa
mous celled carcinomas ss wmcreased under the mfluence
of particular environmental factors and that the modence
of gland celled carcinomas more nearly represents a basic
state not sigmbBcantly altered by the presently suspected
extrmsie factors
Incmence

General Inadence The unportance of bronchogeme
sn current medical expersence scarcely ueeds

TABLE 1
Mares {ALv Aces)
Axwal Mortatsre Frone Cavcen or e Lin
len MoiioN Living

United Stater New York Store
1820 1645 Increase 1631-33 1948 50 Tacrcase
Per Cent Per Cent
a 132 326 47 228 335

Age distribution sdjusted to that for New York i 10 (After
Levint)

1 For d of the preture as of recent
years such statistical analyses as that of Dorn® are mvarl
able Hestated in 1933 that 8 & per cent of all deaths from
malignant neoplasms can now be attnbuted to eancer of
the lung and bronchus This 1s in reference to all ages and
both sexes The mmpact of this statement s felt il the
more forably when the of t hy
cancer 1 males of late muddle bfe s realized For the
Unated States as of 1945 Lewun® stted that the annual
mortthity from cancer of the lung was 568 per mallion
hving for mnles ifty five to sty four years of age and
599 for these sixty five to seventy years of 1ge
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A strihing feature has been the apparent continuous
merease for the past fifty years This was evident in 1929
when I* reviewed earhier hterature giving the madence
as found m over 600,000 necropsies The results appeared
to show a five fold incrense when the perod 1872 to 1898
was compared with that of 1916 to 1924 For more recent
periods we can abstract the matennl of Table I from a

Woasre Pexsons sy Sex axp Acr. Unmten States 1930 1950
CEATH ALY PEA 100 00D
20

T T T T
WHITE MALES WHITE FEMALES
]
i,
;
1940w}
Vi
/ 1§ V
Y w30 | 1340
—]
1930
o 1!
T, 5 B et R o4 B e
" " 0 PVER at " [ " over

Frcune 2 Mortahty from cancer of the respiratory system ReP’r“
duced by pernmssion from the Statistical Bullenn of the Metropolt
tan Life Insurance Company ®

detarled arrangement by Levin® For white persons the
change between 1930 and 1950 1s presented graphically
m Figure 2 which shows an almost si¢ fold snerease for
white males of the age group sixty five to seventy four 12
that pentod * Thus the apparent nsing mcidence noted
earher years 1s not only continung but has been aceel
erated

There has always been serwous queshonmng as {0
whether this merease 1s due to purely relative factors of
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to an actual greater propensity, whether natural or m
duced on the part of human tissue to develop this form
of cancer The two views are sometimes expressed by con-
trasting “true” with “relative” mncidence Thus 15 an unfor
tunate designation for no one can deny that there 15 a

Cruox a¥d Act Ayjustzo Deatm Rarze
By Sex axp Coron. Ukirroo S7ames 1930-1950

ouata ATE 0en 00 000 oEsty HaATE PIN 30500
25 — 3
oune ]
rre e
2 bonnd }nmvu 20
wHITE |7 NONWHITE
MALES [ Vares
%
U/ v
V% y /
Z1 WHITE
771174  Fevates 4 NONWHITE
.74 _romanes —lg
7 72 , i
DA ol o
ol LARAU] THRAL § pmb F7 % LS

o]
1930 13401950 1930 19401950 193019401330 1330 19401950

ewotmaea@ 18241 21 3354 13 51 145 07 17 34
somTId ~ 03194 = 3140 = 47121 - |4

a6
Dad 949 8 d 19
Deadrtes for 1940 8 41950 diueied on the Ba o We aty dirbution of the popuiation for

Ficene 3 Mortality from cancer of the respiratory system The
stippled portions of the bars indicate the portion of the mortality
which can be attributed to the increased age of the population
R duced b; S ! Bulletin of the
pany ®

¥ from
Metropolitan Life Insurance Com

true increase “Real” and “relative” are somewhat better
adjectives for designating the difference However the
mind has been reluctant to admit that cancer may be du¢
to changing responses between the body and its environ

ment and wherever possible has sought other explanations
for the m bronct

are not hard to find

Such reasons
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1 To what degree 15 the mcrease due to the changmg
distribution of our population 1n respect to age? More
persons are hving 1n the age period m which broncho
genic carcmoma oceurs If there are sigmficant environ
mental causes, 1t may be that this 15 simply another way
of statmg that more people are exposed, «nd exposed
longer to provocative agents That age distrtbution can

TABLE II

DisTRIBUTION OF 313 PULMONARY CARCINOMAS IN 14 000
Necrorstes {URIVERSITY oF Miciieay)

Necropsies
by Thousands Males Females Total
0 1000 2 2
1001 2000 8 8
2001 3000 9 1 10
3001 4000 10 4 14
4001 5000 18 2 18
5001 6000 17 4 21
6001 7000 18 4 23
7001 8000 17 5 22
8001 9000 21 3 24
9001 10000 21 5 26
10001 11000 30 1 31
11001 12000 34 5 39
12001 13000 31 3 34
13001 14000 37 5 42
Totals 271 42 313

account for approuimately one fifth of the mcrease be
tween 1930 and 1950 1s shown m Fagure 3 The stippled
area at the summut of each bar indicates the reduction 1o
the crude rate which would have been experienced if the
population had remamed with the same distribution 1
respect to age sex and color m 1940 and 1950 as was
true 1n 1930 OF the three varables only age proves to be
of great mportance 1n influencing the change m

dence
2 It has been suggested that the increase s due to more
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nceurate certification of the causes of death resulting from
the use of such dugnostic methods as roentgenoscopy
branchoscopy tissue biopsy exploratory thoracotomy, and
evtologic study Smce these measures have been mtro
duced vely and employed with tly merea!

g «fectiveness, a gradual and not an abrupt increase m
the apparent weidence mught be evpected The merease
has followed such a pattern with a fanks smooth gradient
1t 15 impossthle to assess the effect of better diagnoses
wath any degree of accuracy, and it must be yemembercd
that smproved diagnostic methods will not necessanly
yield hugher figures for madence Some of the emors
would have been m the epposite ducction of certifying
deaths as due to pulmonary cancer when such was not
the erse Moreover the early values for mcidence were
based on necropsy evpenience wnd the continuity of
methods and personnel 1 many mstitutes of Pathology
has been such that there 15 no possibibty that 2 sigmfi
cant number of cases of bronchogenic cancer were mussed
w earher years In Table I the distrbution of broncho
gene n 14000 psies at the Unwersity of
Michigan 1s shown by thousands of necropsics and the
same matertal 1s presented graplueally m Tigure t In
vided mnto numenical hahes the first 7000 sncluded 95
cases of bronchogenic careiromn or 30 per cent of the
total number Divided chronologically mto half penods
the necrapsies (two) on patients wath bronchogenic car
anoma in the first twenty nine years were too few to be
staustically significant due tn paet to the few ex necropsies
of that pinod Thev amounted to 023 per cent For the
second half period 237 per cent of the necropsies have
been upon with bronel ¢ 1 B
cause the older matenal 15 at hand for study and has been
reviewed from time to tme there 15 no possibility that
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bronchogemc carcinoma was missed to a sigmficant ex
tent 1n the earher years

3 A third basis for an apparent rather than a real mn
crease m bronchogenic cancer concerns a complex of

43
b KEY
Maleg vmm v s
Famales o—veme 7
g Combinyd em——rm——s ,
;
30
-
-
-
S a5t
3
220
€
5
z
|5r
o}
sl L.
NS AN S SR S U Uk S W s

1 zZ 3 4 5 6 T & 9 0 2 {314
Hecronsies by Thousonds

Frocune 4 Distbution of 313 cases of bronchogeme carcioma 1
14000 m the U; y of Mich serfes

imponderable considcrations such as growth of lay knowl
edge and interest in cancer, lay msistence on securing
better diagnostic md more extensive referral of patients
with diagnostic problems, and greater professional nter
est and awareness in respect to bronchogemc carcmoma
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Clearly, these consxdmtmns overiap the improved diag
nostic p d d m the preceding paragraph
and Uhe them can operate 1n both a posttive and a nega
tive direction Probably some patients are now correctly
diagnosed as having cincer of the lung who previously
would have been certified as dymg of chromc tubercu
Josis chronic pneumonitis asthrma or even the tatelly m
aceeptable general debility

In summary pracheally aﬂ who have mvestigated the
p of of cancer of the Iung
agree that some of the 35 t” and d
chiefly on increasing longevity but that there 15 1lso &
real mcrease which provides the smmechate incentne for
the fusther exploration of causal factors

Age Tuaudence As 1s shown by the current study {Fig
ure 2) from the Metropohtwn Lafe Insurance Company ®
the peah of mostality from pulmoniny cancer for white
males in the Urted States occurs i the decade of sixty
five to scuenty four years of age Incidence ncreases
rapidly after age forty and the rate of mcrease (ndicated
by steepness of the cunve) 15 greatest for the interval
between fifty and sixty  Sinudar yesults have been found
most countnies where smmlar studies have been made
Beyond age sesenty four mortality continues to show a
venn marhed merease over the evpenence for that age
group in earher peniods but for the contemporary popu
lation the mte of change s reversed and the curv e dechines
Yet it remuns truly almung that for the group seventy
five yeors old and older the mortality from caneer of the
lung was five and one-half tmres greater in 1630 than in
1930

The down turn 1n the mortality cunve for wlnte males
after age scvanty four has been evident m each of the
penods indicated in Frgure 2 A semilar seduction {n mor
tahty in advanced vears has been obsered In most geo-
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graphic arcas, but not always begmning at exactly the
same age The sigmficance of this dechne 15 as yet un
known When the answer 1s determmned 1t may supply
the key for confirmmg the importance of environmental
factors which are now under suspicion Among possible
explanations are the following

1 The aged group may recewve less sympathetic and
shallful diagnostic attention 1 view of the improbability
that curative treatment can be applied regardless of the
diagnosis It 1s surprising how often 1t 1s forgotten that
the person who has lived beyond the life expectiney of hus
birth, still has the life expectancy of the age group of
which he 15 now a member

2 The aged group may contain a higher proportion of
those whose cells are mtrinsically less easily provoked, by
environmental factors to that proliferative activity which
constitutes cancer

3 It may be that i the older group are those who
have not been exposed either 1n mtensity or duration or
m both intensity and duration to one or more provocative
factors which have come more recently into human en
vironment This was apparently the thought of Korteweg'
when he predicted that the greater part of the future 1n
crease m mortality from cancer of the lung will concern
persons more than sixty years of age

In presenting these possibilities 1t has been necessary
to anticipate considerations which re developed more
fully n the section on Etwologic Factors m Neoplasia
Intrinsic and Extrinsic

Only for white females for the year 1950 do we find an
ascending mortality curve after age seventy four Ten
years before this had been anticipated by a constant level
This 1s probably sigmficant m respect to a current change
i mcidence The tables of Kennaway and Waller™ show
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that for England and Wales smee 1926 the highest mor
tality for cancer of the Jung bronchus and pleura i fe-
males has occurred about ten years later than i males
Sex Incidence For the lung as for the lower bip, mouth

and esophagus there 1s mathed imequakity 10 the madence
of cancer i respect to sex As determined by morlality
statistics, there has been a progressne widenng of the
g1p between men and women Thity years ago the
ratio of deaths from this condition for men and for women

- "
* oce
!

- -
- s
2 :

, :
- <
[ .
[ S S
TR R e L

Ficons 5 Graphie companson betwern (A} total mortality for
males end fomales and (B) the annual percentage fnerease for each
sex with 1935 conndered wnty Vstal statustics of bronchogenic
careitoma in Logland and Wales ¥ (Redrawn by permussion {from
Rennaway nnd Rennaway I'rt J Concer 1 260.298 1947 )

was abont 31 Dom' hns stated recenth that for the
United States the ratio 15 now about 51 Connderable
samnec from thus ratro has been noted an other countries
wm companng roral and urbin popultions and m the
more or less peculiar expenence of pirtieuhr hospitals
In the Unny ersits of Micligan necropsy senes (1893-1031)
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of 313 cases 1 14,000 necropstes the ratio as to sex has
been 65 1 Farher! referred to a 9 1 ratio for hus study
group of 1,070 cases

It 15 necessary to heep m mmnd the difference between
the comparative mortality of the sexes and the compara
tive change m incidence Even with the same effectne
rate of increase for females as for males the spread between
the sexes as shown by figures for gross morbidity or mor
tality would contmue to widen because of the larger base
for males to which the rate 1s apphed Disregard of this
obvious consideration leads to a distorted concept of the
relationshup between sex and bronchogemic carcimoma
This was explamed by the Kennaways in 1936 and
agam 1n 1947% and Figure 5 15 redrawn from matenal
which they presented mn the latter year The graph m
the left half of the figure 1s based on the actual number of
deaths from cancer of the lungs 1n England and Wales
for the period 1935 to 1945 The same data are presentetd
on the nght but deaths per annum for each sex are mdi
cated as a percentage of those of 1935 considered as 100
The changes 1n rate of increase as applied to males and to
females of successive age groups may aid in the identifica
tion of significant environmental factors and n deter
mimng the required period (latent peniod) for the ongm
and development of a neoplasm Such analyses should
prove increasmgly helpful

The sex of the patient mfluences the cellular type of
bronchogenic carcinoma A recent study by Steele’ gives
the distibution m a group of 201 cases Of the patients
with squamous celled carcinoma, 97 per cent were men
of those with undifferentiated carcinoma 88 per cent were
men, of those with adenoccarcinoma, 65 per cent were
men This relationship may be due to mtrmsic differences
between the sexes which are apart from environmental
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factors to exposure to different environmental factors to
evposure to the sime cnvwonmental factors to different
degrees or to different tissue xesponse to the sume en
vroumental factors There 1s increasing evidence that
with known environmentat factors squameons.celied cor
cinoma is more often the result Therefore in considering
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of 313 cases 1 14 000 necropsies the ratio as to sex has
been 65 1 Farber* referred to a 9 1 ratio for his study
group of 1,070 cases

It 15 necessary to heep 1n mnd the difference between
the comparative mortality of the sexes and the compara
tive change in incidence Lven with the sime effectine
rate of increase for females as for males the spread between
the sexes as shown by figures for gross morbidity or mor
tality would continue to widen because of the larger base
for males to which the rate 1s apphed Disregard of this
obvious consideration leads to a distorted concept of the
relationship between sex and bronchogenic carcinoma
This was evplamed by the hennaways n 1936' and
agam m 1947 and Figure 5 1s redrawn from matenal
which they presented m the latter year The graph 10
the left half of the figure 1s based on the actul number of
deaths from cancer of the lungs m England and Wales
for the period 1935 to 1945 The same dat+ are presented
on the right, but deaths per annum for each sex are indt
cated as a percentage of those of 1935 considered as 100
The changes 1n rate of mcrease as applied to males and to
females of successive age groups may aid m the :dentifica
tion of sigmficant environmental factors and i deter
mining the required period (latent peniod) for the ongm
and development of a neoplasm Such analyses should
prove 1ncreasingly helpful

The sex of the patient mfluences the cellular type of
bronchogenic carcinoma A recent study by Steele!* gives
the distnbution 1 a group of 201 cases Of the patients
with squamous celled carcinoma, 97 per cent were men
of those with undifferentiated corcmoma 88 per cent were
men of those with adenocarcinoma 65 per cent were
men This relationship may be due to mtrmsic differences
between the sexes which are apart from environmental
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factors to evposure to dufferent environmental factors to
exposure to the same environmental factors to different
degrees or to different tissue response to the same en
vironmental factors There 1s increasmg evidence that
with known tal factors sg Hed car

cwoma 15 more often the result Therefore mn considerng
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the causes of bronchogenic carcinoma, maleness must be
wcluded There may be fundamental differences 1 the
male which make lum more vulnerable ta the influence of
Ius environment Sex hormones can produce both mor
phologic and physiologie changes in squamous mucosa

2000 soo
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kicune 7 At the left mortality from lung cancer among men at

different ages Bntun 1911 1950 At the night death rates from

lung cancer m England and Wales as to sex and ratio hetween

sexes 1900 19501 (Redrawn by permsssion from Doll Bri
M J 2521527 585590 1953 )

Moreover, Moore and Barr™ have shown that even 1 the
somatie cells there are recogmzable differences m the
nuclear apparatus of the sexes Perhaps maleness 15 only a
conditoning or synergishe factor but its importance 15
mereasingly evident

As Figure 6 four graphs from Dorn® are redrawn to the
same scale Together thev give mortahty rates from can
cer of the lung 1n the United States over a span of twenty
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years distrbuted by age, color, and sex When ll of the
facts of causation are fully known the stridang differences
m the resulting twelve curves will find explanation

‘The curves for white males m Britam {Doll*¢) have, m
general & swtlar form to those for the same group m the
United States, and are shown m Figure 7 The accelerated
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Trcurr 8 Death rates from cancer of the Jung by age white males
United States 1914 1930 1840 and 1950 7 {Reproduced by per
mussion from Cutler and Loveland J Nat Cancer Inst 15 201
211 1954 )

tncrease of the preceding deecade 1s stnlangly evident
Increasing incidence n females, also, 15 shown in the
nght half of this figure which 15 based on mortalty re
turns from England and Wales but the rate of accelera
tion 15 lower so that the proportion of male female deaths
sose from 155 1 1n 1915 to 569 11n 3931

The Risk of Developng Cancer of the Lang The
probability of developmyg cancer of the lung between
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speaified ages depends upon the meidence rates of cancer
of the lung at the specified and intervening ages and the
probabihity of dying from any causc at the different ages
Cutler and Loveland' have determined thus probibility
for wiute males by utilizing the United States hfe tables
wath a method of cohort analysis which tahes into account
both the inereasing incidence of cancer of the lung on the
one hand and the mcreasing life expeetancy of the mem
TABLE 11T

Exrectep Numpenr oF Cases OF Lunc CANCER v A ConorT or
100 000 Wirrre Maces Boax v 1910

Number Person Expected | Cumulatite
For Alveat Years of Number of | Cases in This
Age Beginning Life New Cascs an
interval of Duting n Subscquent
Interial Interval Interoal Inten.
3040 93572 995732 33 39%
40-50 91 295 889 491 218 39571
50 60 85798 803 610 785 3739
6070 73 501 835,533 1,502 2934
70 80 52178 385 688 1452 1452

Reproduced by permssion from Cutler and Loveland ¥ J Nat Cancer
Inst 15 201 211 1954
bers of each successive cohort on the other Death rates
from cancer of the lung by age of wlite males of the
Umited States are shown as of 1914 1930, 1940 and 1950
m Figure 8 These authors made use of the cancer surveys
conducted i 1947 by the National Cancer Inshiute' 10
ten urban areas for dditional information on morbidity
and mortality from cancer of the lung Naturally the
values will differ for each year of burth but our immediate
wnterest 15 with those born m 1910 and i the decade be-
fore and after that year For this group Cutler and Love
land developed a table of probabiliies, which I have
abridged as Table II1 It may be noted that 3 937 cases of
cancer of the lung may be expected to develop by age
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eghty among 91,295 white males of this cobort alve at
age forty From this analysis of past expenence and for
ward projection the authors estimated that of every 1000
white males born m 1910 and still hving 10 1950 eleven
may be expected to develop cancer of the lung by age
sy, twenty seven by age seventy and forty three by age
eighty This projection gives recogmtion to cvidence that
while the meidence of cancer of the lung s still wmereasing
the rate of vely d Th
the rates as forecast by Cutler and Laveland are not as
Ingh as bave been computed by some otherg

For those not tramed in hostatistics such data may
seem complex and difficult of wmterpretation What they
mean for each of us or for the male infant bom i 195415
not easily appreciated but there 15 crystal elanty m the
following sentences which I quote from M L Levin®
1954

In less than a decade the chance of developmng lung
cancer at some twne dunng hfe has more than doubled
among males i New York State Two per cent of all males
may be expected to develop lung cancer at present rates
of merdence

Emrorocic Facrors ivy NEorLAsA INTRIvsIC
AND EXTRINSIC

1f causation be considered in its broadest aspects with
due regard to both causal genesis and formal genesss 1t
will be found that disease 1s never the result of a single
factor Two causes or groups of causes must be considered
One of these has ongm 1 the germ plasm of the indund
ual the other 1s brought to bear upon the wherent pattern
of lis ng organism from outside the realm of chromosomes
and genes The source of this latter cause may be found
either within the body or i the extracorporal environ
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ment, but 1t 15 quite aprt from the germ plasm Consider
ation of this relationship leads to the conclusion that such
antithetical paurs of words as mternal and extemal, endog
enous and exogenous, and even constitutional and envt
ronmental fail to designate adequately the major groups
of factors \With definttion, tntrinsic and crtrinsic meet
this need with complete satisfaction

Intrinsic causes of disease hie within the germ plasm
All other causes of disease are extrinsic It can usually be
shown that 1f the ultimate cause (causal genesis) of a
disease 15 1ntnnsic or extnnsie 1ts mode of development
and manner of expression will be conditioned by extrinsic
or mtrmsic factors (formal genesis), respectvely For
mstance, true hemophikia 15 entirely hereditary and there
fore intninsic as to 1ts actual cause but the expression of
hemophilia 1n each of its victums will depend upon the
vascular channels which are opened by extnnsic factors
Conversely, Treponema pallidum s entirely an extrmsic
factor There 15 no hereditary lues, although the phrase
18 often carelcssly used as a synonym for congenstal syph
1hs Yet the disease produced by this extrinsic factor vanes
from patient to patient depending upon age, sex and race
because intrmsic factors are conditoning the bodys ve
sponse to the causal agent For each disease entity the
proportion of these cansal ingredients vanes There 15 10
reason for believing that neoplisia 1s unlike other disenses
1n having such dual elements m causation ** The 1aterplay
of mtninsic and extrmsic factors 15 indicated schematicilly
m Figure 9

Tor some neoplasms the mtrnnsic factor 15 very 1mpor
tant This has long been recogmzed for carcinoma of the
large bowel developing upon the substratum of famhal
polyposis?, and the extraordinary concentration of retino
blastoma m certamn families 2 far exceeds the most remote
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possibihity under free chance distribution There 15 sub
stantral evidence that for such new growths somatic vana
tions are anhented and that 1t 15 upon these structural
deviations from the normal that cancer anses This thesis
need not be developed here for there are other malignant
neoplasms—and fortunately bronchogemc carcmoma 1s
one of them--m respect to which a specific intonsic factor
has never been proved to be important

It 15 obvious that basic mtnnsie factors e concerned

Bati op! fema € o Lp

el s

=

Feure 9 Schematie representation of the relahonship between
minnsic and extrnsic causal factors m neoplasia

with the development of all neoplasms as they are with
normal growth for behind every neoplasm 15 the mtrmsic
urge toward cell division and growth Such factors must
be accepted as part of the tota} picture of the causation
of cancer [hese are not the speaific intninsic factors which
give certamn neoplasms a hereditary pattern and which I
contrast with extrwsic factors Although common to both
normal and neoplastic growth the basie mtnnsic urge must
aperate with different degrees of intensity under varymng
d and To this biologic sub

stratum are to be added spec:.ﬁc mtnnsie factors of any
and whatever extninsic factors may be operatwe

Thave pust stated that 1t 1s fortunate that bronchogense
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carcmomn guves no evidence of any potent spectfic mtrin
sic factor If there 15 a hereditary pattem for this neo
plasm, 1t 1s below the horizon This makes 1t all the more
probable that there are significant extrmsic factors Once
an extrinsic factor ss estabhished, the way has been opened
for attempting prevention In the opening paragraph of
hus article on the socto-cconomic distribution of gastne
careinom, E M Cohart * has wnitten

since the time of Perawvall Pott almost without

T our all t t phst m the pre

vention of cancer have grown out of eprdemological
observation

1t 1s my purpose to review, 1n that which follows, cer
tan of the istoneal aspects of the search for extnnsic
factors caustng cancer, with particular reference to bron
chogeme carcinoma I will show that dverse threads of
evidence, beginning more thap 500 3 ears ago nd weaving
an mtricate design, are now gring promise of reveslng
enough of the true pattem to suggest that to an as yet un
determinable degree bre 15 a pre
ventable discase




I

THE FIRST THEME BERGKRANKHEIT IN
THE ERZGEBIRGE—SCHNEEBERG AND
JOACHIMSTHAL (JACHYMOV*)

ARCINOMA OF TIE LUNG as an endemc occupational
disease m the mmers m the Erzgebirge (Ore Moun
tamns ) of Saxony and Bohemia 15 as well known to students
of bronchogeme cancer as 1s the work of Beaumont to
physiologists intermsts and medical lustonians Unhke
the achievements of Beaumont which 1n the words of
your lecturer of 1953%* were the inception of the modem
physiologieal approach to clmical problems of the gastro
ntestinal tract ntensive mnvestigation of this occupa
tional disease has not yet led to results in keepng with
the effort expended
‘The muners of Schneeberg mn Saxony and of Joachims
thal (now Jachymov) mx Bohemia have been for at least
500 years the victims of a chromc pulmonary disease now
known to be carcinoma From references 1n the hterature
begmning early m the sixteenth century from pansh and
other registnes and from estensive mvestigations con
ducted 1 the first guarter of the present century, 1t has
been established that this particular Berghrankheit was
the cause of death 1n from 44 to 75 per cent of the active
and pensioned miners The chmeal picture of the dis
ease unvaried through the centunies was marked by
cough mucord mucopurulent or bloody sputum ncreas
ing dyspnea loss of strength and weight increased sweat

* Joachimsthal = Joschmstal = Jichymov
27
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Fievme 11 Thes sllustration from De Re Metallica gves an indica
ton of the long ladders which the mmers had to employ in going
to and] from wosk
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mg borning pun 1 the chest or back, and nevitably,
death after a varymg penod of mcapacity Mumers thus
afflicted were sud to be ‘bergferttg thatis so enfeebled
in health by minng as to be unable to continue working
Historical references to this umgne occupational dis
ease emerge from the Middle Ages Pirchan and SIN®
wrote that 1t was mentioned by Agricola i 1500 If so the
renowned father of mmeralogy was a very precocions
chuld for m that year he would have attuned the npe 1ge
of six years ™ However only the too well rounded date
was m error Who of that penod would have been better
qualified to record the mmers diseases of Jorchinsthal?
About 1527 Agricolr born Bauer w1s made town physt
cin of this flounshing mmmg willage from the siver
comage of which (Joachimsthaler) our Amerscan word
dollar was derved Already the author of scholarly
books Agncola continued his studies of mines and minng
His pnneipal work De Re Metallica long remamed the
standard technical treatise on miming and smelting 1
quote hum from the transition by the Honorable Herbert
Clark Hoover and Lou Henry Hoover®® as follows

Of the 1llnesses some affect the jomnts others attack the
lungs some the eyes and finally some are fatal to men
Where water 1n shafts 15 abundant and very cold 1t fre
quently 1njures the limbs On the other hand some
mimes are 50 dry that they nre entrely devord of water,
and this dryness causes the workmen even greater harm
for the dust which 1s stured and beaten up by diggwg
penctrates mto the windppe and lungs and produces
difficulty 1n breathing and the disease which the Greeks
call aoBga If the dust has corrosive qualities 1t eats away
the lungs and mplants consumption an the body, hence
m the mmes of the Carpathian Mountains women are
found who have marmed seven husbands all of whom
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this ternble consumption has carred off to a premature
death

Two hundred and fifteen years after the publication of
Agncolas treatise Schefller™ showed that thus fatal ail

Fiovre 12 Thes illustration from De Re Metallica shows an early
method by which the hird rock of the tunnel wall was cracked
by building fires agamst at

ment could not be p or perp b

1t fasted too long and could pot be asthma montanum
because asthma d:d not produce destructive lesions in the
lung wnd after another 100 years Harting and Hesse?
established m 1879 that the endemic occupational dis
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ease of Schneeberg was primary cancer of the Iung and
that about 75 per cent of the deaths of mmers were from
this cause From observations made mn the course of
twenty necropsies, they concluded that the cancer was a
Iymphosarcoma, or, rarely, an endothehal carcinoma
(The interpretation of a poorly differentiated round
celled carcinoma as lymphosarcoma 1s an casily under
stood error, and one from which we are not entirely free
today ) Arsenic especially m combmation with nichel
and cobalt, was considered by Harting and Hesse to be
the directly njurious, causative agent They were fully
aware that mmers cancer of the lung developed only
after many years of labor They wrote that at the earliest,
1t appeared after twenty years usually after a longer
period, and sometimes after as long as fifty years All
subsequent mveshgators have recogmzed a long latent
perod although the average work period before the devel
opment of the disease was found to be somewhat shorter
than was stated by Harting and Hesse This feature was
far more 1mportant than would at first appear The mn
escapble corollary was and 1s, that the results of modii
cation of environmental cond:tions cannot be known with
certainty until at least two decades have passed In fact
1t seems not unreasonable to predict that for certam forms
of cancer as related to particular extrmnsic factors, 1t may
be necessary to await the vital statisties of another gen
eration before the results of preventve measures will be
known beyond reasonable doubt

It would be inconsistent with the lumts which must be
placed upon other phases of this discussion to review the
many scientific contnbutions dealing with the mumers
cancer of Schnecberg and Joachimsthal but certam de
velopments must recerve further attention

Harting ® Iike Agricola was a local physician m these
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minng commumties With Hesse he explored every phase
of the mode of lvmg and working of the nuners from the
ranaid Galieian butter which must be used durmg a por
tion of the year to the amount of ol which each mmer
burned 1n hus lamp while underground He was interested
m the o1l as a source of cubon dioxide As wall be de
veloped later had he possessed our present mformation
he would have been more cancemed with the o} as a
source of the intermed; of lete com
bustion In therr first 1HustratIVe chnteal report which
concerned 1 thirty six year old mmer who had been em
played for twenty and one half years it 15 evident that
wquiry was made as to s smobing habits for he 1s
quated mn translation “I have smoked tobacco but not
to excess 1 the last year httle and then only at home
This was n 1878

Dunng the first Bfty years of medieal and phvsico
chemical mvestigation many environmental factors were
suggested as of causal sigmficance for Schneeberg cancer
The miners were compelled to descend and 1scend ladders
for considerable distances sometimes as much as 1 000 feet
The working shifts were Jong and the lahor heavy In the
harder rock where dnlling was necessary fine stone dust
was produced 1m quantity Arsemic present i a content of
05 per cent i some of the rock dust was suspect as
were also the abundant moulds growing luxuriantly on
and m the timbers of damp portions of the workings Car
bon dioxide not only from the mmers oil Jamps but also
from fires buslt against the face of the rock and smoke
and other fumes from these sources and from the use of
blasting powder nd d were given !
This by no means exhausts the hst of hazards \v}nch were
explored

Margarete Uhlig® 1n 1921 and whde still a candsdate
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for her Doctorite m Medicine, produced an admirable
study of cancer of the lungs m the Schneeberg mmers
Like Agricola and Hartmg she wrote from on the scene
evperience The opening sentence of her report m the
Virchow Arcluv can be translated In my natve town,
the old village of Schneeberg m the Ore Mountains, the
expression ‘bergfertig often 1s heard  After discussing the
various causal factors propesed by her predecessors, she
wrote that she had seen a published article “by a layman,
to be sure 1 which the Schneeberg lung cancer was ex
planed as an occupational disease of mines in which the
rock contaned radium and 1 which the ur contamed
radum emanations Both of these conditions were met to
varymg degrees 1 the Schneeherg mimmes but even more
50 at Joachimsthal In fact 1t was from Joachimsthal that
the Austrian government had obtamed the ton or so of
residual matenial (after the recovery of uramum from
pitchblende) from which the Cures m 1898 1solated
radium chlonide It was natural therefore for Margarete
Uhhg whose reference to the unproved chusative action
of radium and radium emanation 1 respect to cancer of
the lung 1s the first that I have found mn medical hterature
to turn to Joachimsthal for further evidence If this was
the explanation of the miners cancer of Schneeberg she
reasoned the mncidence of the disease should be greater m
Joachimsthal where the rocks and ore possessed greater
radicactivity Her mquiry directed to Langhans brought
the reply that at Joachimsthal there were no proved cases
of cancer of the lungs known to lum It subsequently de

veloped that only the lack of necropsies had prevented
recognition of the fact that pulmonary cancer was an
occupational disease 1n Joachimsthal as well as m Schnee

berg Somewhat later when this truth was known

Peller*® computed that the hability of the mmers of Joa

chimsthal to cancer of the lungs was twenty eight times



BERGERANKHEIT IN THE ERZGEBIRCE 35

greater than that of males of corresponding age 1 Vienna

Amstesn™ had shown in 1913 that the cancer of one
Schneeberg mimex was clearly squamons celled Beginning
m 1921 thorough chmical roentgenologic and pathologie
studzes of lung cancer in the Schneeberg runers were car
ned on by Thiele Rostoski Stupe and Schmorl? ¥ 1
the course of which 1t was estabhshed that all of the neo
plasms d were car that pul
cancer was stll endemc 1 this roup and that 1t ocourred
only m those who worked underground or were m mt
mate contact with the products of the mimes

As to Joachimsthal the first cose of cancer of the lung
to be recogmzed on the Bohemian side of the Erz Moun
tams was observed by Pirchan w 1926 according to Pir
chan and 8:0 ® who mentioned 1t 1 ther review This
occursed i a worker 1 the radwm factory In 1929
Lowy*® referred to the many deaths wiich had been ob
served i mimers and radim factory workers between
thirty and forty years of age descnibed the signs and
symptoms and proved that two patients had cancer of the
lung, i one case by bronchoscopic examunation, and i
the other by necropsy With more frequent necropsies 1t
was established by 8ik1*¥ *® and lus associates that cancer
of the lung was highly prevalent and that the tume spent
i the munes by those who developed cancer ranged from
ﬂnrteen ta twenty three years Whereas Schmorl 3 had

as of probable prime wmpor

tance at Schneeberg no notable degee of silicosis or
preumoconiesss v as found at JAchymov By 8id radwum
emanation, found mn the ur of some of the pits in 2 concen
tration up to 50 Mache umts was considered the more :m
portant cause of cancer of the lung

As has been stated several environmental factors which
attracted earlv attention as posstble causes of cancer of
the Jung at Schreeberg and Joachumsthal can be ehm
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mated for one or both of two re1sons (1) they were not
restricted m therr application to those of the local popu
lation who went underground or were m close association
with the products of the mines above ground, (b) they
were not peculiar to mmes and mimmg mn this distnct, as
compared to other geogriphic areas After these elumina
tions there remained four possible causes each of which
will be discussed 1n 3ts appropriate relationship to other
than the local problem These are

1 Pneumocomosts meluding chalicosis 1n general, and

more particularly, sihcosis

2 Compounds of cobalt and nichel

3 Arsenic

4 Radioactivity

No one has suggested that the miers of the Erzgebirge
used more tobacco than their fellow townsmen who did
not go underground Moreover Agncola was born only
two years after the discovery of Amenica and the first
use of tobacco 1n Europe 1s said to have been n England
n 1586

What 15 the situation m Schneeberg and Joachimsthal
today? Perhaps some of the answers are known by ap
propriate governmental agencies but they are not to be
found in medical hiterature for the Ore Mountams are
well behind the 1ron curtmn ” The flow of information
ceased about 1939 and has not been reopened This 15
all the more understandable in view of the present ne
cessity for the production of urimum Successnely, this
region has been exploited for silver for mickel cobalt
bismuth and arsemic for radium and now for uramum
A generation has passed simce corrective measures were
beng introduced to mitigate some of the hazards Hoists
were provided to make climbing the long ladders un
necessary hours of labor were to be reduced and more
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mechamcal equipment provided more effective forced
ventilation was recommended to reduce the atmosphenc
content of both rock dust and radium emanation respt
rators were provided and wet drlling encouraged n the
dusty areas Let us hope that m years to come mterna
tional tenstons will be relaxed to the degree that we may
learn whether the meidence of cancer of the lung in
Schneeberg Jachymov and neighboring mimng areas has
been lowered by such measures, and thus we may gam
msight 1n respect to causation Or will 1t be revealed that
m the competitne struggle for uramum hundreds or
thousands of new workers have been exposed perhaps
unwillingly to environmental hazards which are almost
mevorable causes of cancer of the lungs?

Forhfied with basic information 1n respect to Schnee
bexrg cancer 1t 1s now possible to proceed to consideration
of selected extrnsic factors which were postulated for
Bergkrankheit It has been suggested that there was an
ntrnsic (hereditary) factor operating 1 Schneeberg and
Joachimsthal through many generations of mtermarmage
as a result of social 1solation There 1s no evidence to sup
port this view

CriaLicosss, WITH SPECIAL REFERENCE TO SILICOSIS

By the early investigators of cancer of the lung in the
Schneeberg mners stone dust was considered important
but usually for other reasons than 1its content of silica
SiIM** found that an association of carcinoma of the lung
with sihcosis was exceptional m the necropsies upon
mners at Joachumsthal He was convinced that no essen
tial role could be attributed to silicosis However many
authors from vanous geographic areas have been mm
pressed by the comcidence of silicosis and pulmonary
cancer in a single case or a small group of cases Tt must
be remembered that when two conditions are each rela
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tively common, chance distnbution will lead to therr
simultaneous occurrence to an extent which 1s predictable
if the incidence of each 1s known

The comparative study of pulmonary cancer 1n relation
to sihcosis by Klotz®® often 1s cited as in support of a
causative relation, although Klotz was very guarded in his
own conclustons He found an imeidence of lung cancer of
8 per cent among 50 stheotic patients as compared with an
mcidence of 117 per cent 1n 4,500 unselected necropsies
Such a companson 1s statistically unsound The four
examples of combined silicosis and carcinoma were m
males forty five to fifty four years of age The control
group should have matched them n sex and age mstead
of bemng unselected Quute apart from this comparative
madequacy the occurrence of four cases of pulmonary
cancer 1 a group of fifty middle aged males 1s of dubrous
statistical sigmficance 1 view of the general meidence of
the disease during the period when these cases were be
mg collected

Rennaway and hennaway,’? after tabulatng occup2
tional hazards from the death certificates of England and
Wales for the period 1920 to 1932 concluded that some
excess of cancers of the respiratory tract was found mn as
sociation with certan dusty occupations but that, in gen
eral, activiies leading to silicosts played mo important
role m the production of cancer

Extensive studies of South African gold mners, based
on necropsies mn Johannesburg have been mterpreted as
demonstratmg that silicosts was nerther a causal nor pre
disposing factor for pulmonary cancer Table IV arranged
by Hueper® from Reports of the Miner s Phthsis M edical
Bureau of South Ajnca, gives the percentage meidence
and comerdence of silicosis and pulmonary cancer 1 3 215
European males for 1932 and 4 510 for 1935
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Vorwald and harr® reviewed the biteratare compiled
therr own observations, and exposed 3338 ammals to
vanous muneral dusts for Jong periods They reached the
conclusion that rock dusts 1 general and sthea cannot be
considered etiologic factors m the development of pul
monary cancer Also Schulte“ found among the miners
of the Rohr that combmed genologic and p
stuches established a lete d 10n between sih
cosis and cancer of the Iung

TABLE IV
ComcmENCE OF PuLaoNanry CANCER AND S1LIcosIS
w A

European European
Miners Miners
European W ithout With
Non miners Stlicosts Silicosis
1932
Necropsies 1023 1109 1083
].uzxgl gcgncex per cent 053 054 047
5
Necropsies 1393 1679 1438
Lung cancer per cent 093 071 670

From Reports of the Miner s Phthusis Medical Bureau of South Africa
{Cited by Hueper*)

There 1s a corollary to the apparently well established
fact that sihcosis has no etwologic significance for bron
chogenic carcinoma—a corollary which has not been suf
fictently emphasized It s that chrome mnflammatory
disease per se hkewtse must have hitle or no ettologic
sigmificance for 1t 1 difficult to imagme more mtense or
protracted fibrosing pneumomtis than that which accom
pawes the more severe forms of silicosis It 1s becomung
mcreastgly clear that the vague concept of chronic
irntation” as a cause of cancer so frequently apphied m
respect to malgnant disease of various organs and regons
1n past years was greatly overstressed The extrnsic fac
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tors are now being sought with mcreasing success among
physical and chemieal entities

CosarT, NICKEL, AND Bisssura

In the Schneeberg mines, bismuth was not suspected as
a cause of mmers cancer and there have been no subse
quent observations which indicate that 1t 1s important in
respect to bronchogeme carcinoma

Cobalt was given senous considerttion for many years,
but duning the period when the Schneeberg mnes were
being worked espectally for cobalt, 1t was found that can
cer of the lung did not oceur in those employed in the co
balt pigment factory as 1t did in the mners Surveys in
1925 by a spectal commuttee of the Labour Office of the
League of Nations covering cobalt mimners of many geo-
graphic areas failed to show increased pulmonary cancer
m this group (Hueper*)

With nickel developments have been somewhat differ
ent Barnett 4" in the Annual Report of the Chief Inspector
of Factories for the Year 1947, stated that forty seven
cases of cancer of the nose and eighty two of cancer
of the lung had been reported from a mckel works i
Britamn Amor* had dealt with this group in detail These
neoplasms occurred i workers engaged in the reflomg of
mickel by the carbonyl process and the meidental produc
tion of copper sulfate Although mekel carbonyl 1s atself
a lughly toxic substance there was hitle evidence that it
was the responsible carcinogemc agent The sulfunc acid
used 1n the process contaned arsemc In the Canadian
refineries where the concentrated ore has the same nichel
copper, and sulfur content, sulfuric ac:d 15 not used and
therefore arseme 15 not mtroduced Amor concluded that
the evidence 1s strongly suggestive that arsenie, 1 cOm
bination with a metal—probably copper—was responsible
Morgan, 1n discussing a paper by Wilham E Smuth* 10
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1953 was able to bring this account up to the present
The sulfunic acd used in this particular refinery has been
free from arsenic since 1923 dust preventive measures
were mmproved m 1924 and the wearmg of masks was
msttuted The neidence of bronchogeme cancer appears
to have been greatly reduced in men engaged since 1924
Morgan considered that the results offered support to the
view that arsemic and not mckel carbonyl was the causal
factor If thus is true 1t strengthens the case for arsemc
under other circumstances as in the Schneeberg mies
Hueper! has dered that the evid for mchel as
provocative of lung cancer 1s well worth further considera
tion It cannot be summanly dismussed from the list of
possible causative factors

ArseNic

The high arsemcal content of the ore m the Schneeberg
munes put arsentc under suspicion as a causal factor as
soon as the cancerous nature of the mmers disease had
been established Harting and Hesse,?® 1 1879 as has been
mentioned considered the mhalation of arsenscal dust to
be the chief cause Others thought that the abundantly
growmng moulds m the damp portions of the mines formed
arsimes which were inhaled as well as the dust Curne®
has stated that a typical analysis of Schneeberg mine
dust mdicated the presence of cobalt arsemde to the
extent of 019 per cent and that hyperheratosis of the
palms of the hands occurred 1n the men washing and
selecting the arsemcal cobalt ores This latter point has
not been emphasized by others in discussing Berghrank
heit

1t has Jong been known that arsemc when ingested
over a protracted penod leads to a charactenstic hyper
Leratotic pigmented dermatosis upon which carcinoma
may develop Neubauer*® reviewed the entire field of
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arsenical cancer and reached the same conclusion as
Currie,”® namely that there 1s httle evidence to indi
cate that arsemic has been the cause of cancer of the
lung at Schneeberg and Jichymov These muners did
not have an unusual incidence of skin cancers Miners
and smelters 1n other regions where arsemc 1s abun
dant are not known to have a high madence of bron
chogenic cancer and bronchogemic carcinoma 1s a
rare complication of typical arsemcal cancer However
Kennaway and hennaway!* have collected several ap
parently 1solated examples of concomitant arsemical der
matosis and bronchogenic eireinoma, and of bronchogenic
carcinoma after prolonged use of Fowlers solution with
out sk lesions due to arseme While such observations
by themselves offer no proof of a causal relationship 1t 1s
important to have them on record 1n the hope that similar
cases will be noted and reported by others

As to the allegation that the carciogentc cffect of cer
tam tars 15 actually due to arsemc Hieger*™ has stated
that the minute arsenic content of vanous tars bears no
relation to their individual carcinogenic potency

Hill and those associated with him*® found an appar
ently sigmficant ncrease 1n cancer deaths among the
production workers 1n a factory handling inorganic com
pounds of arsenic Dust from sheep dip powder was the
particular hazard and skin and lungs were the affected
organs However, no casc of pulmonary cancer was de
tected n the working personnel during the mvestigation
Even with these comparatively negative observations I
2m not prepared to drop arseme entirely from the List of
possible environmental factors at Schneeberg Perhaps
when 1nhaled 1n even small amounts over a long penod
arsenic may have a conditioning or synergistic effect upon
bronchial epithebum Further reference to arsemi¢ must
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be made under the topies of general atmosphenc contam
mnation and of possibl m tob smoke

B

Jonmne Ravuarions

It will be recalled that the pichblende from which the
Cunes 1solated radm eame from }oachxmsthal and that
Ubkg# m 1921 ded t Lterature a sug
gestion from 2 non medical source that Berghrankhest de-
pended upon the radicactivity of the miners environment
After radwom became commercally 1mportant about 2
gm was produced each year at Joachumsthal Investiga
tion showed that radwactiaty mn the mines depended
upon radium emanation (radon) 1n the air and water
and upon the radium content of the ore Both of these
vanied greatly m different portions of the mines and fre
quently radon was 1 excess of that which would have
been 1n equibbrium with the local content of radium
wdicating the prabability that ather ore bodies were con
siderably ncher mn radmum Radon entered the body by
the inspired air and by mgested water Radium was taken
m as a constituent of roch and ore dust

In environmental radwactivity there seemed to be a
hxghly probable explanation for the preval of bron

m Schneeberg and Joachimsthal
This appeared all the more impressive when physical mn
vestigations were published and s was the custom the
sesults were expressed 10 Mache umts ° Ludevg and
Lorenser® found values up to 50 Mache units 1n the air in
the Schneeberg mines The average was considerably Jow

* 1000 Maché umis denotes the amount of emasaton in equ

Ubetass wlth gk o of radm 1 microcume = 2 670 Maché wats

(Stedmans Medical Ductionary 13th edition $vadham Wood & Com
pany )
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arsenical cancer and reached the same conclusion as
Curmie,s namely, that there 15 httle evidence to mds
cate that arsentc has been the cause of cancer of the
lung at Schneeberg and Jichymov These muners did
not have an unusual mcidence of shin cancers VMiiners
and smelters m other regions where arseme 15 abun
dant are not Jnown to have a hugh merdence of bron
chogenic cncer, and bronchogeme carcwmoma s a
rire comphication of typical arsemcal cancer However,
Rennaway and hennaway™ have collected several ap
parently 1solated examples of concomutant arsemical der
matosis and bronchogenie car and of bronchog
ciranoma after prolonged use of Fowlers soluton with
out shin Jesions due to arsemic While such observabons
by themsehes offer no proof of 1 causal relationstup 1t 15
umportant to have them on record m the hope that sumtar
eases will be noted and reported by others

As to the allegation that the carcmogene effect of cer
tamn tars 15 actually due to arseme, Heeger'™ has stated
that the mnute arsensc content of vanous tars bears 10
relation to therr individut} earcinogense potency

Hilt and those ssociated with lim?® found an appar
ently signifieant mereise m cancer deaths among the
production workers m a factory handhng morgame cotr;l
pounds of arseme Dust from sheep dip powder w&as e
particular hazard and shin and lungs were the a ez::ie
organs However, no case of pulmonary cancer was
tected m the working personnel duning the s esgation
Even with these comparatively negative obsenatx%n:.of
am not prepared to drop arseme entuely from th; ;a s
possible environmental factors at Schneeberg Fex o
when ynhaled 1 even small amounts over a long penod,
arsenic may have o conditiomng or synergistic effect ‘;P;':
bronchial epithelum Further reference to arsemc
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be made under the topzcs of general atmosphernie contam
mation and of p gens m tob smohe

Yovzine Ranvrarions

1t will be recalied that the pitchblende from which the
Cunes wsolated radium came from Joachumsthal and that
Uhbg ° 1 1921 yecorded i medical bterature a sug
gestion from a non medical source that Berglvankheit de-
pended upon the radwactivity of the miners environment
After radium became commercally important about 2
gm was produced each year 2t Joachumsthal Investga
tion showed that radwactiity i the mmes depended
upon radinm emanation {raden) 1n the ar and water
and upon the radmm content of the ore Both of these
vaned greatly mn dufferent portions of the miney and fre
quently raden was m excess of that which would have
been 1n equiltbnium with the local content of radwm
wmdicating the probabikity that other ore bodies were con
siderably ncher m radium Radon entered the body by
the mspired air and by wgested water Badium was taken
1n as a constituent of rock and ore dust
In emvironmental mdmactmty there secmed to be a
lnghly babl for the preval of bron
m Lol v and T 1, hnl
This appeared all the more xmpresswe when physical
vestigations were published and as was the custom the
results were expressed m Macke umits ® Ludewsg and
Lorenser*® found values up to 50 Mache unsts in the awr iz
the Schneeberg mines The average was considerably low

*1000 Maché woats desotes the amount of emasation 1n equi

Tibrium with 2;00 mg of radinm 1 microcusie = 2 670 Maché units
{Stedmans Medical Dictionory 13th edihon Walbam Wood & Com
pany }
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er, but a high value was found 1n the mine known locally
as the death mime because of the lugh mortality of its
worhers Other biophysical studies followed, and numer
ous articles appeared 1n most of which the authors ac
cepted the importance of radium emanation Rajewsky,®
1n 1939, found values i air 1n the mimes up to 22 7 Maché
umts and m mine water up to 183 umits He not only meas
ured environmental radioactivity but also that of the
breath, urime and sweat of the miners before dunng
and after working He concluded that 1t could no longer
be denued that injury through breathing the emanation
laden asr of the munes was at the very least one of the
causes of Schneeberg cancer

Two years later Behounek and Foft™ reported upon
smmlar biophysical investigations of the Joachumsthal area
They found that the emanation content of the arr m the
mines had been umproved over previous findings by dilu
tion with outside air through better ventilaton High val
ues were found for the water m the mmes and for the
rock A systematic mvestigation of the radioactvity of the
lungs and vertebrae of necropsted mumers was mncluded
The time element of exposure appeared to be extremely
important and they suggested 10,000 hours of exposure as
the entical it Among therr conclusions are found the
statements that radiation from mspired emanation was
determinative for the ongmn and development of the dis
case, and that radiation from the deposit 1n the body of
more permanent sources of radiation was not sigmficant
m promoting cancer They beheved that the mechanzcal
effect of the dust mcreased the sensitity of lung tissue
to radiation

In 1944 a somewhat different conclusion was reached
by Lorenz® after a cnitical review of all available chimeal,
biophysical, and experimental data In his opuon, the
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claim that radon 1s the sole cause of hung cancer of the
uners of the Erzgebirge camnot be sustamed He closed lus
discussion with a suggestion of hereditary susceptibthty
asa resuk of mbreedmg but adrmtted the lack of statisti
cal Ot ditary susceptibihity Hhewise
conld not be the sole Eactor since the Jocal inhabstants not
connected with mumng apparently have no more pul
monasy cancer than the general population
The significance of wradiation 1 respect to pulmonary
cancer has not been determined by experimental methods,
notwithstanding many attempts and 1t 15 probable that
the auswer will not be found by amumal experimentation
Apprently the Tatent penod” so sigmficant for man
cannat be duplieated 1n small animals
d caunot be d d hghtly Under
other eircumstances and for other systems and organs its
cancer producimg effect has been proved and accepted
Sarcomas of bone and other supporhing tissues carcinomas
of skin and mucous membranes and the leuhemas are
particularly the forms of cancer which can be attributed
to radiation That ssmilar endemic carcimoma has not
been found 1n other geographie areas m which radwactine
munerals are present may be due at least i respect to
recently opened uramum projects to the fact that msuff
cient time has elapsed Martland s* dial pamters must
have msprred radon as well as mgested radium salts but
so far as I know bronchogenic carcwoma has not been
observed i that group Hueper®* has invited attention to
the man) and vaned apphications of sources of radiation
i modern hiving Contmued vigihince will be needed to
detect environmental hazards It 1s sigmficant that re
spoustble biophy sicists have repeatedly lowered the level
of permissible total body trradiation per day
As to the miners of Schoeeberg and Jichymov T must
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continue to include 1omzing radation whether from
radon or radium, 1mong the himted group of factors stll
under suspicion as md [
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ScaNEEBERC AND JACHYMOoV IN RETROSPECT

The Lght from the diligent investigation of causal fac
tors m neoplasiz which charactenzes our era can now
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Figune 13 Schematic summary of possible causal factors of car

cmoma m the Schneeberg mmers The deviee below ndicates the

bronchial mucosa The interrupted amows come from factars which

bave been elwmated as causes The other factors named must
tentaya under cansideration

be turned on the Berghrankhext of Schneeberg and Jachy
mov, but neither the expenence of 500 years nor e
methodology of modern exploration of industrial hazards
has provided = fully satisfying answer The evidence may
be summarzed as follows

Intrsic Factors The basic mtrinsic factors promoting
ecllular reproduction and growth are nbiquitous A spe-
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cific intrinsic factor which has been segregated or empha
sized by inbreedng can be evcluded The possibihty of
an unknown intnnsic factor parhicularly of a sex specific
ch must be recognized

Extrmste Factors Excluded are the general factors of
heavy labor climate mfective pneumonitis and pneumo
comosis 1n the general sense Compounds of cobalt and
nichel remun as remote possibiittes Radioactnity and
arsenic are of primary mterest Because no one agent has
satisfied crtical studies, the way 1s open for the discovery
of causal factors not yet secognized The sequential, ad
diwve or synergistic effect of multiple factors 1s certam
to receive mereased attention
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THE SECOND THEME THE SEARCH FOR
THE CAUSES OF INCREASING PULMO
NARY CANCER IN THE TWENTIETH
CENTURY

INERS AND PENSIONERS continued to die at Schnee
berg and Joachimstal and continued scientific inter
est i this umque occupational cancer was evident from
the numerous publshed studies of suspected causal fac
tors but in the medical world at large not too much con
cern was felt aver this apparently local problem However,
m the second quarter of the present century 1t was te-
luctantly admitted that there was an alarmng mcrease m
bronchogenic carcinoma 1n 4lmost all countnes 1 which
vital statistics were collected The local problem had be
come umversal throughout the industriabized portions of
the world
The time at which thus change began 15 somewhat m
defimite and differed regionally In a general way it can
be seen m retrospect that the merease was well under
way before 1925 and was beginnng by 1810 ar even
eather The then current biologic concept was that the
prochvaty of an organ to develop a neoplasm was a rela
twely stable attnbute which »f changeable at all would
change only 1n the course of biclogic time and over sev
eral or many generations This was the reason for the
reluctance to accept a fact wich was becomng ncreas
mgly obvious—that within one hfetsme a form of cancer
which had been considered very rare was becoming very
common When that conclusion could no longer be de
48
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med the necessity for searching for the cause became alt
the more urgent That search still contmues and certamn
social occupational and endemiologie factors have been
mvestigated with varying results In the following sec
tions these factors will be presented

INFreTIvE PNEUMONTTIS

B the d d of pul y cancer
became evident after the great pandemlc of mfluenza and
post influenzal pneumoma of 1919 and 1920 the possibilt
ty of a causal relationship was a natural assumption Nu
merous papers discussed this matter and parteularly n
Europe post mfluenzal pneumonitis was accepted as the
cause of the increase Patients were questioned as m
sistently 1 regard to previous pulmonary disease and the
elapsed 1nterval since such 1llness as they are now ques
tioned about their use of tobacco It 1s unnecessary to
review the medical literature on this question for our pres
ent purposes Reflection then as now should have served
as a remmder that there had been other great pandemics
of mfluenza after which cancer of the lung remamed 2
rare disease that pneumomtis as the sole cause left the
nddle of male preponderance unexplamned and that the
merease m cancer of the lung was becoming evident even
before 1919 1920

Although pand util and p must be
discarded as a cause of the mcrease m bronchogenic car
cmoma there are occasional mstances 1 which chronic
pneumonitis seems to be important When a squamous
celled carcinoma develops 1n the wall of 2 bronchiectatic
abscess following metaplana of the ongmal columnar
epithelum to squamous 1t 1s reasonable to thunk of the
mfammatory disease as & cause of the cancer Actually
3t may not have been the ulumate cause but may have
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been causal to the extent of indueing the proliferation of
cells which were so conditioned as to be vulnerable to the
factor which ongmated wreversible prohiferation

INcreasep Lianniary To PuLatonary Cancer
1N OccurPATIONAL Grours

Inveshigation of the lhability of those engaged m par
ticular occupations should be helpful 1n indicating pre
sumptive causes of cancer of the lung In view of the ligh
total mcidence 1o one occupation, as such can be of
great importance m determining the total picture, but 1t
mught be of extreme importance 1f 1t furnishes the clue to
a sigmficant cause of wider application

Conclusions drawn from apparent occupational concen
tration of cancer of the lung re subject to many statistical
hazards Fundamental 15 the fact that pulmonary cancer
1s widespread and the more the population 35 subdivided
the greater becomes the msk of distortion of statistical
results by chance distribution Within a particular occu
pational group there are usually funchional subdivisions
for which the hazards are entirely different For extrnsic
factors whuch are of accepted importance there 15 a long
latent or lag period between the first exposure and the
first signs of cancer Therefore the patient may have
changed occupations repeatedly dunng that tme The
occupation recorded at the time of dingnosis or of death
may not be the one which entailed a special hazard These
are some of the reasons why occupational studies of can
cer are difficult and why conclusions denved from them
must be accepted with caution

There are several occupations 1n respect to which there
1s evidence of special hability to pulmonary cancer Those
with particularly strong d on are d d
briefly mn the paragraphs which follow




THE STARCH FOR CAUSES 51

Foundry Workers and Metal Grinders In view of the
concentration of the cutlery industry 1n Sheffield the re-
sults of a study by Turner and Grace™ assume special
significance However this dealt with cancer deaths be-
tween 1926 and 1935 when the maidence of cancer of the
lung was far below its present level During that perod
there were 1n the Sheffield area 3 861 deaths from cancer
m an average population of 178 559 males over age four
teen Of the cancer deaths 96 per cent were from cancer
of the lungs and bronchi The worlung male population
and also the deaths from cancer of the lungs were tabu
lated under thirteen occupational categonies The lowest
incidence was found in the group of professional com
mercial finaneial and clerling males This was considered
as the control or base figure and given a value of 100 per
cent Warehousemen and packers showed no sigmficant
varation (102 per cent) from this base but metal grind
ers were 133 per cent and foundry workers and smths
145 per cent above the basal group The authors con
cluded that in Sheffield a sigmficantly excesstve mortality
from cancer of the respiratory tract was found m en
gmeers foundry workers and metal gninders and n no
other occupational groups

Production and Processing of Chromates That environ
mental factors 1 the ch ndustry are prod e of
bronchogemic carcinoma 1s now well established In 1936
Alwens Bauke and Jonas®® noted the excessive frequency
of thus condition 1n workers 1n the heavy chemical indus
try of Ludwigshafen and Gnesheim They considered
chromate dust to be the chief cause In the occupational
group which they studied there appeared to be a latent
penod of from twenty two to forty years between begmn
ning work with chromates and the development of car
amoma The average period was thirty-one years
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q“(r)'1 r.xlmaht;ns stmatsr 10 those 1 Cermany were subse
e + myde in the United States Machle and Grego-
st in 1915, reviened the expenence of seven ph;\s
;"\&:Jgrd i the extrachion and processing of chromates
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with an exprcted ratio of 8 per cent The erade death rate
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the dust of the chromite 078
In an lndusiny sde study of chromate
on

eleven et oo
) e fit momncns.
o5 8

of those enrolied 8 ‘smkdbcr;; Roigee o
FrasieT, and Aoven®® foud about twer
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evalence of pulmonan) cancer 1 cals
f; the Unuted States 15 included 112 monog™] h by
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fer and associates ! In this report the suggestion 1s made
that the falure of Bidstrup® to find a sigmficant ot
dence of bronchogenic carcmoma m 724 workwmen m the
British chromate wdustrv may have depended upon a
speatfic difference in techmieal procedures mn Butawn as
compared to Germanv and the United States If so this
affords an escellent example of the possibihity of prevent
g bronchogeme carcinoma by suppressmg an environ
mental factor

Processing of Ashestos Asbestosis a specal form of
chalicosis results from the ihalation of finely dmvaded
asbestos fibers However asbestos 1s not a smgle sub
stance ® The term can be apphed to any fbrous sihcate
of winch there are many, and these dufer both chemcally

and ph lly Swce pi due to ast can
be diagnosed mcroscopically by the charactenstic asbes
tos bodies morpholag; grution of the d of

asbestosis and pulmonary cancer i necropsy and surgical
matenal 1s on more secure ground than would be true for
most dust diseases

The earbier hiterature on asbestos as a causative factor
for cancer of the lung was reviewed by Hueper! n 1942
and again m 1852 * In the later report he collected about
sixty eight les of the ance of these two
conditions These were desenbed a, s le cases or as
small groups by many authors However Barnett* i an
analysis of deaths sn England and Wales which were at
tnbuted to mdustnal hazards found that of 235 1 which

b had been established there was
cancer of lungs or pleura m thuty-one (132 per cent)
This appears to be significant 1 the over all prcture and,
from the mortalty figures two additional stems ean be
derived which indicate the mmportince of asbestosis Of
128 male deaths, n twenty two (17.2 per cent) ashestosis
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was complicated by carcinoma of the Jungs or pleura, and
of 107 female deaths nmc (84 per cont) were sumilarly
affected The ratio of the percentages s almost exactly
2 1, wherens a much greater male preponderance 1s usu
ally found 1n necropsy matenal (See Sex Incidence, p
17} Agun, the mean age at death of the males with
asbestosis and carcinama of the lung was 55 2 years and
of the females 44 6 years The mean duration of exposure
was 20 I years for males wth carcinomr and 7 8 years for
females It seems probable that the women had more
hazardous assignments Moreover, asbestos, or some factor
associated with asbestosis gave an mncidence of pulmo
nary cancer by percentage ten times that found in fatal
cases of sihicosis (mnety one pulmonary cancers i 6884
cases, or 132 per cent* ) and m so domg lung cancer
was caused to appear more often and carher sn females
than s true of bronchogemc earcinoma 1n general Tis
mdicates that maleness as a cause of pulmonary cancer
may be found to be of little sigmificance mtninsically, but
only an atiribute assocrated with particular extnnsic
factors

In 1643 Wedler” had anticipated the conclusions of
Barnett*® m respect to the proportionately mereased mor
dence of bronchogenic carcinoma m women with asbes
tosis and also s regard to the earlier average age for the
recogmtion of cancer 1n that sex He found cancers of
sguamous celled type most abundant Between begmmng
work with asbestos and the recogmtion of carcinoma, m
tervals of twelve to forty two years were noted He found
also that the frst chmcal evidence of carcmoma might
appear many years after exposure to asbestos dust had
ceased He was convinced that cancer of the lung m an
asbestos worker should be considered a compensable oc-
cupational disease
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There has not been unamumuty of apnton m respect to
the causal role of asbestos On both stabistical and ex
pertmental grounds, Vorwald and Rarr*® concluded that
mhaled dusts except those contamang recogruzed carcino
gemic substances such as radwm and tar cannot be

dered i m the of pul Y

ed of
cancer Their expenimental evidence wcluded 235 gumen
pigs which had been made to inhale asbestos dust, and m
which no pulmonary tumors were found Such expen
ments on lal y anmmals ly of short di
compared to the working penod of man do not create
comparable conditions Hueper® has recently pomted out
that chieal observations made on living asbestos workers
1 genera), have hittle evidential value and shoald not be
used to diseredit other evidence of a causal relationship
Such mass statistics do not tahe 1nta account a probable
effective threshold of evposure and are diluted by the
wmeluston of workers without ashestosts It is also possible
that the chemueal nature of particatar kinds of ashestos
or the prevailing size and length of mhaled fibers may
cause a real dufference 1n the frequency wath wiich ear
cmoma develops

In connection with a case report and survey of the ht

erature Isselbacher hlaws and Hardy® prepared Table
V They stated somey hat guardedly

Qur conclusion at present 1s i favor of the concept that
the assacration of brenchogente carcinoma with ashestosis
15 more than comedence

They also referred to the fact that i contrast, hron

d with sihcosts only ap
pmnmately to the degrec that at oecurs m the general
population

The weight of evidence seems heavily in favor of
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I etiolome sigmf to asbestosis when 1t 1s
found 1n association with pulmonary cancer
TABLE V
orF Axp C. or Lung
Number of Deaths| Number of Deaths
Author With Ducfo Incidence
Asbestosls Cancer of Lung
k1

Merewether™ 235 31 132
Wedler* 92 15 183
Wyers” 115 17 148
Lynch Cannon®| 40 3 15
Glayne™ 121 17 41
Total 603 83 138

Reproduced by permussfon from Issefbacher Klaus and Hardy * Am
1 Med 15721732 1953

Compounds of Nickel, Arseme, Tomzing Radiation
Since salts of mickel arsemc contaiming ores and iomzng
radiation were all m the physical chemical environment
of Schneeberg and Jéchymov, these factors have been dis
cussed m an earlier section (pp 40-46) All continue to
play an important part 1n modern hfe~radioactivity to a
rapidly mereasing extent The latter two, particularly,
remamn under suspicion as possibly having a share m
creating the current problem of bronchogeme carcinoma

A HisToRICAL INTERLUDE

Agam we turn to medical history to seek the ongms of
what 15 now a vast store of knowledge nbout more than
700 condensed ring hydrocarbons as proved or suspected
causal factors i cancer The hazards therefrom have been
found m the domestic and social habits of man, 1n occu
pations m accidental exposures, and 1n the mevitable at
mosphene pollution which comes with the concentration
of human beings i a hughly industnialized and ughly mo
tonized manner of living
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Ideally the combustion of organic matter results m
complete oudation with water (hydrogen oxde) carbon
dioxade mmeral ash (chiefly ondes) and a small amount
of other oudes as the products of 1ts carbohydrate and
hydrocarbon complexes It has been the good fortune of
man that such complete oudation 1 rarely actuened under
natural condstions and he has had as hus servants a seres
of resources rangwng from natural gas through mtermeds
ate petroleum products paraffin tars and pitches io coal
and the dramond These servants and therr alhes are also
sources of d:mger Because complete combustion 15 un

 or m rel energy as heat or
power man adds smoke smog soot valatde products and
carbonaceons dusts to his environment Among these sub
stances or mcorporated m them or adsorbed on their
surfaces or ansing as secondary products of thew further
owdation are proved chemical caremnogens Much of the
proof has been secured by cutaneous apphication or sub
cutaneous mjecthion with mice as the subjects

It should be clearly understood that as of the present
no chemcal carcinogen has been proved to be the cause
of pulmonary cancer 1 man It 15 difficult to concene
how such proof could be adduced Yerhaps 1t can be
approx;mated by statistical analysis of assoeration wath

wn of other suspected causes

Since bronchial epthelum can undergo metaplasia to
a type and sq celled ean
anse from bronchial mucosa the chreat and evpenmental
observtions of squamous celled carcmoma of the shin
induced by environmental factors are not too far removed
from our 5cld of mterest

Perenall Pott and Chimney-Sweeps Cancer Perenall
Port™ wrote 1n 1775 after refernng to occupahons pre-
comitating lead ecohe
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AMAZINI has wntten a book de
morbis  artificum, the Colic of
Poictou 1s a well-known diftemper,

and every body 1s acquainted with the dif-
orders to which pamnters, plummers, gla-
ziers, and the workers 1n white lead, are
Inable: but there 1s a dufeafe as peculiar to
a certain fet of people, which has not, at
leaft to my knowledge, been publicly
noticed, I mean the chimney-fweeper's
cancer
It 1s a difeafe which always makes 1ts
firt attack on, and 1ts firft appearance in
the infersor part of the fcrotum, where st
produces
Frcure 15 The page from The Chururgieal Works on which Perey

valt Pott introduced the topie of chimney sweeps cancer of the
serotum
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but there 15 a discase as peculnar to a certam set of
people which has not, at least to my knowledge been
publicly noticed I mean the chimney sweepers cancer

After desenbing the appearance, course, and surgreal
treatment of cancer scroti, he continued

The disease, 1n these people seems to denve its ongin
from a Jodgment of soot 1n the rugae of the scrotum

Thus observation of an occupational environmental can
cer was basic for present day knowledge of chemical
careinogens Soot 1s not finely divided carbon alone, but
combines other products of mcomplete combustion of
organic matter The broadening Iine of descent of know!
edge of extrnsic factors causatn e for cancer can be traced
from Percivall Pott and lus chimney sweeps cancer,
through the occupational tar cancers to dibenzanthra
cenc methylcholanthrene and other chemical agents 50
potent for the production of cancer that the experimen
talist now can produce a cancer to order mn a suitable
Jaboratory anmmal

Neither knowledge that many scrotal cancers were
occupational nor regulatory legislation based thereon
brought about 1 dramatic relief from chimney sweeps
cancer Regulations were poorly enforced and the loog
Jatent pertod before the appearance of cancer gave:il
false sense of secunty In an analysis of deaths attnbute
to scrotal cancer Henry and Irvine™ reported, 160 years
after Percvall Pott that m England and Wales betwseen
1911 and 1930, there were eighty two deaths from this
disease 1n chumney sweeps ranging in uge)from tharty five
to eighty four years (average 616 years

X\'lgngr}: Carcx}x'wma (By 1910 Dr Ernest F Neve,” the;
surgeon to the Kashmur Mission Hospital, had recug;ulec‘
and interpreted correctly as due to an environmental 12
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tor a squamous celled careinoma which came under lus
observaion Dunng twenty five years 1720 mahgnant
neoplasms were removed 1 that hospital of which no Jess
than 848 were epitheliomas” of the thighs or abdomen
Those who developed the lesion were all users of the
kangn a portable fire basket carried under the clothing
In a squatting position 1t might rest agamst the mner sur
face of the thighs as well as the abdomen Epithelial
proliferation hyperkeratotic areas mottled pigmentation
and finally, carcinoma developed This malignant lesion
was twice as common m males as in females and the
average age at which 1t was mamfest was fifty five Me
tastases to regional lymph nodes were common Neve
thought that heat must be the provocative agent but mn 1
later report™ he wrote “Volatle substances products of
combustion auxetics may possibly play a secondary part

In the light of present knowledge heat as such would
be relegated to a mmor réle In the use of the hangn con
ditions were 1deal for incomplete combustion a confined
space beneath heavy clothing wath restnction of oxygen
and retention of soot and tarry products a fire which of
necessity must smoulder or glow and never burst to
flame Thus 1t has been recogmzed (Hueper') that the
resulting cancers arc grouped more appropnately with the
soot or tar cancers The hangn carcinoma of Kashmur
provides a remarkable and mnstructive evample of the
production of squamous celled carcinoma of the shin by
an extrinsic agent This example 15 all the more mmpressive
because of 1ts lugh meidence m the group exposed and
because 1t mvolved an anmatomical site m which such
cancer 1s Olhcr“ ise Of rare occurrence

Tar Cancers and Identifi of C: gl Hydro-
carbons Lven a cursory suney of the histoncal pathway
from Percivall Pott to the current investigation of carcino-
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gemc agents produced by incomplete combustion must
mclude reference to the clinical recogmition of tar and
prtch cancers and of the successful identification of some
of the causative agents Brilliant achievements have made
possible the synthesis of hundreds of orgamic compounds
of proved cancerogentc action mn laboratory ammals As a
result the mvestigator of today can, practically speaking,
create and propagate a malignant neoplasm to order This
availability of biologre tools for investigation goes far to
refute the careless phrase, “the cause of cancer 15 not
known ”

The first description of occupational cancer of the skin
from tar or pitch 1s attributed to Volkmann™ (1875) but
1t was not until the early yers of the present century that
case reports became frequent (Literature by Hueper')
Yamagiwa and Itchihawa®™ had succeeded 1n producing
cancer of rabbits ears by mnunction with tar in 1914 and
1915 but tis information was not generally available
until several years later ® By fractionation of carcimogenic
tar by systematic investigation of pure substances known
to be present m tar or capable of dervation therefrom,
and by appheation of Suorescent spectroscopy because the
careiogemc fraction of tar was fluorescent, Kennaway,™
Mayneord "8 and Cook, Hew ett, and Hieger ™ with others
established the importance of 1 2 benzanthracene and of
3 4 benzpyrene among the cancerogemec components of
particular Enghsh coal tars and pitches

These brief references to the lustorical background of
the climeal recogmition and physicochemical identification
of the cancerogemec products of incomplete combustion
make possible the discussion of another occupational haz
ard 1n respect to cancer of the lung

Cancer of the Lung n Gas Workers 1n England and
Wales From an analysis of death certificates England
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and Wales upon which the cause of death had been cert:

fied as cancer of the lung hennaway and kennaway'®
found that the number of deaths attrihuted to gas workers
appeared to be well 1n excess of the general ineidence for
employed males Since the actual number employed or
pensioned had to be determned by deduction further m

vesugation was mdicated This 15 a difficult field because
of the varied actinties m the artificial gas mdustey some
of which require no special contaet with carcmogemec
components of tar and other wastes Such a study has been
completed by Doll® (1932) who found that mortality
from all causes among the pensioners of 1 large London
gas company was approvmately that which would have
been expected m a comparable fraction of the generl
population However the mortahty from all cancer was
181 per cent of that expected and the excess was due to
mereased deaths from eancer nf the lung Of these there
wese 28 whereas the was 138 The
excess mortality accurred pnncxpﬂﬂy among employees
engaged m the production of Blummnating gas and 1 the
treatment of waste products of gas plants While no large
body of evid, has been Jated such figures sug

gest that products of 3! t as found m
some gas and tar operations may be causal for broncho

geme carcmoma Just as such products were shown to
produce cancer of the shin If fully confirmed such wfor

mation will be of even greater value n its broad wm

plications as to the etiology of caneer of the lung than i
indicating the means by which the wmeidence of that con

dihen can be reduced :n the hmited group of gas workers

Atvesererie Porrumioy
Important as the knowledge may be for the particular
groups concerned 1t 15 evident that the special halbty to
cancer of the lung on the part of asbestos and chromate
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worhers, some gas plant employees, metal processors, and
other relatively small occupational groups 1s an made
quate explanation for the increase m this disease 1n the

40
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last forty years The magmtude of the mncrease suggests
that one or more cancerogenic substances may have en
tered the human environment as atmosphenc contaminants
within the last half century There are numerous avenues
by which exploration of such a hazard has been at
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tempted and comprehensive surveys of current opumon
can be found i the reviews of Hueper® and of Ham
wond ®
Effect of Density of Popul and Ind 1

There 1s statistical evidence of a sigmficant posttive cor
relation between density of population or, particularly,
density of occupred dwellings and of mdustnahzation
2nd the mncdence of cancer of the lungs Mortahty rates
from this cause are wvanably }ugher w wrbm than m
rural ties It 15 1 that there may be

TABLE VI
RerArive MorrarLTy Froa CANCER OF THE Lune Anp Lanyns ¢
ENGLAND AND VW ALES FOR 1046 1949 BY CrassirreD AREsS
Lovpow = 100}

Cancer of Lung Cancer of Larynx

Male | Female Male | Female

London 100 100 100 100
Other latge towns 78 73 g0 182
Otter urban districts 83 61 68 170
Bural distracts 43 5 59 239

Reproduced by permussion from kennaway and Waller * Acta Unio
Internationalis Contra Cancrum 9 485494 1053
other vanables influencing accuracy or completeness of
reporting but the differences are too great to be expluned
entuely on that basis From varous available reports
select first that of Clemmesen Nielsen and Jensen® from
which Figure 16 1s redrawn ‘This graphic presentation of
the marhed difference i mortabty from cancer of the
tung 1 Greater Copenhagen as compared to the provin
cral towns and rural areas of Denmark 15 self-explanatory
In all famess the authors state that conditions 1n Den
mark are such that 1t scems impossible to evplan how
atmosphene pollution could cause the differences ™

Simslar results were obtuned by Rennaway and Wal
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ler' for England and Wales As 1s shown i Table VI, the
relative mortahity from cancer of the Jung 1n rurnl distrets
was less than one half for males and only shightly over one
half for females of that for each sex in London Other
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Yarge towns as a group and other urban districts yielded
ntermediate figures For as yet unexplamed reasons, a
reverse relationship was found for cancer of the arynx
m women This apparently discordant note may prove
sigmficant as extrnsic factors are determined more pre
aisely It at once points up the fallacy of grouping dis
eases of the respiratory tract 1 one category
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Doll*® apportioned the death rates from cancer of the
lung according to four areas as to density of population
rural distnicts towns of less than 100000 conurbations
and towns of more than 100000 and greater London
With further division according to age and sex, the re
sulting curves are presented 1 Figure 17

For the Umted States Hammond® has reported that
death rates for males from cancer of the respiratory sys
tem were 1n the ratio of 9 4 for urban and rural districts
and for females 1n the ratio of 5 4 These ratios were based
on 1944 data supphed by the Burcau of the Census and
do not necessanly reflect the ratios which eust today
The following quotation from Hammond indicates his
cautious evaluation

There 1s still considerable doubt whether the urban
rural difference is real or whether 1t 15 due to errors m
and artifacts lting from the methods used n
reporting place of residence at time of death Until this
matter 1s cleired up as 1t should be within a year or two
one should be cautious m drawing conclusions based upon
this evidence

Reasons which have been adduced for the higher death
rate in urban districts include (1) Better diagnostic fa
cilities m more populous distcts (2) tabulation by place
of death rather than by actual residence (3) differences
m smoking habits and (4) atmosphenic differences The
quahitative and quantitative differences 1 respect to med
1cal care between urban and rural areas are rapidly dis
appeanng 1n those regions to which reference has been
made The error introduced by death certificates giving
place of death can be corrected by adequate investiga
tion Differences n smohing habits as of today do not
seem very important but as will be brought out 1t may
be y to der what duff may have exst
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ed twenty or more years ago Our present concern 1s with
atmosphernie pollution

Domestic and Industrial Smoke Soot 15 the chuef com
ponent of smoke and climeal observations since Perawvall
Pott have confirmed the cutancous carcinogemc nature of
soot By the use of the fluorescence spectrum, Goulden
and Tipler® determimed the presence of 3 4 benzpyrene
1n mixed domestic soot from a clumney sweeps stoch,
with an sndicated content of about 300 mg of benzpy
renc per kg of soot

There 15 less visible smoke and soot m the Umted
States and Britain than there was thurty or forty years ago
There have been marked changes 1n the pattern of fuel
consumption Coal and wood are being replaced m urban
districts by od and gas for domestic heating and also to
a considerable degree i the production of power Elec
tneity supplies hight and power When electneal energy
15 produced in steam plants from conl the fuel 15 now
burned more efficiently and new plants are located m
relation to economical transportation of coal rather than
to central distribution of electricity In this country the
railroads re rapidly shifting from soft coal burning en
gimes to o1l burners or to clectricity Most of these changes,
1t would appear are 1n the direction of reducing atmos
pheric pollution by smoke However that may not mean
an equal reduction mn carcinogeme componests, and
changes for the better 1f such there are cannot affect the
mceidence of cancer of the lung for years to come The
ncomplete combustion 10 public and private wemerators
15 2 newer factor n augmenting atmosphene pollution
Stocks®™ was mmpressed by the smoke hazard and stated
that there appeared to be 1 general tendency for mortality
from cancer of the lung to mcrease with the total number
of chumney s m a commumty until the dw ellings exceeded
100 600, after which other factors appeared to be additive
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Soot and other products of pl bustion have
not been proved to be causes of pulmonary cancer This
possibility 1s still an the stage of hypothetic exploration,
as 15 true of others which must be mentioned

Dust and Fumes from Bituminous Surfaced Roads It
can be shown that the nse 1n pulmonary cancer has been
contemporanecus with the growth of highway systems
with oiled, tarred or asphalted swrfaces
products used for this purpose are known to contun car
cnogentc agents and particulate matter 1s abraded from
the road surface to be dissemmated as dust To this dust
1s added carbon black from automabile tires In spite of
continued interest 1 this matter for many years no i
portant evidence has been advanced that brtunuaous
roads have contubuted specifically to the mnerdence of
bronchogente cancer This also s a field for exploration
of hypotheses

Exhaust Products from Internal Combustion Lngines
Therc 15 no more conspicuous change o the pattern of
human hving durng the penod of the nse of broncho
geme carcrnoma than that afforded by the ubiquity of
self propelled vehicles G 1al evidence of the
same character as that advanced in respect to cigarette
smekung can be used to cast suspieion on the avtomobile
(1) There 1s remarhable chronologic paralichsm between
the production and use of automobiles and the werease
m cancer of the lung (2) The concentration of antomo
biles 1 urban and industnalized areas 1s 1 accord with
the hugher incidence of bronchogenic cancer 1n such com
muntties (3) Sufficient time has elapsed as of today,

sunce the bile became of use to satisfy the
requirement of a latent penod
hotin® ¢ and his huve ncluded +ehicul

eshausts from both gasohine and diesel engines 1 a sys
tematie scarch for the sources of carcmogente aw pollut
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ants m the Los Angeles area Their interest was particu
larly in the aromatie polycyclic hydrocarbons and from the
exhaust of a gasoline engine they obtained pyrene 3 4
benzpyrene, 1 2 benzpyrene, 1 12 benzperylene capo
nene, anthranthrene and an umdentified yellow crystallme
compound While the output of mdividual hydrocarbons
vaned somewhat with load and speed, 1t was found that
the worst conditions for a gasohne-propelled vehucle from
the standpont of emission of hydrocarbons occurred
dunng acceleration from Iow speed In descending order
of emssion this was followed by 1dling at a low engme
rate, and then by deceleration It will be noted that
these determinations have an important bearing on urban
dnving Under conditions of maumum hydrocarbon
production 75 mg of pyrene was formed per mmute
by the engme under test Benzpyrene was found m 10
per cent of this amount Benzene extracts of the particu

late phase of the exhaust products produced cutaneous
papillomas and squamous celled carcinomas of the shin
m C57 black mice i long term painting experiments

Three agents known to be cancerogemc are present 1
the atmosphere of densely inhabited areas Reference to
each of these has run like a thread through the preceding
discussion They are arsenic, 10mzing radiation, and benz
pyrene

Arseme Presumably atmospheric arsenic comes chrefly
from the burning of fuel the smelting of ores and the
use of msectierdes Goulden, Kennaway and Urquhart™
determined the arsemc 1n suspended matter 1n the air at
erght localities m England and i the wanter and summer
Therr results are presented i Figure 18 redrawn from
therr report The amount found averaging about 007 ug
per cu m computed as As:O; was often only twice that
found 1n the blank control so no high degree of accuracy
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was clatmed It will be seen that the values presented are
highest for London and umformly hugher 1 wanter than in
summer reflecting fuel consumption The authors com-
puted that a man breathmg 20 cu m of air a day would
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Ficune 18 Mean seasonal vanations 1n arsense coutent of esr at

erght stattons m England While the content of arserue 15 very

saall, it {s mvonably higher in winter than in summer ¥ {Redrawn

by pennussion from Goulden henmaway and Urgubwt Bnt 7
Concer 617 1932)

snhale but 05 my of As Oz per year Considenng known
wndustnal hazords this amount would seem msigmBicant
unless 1t plays an addstive or synergistse role m assocration
with other carcinogens

Tomnng Badiation Apart from speert! local environ
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mental conditions which might lead to unusual exposure
to radioactivity, there 1s measurable atmospherc radio
actiity Presumably this 1s denved from the decay of
radioactive matenals 1n the earths crust If so, 1t can be
assumed to have been fairly constant in kand and quantity
over long periods and this would seem to exclude 1t from
participation as a cause of the current mcrease m lung
cancer Dawson® found no great difference 1n the open
air 1 cities and 1n the country, but there was marked day
to day variation out of doors which depended upon wind
The more stationary the air, the greater was the radioac
tiity In closed spaces such as an underground air rmd
shelter the amount might be several hundred times that
found 1n the open street For nstance, the average value
found 1n an air raxd shelter in central London was
11796 10 * cunes/cu m and at a nearby control pomt
m the open, 865 10 2 cunies/cu m Even the hugher of
these values 15 well below the kmit of tolerance for mn

Dawson®® has brought together the determmations of
other observers and discussed the dosages deduced there
from He very properly called attention to special nisks
hospitals laboratories and 1sotope installations of all
types but so far as general atmospheric radioactivity 1s
concerned there 15 no basis for considermg 1t of sigmf
cance 1n causing pulmonary cancer

Benzpyrene 1n the Atmosphere Since benzpyrene was
found 1n soot {Goulden and Tipler®), its presence 1 air
without visible smoke was to be expected Waller™ estt
mated the benzpyrene content of filters through which arr
had been drawn at ten stations m Great Brtam The
mean annual concentration was of the general order of
27 pg per 100 cu m of arr The seasonal varation was
greater than the difference between stations The concen
tration rose sharply during the winter indicating the con
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tnbution from space heatmg sources and there was also
2 tendency for the mean annual values to 1merease with
the size of the commumty

Kot Falk Mader and Thomas® found 3 4 benzpy
rene present m the arr of Los Angeles 1n an amount of
only 500 pg per 1000000 cu ft (28300 cu m ) The
igh tumor yield from the puntmg of extracts of atmos
phene residue on C57 black mice 1 spite of the low
benzpyrene content was thought to mdicate erther the
D of of lugh e
tency or the production of other carcinogens duning the
oxidation of known atmosphenc hydrocaabons

The emphasis which has been put upon the benzpyrene
content of smoke soot road dust and asr depends m
part upon the extensive knowledge of its fluarescence
spectrum which has made estmation of very mumute
amonnis positble As a possible cause of cancer of man
benzpyrene thus far suffers only from gwlt by assoaa
tion  and by mierence from resuits of animal experyments
1 know of no proof that any of the benzpyrenes has caused
cancer m man It must be remembered that other car
cwmogens have been proved to be present m some tars
{Berenblum and Schoental™) Sull more potent carcimo
gens possibly water soluble may awast discovery

Remraseecy

In retrospect 3t has been shown n the search for the
causes of the merewning inadence of pulmonary cancer in
the tnventieth century that certam occupations are or
were particularly hazardous Thus was true of some foun
dry workers and metal processors of those producmg and
packagng ch 1 refimng mchel
and working with arsenscal dust Most of these hazards
were preventable with mmproved industrl practices T
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another industrial group, namely, workers with certam
tars m gas production and distribution, the greater ha
bility to bronchogenie carcinoma was assumed to be due
to exposure to cancerogenic hydrocarbons known to be
products of mcomplete combustion

The forty years more or less, in which the incidence
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Ficure 19 Schematic summary of possible causal factors for bron
chogenic carcinoma 1n respect to the merease in the first half of the
twentieth century The broken arrows at nght and left lead from
factors which are believed to have been elminated from further
consideration To be compared with Figure 13

of bronchogemic carcinoma has been nsing to an alarming
degree has been a period of mcreased industralization of
changes 1 commonly used fuels, and of the ascendancy
not to say dommnance, of the automobile It has been the
era of the mternal combustion engme These violent
changes n the pattern of life (all of which are incorpo
rated m our ‘gher scale of livimg’) have accentuated
some long suspected environmental hazards and have m
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troduced new ones But the cause so far as the general
population 1s concerned has not been clearly established

Another widespread change duning the last forty or fifty
years has been in the use of tobacco Not only has the con
sumption of tobacco wnereased m those regions 1o which
pulmonary cancer has d but a proport
greater amount of tobacco 1s now being smoked and
this in turn wath a shift from aigars and the pipe to
aigarettes During this period also the women of Europe
and the Amerncas have become cigarette smokers An
association between heavy cigarette smoking and pul
monary cancer 1s now bemg claimed The evidence upon
which thus 1s based and possible causal factors provided
the relationship should be more than association form the
subject matter of the Thurd Theme
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THE THIRD THEME TOBACCO SMOKING
AND BRONCHOGENIC CARCINOMA

HERE HAS BEEN INTEREST tn the possible relationshup

between smoking and cancer of the Iung almost from
the time that this neoplasm was recogmized Even at
Schneeberg we found Harting? making mquiry n 1878
as to the smolung habuts of an afficted mmer It 15 easily
appreciated that the presence m the arway of the prod
ucts of slowly burning tobacco should arouse suspicion
when cancer develops 1n that tract It was not long be
fore the possibility of association of the two was under
statistical mvestigation and there have been three meth
ods appled 1n succession, by which this association has
been studied These can be designated, respectively, as
the Caswstic, Comparatne and Prospective Methods

Tae Casvistic Mernop

The caswstic method, which depends entirely upon the
history of the afficted patient, 1s the ongmnal approach
when 4 causal factor 1s suspected but the earlier reporters
of collected cases of cancer of the lung w ere more interest
ed m mdustnal hazards than m personal habits Some
fike Perret " commented on the excessive use of tobacco
m their patients Such observations proved nothung be
cause there was no basis for companson with the smolung
habuts of a comparable group from the general population,
but they did indicate the need for more critical mvestiga
tion They seemed to be 1n accord with earker observa
tions of the frequency of cancer of the Iung mn cigar
makers and tobacconists generally

76
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Tee Covirararive Meruon

The comparative method Ike the caswstie method
requires the collection of personal lustories as to smoking
from those with pulmonary cances, but 1t then takes the
nevt step and compares the smoking habits of the can
cerous group with those of 2 non pulmonary-cancerous
population as a contro} Statistscal value depends on the
size of the resp e samples and on the p with
which the control group 1s selected It must be made truly
symilar sn age sex, and eolor ‘The value will be further
enhanced 1if the groups to be compared are of simlar
geographie evtraction equally wrban andfor rural of
similar social status and silasly distnbuted 1 diverse
accupations In short they should differ so far as can be
achieved only 1 that one group has cancer of the ling
and the other does not By personal mnterragation the
smolung habits of each member of each group are learned
as to amount manner and duration of smolang.

There are two general methods by wiich the control
group can be established One s a ¢1se by ease matching
plan utthzing for the control group patients with non
cancerous disease, or those with cancer of other areas
than the respiratory tract or selected persons from the
apparently healthy population “This has the advantage of
gving opportumty for detaded appraisal of the controls
as mdwiduals The second method 15 to compare the
smokung babuts of those with pulmonary cancer with the
smokung habits of an assumed standard population which
n tum hts been established by a large seale census The
second plan offers the adsantage of derving the control
data from a large group who might thereby be more repre
sentatnv e of the popoltion at nsk Severe enties will snaist
that ene group of human bemgs can never be truly repre
sentatis e of another group
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The first use of the comparative method 1 connection
with smoking appears to have been by Muller ** who, m
1937, studied the lustories of eighty six male patients of
the University Hospital of Cologne who had, or had died
of, cancer of the lung He divided them 1nto five categones
as extreme smokers, very heavy smolers heavy smokers,
moderate smokers and non smokers (In the last group

TABLE VII

CoMpArtsoN o 1iE Use oF Tosacco PER DAY BY 88 MaLes
Wirst Purmonany CANCER AND oF §68 HeavTire Maves

Actual Numbers Percentage
Smoking Habits With | Healthy | 0186 0188

Cancer| Controls |With Cancer | Healthy Men
Extreme smokers® 25 4 2907 465
Very heavy smokers 18 5 2093 581
Heavy smokers 13 22 1512 2558
Moderate smokerst a7 41 3139 4768
Non smokers 3 14 349 1628
Totals 86 86 10000 100 00

¢ Extreme smoker = 10 to 15 cigars or more than 35 cigarettes or
more than 60 gm pipe tobacco daily

 Moderate smoker = 1 to 3 cigars or 1 to 15 cigarettes or 1 to 20
gm pipe tobacco dafly

{From Muller ®)
there were but three ) When compared with eighty six
healthy men of sumlar ages there was a marked difference
1 the trend toward heavy smolung m those with cancer of
the lung Muller s summary appears as Table VII It falls
far short of proof because 1t would be extremely difficult
to mck a control group of only eighty six without some
bias mn the manner of selechion In the same report Muller
stated that the use of cigarettes in Germany had increased
more than five fold between 1907 and 1937

Studies employmmg sunilar comparative methods have
appeared with increasing frequency until there are now
about fifteen avarlable with each author strving to make



SMOKING AND BRONCHOGENIC CARCINOMA k]

his contro} group more truly representative than those of
is predecessors With but a few mmor exceptions these
studses are 1 agreement that theye 15 an associaton be

tneen heavy smoking and pulmonary cancer The actual
proportions of those m the varous categones has vaned
considerably m these reports T}us 15 to be expected be

cause of g m defimibion of
smekang categones and differences m expressing the
csgarette equivalent of cigass and pipe tobacca Especial

Iy wmportant s 1t to secure the smoking hustory of each
person over a pentod of many years The non smoker of
today may consider hus heavy smokmg of ten or twenty
years ago of no unportance and msistent questioning may
be needed to bring out the trath

Because of the many minor differences m method and

£ 1t 1s mmpossible to brmg her i one table
the results of all the :mportant comparative studies Par
tial compdlations can be found in artrcles by Levin® and
by Hammond snd Hom *

As a more modern example of the use of the compara
tive method the work of Wynder and Graham®® (1950}
can be ated The smolung halnts of 603 patients with
cancer of the Jungs were compared with those of 780 male
patients with other diseases Wheveas there were 14 6 per
cent non sokers among the general male group there
were 13 per cent non smokers among male patients with
pulmontry cancer There were 517 per cent heavy to
chain smokers and 191 per cent excessne and cham
smohers n the non pul t group Correspond
g figures for the pulmonm’y cancerous group wnere 864
and 51 2 per cent

Doll and Hll* ( 1902) have nuhzcd  companson with
both non put I and o
sample of the gencml public n o shsdy of the smoking
habuts of the respeetne groups Therr comprehensive m
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vestigation mcluded inquiry mto many aspects of the use

of tobacco and extended also into environmental factors

other than smolung For our present purposes, their Table

V has been rearranged and appears as Table VIIL An

mmportant feature of the report by Doll and Hill 15 the

segregation and also 1clusion of 202 patients incorrectly
TABLE VIIT

AVERAGE AMOUNT or Tonacco Syoxep DAy Over THE 10 Yeans
Precebmve e Present ILness

Men Women
Smoking 1357 1357 108 108
Habits® With Lung | W ith Other |With Lung | With Other
C Discases | Ci Discases
Nol s Inol s [No} % [Nl %
Non smokers 7105 61| 45| 40la70} 59 1516
<5 eigarettes daly | 55 | 40 | 120] 95} 18148 25)23 ;
515 _cigarettes 489 (380 | 570 | 420 24 [222] 18 (18
15 25 cigarettes 475 |350 | 431]318] 14|130 Sg
25 50 cigarettes 293 (216 | 154 113( 1411301 0} 08
> 50 cigarettes 38 [28 | ‘12| 09| o[ 00| O} 0O

"

R e By gk s lemettee 3o a1 2 1271 1958
1952. Reproduced by permussion,
thought to have carcinoma of the lung This group gave
histories of smohing habits proportioned as were those of
patients with other respiratory diseases with cancer 1
other sites, and with other diseases in general, but unlike
those of patients proved to have pulmonary cancer This
shows that the results from the major group were not
fallacious because of special selective factors associated
with hospitalization for bronchogeme carcinoma oF of
bias on the part of those mterviewing the group having
bronchogenic carcinoma

In view of the decisive results quoted from Wynder and
Grzham % and from Doll and Hll® and the general agree
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ment of therr findings with those of Levin' and many
others 1t must be concluded that, by the comparative
method of statistical study, an association has been dem
onstrated between tobacco smoking and ecarcinoma of the
lung The assertion of 2 relation of association does not
necessanly mply a causal relation

In addition to proof of an association between smoking
and pulmonary cancer certamn miscellaneous data have
been established with varying degrees of certamty It 1s
evident that intensity and duration of smoking are very
mmportant In the senes of Wynder and Graham % of 605
patients with cancer of the lung 96 1 per cent had smoked
for twenty years or more For an equal weight of tobacco

smokling app d more sigmficant

than plpe smo]\mg A far larger percentage of cigarette
smokers than of cigar or pipe smokers admitted that they
consciously inhaled smoke Proportionately more non
smokers were found among males with bronchial adeno
carcinoma than among those having squamous celled and
undifferentiated neop Ad cinoma of the lung
1s proportionately more common 1 women and surveys
show that there are far fewer women than men who have
been heavy smokers for twenty years or more The infer
ence 15 that extnnsic factors play a much smaller part n
the causation of adenocarcinoma than of other forms
‘There 15 msuffictent evidence as yet 1n respect to a posst
ble lessened effect 1n those who use eigarette holders or
filters There 1s no evidence that hghter fuid 1n mecham
¢l highters 1s of any importance

Tre Prosrective Mrtmon

‘The comparative method 1s Jargely lustoncal 1t 15 also
pective and 15 referred to by that term
The prospectve method of recent introduction 1s histon
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cal 5o far as smohung habuts are concerned, but looks only
to the future for the advent of disease and death

Under the auspices of the Amencan Cancer Society and
with the axd of 22 000 volunteer workers, usable question
naires were secured which gave in adequate detal the
smohng charactenstics of 187,766 white males between
the ages of fifty and sixty-mne The death of any man m
her group was to be reported by the responsible worker,
after which the cause of death would be learned through
official channels The questionnawres were largely com
pleted in the first five months of 1952 An apparent objec-
tion to the prospective method was the perod of delay
before sigmficant results could be known but with such
large 1mitial group the delay was surpnisingly short, as
will appear

After about twenty months, 4 854 deaths had occurred
These form the subject of a prelimnary report by Ham
mond and Hom * Of these deaths, 167 were attubuted
to pnmary pulmonary cancer The distnbution m respeet
to smoling habits at the time of questiomng 18 shown 1n
Table IX It will be noted that even i this early report
the difference m lung cancer deaths between non smokers
and regular smolers proved to be statistically significant
(P = 0002 or less) I quote from Hammond and Horr

The best estimate that can be made at the present tune
(at the 5% level of confidence 15 that Iung cancer deaths
are from 3 to 9 tumes as common among men with a s
tory of cigarette smoking as among men who have never
smoked regularly nd that Jung cancer deaths are fram 5
to 16 times as common among men who smoke one pack
or more per day [as among non smokers]

The prospective method permits the simultaneous 12

vestigation of any cause or of all causes of death m rela
t0n to the historcal attnibute (in this mstance, smaking)
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The prelumnary report of Hammond and Horn® meludes
“by products” which may be of even greater umportance
than demonstration of the assomation of smoking and
cancer of the Jung Smolung was found to be associated
with & considerably Jugher total death rate, due largely

TABLE IX
Luwg Carcer Deatnt Dates BY TYPE OF SMOKING
Type of Smoking Decths Atinbuted
at Tsme of Population o Pulmonary Death Rase
Questioning of Risk Cancer Per 100,000
Neser smoked or
oocasionally only 44091 12 272
Cigar and/or pipe
‘cigarettes never
smoked regularly 35853 12 335
Regular crgarette
smoking 107 822 143 1328
Totals 187766 187 889
Regular cigarette
?x;ﬁ’itng < one
pack o day 84799 62 113t
Hegular cigarette
soking ane +
packs & day 25497 81 239.2

Abridged from Slammond 2nd Hora 7 JABLA 155 13161328 1034
Repmdu%ed by permission ® ’

to a higher death rate from coronary occlusive disease
4nd from cancer in general as well as cancer of the Jung
More complete reports wall follow

Doll and HAP® were already applying the prospective
method to Brtish ph Usable g es were
obtamed n 1951 from 24 359 male doctors over thirty fve
years old Dunng the next twenty mine montbs, the deaths
of 789 doctors were reported and of these thirty six
were attnbuted to pulmonary cancer The distnbution
of these deaths in respect to smoking habsts 3s shown 1
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Table X The number 1s small and does not reflect the true
death rate for doctors, because 1t was evident that those
who were senously 11l 1n 1951 did not return question
natres Nevertheless, the progressive trend toward higher
death rates from pulmonary cancer with increased smok

TABLE %
MorrALITY OF Brrmisit Prrvsicians as ReLATen To SaoxnnG Harrrs
A Pagunvany Rerort
Standardized
Deathy From | Death Rate From
Number Cancer Cancer of Lung
Smoling at Risk of Lung Per 1000 Per
Habits Ocer Age 35 (29 Months) Annum
Non smokers 3093 0 000
114 gm per day 8431 12 048
1524 gm per day 7662 11 067
25+ gm per day 5203 13 114
Total 2 36 066
otal 1389 (all groups)

1 cigarette = 1 gm I oz pipe tobacco a week = 4 gm_a day
Rcan:\gnged from Doll and A1 * B¢ A J 1 14511455 105¢ Re-
produced by penmission

mg 15 clearly evident Much more mformation will be
available i the next few years

If there were hidden fallacies in the comparative or
Tustorical method 1t rmght be expected that they would be
revealed by the entirely different approach of the pros
pective method However all methods agree in indicating
a statistically sigmficant association between protracted
agarette smolung and pulmonary cancer, with the degree
of assocsation increasing with the amount of tobacco used
While proving association does not prove causal relation
ship, 1o one has succeeded m explaining how or why such
an association exsts 1f causal factors are not impheated
Possible cusal factors 1n tobacco and tobacco smoke are
considered 1n the following sections
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Radiwoactivity of Tobacco Smoke and Tobaceo Ash A
recent report from the Umiversity of Leeds® indicates
that the average radioactivity of one agarette approxt
mates that of 25 mg of potassium and that the radioacty
aty of the ash s of the same order The radwactivity of
the smohe from one emigarette 15 about that of 6 pg of
potassium These values sndicate that such radioactnvaty as
1s present 1 tobacco yemaws in the ash Little if any 15
transferred to the smoke If these determmations are sus
tamed httle mnportance can be attached to the radio
actwity of tobacco Of course the possibility of an additive
cffect 15 always open no matter how small the wmerement
may be

Arsewsc m Tobaceo and Tobacco Smoke There has
been mterest m the arsemeal content of tobacco for rea
sons other than a possible causal relattonship to cancer of
the lung In 3940 Burhsdale!™ expressed coneern that
while pure food Jaws permitted only 1 43 paris per mithon
of arsemic tobacco mught have fifty times that amount
He recogmzed that the arsemc m all Amerncan tobacco
was due to the use of wsechcides and contrived 2 me
chamcal smoker to collect the arsenc for assay He found
0365 to 00495 mg of As in each cigarette By sublract
g the arsenic which remaned in the ash and 1n the butt
he found vahes for cigarette smole of 0002 to 0004 mg
of As per ten cigarettes Barksdale considered tobacceo to
be the source of the arsense i several cases of charactens
tic avsenical dermatitis of wlieh he gave case hustortes

In the followmg year Carmatilé and Vuecetich'™ re
ported on the arsenic content of Argentmuan tobaceo
They also recogmized that arsenical dusts and sprays used
m controling plant diseses were the source They found
from 00 to 0035 mg of arsemac per kg of tobacco This
wide vanance from the results of Barksdale?™ muy have
been due to differences m methods of assay or to actual
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differences 1n the tobacce Carratal4 and Vucetich found
one sixth of the arsenic to be retaned m the ash

The earlier Literiture was reviewed m 1945 by Thomas
and Collier® who reported their own results with ap-
paratus which simulated the varying air currents of actual
smohing Their intercst was directed pnmanly toward the
arsemic m the smoke They found that from 11 to 23 per
cent of the arsenic n tobacco was contamned 1 the smole
the remainder being distnibuted between the ash and the
butt The concentration of arsemous oude i puffed
smoke ranged from 02 to 30 mg per cu m with cigars,
from 17 to 57 mg per cu m with pipe tobacco, and from
33 to 105 mg per cu m with eigarettes

Of the volatilized arsemic in the smoke, some must
leave the body by exhalation, as has been recogmzed by
Daff and Ken ay 3% Pr bly the t d
1s small In their report of 1950, they gave detailed mfor
mation on the arsenic content of fifteen brands of ciga
rettes which was found to range from 0 to 106 ug per
gm (pg per gm = parts per million) of As Os The lowest
values were found 1n nime brands classed as Turkish and
n French and Rhodesian tobacco Even with the same
brand the amounts in the upper ranges were very vara
ble Relatvely hugh values were found for three Amencan
brands, with 258 to 470 pg per gm of As Os By sub
tracting the As content of butt and ash from that of the
entire cigarette, 1t appeared that from 76 to 18 2 per cent
of the arseme was Tost 1n smokung

Because there are differcnces 1n the axseme content of
tobacco Daff, Doll, and hennaway™ attempted a com
panson between the types of tobacco smohed and the a1
dence of cancer of the lung m vanous countries Thewr
paper of 1951 15 a nich collection of data on this and re
lated subjects Information n respect to Turkey seems
particularly maportant Having in mind that Turksh to
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|

peco 15 low m arseruc and that Turkey produces an ex

<35 of tobacco so that Turkish tobaceo 1s smoked almost
‘mlusnvely the high incidence of cancer of the lung re-
orted from Istanbul

1 shows that the arsenic content of tobacco has not
;provxded any sunple and exclusive explanation of the
Jassociation between aigarette smoking and this form of

n the other hand an affirmative argument mght be
ade for Iceland where the amount of tobacco used as
garettes 1s small and a very low inaidence of pulmonary
sreimoma 1s reported (Dungal®) Further studies along
us ime are mndicated
+Tars from Tobacco The amount and character of the
¥ which 15 produced when tobacco 1s bumned wall de
>nd upon such physical conditions as the temperature of
“mbustion the supply of oxygen and the compactness
1d dampness of the tobacco Smokmg methods are
rerefore important as 1s also the opportumity for conden
jtion and sublimation of volatile products through cool
¢ and filtration In well conducted evpeniments with
mokmg machines ” the apparatus 1s so contrived as to
ive altemating penods of actve draft and of no draft
i as to simulate the conditions of smolang Attention 1s
ven also to the length of the butt when 1t 15 discarded
iace tars and particulate matter will be retamed to some
itent 1n the unburned portion of a cigarette the more
mpletely 1t 15 smoked the greater the proportion of
ch products which will be inspired There can be no
nuht that under sultablc conditions of incomplete com
histion are included 1n the tar and
Yot from tobacco and also from cigarette paper
$\fcl\nll) 1 3n 1932 collected tar from cigarette smoke

1d determined some of 1ts major constituents Thus was
.

)
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done with only shght reference to pulmonary cancer and
with greater concern over chromc bronchitis and leukopla
hia His ammal expenments were not conclusive since
most of the amimals died too soon to expect the appear
ance of cancers Of particular nterest 1s the statement
that
agarettes should not be smoked too short, as the
last two centimeters retamn most of the tar and other
products of mcomplete combustion

Bogen and Loomis'™" also failed to produce neoplasms of
the shin of mice by the application of tobacco tar, al
though they were uniformly successful in producing papil
Jomas and finally squamous celled carcinomas of the shin
of control mice to which gas house tar was applied Pro
duction of cutaneous cancer by tar from burnmng tobacco
has been reported for rabbits by Lamb and Sanders'®®
and for mice by Flory,® and by Graham Wynder, and
Cronmger,’*® and others Flory reviewed the w orh on
tobacco tars before 1940 It 1 of interest that Wacker and
Schrmncke™! were mjecting pipe tar into rabbits i 1911,
[translation] ‘because carcinoma of the lung occurs m
tobacco handlers and cancer of the lip m pipe smohers
There 15 also an extensive group of reports on the at
tempted production of pulmonary neoplasms in mice by
exposure to tobacco smohe Results have been lughly var
iable Lorenz Stewart Damel and Nelson etposed
stram A mice to tobacco smohe for several hours each
day for from 25 to 250 days No increase m lung tumors
was observed Stewart!'® has commented recently on these
results to the effect that polycyclic hydrocarbons of known
carcmogenic actvity are not formed m the combustront of
tobacco 1n the presence of oxygen at certam levels His
recent comprehensive survey of pulmonary tumors it
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ammals with particular ref o mice 15 d i
with seventy two references which will mahe st dlear s hy
a complete review of this subject would be out of scale 1
this discussion However thus 1s an appropriate pomnt at
which to comment on mice and other laboratory ammals
as test objects for ted pul Y

i S

Difficulty m D g Pub y C gens by
Ammal Lxpenmentation In view of the comparative ease
with which aliphatic and polyeyclic hydrocarbons can be
tested for carcmogeniaty an laboratory ammals partics
larly ; mice 1t may well be ashed why there cannot be a
direct expenmental 1pproach to testing the suspected
causes of pulmonary cancer Such attempts have been
made but they have not given defintte answers as yet

The mouse would seem to be the ammal of choice be
cause of the frequency wsth which pulmoniry neoplasms
develop apparently spontancously in that species But ths
very frequency intraduces a statistical hazard It must be
shown by a sufficiently hrge series of ammals that the
number of neoplasms of the lung developing under expent
mental conditions 15 sigmficantly greater than m a control
group Here the strain of mice used 15 of utmost impor
tance Of stran A mice 80 to 90 per cent may deselop
“spontineous” pulmoniry tumors while strun L mice
rirely develop such ncoplasms Morcover those strains
which have 2 rdatively lugh inerdence of “spontancous”
tumors are precisely the oncs winch are particulardy sus
ceptible to emvironmental factars (Shumbnty

In the sccond place neither the spontancously oceur
nng neopl nor the induced neoph; of the lungs
of mice bear any close resemblance to bronchogenic can
ces of men In muce tumors are usually penpheral and
multiple appear to be of bronchiolar or alveolar ongin
are posed of Jow cob or cuboidal eclls and
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metastass 1s rare In its usul forms, bronchogenic car
cinoma of man 15 more or less diametncally opposite for
each of the features mentioned

In the third place, 1t 15 probably impossible to simulate
n the mouse the prolonged Ing”or latent” penod whichs
SO conspicuous 1n min A mouse at exghteen months may
be as old as 1 man at fifty years as judged by the Lfe
pattern of mice That does not mean that there have been
as many c¢ycles of ceflular repl t 1n the bronchia
tissues of the mouse as of the man There 15 considerable
cvidence, which cannot be displayed here that the can
cerogenie cffect of some extrinsic factors depends upon
cell selection applied to many successive generations of
cells

These are three important reasons why the problems
of causation of cancer of the lung bv environmental agents
cannot be solved within a few months o, at the most 1
a few years of amimal experimentation

Chrome Inflammatory or Trophic Changes, Non mﬁfeo-
tive and Associated with Smohing “Cigarette Cough” In
an earlier section 1t has been possible to exclude for the
greater part infective bronchitis and pneumonmitis, anC}
particulatly pandemic mnfluenza and the post influenza
complications as causes of the general mcrease 1n P!
monary cancer The same cannot be said for those chrom;
mflammatory, trophic, and metaplastic processes thlC
are known to accompany protracted nd more Or 1es5
heavy smolung In the ntensive search for specific ca;
cinogens 1n tobacco, tobacco tar, and tobicco sm? :
these more general effects have recewed less atten! “;e
than they deserve Coughing itself 1s known to ﬂgg"“;“al
wnflammatory conditions of the bronchial and trache:
mucosa and mucosal glands, and behind the actual m; \
amsm of coughing are those functional and structurat
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terations which activate the cough reflex Thus search for
specific carcmogens may nut gve the answer to the m
of It may be

found that physical and chemical properties of tobaceo
smoke which would never be carcinogenic 1 short term
experiments but which induce dryness mild chrome
flammation and metaplasia and which frequently ineite
coughing are responsible This supposition 1s 1n complete
accord with what 1s known about the effect of an extended
period of nsk and of intensified nsk from increased
amount of tobacco smoked

Co carcinogenesis In the sense that extrinsic factors act
upon tissues possessing an ntrmsic facility for reproduc-
tion 1t may be said that all cancer results from co carcino
gens More precisely the terms co carcinogenesss and
syn carcinogenesis refer to the effective action of two or
more extrmsic 1gents These may be synergistic m that
cach augments the essential actiaty of the other or they
may be simply additne or more frequently one may
produce a preliminary alteration in the cells which makes
them vulnerable to a second agent There 1s both climical
and expenmental evidence of co carcinogencsis i a varie
ty of combinations but as yet this prinerple has not been
used effectis ely in explaming the ongin of bronchial car
cinoma If no single crcnogen can be proved responsible
the possibility of co carcinogemic action must be enter
tained

The Latent or Lag Period as a Bar to Immediate Deter
mination of the Mode of Action of Cigarcite Smoking
Throughaut this discussion of the causes of prmary can
cer of the lung reference has been made to the essential
clement of protracted exposure to nisk and also to the
fact that cancer may not appear until some years after
exposure has ceased This 1s true of vanous agents sus
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pected of Inducing occupational cancer of the Jung Table
\I 15 abndged from a more general tabulation by Hue
p('f 13

As hias been demonsteated repeatedly by the tables and
graphs which hnve been presented, the latent penod for
agasctte smoking fs usually not Jess than ten years and
the intensity of the <ffect increases throughout hfe For

TABLE \I
Layeyy Prross or Occvrarovas Cescen

S Arerage Rangeof
Orpma omd Aaent LotentPerind | Latenterod
Tung Jeert Yeart
A 18 1321
Gortes I &
’;L‘ld bl ;_ré 2
Trtriag radistion 335 150
Abidged from Hueper we Public Aealth Reporls &7 7739 1952
Reproduced by peamision.
some persons the htent penod may appear to be fom( l:;
§ifty years This shows the frustrating futdly of attemp "
methods of smoking of of eygaret

evaluation of varyng

holders or of filters, 1y establishing human Etpenmf;ﬂf;l

groups In the way tn which most c;pcl‘)rxxm}fn!ai;ns\ue;) e%!s
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has never smoked one aigarette one pipeful of tobacco
or one cigar in his Iifetime practically all males and most
females would be excluded Doll and Hill*® considered a
practical defimtion of a non smoker to be

a person who has never consistently smoked for as
long as one year at the rate of as much as one cigarette or
one gramme of tobacco a day

The effect on a non smoker of exposure to the tobacco
smoke of others has, as yet recenved very little serious
considertion  Statistical investigntion will encounter
many difficulties Some years ago the rhetoncal question
was posed by Lickint!*® whether the non smoking wife
who bad hived many years with a heavy smoker was still
a non smoker for both climieal and statistical purposes
At the symp on the endemiology of cancer of the
lung at Louvam in 1952 the following dialogue® oc
curred

Dr Hammond Are you suggesting that the control
group should never have been exposed to tobacco smoke?

Dr Mawsin This would not be possible m a cvilized
commumty I have never smoked but look how I am ex
posed to tobacco smoke just now

When detailed answers are known the passive expo
sure of the non smoker may be found to be at least 2 co
factor in the production of bronchogenie carnoma but
any suggestion now to that effcct 1s lughly speculatne

Using the defimtion of a non smoker previously cited
from Doll and Hzll * Doll® attempted a statistical invest
gation of cancer of the lung in non smokers The diffi
culties n such 1 project are obvious m view of the
proportionately small class of non smokers and the ex
tremely small class of non smolers with cancer of the
Iung The author commented on the “bold assumptions™
which were 3y and suggested that the ncidence
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of lung cancer n non smokers may be the same 1 men
and inwomen, wnd i residents m areas of differng density
of popultion Emvironmental factors other than those per
tunming to smoking should bear upon non smokers and
smolers 2lhe Dolt concluded, further, that one n five of
Tung cancer deaths an persons aged tw enty five to seventy
four years 1 1950, m1y be attnbutible to causes other
than those 1ssociated with smolung

Conrararve Risk oF Drverorme Cancen of e Line
FOR SMOKRERS avD No~ s\oRERS

Under the apprapriate topie 1 have included reference
fo the work of Cutler and Loveland!® who found that of
1,000 winte males born m 1010 and stdl Iving 1850
43 muy be expected to have developed cancer of the lung
by age eighty How wall s modence be apposhoned
between smokers and non smokers? As Cutler and Love
land pomted out if the nisk of developing cancer of the
Jung were 1 1 300000 for non smokers and 1 m 10,000
for smohers, the entrre question mught be regwded as
tnvial However, when the sum of these nshs must ap
proxmrte 13 e 1000 determipation of whatever differ
ence may eust becomes very important By an extension
of the method used by Comfield,"* and wath his assist
smee Cutler and Loveland have developed an answer
which is embodied m Table XII The data on smohers
and non smokers were obtamed from three comparative
studics to whieh reference has been made prevmusb’
These were the work of Sadowsky, Gilliam and Cor!:s
field,! ® of Wynder and Graham,* wnd of Doll and Hill
Together, they provided miormation on 2 434 cases of can
cer of the lung and 2729 non cancerous controls When
separately analyzed the three studies were in agreement 88
to general trends but differed somewhat 1n the predicted
mumber of cases m the non smokers Two assumptans
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swere neeessary to complete the analysis One was that the

control group was representative of the smobing charac

tensstics of the general population from wiich the lung

cancer pahents were denved The other had to do with

1 for aigars and pipe

smokung Nesther .)ssumphou would appear to result 1
TABLE \iI

Cases OF Lum: Cancen Exreeren vo Devevor Pen 1000
\ sorre MALEs 40 Years or Ace

Smoking Class ByAge80 | ByAget0 | ByAge60
Non smokers 6 4 2
Smokers dm{ of
% pack or 25 18 [
Lol 49 30 1
\Iare !}{'An 1 pack 80 9 2
Al pes 13 27 it

{ After Cutler and Loveland?® )

more than mnor alteration 1n the number of cases pre
dicted even sf 1t were not entirely correct

The results of this iy estigation not anly showed that in
the respectne age groups the lubihty ta hung cancer of
smohers w general was from four and one half to six tumes
that of non smokers but 1t mdieated very clearh the of
fect of 1mount and of duration of smohing The added
years at sish are very wnportant 1nd the effect 15 comula
tive even 1 the eighth decade of Life Tlis 1s the answer
to the fatal de that any cffect has
been exverted i the first decade or two of smoking

Bronenocensc CARCINOMA AT FHE MiD-CENTURY
SrATISTICALLY LSTABLISHED AssociaTions
Apart from the greater hability to bronchogeme cancer
sn certam occupational groups which accounts for but a
small part of the total merdence strong statistical evs
denece has been presented for assoeration betweon costan
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human <tinbutes and primary cancer of the lung These
attrbutcs are malencss, wban hving  mdustealization
and the smokng of tohncco, particularly as cigarettes

Maleness Mideness s a hiologic quahty, presumably
has not changed 1n the last half century Yet the propor
tion of males developing cancer of the Jung has mereased
faster than the proportion of females developing cancer
of the lung aithough both are mereasing This alone
estiblishes that there must be an evnnsic agent 1f male-
ness 15 sigmficant 1t must be as 2 co cramogen In 1929,
1 wrote with complete confidence that if smolang was a
cause of bronchogeme carcinoma there would be 2 trend
toward sex equality 1n meidence m another generation
As yet such equality has not developed In fact the gap
has widencd However more is known now «bout the i
portance of the latent period and of prolonged venrs of
nsh than m 1929 1t 1s still evident that a much greater
proportion of males have been heavy smohers for twenty
or more yeus than of females As appears n Table VIII
Dol} and Hill*® found only 14 women who smohed more
than 25 aigarettes a dav i the combmed cancerous and
control groups, which totalled 216 If the smoking habits
of the women had been Iike those of the 2,714 men 40
would have been evpected In other words, the pparent
effect of mal cannot be separated even today from
the presumptive effect of smohing

Usban hving and industnalization nclude the concen
tration of motor vehicles and of mereased sources of ur
pollution The many carainogente possibihties therem ¢in
not be east aside completely Some of the known caremd
gens, even 1 minute tmounts are potent pmducers of

1 t neopl elsewhere than i the lungs There 18

evidence for carcinogens not yet identified m the prod
ucts of mcomplete oxidation as found 1 the pxhaust of
nternal combustion engines It 1s an arresting fact that
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arguments for the importance of tobacco which are based

on economic data such as mcreasing national consump

tion apply almost equally well to the automobile But 1t 1s

true also that the manner and degree of use of tobacco

vary between urban and rural living and that long term
Smoking ond Pulmonary Cancer

Assoroton  ProvedwCousal Relotlon  Presumpte
# Causal

Ficune 20 If the assocation between smoking and pulmonary

cancer should prove to be causal the relationship of intnnsic and

evtnnsic factors might prove to be that which 15 shown n this

schematic diagram Symbols have the same significance as i
Figures 13 and 19

excessive cigrrette smohers are m proportionately greater
numbers 1n Inrger commumties Tobacco chewing and
pipe smoking 1n the villages and on the farm have not
been replaced by aigarctte smoking as they have 1n the
aty It 1s concenable that the association with urban
Ining and industrialization may be resolsed on the basis
of eigarette smoklung although evidence on that score falls
short of proof

Smolang of tobacco particularly the excessne smoking
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of cigarettes over 1 long penod, 15 associated defimtely
with the occurrence of bronchogeme carcinoma aceord
g to the results of several different methods of statistical
mvestigation  Association does not necessanly mmply a
causal relation, but there has been no other satisfactory
explanation why this association should prevail Non
smokers develop pulmonary cancer and manv heavy
smokers escape pulmonary cancer, but for a long term
heavy smoker the chance that he will develop cancer of
the lung by age eighty 1s of the general order of fifteen
times greater than for 1 non smoker {Cutler and Love
land") In about four fifths of the cases of primarv can
cer of the lung association with tobacco smoking appears
to be a sigmificant factor (Dolj*?)

If the assoctation between tobacco smoking and bron
chogenic cancer 1s aceepted as of causal sigmificance what
the speaific cuse may be remains unknown Arsenic the
known and unknown carcinogens resulting from wncom
plete combustion of orgame matter, and the complex of
factors wiuch produce those dystrophic changes which
may find expression m  aigarette cough™ are the chief
suspects One of these may act alone or with others
through A relationship of co carcmogenests or of syn ear
ciogenesis We can look to the future with assurance
that, 1f the relationshup 1s causal, the nature of the causal
agent eventually will be determmned Its identification or
perchance the discovery of new evidence which will pomt
the finger of suspicion away from smoking 15 a challeng
g possiblity for each and every physician The solution
may come through a combmation of the prospecte sta
tistical method and intensive case studies With such
knowledge prevention of four fifths or more of the pres
ent mortality from bronchogenic carcinoma would be a
reasonable expectation



\Z!

EPICRISIS

N Tins piscussion of the historical and practieal ap

proaches to the causes of primary cancer of the lung
1 have made every effort to gne s complete and fur a
T 1on of the evid as the scale of treatment
made possible I have endeavored to present the evidence
1n an unhiased manner so that each reader could form ns
own conclusions as the evidence unfolded Ihave not been
an advoeate for any particular view and certanly I have
no mtention of being a crusader

My own views have undergone change through the
years I early subseribed to the then prevaihing opinton
that protoplasm was relatively stable and the chromo
somes particularly so The rate of meidence of cancer mn
any organ was considered to be a faurly constant function
not readily influenced by environment although numer
ous occupational carcinomas of the shin had been demon
strated At first 1t scemed 1mprobable to me that the
inerease m cancer of the lung was something new and
1joined others m attempting to explan at by the aging
population by the adventof radiography by climcal
awarencss and by better diagnostic methods i general
These explanitions eventually proved inadequate and it
was necessary to admit that some recently acquired fea
ture of our way of hfe was very rapudly changing the 1nc
dence of pulmonary cancer

Sumlarly, T have been resistant to 1 ready acceptance
of the assoctation betw een eigarctte smoking and broncho-
genic caremoma I have searched the literature for other

29
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reasomble explinatons or for recogouzable fallacies 1
h e found none of importxnce As of today, I must agree
with mamy of the specialsts m statistical analysis and 1
the endenology of cancer, that this association has been
established .

What 1s the nest step? When will it be not only propet
but requsite that the medienl profession tahe cogmzance!
Those we questions which I cannot and should not at
tempt to answer 1t the moment Ican however, gt e yon
the answer of ] H Masin and J Clemmesen, who were
editors® * for the report of the Louvun Symposium on the
Indemwology of Cancer of the Lung In the final par
graphs of therr editonl they commented thatat was about
150 years after Perernall Pott expluned the etiology of
chumney sweeps cancer wd preserbed methods for it
presention before carcinogens were demonstrated 1n soot
and continued

May we show the same practical sense as our forefath
ers and not look for durect proofs which are out of
reach before we transmit expenence into practical meas
ures



VII

REFERENCES

1 Hueper W C Occupatsonal Tumors and Allied Discases Spring
field ! Charles C Thomas Publisher 1942, 895 pp

2. Weller C V The pathology of prumary carcinoma of the Jungs
Arch Path 7 478519 1929

3 Weller C V' The pathology of certain signs and symptoms in
prmary caxcinoo of the luag WMustrative cases Ann Int Med
2 725-746 1028 29

4 Fsrber § M Lung Concer American Lecture Senes No 187
Springfield 1§ Charles C Thomas Pubbsher 1954 157 pp

5 Rnights E M Jr Metastatic tumors of the brain and their rela
tion to primary apd sccondary pulmonary cancer Cancer 7 259
265 1934

6 Weller C V  Entchific In primary cardh of the bron
chu and lungs [ Cancer Rescarch 13 218-238 1920

4 Dorn NI ¥ Morbidiy and mortality from cancer of the lung in
the United States Acta Unlo Internat Contra Cancrum 9 552
561 1953

8 Levin M L. The occurrente of lung cancer in man Aetg Unio
Internat Contra Cancrum 9§ 331-511 1053

8 Lew E A. Trends In respiratory cancer mortality Stotise Bull
Metrop Life Invur Co 35 3.6 1954

10 lorteweg M. Some remarks on the age cunc In lung cancer
Acta Unfo Internat Contrg Cangrum 9 529-530 1933

11 Remvaway E L., and Waller R E Studies on cancer of the lung
Acta Unlo Intemat Contra Cancrum 9:485-481 1963

12, hennaway N Al and hennaway E L. A study of the incidence
of eancer of the lung and lanynx J Hyg 36 236-267 193¢

13 hennaway E L. and Rernaway N 51 A further study of the
incidence of cancer of the lung and larynx Bt } Caneer 1 260-
238 147

14 Stecle C. H  Bronchogeoic carciooma  analyyis of 201 proved
cases Ann Otol Rhin. & Laryng., 63 5-21 193¢

15 Moore K. L, and Barr M L. Nudlear morphology according to
scx, in human tissues Acta anat., 21 197 .08 1934

18 Doll, R Bronchial carclnoma incldence sad setiology Brr M J.,
2 5.1.527 583500 1823

5 Cutler § J, and Lovelind D B Tre 1isk of developing ung

lOl

g - —— T~




102

2

2

CANCER OF THE LUNG CAUSAL FACTORS

cancer and its relationship to smoking J Nat Concer Inst 35
201 211 1954

Fublic Health Senice U § Department of Health Education and
Vvellare Cancer Yiness in Ten Urhan Areas of the United States
Cancer Morbidity Ser 1950-52 Reports 1 10

Levin M L Etiology of lung cancer prescnt status New York
Stote ] Med 54 769777 1034

Vieller C Vv Intrinsle factors in the eticlogy of neoplasms Am [
Cancer 30 3940 1037

Darker L F  Polyposis of the colon M Clin Norsh Amerce
14 77.85 1930

Weller C V  The inhentance of retnoblastoma and its relation
ship to practical eugenfes Cancer Research ) 517-535 1841

Cohart £ M Socioeconomie distrfbution of stamach cancer in
New Haven Cancer 7 455-461 1934

Widdleton W S Physiological Mcthods in Clmieal Practice The
Beaumont Lecture \iayme County Medical Society February 2
1953 Spnngfield Il Charles C Thomns Publuher 1954 40 pp

Fauchan A and 8 H  Cancer of the lung In the miners of
Jichymov (Joachimstal) seport of cases abserved in 1929 1930
Am | Cancer 16 081 722 1932

Hoaver 1 € and Hoover L 1 Translotors of Agricole Geor
gius De Re Metallica 2556 638 pg hew Yark City Dover
Publications Inc 1950 {Reprinted The Mining Magazine
London 1012 )

Schefler C L Die Gesundheit der Bergleute Chemnitz 1770
{Crted by Uhlig™)

Harting T H and Hesse W Der Lungenkrebs die Berghraok
het in den Schaceby Gruben  Viertelohrschr _gerichil
Med v offentl Sanitatswesen 30 206309 (NF) 1679 Ihid
31 102 132 313-337 1870

Uhlig M Uber den Schnecherger Lungenkrebs Virchout Arch
poth Anat 230 76 08 1021

Peller § Luog cancer smong mine workers i Joachumsthal
Human Biol 11 130 143 1029 o

Asnstetn A Ueber den “Schneeb Lung:
Wien kiin Wchnschr 26 748 752 1913

Schmord G Uber den Schneeberger Lungeskrebs Verhandl
deutsch path Geselfsch 18 198 196 1923

‘Thiele Rostoskd Saupe and Schmorl VUeber den Schaecberger
Lungenkrebs VMunchen wmed Wchnschr T1Li2d 251 1924 "

Saupe E Der L krebs der Schoeeb te e
Welt 2 1600 1830 1925

Rostoski © Saupe E and Schmors] G Due Bergloakbett des

»

Berg]



REFERENCES 103

Erzbergleute in Schoeeberg fn Sachsen (“Schneeberger Lungen
kaebs"} Ztschr Krebsforsch 33 360-384 1928
Lawy J ©ber die Joachimstaler Berghrankheit. Med Kln 25
14) 142 1629
S B Ober den Lungenkrebs der Bttg!eu!e in Joachimstal
{ Tsch } Zesche K 32 509 B33 1930
38 5K B Le cancer pulmonatre cher ler mineurs de Jichymov
{ Joactumstal) Frcne méd {48} 673674 1938
49 Klotx, M O The association of mbwwous end carcivoma of the hung
Am J Cancer 33 3349 1938
Vorwald A. ] and har ] W Preumocomosis and pulmonary
caresmoma Am } Palh 14 49-51 1933
Schulte C P der g und 1 kardd
nom Fortschr Ceb Rbnigenstrohlen 41 443445 1930
42 Bamett G P Annual Repert of the Chicf Inspector of Favtaney
for the Year 1847 London, Mis Xapestys Stat OF 194849

ki

=3

3

g

=3

4

3

=

PR 7981
43 Amor A ¥ Cmu‘thx of the Respiratory Tmﬂ Bmcht uber den
it % Rongress fur Unl: wnd Berufs

krankhesten Frankfurt @ M September 2830 1938 Lewwig
G Thieme 2 941 982 1939

41 Smuth W £ An evaluetion of claims for occupations] factors in
cancer of the hungs Acta Unio Internat Contes Cancrum © 476
484 1953

45 Currie A N The rule of atsenic In carcinogenesis Brit M Bull
4 402405 184647

48 Neubaver O Arsenical cancer s review Bne J Cancer 1162
51 1947

47 Hege 1 Chemical carcinogenesis a teview Beit § Indust
Med 6123 1048

48 Hill A B Foonng E Lo Terry h Bowler R G, Buckell, H Af
Oruett H & and Schiling R S F Studies tn the Incldencs
of cancer in a factory handling fnorganic vompounds of arsenic
Bz § Indust \led 5115 1943

49 Ludewig P and Lorenser £ Untersuchung der Crubenloft in
den Schnreberger Gruben auf den Gehalt an Radivmemanation,
Strahlentherapte 1T 423435 1924

50 Rajewsky B Bericht Sber die Schnecberger Untersuchungen
Ztschr krebsforsch 49 383340 1939

51 Bihouneh F and ¥oft A Joscthimstaler Bergmanmslrankbelt,
St ahlentherame ™0 4837498 1541

52 Lorenz, B Radwactsity and Jung cancer & eritical review of lung
cancer $a the miness of Schnecherg and Joachumsthal. J Nat
Cancer frat, § 115 14445



104

58
ks

2

&

&

88

6

)

70

CANCER OF THE LUNG CAUSAL FACTORS

Marthind H §  The of mal In radsoact
pessons Am ] Cancer 15 2135.2310 1631

Hueper W € Recent developments in environmental cancer
AMA Arch Path 58 360-300 475523 1034

Tureer H M and Grace $f G An Inmveshigshon fnto caneer
mortabty among males in certain Sheflield trades J Hyg 3390
103 1938

Alwens W, Banlc EE nnd ]czx:ns “ Auﬂ:dlcnde Haufung
ron bet Ischen Tadustrie
Minchen med Weharchr 83 455487 1638

Machle W and Gregorius ¥ Cancer of the resplratory system
in the United States chromate-producing fndustry Pub Heclth
Rep €3 1114 1127 1948

bt iz § Bronch h and ¢ Dir Chest
22:347-355 19032

Mancuso T F and Hueper W € Oceupational cancer ond other
health bazards in o chromate plant 2 medical appraisal 1 Luog
cancers in chromate workers Indust Med 20 358-361 1851

Lrinton 3 P Fraslee E § and hoven A L. Morbidity and
mortality experience among chromate workers Pubi Health Rep
67 835847 1952

Cafafer W M and sssoclates Health of workers fn chromate
producing industty Public Health Service Publication Mo 182
Federal Secumity Ageucy Public Health Senice 1933

Budstrup P L Carcinoma of the Jung in chromate workers Brit
J Indust Med 8 302305 1031

Wyers 11 Asbestosls Post Grod M ] 25 631-838 1849

Hueper W € Occupationat snd Eaviroamenta! Pulmonary Can
cer with Spectal Refercare to Preumoconiosis The Proceedings
of the Seventh Sasanac Symposium on Prewmocomosls Sep
tember 22 36 1832

Wedler H W Asbestose und Lungenkrebs Deutsche med
Wehnschr 69 575578 1943

Tsselbacher K J Klaus H and Hardy H L Asbestods and
bronchogenic carcinoma dm J Med 15 721 732 1953

Merewether & R A Sce Barnett @

Lynch kM and Cannon W M Asbestosis VI Analysis of
40 necropsied cases Dis Chest 14 874 885 1948

Cloyne § R Pneumoconiosis A histalogie survey of peczopsy
paterfal i 1205 cases Lancet 1 810 814 1651

Pott, P Chirurgieal Obsesvations Relatne to the Cataract the
Polypus of the Nose the Cancer of the Scrotum the Dafferent
finds of Ruptures and the Martification of the Toes and Fest
Proted by T ] Camegle 1775 Hawes Clarke and Collins
London




kit

7

&)

73

74

kt

@

k(

&

@
B

%

REFERENCES 105

Henry S A and Irvine E D Cancer of the scrotum in the
Blackburn Regustration District 1837 1939 J Hyg 36 310310
1936

Neve E F One cause of cancer as fllustrated by epithelioma
Kashmur Bri¢ M J 2 589.591 1810

Neve T F The causation of cancer Practitioner 122 335-359
1929

Volkmann R. Theer Paraffin  Russhrebs (Schornsteinfegerkrebs)
i Bettrage zur Chirurge usw Leipnig Brehopf u Hartel
1875 370 pp

Ynmaglwa K and Itchﬂ:ma l\ Expcnmcntdle Studie uber die

der Ej Miet med Fakult Unio
Takya 15 205-341 1916

Yamagiwa K. and Itchikawa K Exp rimental study of the
pathogenesis of camnom;\ 1 Cancer Rcsemch 31 "9 1918

X E L on cancer d

Brit M | 2:1-4 1923

Mayneord W V  (1927) unpublished ated by Cool. Hewett and
Hieger ™

Cook J W Hewett G L and Hicger 1 The isolation of a
cancer producing hydrocarbon from coal tar Parts T IT and 1T
J Chem Soc 1 395-105 1933

Doll R The causes of death among gis workers with special
reference to cancer of tho lung Brit J Indust Med 9 180 180
19,2

Hueper W € Air pollution and cancer of the lung Rhode Island
M 1 3621etseq 1953

Hammond E C Lung cancer and common Inhalants Cancer
7 1100 1108 194

Clemmesen J MNielsen A and Jensen E  Mortality and inct
dence of cancer of the lung in Denmark and some other countries
Acta Unlo Intermat Contra Cancrum 9 603-836 19.3

Goulden F and Tipler M M Esperiments on the identification
of 3 4 benzpyrene in domestic soot by means of the fluorescence
spectrum Brit ] Cancer 3 157 160 1919

Stocks P Endemlology of cancer of the lung in England and
Vales Brit J Cancer 699 111 1952

Kotin P Falk H L Mader P, and Thomas M  Aromatic
hydrocarbans T Presence in t ¢ Los Angeles atmosphere and the
carcinogenicity of atmospheric extracts A LA Arch Indust Iyg
9 153-163 1934

Roun P, Fall, IT L. and Thomas M Arcmatic hydrocarbons
II Presence in particulite phase of gasolinecagine exhausts and
the carcinogenicity of exhaust estracts AM.A. Arch Indust Hyg
9 164177 1954



©
@

9

54

8

h4

9!

54

g

03

89
100

1ot

8

103

105
108

107

108

CANCER OF THE LUNG CAUSAL FACTORS

Goulden ¥ hennaway E L ond Urguhart M E  Arsenfe in
the suspended matter of town air Brit J Cancer §17 1952
Dawson K B Radivactive matenal in the atmosphere Brit J
Cancer 6 2231 1032

Veller R E The benzpyrene content of town air Brit ] Cancer
6821 1952

Berenblum 1 and Seb ! R C ntc of
coal tar Brit J Cancer X 157 165 1947

Perret J M Primary intrathoracic mabgnancy eight cases Mhew
Orleans M &S J 80 213 228 1927

Muller F H  Tebokmussbrauch und L Ztschr
Rrebsfarsch 49 57-85 1039

Hammond E € and Homm D Tobaces and lung cancer Acta
Unio Internot Contra Cancrum 9 507 511 1953

Wynder E L. and Graham E A Tobacco smoking a5 a possible
etiologie factor in bronchiogenic carcimoma A study of 884
proved cases JAM A 143 329.338 1950

Doll R and Bl A B A study of the actiology of carcinoma of
the lung Brit M ] 2 1271 1286 1952

Hammond E C and Horn D The rddationship between human
smohing habits and death zates 2 lollow up study of 187778
men JAMA 155 1316 31328 1834

Doll R and Hdl A B The mortabty of doctors i relation to
thewr smokun,, hatuts Brie M J 1 1451 1455 1954

Anon “Toreign letter " § 4 31 A 156 68 67 1954

Barksdele E E  Cotaneous mamfeststions from tobacco with
special refesence to arsenical exfolatne dermatts FAMA
115 872-676 1940

Carratald R and Vocetrch, D € Fresepoa de arsénico en el
tabaco Investigacidn expermental Prense med argent 28 2181
2185 1841

Thomas M D and Coller T R The concentration of arsenic in
tobacco smoke d 1 by a rapd utn method 7
Iadust Hyg & Tomcol 27 201 208 1945

Daff M E and hepnaway E L The arsenic content of tobarco
and of tobacea smake Bt J Cancer 4 173 162 1950

Daf M E Doll B and kennaway E L Cancer of the lung
in relation to tobacco Brt J Cancer 5120 1951

Dengal N Lung carcinoma 10 Iceland Lancer 2 245 247 1030

MNally SV O The tar in crgarette smoke and Ms possible ef
fects Am § Cancer 16 1502 1514 1832

Bogen E end Loomis R N Toboceo tar an expermmental 1o
vestigation of uts alleged carcinogenk action Am [ Caacer
18 1515 1521 1932

Lamb F W M and Sanders B The rdle of tobaceo smoking in




=

REFERENCES 107

the productions of cancer I Aaimal experiments ] Hyg 32
208-300 1932,

Flory C. M The production of tumors by tobacce tars Cancer
Research 1 282 276 1041

Craham E A VWynder E L. aod Cromnger A B Cigarette
smoking and cancer of the lung (Abstract.) Sclence 116 521
522 1032

Wacker L. and Sch ke A E 11, h
2ur ksusalen Genese atypescher prthelwuchmngcn Mtinchen
med VWehasche 53 1607 1813 1630-1882 1911

2 Lorenz E Stewart, l 1 Dantel 7 ¥ and Nebon € Vv The

effects of breathing tobacoo smole an strain A mice (Abstract.}
Cancer Rescarch 3 123 1943

Stewart H L. Pulmonary tumors ip ammals with particular
reference to mice Acts Unio Intemat Contra Cancrum 8 512
528 1853

Shimkin M B Induced pulmonary tumors in mice I Susceph
bility of seven stralns of mice to the action of intravenously Inject
ed methylcholanthrene Arch Poth 20 2.9 238 1840 Induced
pulmonary tumorss in sidce 11 Reaction of tungs of strain A mice
1o carcinogentc hydrocarbane bid 29 230 253 1040

Ilueper W C. Age aspects of environmental and occupational
cancer Pub Health Rep 67 TI3 779 192,

Lickint, F Der Bronchlalkrebs der Raucher Munchen. med
Wehniche 82 1232 1231 1633

Hammond E C. sod Mabsn, § Il Acts Unlo Tnternat Contra
Canerum 8 510 193

Doll, R Mortality from fang cancer among won-smokers. Brit
¥ Concer 7 303-312, 1953

Corafield J A method of estimating comparative rates from chinf
cal data Appheations to cancer of (be Jung breast and cervix
J Nat Cancer Inst 11 1269-1273 10350-51

Sadowsky D A. Cdlom A € and Comfield §  The statistical
association between smoking and careinoma of the lung 7 Aot
Cancer Inst 13 1237 12,8 192,53

121 Maisin, ] H and Clemmesen, ] Editors The endemiology of

cancer of the Jung Adta Unid Internot Contra Canorum 8 437
439 1523






INDEX

A

Adenacarcinoma bronchogenie Bl
Adenoma bronehial, 5
Agdcola G 30
Alwens W 51
Ametican Cancer Society fovesth
gation by prospectise method
82
Amor A J 40
Animal experimentation
diffeulty In detersuning put
wmorary caranogens by 59
Latent period 90
Amsten A 35
Arsears

ax causa] factor 41 §8 93
atmosphene "0
In cigwettes §6
I tobacco 85
in tobacen smoke B3
in Turkish tobaces 88
Ashestosts 53
B

Barker L.F &%
Barksdale E E 8%
Bornett, G B 40 53 54
Bare M L. 20
Bavke E E 51
Bibounek ¥ 41
Beazpyrene

in atmosphere T2

1n engine exhawst, 10

in soot, €3
Besrentlam 1. 73
Brsmutly, 21 cauvsal factor 40
Biruminous susfaced roads 69
Bogen, £., 83
Beinton, T T, 52

Botsh physiclans  prospective
method of amaymng smoling

Bronchial adenom §
Bronchitis chronte non infective
90
Brenchogenic cartinomt
age fneadence 15 21
assoctations  statistically  estsh.
95

pesebral metastases 6

chnical types 8

general features 8

general incidence 9

histologre features ¥

histolome types and sex 8t

histologle types and smoking 81

incidence affected by sge dis
tribution 12

incsdence age 15 21

wodence Denmark 64 83

tocidence Great Britaln 17 20

incidence New York State 9

incidence rachal, 10

fncidence sev, 17

incsdence Sheflictd §1

incidence twenticth centwry 4%

tncidence Umited States, 0 19
20

tncldence increasing 10

o non smokers 92

Ludwigshafen 5t

reasans for ppparent dncrease 12

sisk of developlog 21

scarch for carct fn twenticth
century In rotsospect, 73

signs andt symptome 8

tobaceo smoling ~5-93

Bronchogenie carcnoma and to-

109



110

baceo smoking assoclation es
tablished BI 84

c

Cancer of the lung equivalent to
bronchogenic carcinoms &
Cancer of the scrotum 57
Cancerogenic hydrocarbans {den
tification of B
Carbon black from ures 2
Carcinoma of the stomach, 28
Carratels R 85
Casulstic method
smoking 78
Cell types in hronchogenic carct
noma influenced by sex 18
Chimney sweeps cancer 57
Chromate workees
Germany 51
Great Batain 53
Uuasted States 52
Cigasette cough 80 98
Clemmesen ] 81 65 100
Cobalt, ns causal factor 40
Co-carscinogenesrs 91
Cohat T M 926
Collier T R 88
Calonde polyposis 24
Comparative method of evaluating
smoking T7
Cook J W 62
Gosnfield 7 6t
Croninger A B 88
Curne A N 42
Cutler S § 21 22 54 98

D

of evalnating

Daff M E 56

Danlel J H 88

Dawsos A B 72

Denmark 65

Density of population 85

Doll B 20 63 66 67 79 80
83 86 03 91 98 98

CANCER OF THE LUNG CAUSAYL FACTORS

Domm H F 017 10 20
Dungal N 87

E
Engine exhwst 80
F

Falk H L. 73
Father § M G718
Flory C M 88
Foft M 44
Foundry workers 51
Trasier E § 52

G

Gafafer W M [etol ] 52
Cas workers 62
CHlsm A © 04
CGoulden ¥ 83 70 72
Crace H G 51
Crham £ A 79 80 81 88 84
Great Britain
denssty of population 65
acidence of bronchogenic car
cinoma 17 18
Gregonas F 52

"

Harting ¥ H 31 41 78

Hammeond E C 67 79 82 63

Hardy H L 55

Henry S A 60

Hesse W 31 41

Hewett C L 62

Fleger 1 42 62

Hil A B 79 80 83 83 04 98

WA D [ctal] 42

Histology of bronchogenfe carcl
noma

Hoover H C aod Hoover L. H
0

3

Hon D 79 82

Hueper W G 4 38 39 40 41
45 52 53 55 61 92



INDEX

1

Imprescia § 52
Tncidence
denstty of population 65
industnalization, 85
urbanization 63
Incidence of bronchogeme carci
noma see bronchogemic car
cnoma
Industrialization 65 96
Influenza as causal factor 49
Internal combustion engines §9
Intnnsic and extrinsic causal fac
tors defimition, 23
Ionizating radiation atmosphenc
n

Tonizing radiations 34 35 43 58
Irvine E D 60

Isselbacher K. ] 53

Itchilawa K 62

J
Jagzickte 5
Jeosen £ 64 65
Joachimsthal 27
Jonas W 51
K
hengrt carclooma 60
Rarr ] W 39 55
Kennaway E L. 16 17 18 38
42,62,63 65 70 86
Kennaway N M 17 18 38 42,
e

Klaus ¥ 55
Klotz, M O 38
Knights E M Jr 6
Lorteweg R 18
Rotin, F., 69
Roven, A L., 52

L

Lamb T W At 88
Lanynz carcinomaz of 68

111

Latent pentod 50 82

prevents prompt {dentification of

causal factors 91
Leeds Unversity of report on
radioactvity of tobacco 85

Levin M L 9 10 23 78 81
Lew E A 10 15
Lickint, F 93

Lorenser E 43
Lorenz, E 44 88
Los Angeles
study of air pollutants 70
3 4 benzpyrene fn alr 73
Loveland D B 21 22 91 03
Ludewlg P 43
Ludwigshafen chromate workers
51
M
Machle W 52
Mader F 73
Malsin J H 93 100
Maleness in iIncidence and causa
tion of bronchogenle cares
noma 20 54 96
Mancuso T F 52
Martland, H § 45
Mayneord W V 62
Mchally W D 87
Metal gnnders 51
Metropolitan Life Insurance Com
pany 10 11 15
Middleton, W § 27
Miners cancer 27
Moore K. L, 20
Morgan 40
Muller F 1 78

N

Natlonal Cancer Institute 22
Nelson, €. V., 58
Neubaner O, 41



112

Neve L I' 60

New York inadence of broncho
genie carcfnoma 9

Nickel as causal factor 40 56

Nielsen A 84 65

Non smokers passively exposed 93

QOccupation 50

chromate workers 51

foundry workers 51

g1s workers 62

Tatent penod 50

metal gnnders 51

mners in the Erzgebirge 27
Orgame matter incomplete com

bustion of 57

P

Peller 5§ 34

Perret T N 78

Pirchan A 30 35

Poeumonitis as causal factor 39
49

Population density of 65

Pott P 57

Prospective method of evalvating
smoking 81

R

Radwactuvity 34 35 43 56

of tobacco 85

of tobiceo smoke and ash 85
Rajewsky B 44
Retinoblastoma 24
Rusk of developing cancer of lung

smokers and non smokers 94

Rostoski Q 35

s

Sadowsky D A 94
Sanders E 88
Saupe F 35
Schefler C L 31
Schruncke A 88

CANCER OF THE LUNG CAUSAL FACTORS

Schmorl G 35

Schneeberg 27

Schrieeberg and Jichymov posst
ble causal factors In retro
spect, 46

Schoental R 73

Shefficld metal workers 51

Shimkin M B 89

Signs and symptoms of broncho
genie carctnomy 6

5kl B 30 35 37

Siticosfs 37

Smith W E 40

Swoke domestic and fndustnal 63

Smokers comparitive nsk of de
veloping cancer of lung 94
93

Smobung habits and bronchogenic
carcinoma 82

Smoking machines 87

Smolung of tobacto 76 98

if causal presumptive factors 97

Soot contains 3 4 benzpyrene 68

Steele C H 18

Stewart H T 88

Stocks P 68

T

Tar cancer 61

Thiele 35

Thomas M 73

Thomas M D 86

Tipler M M 63 72

Tobacco smoke expentmental use

Tobacco smoking 76 98
duration of 81
tensity of 81
Tobateo tar experimental applica
tion 88
Turner H M 51
U
Uhlig M 33 43



INDEX

United States
chromate workers 52
effect of urbanization 67
madence of bronchogenic car
cmoma § 19 20
University of Michigan pecrop
stes on bronchogenie care
voma 12 13
Urbanization 65 96
Urquhast, M E 70

v
Volkmann R 62

113

Vorwald A J 39 5%
Vucstich D € 85

w
Wacker L 88
Waller R E 16 65 72
Wedler H W 54
Weller CV 4710 24 96
Wyers H 53
Wynder E L 79 £0 81 85 84

Y
Yamagwa K 62






This Book

CAUSAL FACTORS IN
CANCER OF THE LUNG

By
CARL V WELLER, MS, MD

was set and printed by The Quid Bell Press Inc, of
Fulton Missouss It was bound by the Pantagraph
Priating & § Company of Bl m
noss The engravings were made by G R Grubb and
Company of Champaign, Hhinows The page trim size
is 54 x 8% inches The type page is 23 x 39 picas The
type face is Caledonia sct 11 pomt on 13 pont The
text poper i 701 Carfox Eggshell The cover u
Pajco Lewde No 25 Embossing 32 Funish TT Black

Wath THOMAS BOOLS careful atiention is given fo

ali details of manufocturing and design It is the Pub-

lisher s deswee ta present books that erc satufactory as

to their physical quelities and artwstic possibilitics

and approprate for thew porteulor use THOMAS

BOOKS wdll be truc to those laus of quality that
sssure o good name and good will










