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GENERAL INTRODUCTION TO THE SERIES OF
MONOGRATHS ON NEOPLASTIC DISEASE
AT VARIOUS SITES

drvrdial

HIS book 1s one of a senies of m oh:

sites. The intention 1s to present a detailed clxmcal preture of the range of
neoplastic disease taking place 1n one particular organ or tissue at a time.
The general scheme 15 to discuss for each site what 1s known of the factors
leading to the development of neoplasia and the possibilittes of prevention or
postponement which arise from them; to consider the pathology and natural
history of the disease as a means to understanding 1ts course and modes of
spread, and thus to have a more secure basis both for planning treatment and
for judging its results, to examme the methods of diagnosis of the earlrest
manifestations or of the pre-neoplastic changes occurning, m the hope of
learning to deal with these tumours more frequently and more effectively
before they have ceased to be a local problem, and to assess the methods of
treatment now available and thewr value alone or m combmation so as to
review what 1s bemng achieved and to see what more could reasonably be
expected. A good deal of vanation in presentation has been allowed for,
however, because of the very different problems which anise from site to site
and which themselves made this method of detailed particulanization in the
chnteal discusston of neoplastic disease seem so desirable at the present tme.

Much has been wntten about cancer without clear defimtion of what 1s
being discussed. Many of the causative factors would seem to be organ- or
tissue-specific, or at least local 1n their action. The natural history of this group
of diseases differs markedly from one site of onigin to another, even, 1n some
spectal cases, when separated by no more than a few millimetres  The diagnostic
problems often relate more to other diseases involving the sites in questron
than to cancer as an 1ill-defined disease entity. The really effective treatments
that are available are still local ones 1n the great majortty of cases and even
those which do bave some beneficial effect upon the disseminated disease are
mostly specific to site of ongin. A good deal more could now be done with
present methods of treatment for patients with neoplastic disease if the best
that is available was more generally apphed, and further progress still would
result at many sites from earhier treatment,

Vague generalizations about cancer are at present of little use to the
indtvidual patents suffering from the disease; a specific particulanzation about
neoplasms at a given site 15 often of 1mmediate practical value and may point
the way to a deeper understanding  The detailed elimeal approach to this
great problem may be in danger of occupying rather less of our attention than
it deserves because of a wishful expectation that some simple solution covening
all sites of onigm will one day be provided for us

v
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One of the chief difficulties in the study of neoplastic disease at indwvidual
sites js in obtaining sufficient clinical experience. Although these diseases are
common, 50 many parts are ivelved and the patients are so widely distributed
throughout the medical service, that few doctors see many patients with
tumours of one particular tissue or organ duning their whole fetime, In 1944
a group of p d teaching hospitals in London started a scheme for
joint consultation and co-operation m the treatment of patients with certain
tumours In this way they hoped to pool their experience and to acquire sufficient
climcal material for detailed study. Thas series of monographs is based on the
work of this group of hospitals and has been made possibje by the large number
of patients with tumours at individual sites seen by members of the staffs
concerned. It 1s not intended that the matenal for these books should be strictly
confined to this hospital group, however, but that they should include wide
clinical experience wherever 1t may be found and enlist expert help whenever it
is available.

Both the co-operating hospital scheme and the preparation of this series
of monographs have for long been of great personal mnterest to me and I am
extremely grateful to my colleagues 1 my own and in the other hospitals
concerned for thewr unselfish and generous assistance, 1 took my phan to
Mr Charles Macmillan of Messts E & S. Livingstone Limited in 1955 and
was met with enthusiasm and an immediate promise of help which has been

4 4te e Ao n e that dow Wi raenance hac now Ted to the establish~
. . work on the part

Each resulting monograph, m its final form, appears through the efforts
of an ndividual editor working within the general framework laid down.
I owe a personal debt of gratitude to each one of them for ther forbearance,
enthusiasm and unstinted labour. T am also deeply indebted, as they are, to
the many contributors who have worked with us 1n our attempt to realize
our aim,

D. W. SMITHERS

LonDoN, 1958
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Ts it worth while to write 2 monograph on the subject of
pnmary malignant tumours of the lung? In the course
of the last two centuries an ever-increasing literature has
accumulated around this subject . . .
Adler, I. (1912): Primary Mahgnant Growths
of the Lungs and Bronckhi, p. 3. Longmans,
Green, London.

Je passe sous silence I'etiofogie et Ie traitement de cette

maladie, qui, Jusqu’a présent, est hors du domarne de l'art.
Heyfelder, M. (1837)" Du Cancer des Poumons.
Arch. gen. Med. (3rd series), 2, 345.



INTRODUCTION
HistoricAL NOTES
J. R BIGNALL

LMOST all the common clinrcal manifestations of intrathoracic cancer were

clearly and accurately desctibed dunng the mneteenth century. It is difficult
to differentiate the intrathoracic tumours reported to the modern pathological
classes; but the account of a case given by Bayle 1n 1810 has been described as
the earhest full record of a patient with a primary lung cancer It has been
referred to many times, the English translation of 1815 1s worth quoting

37th Obserbaton

Union of the Cancerous and Tubercular Phthisis 1n a person remarkably affected
with cancerous diathests.

A labourer, 62 years of age, of a sangmine temperament, was admitted to the
Chanté the 30th June 1805 He had considered humself 1l only during the last
six weeks. His disorder began wath general pains, which obliged him to quit his
work. His chest and epigastrium in particular, were 1n a state of extreme sufferance,
and he had a slight cough accompanied with a white and opake expectoration. For
ten days he had eat nothung, and twice he had vomited spontancously From that
moment the constipation became habitual, and there were sharp transient pains
at the fundament;; the faecal matter resembled goats’ dung . .., The hiver formed an
unequal and large tumour which occupied the epigastrium, and extended even to
the naval. . . . There were three hard, indolent, movable oblong bodies, smaller
and had always a frequent pulse, red face and preity sharp pains in the abdomen,
which did not increase on pressure  There was often vomiting of hquid matter,
yellowish and bilious, The tongue became dry, then brown, and lastly black;
but for the last days 1t was almost clean the cough was become frequent, the
expectoration purulent and pretty coptous the strength dimimished datly. In spste
of the emaciation and extreme feebleness, the face remained tolerably red ull he
expired, the 18th of July, at two 1n the mormng .

Opening of the Bodp

Thorax~The lungs scarcely adhered to the contiguous parts, appeared pretty sound,
but were a lutle obstructed. In cutting them, one found at the root of the lung,
in an estent of nearly four inches long by two broad, a shimng white substance, 1n
the intenior of which were some capillary blood vessels. In compressing this

b which a httle the app e of brain, thick white matter
wssued from it, & good deal Ithe cream  There were some portions of tubercular

3




CARCINOMA OF THE LUNG

+

matter placed here and there in this white and the surrounding p y
tissue.  The tubercular degeneracy, which was of a whitish and opake yellow,
contrasted in a remarkable manner with the cancerous matter, which was of a
shining white. There were smalt tubercles and very small purulent foci in all the
lobes, so that on pressing the lungs, but particularly the left, a little purulent
matter was forced out ...

Abdomen—The hver was very large and quite filled with white bodses suak iato
1ts substance, as large as nuts, walnuts, or even Indian chesnuts, all shining, and of
a milk-white colour. . . . There was found a white schirrus body as large as a nut,
fixed upon the pancreas. . . The mobrle and ovoid bodies placed upon the sides of
the chest, were small brain-like cancerous affections , . .

REMARKS—In this man there was a general cancerous affection, and a tubercular
degeneracy united to cancer 1n the organ of respiration . . .

and Brown,
* * *

In 1838 Dr E. S. Hare, house-surgeon to the Stafford County General
Infirmary, published a case report of a *Tumor Involving Certain Nerves’ in
the London Medical Gazette This describes most of the clinical pattern now
called the Pancoast syndrome, although the primary may not have been a lung
cancer.

Thomas Willetts, aged 40, married, of an unhealthy complexion, was admitted
to the Infirmary, under the care of Dr Kmght, on the 8th of last June He bad
been attacked a month before with pam, tingling and numbness along the course
of the ulnar nerve of the left arm, which was most severe at the elbow, where there
had also been some swelling and redness. There was, besides, pamn through the
left shoulder, extending across the chest to the opposite side, and upwards 1o the
left eye and teeth of that side, also a sense of pulsation 1 different parts of the
body, and sleepless mghts. The tongue was clean, appetite good, no cough, or

mmntemoq sroara all natireal

the left side of the neck, which it -
on the ongms of the nerves going ot
wrist was equal to that of the oth.. . . s o
to be more than an enlarged gland, and the disease was supposed to be of
scrofulous nature,

In addition to the foregoing symptoms, the pupil of the left eye becami
contracted; and the levator palpebrae ceased to perform its office, the gcnemt
arntability increased almost to mama, and the bowels became very torpd. In‘ atl;cll,lE
three weeks after his ad the pams and \pp!
1mcreased, the pulse had become quicker, there were signs of debility, with n“ml‘:‘l‘:cs;
and coldness of the lower extremities; also by this time the tumor of the neck ha

dness.
tensive, and possessed a remarkable degree of har
become more extensive, and possessed 2 reMaraie Gepree »: AL S g
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motion in the lower extremities; and in a day or two afterwards there was complete
retention of urine . . . his strength gradually failed till the 26th of August, when
tnismus came on with paralysis of the muscles of deglutition and expectoration;
and he died from suffocation at four o'clock on the following morning . . .
Post-mortem nspectron— , . the tumor was seen to extend upwards as far as the
origin of the brachial plexus  The carotid artery, 1aternal jugular vein, and pneumo-
gastric nerve, passed into 1ts substance, the first remaning pervious, the two Jast
lost and transformed into the diseased structure, as were also the phrenic nerve,
and further down the sympathetic, with its lowest cervical ganglhon The jugular
vein above the tumor was atrophied, and the pneumo-gastric was oedematous.
The scrrrhous mass extending under the clavicle, the latter was removed, and the
following were its further relations —The subclavian artery and vein passed into
its substance, that portion of the anterior scalenus which separates the artery and
the vein, and nearly the whole of the muscle, being 1ncluded mn the disease, and
undistingwishable. Both the artery and the vein were pervious, but the latter was
filled with a coagulum of 2 deep red colour, The tumor extended inwards as far as
the trachea and artenia innominata, and downwards behund the left vena mnommata
and subclavian and carotid artenies, as far as the aorta, impinging upon st at the
Junction of 1ts arch with the descending portion  The thoracic duct passed mto
and was lost 1n the disease, as also were the recurrent laryngeal nerve, and the
veins accompanying the branches of the subclavian artery,—the branches of that
artery themselves passed through the tumour without bemng converted into its
natuce  The tumor lay upon the brachual plexus, being firmly attached to the
spme at the onigin of the third and fourth nerves of the plexus, both which were
inseparable from 1t the carctnomatous mass extended itself 1 company with
the last cervical and first dorsal nerves between the transverse processes, and into
the mtervertebral foramina as far as to the dura mater, which appeared beginning
to be implicated, but the canal was perfect, and the appearance of the theca of
the medulla not at all altered. There was no appearance of carcinoma in any other
part of the body.

Hare, E. S (1838): ‘Tumor Involyng Certain

Nerves'. Lond. med Gaz., 1, 16

. - .

In A Treatise on the Diagnosis and Treatment of Diseases of the Chest,
published in 1837, William Stokes gave a good descniption of superior vena
caval obstruction. The book was reprinted by the New Sydenham Society 1n
1882,

A man, aged thrty-six, about a year previous to his final admission 1nto the
Meath Hosputal, was attacked with occasional stitches of the night side, followed
by cough, hoarseness, dyspnoea, and scanty mucous expectoration—after some
time a lutle tnged with blood, The face and neck became ocdematous, and the
swelling was observed to be greater on the nght side . . .

« . . He expenenced some difficulty of swallowing, and referred the obstruction
1o the lower part of the throat, . . . The right jugular ven was muck distended, as
were the vewns in the night axila. but this symptom was chiefly remarkable on the
surface of the belly, where tho vens corresponding 1o the situation of the superior
epigastric artery pursued a remarkably tortuous course along each side of the Linea
alba, being turgid and dilated 1o the size of swan quills, ..

5
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{\nother remarkable phenomenon developed itself before the termination of
the disease; whenever he lay down, that instant a loud wheezing was heard in his

chest, bya of 3o« (p. 386).

* * *

Bliched

John Cockle wrote a monograph, On Ir horacic Cancer, p in
1865. Of the pain of cancer he said:

Although pain of most variable seat, character, and degree of intensity, is of
very frequent occurrence during some period of the course of thoracic cancer, 1t
certainly cannot be regarded exther as invanable or characteristic. . . . When present,
1t may occupy some crreumscnbed regton, or extend far and wide . , . It may be
dull, deep, and fixed, unchanged m amount by pressure; or superficial, remsttent,
mtermittent, lancinating, radiating, conjomung with excessive sensibility of the
surface, and much increased by cough or movement (pp. 70-71)

He described laryngeal paralysis as a complication:

The voice . . may be rendered hoarse, and nearly extinct, by congestion and
superficial ulceration, or cracked, or the extinction of voice may exist without any
sign of obstruction in the larynx, and without either stridor or dyspnoea, being
dependent solely on paralysts of the laryngeal muscles consequent on pressure upon
the nerves by the cancerous mass within the chest (pp. 73-74).

Of treatment he wrote:
The ofd once sur d, how little can be said respecting
etther the prognosss or treatment of a disease which, being inevitably fatal, restricts
all interference of art to measures of sumple palliation {p, 103).

And of the manner of dying:

Although 1t 1s beyond our power to predicate the mode of death 1n any given
case of intrath cancer, the foll g may be d among the more
common and mmediate. Asphyxia, chronic or acute, induced either by acute
miliary depostt throughout the tissue of the lung, or from the pressure of tumours
10 the postenior mediastinum upon the main bronchy, or from encroachment on the
lungs by anterior mediastinal tumour, or from pulmonary congestion and oedema,
sudden and extemsive serous or Sero-sanguineous effusion into the pleural or
penicardial sacs, coagulation of blood 1n the pulmonary artery (Walshe), general
disorganisation of the hy of the lung, mducing extensive suppuration arfd
gangrene. In protracted cases, death 1s, 2lso, at tunes, the direct result of asthenia
and exhawstion, or it may occur during slight convulsion. Lastly, death may be
ymmediately caused by haemoptysis, or actual suffocation has occurred from sudden
escape of pus from an excavation in the lower lobe of the left lux}g e (pp. 69—79)
During the closing stage, when the anguish is, at times, of fearful intensity, mprphm.
1n frequent doses, 1s indispensable, wath the direct intention of favouring the

euthanasa (p 104).

* » *

James Risdon Bennett gave the Lumleian Lectures of the Royal College
of Physicians n 1870 on the subject of Cancerous and other Intra-thoracic
Growths, their Natural History and Diagnosis, published in 1872 Bennett was

6
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one of the first physicians of the City of London Hospital for Diseases of the
Chest (now the London Chest Hospital), being appointed in 1849. Among the
case reports of primary lung cancers are the following:

Case 6. Cancer of bronchial glands, right apex, ete.—Eliz. Spall, aged 49, a married
woman . . . of spare habit of body, looking much older than the age she gave
herself, . . . stated that for five or stx months she had suffered from cough and short-
ness of breath, attended with loss of appetite and of flesh, and considerable
debihty . ..

Ten days after admussion, there was a considerable amount of dyspnoea, or
sense of breathlessness, even when quict, . . . Parotysms of extreme orthopnoea
and distress then became frequent, compelling her to retawn the upright posture;
and distinct laryngeal stridor attended the breathung. . . . Stimulants and oplates
gave a certain amount of relief; but she sank, fromext d
by the extreme dyspnoea and incessant paroxysm of cough . . (pp. 65-67)

Case 11, Intra-thoracic cancer, mvolving the bronchial glands, spinal column, etc. .
A. K., aged 23, single, a servant grl, was admutted 1nto the Victoria Park Hospital,
under the care of Dr Risdon Bennett, on the 29th of October 1867. She was a
well-grown girl, rather spare, with brown harr and eyes, . whilst away for her
holiday at Whitsuntide, she had felt very unwell and out of sorts... After a month’s
absence, she returned to town, feeling much better, and went to service. In about
a fortnight, however, she broke down, the catamenta became suppressed; she had
haemoptysis to the extent of three or four ounces, with some cough and expectora-
tion; the latter, however, was but scanty . .

On the 15th November, she complamned, for the first time of pain between
the shoulders, . . . she .. gradually lost power in the lower extremmties, . . .

On the 3rd January, there was observed, for the first time, a projection of the
third lumbar vertebra, . . . On the Sth, for the first time, there was much dyspnoea,
with mucons rhoncin and dusky countenance . . . she did not finally sink ull the
12th of January, when she died apparently from asthema (pp. 122-127).

* - .

Concerning the rarity of lung cancer, Adler, in his monograph on Primary
Malignant Growths of the Lungs and Bronchi, published n 1912, wrote.

« .+ . there 1s nearly complete consensus of opiuon, and that 1s that pnmary
malignant neoplasms of the Iungs are among the rarest forms of discase. Within
the last few decades attempts hase been made to combat this dogma . . (p. 3)
There seems hardly room for doubt that the 1ncrease in the percentage of lung
tumours 1s to be attributed mainly to the increased attention paid to these types of
tumour and the greater care and more extensive mucroscopic investigation with
which autopsies are carned out at present (pp 10-11).. .. It 1s the conviction of
the writer, and he shares hus belief with many others—the mention of whose names
and enticism of whose work need not be entered upon here—that there 1s no absolute
ncrease in the of Nesvertheless, the i f
neoplasms of the tungs seems to show a decided mcrease, It has been stated that
statisueal research in this direction 1s beset wath many difficulties (p. 7).
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of the population, broken down by age and sex, for the whole of England and
Wales; with broader age groupings for the standard regions, conurbations, and
aggtegates of urban and rural areas outside the conurbations The smaller
geographical subdivisions are merely provided with an estimate of the total
population distinguished by sex but without any age breakdown.

Death Registration

By law, all deaths must be notified to the local registrar of births and deaths
withun a short time of their occurrence, The age, sex, address and cause of
death of the deceased are entered on the certificate, thus allowing death to be
classified by sex, age and geographical location  For males and stngle females
the last occupation is also recorded, but for married females the husband's
occupation only 1s stated. For this reason the occupational records relating
to females are almost useless.

‘The cause of death entered on the certificate is affected by various imponder-
able influences. The diagnostic skill of the medical practitioner, current fashions
1 diagnosis, a desite not to offend the patient’s relatives, and the hospital
facilities of the district may influence the entry. In some cases the causes of
death may be multiple, and a priority must be attached to one for classification
purposes.

The classification of disease is n jtself a major problem. and the classifica-
tions nsed have had to be changed from time to time. The one at present in
use s the International Statistical Classification of Diseases, Injuries, and Canses
of Death, Sixth Revision 1948 (World Health Organization 1948).

Each year the Registrar General publishes his Annual Statistical Review
of England and Wales. This contains a return of all deaths, distinguished
by sex and by, at present, 718 disease classes in five-vear age groups; less
detailed tables for the major geographical subdivisions; and a statement of
the number of deaths, distinguished by sex but not by age, for the mnor
geographucal subdivisions.

Indices

A series of indices can be derived from the population and number of
deaths in each year by simple arithmetical methods, and 1t 1s wise to Spem
some time considering the nature of the statement made by each, so that the
appropriate one may be used in answering any particular qpestmn. This Is
not really such a simple matter as 1t sounds, and medical writings abound in
confusion caused by neglecting this elementary precaution The jndices that
we may meet (m this book are discussed in Appendix I (p. 270).

Some of these indices, notably the crude death rate and the grov|
age-standardized summarizing indices that meludes the age-standardized death
rate, the standardized mortality ratio (S M.R.) and the comparative x{lorta.hty
index (C.M.L) are extremely misleading when one is considering the biological

nature of 2 disease. (The reason for this is discussed in Appendix I (p. 274))
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METHODS AND MATERIALS

Because of this I have avoided the use of summarizing indices as far as
possible. In subsequent chapters, where other authors have perforce to use
such indices, it is wise to consider what aspect of the raw data they emphasize.

Cohort Analysis

Since the age-specific disease-specific death rates can be caleulated for
England and Wales 1n fairly small age groups (five-year} from information
published yearly, the varsation of the mtensity of the attack of killing diseases
at &ifferent ages can be mapped faiely accurately. The rates for cancer of the
lungs are shown 1n Tables 1 and IL. Each vertical column of rates, distinguished
by a date, is called a ‘contemporary array of age-specific death rates’. Contem-
porary 1s used in the sense of referning to the same date, not n the sense of
referning to the present time

TasLe I

Ce iporary Arrays of Age-specific Death Rates for Cancer of the Lungs.
England and Wales  1911~55. Males.

The data are arranged 1 a form suitable for cohort analysts.
(From Case and Pearson 1956.)

Age (ears) 1911-15 1916-20 1921-35 1926-30 1931-35 193640 1941-45 1946-50 195155
0. 0000 0000 0001 0001
- 0000 *0000 *0000 0000
10~ *0001 =000l *0001 0000
15~ /%0002 *00O2 *0002 o002
b *0003 0003 *0003 007
8- %0005 °0004 0005 0013
30-  +0007 0006 0008 0033
35. ooll ool 0018 098
0017 0015 0027 0248
45- 0030 0025 0579
50- 0036 0 0 1224
83~ 0062 0055 0087 003
0070 0076 0101 2553
65— 0076 0036 0113 29%
0 069 0071 009 2634
75~ 0052 0052 0086 3.06¢
£0- G021 004 0050 1416
B3+ 0035 0003 0031 s01
0+ 0025 0012 0015 1218
Allzges 0015 0015 00X 0042 0095 0161 OS5 0400 06l

Age-epeaific death rates per thousand hving per year.
Based on figures Including non-critans
*interpolated fates.

13



CARCINOMA OF THE LUNG
TasLE II

Contemporary Arrays of Age-specific Death Rates for Cancer of the Lungs.
England and Wales. 1911-55. Females,

The data are arranged in a form swuitable for cohort analysis.
(From Case and Pearson 1956.)

Age (yem)|19n-1s{191s_zol1921-25 1926-30 | 1931-35 | 193640 | 194145 | 1946-50 | 1951-55

[ 0000 | 0000 0000| 0000| 0OOI 0000 | 0001 | 0000
5- '0000"0000J'0000 *0000 | *00C0 | *0000 | *0000 [ *0000 | 0000

*0000 | #0001 | *0001 | *0001 | *0001 | *0001 | 0000
*0001 | *0001 | *000t | *0001 | *0001 | ¢0001 | 0000

15— *0001 [ *0001

20— #0001 | #0001 , *0001 | *0001 | *0002 | *0003 | *0002 | *0003 | 0003
25— *0002 *0002 *0002 | *0002 | *0004 | *0005 | *0006 | *0 0005
30- *0003 , #0003 *0003 ! *0003 | *0007 | *0008 | *0011 | *0012 | Q0I5
35~ | 0 } 0004! 0009 | 0013 0016 ( 002 0024 [ 0027
40- oon 0010 0012!) 0016 0025! 0032 D036! O 0051
45— 0020 [ oot4 021 0023 | podl 004 0057 | 0073 ] 0087
50— 0027 0022, 0026 0032| 0055 0078 09. 0117} 0137
55 031 34 0034 0058 | 0078 | 0107 0124 0165 ) 0203
60— 0039 | 0036 ‘ 0050 | 0061 0118 | 0153 | 0170 | 0221 | 0281
65— 046 34 | 0050 | 0069 | 0132| 0179 | 0201] 0302 0349
70~ 0054 0038 00501 0074 0117 0192 0226 0316, 0383
75— 0040 | 0029 | 0039 0073 0121 0184 | 0205| 0309 0425
80- 0017 " 0031 0020 0049 | 0095| 0152 0172| 0280 0391
85+ 0023 ‘ 0063 0040 | 0066 | 0090 | 0143 | 0196 | 0307

ool 0016“ 0030’ 0044‘ 0054’ 0077' 00%

Age-specific death rates per thousand living per year,
Based on figures including non-civilians.
*=mnterpolated rates,

If the groupings of ages and of dates are chosen in such a way that each
age-specific death rate 15 a mean value for an age-date group that pas equal
sides (r.e., 1 X 1 year, 5x 5 years, 10X 10 years), then a sertes of rates is formed

that enables us fo follow the threat of death from various causes that has hung
- e v Al A e 4n Aiffaren-

FRTTVITOR P

mportant posthumous paper mn 1939, though used earlier by Cherry (1925)
amongst others, can give a useful picture of how a contemporary array 0
age-specific death rates for 2 population in a partrcular calendar year is built
up Although we have not sufficient data relating to the past to use cohort
analysis for making detailed internattonal compansons.of mortality, the contem-
porary arrays of age-specific mortality data shown in Tables IV and V cant
more readily be comprehended if we make use of the insight into their origin

that cohort analysis can gtve.
14



METHODS AND MATERIALS

For this reason the fundamenml principles of cohort analysis as a back-
ground to the und of y arrays of age-specific death rates
are discussed in Appendix I (pp. 272-274).

The foregoing remarks are general 1n character, and can refer to mortality
rates for any disease, When we come to consider cancer of the lungs we know
that environmental influences are important in producing the disease, and we
know that in the environmentally induced form of the disease there is a long
latent period between the t ing of the application of the stimulus and the
occurrence of the disease, The average latent period may be between fifteen
and twenty years (see Chapter V, p. 58). These circumstances make it of
special importance that we consider the contemporary age-specific death rates
in the light of the historical approach of cohort analysis, because changes of
environment that took place many years ago may only now be exerting their
effect,




CHAPTER II

MORTALITY FROM CANCER OF THE LUNGS
IN ENGLAND AND WALES

R.A.M Case

MORTALITY IN ENGLAND AND WALES AS A WHOLE

Numbers of Deaths from Cancer of the Lungs in England and Wales

D URING the last calendar year for which the final figures have been published
(1956) 15,615 males and 2,571 females were certified as dying of cancer
of the lungs. In these cases the disease was either certified as being of prumary
origm (11,409 males and 1,878 females) or 1t was not stated whether the disease
was primary or secondary (4,206 males and 693 females). The figures take no
account of cases where a pulmonary neoplasm was certified as being of secondary
ongin  (Regstrar General, 1957.)

Cohort Analysis of Death Rates from Cancer of the Lungs in England and Wales

The age-specific death rates for cancer of the lungs in England and Wales
since 1911 are shown mn Tables I and IT (Chapter I, pp. 13-14). The data are
arranged in five-year age groups and five-year date groups (Case and Pearson,
1956 ) These Tables provide sufficient data to enable us to use the method of
cohort analysis mentioned and described in Appendix I (pp 272-274) to show
how the present age-specific death rate pattern has evolved.

Frgure 1 shows the situation in a sunphfied form. Four cohorts, formed
by quinary-quinquenmal grouping as described by Case (1936a), are used for
the analysis. The people in these cohorts were born around the central years
1871, 1881, 1891 and 1901 and they are chosen because:—(1) The 1871 cohort
attaned the 80-84 age group in 1951-55 and thus became statistically extinct,
passing mnto the mdetermmate age group called 85 and over, for which 1o
meamngful death rate can be computed (2) A pertod of ten years between each
cohort 18 convenient because 1t does not vbsoure the picture With 100 mUC
detayl, as the consistent use of a five-year mterval would do. (3) The age group
50-54 15 about the lowest at which analysis of the trend is profitable, z‘md this
is the age group attamed by the 1901 cohort in the last quinquennium for
which we have data (1951-55). (The cohort hnes i the picture drawn i this

T4 etaleen idieea sha 4ops of each series of chequered panels
ttemporary age-specific death rates at
ndix I (p. 273).)

We can now sce that for both males and females the death rate for cancet

of the lungs is initially very low but nises throughout the life span.

16



MORTALITY FROM CANCER OF THE LUNGS IN ENGLAND AND WALES

COHORT BORN AROUND
187t 1881 1891 1901
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Cohort analysis ofage-speac death rate for cuncer of the lunss, England and Woles 191155,
Males and females shown scparately. (After Casc 19565 )

INTIRPRETATION OF THE Dratiit RATES

The Age-cffect in Cohort Data—The change of the death rate with the advancing
age of the members of the cohorts (as 1n Figure 1) 1s due to a vanety of causes,
1t may in part be due to an effect mseparable from the individual's age as such
(nature), and it may in part be due to environmental factors to which the
wdividual has been subjected during hus Wfetime (nurture). The environmental
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CARCINOMA OF THE LUNG

of any age group are by definition not the same set of individuals, nor th
survivors of the same set of individuals as the members of any other age groy
The age-specific death rates of any two age groups in the contemporary arra
cannot therefore be construed as referring to one individual's chances of dyi
1n a stated time, but each must refer to a different individual’s chance of dying
Furthermore, the different individuals must have lived through a partiall
different set of years and as a consequence may have been exposed to differen
environmental factors.

The apparent ‘cancer age’ effect shown by Figure 2 1s mn fact only on
wstance of a phenomenon that will always accur when the secular change ang
the age-effect reach a certain cnutical relationship. The nature of this relationshi
1s discussed 1n Appendix I on page 281.

Sex Difference in Cohort Death Rates for Cancer of the Lungs
in England and Wales
, - I e e . ~a, . 1 Faant,

of secular change for the females lags behind the male trend by some 20 years
The magnitude of the female rates is much less than that of the males. The
sex difference shown 1s much higher than that found for other sites of cancer
that are common to both sexes (Case 19565). (Breast cancer might be regarded
as an exception to thus, but the male breast 1s vestigial and comparison at this
site 1s unyustified }

Whlst 1t 15 2 common finding that males suffer a higher mortalty than
females from most diseases from which they both may suffer, this does not
necessanly imply that such a difference 1s an mherent one In most societies
the sexes occupy different positions 1 the social structure, so that one sex
may be subjected to influences which may be different in magnitude in, 0t
wholly absent from, the environment of the other.

Factors that might Affect Recorded Death Rates from Cancer of the Lungs
in England and Wales

In considering the mortality data it must always be borne in mind that the
rates shown are based on recorded death rates. As such they will be jnfluenced
by many changing factors, which are , accuracy of
chagnosss, efficiency of treatment and changing social habits. Thec?rencally at
least, a varymg genetical pattern of the population must be considered as 4

source of change, though methods of measuring ths have not yet beex: dﬁ\;l;:gc
R S emeian 4La eBiance af A

ement

death
rate from cancer of the lungs 1n this and other countrtes juust, Luwe€l, be
discussed because of the long and largely profitless controversy that has been
raging.
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MORTALITY FROM CANCER OF THE LUNGS IN ENGLAND AND WALES
The Influence of Improved Diagnosis on the Recorded Death Rates

There has been an undoubted i in ision of di is of
cancer of the lungs during the fast halr-ccmury, and there can be few who
would claim that the effect of this imp can be d with

There are, however, some instances where calculations meant only to explore
possible limits of error have inadvertently lent a spurious air of mathematical
respectability to wild surmise

Some recent authors (e.g., Gilllam 1956; Registrar General 1957) have
consxd:rcd what groups of diseases might contan the cases of lung cancer that

were d and have luded that the general classification ‘Other
Respiratory Diseases’ has been the usual resxduary ]ega!ec The diseases
included in this category are resp lun;

abscess, pulmonary fibrosis, pleurisy with cﬂ‘usmn chrontc bronchitis, broncho-
preumonia and pneumorua, They propose that a certain proportion of this
class Olhcr Resmmtory Dlscns:s nt a da!e nround 1911-20, should be con-

e B JE— Lo

concluston (p. 136):—

“In this age-group 1n 1911-20 the average annual death rate among men from
the man group of respiratory discases other than cancer of the lung was 6,511 per
million I the death rate from lung cancer had been the same in this decade as it
was 1 1955 the number of wrongly certified deaths would have been 2,475 per
million, and if all these had been wrongly attributed to the “other respiratory group’
1t would imply mus-diagnosis in 38 per cent, a proportion that st 1s difficult to accept
If, however, anly 10 per cent of the other respratory group were wrongly diagnosed
and certified, the 1911-20 rate of 64 per million would become 715 per million and
the lung cancer 1n this age-group would hase increased 3 6 umes instead of 40
times.’ (te between 191120 and 1955)

Gilliam (1956), who had used similar arguments, had suggested that a
2 per cent error 1n the diagnosis of *‘Other Respiratory Discases” in Amenca
would reduce the apparent increase of lung cancer mortality of males in that
country, recorded as being twenty-sit-fold over the penod 1914 to 1950, to
fourfold.

Inmy nmmon this appmach uses a kind of inverted logic. It does not seem
a very to the number of nusdiagnosed cases of
lung cancer by mcasunng the number of diagrosed cases of a very large group of
other discases and thenallotung a fixed proportion of that number to lung cancer.

The question we wish to answer 1s: “What proportion of the deaths that
were in fact due to lung cancer were attributed to that cause” As we have scen,
the Rtpstmr Gcnemls (1957) slalcmcm abom the 55—64 ):ar—old group of

wantac an 101

*‘Other Rcsplmlory Dnseascs shm\s a dx:\gnosuc cnor ol‘ only 10 per ccm n
relation to the wrongful inclusion of lung cancer,
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CARCINOMA OF THE LUNG

We can, however, legitimately express the same figures in another way,
and say that these two rates mean that in 191120 only one out of about twelve
true lung cancer deaths were certified as such, a diagnostic error of about 92
per cent in relation to the wrongful exclusion of lung cancer.

If for the moment we accept as plausible the statement that in 1911-20
92 per cent of true lung cancer cases at age 55-64 were not diagnosed termunally
as such, and assume the error at the present time to be nearly negligible, we are
Teft with a rather less than fourfold (36 times) increase of the true age-specific
death rate from lung cancer instead of the recorded increase of fortyfold. If we
now go on to constder the case of males aged 20-24, we must first decade
whether we think that it was more or less easy in 1911-20 to make a correct
terminal dragnosis of lung cancer than it is now, and whether the present day
error at this age 1s neglgible or 1s large.

‘We have seen that an improvement 1n terminal diagnosis from a 92 per cent
error to 2 negligible error at age 55-64 would account for an apparent twelvefold
ise 1n the rate between 1911-20 and 1955. (This figure is the difference betwe;n
the nise of 3'6 times suggested by the Registrar General and the recorded rise
of 40 tumes over the period 1911-20 to 1955) The recorded rise at age 20-24
over the same period 15 only just over twofold. To accommodate this fact,
we must approach one of two extremes. One 1s to say that the terminal diagnosis
at age 20-24 1 1911-20 was of a very hugh standard, one case out of every two
being correctly diagnosed, nstead of one out of twelve as at age 55-64, fmd
that at present the error 1s neghigible The other 1s to say that at present terml{ﬂ]
dragnosts at age 20-24 is extremely poor, only one case out of about six being
correctly diagnosed, whereas at age 55-64 the error is negligible; and that 1n
1911-1920 at age 20-24, as at age 55-64, only one out of about twelve
cases was correctly terminally diagnosed. It 1s relevant to recall that m the
last decade or so much attention has been paid to the examnation of the
chests of young adults, by radiographic and other methods, as part of the
campaign against tuberculosis

The Regstrar General recogmized that the methods he had apphed to
males aged 55-64 would produce highly implausible results if applied to females,
but surmounted the difficulty by saying (p 138):—

“In addition, there are numerous arguments both for and against the ‘hypothests
that any dizgnostic error should be of the same magnitude 1n both sexes.” .
Broadly speaking, any claims that a considerable proportion of q;: rise it
recorded death rates from lung cancer in the last fifty years is due to improve!
diagnosis must be based on an hypothesis or on hypotheses that can
accommodate the following observations:— .
(1) There are wide vanations n the increase in the recorded age—speclﬁc
death rates for both males and females, At age 20-24 the mcrease ﬁ‘Oﬂf
1911-15 to 195155 is between twofold and threefold for both sexelsd,
at age 55-64 1t 1s about thirty-four-fold for males and about sevenfo!
for females. X . dat
(2) There are wide vanations in the sex-ratios at different ages an
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MORTALITY FROM CANCER OF THE LUNGS IN ENGLAND AND WALES
different dates. At present (1951~55) at age 20-24 the male/female
ratio is 23 to 1; at age §5-64 itis 9-4 to 1. Tn 1911-15 these ratios were
30101 and 19 to 1 respectively.

By ‘a considerable proportion of the rise in the recorded death rate’ [ mean
a proportion that would with propriety absolve medical men from the obligation

of hing for relatively recent and wid d causes of what has elsewhere
been described by Doll (1954) as a pandemuc.
Whether or not a deration of all the of the changes

the practice of clirical medicine, of the use of ancllary diagnostic techmques,
and of the circumstances that lead to or prevent people of different sexes or
ages seching medical examination could plausibly explain these abservations is
outside the scope of this chapter.
Equally, any hypothesis, or set of hypotheses, that purports to bink some
ically, therapeutically or envi Mty changed with the
recorded increase must also be able to accommodate the same observations.

Discussion of the Secular Trend of Death Rates from Lung Cancer
in England and Wales

Judged by cohort analysis, the secular trend of a rising rate is a fairly rare
featuce of cancer martality t England and Wales. The only other sites (amongst
those defined by the Registrar General in 1913) that show a nsing rate are:
1n both sexes, kidneys and adrenals, pancreas, leukaemia and Hodgkin’s discase;
i the male, unmary bladder; and in the female, ovaries and Fallopian tubes
(Case 19566.)

Figures 3 and 4 have been drawn to put the death rates for cancer of the
fungs nto perspective  They show the cohort picture for all causes of death,
for cancer of all sites, and indicate the contnbution of cancer of the lungs and
of some other groups of sites  In order to make some features of the mortality
pattern of the fater ~~bo=ts e = oo e T e 0 T
altered for each cohe . . -
the picture fimishes - . v LR
cohort or cohorts at the relevant age has been included mn each picture

The suuation revealed by these fipures may be desenibed (Case 19566) m
the following way In all the cohorts the male general mortahty, age for age,
always exceeds the female general mortality, and the male cancer mortahity
evceeds the female cancer martality at all ages above 55, The general mostalny
15 deereasing at all apes shown for females, and at all ages under 60 for males.
The male 1891 cohort has an unfavourable mortality at age 60-63 compared
m‘:lh the 1881 cohort, though still favourable when compared with the 1871
cohort

The cancer Ity for males i n cach cohort, whilst
that for females decreases. The most dramatic feature of the cancer mortality
when broken down into the large subdivisions 1s the increase in mortality from
cancer of the lungs in males. In the 1871 cohort cancer of the lungs was never
a major iem n the balance sheel. In the 1901 cohort at the age of 50-54,
cancer of the lungs accounts for about half of the total cancer mortahity rate
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CARCINOMA OF THE LUNG

and for about one-eighth of the total mortality rate. In the female the rate for
cancer of the lungs, though i g, has not yet d major importance.
The mortality rate from all forms of cancer other than cancer of the Iungs
shows a progressive decrease in each succeeding cohort in both sexes, but 2
form of presentation which uses grouped sites does not throw much light on
how this comes about.

The increase i the male mortality from cancer of the lungs from the 1881
cohort to the 1891 cohort at the age of 60-64 is in itself sufficiently great to
account for the increase in general mortahty already discussed at that age.
Thus 15 not to say that 1t 1s 1n fact solely responsible for this increase

Figures 5 and 6 have been drawn to emphasize how the recorded increase
of male death rates from cancer of the lungs has contributed to the widespread
notion that there has been a recent great mcrease m the death rate from cancer
at all sites.

Figure 5, cancer at all sites, shows that the male cancer mortality rates for
each successive cohort exceed those for the preceding cohort; at age 50-54,
the most advanced age at which all four cohorts are depicted, the mortality
rate of the 1901 cohort 1s 122 per cent of that of the 1871 cohort at the same age.
The female cancer mortality rates have decreased in each successive cohort;
the mortahity rate of the 1901 cohort at age 50-54 1s only 82 per cent of that
of the 1871 cohort at that age

Figure 6 shows the mortality rates for cancer at all sites except the lung.
In both males and females there 1s now a progressive diminution in the rate
for each successive cohort, the male rate for the 1901 cohort at age 50-54
being 68 per cent of that for the 1871 cohort at that age, and the female rate
for the 1901 cohort 78 per cent of that of the 1871 cohort

The justification for analysing the cancer death rates with and without the

contribution due to the mortality ascribed to cancer of the lung lies in the
division of contemporary thought about the recorded increase of the mortaht_y
from lung cancer. One school, as we have seen, maintains that the increase is
almost entirely spurious, being the result of improved diagnosts. If this is true,
since it would seem that most of the misdiagnosed cases would previously have
been allocated to some disease category other than cancer, a progressively
larger amount must be added to the total cancer mortality rate of each cohort
as the date of birth grows more remote. The final picture will then show a
progressively dimmnishing cancer mortality, as in the female The other school,
whilst not denying that diagnostic changes have taken place, asserts that 2
considerable part of the mcrease is due to environmental influences under
human control. If this view 1s correct, the remedy lies in removing these
influences. The interest in cancer mortality will then be transferred to }he
residual sites of cancer, where as yet we cannot make any confident assertion
about the causation of any large fraction of the mortahty experience.

VARIATIONS OF MORTALITY WITHIN ENGLAND AND WALES

The figures that we have considered are the national rates Within any
community, however, there are factors at work which may prevent an even
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and for about one-eighth of the total mortality rate. In the female the rate for
cancer of the lungs, though increasing, has not yet assumed major importance.
The mortality rate from all forms of cancer other than cancer of the lungs
shows a progressive decrease in each succeeding cohort in both sexes, but a
form of presentation which uses grouped sites does not throw much light on
how this comes about.

The increase in the male mortality from cancer of the lungs from the 1881
cohort to the 1891 cohort at the age of 60-64 is 1n itself sufficiently great to
account for the increase in general mortality already discussed at that age.
This 15 not to say that 1t 1s 1n fact solely responsible for this increase.

Figures 5 and 6 have been drawn to emphasize how the recorded increase
of male death rates from cancer of the lungs has contributed to the widespread
notion that there has been a recent great increase in the death rate from cancer
at all sites

Frgure 5, cancer at all sites, shows that the male cancer mortality rates for
each successive cohort exceed those for the preceding cohort; at age 50-54,
the most advanced age at which all four cohorts are depicted, the mortality
rate of the 1901 cohort 1s 122 per cent of that of the 1871 cohort at the same age
The female cancer mortality rates have decreased in each successive cohort;
the mortality rate of the 1901 cohort at age 50-54 is only 82 per cent of that
of the 1871 cohort at that age

Figure 6 shows the mortality rates for cancer at all sites except the Jung.
In both males and females there 15 now a progressive diminution in the rate
for each successive cohort, the male rate for the 1901 cohort at age 50-54
beng 68 per cent of that for the 1871 cohort at that age, and the female rate
for the 1901 cohort 78 per cent of that of the 1871 cohort.

The yustification for analysing the cancer death rates with and without the
contribution due to the mortality aseribed to cancer of the lung hes mn the
division of contemporary thought about the recorded increase of the mortality
from lung cancer. One school, as we have seen, maintains that the increase is
almost entirely spurious, being the result of improved diagnosis If this 1s true,
stnce 1t would seem that most of the misd d cases would previously have
been allocated to some disease category other than cancer, 2 progressively
larger amount must be added to the total cancer mortality rate of each cohort
as the date of birth grows more remote The final picture will then show 2
progressively dimimishing cancer mortality, as in the female. The other school,
whlst not denying that diagnostic changes have taken place, asserts that 2
considerable part of the increase is due to environmental nfluences under
human control. If this view 1s correct, the remedy lies in removing these

mfluences The interest in cancer mortality will then be transferred to }hf:
residual sites of cancer, where as yet we cannot make any confident assertion
about the causation of any large fraction of the mortahity experience.

VARIATIONS OF MORTALITY WITHIN ENGLAND AND WALES

The figures that we have considered are the national rates. Within any
community, however, there are factors at work which may prevent an even
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General 1954 p. 1) 1 Part 1 of the D ial Suppl The g

not entirely satisfactory as an index of economic eﬂ”ects since it is based on the
social status of occupational groups, and may in 1nd1v1dual cases have little
relevance to income.

In two studies (Registrar General 1927 p. xxiii, 1938 p. 44) of the inform-
ation gathered at the Census of 1921 and that of 1931, ‘the evidence for an
association between cancer of the lung and social class was somewhat
equivocal . . .’ (Logan 1954).

A prelimimary report (Registrar General 1954 p. 11-23) on the 1951 Census
reveals a fairly definite trend of r1sing death rates from cancer of the lungs from
Social Class I (richest) to Soctal Class V (poorest) for males aged 20-64. The
standardized mortality ratios range from 80 (S.C.I) to 116 (S.C. V).

The death rates for males over 60 and for married women do not show this
trend. Single women are not discussed.

Occupational Effects
These are discussed ¢lsewhere (Chapter V),

Geographical Effects
Urban-Rural Effects

Many forms of cancer show an increased mortality in urban districts as
compared with rural ones. Stocks (1937) points out that ‘this is not due, as is
sometimes stated, to the fact that many cancer patients resident in country
districts die 1n town hosputals, since each death is transferred to and counted
1n the place of restdence of the deceased except in the case of a small number who
had no fixed abode. The differences between urban and rural death rates from
cancer must be attributed, therefore, to other factors,” Cancer of the lung is one
of the forms of cancer the death rate for which tends to be higher in urban
areas than 1n rural ones. This phenomenon first attracted the official notice
of the Registrar General (1940) around 1937, and the topic has been dlscusscd
by him m many of the later volumes of the Statistical Review. Table III is
modified from the 1955 (Registrar General 1957) commentary volume and shows
the variation 1 death rates that is currently found.

Stocks and Campbell (1955) undertook a detailed investigation into the
effect of certain atmospheric pollutams which they showed to be present in
ncreasing quantities with increasing urbanization, on lung cancer death rates
of cigarette smokers cl d by tobacco ion. They found that the
rural-urban differentiation was always apparent amongst each of the vanous
classes of cigarette smokers. This paper 1s discussed more fully in Chapter vil.

Local Effects

Table IIT shows that it 1s not the degree of urbanization alone that deter-
mines the magnitude of the death rate, for equally urbanized communities in
different parts of the country have different rates.
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Regional Varmnan w Stondardized Mortality Rates for Concer of the Lungs,
1950-54. (From Registrar General 1957 p. 149.)
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“The only explanations of the above results (i.e., the negative correlation of
lung cancer mortality and sunshine) which seem adequate are that either
smokiness of the atmosphere is an important factor in producing cancer of
the lung, or sunshine 1s an important factor in preventing its incidence’
(Bracketed portion inserted }

In fact, since a variety of man-made environmental factors can influence
lung cancer mortalty, the local vanations that have been discussed above may
have been caused 1n part at least by the quahty of local commumty Iife and
practice rather than be the effects of factors inherent in the geographical
situation of the areas considered.

Personal Habits

‘The proposition that the smoking of tobacco is part of a causal nexus 1
the aetiology of a considerable proportion of cancer of the tungs is examined
cntically elsewhere 1n this book (Chapter VI).

MORBIDITY SURVEYS (ENGLAND AND WALES)

So far we have limited our discussion to death rates. In the future it is
hoped that a considerable mcrease of our knowledge of cancer will acerue
from studies of morbidity and prevalence.

At present, although cancer registration schemes, either at the national or
regional level, are being enthusiastically pressed, we have not achieved 2
sufficiently complete system of recording cases of cancer to allow morbidity
ates to be calculated with anything like the precision of mortality rates. For
this reason morbidity data have been excluded as a topic for discussion m the
foregoing.

This does not imply that the data already collected are not extremely
valuable 10 other types of statistical studies, such as assessment of treatment,
which are outside the scope of this discussion.

CONCLUSIONS

Cohort analysis of the ung cancer mortality in England and Wales as 2
whole has shown that for both males and females the death rate is very lo¥
until the third and fourth decades, but thereafter 1t nises throughout the re-
mainder of the hife span, In addition to this change with age, there is a secular
1ncrease of rate which 1s much more pronounced for the males than for the
females  Part of thus secular change, how much cannot be determmed, is due 0
improvements in diagnosis It seems hughly probable that after allowing for ths(
diagnostic change there is a marked true rise in rate, more apparent amongs
males than amongst females. An explanation of this true rise must probably
be sought 1n changes of habit, environment and racial genetic characlensnc;
that have occurred during the last half-century, Other fluctuations of deatl
rates are found These mnclude seasonal vartation, a social class gradsent
amongst males under sixty-five, an urban-rural differentiation, and 2 geographi-
cal variatton within England and Wales.
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TaBLE IV

Contemporary Arrays of Age-specific Death Rates for Cancer of the Respiratory
System (LS.C. Nos. 160-165) for 21 Selected Countries. 1951-53. Males.
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Taste V

Contemporary Arsays of Age-specific Death Rates for Cancer of the Respiratary
System (1 S.C. Nos. 160-165) for 2t Selected Counrries. 1951~53. Females,
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CHAPTER 1V

INTRODUCTION
Ricrarp DoLL

T must be admitted that the ‘cause’ 1s not yet known for any type of cancer,
1f by *cause’ 1s meant that which 1s always and unconditionally followed by
the of the corresponding effect But, from a practical pomnt of
view, 1t is not helpful to limut the use of the term to this sense, since 1t 1s not
necessary to have so complete a knowledge before a disease can be prevented
Tt 15 generally more useful to regard the causation of a disease as the sum of
all those processes which under suitable conditions will lead to 1ts occurrence
It may be possible perhaps to interrupt these processes at several stages and it
has sometimes been found that a disease can be effectively prevented through
knowledge of one or other of them before knowledge 15 obtained of the nature
of the final cause The exact physical and chemical changes which 1nduce a
cell 1n the bronchial mucosa to become malignant are not known; but, 1n the
course of the last erghty years, much has been learnt of the conditions under
which these changes are most frequently brought about and it js these conditions
which may usefully be regarded as the causes of lung cancer
The search for causes has been facilitated by the striking differences in
the mortality from lung carcer which have been recorded at different times,
1n different parts of the world and between men and women In England and
Wales the crude death rate from the disease has increased nearly 50 tunes
1n the last 50 years and 1t has been shown in Chapter II that much of this
nise (though not ali) 1s likely to have been due to a real increase 1n incidence.
Both sexes have been affected, but the rates of ncrease have been unequal
and the ratio between the death rates in men and in women has increased
from approximately 1} to I at the beginning of the century to nearly 7 to 1
in 1955 In other countries stmilar changes have taken place, but the extent
of the increase has been less marked and, except in Finland and Austna,
the mortality has nowhere reached much more than half that recorded in
Britain., Substantial differences have, moreover, been recorded between different
regions within a country and, wherever data have been obtained, it has invariably
been found that the mortahty 1s greater n the large towns than n rural areas.
These facts have directed attention to the possibility that environmental factors
might be responsible for the production of much of the disease and-—in par-
ticular—to the possible roles of industrial hazards, atmosphenic pollution and
the smoking of tobacco,

SiGNIFIcANCE oF Historogical TYPe

_Not all types of lung cancer arc necessarily equally related to the same
cnvironmental factors. The sex ratio, for example, varies with the different
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We are constantly deluded by language. We say a person

dies of cancer; . . . The truth must be that a person dies

of the causes of cancer; and the cancer is not the cause,
but the mode of dying.

Lambe, Willam (1815). Additional Reports on
the Effects of a Peculiar Regimen in cases of
Cancer, Scrofula, Consumption, Asthma and
other Chronic Diseases, p. 411. London.
Prmted for J. Mawman, 39 Ludgate Street.



CHAPTER V

SPECIFIC INDUSTRIAL CAUSES
RICHARD DoLrL

HE classical method which led to the discovery of a specific cause of cancer

was the observation that a high 1ncidence of one type of cancer occurred
among men employed 1n a particular occupation. This method of study has
been very fruitful in the case of cancer of the lung; five industnes have already
been shown to carry exceptional fisks of the disease and several others are
under suspicion,

RADIOACTIVE ORES

The first industry to be implicated was nuning in the mountaimns of Saxony
and Bohemia  For at least 500 years the miners of Schneeberg and Jachymov
were victums of a chronic pulmonary disease which 15 believed to have been
the cause of between 44 and 75 per cent of all their deaths. The disease was
first recognised to be primary cancer of the lung nearly 80 years ago by Harting
and Hesse (1879) and since then, according to Hueper (1956), 625 cases have
been reported. Nearly 90 per cent of all tumours among the miners arose
from the broncht and 1 1939 Peller estimated that the mners of Jachymov
were nearly 30 times as Lable to develop the disease as adult men 1n Vienna;
both Peller’s and SikI's (1950) data suggest that the mortahty from lung cancer
among them was approxumately ! per cent a year. As i nearly all types of
mdustrial cancer, the ume between first exposure and the appearance of the
discase was long  Sikl (1950) found that the average induction time was 17
yearsand that no cases appeared with less than 13 years’exposure Histologically
the tumours were almost nvarably oat-cell or und: iated
{Schmorl 1928; Hueper 1942; Sikl 1950).

In the course of Iustory the mines have been worked for many different
matenals—for silver, nickel, cobalt, bismuth and arsentc, for radium and finally
for uranmium, It was the ore from Jachymov which provided the materal from
which the Cunes, 1n 1898, 1solated radwum chlonde and it was the high content
of radio-activity which, until recently, distinguished these mines from all others.
The suggestion that radioactivity might be the cause of the disease first appeared
in the medical hterature 1n 1921 when Margarete Uhlig, herself a native of
Schneeberg, wrote that she had scen it made, 1 an article *by a layman®,
The mean concentration of radon n the air of the mnes was certanly high
According to Evans (1950) 1t was equnvalent to an activty of 3x 10-* cunes
per itre and other estimates have set the average 10 times higher (Mitchell
1945) Lvans calculated that an activity of 3x 10-° curies per litre would have
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histological types and the proportions belonging to each type vary with age,
Kreyberg (1956) has studied Norwegian material in great detail from this poiat
of view and has found that the male preponderance 1s confined to cases of
squamous, large cell and small cell carcinoma (corresponding in general to the
sum of the squamous, oat cell and anaplastic tumours described by Brtish
pathologists). These tumours also had a characteristic age distribution with a
maximum inctdence in the fifth and sixth decades and have been responsible for
the greater part of the recorded increase in male mortality;* the patients have,
moreover, come predominantly from the towns. Kreyberg concluded that these
types of tumour were histological variants of an oncological entity and that the
majority of the cases were brought about by new environmental factors to
which men resident in towns were principally exposed.

The remainmg primary epithelial lung tumours formed a more hetero-
geneous group. All showed an equal sex ratio and, as a group, all occurred
in patients who came equally from all parts of the country. The adeno-

carcinomas, however, occurred with i freq with ing years,
while the adenomas and salivary gland tumours occurred equally at all ages
and the t hiolar cell i were too for any ¢} istic

age dstribution to be recognised There 15, 1n Kreyberg's view, no reason to
suppose that any of these histological types have mcreased in incidence. It may
be that some (for example, the adenomas and salivary gland tumours) are of
developmental ongin. Others may, perhaps, be related to environmental
factors; but, if so, the factors are likely to be entirely different from .thosc
responsible for the more common squamous, oat-cell and anaplastic variettes

The mcidence of lung cancer in Norway1s lower than in most other countries
for which the mcidence may be estimated with reasonable accuracy (see Tablf: v
of Chapter ITT) and 1t does not necessanly follow that Kreyberg’s conclusions
are invariably applicable In a survey of data from 8 countries, however,
Ringertz (1955) found that the mortality from adenocarcinoma of the Jung
appeared to be about equal in both sexes and, although other daga have not
been studied 1 the same detaill, the trend of the observations is generally
similar (for example, Lickimt 1953). Kreyberg's conclusions may, therefore, be
regarded as providing useful working hypotheses.

type of tumouty

“ ? ther
* This shonld not be regarded as implying a specific ‘cancer age’ for this or any of e opendn |

the significance of the vanation 1 mcidence with age 15 discussed fully m Chapter It



CHAPTER V

SPECIFIC INDUSTRIAL CAUSES
Ricrarp Dorr

'HE classical method which led to the discovery of a specific cause of cancer

was the obscrvation that a high tncidence of one type of cancer occurred
among men employed m a particular occupatton  This method of study has
been very frmtful m the case of cancer of the lung, five industnies have already
been shown to carry exceptional nisks of the disease and several others are
under suspicion.

RADIOACTIVE ORES

The first industry to be implicated was mining in the mountains of Saxony
and Boherma. For at least 500 years the miners of Schneeberg and Jachymov
were victims of a chronic pulmonary disease which 15 believed to have been
the cause of between 44 and 75 per cent of all their deaths The disease was
first recogrused to be primary cancer of the lung nearly 80 years ago by Hirting
and Hesse (1879) and since then, accordmg to Hueper (1956), 625 cases have
been reported. Nearly 90 per cent of all tumours among the muners arose
from the broncht and n 1939 Peller estimated that the miners of Jachymov
were nearly 30 times as hable to develop the disease as adult men 1n Vienna;
both Pellers and SikI's (1950) data suggest that the mortahty from lung cancer
among them was approumately 1 per cent a year. As 1a nearly all types of
industrial cancer, the fime between first exposure and the appearance of the
disease was long.  Sikl (1950) found that the average induction time was 17
e mman B AT chmn nmmmm memmad e Ay aboe 27 e et age  na E a8

In the course of hustory the mines have been worked for many different
matenals~for sibver, mekel, cobalt, bismuth and arseme, for radivm and finally
for uramum 1t was the ore from Jachymov winch provided the material from
which the Cunes, 1n 1898, 1solated radium chloride and it was the high content
of radio-activity which, until recently, distinguished these mines from all others.
The suggestion that radioactivity might be the cause of the disease first appeared
in the medtcal hterature 1n 1921 when Margarete Uhlig, herself a natne of
Schneeberg, wrote that she had seen st made, 1n an article *by a Jayman’
The mean concentration of radon in the air of the mines was certanly high.
According to Evans (1950) 1t was equivalent to an activity of 3x 10~ curies
per hitre and other estimates have set the average 10 times higher (Mitchell
1945). Esans calculated that an actinity of 3x 10~? curies per htre would have
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deliveredAa dl?Se of approximately 0-5 roentgen-eguivalent-man per working day
to the epithelium of the Jarger bronchi, so that with an average induction time
of 17 years the total dose would have been of the order of 3,000 roentgen-
equivalent-man. Shapiro (1954), however, and Turner (personal communication)
independently pomted out that Evans ignored the effect of the particulate
matter m the airr which carried the breakdown products of radon and they
estimate that the total dose received by some parts of the bronchi is likely to
have been several times higher Smce persons who suffered from chronic radum
poisonmg and who developed bone sarcoma are estimated to have received
local doses of about 35,000 roentgen-equivalent-man (Evans 1950), the physical
data are reasonably consistent with the hypothesis that the Jachymov cancers
were due to exposure to radon and this view is now widely—though not
universally—accepted. It1s supported by the observations of Rajewsky, Schraub
and Kahlau (1943) who exposed mice continuously to various doses of radon
and found that 10 out of 12 ammals exposed to a concentration of 116X 10~
curies per litre developed adenomas and one developed a bronchial adeno-
carcimoma  One adenoma was found m the controls. It has, however, now
been shown conclusively that radioactive materials (cerium oxide and plutomum
oxide) are capable of producing true bronchial cancers m the rat (Lisco and
Finkel 1949; Lisco, personal communication).

The fact that a high proportion of the miners suffered from silicosis may
have facilitated the effect of the radiation, since it has been shown that, in
some spectes, cancer can be mduced by radiation more easily when non-specific
nflammation is also present (Burrows and Clarkson 1943).

‘Whether sunilar cases have been produced in other mines is unknowa.
The two high-grade uranium mimes at Shinkolobwe in the Belgtan Congo and
Port Radum, Canada, have been exploited long enough for an effect to appear,
but the conditions of work have been such that the collection of data has not
been easy At Port Radium, for example, the mines have been worked by
small groups of men who, because of the arduous conditions of hfe m.yhe
Arctic, have stayed only for one or two seasons. In the more modern mines
the uranmum content of the ore 1s generally much lower, so that even “{hﬂl
they have been worked previously for other metals (e.g , the South African
gold munes) no significant risk has been detected. Some of the mines of.‘he
Colorado platean may be exceptions, as the radon concentration in these mines
has been esttimated to be similar to that i the Schneeberg mines (Shapiro 1954)
Many of the mmes m Colorado and Montana have been worked for coppef
and it is possible that radioactivity accounts for some of the high mortality
from lung cancer reported from the Montana area (Table VI), the data are,
however, madequate for any conclusion about the cause to be reached.

NICKEL REFINING

The only form of lung cancer to be officrally prescribed 1 Bxitai]lkni
an industrial disease 15 that which occurs among men employed at 2 n{ckel
refinery and exposed to ‘nickel produced by decompositton of a gaseous nicke!
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Tapre VI
Liung Cancer Mortahty in 4 Countics of Montana, 1947-48¢

Number of cases of | Annual lung cancer rate
Population | County Pl per
M | F M | F
13421 | Deer Lodge | Copper smetimg | 21 o 146 [
53207 | Siver Bow | Coppermimng | 27 2 ® 4
a9 | Cacade | CoppTmmEs | H 46 ’ 12
18,269 Gallatin Agriculture 1 { 0 5 i 0

The crude death rate for lung cancer armong white males tn the U S.A. m 1947 was 11 per 100,000,
* After Lull and Wallach oited by Hueper (1956)

compound’, The detarled evidence on which the prescription was based has,
however, not been published  Reports of 2 small number of cases among the
workers were published by Amor {1939) and altogether 93 cases of lung cancer
and 52 cases of nasal cancer were notified between the years 1923 and 1950
(Chuef Inspector of Factortes 1952). Some of the nasal cancers arose from
the maxillary antrum but the majonty arose from the ethmoid and, in view
of the extreme ranty or thls type of cancer,® the large number of cases notified
15, inatself, suffi of the exi: of a specific sk The position s,
however, dlﬂ'crem with a common condition and a detailed estimate of the
expected mortality is necessary before the eustence of a speaal nisk of lung
cancer can be accepted. Such an esimate has been made from an analyss of the
numbers of deaths attributed to different causes in the atea 1n which the refinery
15 situated (Doll 1958). These data are summanzed 1n Table VI, which shows
that between the years 1938 and 1956 26 per cent of all deaths among the
nickel workers were attributed to Jung cancer and 10 per cent were attributed
to nasal cancer. If the mortality of nickel worhers from other causes of death
was equal to that of other men in the same area and the expected number of
deaths from lung cancer 1s taken to be the number which would have occurred
if the proportion of deaths attributed to lung cancer were the same as the
proportion attnibuted to the disease among the other workers, the obscrved
number of cases of lung cancer would appear to have been 9 times the expeeted
(75 aganst 8-5)

According to Morgan (1953) the nisk of cancer was ehminated with the
reorganisation of the process n 1924, Whether this 15 so 1s, however, not yet
certan - The annual number of deaths attributable to the process remains high,
but the average age at death has mcreased and there 1s no evidence that any

excess of cases has occurred among men first employed after the reor

Tigures are not avadable for the mortahty from ethmoid cancer in Britain, but i forms only 3
ma Proportion of the total deaths recorded from all tyes of masal cancer and cancer of the
middic cat (international Lisk No. 160) which amount 1o only S per mlbon men ammsally,
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TABLE VII

Number of Men Dying in Two Administrative Districts of Glamorganshire,
1938-56, Subdivided by Cause of Death, and Last Employment

! Industry Al
Cause of death Nuckel works | Colliery | Other | cetpations
Number | Percentage| Number |Percentage| Number |Percentage| Number
of deaths | all deaths | of deaths | all deaths | of deaths | all deaths | of deaths
Cancer of the lung s 256 31 14 189 35 295
Cancerofthenose| 29 99 1 01 5 o1 "
Other causes 189 645 2,154 984 5,190 964 53
All causes l 293 1000 | 2188 f 999 5384 | 1000 | 7.865

The Bntish refinery used a process of punification in which the gas, nuckel-
carbonyl (Ni(Co),), 1s formed from finely divided nickel and water gas. The
gas readily decomposes and nickel must be presumed to be deposited mn 2
hughly active form when the gas comes in contact with the respiratory mucosa.
No cases have been reported from other refineries, which use other processes,
i Canada, Germany and the U S.A., and this has led to the conclusion that
mickel deposited by the gas 15 the active agent. Support for this view 1s provided
by Hueper (1951, 1952) who mduced cancer in rats—but not in other animals—
by the mjection of pure metallic nickel powder in lanoline into the marrow
cavity of the femur, the pleural cavity and the nasal sinuses. Five cases of Jung
cancer have, however, occurred 1 a few years among workers at 2 small
refinery in Norway in which an electrolytic process is used (Loken 1950;
Goldblatt and Goldblatt 1956), so that the exact nature of the carcinogen stiit
remains n doubt.

CHROMATES

The first reports of the occurrence of lung cancer among chromate workers
came from Germany (Pfeil 1935; Alwens, Bauke and Jonas 1936). At Jeast
62 German cases are now known to have occurred (Baetjer 1950), Put the size
of the population at risk 1s not known with accuracy and the existence of 2
spectfic industrial hazard was not established until Machle and Gregorius (1948
and later Brmnton, Frasier and Koven (1952) obtamned data from 7 chromate
plants 1n the U.S A. These showed that the mortality from lung cancet among
the employees was some 30 tiumes greater than would have been ;?xpected ﬂ‘on}
erther the national mortalty data or the records of other industrial workers 0
corresponding ages. In contrast, the mortality from other types of thﬂ“u:
among the chromate workers was simular to that recorded for all men througho

country.

e At l}gt tume there was no suspicion of a risk in Britain and attempts were
made ta explain the different experiences in the three countries by differences
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m the techni of A y clinical and radiological
ination of 724 men employed in the 3 Bitish plants engaged m the
f: of from ore revealed only one case (Bidstrup

1951) In the next 6 years, however, Bidstrup and Case (1956) discovered 14
further cases. OF these, 12 occurred among the men who had previously been
x-rayed by Bidstrup; all the affected men had died and their deaths had all
been certified as due to lung cancer. Of the other cases, one was found at a
frepeat X-ray examination at the end of the inquiry and the second occurred
in an employee who had not been included at the imitial examination Had the
men who were studied expenenced the same mortality from lung cancer as
other men of the same ages 1n Britain, the number of deaths from lung cancer
would have been about 3 (actual calculated number 3-3) and the observed
mortality was, therefore, about 4 times the normal. In contrast, the mortahity
from other causes was close to normal; 9 deaths were recorded from other
types of cancer aganst 7-3 expected and 38 deaths from all other causes
against 36:3 expcctcd The men v\erc.lherefore. not unhealthy in general and the
must be d denceofaspearfichazard.
At ﬁrst s:ght 1t might appear that the hazard 1n Bitain was much smaller
than in the US A The ‘normal’ mortality with which the mortality of the
Amenican workers was compared was, however, recorded at a ume when the
nowmal mortality from lung cancer was less than half that recorded durning the
pertod of Bidstrup and Case’s study and ‘normal’ Amencan mortahty 1s,
morcover, only about half the Bnush Thal the extent of the nisk has not been
lar 1n the two 15 d by companson of the proportions
of the total deaths which were attnbuted to the disease  Out of 193 deaths
from all causes Machle and Gregortus found 42 attnibuted to lung cancer,
whereas Bidstrup and Case found 12 out of 59; 1f the deaths from lung cancer
which were attributable to non-ndustrial causes are excluded 1t appears that
the specific hazards were responsible for 21 per cent of the total deaths in
America and for 15 per cent 1n Bntamn
Evidence of the exact nature of the sub ble for the ind
of the disease is conflicting  The ore 1s a ferrous ore (FcO Cr,0,) which contains
40-50 per cent chrommum and small amounts of alumina and siica. No cases
have been reported among mners of the ore, but important nsks of cancer
can casily be overlooked and 1t would be unwise to regard the ore as necessarily
mnocuous, Apart from men engaged in the manufacture of chromates from
the crude ore, the only other group among which cases have been reported
consists in men engaged 1n the manufacture from dichromates of chrome
Pigments, i ¢, chromates of lead and zinc (Gross and Kdlsch 1943)  Machle
and Gregorus, on the other hand, found no cases of lung cancer 1n the one
Amenican plant in which the only mmportant exposure was to dichromates and
chromic acid  Apart from two cancers in rabbits which followed the intra-
femoral mjectsons of metallic chrommum (Schinz and Uhlinger 1941), animal
npcnmenls have so far proved negatne. The consensus of present opinion

lsr\h:\l the camnogcn will pmbably prove to be trivalent chromium in the form
of aad
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Coat Tar

The combustion and distillation products of coal provide a rich source of
warcinogens and have, for many years, been known to be capable of causing
sancer of the skin among men whose work brings them mto direct contact
ith the material. It would, therefore, not be surprising if men who nhaled
he fumes and dust from tar were hable to develop lung cancer That there 1s,
in fact, such a risk 1s shown by evidence from Britain, Canada and Japan

The Japanese observations were first reported 1 1936 (Kuroda and
Kawshata 1936; Kuroda 1937; Kawahata 1938). Twenty-one cases of lung
sancer wefe recognised among gas generator workers and ex-workers of the
Yawata Steel Works between the years 1931 and 1937 and there can be httle
doubt that this indicates an exceptionally high 1ncidence Detatled eprdemto-
logical data are not available, but lung cancer was at that time a rare disease
in Japan and it is stnking that, dunng the years 1931-35, 12 deaths from lung
cancer were observed among the gas workers, while no such deaths were
observed among the other workers. Among the gas workers lung cancer
accounted for 80 per cent of all cancer deaths (12 out of 15). The gas workers
appear to have constituted about 23 per cent of the total employees (z e , about
500 out of 20,000) and the mortality from other types of cancer was not very
disstmilar from that among other employees of the works (3 out of 500 and
49 out of 19,000) The men worked immediately above the ovens and when
they stirred the coal, yellow-brown gas streamed over them through the openmg

In Brtain a high mortality among vanous groups of gas and tar workers
was noted by Kennaway and Kennaway (1947), from an analyss of the occupa-
tions given on the death certsficates of men dying of lung cancer between 1921
and 1938. Of the 56 occupations studied there were 10 1 which the employees
mght be supposed to have special exposure {0 coal-gas and tar  In 9 the
estimated mortality from lung cancer was above the average for the whole
male population and 4 of these were among the 5 occupations with the highest
mortalities (Table VIII). Subsequently Doll (1952} studied the causes of death

Tase VI
Occupations with the Highest Mortality from Lung Cancer
(56 selected occupations, 1921-38)*

T

1

o1 VY

| el et
Labourers, patent fuel works r 3 . s
Gas stokers and coke oven chargers | 85 284
Gas producer men ' 12 ' 202
Metal gnnders 39 176
Gas works foremen and jnspectors 25 14

* Lxtracted from a Table published by Kennaway and Kenntway (1947)
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CoaL TAR

The combustion and distillation products of coal provide a rich source of
carcinogens and have, for many years, been known to be capable of causing
cancer of the skin among men whose work brings them into direct contact
with the material. It would, therefore, not be surprising if men who mhaled
the fumes and dust from tar were hable to develop lung cancer That there 1s,
1n fact, such a risk is shown by evidence from Britamn, Canada and Japan,

The Japanese observations were first reported in 1936 (Kuroda and
Kawahata 1936, Kuroda 1937; Kawahata 1938) Twenty-one cases of lung
cancer were recogmsed among gas generator workers and ex-workers of the
Yawata Steel Works between the years 1931 and 1937 and there can be little
doubt that this ind an ¢ Iy high ! Detailed epid -
logteal data are not available, but lung cancer was at that ttme a rare disease
1 Japan and it js striking that, duning the years 1931-35, 12 deaths from lung
cancer were observed among the gas workers, while no such deaths were
observed among the other workers. Among the gas workers lung cancer
accounted for 80 per cent of all cancer deaths (12 out of 15} The gas workers
appear to have constituted about 24 per cent of the total employees (1 ¢ , about
500 out of 20,000) and the mortality from other types of cancer was not very
disstmular from that among other employees of the works (3 out of 500 and
49 out of 19,000) The men worked immediately above the ovens and when
they stirred the coal, yellow-brown gas streamed over them through the opeming,

In Brtain a lugh mortality among various groups of gas and tar workers
was noted by Kennaway and Kennaway (1947), from an analysis of the occupa~
tions given on the death certificates of men dying of lung cancer between 1921
and 1938 Of the 56 occupations studied there were 10 m which the employees
might be supposed to have special exposure to coal-gas and tar In 9 the
estimated mortahty from lung cancer was above the average for the whole
male population and 4 of these were among the 5 occupations with the highest
mortahities (Table VIII} Subsequently Doll (1952) studied the causes of death

TasLe VIII
Occupations with the Highest Mortahty from Lung Cancer
(56 selected occupations, 1921-38)*

. Regtstered deaths

occpaton Vi | g arene

deaths expected
Labourers, patent fuel works 3 571
Gas stokers and coke oven chargers | 8% 284
Gas producer men ! 12 " 202
Metal gninders | 39 1 176
Gas works foremen and mnspectors L 2 174

* Extracted from a Table published by Kennaway and Kennaway (1947)
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ASBESTOS

The first case of lung cancer to be described in assocration with asbestosis
was reported by Lynch and Smith (1935) in the U.S.A. Since then over 60 cases
have been reported from Britain, Canada, Germany and the USA—the
majority from Britam. That the association was not just coincidental was
indicated by comparison of the incidence of lung cancer at autopsy 1 cases of
asbestosis and cases of silicosis. Merewether (1949) found that lung cancer
was reported in 13-2 per cent of subjects with asbestosis (31 out of 235) andin
1-3 per cent of subjects with silicosis (91 out of 6,884) and Gloyne (1951, o
personal examinatton, found corresponding ncidences of 14+1 and 69 per cent
(17 out of 121 and 55 out of 796). It should, moreover, be noted that womea
formed an appreciable proportion of the subjects with asbestosis and that the
meidence among men with the disease was even higher—17-2 per cent I8
Merewether’s series and 19+6 per cent in Gloyne's. Since all—or almost all-
sificotics are likely to have been men, the contrast between subjects of the
same sex 15 likely to have been somewhat greater than that actually reported
for both sexes together. These results are most readily explained if asbestosss
predisposes to the development of lung cancer and this explanation was subser
quently borae out by Doll’s (1955} study of the mortality recorded among
asbestos workers He studied 113 men who had worked for 20 or more yeats
1 places where they were liable to be exposed to asbestos dust and found that
between 1922 and 1953 39 dred, whereas on the basis of the mortality 1t
suffered by men of the same ages in the whole population only 154 deaths
would have been expected Of the 39 deaths 11 were due to lung cancer,
whereas less than 1 (0'8) would have been expected. All the cases of Jung
cancer were confirmed histologtcally and all were associated with asbestosts.
Precautions to prevent the dissemination of dust greatly reduced the amount to
which the men were exposed from 1933 onwards and the incidence of the duseast
has become progressively less as the number of years during which the met
were exposed to the pre-1933 conditions has diminished. It is evident, meret‘orc;
that lung cancer 1s a specific industrial hazard of asbestos workers, but t?:d
with scrupulous attention to the control of dust the risk may be greatly redu
and may, perhaps, be eliminated. g silico-

The fibrils of asbestos consist of giant molecules of polymerised si i
oxygen tetrahedra arranged in chams or bands. In the case of Cau:; i ;
asbestos, the silica 1s present as hydrated magnesium silicate containing mP:y
cent of iron oxide; m other, industrally less important, types the silicates s
be calcium and magnesium or sodmum and 1ron. Animal experiments hﬂ;;vm
general, failed to show any significant carcinogenic activity from aSbcsm,s v
and the mode of production of the disease 15 uncertam In Hu.cpers‘yolm
(1957a) the activity may result from the occurrence of the ‘material in the '
of a linear polymer and the mechamism by which cancer 15 P“’d“ced mﬁg’m
similar to that with various polymerised carbon compounds, which have
shown to be carcinogenic experimentally.
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among the employees of a small English factory i which an arsenical powder
was prepared from a solution of sodm arsemte (Hill and Fanmng 1948)
Exammation of the death entries i the offices of the local Regstrars of Deaths
showed that 75 male employees of the factory had died between 1910 and 1943
The causes of these deaths were compared with the causes of deaths recorded
for other male manual workers resident 1n the same area during the same
period, and it was found that the proportion of deaths attributed to cancer
was higher for the factory workers than for the other workers (29 3 per cent
agamst 12°9 per cent)—and was higher still among those men who were most
Itkely to come mnto drrect contact with the dust (z ., 39:0 per cent) The lugh
proportion of cancer deaths was largely due to an excess of deaths from cancer
of two sites—respiratory system and skin  Qut of 22 cancer deaths, 3 were
attributed to cancer of the skin and 7 to cancer of the respsratory system
(lung 5, mediastinum 1 and larynx 1), whereas Hill and Faning estimated that
the numbers expected would have been no more than 012 and 1-01 respectively
Environmental studies carried out by Perry and his colleagues (Perry er af 1948)
showed that very large quantities of arsemc mght be present in the air—ranging,
at mouth height, 1n one part of the factory, from 310 pg. of arseruc per m?* to
over 4,000 pg with a mean of approximately 1,000 ug Masks were worn, but
apparently without much effect, as large quantities of arsenic were found m the
urme and hair of the workers and the majonty of the chemucal workers were
grossly d, appri third of them had warts

It seems probable, therefore, that exposure to mnorgamc arsenc in the air
1s capable of producing lung cancer, if the amount present 1s sufficient to
produce gross evidence of arsemicism  In the absence of such evidence, however,
1t would seem most unlikely that the amount of arsenic wmsprred 1s sufficient
to account for the hugh mecidence of the disease among groups of workers not
pnmanly concerned with the manufacture of arsenic compounds

Iron
The sxderous cuused by pulmonary retention of Fe,0, or Fe,0,.H,0 1s
usually form of which does not cause

disability There 15, however, some evidence to suggest that under certan
conditions ( particularly 1n associatron with silicosis) 1t may jead to a somewhat
higher mcidence of lung cancer Turner and Grace (1938) found that foundry
workers, smiths and metal grinders had a mortality from Iung cancer higher
than that of any other occupational group in Sheffield and metal grinders were
also found to have suffered a high mortality from lung cancer n Kennaway and
Kennaway's (1947) study They found that 39 deaths were recorded among
metal grnders 1 England and Wales between 1921 and 1938, whereas they
estimated that the number expected on the basis of national rates (allowing
for differences in age distribution) was 22:2 In this study the ratio of observed
to expected deaths for metal grinders (1-76 to 1) was exceeded oaly by 3 groups
of gas or pitch workers out of the 56 occupational groups studied (see Table VIIT
and p 51) ‘Metal moulders and casters’ and ‘iron foundry furnacemen and
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among 2,071 male pensioners of a London gas company and found that the
number of deaths from lung cancer was approximately double that expected
by comparison with male inhabrtants of London of the same ages (25 against
138 expected). The excess 1s small, but the investigation covered a multiplicity
of occupations and it 15 probable that the tisk was substantially greater for
those men who were most closely concerned with the production process. Reid
and Buck (1956), on the other hand, were unable to find any evidence of an
increased risk among men employed in an apparently similar occupation—
namely, men 1n coking plants producing metallurgical coke.

In Canada, Sutherland {personal communication) found that the mortality
from respiratory cancer among men who had worked 1n the retort house of
one particular works was some 15 times greater than that recorded for the
general population of the district; out of 19 cancer deaths 9 (i.e , 47 per cent)
arose in the respiratory system The works was one in which horizontal retorts
continued to be used and, 1n the operatton of these retorts, the men were exposed
from time to time to considerable quantities of hot gas and tar fumes. Employees
of the works who had never been employed in the retort house showed no
excess mortality from respiratory cancer; and neither did employees at another
works where the retorts had been modermsed. R

Quantitative estimates of the amount of carcinogens likely to be insP{"d
are not yet available. Measurements in a retort house containing vertical
retorts at one gas works have, however, shown that the amount of 3:4-benzpyrene
1n the air may be 5 to 10 times greater than in the general atmosphere of?
large Enghsh town (Hughes and Somerville, personal communication) and it
15 reasonable to presume that this substance is the principal carcinogenic agent
The amount likely to be present must be expected to vary greatly with different
types of retort and with differences 1 the method of operation and this may
partly account for the lack of uniformity in the observations

ARSENIC

The occurrence of cancer of the skin in patients who had received pr olonged
arsenical medication and 1n workers exposed to arsenical dust, and the observa-
tion that the latter group were also subject to perforation of the nasal sepl““;v
suggested that arsenic might be capable of causing resptratory cancer It \:'«’l“;
m consequence, often suggested that the small amounts of arsenic presen
the ore were the agents responsible for the lung cancers observed among :
miners of Jachymov and Schneeberg and among the mckel refiners of Sov
Wales In fact, the evidence to implicate arsenic as a cause of lung cance:
relatively shght., Four cases among sheep-dip workers were notified to “'
Ministry of Labour between 1939 and 1943 (Merewether 1944) and one occuf‘c
m 2 man making a sodium arsenite nsecticde who had a heavxlykplgmen
skin, numerous warts and a perforated nasal septum (Bridge 1940) £ deat

The most important evidence derives from a study of causes of d¢

ms and ¥¢

23
* The ‘case’ which has sometumes been referred to as having been reported by Hop! froi
Studdiford (1934) app:esar! 1o have been included efroneously as the patient concerned suffercd

cancer of the skin only
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rates cited are crude rates and the sex and age distributions of the two groups
must have differed greatly.

It would seem, therefore, that the evidence for the existence of a speafic
industrial hazard from exposure to iron dust or fumes, with or without additional
exposure to silica, is suggestive, but that at the present time the case must be
regarded as not proven.

OTHER MATERIALS

Numerous other gccupations have been thought to give rise to lung cancer
(Hueper 1956, 1957a). Defimte conclusions are not justified on the basis of
the present evidence, but 1t would certainly be of interest to obtam further data
for such industnies as the manufacture of 1sopropanol, the mining and smelting
of copper and the use of printing 1k or of berylbum The manufacture of
150propanol appears to carry a nisk of respiratory cancer, since 4 cases of the
rare nasal cancer and 1 case of laryngeal cancer were observed among 71
employees who worked for more than 5 years m one plant (Weil, Snuth and
Nale 1952) Only one case of lung cancer among the employees has, however,
yet been recorded A specific hazard from the handling of copper ore might
be the explanation of the high mortality from lung cancer which has been
observed 1n certain parts of Montana, where the mining and smelting of copper
ores provide one of the principal sources of employment The data have been
referred to previously (Table VI, p 47} i discussion of the nisks posstbly due
to radioactiity The existence of a nisk among typographers, exposed to
printing 1nk, was suggested by Ask-Upmark (1955); he found that they con-
stituted 8 out of 125 male patients with bronchial carcinoma who were aged
over 40 years and resident in Stockholm, while he estimated that the proportion
of men 1 similar occupations 1n Stockholm generally was less than 1 m 250,
In this case the sigmificance of the observations was enhanced by the finding
that tumours could be produced expertmentally by painting printing nk on
the skin of mirce.

The possibility that men exposed to berylhum mght develop Iung cancer
was first suggested 1 1948 because of the appearance of the sarcoid-hike lesions
in the lungs of beryllum workers and because the mjection of beryllum
ttravenously was found to produce osteogenic sarcomas In rabbuts (Gardner
and Heshington 1946) Subsequently Vorwald (1955) found that bronchogentc
carcinoma was produced in rats by exposing them over long periods to mhala-
tion of beryllum dust The occurrence of lung cancer 1n a man with berylliosts
has been reported by Kahlau (1953) and two other cases 1n men who had been
exposed to berylhum were reported by Hardy (1955).

‘Two groups of occupations are of special interest. The first conssts of
those occupations in which the workers are heavily exposed to the dust from
tarred roads and the exhaust fumes of motor vehicles If these agents are
responsible for a substantial proportion of the general mortality from lung
cancer, 1t would be expected that men who, by virtue of their occupation, are
* ily exposed to these agents would suffer an unduly high mortality from

he disease. In fact, Kennaway and Kennaway (1947) found that dunng the
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labourers’ occupied fourth and fifth places m the list of occupations with a hugh
mortality from lung cancer 1n the analysis of occupational mortality in England
and Wales 1n 1930-32, with standardised death rates which were respectively
93 per cent and 88 per cent higher than average (Registrar General 1938)
Data from Scotland for 1949-53 are similar (Registrar General for Scotland
1956; Morrison 1957). In two large scale studies of patients it has been found
that a higher proportion of men with lung cancer than of men with other
diseases could be described as *hot metal’ workers—the majonity of whom are
likely to have worked with 1ron (Wynder and Graham 1951; Breslow, Hoaglin,
Rasmussen and Abrams 1954). A third study, however, failed to confirm this
finding (Doll 1953a).

Evidence of a risk among haematite miners was obtained by Faulds and
Stewart (1956). Haematite ore consists principally of ferric oxide but it also
contatns 10 to 12 per cent of silica. It has been mined in Cumberland since Roman
tumes, but the introduction of new dnils, just before the first world war, greatly
mcreased the dustmess of the process and effective measures for the reduction
of dust were not taken for over 20 years. The evidence consists, firstly, in the
observation that the incidence of lung cancer at autopsy among the muners has
ncreased sharply; from 44 per cent 1n 193247 (4 out of 91) it rose to 146
per cent 1n 1948-53 (13 out of 89). Secondly, the incidence has been greater
than that found at autopsy among other Cumberland males aged over 30 years
during the same period—i.e., 9'4 per cent (17 out of 180) against 2-0 per cent
(45 out of 2,221). Thurdly, the growths have been found on at least 6 occasions
1n close pathological association with sidero-silicotic masses and appear to have
ansen from them. .

These observations are, however, not conclusive. In particular, it
impossible to be sure that the incidence among the miners s really higher
than normal. Autopsy data of this type are difficult to imnterpret because the
subjects who come to auntopsy may not be representative of the pOP“k’“"‘}
from which they are drawn Even in the years since 1948 only 56 per cent ©
the miners who died came to autopsy These must be presumed to melude
the great majority of the miners dying with pulmonary symptoms, since Com-
pensation 1s payable 1f death 1s attributed to silicosis or to silico-tuberculosis
If all the cases of lung cancer did, 1n fact, come to autopsy, the true nerdence
among the miners would have been 13 out of 160 or &1 per cent—a figure
which 15 niot very different from that which would have been expected from
national mortality data among men of comparable ages. Among.other Cum
berland males, on the other hand, the reasons for which an autopsy is perf"";:e
are presumably dufferent—the most important is likely to be sudden death—
and a lower proportion of cases coming to autopsy is likely to show 1““,%

cancer—even though the mcidence of the disease m the whole populationt £
similar to that among the miners

Other data on 1r%>n-ore miners were published by Hueper (1956) and 'hfs:
showed that the lung cancer of the miners in one Minnesota county “:‘
substantially higher than the death rate among Minnesota residents i gener c
1t is, however, impossible to assess the sigmficance of this difference as

54



SPECIFIC INDUSTRIAL CAUSES

the additional fumes produced by the buses (to which the men 1n the bus
garages would have been particularly exposed) were from petrol engmes before
1937, but by 195} they wou!d have been wholly produced by diesel engines.
In sum, therefore, the avail ional data do not suggest that exposure
to road dust or motor fumes gives rise 10 a sigmficant risk of the disease.

The second group of occupations consists of those which give rise to
pneumocomosss. For, if tissue injury 1s an important cause of cancer, 1t would
be expected that these occupations mught also give rise to a high cidence
of cancer of the lung. In fact, most of the occupations in which a special risk
of lung cancer has been established can also give rise to pneumocomosis. The
Jung cancers which have occurred among asbestos workers have been almost
uniformly associated with a severe form of pulmonary fibrosis. According to
Hueper (1956) and Mancuso and Hueper (1951), chmm:toslsﬂa spotty fibrous
thickening of the interstitial ts the d of lung
cancer in chromate wotkers. In both these cases the pulmonary fibrosis occurs
in direct assotiation with the spearfic wntant. Some degree of imterstitral
fibrosss has been found in thc lungs of mckel workers Loken (1950) regarded

this as o in one case—in Jones Williams’
e (personal ) (he ﬁbmsls present 1n five cases was more
D € e degree of fibrosis

of those miners of

4 on oceasions the
degxee of sihcosis was marked, lungs which were heavily affected were, however,
usually free from cancer A sinmlar dispanty between the degree of fibrosis
and the presence of cancer was noted 1n the lungs of haematite miners (Faulds
and Stewart 1956), although, as has been stated previously, a substantial
proportion of these cancers were regarded as ansing directly from [ocal sidero-
silicotic masses In contrast to these observations, however, silicosis occurs
commonly in some occupations in which the risk of lung cancer is normat or low,
Data collected by the Miners” Phthisis Medical Bureau (1936) in Witwatersrand
showed that 1n over 3,000 necropsies on European muiners the propottion in
which fung cancer was found was the same, irespective of the presence of
siheosis—and both proportions were similar to that found at the Johannesburg
General Hospital among men who had never worked underground Among
South Wales coal-miners James (1955) found that, n each age group, lung
cancer was less at psy than among

Age
Under  S0-59° 60-69 70 years
$0sears  years  years  andover

Per centlung cancer Miners 23 38 37 27
Nop-muners 37 58 85 31

Among the mmers, moteover, the incidence of lung cancer fell as the
degree of pneumoconiosis increased-

Sunple preumocomosts Afassive
Shght  Moderate  Seere preumocontosis
Per cent lung cancer 59 40 41 1-4
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period 1921-38 the mortality from lung cancer among such men was 47 per
cent greater than the average observed throughout the country for men of the
same ages. More recent studies of the occupational histories of patients with
and without lung cancer have, however, failed to reveal any greater proportion
of men who had been employed mn such occupations among the lung cancer
patients than among other pattents with other diseases (Wynder and Graham
1951; Doll 1953a; Breslow ez al. 1954), Doll’s data are summansed in Table IX.
The low proportion of policemen with Jung cancer is striking, as many of
them are directly exposed to the fumes of dense traffic for many hours daly.

TaBLE IX

Past Qccupational Histories of Special Exposure to Road Dust
and Motor Fumes:
1,357 men wath lung cancer and 1,357 ‘matched controls'™*

Number of men gning specified
occupational kistory
QOccupation e
with lung cancer | with other diseases
Motor mechanics, garage hands 15 25
Drvers of cars, lormes, buses 105 101
Bus and tram conductors 10 21
Van drsvers (horse) 33 25
Other road transport 17 25
Roadmen, council Jabourers, dustmen a9 39
Policemen 16 32

* Extracted from data published by Doll (1953a)

Observation of the wmeidence among men employed by the London Transport
Executive has also failed to show any excess cancer morbidity which could be
attributed to therr occupation  Raffle (1957) reported that among men aged
45 to 64 years, exposed to nisk for a total of 92,345 years, 96 developed lung
cancer, whereas 148 deaths would have been expected on the basis of the
mortality rates for lung cancer recorded for all Greater London during 3
similar period It 15 difficult to understand why the mortality should have
been relatively so low; but, even 1f some cases had failed to be recorded, there
15 no evident Teason why the deficiency should have been greater in one group
of workers than 1 another and the death rate among the men who would b
more exposed to exhaust fumes (bus drivers and conductors, and engmcennf
staff employed at the bus garages) was actually somewhat lower than amondu
men who would be less exposed (duvers and guards on the undergroun

ratlways and engineering staff at the trolley bus depots and at the repair shops),
te., 0:9 against 14 per 1,000 per year respectively. The fumes to which the mer.l
were exposed would have been largely those common to all users of the streets;
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silicosis—and both proportions were sumilar to that found at the ]ohanncsburg
General Hospital among men who had never worked underground  Among
South Wales coal-mtaers James {(1955) found that, mn each age group, lung
cancer was less at psy than among

Age.
Under  50-58 60-69 10 zears
50sears  sears  ears  andorer

Per cent lung cancer Mugers 23 38 37 27
Non-runers 37 58 &5 31

Among the puners, moreover, the wmncdence of lung cancer fell as the
degree of pneumocomosts ncreased

Simple pneumocomoss Massne
Shht  Moderate  Severe  preamocomoss
Per cent tung cancer 59 40 41 14
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CHAPTER VI

THE SMOKING OF TOBACCO
RicHARD DorL

THE evidence linking tobacco with the production of lung cancer is derved
from two principal sources. The great mass of evidence has been obtained
from the retrospective study of patients with lung cancer and the comparison
of therr past smoking habits with the past habits of patients with other diseases,
or with the habits of healthy persons. More recently, evidence of another
type has been obtaned by companng, over a period of years, the mortality
1n groups of persons whose smokng habits had previously been defined.

RETROSPECTIVE STUDIES

The first serious study of the subject was reported by Muller in Germany
1n 1939. He obtamed the smoking histories of 86 men with bronchial carcinom2
from hospital notes, by personal interview or from a questionnaire sent to the
relatives of those who had died and he compared the histories with those given
by 86 healthy men of the same ages The results showed gross drfferences
between the groups 1 the proportion of non-smokers and of heavy smokers.

e © ~nantrng

s

cancer than among patients with other diseases, and, with one exception {to¢
difference between the proportions of non-smokers found by McConnell,
Gordon and Jones 1952), the differences are large enough to ment serious
attention  More detailed results of two of the mvestigations are shown if
Tables XI and XII From these 1t 15 seen (1) that there is a steady increas
1n the relative proportions of lung cancer to control patients as the amount
smoked daily increases, and (2) that the difference in smoking habrts holds for
both sexes, but 1s more marked for men than for women

The method of smoking was not studied separately 1n all the investigations
When 1t was the results agreed m showmng that the difference between e
Tung cancer and the control groups was principally due to a difference 10 the
proportion of cigarette smokers The results with regard to pipe smoking and
cigar smoking were inconstant In some investigations 1t appeared that the
disease was equally assoctated with all types of smoking (McConnell, Gordon
and Jones 1952; Randig 1954), in the majonty the disease was most closely
associated with the smoking of cigarettes Few of the mvestigators m{ld°
specific inquimes about imhahng. In one study 1t was found that the proportion
of patients who said they inhaled was sumilar among the lung cancer patients

60



THE SMOKING OF TOBACCO

Taste X

Prmcipal Characteristics of the Smoking Histories of Men with and without Lung
Cancer, Reported by Various Authors

] Percentace WT Percentoge of
Number of men| *non-smokers' | *heavy smohers'
among men | antong men
Author Date | Countey

l with \without| with |without| with | without

| e |, '“t”*' o, | Joe,
‘Miller 1939 | Germany | 86 | 8| 35| 163 | 65 3
Schaurer and Schomgee | 1943 | Germany r\ 93 | 20 32| 159 | s2 | ;
Wassink 1948 | Holland | 134 ! 100] 45 190 ) 55 | 19
Shrek et af 195 | UsA 82| )6 Bo| 18 9
Mils and Porter 1950 | USA a3 | anf 70 a0 — | —~
Levn et al 1950 | US A 236 | 431 153 | w7 | — | —
Wynder and Graham | 1950 | US A s | 0| 13| s 51| 19
Doll and Hilt 150 | Boss | 6 | 5| o3| az| ‘ 13
McConnell ef af 1952 | Brtan 93 [ 186 | s4 | 65| 35 , 2
Doll and Hill* 1952 | Brtam 08 [ 8| 07| 45 24 | 14
Sadowsky et af 1953 | USA amm | oes| 38 B2) o~ | —
Wynder and Cornfield | 1953 [ usA 63 | 13| 41| 206] 6 | 2
Koulumies 1953 | Finland 812 | 30| o6 1280 | 66 | 31
Lickint 1953 | Germany | 224 {10000 18 | 160 [ 7 | 2
Breslow et al 1954 |USA si8 | s8] ar 08| | a2
Watsonand Conte | 1954 | US A 2 | 1] 19| 97| M| 87
Randig ‘ 1954 |Gemany | 415 | 81| 12| ss| 34 | 13
Gsell 1956 | Swizertand | 150 | 150 | 13 ) 193 | 67 | 15
Kreyberg 1956 | Norway a3 aass] e | 2| 18 7
Schwartz and Denoix ) 1957 | France €02 | 1204 31 ] 158 | 13 1

[Note—It has not been possible to make all the figures completely comparable. Some senes, for
cxample, inciude a few women  The individual papers should be referred to before any
detatled use of the figures 1s made

* Doll and Hill's 1952 paper gave tesults for 1,357 men with lung cancer the results shown here
reiate only to those which were not inctuded 1n the 1950 paper
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PROSPECTIVE STUDIES

Confid in this lusion has been increased by the results of two
prospective investigations, in which the smoking habits of large numbers of
persons have been recorded and the frequency of occurrence of Iung cancer
among groups with different smoking habits has been observed. The investiga-
tions were carned out i Britamn and the U.S.A. In the British nquiry (Doll
and Hill 1954, 1956) a questionnaire was sent, at the end of Qctober 1951, to
all members of the medical profession in the U.K.; in addition to giving ther
name, address and age, they were asked to classify themselves into one of three
groups, namely, (t) whether they were at that time smokers of tobacco, (1}
whether they had smoked and given up, or (iir) whether they had never smoked
regularly. All smokers and ex-smokers were asked additional questions;
smokers were asked at what age they had started smoking, the amount of
tobacco they were smoking and the method of smoking at the time of replying
to the questionnaire. The ex-smokers were asked similar questions relatng to
the tume at which they had last given up smoking. Over 40,000 doctors replied
and, from the information given, it was possible to classify them into broad
groups according to their sex and age, the amount of tobacco smoked, the
method of smoking and whether smoking had been continued or abandoned
Subsequently, through the courtesy of the Registrars General, a form showing
particulars of the cause of death was provided for every death identified 25
refernng to a doctor, and information about additional deaths was provided
by the General Medical Councd and the British Medical Association. The
results obtained are illustrated in Frgures 10 and 11. In the 53 months covered
by the study (November 1951 to March 1956) 1,714 deaths were recorded among
male doctors aged 35 years and above who had previously provided details of
thewr smoking habats, including 84 due to (or associated with) lung cancef-
Of five disease groups studied, lung cancer was the only one for which there
was a well marked and steady mcrease in mortality with the amount smoked:
The actual death rate (standardised for age) rose from 0:07 per 1,000 in
non-smokers (based upon the observation of only one death) to 0-47 pet 1,00
among light smokers of 114 grammes a day* to 0-86 per 1,000 1 moderate
smokers of 15-24 per day and finally to 166 per 1,000 in smokers of 25 or more
a day. That 15, the death rate of heavy smokers was approximately 20 tumes
the death rate of the non-smokers. It was found also that the mortality was
substantially and significantly greater 1n cigarette smokers (1-25 per 1,000) that
in pipe smokers (0-38 per 1,000) with the mortality for mixed smokers (0
per 1,000) falling 1 between, and these differences persisted when allowanc¢
was made for the fact that eigarette smokers tended to consume mor¢ tobacchﬁ
than prpe smokers. The lughest mortality was observed amongst those Wo;’
were contmuing to smoke at the time the questionnaire was completed (1 ’
per 1,000). Among men who had given up smoking within 10 years P“W’“SZ
the death rate was lower (0+59 per 1,000) and 1t was lower still amongst ‘hﬁ:
who had given up for 10 or more years (0+35 per 1,000). Since the mortalty

* 1 cigarette contams approxmately 1 gramme of tobacco
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from Jung cancer was greater among cigarette smokers than pipe smokers and
among present smokers than among past smokers, 1t 1s clear that the ghest
rates of mortality must have been recorded among those doctors who were
continmng to smoke Cigarettes at the time of the inquiry. In fact, mortalities
among men 1n this group were substantially higher than the corresponding
mortalities among all smokers which have been referted to previously. Thus
for men aged 35 and over who, 1n November 1951, smoked 1-14 cigarettes

Lang Caocer Other Cancer
208

Otber regpiratory diseases Coronary thrombosis

50 128

Non-smokers

[
Smokers of 1-14g aday
8
|

DEATR RATE AS PEACENTAGE OF RATE FOR ALL MIN

Smokers of 15-345. wday

Sokers of 25¢, or mars
aday

Fio 10
Mortality from 5 groups of discases in relation to amount smoked  death rates among
men n 4 smoking categones exprtsscd?{s‘ﬁ p;rcs:;l'-:\ge of the rate for all men, (Dol and
1951

a day the subsequent annual mortality from lung cancer was 0 95 per 1,000,
for those who smohed 15-24 a day 1467 per 1,000 and for those who smoked
25 or more a day 275 per 1,000. In other words, the rates for the continuing
cigarette smokers were 102, 67 and 66 per cent higher than the corresponding
rates for all smokers past or present and 1n this group the rate among men who
were smoking 25 or more cigarettes a day was almost 40 imes the rate observed
among non-smokers The relative levels of nsk for the different amounts
smoked are necessanly not very reliable, principally because only one death
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from lung cancer was observed in a non-smoker. Errors, other than random
ones due to the small numbers involved, must, however, have resulted in an
understatement of the estimated differences. The reason for this is that the
classification of smokers was based for the most part upon the smoking habits
at one pomt in time; consequently, doctors will have been mcluded in the
light smoking group who had previousty smoked heavily and for a long time,
others will have been included as pipe kers who had p. ly smoked
cigarettes and some will have continued to be classed as smokers although
they had subsequently given up. Thus the differences which would have been

STANDARDIZED DEATH RATE FROM LUNG CANCER
{ per 1,000 men aged 35 years or more)

Method of smoking Amoust smoked
—_— { continuing elgarette
amokern }

smoker

Conttmty of amaling 03 -
59
=35
.07 L [ l o7
- 25 oF smore
Non  Stopped  Stopped Continuing Fono 1 L B
smoker 10 yrs,+  10yre¢  smoking amoker  fday Jday

Fic 11

i king.
Mortality from lung cancer in relatton to method, continuity and amount of smol
death raies per 100,000 men per year, standardized forage (After Doll and Hult 1956)

observed had a more exact classification been possible could only have been

greater than those actually observed., oty Bave
The results of the nquiry organised by the American Cancer Society e
been similar (Hammond and Horn 1954, 1958). In this mquiry a large num
of volunteer assistants each interviewed approxmmately 10 white men, :%m
between 50 and 69 years, chosen from among acquaintances with W s
they expected to remain in contact for several years. The smqkmg .lns!oan
obtained at the interviews were recorded on standard qu:‘snonnmrcs e
each year subsequently a follow-up form was completed stating whether
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The results of both these investigations, conclusive though they may appear,
could be attributed to a bias inherent in the methodology of the investigations
That they are unlikely to be due to bias is suggested by comparison of the
results with those obtained by an entirely different method—that 1s, by retro-
spective study of patients’ smoking habits, Such a comparison is shown in
Figure 13. The quantitative relationships obtained between the amount smoked
and the risk of the disease are practically identical and it 15 extremely difficult
to believe that two such simlar results could have been produced artificially
as a result of the different types of bias which might theoretically have intruded
into the two different methods of investigation, In fact, there appear to be
only two ways in which the prospective inquinies could have been biased.
Firstly, the diagnosis of lung cancer might have been made more readiy if it
were known that the patient was a heavy smoker than if he were known to be
a light smoker or a non-smoker That this is not the explanation, however, is
made almost certain by the finding that the relationship with smoking is stronger

®—-@ RETROSPECTIVE
STUDY
%—X PROSPECTIVE
STUDY
DEATH RATE, AS

PERCENTAGE OF
RATE AMONG ALL
N

T T

NON= 1145  15-Mg  2g+
SMOKERS  /fday Sy JSaay
Fio 13

Mortality from lung cancer in relation to amount smoked —results
obtated by different methods of investigation.

for those patients in whom the diagnosis was established by biopsy of by
autopsy than for those whom the diagnosis was made by less stringent methods
(Doll and Hill 1956; Hammond and Horn 1958). Secondly, as Berkson (1959
has suggested, an imtial bras might have been introduced by the selection,
as subjects of the inquiry, of a group of persons with unrepresentative smoking
habits. The effects of such selection must, however, wear off 1n the coumi‘ﬁhi-
few years, whereas the passage of time has, in fact, served to strengthen the
results It must be concluded, therefore, that these prospective nvestigations,
like the earler retrospective ones, show the existence of a close relanous!llp
between the occurrence of lung cancer and smoking—particulatly the smoking
of cigarettes.

INTERPRETATION OF DATA

The evid b d by the retrospective studies of patiex;ts zmdh';hr:
prospective studtes on supposedly healthy individuals has established that 1
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15 a relationship between cigarette smoking and the iacidence of [ung cancer,
1t does not, howcver, necessarily follow that smoking is a cause of the disease.
Three expl of the rel hip are th possible.

1. The effect of smoking might be to determme the site of appearance of
acancer, the occurrence of which-—somewhere in the body—was predetermined
by other factors. This concept 15 in line with a hypothests put forward by
Cramer (1934) that cancer susceptibility is determined by heredity and that
the effect of environmental stimuli 1s to elicit the response n a particular
tissue; hence the total mcidence of cancer 1n a given population 1s supposed
10 be a fixed sum uninfluenced by changes m the stimulus--the primary site
may change, the total mcidence will not. In its general form the hypothesis
is clearly untrue, since 1t has repeatedly been observed that a large excess of a
particular type of cancer may be produced by exposure to a specific industrial
hazard without lowering the risk of other types of cancer (Doll and Hill 1956).
The hypothesis also fails to explamn the present observations For 1t would
require that types of cancer other than cancer of the lung should be fess common
among heavy smokers than among kers and light )’ d this
is not true

2 An alternative explanation of the relationship 1s that some thurd and
common factor both produces lung cancer and 1s also associated {directly or
indirectly) with cigarette smoking It has, for example, been argued that since
cigarette smokipg 1s, 1n general, more prevalent m towns than in country
dustricts, companson of different smoking habits 1s, in fact, merely a companison
of urban and rural residents—and that the former are exposed to an atmosphenic
pollution which the latter escape  This cannot be the explanation, however,
since the relationstup with smoking has repeatedly been shown to hold m both
rural and urban areas imdependently (see, for example, Table XVII, p 85).
Another suggestion has been that alcohol mght be the primary factor, since
heavy drinkers ase also often heavy smokers. ‘Wynder, Bross and Day (1956)
have, however, shown that there 1s a close relation between lung cancer and
smoking for a constant alcohol consumption, whereas there is no sigmificant
association with alcohol for a constant amount of smoking

Parnell (1951) and Fisher (1957b) have suggested that the nsk of Jung
cancer may be deterrmined by hereditary factors and that the same factors
may determine the tendency to smoke Other possibili may,
pethaps, also be suggested, but in the absence of positive evidence 1n support
1t does not seem reasonable to attach much weight to them In fact, the
relatonship between smoking and the disease is so strong—the mortality
increases about 40 tymes from that n non-smokers to that in heavy and

aigarette smok that 1t 15 Ty unitkely that it could be wholly
explained by the existence of some thurd factor common to both. It 15, of

CONrca Tmmace Wasa ann A dhat o Amamonon Fontamin o sl as san <Pl g

Teason to abandon 1t now.
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The results of both these investigations, conclusive though they may appear,
could be attributed to a bias inherent in the methodology of the mvestigations
That they are unlikely to be due to bias is suggested by comparison of the
results with those obtained by an entirely different method—that is, by retro-
spective study of patients’ smoking habits. Such a companson is shown in
Figure 13. The quantitative relationships obtained between the amount smoked
and the risk of the disease are practically identical and it is extremely difficult
to believe that two such sumlar results could have been produced artificrally
as a result of the different types of bias which might theoretically have intruded
mto the two different methods of investigation, In fact, there appear to be
only two ways in which the prospective mquiries could have been biased
Farstly, the diagnosis of lung cancer might have been made more readily if it
were known that the patient was a heavy smoker than if he were known to be
a light smoker or a non-smoker. That this is not the explanation, however, is
made almost certamn by the finding that the relationship with smoking is stronger
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Mortality from lung cancer in relation to amount smoked, results
obtained by different methods of investigation.

for those pauents in whom the diagnosis was established by biopsy of by
autopsy than for those whom the diagnosis was made by less stringent metho
(Doll and Hill 1956; Hammond and Horn 1958). Secondly, as Berkson (1959
has suggested, an 1mitial bias might have been introduced by the selection,
as subjects of the 1nquiry, of a group of persons with unrepresentattve smoking
habits The effects of such selection must, however, wear off m the course ofs
few years, whereas the passage of tme has, in fact, served to strengthen the
results. It must be concluded, therefore, that these prospective nvestigations,
like the earlier retrospective ones, show the existence of a close relatlonsfllp
between the oceurrence of lung cancer and smoking—particularly the smoking
of cigarettes.

INTERPRETATION OF DATA

The d b d by the retrospective studies of p'gtlerzlshalz‘ih?::
prospective studies on supposedly healthy individuals has estab tha
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3. The simplest explanation of the relationship is that cigarette smoking
is a cause of the disease—that is of the principal histological types, other than
adenocarcinoma, All the observations on cancer patients are consistent with
this hypothesis, with the possible exception of the data on inhaling. Davies
(1957) has, however, pomnted out that in some circumstances deep inhalation
must be expected to reduce the contact between the smoke droplets and the
bronchial mucosa and, until more is known about the normal distrtbution of
the smoke droplets in cigarette smoking, it 1s premature to attach any significance
to these data. In the author’s view, the explanation that cigarette smokmg is
a cause of lung cancer should be accepted unless it can be shown to conflict
with any established facts which may be relevant to it.

NATIONAL STATISTICS

Three of the principal facts referred to at the beginning of this Chapter
were: (1) the increase in the death rate from the disease recorded over the past
50 years, (2) the great preponderance of male cases, and (3) the differences
between the death rates recorded mn different countries These observations
have been related to corresponding changes or differences in cigarette con-
sumption and the apparent agreement between the two sets of data has been
cited as a reason for believing that tobacco is a cause of the disease. In fact,
correlations of this type are often entirely irrelevant and they can c?mmly
never prove the existence of a causal relationship. Nevertheless, if relationshup
has been demonstrated by other means 1t 1s reasonable to inquire whether the
national data for mortality and tobacco consumption are consistent with the
1dea that the one 1s a cause of the other. .

The changes which have taken place in tobacco and cigarette consumptiot
and in lung cancer mortality n England and Wales in the last 70 years ar¢
tllustrated in Figure 14 and Table XIIL. Whether the correlation betweel
consumption and mortahty is as close as would be expected if cigaret'tes were
one of the principal causes of the disease is, however, uncertam, stice the
relevant facts are not all known, For example, it is not known:—

(1) What proportion of the mcrease 1 recorded mortality 15 real; 3

(2) what are the relative nisks attached to the smoking of tobacco 1

cigarettes and other forms; or

(3) what s the hiologreal relationship betwean the dose of cigarette smoke

and the development of the disease.

More or less reasonable answers may, perhaps, be suggested, of the
basis of present knowledge, for the first two questions, but the avatlable facts
are insufficient for any answer to be given to the third The evidence suggests
that mortahty varses m direct anthmetical proportion with the amount smo! e
at a given tume, but there 1s little evidence about the normal Jength of o
Jatent period and none at all about the relative effects of the same dosckl "
different periods of life. Different hypotheses about either of these "
characteristics would lead to gross differences in the estimates of mortality
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be expected from a given level of consumption. On some hypotheses, these
estimates would not be very different from those actually recorded. It would,
however, almost certainly be necessary to assume that the risk from pipe
smoking was small in relation to the risk from cigarettes,

Whether differences in smoking habits can account for the preponderance
of male cases and whether the changes in consumption which have occurred
are consistent with the change in the sex ratio, are questions equally difficult
to decide—and for the same reasons. From a knowledge of the distribution
of smoking habits throughout the U.S.A., obtained by interviews with 2
randomly selected sample, Haenszel and Shimkin (1956) have calculated that
the sex ratio attributable to differences in smoking habits would be expected
to be about 36 to 1 m persons aged 35 years and above, whereas the observed
ratio 1s about 5 to 1. To make this estimate they assumed that the risk of
lung cancer mcreased in direct proportion to the duration of smoking If the
nisk actually rises at a greater rate than this (as is not unlikely) correspondence
between the calculated and the observed ratios might well be still closer.
Hueper (1954) asserts, on the other hand, that the mcrease in the sex rato
durmg a tme when women have become responsible for an wcreasing pro-
portion of the total amount smoked is evidence against the idea that cigarettes
are a cause of the disease  The problem 1s, however, not so simple. For example,
Hueper fails to make any allowance for the effect of a long latent pestod
following exposure before the disease appears In England and Wales the sex
ratio, at all ages taken together, mncreased steadily from 1:7 to 1 1n 19}145
10 62 to 1 1n 1951-55. When, however, the different age groups are considered
separately it is seen that at ages 20-29 years the ratio has decreased from 3
maximum in 1926-30, at ages 30-39 years it has steadily decreased since 193
and it 1s only at ages 50 years and above that the increase continues (se¢ Tables
1 and 11 of Chapter I). The estimated consumption of cigarettes by womet
at different periods is shown i Table XIII and it is clear that there lsbn"t
necessarily a conflict between the facts and the hypothesis, so long 2§ s
assumed that there 1s a more or less long latent period after exposure before
the appearance of the disease at the older ages. A Jable

I kers alone are dered, the limited evidence now av:!lht
1s consistent with the view that m the absence of smoking (and cxPOS‘"'" ,:
the specific industnial carcimogens) the death rates for the disease are equal ¥
the two sexes (Doll 19535). o different

Attempts to compare mortahty and tobacco consumption in &l °h o
countries are even more hazardous Not only must all those factors, ws;‘u’)’
have already been referred to, be taken into account, but it is also nccc; for
to allow for posstble differences m dards and fashions of diagno anbecn
national differences m the method of smoking. Since, however, it h“?l well
asserted that nattonal differences in mortality do not correspond at 2 e
with differences 1n consumption, it 1s of interest to make the c?mgms"“l m
long as its limitations are borne m mind. The result is shown in Figure
which the crude male death rate from lung cancer in 12 countries

in 1950 (m;
- 3 51
in the nearest year for which the mformation is available) is plotted agail®
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the annual consumption of cigarettes per man; to allow for the effect of 2
long latent period, the cigarette consumption shown js that recorded for a
period 20 yeass earlier. In 1930 neadly all aigarettes were smoked by men so
that the rate of cansumption per man has been assumed to be approzimately
donble the rate per person, The countries mcluded are all those for whlch
data were obtamed and which mught be regarded as having app
sxmﬂar smndards of medcal service. From the Figure, it appears that the
ip betwees and sub deathratesis bly close,
with the exc:phon (hat the rate i Butwin s too hugh and the rate in the US.A.
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substantially too low, To 2 small extent the anomalous posttion of the United
States can be explamed by the lugh proportion of young people 1n its poputation,
A more impottant factor, however, may be that smokcrs w the US.A throw
away a farger d butt than is 1y discarded sn Europe; that this
15 50 it the common opwion of many travellers and it 15 confitmed by such
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ATMOSPHERIC POLLUTION

explanation of the urban-rural difference may not be altogether straightforward.
Firstly, the difference between urban and rural mortality is most marked in
countries with relatively little pollution. Secondly, the ‘urban’ factor seems to
have affected the two sexes differently, whereas general atmosphenic poliution
mght be expected to affect them almost equally. This effect 15 most evident
in Norway. The data are illustrated in Figure 17, which shows that the recent
increase 1n lung cancer mortality has principally affected men living mn the
towns; in consequence the urban-rural ratio n 1952-54 was 4 to 1 for men

Town

&

—— Miles
~ = Femais

s 5 B

ANNUAL DEATI RATE PER MILLION PERSONS

1929+ 938 1939 1945
£ 36 - o7

pATE
Fic 17

Trends 1n mortality from lung cancer 1n Norway, 1929-54  data shown
separately for men and for women and for urban and rurai areas
(Pedersen, cited by Kreyberg 1956)

and only 2 to 1 for women (Pedersen 1956) The difference 1s less marked 1n
Britain and Denmark, but the cottelation which Curwen, Kennaway and
Kennaway (1954) found between male mortality and density of population 1n
the rural areas of Brtain was absent for women (see Table XV) and in both
countries there has been a greater predominance of male cases m the urban
areas with a hugh mortality than n the rural areas with a low mortality

FacTors OriER THAN PoLLUTION CONTRIBUTING TO THE DIFFERENCE

Three factors other than pollution may contribute to the excess urban
mortality,

Firstly, the excess may be partly due to a greater efficiency of diagnosis
1 the areas of greater population density  Bouser and Thomas (1955), for
example, found that dunng 195052 the number of cases diagnosed in hospital
in a fargely rural region of Scotland was 21 per cent less than the number of
persons recorded as having died of the disease, whereas in Leeds the deficiency
was onfy 8 per cent; and Clemmesen, Niclsen and Jensen (1953) found a
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similar difference in both sexes between the propostion of cases not admitted
to hospital m the rural districts of Denmark and in Copenhagen, It 1s evident
that access to hospital is less easy for patients in rural areas than in towns
and 1t is reasonable to believe that some of the recorded differences may be
spurious and due to differences 1n the extent to which the disease is recognised,
Stocks and Campbell (1955) have, however, shown that this cannot be the
whole explanation and their data suggest that it could hardly account for a
deficiency in the rural ateas of much more than 8 per cent of the urban mortality,
Thus factor would not, of course, account for any part of the differences found
by Eastcott (see p. 82)

Secondly, the excess may be m part due to occupational factors The
number of men employed 1n occupations which are known to carry specific
risks of the disease is small and unless new risks are discovered among men
employed in common occupations, this factor cannot be of major importance.
It may, however, contnibute to the higher sex ratio found mn some of the
urban areas. i

Thirdly, the urban-rural difference may arise partly from differences in
the way of life of mdividuals 1n town and country. Indeed Kreyberg (1954
came to the conclusion, from a study of a Jarge group of patients in Norway,
that such differences might account for the whole urban excess, since he was
unable to correlate the mcidence of the disease with the degree of pollution
as indicated by the industralisation of a town or by the extent to which it was
sheltered from the sea winds. One specific difference which needs to be taken
into account is a difference 1 smoking habits, With one exception—in which
the data were all collected from a single occupational group (Doll and Hill 1956)
—all investigations have shown that townsmen both smoke more and consume
what they smoke more often m the form of cigarettes than do countymes
Simufar findings in this respect have been reported from Denmark (}{amtog
and Lindhardt 1955, 1956), England (Doll and Hill 1952; Stocks an
Campbell 1955), Norway (Kreyberg 1955) and the U.S.A. (Haen}zel,'ST‘ﬂn]éli;l
and Muller 1956). The principal data for Denmark are summarised in T2
XVL. In view of the substantial differences 1n mortality which have been

Tasre XVI
Smeking Habite of Men in Different dreas of Denmark m 1952-53*

Percentage of
o (lereetmed

Lartof | Nonomokers|  Light Moderate | e
e cgarette | cgarerte | smokers
ev-smiohers smakers smokers

Copenbagen 185 237
Provincial towns 209 181
Rural districts 258 | 105

* Extracted from data given by Hamtoft and Lindhardt (1956)
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recorded between heavys mokers and non-smokers and between cigarette
smokers and pipe smokers, it is clearly essential to allow for these differences in
smoking habits before any difference in mortality can be attributed to an
ind: dent effect of urbant: Had Easteott (1956), for example, contrasted
the cigarette consumption of Britain and New Zealand, rather than the total
tobacco consumption of the two countries, he would have found that the
extent of the difference was not very dissimilar from that observed between
the mortalities of native born New Zealanders and British immigrants (see
p.82)¢

THE CONTRIBUTION OF ATMOSPHERIC POLLUTION

Attempts to distingwish quantitatively between the effects of smoking and
the effect of urbanisation have been made by four groups of investigators
Haenszel and Shimkin {1956) used the resuits of a nation-wide survey of
smoking habits undertaken by the US, Burean of the Census (Haenszel,
Shimkin and Miller 1956) and the various estimates which had been made of
the refative risks associated with different levels of smoking On this basis,
they calculated that differences 1n smoking habits would account for an urban
excess among men of only 13 per cent, whereas the recorded excess was 85 per
cent: among women the agreement was somewhat better—the calculated
excess was 15 per cent and the recorded excess 31 per cent

Perhaps the clearest evid has been obtained by H: d and Hom
(1957} in their prosp: study of supposedly healthy individuals This study
was on such a large scale that a direct companson of the mortality among
cigarette smokers and non-smokers could be made for four types of area
differing in the degree of urbamsation, From Table XVII 1t 1s seen that the
mortality observed among men resident in the largest towns was 58 per cent

TABLE XVIL

Mortality from Lung Cancer in Town and Country in the US A.
n Men Aged 50-691

Death rate per 100,000 men per year in

|
. | Rates
1pe of case | srandardised \Cyiesof 50000)  Cines of | suburb
! o ‘populanion | 10,000-50000( *or | Rural
| ormore | population | town
Al
‘\ Age E+3 68 I 52
Al
certified cases Ageand
Simokung habits I e B | o
Wel estabiohed_dagnoss, | AF® ] 4 a4 |
b
oﬁ ::gms deNOCATCINOMA { 4o 4 }
Smokig absts 52 s e

+ This muay, however, be an over-sumplification as much of the tobacco 1 New Zealand may have
been smoked in the form of hand-rolled cigarettes and this has not been allowed for

t After Hammond and Horn (1957).
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higher than that observed among men resident 1n rusal areas, but when
differences in the amount smoked were takes into account the excess mortality
was reduced to 27 per cent, i.e., by about half. The death rates actually observed
among cigarette smokers and among men who had never smoked regularly
are shown in Figure 18 In both sets of data, the rates are higher 1n the fasge
towns than in the country with the rates for smaller towns and suburban aress
intermedsate.
DEATH RATE FROM LUNG CANCER
BY PLACE OF RESIDENCE AND SMOKING MABITS

{Annual xates per 100 000 men aged §0-64 years, standardized for age!
casés with well satablished diagnosi# only, excluding adenocarcinoma)

85 2
kil 709
652
u?
93
4.7
o0 cw)
Rural Areas Suburbs or Cities of Cipes af
N small towns 10,000-50.000 50000 population
‘sopulatian or more
Never smoked - Cagarette gmokers
regutary

Fro 18

Mortahity from lung cancer 1 the U.S A m refation to degree of urbanisation
and smoking habits. death rates standardized for age. only cascusnl;“:V:g
established diagnoss incladed and adenocarcinomas excluded “(After Ham

and Horn 1957)

d Campbell (1955) and by

Other data have been obtaned by Stocks an Lo e penee

Doli and Hill (unpublished) In these studies the smoking habit o,
population were estimated from the habits recorded, at a personal tn e
by hospital patients suffeting from diseases other than lung cancer atervicW
habuts of persons dying of lung cancer were determined similarly by "; oribe
with hospital patents suffering from the disease or, 1n the case of lsom : ative
patients in Stocks and Campbell's study, by mtervxcwvwnh a close foott
after death. The results of the two studies are illustrated in Figure 19. Jung it
cases the male mortality was found to be higher at each level of ;r:: ing! he
the larger towns (Liverpool and Greater London respectively) ¢ s qmone
rural dsstriets. The only mayor discrepancy concerns the mortality 1 vy

N D fably
non-smokers: according to Stocks and Campbell’s data this varied apprecis
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with the degree of urbanisation, while according to Doll and Hill's data the
variation was slight Stocks and Campbell stress the fact that the ratio of the
rural to the Liverpool rates increases steadily with the amount smoked and they
regard the data as suggesting that the Liverpool environment exposes men to a
carcinogen which adds to the rural rate a certain fixed risk of lung cancer
(¢quivalent to about 100 deaths per 100,000 men aged 45 to 74 years per
annum) wrespective of whether they smoke or not They summanse their

STOCKS AND CAMPBELL DOLL AND HILL

X~——X GREATER LONDON

[ESTIMATED ANNUAL DEATH RATE PER 1, 000 MEX

NON~  LIGNT MODERATE HEAVY  NON- 1MWy  15-2g  28g4
SMOKERS SMOKERS  /day 7oy day

Fia 19

Mortality from lung cancer in relation to degree of urbarusation and amount smoked _death
ratey cstimated from data obtawed mn retrospective studies of patients’ smoking habits
(Stocks and Campbell 1955, Dol and ill, unpublished data)

results by estimating that if all the men in Liverpool had been non-smokers the
number of deaths from lung cancer would have been reduced by about 53 per
cent and if the specific local cause were removed the death rate would be reduced
by a further 36 per cent It may be noted, however, that if the same techmique
were applied to their data for the mixed urban and rural areas of Cheshire,
the conclusion would be reached that local factors were not responsible for
any of the deaths

In the author’s view, the comparisons made of the mortahity among
smokers 1n different areas are liable to overestimate the difference between the
areas  For if, as seems probable, the habit of cigarette smoking spread from
the towns into the countryside, 1t must be expected that differences mn smoking
habits 20 to 30 years ago—the more relevant peniod for the mduction of
cancer—would have been greater than they are now, and comparson based on
the most recent habits will underesumate the differences in habuts between the
various areas and so will overestimate the difference in mortality due to other
factors, t1s doubtful whether this could be by basing th 15008
on the histones of the more remote habts, since the histories of habits in the
distant past are much less reliable. This defect does not apply to the data
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obtained on non-smokers and these data may, therefore, give a better estimate
of the effect of the ‘urban’ factor than the data on smokers. Such data are,
however, extremely difficult to collect owing to the small numbers of cases
recorded among non-smokers.

In an attempt to overcome this difficulty, Doll (19535) grouped together
male and female cases occuring 1n non-smokers and, on the basis of the data
collected by Doll and Hill (1952), estimated that the difference in mortality
attributable to local factors might be insignificant. He was unable to find any
evidence for a difference in mortality among non-smokers in the two sexes, but,
if there should be a difference, the procedure would clearly not be justified.
The estimates of the rates 1n non-smokers obtained in the 3 investigations are
summarised 1n Table XVIIL

TaBLE XVIII

Death Rates from Lung Cancer among Non-smokers in
Areas of different Degrees of Urbanisation

Estimated death rate per
Number | 100,000 persons per year i
Age and sex of of deaths Reference
“population among | yurat | 9SO | pe,
Kers| districts | yrpomcanion | 109
M 50-69 years 10 3 1 26 (a)| Hammond (1956)*
M 45-74 years 25 14 0 131 (8) | Stocks and Campbell (1955)
M 45-74 years 4 0 26 11(c) {Doll and Hilf (1952}
Mand F 45-74 yedrs 40 13 11 14 () Doll (19538}

(a) Pittsburg, Los Angeles, Chicago, Detroit, Buffalo, Syracuse, Munneapolis and Newark
(4) Liverpool

(¢) Greater London

* The later data published by Hammond and Horn (1958) are not
this Table, since they relate only to histologically proved cases, an

comparable with the other data it
d exclude adenocarcinomas

efinite conclusion
fuct

n

At the present moment 1t is not possible to reach a d
about the extent to which at heric pollution is responsibl for the pi bell's
of the disease. The most extreme estumate, based on Stocks and Campl -l
data, is that in certain towns with heavy pollution (like Liverpool), the DSCS
surban’ factor may be responsible for approximately two-fifths qf the l‘lzaan‘
In view, however, of the low rate observed among non-smokers in DO et
Hill’s prospective study on British doctors—7 per 100,000 male r;lon-;:e ot
aged 35 years and above against 81 per 100,000 for all men of the sonmbﬂ'
groups—it is difficult to believe that the factor can make such 2 large ¢ e,
tfion to the national rate for men throughout the country as a whole. " that
more conservative estimates, based on all the British data, would sug%eof e
in many urban areas (including perhaps Greater London) th.e cﬂ"ec:“s from
urban’ factor may be very small or even absent. In the U.S.A. it appe
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Hammond and Horn’s data that local ‘urban® factors may be responsible
for approximately a quarter of the cases in the big towns and about one-eighth
in the smaller towns and suburban areas.*

‘The belief that some cases of lung cancer are attnbutable to an ‘urban’
factor 1s strengthened by the knowledge that the air of towns is pofluted by
the presence of several known carcinogens, and that, within a single country,

the of these sub tends to be greater in the larger towns.
Four groups of substances have been d: arsemc,
34 and other polycyclic hydrocarbons and, possibly, the oxidation

products of aliphatic hydrocarbous. The amounts of arsenic and benzpyrene
which have been found i urban air are shown n Table XIX. In Bntain,
TasLe XIX

Average Annual Amount of Smoke, 3 : 4-Benzpyrene and Arsenic
in the Awr of Brinsh and Scandinavian Townst

Smoke 3 Abenzpyrene | Arsemc(As,0)
Place T mg [100m ug/100m® #2/100m?
London (Beckton) 292 71 132
{County Hall) 295 46 58
L llClBssnts ) e 15, -
averpo —
Shefficid 393 42
Brstol 13
ull 00 18
Lewester 4 29 {
Burnley 03 21
nnoc] 73 19 | -
Bilston 00 | 27 ) 78
Llangefm (Anglesey) a9 o7 | =
Cnpcnhagen 51 } 10 | 18
22 06 18
60 | 12 5 —
Nowhten (Norway) o8 03 —
R:ma iy 13 ! 025 | Pl
Akureyn (loeland) 06 | 00y | —

! Winter average % Summer average
Extracted from data publphed by Camphell and Clemmesen (1956), Campbell and

Kmbem(ma).coma , Kennaway and Kennaway (1952), Kennaway (1957), Stocks
a0 Carmpbell (195 and Waller (932) vath addmional data gven by DE M
Campbelland Sir Exnest Kem

both the arsenic and the polycychic hydrocarbons are derived principally from
coal smoke; in Los Angeles, on the other hand, Kotin and his colleagues
believed that the presence of benzpyrene could be attributed almost entirely
to the exhaust products of internal combustion enges (Kotin, Falk, Mader
and Thomas 1954),

The mean amount of arsenic (As,O,) in the air of a large Bntisk town is
of the order of 7 pg/100m? (Goulden, Kennaway and Urquhart 1952) A
*standard’ man may be assumed to inspire about 7,300m? of air a year, so that

* Sce footnote to Table XVII
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the amount of arsenic inspired in the course of 10 years would be about Smg;
this is Tittle more than would be volatilised in smoking one cigarette  week
over the same period and is equivalent to one maximum official dose of Fowler's
solution. It is unlikely, therefore, that the presence of this small amount of
arsenic could be of any serious significance,

The position with regard to the polycyclic hydrocarbons is different
The most important of these 1s 3 : 4-benzpyrene, but others believed to be
carcinogenic (e g., 1:12-benzperylene) are also present in town air. The mean
concentration of the benzpyrene in the air varies from town to town, but a
representative value for a large British town is of the order 3 pg/100m®. The
amount inspired by a standard man in the course of 10 years would be, there-
fore, about 2mg.; this 1s about equal to the amount inspired by a man smoking
S0 cigarettes a day over the same period and is of the order of 500 times the
dose which has produced a sarcoma when 1njected subcutaneously in a mouse.
It is probable, however, that the amount which actually reaches the brond.u
is appreciably less. Furstly, all measurements have been made on outside air
and some of the suspended matter is likely to be filtered off before it is respired
in, for example, bedrooms. Secondly, air is normally respired through the
pose and more will be filtered off by the turbinates. Stocks and Campbell
(1955) made the empirical assumption that about one-twelfth reaches the
broncht and consequently were able to show that in a rural area of North
Wales, a mixed urban and rural area m Cheshire and Denbighshire and the
town of Liverpool, the mortality rates from lung cancer might be closely
proportional to the sum of the amounts of benzpyrene reaching the broncht
from the suspended matter in air and from cigarette smoke. It would, therefore,
seem reasonable to postulate as a working hypothesis, that the benzpyrent
derived from these two sources is the agent responsible for the production of
the great majority of cases of the disease. The hypothesis would not:C
seriously affected if 1t should prove, as some other data suggest, that the
mortality rates for non-smokers in the large towns were apprecxab}y less than
the rates estimated by Stocks and Campbell (1955) for Liverpool; in this catic.
1t would merely be necessary to assume that less than one-twelfth of n:
suspended matter 1n town air reached the bronchi If, hmyever, the benZPYT"u
in town smoke is wholly adsorbed on to carbon particles, it may be biologica ly
inactive Stemer (1954) found that he could produce cancer qf ll}c Sklr“ ifc
mice hy means of extracts of smoke particles, but not by application O t'th:!!
untreated smoke 1tself, and this finding weighs against the hypotheslls(otm
atmospheric benzpyrene is a cause of the disease. On the other hand, - J
Falk, Mader and Thomas (1954) suggest that the aliphatic !:ydrocnrboﬂls oS
their oxidation products 1n the ethillst 1fumt:s of motors might act as ¢l

e atmosphere and so reactivate the benzpyrene.
" m’[’l?; md?cactmty in air is small in amount and is unlikely to b;g m“sli
of more than a small proportion of the total num!?er of cases—if, in im,'nc-
is a cause of any. It is possible, however, that it might gontnbute to, :mcc A
what greater number m the towns than in the countryside. The evi
reviewed 1n a later section (p. 95).

90



ATMOSPHERIC POLLUTION

The founh group. of subslances which need to be considered are the
of al bons Interest 1n these substances was
aroused when Kotm and his colleagues reported that they had obtammed
tumours on the skin of mice by the application of an extract of substances
obtained from atmospheric aerosols, which was free of polyeyclic hydrocarbons
(Kotin and Falk 1935; Kotn, Falk and Thomas 1956). The first tumour
appeared after 14 months and altogether S out of 35 mice developed papillomas
and 2 others developed cancers. The production of an ncreased number of
pulmonary adenomas 1n mice exposed to atmospheres contaimng the aerosals
was also demonstrated by Kotin and Falk (1956). The material was obtamed
synthetically by volatiizing gasoline with nitrogen and reacting 1t with ozone
and is presumed to be stmifar to material occurning 1n urban atmospheres as
the resuft of poll by veh f . Itss d that the bl
agents might be epoxides or hydro- pcroxxd:s, some of which have been shown
to have carcinogeruc properties (Hendry, Homer, Rose and Walpole 1951,
Fieser, Greene, Bischoff, Lopez and Rupp 1955). The work 15, however, at
100 early a stage for any definite conclusions to be reached about the possible
effect of this group of substances, under the conditions of normal town hfe

EFFECT OF FUMES FROM INTERNAL COMBUSTION ENGINES

In recent years interest has been aroused 1n the extent to which the fumes
from internal combustion engmes can have contributed to the vanous effects
of atmosphenic pollution They are of particular nterest 1n relation to lung
cancer for two reasons Furstly they constitute a relatively new source of
pollution which began to become prevalent some years before the rise in
lung cancer mortality began to be recorded It should be noted, however,
that this applies only in the case of the fumes from petrol-driven engmnes;
diesel engines did not come into general use on the roads in Britain till after
the nse in lung cancer mortality had commenced (Table XX) and a latent
penod of 20 or more years would normally be expected before the appearance

TasLe XX
Number of Diesel- d Vehicles Regis { for use on the Roads
compared with the Male Death Rate from Lung Cancer
| Number of Percentof | Crude death rate
Year diesel-engined vehucles | total vehicles | from lung eancer
| “Cepureredin Briaws. | “reguiered 1 per 1006000 men
1910 ] 0 | 00 2
1920 o 00 17
1925 [ | [ 7
1930 1 00 35
1934 6,715 03 108
1938 | 25543 | 08 172
1942 i 4 — m
1946 45942 15 33
1950 I 88597 20 ! 430
1554 | 139430 24 51
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of any cases of lung cancer which might be attributable to their use. Secondly,
the fumes of both types of engine have been shown to be capable of containing
9arcinogemc substances under certain conditions of operation. The data shown
in Tables XXI and XXII are summarnsed from reports by Kotm, Falk and

TaBLE XXI

Pollutants in the Exhaust Gases from a Petrol Engne,
under Different Conditions of Operation*

Revolutions Amount in | punute samples (xg}
per nunute Load
Pyrene 3: 4-benzpyrene
500 0 225 120
1,000 0 439 61
1,500 0 507 33
2,000 0 374
2,500 ] 346
3,000 0 121 13
3.500 0 48 10
1,000 1/4 59 0
2,500 1/4 7 0
1,000 2/4 26 1
2,500 24 1 [
1,000 4/4 21 Q
2,500 414 0 0

* Extracted from data given by Kotin, Falk and Thomas (1954}

TasLe XXIT

Pollutants in the Exhaust Gases from a Diesel Engmne,
under Different Conditions of Operation*

Method Revolatrons Amount w1 runute samples (1g)
o per Load
operation minute Pyrene 3 : 4-benzpvrene
|
1,200 Q 9 9
1,200 1/3 15 0
1,200 2/4 16 0
1,200 2 3 0
Efficent | Acceleration and o 15 0
deceleration
” /4 a 0
» 2/4 03 [
- 374 02 0
IR
1,000 ] 137 146
1,200 0 208 9
1,400 0 188 8
1,000 24 536 m
1,200 2/4 3
Incfficient 1400 e 20 1372
1,000 414 2,500 876
1,200 a8 1912 1,706
1,400 4j4 822 1,687

» Extracted from data given by Kotin, Falk and Thomas (1955).
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Thomas (1954, 1955); they show that the conditions under which the
maximum amounts of polycyclic hydrocarbons are produced differ markedly
1 the two types of engime With the petrol engmme the maximum amounts
of pyrene and of benzpyrene are produced when the engne 1s 1dlng under
zero load; increase of load or speed both result i a sharp reduction With the
diesel engine, on the other hand, the amounts produced vary very slightly with
speed but, under condi of i mncrease sharply with load
Under condrtions of efficient operation very little of any of the polycyche
hydrocarbons 1s produced, wrrespective of load and of whether the engne is
running at a constant speed or accelerating and decelerating, under these
conditions no benzpyrene was detected 1n the exhaust gases on any occasion
Commins, Waller and Lawther’s (1956) data support thus conclusion, They
made measurements stmultaneously inside and outside a large London Transport
Executive diesel bus garage while 200 buses were being brought m or warmed
up before departure  On a might when ‘normal’ urban pollution was hugh
the benzpyrene content of the air inside and outside were virtually the same,
although the soot content of the air mside was appreciably higher. On another
night when there was httle smoke n the outside air, a small amount of
benzpyrene may have been added in the garage but the difference was
so small that it could not be established with certamnty and was neglgible 1n
companson with the fluctuations which anse from varying levels of smoke
outside.

In addition to the polycyclic hydrocarbons Kot and Falk believe that
vanous oxid: d of the aliph hydrocarbons may be present i
the exhausts and that these may also be carciogemc (see p. 91), while petrol
vapours and their oxidation products might be capable of exerting a further
effect by eluting the benzpyrene already in the air from other sources and thus
potentiating its biological activity

Durect evidence of the effect of motor exhausts on persons specifically
exposed to them 1s difficult to obtain  All city residents are exposed to some
extent mn their daily hfe and 1t may be questioned whether any one group 1s
exposed to any substantially greater degree In so far as there s such a group,
i&is likely to 1nclude men whose work keeps them on the roads or m garages
R o e e r . oo .

therefore, 1t 15 not possible to reach any defimite conclusion about the effect
of motor exhaust fumes There 1s no durect evidence to show that they give
ise to any cases of lung cancer 1n man, but from the chemrcal evidence 1t may
be presumed that they produce a proportion of those cases which can be
attributed to atmospheric pollution in general; 1n Britan the proportion
may well be small There 15 no reason to suppose that diesel engines have
been more dangerous, n this respect, than petrol engines; operated efficiently
they may be presumed to be safer. There are, however, no quantitative data
which would allow a direct comparnson to be made of the exhaust fumes of the
w0 types of engine run under average conditions of operation
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CONCLUSION

The data connecting atmospheric pollution with the production of lung
cancer are not easy to interpret. The consistent finding of an increased
mortality in large towns and the 1solation from the urban atmosphere of
substances which are known to be carcinogenic to animals under suttable
expenimental conditions, provide reasonable grounds for adopting, as a working
hypothess, the view that pollution 1s responsible for a proportton of cases.
The carcinogenic substances in the atmosphere may, however, not be in 2
biologically active state and it certamly cannot be assumed that they are
carcmogenic to the human bronchi simply because, under different conditions,
they can produce cancer 1n other ammals. Before the hypothesis is established
1t is necessary to relate pollution directly to the occurrence of the disease in
man, Occupational studies of men heavily exposed to pollution have so far
fatled to provide such evidence and comparisons of urban and rural mortality
are complicated by the existence of differences which characterise urban and
rural Iife, other than in the degree of pollution of the atmosphere. The most
important of these s the difference m the amount of cigarette smoking. Estimates
of the mortality m different areas at different levels of smokmng are in general
agreement mn showing that the mortality 1s higher at each Jevel 1 the most
densely populated regions, but they conflict in one important respect, namely,
the extent of the mortality among non-smokers. 5

On present evidence 1t seems probable that atmospheric 1301111!1011 is
responsible for a proportion of cases The size of the proportion will be
different 1 different countries; mn Norway it is likely to be neglgible, but
even 1 Britain, where pollution is heavy, the proportion is unlikely to ‘e Jarge.
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diagnostic radiography. If small doses should prove to be capable of causing
cancer, the contribution of this latter source (and of other quantitatively even
less important sources) would also have to be considered, If any tumours,
other than those due to speaific industrial hazards, are due to radactivity,
it must be presumed that they would be similar histologcally to the Jachymov
and Schneeberg tumours—that 15, they would almost invariably be squamous,
oat-cell or undifferentiated cancers.

RESPIRATORY INFECTION

Previous inflammation and the formation of scar tissue in the lungs have
long been thought to be possible precursors of lung cancer. In support of
this belief, 1t was pointed out that metaplasia and disorganised proliferation of
the basal cell layer of the bronchial mucosa might follow from severe respiratory
infection (Haythorne 1912; Goldzieher 1918) and, as has been clearly demon-
strated by Auerbach and his colleagues (1955, 1957), similar changes ar
found more commonly in association with death from lung cancer than with
death from other causes (see Table XIV). .

In some cases of fatal influenza the histological picture in the bronchi
so closely resembled that of early carcinoma that Winternitz, Wason and
McNamara (1920), Shaw (1924) and others were led to predict that thg 1918—15;
pandemic of mfluenza would be followed by an increase in the incidence Or
lung cancer In fact, the increase in incidence has occurred, b!.}t it is most
unlikely to be due to the epidemic of influenza. Firstly, the increase has
affected men much more than women, whereas influenza affected both sexes
almost equally. Secondly, the distnbution of the increase throughout the
world has not corresponded with the distribution of influenza; the EP“"“'”‘;
was particularly severe in Iceland but Iceland has, until very recently, ﬂos
suffered an increase 1n lung cancer Thirdly, the mncrease has Esﬂ'ected Pem’“d
who were not born at the time of the mfluenza pandemic; in England 325
Wales, for example, the lung cancer mortality among men aged 30 to 34w
6 per million 1n 1916-20 and 35 per nullion 1n 1951-55. monaty

Other pathological evidence derives from the observation that pul moons
tumours have been found in proximuty to the scars of other pulmonary Ielsl fied
Woodruff and Nahas (1951) and Woodruff ef al (l9§2) found that mcc‘hml
foc1 were present 1n the same lobe as the tumour or in the trat:lu:o-bronmstic
nodes draining the lobe, 1n 27 out of 40 cases of squamous and anap oy
‘bronchial cancer—and that these foci were larger. than thqse P“Se"tc‘gm of
other par: _cf thi 1‘13!‘1%;‘ in contrast, thex:g x?s a sin’ulai f"‘l”l?t‘i::l[l‘ c?f;‘elm}i’ ?:ci ‘ight
C cinogentc
followig

i soncaasion WS

nmary tuberculosis might be a factor. A sumlar type o1 ol s

Euggestn::d by Schwartz (1950), who described cases of' bronchial cxft‘;‘f;;mu;ng
association with lesions of the bronchial wall brought about by neig

tuberculous lymph nodes
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An intimate histological association between cancer and scarring in the
Tung was described by Rdssle (1943), Raeburn and Spencer (1953), and Luders
and Themel (1954) Raeburn and Spencer sectioned the whole of both lungs
at autopsy and removed all suspicious nodules and scars for microscopy,
irrespective of the cause of death In 750 autops:es, they found 9 unsuspected
microscopic cancers 1n association with scars in the periphery of the lung and
one unsuspected small carcinoma in a large bronchus. Difficulty was expenienced
“n determuning the borderline betwecn mnocent reparative proliferation and
true mahignant change’, but the authors were satisfied that ‘only cases which
have shown obvious malignant change have been included 1n the series’. If the
lestons were, in fact, true cancers, 1t must be postulated that their evolution
into clinical malignancy would have taken many years, since otherwise thetr
ncidence was much greater than could be explaned by the known rate of
cancer mortality. Some doubt about the clinical sigmificance of these lesions 15,
however, raised by the fact that four out of the mne ‘cancers’ oeccurred
women, Luders and Themel examined 74 cases of lung cancer comung to
autopsy at one Berlin hospital during the period 1949-53 and found evidence
that the growth arose perspherally 1n 26. In 21 st appeared to be connected
with a pulmonary scar  Dunng the same period 3 other ‘scar cancers’ were
seen in material examined at other hospitals  Of these 24 cancers, 4 were
related to scars of pnmary tuberculous infections and 17 to scars of remfections
(10 apeal, 6 nf lar and 1 elsewh In the 3 cases the
scars were classified as the result of pulmonary infarcts Rdssle (1943) and
Raeburn (1956) have drawn attention to the fact that pulmonary scars may be
rich 1n cholesterol and, 1n view of Hieger’s (1949) finding that pure cholesterol
15 a weak carcinogen, this offers a possible explanation of the method by
which the growths are produced

The finding of lung cancer m association with certain types of pneumo-
coniosis has been described 1n a previous section (p 57) With some types
of pneumocontosis, not necessanly gross (e.g . chromitosis), the incidence of
lung cancer 1s high; with other types, which may be very gross (e g , silicosis),
the incidence may be normal or low In these industral cases, 1t 1s clear that
the disease is not the result of non-specific scarnng, but results from the
presence of a specific agent, which may or may not require the production of
pulmonary fibrosis as an ancillary co-factor.

Several groups of investigators have studied the possible effect of previous
respiratory anfections by mquiring into the past medical histones of lung
cancer patients  Bryson and Spencer (1951), for example, found that a history
ofa long-standing bronchitis was recorded 1n 21 per cent of 866 cases In
thee reports the past histones have been compared with those obtained from
‘control’ patients with other diseases. Doll and Hill (1952) obtamed histories
fr.om 1,465 patients with lung cancer and compared them with the histortes
given by 853 patients with cancer 1n other sites  After making altowance for
differences 1n the age and sex distribution of the patients, they found that the
proportions admitting to respiratory tuberculoss, pleural effusion, asthma or
chronic nasal catarrh more than five years previously were practically the same
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m both groups, but that the proportions admtting to chronic bronchitis ot
pneumomia more than five years previously were sigmficantly greater in the
groups with cancer of the lung. When, however, these patients were compared
with another group of 335 patients who had been thought to have lung cancer
at the time they were interviewed, but who were finally proved not to have r,
no significant difference 1n the previous incidence of any of the respiratory
ilinesses was detected. This last group contained a high proportion of patients
with other respiratory diseases so that the results can be explained either if
chronic bronchitis and pneumonia predispose to a whole group of respiratory
disorders, lud bronchial , or if pateents with respuatory
disorders recall previous chronic bronchitis and pneumonia more readily than
do patients with diseases 1n other systems Finke (1956) studied the histones
of 76 patients with histologically confirmed bronchial carcinoma diagnosed at
one hospital .n New York State since 1940, He obtamed data from the hospital
records, by personal mterview with the patient or with his relatives or by
questionnaire to ‘whoever might have had pertinent knowledge, including
mstitutions in which the patient had been hospitalised in the past’. In 50 cases,
he was able to obtain what seemed likely to be complete information and he
compared these listories with those obtamned directly from 50 in-patients of
stmular ages and from 271 out-patients with other broncho-pulmonary diseases
Of the patients with lung cancer 70 per cent had been affected by a chronc
chest disease for at least 10 years before the discovery of the cancer (22 had
had chromic bronchitss, 8 chronic asthma, 5 proved or suspected tuberculosss
and one silicosts); of the ‘control’ n-patients only 24 per cent had had a
similar chromie chest disease (9 chromc bronchitis, 2 chronic asthma and
1 tuberculosss) Comparison of the two groups with regard to the past history
of mfluenza 1n 1918-20, non-influenzal pneumonia or multiple attacks of
severe respiratory illnesses agamn showed a marked difference; there Was
however, relatively little difference between the incidence of these latter ilinesses
among the lung cancer patients and the out-patients with broncho-pulmonary
disease. Wynder, Bross and Cornfield (1956) reported on the past l.ustoﬂl:s
of women with lung cancer They obtained data for 105 patients, either Lh)cl
personal nterview or by questionnaire to the relatives, ar}d t:or.n}’“"efi

results with those obtamed from 1,304 other female patients 1r:tcr‘fliwby
personally. The mcidence of tut 1 and i
bronchitis was the same m both groups, but a
was obtained in half the patients with squamous carcmo:
this was apprectably more than was found among patients wit
types of the disease (27 per cent) or among the control patiel
diseases (16 per cent). A difference m this respect between the
logical types was also reported by Lea (1952) who found that

ulmonary symptoms were recorded for 22 per cent of men wil 3
P o ym. ) s ** per cent for men wi

rh.istory of chronic bronchitis
ma of the lung an
hother histologic®
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varsous histo
Tong-standing
th squamous
th oat-cell

f men with

mong a group o -
a2 5L bronchtis

. . | only for chronc






CARCINOMA OF THE LUNG

to have increased so greatly within two generations. But even though it is
clear that hereditary factors cannot be predominant, it 1s possible that they
may play an mportant part 1n determining the susceptibility of the individual
to other and changing factors in the environment.

That cancer proneness varies has been demonstrated unequivocally in
animals, It 1s probable that it depends on the effects of large numbers of
genes and it may be assumed that with each type of cancer proneness will
show a wide vanation and be distnibuted 1n a frequency curve of more of
less normal type (Huxley 1956). Such an assumption would account for the
lack of obvious heredity in human cancer in general, for in such circumstances
mbreeding over many generations would be necessary to reveal the specific
genetic basis of the various types of tumour. 1t also allows for the observation
that mmcidences of up to 100 per cent may be produced by extremely mtense
exposure {0 some occupational hazards, while exposure 1o Jower mntensities ot
for shorter periods may result 1n only a low incidence.

It 15, therefore, reasonable to assume, as a working hypothesis, that
indwvidual susceptibility to lung cancer varies; but whether the extent of the
variation is sufficient, under present conditions, to make an important difference
to the risk of developing the disease 1s entirely unknown. An answer should
eventually be provided by studies such as those now being carried out by the
Damsh Cancer Registry (Nielsen and Clemmesen 1957). In this study, the
doctor 1s required to state, at the time of notifying the disease, .whether or
not the cancer patient 1s a twin; 1f the patient is a twin, further information
is then requested about the sib. In 14 years, 336 cancer patients have been
notified whose twin sibs were alve in Denmark and not already noufied 25
having had cancer. Since then, 14 of the twms have developed cancer, whereas
at national rates 12+5 cases would have been expected. Three of the cancers
were 1 concordant sites (large intestine, heart and cervix uters) and 09 con-
cordant cases were expected, The data support what was already clear from
other studies on indwvidual types of cancer, that there is no significant mhemanci
of cancer proneness n general; but they are as yet too few for any ““f"_l
conclusions to be drawn about the extent of the hereditary variaton !
susceptibility to specific types
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but, with the exception of a doubled incidence with chronic bronchitis, 1t has

not yet been possible to d rate an i d incid following any
specific type of pulmonary infection Genetic differences may also be presumed
to play some part in determining the susceptibility of individuals to any or all
of the environmental causes.

Not all the histological types of the disease are equally related to all the
factors which have been described. Cigarette smoking, for example, appears
to be unrelated to the production of adenocarcinoma of the lung, although it
is closely related to the production of both squamous and oat-cell carcinomas
Data with regard to the industnal cancers are conflicting. Some appear to
mclude a substantial proportion of adenocarcinomas, but others (e.g., those
due to radioactivity) have been almost invariably squamous or oat-celled.

Differences in the mncidence of the disease among men and women and
between different countries, and the very great mcrease in incidence which has
been observed over the last 3 to 4 decades, may be largely accounted for by
differences 1n the consumption of cigarettes and in the degree of exposure to the
hazards associated with specific industries. A more exact assessment would
require knowledge of facts which is not now available; that 1s, of t.he true
extent of the change in incidence of the disease, of the distnbution of c1garclte
smoking at different periods of time and of the fundamental mechanism of
carcinogenesis.
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CHAPTER X
ORIGIN AND APPEARANCES OF CARCINOMA OF THELUNG
K. F. W Hinson

‘HIS discusston on the morbid anatomrcal aspects of carcinoma of the
bronchus will be based mainly on matenal from surgical excrsions  In such
spectmens the disease 1s necessarily i its earlter stages, and the route of
and of n the regional lymph nodes may be

studred Contralu(era! and distant spread can ouly be determuned from post-
mortem examnations It 1s generally considered that the squamous cell type
15 the least malignant form of the disease and the proportion of such growths
m surgical series will be high (Table XX1II)  On the other hand, if 1t has been

TapLe XXUI

The Hustological Type of 211 Resected Specunens
(Londen Chest Hospital)

Yotals Male Female  Sexrano
Squamouscelled 1 109 (567 ' 12 7 T
Adenocarcmoma | 23 U1ty ¢ 17 7 24 1
Undiirentiated 58 (28°9) 53 s 106 1
Osteetled © (5% 1 3 34
Cirawsy 1 2 36 1

possible to excrse 2 highly malignant tumour, the pattern of metastasis may
have already developed. The frequency of cell types 1n necropsy and operation
senes should only be comparcd 1f they are derived from comparable populations
dunng the same peniod of time  The discrepancies which evist between two
such series are Wustrated 1 Table XX1V, modified from Walter and Pryce
(1955b)  Here the histolopreal classification was made by the same observers
on unsek and b d durmg the same peniod,

ORIGIN OF THE TUMOURS
Ano - ~ from the epithelum of the
ind Day (1937) have shown
birth  Flattened cells have
been dcmonslmled withut the alveol by metallic tmpregnation techmques, but
‘hc)Lbcar no resemblance to the cell types of human tumours  The bronchial

has a tendency to undergo lasia to the type in
Tesponse to chrome rrnitation or infection  The intact epithelium covering a
nign ad 1$ usually sq Tuberculosts of the bronchus, either a
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CARCINOMA OF THE LUNG
TasLE XXIV

Incidence of the Mam Histological Types in a Necropsy
Series of 159 cases and a Surgical Series of 207 Cases
(Modified from Walter and Pryce 1935b)

Necrapss | Surgical
Histological t1pe series series
{per cent) (per cent)
Squamous-cell carcinoma 201 ] 604
Adenocarcinoma 283 | 155
Oat-cell carcinoma 3 | 159
Polygonalcell carcinoma 107 | 77

superficial ulceration, or associated with an underlying adenitis, frequently
heals with such a change  Figure 20 shows squamous metaplasia in the bronchus
of a child aged 18 months suffering from tuberculous hilar nodes Persstent
cavities, both of tuberculous and pyogentc origin, if they become epnhe]mhsrd
are lined by cells which are squamous in type, and which have spread from the
broncho-cavitary junctions, ¢

In an investigation designed to discover any changes in the epithelium o’
the larger bronch: which might be related to smoking habits Auerbach et dl

Fic 20 in
of bronchial From a child aged 18 months sufferi®s

al
from tuperculous ular adenitis
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CARCINOMA OF THE LUNG

carcinoma 1n asbestosis has been recorded by Gloyne (1951). It is probable
that the ease with which the bronchial and t hiolar epithelium und
metaplasia of differing degrees of differentiation explains both the frequency
and the pl phism of sq -celled t

Squamous metaplasia also occurs in adenocarctnomas of bronchial erigin
Walter and Pryce (19554) found this change in some degree in 19 per cent of
their excised specimens, and 1n 12 per cent of those obtained at autopsy. In
two cases the metaplasta was so extensive that the primaries were considered
to be of the squamous type, but lymph node metastases were adenocarcino-
matous. They quote Phillips, Basinger and Adams (1950), who found squamous
metaplasia in the 9 adenocar they d. The change may aho
be detected 1 ‘oat-cell’ growths and those formed of mamnly polygonal cell
{Walter and Pryce 1955q).

HisTOLOGICAL TYPES

The pleomorphism of bronchial carcinomas is notorious. In a necropsy
series of 84 cases, Willis (1948) examined an average of 6 blocks from each

WAT 3 ! "3’7]:’1’
SR IARNE i,
\hﬁ{%@: ‘i@. '25}; YA
N NS ¥ ’2/‘51.@" A4
TN R
SN\ GRS :

Squamous-<elied caremnoma.
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CARCINOMA OF THE LUNG

carcinoma in asbestosis has been recorded by Gloyne (1951). It is probable
that the ease with which the bronchial and bronchiolar epithelium undergoes
metaplasia of differing degrees of differentiation explains both the frequency
and the pl phism of sq celled t

Squamous metaplasia also occurs in adenocarcinomas of bronchial origin
Walter and Pryce (1955a) found this change in some degree in 19 per cent of
therr excised specimens, and in 12 per cent of those obtained at autopsy. In
two cases the metaplasia was so extensive that the primaries were considered
to be of the squamous type, but lymph node metastases were adenocarcino-
matous. They quote Phillips, Basinger and Adams (1950), who found squamous
metaplasia m the 9 adenocarcinomas they examined. The change may also
be detected n *oat-cell’ growths and those formed of mainly polygonal eells
(Walter and Pryce 1955q).

HistoLoGicaL TYPES

The pleomorphism of bronchal carcinomas is notorious. In a necropsy
series of 84 cases, Willis (1948) examined an average of 6 blochs from each

1

Fig 22
Squamous-celled carcinoma
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ORIGIN AND APPEARANCES OF CARCINOMA OF THE LUNG

tumour or 1ts metastases, and found a variable histological pattern 1n 28 per
cent, However, such difficulties 1n classification should not deter an attempt,
as, together with a study of the extent of spread and vascular mvolvement, 1t
may help in giving a reliable prognosis 1n surgical cases. The difficulty les 1n
the large number of terms which have been applied to those tumours which
are not clearly either of the sq lled or ad types
Both are usually easily ble although the 1 changes 1 the

A :Ifb'«:“*f:‘ -y
A s{.”‘ﬁ “‘-’(“5 a
5o LAY

Aprale , oY g
NI AT AR A MR AR AT)
Fic 23

Squamous-celled carcmoma with degeneration which suggests adenocarcinomatous
rmation

Rt
3 % ¥ ‘:"-
NI

tumour 1tself may cause doubt unless an adequate microscopic survey of the
tumour and its ismade Itis that the g classifi
tion of histological types be employed (1) squamous celled, (2) adenocarci-
noma, (3) undifferentrated which will include a small number of highly
mahignant *oat-cell growths

Squamons Carcinomas
Microscopic sections of squamous-celled carcinomas show rounded or
oval processes of recognizable squamons cells Keratmization 1s frequent and
Elk))l\helxal pearls may be formed The fibrous stroma 1s charactenistically
abundant (Fig 22) * Areas of degenerative softening and necrosis of both
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CARCINOMA OF THE LUNG

elements of the growth are common m larger tumours. Qccasionally an island
of squamous cells may undergo central softening and replacement by poly-
morphonuclear leucocytes and produce a false appearance of an adeno-
carcinoma or of squamous metaplasia in such a growth (Fig 23). Further
examination of the section will, however, show the true squamous nature of
this tumour.

Fic 24
Adenocarcinoma

Adenocareinomas o I
Adenocarcinomas usually have the characteristic microscopic P b
tubule formation or glandular spaces (Fig 24). ]\II.ICUS form:{nznvilsmlcc”s
umversally demonstrable by appropriate stamning techniques. Th.eﬂ; ‘l e leus 5
have an opaque cytoplasm wh:chdmay vacuolate,‘ and \hecc\;‘c;;cu ar fuc @ -
ften applied to one side. Reporte o - 3 .
gmbabll’)l/J examples of this type, which may not always show acinar formati?”
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ORIGIN AND APPEARANCES OF CARCINOMA OF THE LUNG

Such differing degrees of structural rather than cytological differentiation
seem to be habitual in this type of growth There has been debate over the
origin of the ‘alveolar-celled’ carcinoma. In this condition the lung 15 consolt-
dated by neoplastic infiltration, and to the naked eye presents as a white
pneumoniz. In sections the alveolar walls are seen to be haed by columnar
mucus-secreting cells, usually 1 a single layer (Fig 25). Confirmation of the

Sl g AR
S ROPRCR AT
g, AR
Fic 25

“Ahcolar cell' carcinoma  Neoplastic cells iming the Walls of the alseol which are
outlined by deposits of carbon - From the Jung of a coal-miner who died of pneumocontosis

persistence of alveolar walls may be given by carbon dust deposits within them
Desquamation may result in the alveolt bemng filled with tumour cells, but
more frequently they are distorted by large quantities of secreted mucus  The
usurpation of the alveolar wall as a stroma 1s a common mode of intra-
i y n by ad: with an obvious bronchial ongin
The ‘alveolar cell’ tumour involves the Iymphatics widely at an early stage
The condri , therefore, a mal one and the term ‘adenomatosts’
should not be used  As the affected areas may be multilobar, of even bitateral, 2
multicentric origin has been postulated  However, the extensne lymphatic
nvasion makes this explanatton unnecessary and 1t is only the difficulty i
demonstrmmg an undoubted bronchral or bronchiolar primary which justtfies
the of the cond from the } 1 ad
{see also p, 178)
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CARCINOMA OF THE LUNG

Undifferentiated Carcinomas

‘When the squamous and adenocarcinomatous growths have been identified,
mn all series there will reman some which cannot be classified in spite of
adequate material, and starming techmque In this group there will be many
untypable examples of the previous ones, and it 15 better to classify them as
undifferentiated carcinomas rather than apply a description of the cell shape
or size  Both these features will vary with the pleomorphism of all bronchial
carctnomas and the degenerative i in all malj tumours

Fic 26
‘Oat-cell’ carcinoma

PR e 4 e e e Pt bhare crmin ot avaids the use of such

. the ‘oat-
oo, . . dusease,
cell’ growth 1s a separate entity, as the most malignant form of the ot

i h 1s comp:
and separate 1t wm their discussion. This form of growt he
umformly small cells with a very scanty stroma formation (Flg‘ 265)‘ toTﬁll
nucler are deeply stamned, rounded or oval in shape ;\‘nd appear al mt’cry Whin
the cell so that the cytopl 15 either indisti hable or seen as a
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CARCINOMA OF THE LUNG

(1951), who mentions the difficulties in localizing intermediate growths,
describes two types: central, tumours arising in the large bronchi; and pen-
pheral, those which do not arise from a macroscopically visible bronchus,
He notes the tendency of the central tumours to be infiltrative and ocelude the
magor bronchus of ongin, whereas the peripheral carcinomas are expansive m
their mode of growth. Wiklund constders therefore that the *non-circumscribed'
and the ‘circumscribed’ tumours of Rabin and Neuhoff (1943) correspond
respectively with his two types,

Nohl (1956) 1 his description of surgical specimens makes a practical
chinieal distinction by classing as central those growths which were visible at
bronchoscopy, and, following dissection of the specimen, those cases 1 whih
1t was considered that the growth should have been seen, Table XXV shows

TARLE XXV

The Site and Histologieal Type of the Tumour in 211 Resected Specimens
(London Chest Hospital)

! Site of tumour

Total Central
“ “Peripheral” {———-Tm,'mmmﬂw
Tsammew w0 @ | wm | & |
Adenocarcinoma 24 I 18 6
Undifferentiated | 58 s 28
*Qat-cell’ | 0 t 2 8
Toral an \ 9 I

the proportions of each histological type which were found to be central ]h“?
probable that the number classed as ‘penpheral is too low, as mtrabronct ‘1;1
extenston towards the hilum will result in a tumour that has arisen more distally
bemng classed as central Nevertheless, it tends to confirm the vjew that squamoug
cell tumours are more often central, and that adenocarcinomas are m\:;e
more frequently ‘pertpheral’  The majority of ‘oat-cell’ growths are within
range of the bronchoscope.

Table XXX nd that if all hustological types are constde o
the central growths have a higher rate of lymph node metastasis and veno!

mvolvement.

idered together,

MACROSCOPIC APPEARANCES

In 1ts earhest stage a central growth presents as a sessi
excrescence, but even before the bronchus is occluded distal o
and infection may occur (Figs. 27, 28). As the disease progresses the
bronchial portion may form an elongated polyp several centimetres in
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ORIGIN AND APPEARANCES OF CARCINOMA OF THE LUNG

INTRABRONCHIAL
PORTION OF TUMOUR
Fic 27
Thin section of a pricumonectomy specimen  Bronchiectasss 1n basal branches distal to the grow th

w.nhou\ corresponding involvement of the bronchial wall, or the whole
circumference of the mucosa may be infiltrated and become raised and irregular
50 that again the lumen 1s obliterated. Combinations of varying degrees of
polyp formation and mucosal involvement are, of course, common _Even i
the later stages when the major part of the lobe 1s affected by infiftration,
collapse and sepsis the branch which was primanly invohed by the tumour
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fic 28
Thun secuon of 3 pneumon-:cmmy specimen ntral tumout causing. gross pronchicet
e and 10we" lobes

maybmnd\ca\ Y hed\stensm bro chuectasis W jchitcd De vasqy

4 Haslewo® 954) hav! described pord PH he 1ung stal 1©
carano the bro which the! salveolat ey’ ut 10
nfectio! ¢ 50 severe that destructi ¢ lung UisS! may F How 3™
an ac (ung abscess be formed (Fi uch 2 P absce due
pronch! struction diffe om op\aslic abscess ch nectosts
nfection and excavation rabron al portio’ e WMoY’ hos
deve\oped (Fig. 30). In the latters the wall 18 de ZOM £ whites bvm\ls\)



Fic 29

Thin section of 3 pnevmonectomy specimen  Pyogeme abscess replacing upper lobe, resulting from
central tumour

Fig 30
Thin section of 2 pneumonectomy specimen. Cavitating peipheral fumour



CARCINOMA OF THE LUNG

neoplastic, nfiltration; the inner surface is grossly irregular and the outer
edge shows the sealloped outline of the advancing carcinoma. Such neoplastic
abiscesses formed by central growths usually communicate with a major
bronchus.

Perspheral tumours usually remain roughly spherical untl their diameter is
some 4-5 centimetres, but the cut surface shows a characteristic circumferentiat
scalioped edge without encapsulation (Fig, 31). (This may also be seen

Fio 31
“Thig secuon of a fobectomy specimen.  Perphesal cartinoma with puckere!
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ORIGIN AND APPEARANCES OF CARCINOMA OF THE LUNG

radiographically (Simon 1956; Rugler 1955, 1957)) The absence of peripheral
fibrosis and small satellite areas of caseation assists 1n immedate distinction of
such early carcinomas from caseous tuberculous foc1  Peripheral tumours are
usually free from obstructive or infective changes but when, as they often do,
they attam a tremendous size replacing almost a whole lobe, central softentng
and excavation may follow. Such neoplastic abscesses m peripheral growths
will, however, also present the same 1rregular walt as the central type except
that the outer boundary may consist of pleura alone, The occurrence of
macroscopic mucus will often allow an immediate diagnosis of an adeno-
carcinoma to be made.

SPREAD WITHIN THE LUNG

All peripheral carcinomas and the majonty of central ones show extra-
bronchial extenston when the specimen 1s resected. There 1s circumferential
mifiltration which proceeds too rapidly for psul. and m p
sections from most cases, growths of neoplastic cells may be seen in advance
of the apparent edge This mode of progression occurs n all the histological
types but 1n particular the cells of an adenocarcinoma seem to find the alveolar
walls a suitable supporting framework, so that 1n the zone of advancing growth
the picture of the ‘alveolar cell’ carcinoma 1s presented The normal pleura
apparently acts as a bar to further direct extension but its lymphatics are
frequently permeated. There is a fibrinous exudation over the lobe or segment
tmvolved, but actual vlceration of the growth 1s rare. There are exceptions,
tumours anising in the apex of the upper lobe may involve both visceral and
parietal pleura and spread outwards to 1nvolve all the structures of the chest
wall - Perhaps the presence of I d h with the 1
of lymphatic channels between the adjacent layers does not allow the visceral
plevra to maintam 1ts usual limiting functon  Most of the growths which
behave n this manner are of the squamous-celled variety and their slow
extension may give time for such pleural symphysis to form, but as the condition
1s unusual 1n situations other than the apex of the upper lobe this possibility
must be remote. When the extrabronchial spread has mvolved another lobe the
fissure 15 always closed by adhesions
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CHAPTER Xi
THE SPREAD OF CARC!NOMA OF THE LUNG
K F.W. HinsoN

Nmmuomcxc SPREAD
NVOLVEMENT of the ym hatic channels with subsequcnl melas\as'\s in
the hilar ymph nodes 13 the most imponam mode of imra\homc'\c spreac
b

P!
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Malignant permeation of perascular lymphatics
breast There was an unexplained preponderance (19 out of 24 cases) of

night-sided pleural lesions, the condition occurred on that side after previous
left mastectomy.

Vascular Involvement

The arterial supply of 1s from the artertes
{Wood and Miller 1938; Wright 1938, Cudkowicz and Armstrong 1953) By
injections of coloured or radi paq and sub: radiographs
and microscoptc sections, a diffuse supply from the bronchial arteries 1s
d No such hial supply 1s m deposits
1n the lung  This exclusive supply is confirmed by Delarue, Mignol, Paillais
and Sars (1954) who maintained that the pulmonary arteries play no part, and
indeed at an early stage are narrowed or obliterated Thrombosis and re-
canahisation of the pulmonary artery was noted in two instances by Cudkowicz
and Armstrong, Penipheral infarction was found 1m 10 out of 100 preumo-
nectomy specimens by Hanberry, Cureton and Simon (1954) In two of
therr cases major branches of the pulmonary artenies were both infiltrated and
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THE SPREAD OF CARCINOMA OF THE LUNG
TABLE XXVI

The Extent of the Primary Tumour Related to Lymph Node Metastases and
Venous Involvement m 211 Resected Specimens (London Chest Hospital)

| Node metastases® ]
Venaus
Extent of
i AR L A o I
P! | | g | Bopd | ey
Sagunous ’ ) |
roup At 50 19 n oo 14 H 12
Group B u 14 S s |3 5
Group C 25 8 vk 8 |1 )3
Total ] 115 I 41 ’ s 39 | 0 1 9 | 34
- , ! [ |
Avenocarcons || T . | |
1 ] 0 0
Group B 1 H 1 [ [ | { H
Group C 7 o | 7 6 [ |3
Total N 1 Wy | 4 | 1 1 s
- \
Unmmni‘murm % i ! no s ! N | ,
up 3 1 I o |
Group B 27 g8 119 12 } T n
Group C 15 I I n
Total 58 1 4 4 ; B
I
|
‘Oar-Ceue I i ! i
Group A 5 1| 4 | 2 2, 0 1
Group B | Y T i 0 [
Group C [ 41 e 1 4 1 a4 = o o 1 4
Total 3 j AN 7o s
* Med Br pul =broncho-p y

+ Group A —tumour limited to the lung
Group B=tumour invading pk
Group C=tumour invading medmsnnum or chest wall
suggests this posslbllny should never be omitted Table XX VI (which 1s shown
n condensed form in Tables XXVH, XXV]H) shows the propomon of
specimens m which inumal 1 was d m this lab Y
{Fig. 39)

Lymph Node Invalsement

Atternpts have been made to mndicate the route and sequence of intra-
thoracic lymph node involvement, In post-mortem series the merdence of such
metastases 15 as lugh as 97 per cent (Olson 1935), In surglcal sertes lt will vary
with the extent of the growth, and the comp of the
tion of the nodes. Serial sections are essential

In such a series from this laboratory, lymph node metastases were
demonstrated in 75 per cent by Nohl (1956), who indrcated important differences
n the route of disseminatron between the two sides (Figs 35, 36). This type of
investipation 15 difficult, if the growth has crossed a fissure further pathways

133




CARC\NDMA oF THE LUNG

TABLE KRKVY
Venous nvolvel ement R Related 10 the E(te 1 of the primary and
the Husto Type 1 n 211 Rese cted Specimens

togreal TP
(Lo ndon Ch st Hospnal)

Venous molvement

Nuniber \ per cent

a9

Percemages m bmcLe s are Dase:
Group ume r mned 10 \ung
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THE SPREAD OF CARCINOMA OF THE LUNG

are opened, and the possibility of retrograde embolism cannot be excluded.
Tumours 1n the right lower fobe metastasise 1n those {fymph nodes around the
Tower part of the man bronchus and occasionally upwards to nodes related
to the segmental branches of the upper lobe branches The sub-carinal and
para-oesophageal nodes are often mnvolved Nohl stresses the importance of
the group around the lower part of the mam bronchus, These are the nodes
Iying between the upper lobe bronchus and the branches to the middle lobe
and apscal lower segment; they have been called the ‘lymphatic sump of the
nght lung’ by Borne (1952). This term 1s significant, because the group 1s
also mvolved by carcinoma aristng in the night upper lobe  Upper lobe growths
also nvade the para- and pre-tracheal nodes 1 an upward direction, but
wetastasts 1o the sub-canmal and para-oesophageal nodes 1s infrequent.

Nohl suggests that invasion across the fissure of the upper lobe by car-
cinomas ansing 1 the fower fobe is more common on the left side than the
nght, but 1n the growths confined to the left lower lobe the pathway of
metastasis 1s upwards The node above the apical branch 15 commonly impli-
cated, as are the para-oesophageal and pulmonary ligament group Those
nodes around the bronchus and the sub-carnal group also show deposits
Left upper lobe tumours also give rise to metastases in the nodes above the
apical lower bronchus and the mam bronchus, but, unhke nght upper lobe
growths, do mvade the sub-carinal group Involvement of this group by left
upper lobe carcinomas leads to upward spread in the night superior mediastinum.

A simple but informative has been proposed by Salzer,
Wenzl, Jenny and Stangl (1951), which takes mto account the extent of the
growth withun the lung and also the degree of lymph node involvement,

Group A The growth 1s confined to the lung

Group B The growth has extended to the pleura at the site of adhesions,

but the pleura itself 1s not infiltrated

Group € There 1s direct 1nvolvement by continuity of the chest wall or
mediastinal structures

. The degree of lymph node metastasss 1s indicated by five categories of
increasing seventy,

0 No metastases

Broncho-pulmanary nodes mvolved

Hular nodes mnvolved.

Mediastimal nodes involved

Extrathoracic metastases present {not necessarily of lymphatic ongin),

Bowoo =

Table XXVI summarizes the findings 1 211 consecutive lobectomy or

foll g this ¢l with one modi-

fieation* a tumour was placed m group B if the nfiltraton had reached

the pleara even though overlying adhesions were not present, This may have

produced an apparent anomaly n results recorded for adenocarcmomas,
which will be later. The d of of major
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of the pulmonary vein by growth as far as the intima, with or without 2

mah -7 3 @-unmnac in the behaviour of
tha Fig. 37)

te 15 lowest mn the

. . . 1o XXIX). Adeno-

Fic 35
Right lung . . + —nh mades
Bl . . .
Bl - . .
Rew wirv I
iti with
ot e AdfFaranti ntermedrate positions
‘ antiated tvpel: oceu;.)y ntermedia e tent ofthe
. . 5roupC) |
' e pmpomﬂﬂ

the other types, unditierentatiy aus uding

. .
with medsastinal node involvement s very ngh1n Group
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a single adenocarcinoma, the squamous cell tumours were the only ones to
show invasion of the broncho-pulmonary nodes alone, This, together with
the fairly constant Jymph node metastasls ratc n tumours of increasing pnimary

extent, may suggest that 1 q elled
1s relatively slower than in the other types However, 1t may be necessary to

Fic 36

Left lung Diagrammatic routes of metastasis to lymph nodes
{Modified from Nohl 1956 )
Black atrows Routes from the lower lobe
Red arrows  Routes from the upper lobe

take other factors, such as their more usual central ongin, earlier production
of symptoms and easier defimute diagnosis, 1nto account before this assumption
of a less malignant course 1s made.

The Table shows a d n the behaviour of the 1Inomas
which 15 perhaps more related to lhcll’ site of onigin than their speed of
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lymphatic spread. The incidence of node metastases in those ad
which have reached the pleura but not invaded the medastinum or chest wall
(Group B} is lower than the incidence among other histological types in this

TaBLE XXVIII

The Extent of the Primary Tumour Related to Lymph Node Metastases
in 211 Resected Specimens (London Chest Hospital}

Node metastases*

No node "
Extent of primary | Total‘ metastases Total ! Afni sior | Be gl
. | Number | Per eent| Number annﬁm put | Bropl ) onts
Group A 7 26 (G4 J 51 (66) 25 21
Group B " e 27 G| se | 6n | 3 | 1
Group C st 9 s | a (63 at 10
Total ar | 62 | 9 [ | n | 2 | &
.
-
NODE METASTASES
NONE
BRONCHO -PULMONARY
80~

BRONCHO~PULMONARY
+ HILAR

BRONCHO-PULMONARY
+HILAR +MEDIASTINAL.

EXTENT OF PRIMARY
A Limited to lung

8 o= B jevaging plewro
b € invading medistirum
v or chest walf
w
S
g
]
=
3
2 30~
SQUAMOUS ADENO- UNDIFFER- OAT-CELLED
CELLED CARCINOMA ENTIATED
FIG 37
Extentaf lymph nods 211 excised brol

(London Chest Hospital senes y
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TaBLe XXIX

The Histological Type of Tumour and Lymph Node Metastases
in 211 Resected Specimens (London Chest Hospital)

Node metastases*
No node

metastaves

Toal ' Med  Hil
Histolegical tipe | Taml\ L — Hljﬂ, B pt B put

, | Number 1 Per cent | Number | Per cent | Br_pul

Squamous y e 78 \ 6 | 3 ' 30 )
Adenocarcnoma | 24 \\ [e) } s o b 4 1
Undifferentiated ' 58 1| e s e m 1 0
“Oatself L 7 2 [
Total \\ 21 | 62 2w BT 47 10

Percentages 1n brackets are based on less than 100 cases
* Med Br puf =broncho-pi

group Adenocarcinomas tend to amse peripherally and lymphatic spread 1s

Iy observed ily More of them may, therefore, reach the
pleura by Iymph:mc permeation before the intrapulmonary or hilar nodes are
reached than in the case of central tumours,

The incid: of p v ven tavol (Fig 34) nises with the
extent of the pnmary growth This nise is least marked in the squamous cel!
type but striking n the undifferentiated and ‘oat-cell’ varteties. Whatever the
explanation of the anomahes of tymph node metastases in adenocarcinomas

b the pleural lymph it would seem that vascular mvaston 1s
common 1n these growths at this stage
Table XXX records diffe 1n venous t with central and

penpheral tumours  The incrdence of wmvolvement 15 hugher 1n the centrat
group.
TaBLE XXX

The Sue of the Primary, Lymph Node Metastases and Venous Involvernent
tn 211 Resected Specimens (London Chest Hospital)

' i No node metastases Venous imolsement
Sie of tumouwr  Tatal | .
Number | Per cent Number Per cent
Centra) T 6, 2 46 39
‘Perpherat 94 % (&3] 3 @
Total BT 62 2 69 »

Pefcentages in brachets are based on less than 100 cases.
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lymphatic spread The incid of node tases in those ad i
which have reached the plewra but not nvaded the mediastinum or chest wall
(Group B) 15 lower than the ncidence among other histological types i this

TABLE XXVII]

The Extent of the Primary Tumour Related to Lymph Node Metastases
i 211 Resected Specimens (London Chest Hosputal}

{ Vo node Node metastases™ ]
metastase
Extent of prmary | Total astases Total ﬁ'ﬂ Hilar J Br pul
| | Nuniber | Per cent| Number | Per cent | By gut | B pul | orl¥
| ; i
Group A 77 2% | @ | st | 8 | 25 | 2
Group B 83 27 | Gy | s6 | 6n ] 3% | 16
Group C I st o | ap | @2 @] u | 10
[ Toul fan e | 2 [ | [ s [ &

Percentages 1n brackets are based on less than 100 cases
* Med {, Br pul =broncho-pull

Gmup Aulumour Timited to lung.
Gro mour invading plew
Gmup c tumour invading medxasnnum or chest wall

+8

NODE METASTASES
NONE
BRONGHO-PULMONARY
BRONCHO-PULMONARY
+ HILAR

BRONCHO-PULMONARY
#HILAR MEDIASTINAL

EXTENT OF PRIMARY
A Limited to lung

40—

a B Iwading pleuro
2 € Invoding mediostinum
N or thest woll
w

]

a

g

8

z

2

2

SQUAMOUS ADENO= UNDIFFER= on-ca_Lsn
CELLED CARCINOMA  ENTIATED
Fig 37

s
xtent of lymph node me(astasnsln”](e(clsedbmnchmlcarcmoma
Extentotlymp (London Chest Hospital series )
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Tapie XXIX

The Hustological Type of Tumour and Lynmiph Node Metastases
m 21} Resected Specumens {London Chest Hospital)

Node metasrases®

| |
Huspological npe | Total - i Tﬂ‘lnl N %7;1, B.:mpa;/ B pul

| Numbee | Per cent | Number | Per cent | Br. gul only
‘Squamous ‘ 119 W i 6 1 39 30 9
Adenocarcinoma | 24 6 1 @9 ‘ ioloes 3 4 1
Unafferentited . 5B ‘) Ty ) P20 | FIR 13) 3 i 0
“Oatcell’ oy 1 -9 — 7 2 0
Total Tal [Te ) m ) W 7 2 41 10

Percentages 1o brackets are based on less than 100 cases
* Med ] Br pul =bronch

group  Adenocarcinomas tend 1o anse penpherally and lymphatic spread s

observed ily. More of ther may, therefore, reach the
pleura by lymphattc permeation before the intrapulmonary or hrlar nodes are
reached than in the case of central tumours.

The meidence of pulmonary vein mvolvement (Fig 34) nises with the
extent of the primary growth This rise 1s least marked in the squamous cell
type but stnkmg in the undifferentiated and ‘oat-celt’ varieties  Whatever the
explanation of the anomahes of lymph node metastases 1a adenocarcinomas
tvolving the plewral lymphatics, it would seem that vascular wvasion 1s
common in these growths at this stage

Table XXX records i venous 1 with central and
penpheral tumours  The incidence of mvolvement 15 higher 1 the centrat
group

TasLe XXX

The Site of the Prunary, Lymph Node Metastases and Venous Invobement
m 211 Resected Specunens (London Chest Hospital)

| ! No node metastases ' Yenous ol ement
Site of tumour | Total
\ Number | Percent Number Per cent
Central [T 16 2 45 £
‘Peripheral” 94 36 (8 23 (s3]
Total 218 [ 3 [ 33

Percentages tn brackets are based on less than 100 cases
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CARCINOMA OF THE LUNG
THE DISTRIBUTION OF METASTASES

Metastases have been found in almost every organ of the body. Ochsner
and De Bakey (1942) reviewed the published reports of 2,047 necropses.
Regional node metastases were recorded in nearly threc-quarters of all cases
and hver metastases in about one-half (Table XXXI).

The reported incidence of metastases at each site depends, among other
factors, on the source of the material and the thoroughness of the examination.
For instance, in the series collected by Galluzzi and Payne (1955), the incidence
of liver metastases ranged from 27 per cent to 44 per cent and of secondaries in
the pancreas from 7 per cent to 27 per cent at the 8 hospitals The figures for

TaBLE XXXI

The Incide of Distant M at Various Sites in Four Reports Based on
Necropsy Records

sie | | st | g it | s
Total cases r 3,047 { 866 23 [ 741

Number with metastases | - | 620 (12%) —_ ] 517 (0%
Luer 53% sy 38% 9%
Adrenals ' 20% ‘ 2% 38% 3%
Bram . 16% ‘ 17% 8% 263
Bores 21% R & 14 17% 155
Kidney ! 17% ‘ 129 28% 15%
Pancreas ! 7% Lo 1% 12

Spleen 3% ! 4% 5%
Thyro:d | 2% | 2% 1%

* Of those sn whom the bram was examined.

I node m psy matenal have varied from 30 Pef‘:‘ﬁg;
(Miller and Jones 1930) to 97 per cent (Olson 1935) and 1n surglcﬂ|r1|';1?Nohl
from 31 per cent (Salzer, Wenzl, Jenny and Stang] 1952) to 75 ‘;" ctci:s wer,
1956) There 1s, however, general agreement that the regional no involved
adrenal, bone, brain and kidney are the most usual sites, each :elgleadr:ﬂﬂ]
in more than 10 per cent of all who die of the disease; and t s do not
metastases occur m from a quarter to a third. Some recent rcpod in 23 per
mention metastases in the lungs themselves; but they were rej; rg;d li" 15 per
cent of the large series collected by Ochsner and De Bakey (19 ) r tissue may
cent of the series of Engelman and McNamara (1954). Tufini:lrcam or the
reach the lung opposite to the primary through fhe bl]qo e niques'—
lymphatics or possibly by intrabronchral spread (‘embolies
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Letulle and Jacquehn (1924) ). Stern (1954) recorded them in 17 per cent of
necropstes. Pulmonary lymphangitis carcinomatosts 1s rare. Harold (1952)
collected 154 examples from the literature and added 24 of his own. The
stomach was the commonest site of the pnmary and the original tumour was
10 the lung 1n 23 of the 178 cases Of the 10 added by Harold, 8 were adeno-
carcinomas—an unusually high proportion  The ‘bronchiolar” cancers, which
are histologrcally stmilar to the adenocarcinomas, also tend to spread widely
in both lungs Secondaries in the skin are uncommon Charache (1939) found
almost 3 per cent among 1,063 collected cases of b hial Anel,
Avery, Kanter, Head and Langston (1950) 1 per cent among 1,109 patients,
and Ochsner and De Bakey (1942) nearly 4 per cent. Rarely, metastases in the
imtestine have caused perforation and in the pituitary drabetes msipidus

Galluzzy and Payne (1955) studied the incidence of metastases in certain
sites 1n relation to the weight of the organs and the blood flow through them
The meidence appeared to increase with weight, though the adrenals were an
outstanding exception 39 per cent of all patients having metastases had liver
involvement and the mean werght of the hiver 1s about 1,650 g ; but with the
adrenals, which weigh only 12 g , the incid was 33 per cent—almost as high
There was no sunple relationship with bload flow  They ponted out that the
hugher incidence of adrenal metastases 1n young men and the fact that the few
mstances of ovarian metastases occurred masaly 1n women under 50 suggest
that there may be some relationship between the metastasis rate and the
biological activity of these endocrine organs However, the tumours in the
adrenals may not have been carsted there by the blood stream; they may have
ansen by direct lymphatie spread from the primary  Onuwigbo (1957) studied the
records of 1,000 necropsies in several Glasgow hospitals and related the side
of the adrenal metastases to the side of the lung primary In 100 cases they
were on the same side and 1n only 63 on opposite sides  Moreover, when there
were bilateral adrenal metastases, the larger was on the same stde as the pnimary
11 39 cases and on the opposite in 24 Adrenal metastases occur mn the medulla
and 1t 1s from this part that the efferent lymph vessels emerge  If tumours
metastasise to the adrenals by retrograde spread in lymphatics, the medulla
would probably be the first portion 1nvolved It 1s possible that metastases
n the Liver and kidney also occur by lymphatic spread Onwigbo found a
much higher proportion of kidney metastases on the same side as the primary
Metastases are most commonly found in the intrathoracic nodes, and the
upper abdominal nodes are more frequently 1nvolved than the lower (Evans
1927; Ochsner, Dixon and De Bakey 1945, Willis 1948, Onugbo 1957)
A stmilar decrease of involvement with mncreasing distance from the primary
occurs with the liver, adrenals and kidneys There appears therefore, to be
reasonable grounds for the hypothesis that spread to these organs occurs
predominantly by the lymphatics

The incidence of bran metastases has been studied 1n detail by Galluzzs
and Payne (1956) In 647 full necropsies there were 166 (26 per cent) with
secondaries 1n the bran, and in 41 of these other metastases were found else-
where in the body Moreover, 1n 23 patients—14 per cent of all with bram
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metastases—the secondary was a single tumour mass. Meyer and Reah (1953)
found cerebral metastases in 25 per cent of their necropsy cases. In 30 per
cent of these there was a single tumour but in only 2 per cent was it the only
metastasis 1n the body. In half the cases of brain involvement the secondary
was 1n the cerebellum. Flavell (1949) found 9 per cent of single, solitary
metastases (excluding regional node nvolvement) in 85 necropsies and i 1
case the solitary secondary occurred 2 years after pneumonectomy. Thereis2
report of a man of 34 with a squamous lung cancer and a bram metastasis
who had both tumours removed and was still alive nine years later (Flavell
1949; Thompson, personal commumication).

In about a quarter of the patients dead with a lung cancer there are no
distant macroscopic metastases (Bryson and Spencer 1951; Galluzzi and
Payne 1955). In a few the immediate cause of death may have been direct
involvement of the heart; but in most cases the mechanism of death is unknown,
as indeed 1t 1s in many patients with metastases that are apparently not
destroying any vital structures



CHAPTER XII

LABORATORY DIAGNOSIS

K F W HinsoN

“HE establishment of a definite histol 1 d the excl of
conditions which may simulate a carcinoma, and the recogmtion of com-
-attons and co-extstent infectrons are the objectives of laboratory mvestiga-
s
EXAMINATION OF BRONCHOSCOPIC Biopsy MATERIAL

Bronchoscopic biopsy matenial offers the greatest opportumty for a firm
gnosis to be made  Table XXV shows the frequency with which positive
ults may be obtained from those tumours withun range of the instrument
the squamons cell and “oat-cell’ cases the type of tumour 1s usually correctly
ognised from the bropsy specimen, but some of the adenocarcinomas will
placed 1n the undifferentiated group (The histological types in the Table
: those recorded after e of the excsed sp ) It s rare for a
ondary deposit to present as an intrabronchial polyp  but it does occur it
tients suffering from a ‘hypernephroma’ or a carcinoma of the breast

In the laboratory all the matenal provided should be embedded and
1al sections prepared Prolonged search may be required and even apparently
rmal mucosa may show lymphatic permeation by neoplastic cells

EXAMINATION OF SPUTUM

The examimation of sputum for neoplastic cells from patients on whom
onchoscopy has not been helpful 1s an essential step n the laboratory
ignosis  Philps (1954) has given the historical background to the subject
ym the Enghsh, Amertcan and Continental sources with a description of the
‘hnical methods employed  Each pathologist will make his own chotce from
:se; but for everyday use there 15 hittle doubt that wet films stamned by the
thylene blue method (Schuster 1947, 1955) are the most rewarding In
ses of doubt, or for record purposes, permanent films stained with haematum
d eosin (Dudgeon and Wrigley 1935) or by the more complex procedures of
panicolaou (1942) may be used The advantages of the wet film method are
at each preparation 1s quickly made, the actual amount of sputum searched 1s
ger and, most important, the suspicious cells or clumps are seen in depth This
it point has been emphasised by Schuster (1955), who points out that the

I body, ke the nucleus has charactenstic signs of y These are-
Ao feeas . . *nce of degenerative changes

¢ the wet film techmque.
' ' . ' must be able to recognise the

143




CARCINOMA OF THE LUNG

cells present 1n sputum from patients without neoplasms, and, by making
preparations from fresh unfixed specimens of tumours, be familiar with the
morphology and statning properties of the malignant ones, The sputum should
be placed mn a Petra dish and slides made from portions with differing naked-eye
appearances Bloodstained flecks and white opaque streaks should always be
exammed  The apparently umiformly purulent sputum from a malignant
abscess has white granules 1n 1t which must not be neglected, The specimen
need not be completely fresh but if examination is delayed more than a day
the specimen should be kept n the refrigerator.

Fic 38
Streak of cells from an “oat-cell’ carcinoma i sputum

ous cell growths and from soat-cell

The cells from well-keratinised squam:
tumours can be recogmsed with certamnty; bul
can be reported only as con'tlamln:;g neopgxs
type. An ‘oat-cell’ growth should never be e
tigse may be quite xidis(mgunshable from lymphocytes. ;rhe neoal::;{l% ;126"5
from an ‘oat-cell” tumour 1s a clump, or more characteristicaily a § e tral
extending over two or more fields of the microscope (Fig. 38) P)l‘n] Ss {1959 has
the nucler are 1rregular in shape and appear to fill the cell ls et may
sltustrated valuable differences in the morphology of Iymphocly,‘t écn chereas
also be present 1n clumps. The border of the lymphocytes can be s€¢fl.
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the ‘oat-cells’ are so closely applted that a syncytial appearance results, Minute
fr of an ad 1) may also appear n the sputum (Fig 39)
The preparations show a clump rather than a streak of fairly large cells with an
opague cytoplasm, often vacuolated, with a vesicular nucleus apphed to one

Fic 39
Clump of cells from an adenocarcinoma 10 sputum,

side of the cell. In such a specimen these clumps are usually well distributed
However, 1t 15 the cells from the squamous and undifferentiated types which
Wil occur most frequently Their most striking and most constant feature 1s
the enormous variation 1n both shape and size. The differences are so marked
that even isolated cells may be noted when first seen with the two-thirds
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objective. In methylene blue films the cytoplasm is usually greenish and the
cells appear to have a firm or even doubly contoured edge. The nucleus also
varies in outline, size and staining properties. It is irregular or angulated in
shape and nearly always large (Fig. 40). Within any one aggregation of

SO0 Brtiag o3

'
i
H
i

FiG 40
Malignant cells of the squamous type m sputum smear

pleomorphic cells the presence of nucler, some.of which are exlrem{c{!};:ingr
chromatic and some practically unstamed, is a charactenstc fe.
malignanc R . e
%f theysputum of all cases of carcinoma of the lung is xnvesllgs"!(;‘?d:;yc‘:;t
of these methods, positive findings can be expected i about “Cr;l alue
(Jennungs and Shaw 1953; Philps 1954; Schuster 1955) Its ‘E“;]C broncho-
Iies 1n the number of peripheral tumours—out of the range of '275‘){ the 42
scope—that can be diagnosed. Malignant cells were found ll[:'s Jaboratorys
peripheral tumours reported by Jennings and Shaw fro‘mll lms Jescnbed
From the 94 ‘peripheral’ cases in the London Chest Hospital se 5" Including
m this Chapter lastic cells were d din 4.4 (47 per cill:at a definie
the 107 positive biopsies from the central group, it follows
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pre-operative diagnosis was made 1n 151, or that only 28 per cent of the 211
1 1

patients were subjected to th without hstol 1 or cy
evidence of a carcinoma.

Famihanty with the techmque will enable a rapid diagnosis to be made of
suspicious lesions received from the operating theatre  Smears should always
be made while frozen sections are being prepared

Most reports on the value of sputum examination discuss the occurrence
of false positive findings. The frequency of such errors will, of course, vary with
the composition of the group of cases studied and the experience of the observer,
Sheets of b hial epithelial cells are detached by the passage of the broncho-
scope, and, remaining 1n the bronchi, undergo degenerative and inflammatory
changes. They may be mistaken for a clump of “oat-cells’, so that the investiga-
tion should not be undertaken during the 7 to 10 days following bronchoscopy.
The various d: i which sqi 1 of the bronchial

epithelium occurs offer further hazards. Long-standing tuberculosis 1n the
elderly gives mse to particular difficulties  As the investigation 1s a tiume-
consuming one, it 1s essential that the phystcian or surgeon should give full
climcal detarls so that special care may be devoted to such cases.

(d 2 I BN YR M VST
o, LR T
""'3"./ Y L R . o

"
I

Purch biopsy of panietat pleura  Fibrous tissuc infiltrated by an adenocaremoma

EXAMINATION OF PLEURAL EFFUSIONS
[t 15 not easy to demonstrate neoplastic cells in pleural effusions occurring
during the course of a carcinoma of the lung The effusion may follow pul-
monary infection or infarction and proliferation of tumour cells on the pleura s
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uncommon  Pleural mesothelial cells which have been shed into an effusion
assume extraordinary app with lation, giant forms and aggrega-
tions into clumps, and extreme cautton is necessary 1 the diagnosis of a
malignant effusion on cytological grounds.

Matenial may be obtained by biopsy at thoracoscopy or thoracotomy.
Punch biopsy of the parietal pleura may be done with a special needle (Abrams
1958). The specimen 1s often useful, both for the diagnosis of tuberculous
effustons and for malignant infiltration of the pleura (Fig 41) (Mestitz,
Pollard and Purves 1957).

Simple biochemical methods have not proved useful in separating infective
effusions from those caused by malignant infiltration. Hatze (1955) suggested
that the electrophoretic pattern of the proteins in effusions might assist m the
differentiation Shaw and Brews (1956) showed in two patients with a bronchsal
carcinoma and a pleural effusion that the «, globulin level in. the effusion
was strikingly low in contrast to the high o, globulin fraction in the serum
In a larger series, Watkins (1948) found this difference to be present in the
majority of cases.
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... I became quite tired of the difficulty of attempting to
explain the phenomena observed . . . and . . . gave up
all further attempts at diagnosts
Graves, R. J. (1848): Clmical Lectures on the
Practice of Medicine, Vol. 2, p. 75. Dublin
Reprinted by the New Sydenham Society,
London, 1884



CHAPTER XIII
THE METHOD OF INVESTIGATION
J. R BIGNALL

UNG cancer appears 1n varying guises to different people  The physician
sees 1t d ly from the d her and the radiotherapsst from the
surgeon One may think of 1t as a senies of problems n diagnosts, another 1s
concerned with its impact of killing on changing populations; to some it 1s
Just one cancer among the many; and to others it appears in terms of operability
and survival rates. Even though 1t 1s by no means a representative sample, an
unselected sertes of patients attending special hospitals does give a chnical
picture of the disease relatively unbiased by the special interests of the vanous
observers  Such a series 15 the foundation of this study of the course of lung
cancer, 1n which I have tried, 1n particular, to relate the chnical picture to some
of the factors that are beyond the control of the patients or thetr doctors—age,
sex, malignancy and site

SoME DIFFICULTIES OF INVESTIGATION

Inaccuracy of Hospital Records

Hospital records contain many different types of statement Some refer
to sex and age and to dates of attending hospital, being treated and dying,
and these may be accepted as statements of fact with httle Iikelthood of error
Others concern what the patient 1s reported to have said  They are subject to
all the naccuracies of memory, selection and reporting  Or the statements
refer to the physical exammation during Iife or after death, and to radiologrcal,
phystcal and chemical nvestigations  they too may contam errors  Finally
there are the reported op of the interp of signs and
Imvestigations, and on the disease category to which the patient was assigned
If, therefore, hospital records are used to investigate the evolution, course and
termination of a disease, the statements in them must be dealt with as reports
of varying deprees of reliabtlity, not as facts about the disease Inferences
from them can be assumed to be facts only when the degree of reliabulity of the
feports appears to justify 1t

The statement that a number of men with lung cancer attended a hosprtal
dunng a particular period 1s only true if all did, m fact, have a lung cancer
But there 1s frequently some doubt of the diagnosis Even the evidence of
necropsy may not be conclusive and two etamples of a wrong necropsy
dugnosis have been reported by Smmthers (1953) The statement should
therefore refer not 20 e vk Jung camcer, bt &8 men rocovdad 2s kavwg
Tung cancer’, unless there are demonstrably good reasons for assummg that
the recorded disease was the discase from which the pattent suffered.

Much of the imestigation of disease from hospital records employs
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THE METHOD OF INVESTIGATION

SOURCE OF THE MATERIAL

The material consists of 1,749 case records of patients thought to have
lung cancer who were seen at the Brompton Hospital or the Royal Marsden
Hospttal during the years 1951 to 1955. A few patients may well have been
missed, but none have been deliberately excluded. About one-third attended
the Joint Consultation Clintc of the two hospitals The course of the illness
has been followed in the majority from the out-patient records and from
reports supphied by general practitioners and other hospitals  In a small
proportion no details of the after-history are available and the date of death
has had to be obtamed from the General Regstry Office

The Diagnosis

All the patients were diagnosed as having a lung cancer. The diagnosis
may not have been correct 1n all of them; but it seems likely that few were,
in fact, misdiagnosed The case records have been reviewed and only those
m whlch there appe:\red no reasonable doubt retained There was histological
or cytologteal of mal n 65 per cent (Table XXXIl) Many of
the 32 per cent 1n whom there was only clinical and radiographic evidence,
with or without bronchoscopy reports, died with unmistakable metastases
In the fcw who were last rcponed to be still alive and well, the evidence, though
not to the ongnal d.

The vahdny of the diagnosis was the same 1 the women as 1 the men
There were, on the other hand, differences between different age groups The
Pproportion without microscopic evidence of cancer rose from 34 per cent of
patients under 40 years of age to 74 per cent of those 70 and over, thus reflecting

TasLE XXXII
Evidence of Malgnancy it the Prescnt Sertes

| Men . Women | Total
Hustological evidence
Necropsy 62 10 72
Resected spectmen 349 34 383
Biopsv—bronchiat
secondary.
Total

Cytological evidence only

_Htologal or exological endcnce

()lher o, ldcn«

Aecropsy 4?2 9 5

Thoracotomy 6 — 6

Clinical and yaosraphe witk or

without bronchorcopn 492 66 558
Total s

Total
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comparisons. It may, for instance, be asserted that ten ttmes more men than
women with lung cancer attended the hospital This statement 1s only true of
there 1s reason to believe that the diagnosts was no more likely to be wrong in
one sex than the other—an assertion that may well be correct, but which
should not be 1 without deration. Inm many comparisons 1t js,
indeed, justifiable to assume that the reliability of the information 1s the same
on the two sides of the comparison. Thus, although the record of the first
symptom of the disease may be—and usually is—grossly naccurate, the record
of a particular symptom can be validly used in comparisons concerned, for
instance, with the site of the tumour; for there seems no reason to believe
that a symptom will be more correctly called the first in patients with a cancer of
one lobe than in those with a cancer of another.

The wnherent inaccuracy of hospital records need not, therefore, imvahdate
all nferences from them. But 1t is essential that every inference from the records
should be held valid only for what 1s recorded until 1t has been shown reasonably
probable that the record 1s a statement of fact Inferences from comparisons
are also unacceptable as facts about the disease unless it 1s reasonably probadle
that the degrees of reliability of the statements in the records are independent
of the nature of the characteristics being compared.

Selection

It 15 smpossible to draw general conclusions on many aspects of lung
cancer from the records of a single hospital or group of hospitals The refative
incidence of the disease in men and women, for instance, can only be stated
with reference to time and place and the population ‘at sk’ Different ﬁgurc;
may be obtamed from necropsy records, death certificates and hoS}Tm
admissions within the same locality; and the incidence may vary from place
to place and from year to year. Moreover, the observed mcidence fmm(“xy‘
source or combination of sources cannot be translated without rcse;va o‘;-
nto the prevalence of the discase; for, except 1n sm:m seIf-coma?:d ;a "
munities 1n special crcumstances, 1t 1s unlikely that 2ll instances of the d
will be correctly recorded. ) .

Compansoyn of one set of figures with others obtained l‘romI dxﬁ'c;_tl:I:
environments at different times by different observers may be frtl}:::os;pm
reported frequency of resections at ene hospital, for nstance, can e and
with that at another; but the result merely expresses the s:ml:} P
differences 1n the practice of different hosprtals; it does not necessart r}\]ccr only
facts about the disease itself. There is no ‘resection rate’ for lung c}';‘ Soirals at
a number of rates for specified categories of p_:atient§ m partx‘cu‘lars :y[r:xpme
particular times. Simularly, the frequency with which the ‘ar'wumgelher all
and signs occur 1n the disease cannot be csnma.:ed by collectm;,; o uch
the published reports of the frequency with which they ?;e Tec
compilation would signify Iitle concerning the disease itself. e pubhshcd

In the following account of the course of lung cancer, o iied by
statistical data have been used only when their inclusion appearc nioﬂ&
the nature of the evidence and the apparent valdity of the compa
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THE METHOD OF INVESTIGATION

SOURCE OF THE MATERIAL

The material consists of 1,749 case records of patients thought to have
Jung cancer who were seen at the Brompton Hospital or the Royal Marsden
Hospital during the years 1951 10 1955 A few patients may well have been
missed; but none have been deliberately excluded About one-third attended
the Joint Consultation Clinic of the two hospitals  The course of the illness
has been followed i the majonty from the out-patient records and from
reports supphed by general practitioners and other hospitals. In a small
proportion no detals of the after-hustory are available and the date of death
has had to be obtained from the General Registry Office.

The Diagnosis

All the patients were diagnosed as having a lung cancer The diagnosis
may not have been correct 1n all of them; but it seems likely that few were,
i fact, misdiagnosed  The case records have been reviewed and only those
m which there appeared no reasonable doubt retamned There was histological
or cytol 1 evidence of mal. m 65 per cent (Table XXXII) Many of

B
the 32 per cent 1 whom there was only clinical and radiographte evidence,
with or without bronchoscopy reports, died with unmistakable metastases
In the few who were last reported to be still alive and wel), the evidence, though
not peared suffi to the origanal d
The validity of the dragnosts was the same i the women as 1 the men

There were, on the other hand, differences between different age groups The
proportion without microscopic evidence of cancer rose from 34 per cent of
patients under 40 years of age to 74 per cent of those 70 and over, thus reflecting

Taste XXXH

Evidence of Malignancy i the Present Series
Men ' Women Tatal

Histological evidence T
Necropn 62 10 7
Resected specimen I 349 3 o83
Biopsy—bronchial 426 a6 an
secondary 130 23 [N 1)

Total

L Cytological evidence only

Other evidence
Neeropn
Tharacotomy
Climcal ond radographic with or
withoat bronchoscope
Total

Total

Histological or cytological exidence

L34 (65"
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the \yell known tendency for older people, in whom surgical treatment is less
applicable, to be less searchingly investigated.

The Series as a Sample of the Population

Almost all the patients Iived 1 Greater London and the majonty in the
south-west part of it A few came from the provinces and a handful from
abroad This group of pattents 1s, therefore, a sample drawn mainly from the
population of London. But they are not necessanly a representative sample of
all the instances of lung cancer i that region. They were selected m many
ways, depending on such factors as the nearness of their homes to the hospital,
the routine practice of their general practitroners, and the likely need of radio-
therapy or surgery.

The actual prevalence of lung cancer in a population could only be known
if all instances of the diseases were accurately diagnosed and recorded either
duning fe or after death. This probably never happens. The sample of the
lung cancer population that 1s obtained from death certificates may be the best
estimate that 1t 1s possible to get. It is at present the ouly vahd working
estimate. The characteristics of a collected series of cases should, therefore, be
compared with those of the recorded deaths during the same period and in
the same locality 1n order to estimate how the series differs from the real
population of lung cancer patients
Age and Sex R

The age and sex structure has been compared with thatpf patients recorded
as having died with lung cancer 1n the County of London in the years 1951 t(;
1955. There were 8,504 recorded deaths mn this period (London County C°""C"
1956, County Medical Officer, personal communication). The number seen af
the Brompton and Royal Marsden Hospitals is 21 per cent of the number of
recorded deaths, but the proportion 1s not the same in women s 1 men or u;
the different age groups within each sex (Table XXXIII, Fig 42) There wer

TasLe XXX1IE
The Patients seen at the Brompton and Royal M
during 1951-55 Compared i Age Groups with
Cancer 11 the County of London (L C C.)

- ey R
under 45 ' 45-54 55-64 ' 65-74 [ Mj_’,
1 651 331

farsden Hospials (BH/RMH)
Recorded Deaths from Lung
during the same period

[ 36 1,550*

Men BHIRMH | 10 431
LcC 354 L 1322 2,364 2,275 7,033
Wonen BHIRMH | 16 54 68 51
Lcc 88 232 303 AR
BH/RMH as | AMen 29 | 3% | % 1% | 5, =
PLE N men [ % | m% | W% | BN | % %

*In 2 of the 1,552 men the age Was not recorded
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WOMEN

10 <5 N 58~ 5 - AGE{years)

[ Jerompton and Royal barsden Botpitals
MR v::th Certiticates London County Council
TG 42
The age and sex distribution of a Broup of patients seen at two
special hospitals (1,749) compared with that of the recorded deaths m
the same petiod in the area from which the patients were drawn (8,504)
1,471 deaths 1n women and 197 women were seen at the hospitals, this being
13 per cent of the deaths, the correspondmg proportion sn men was 22 per cent
The proportion was smallest 1n both sexes among those over the age of 65 and
Iughest in those aged 45-54 years 1If the patients had been divided mto age
and sex groups i the same proportions as were those who died 1n the area
during the peniod, there would have been 302 women and 1,445 men 1nstead
of 197 women and 1,552 men—differences of 105 (Table XXXIV) It appears

TaBLE XXXIV
The Observed A ge Distribution of the 1,749 Patients i the Brompton and Royal
Marsden Hospitals Sertes Compared with the Distribution Expected if the Cases
were Distributed Berween the Age Groups n the Same Proportions as the Recorded
Deaths from Lung Cancer m the County of London During the Same Pertod

Age (vears) '
—_— Y e — ———— Toral
| wnderdS | 4554 | 5564 6574 |TSormore
]

Mex  Obsered Y ' oest ‘ 33 ' 36 1 oassor
Expected Lm om0 ase | a8 147 1435
Diffrence i3y 16 165 —134 —nl 108

WOMEN Ohserred T T s s sl 8 197
Evpected 18 47 81 L 65 302
Difiecence ~2 —7 13 —40 -5 ~105

*1n 2 of the 1,552 men the age was not recorded
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therefore, that the death certificate diagnoses in old people are not grossly
maccurate,

As well as there being too few old patients in the Brompton and Royal
Marsden Hospitals series, there appear to be too few women The male female
ratwo was 7-9 to ), compared with 4 8 to ! from death certificates tn the same
period; and the rauo was higher n each age group. As in the case of age
distribution, the two major necropsy reports in this country, both from the
London area, give male/female ratios closer to those of death certificates
(Galluzz1 and Payne (1955)~4-7 to | compared with 49 to 1; Bryson and
Spencer (1951)—6 to 1 compared with 43 to 1)

There may, of course, be differences 1n the way the young and old and
men and women are selected for admussion to different hosprtals  The patients
in the necropsy series of Bryson and Spencer had died 1n hospitals under the
charge of the London County Council  These hosprtals accepted any type of
patient, irrespective of age or the sevenity of the sllness Those 1n the series
of Galluzzi and Payne were 1n eight hospitals, some of which were teaching
hosprtals, where the intake may have been more selective, but there was no
consistent difference wn sex ratio between the teactung and non-teaching
hospitals The highest sex ratios have been found among groups of pattents
reported from thoracic surgical chmics or special hospitals (for example,
Ochsner, De Camp, De Bakey and Ray (1952)—9 to 1, Mason (1949)—
9101, Bignall and Moon (1955)—10 to 1; Sellors (1956)—10 to 1, Doll and
Hill(1952)—126 to 1) 1In a large seres from several hospitals in Birmingham
the ratio for ail patients was 7to 1, but among those treated surgtcally it was
1510 1 (Umited Birmungham Hospitals 1954) and in the present series the
ratio among those who had a lung resection was 106 to 1. compared with the
Tatio n the whole series of 79 to |

Tt seems that a higher proportion of men than women are admutted to
general hosprtals, attend special hospitals and thoracic surgrcal chinics or are
operated on  There may be many reasons As lung cancer ts still rare in
Women 1t may be more frequently misdiagnosed untl st 15 too late for reference
10 a special centre to be thought necessary The tllness may have a more
insidions beginming, making early diagnosts more difficult and thoracotomy
less hkely, Women may be less willing to come to hospital because of therr
famuly and household ties But none of these reasons is convincing  Nor
could they together explain the apparent paradox that, although fewer women
Aappear to attend hospital, the published necropsy reports from hospitals show
& sex ratio similar to that among certified deaths

Histologieal Ty pe

In the previous section death certificates were taken as providing a
feasonably close estimate of the real population as regards age and scx, but
they do not provide any useful indication of the pattern of histological types
Inall but necropsy and surgical series there is hikely to be a large proportion of
patents sithout histological reports It cannot vahidly be assumed that the
distribution of histological types among those 1n whom the type was unknown
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1s the same as that among the known. More with rapidly metastasizing tumours
are likely to be among the ‘unknowns’ so that the apparent proportion of
undifferentiated tumours n the seres is too low. A surgical group is, of course,
highly selected 1r favour of squamous tumours. Necropsy series may be shghtly
brased towards tumours causing rapid death, and they are unlikely in practice
to be' completely representative of the whole lung cancer population; but they

patterns

. - . = More-

over, the proportions of the different types will be influenced by the sex ratio
of the group, the country of origin of the report and the pertod during which
the cases were collected  The reported frequency of squamous tumours in
necropsy material has, for example, varied between 18 per cent to 24 per cent
(Bryson and Spencer 1951; Jakobsen 1953; Galluzzi and Payne 1955; Walter
and Pryce 1955a); around 30 per cent (Barnard 1938; Christiansen 1953); 40to
45 per cent (Beeler and Irey 1950; Earle 1954); and 60 per cent (Fried 1938).
The necropsy sertes of Galluzzi and Payne (1955) concerned patients in

the London area between 1948 and 1952 and 1s, therefore, suitable for com-
panison with the Brompton and Royal Marsden Hospitals chnical senes
(Table XXXVI) * If the necropsy figures can be regarded as closely approx:-
mating to the actual distribution of histological types, the present series appears

TABLE XXXVI

The Proportions of the Three Main Histological Types at Different Ages the
Present Sertes (Clnical) and the Necropsy Series of Galluzzi and Payne
(personal communication)

| Proportion (per cent) of those with known Iustological npe

Histologtcal hpe  Seres \ within the age group (years)
5 I
wnder 30| 40-39 | 5059 | 60-69 [700r more| Allases
I .l

[
" Ctimecat 3 o a7
SQuamous | Necropsy b ‘ Is s
- Clmcal | 55 ) 5
'UNDIFFERENTIATED Narropsyi pos [ s po
Clmeal | 14 ‘ s 7
ADENOCARCINOMA | oo 1 1 "
Cimead | 29 152 452
e & | & | @
Neeropsy| 29 86 | a5
| gy | aszo | dovp

| Chnscal 44 238 680 618
Total in senes " (100%) ‘uoo%) (100%) | (1005

429 0 g6 218 85
‘Nzrmpn 160%) | (1005 | (100%) | (002

4+ In 2 of the 1,749 pateents the age was not recorded

< It

* The figures on which ths and subsequent Tables are based appear 1o Appendy
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THE METHOD OF INVESTIGATION

deficient in undifferentiated tumours—46 per cent of those with recorded type
vompased with 63 per cent. Only in the small groups of patients under 40
years old ave the two series similar. The Jarge clinical series of Dolf and Hill
{1952) also contains a low proporhion with undsfferentiated cancers

Conclusions

Hospital serses of patients with Jung cancer differ from the real populanon
with the disease in the age and sex stracture and in the pattern of histological
types. They appear 10 contain too few women and old people and too few with
the more malignant tumours. The picture obtawed from hosprtal clincat
reports is, tf not a true of the course of the disease.
Tt may present it in 100 favourable a light, with too great a prospect of radicat
treatment and cure.




CHAPTER X1V

THE SITE OF THE TUMOUR
J. R, BiGNALL

IT is commonly stated that lung cancer occurs more frequently in the right
than the left lung. Walsh, in 1860, wrote that ‘primary cancer affects a well-
marked preference for the right, scarcely ever involving both organs’; and
Adler, in his monograph published in 1912, found a preponderance of
‘carcinomas’ in the right lung and of ‘sarcomas’ in the left. He stated that
‘comparison of these figures shows results so inconstant and differences so
slight that it would not be wise to build any theories thereon’.

Ochsner and De Bakey (1942) collected 4,732 records of necropsies from
the literature and found among them 58 per cent with cancer of the right lung
and 42 per cent of the left; but in the reports of Bryson and Spencer (1951)
and Rosenblatt and Lisa (1956) the tumours are almost equally divided bjt\rc:xt
\ ' ' ’ ! .
right predominated (Galluzzi and Payne, personal communication) Ane
distribution among resected speci 1s probably iderably by
selection. Here too there is disagreement. The series from the Mayo Chmc
(Cathisle, McDonald and Harrington 1951; McBurney, McDonald and
Clagett 1951; Patton, McDonald and Moersch 1951a, 19515) and t}msc of
Ochsner, De Camp, De Bakey and Ray (1952) and Baldry (1952) contain mof¢
right- than left-sided cancers; but in those of Borrie (1955) and Nohl (1956)
there were mote from the left than the right lung. In the present clinical sencs
there were 54 per cent with tumours in the right lung and 46 per cent in the left

There js considerably more variation 1 the recorded frequency of l°b;r
involvement. This is not surprising, for, even with careful examx;:atlon oll'l the
specimens at necropsy or after resection, 1t may be impossible to discover hw ere
the tumour originated. When the series includes a high proportion with only

di hic and bronchoscopic evid the recorded site of the tr.zmourles
Iikely to be even more inaccurate. In the necropsy sertes of Galluzzi and fz';s
there were 41 per cent recorded as bemng m the upper lobes, thh‘ Pr}f:P‘; were
varying between the hospttals from 30 per cent to 49 per cent; 1 Ht' o
30 per cent in the lower lobes with a range of 21 per cent to 38 pe;o cenr, vy
25 per cent 1n the mam bronchi with a range of 14 per cgnt tof . Pir e
In six published series based on mecropstes the proportion ol I;JP et
tumours varied from 19 per cent to 50 per cent, lower lobe from : ;mpson
to 35 per cent and mam bronchus from 27 per cent to 50 pef Cﬂé!a“(um ind
1929; Willis 1948; Bryson and Spencer 1951; Stern 1954;
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THE SITE OF THE TUMOUR

Payne 1955; Rosenblatt and Lisa 1956). Tt is obviously impossible to state the
frequency of involvement of the different bronchi in the whole population of
Iung cancers even from necropsy studies, where selection is hikely to have bad
Title effect on the composition of the sample in respect of the situation of
the tumour,

It seems Jikely, Rowever, that more cancers occur in the upper than the
fower lobes. In the two large series of Bryson and Spencer (1951) and Galluzz
and Payne (personal commaunication) there were 33 per cent and 41 per cent
fespectively in the upper lobes compared with 24 per cent and 30 per cent in
the Tower (Table XXXVII). It has been suggested that tubercnlows lesions of

TasLe XXXVII
The Site of the Tumours wn this Sertes (BH/RMH) and in
Three Necropsy Series

Proportion{per cent) of site

Senes ‘ Total cases
[ Upper lobes l Lower lobes [mm bronchus "

BH/RMH e D 19 1,415%
NecRopsy Reronts B ﬁ

Bryson and Spencer (1951) 3N 24 34 366

Gailuzzi and Pavne

(personal communication) 41 10 26 L

Rosenblatt and Lisa (1956) ] ) i v\ @ | 26

*In 334 of the 1,749 cases the lobar site of the tumour was not recorded

the lungs and bronchi may merease the susceptibility of the mucosa to inbaled
carcinogenic substances (see p. 98). Chromc tuberculosis oecurs more
commonty in the upper lobes; and the observed predominance of uppet lobe
tumours appears to support the hypothesis Moreover, in women, who have
been less ¢xposed to inhaled carcinogens, upper lobe cancers are less frequent
than in men. 1t seems likely, however, that there are other factors that affect
the situation of the tumour: for ad may also be n
the upper lobes, although they are probably d or less closely related to
inhaled carcinogens,

In the report of Galtuzzi and Payne there were more nght- than left-sided
Tesions at all three major sites, but in those of Rosenblatt and Lisa (1956)
and Bryson and Spencer (1951) there was no conststent preponderance of
rightssided cancers

Relation to Histological Type

In bath the present senes and the necropsy senes of Galluzz and Payne
there were almost the same proy of and d
tumours in the upper and lower lobes as 1n the main bronchi (Table XXXVIID.
The proportion of undifferentiated tumours was higher among middle lobe
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THE SITE OF THE TUMOUR

the tumours placed in this category being judged ‘perpheral’. In the Mayo
Clinic series 65 per cent of adenocarcinomas were reported ‘penpheral” and
in a group of 421 reported by Ochsner, Ray and Acree (1954) there were
41 per cent. The recorded proportions of adenocarcinomas and peripheral
tumours will, of course, depend on the definitions used as well as on the source
of the material (see p. 123). For example, the proportion of peripheral lesions
1n pecropsy material has been reported as 10 per cent (Rosenblatt and Lisa
1956), 7 per cent (Willis 1948; Stern 1954), and as low as 3 per cent (Bryson
and Spencer 1951); while 1n surgical spectmens Walter and Pryce reported
53 per cent, and Ochsner, Ray and Acree (1954) 33 per cent, Walter and
Pryce (19554), using the same cnteria for histological classification, found
15 per cent of adenocarcinomas 1n their resected specimens and nearly twice
as many (28 per cent) in thewr necropsy specimens

It appears likely that adenocarcinomas are, m fact, less common in the
larger bronchi; but the evidence that they are more common 1n one lobe than
another is not yet convincing,

Relation to Sex and Age
The tumour was in the night lung 11 a higher proportion of women (58 per
cent) than men (53 per cent) (Table XL) The difference is small, but 1t 15
Taste XL

The Recorded Site of the Tumour Related to the Sex and Age of the Patients and
the Histological Type

_—
Proportion (per cent) with tumours in
7
for | g | | e | e | M
Men [ a7 ) 2 | om 18 2
Women ‘ 58 i 42 J 42 t 29 L n ( 2

Age (years) ' E . | f :

Under 40 s | e | @ ] an | ew J iy
4049 "s i a . a8 o | 3
30-59 . ost x‘ a3 1’ R ;o ‘ 2
60-69 50 | 50 50 ‘ 0 } B | 2
70 or more a8 ) 52 1 % ) oM | e 4‘ 3

Histological Type ' ' | I

Squamous P e s | om ; 2 2

Undferentiated I s a0 | [

Adenocarcinoma an e e | en oo m

& [ TR Y { 39 T \ s

i
Percentages in brackets are based on less than 100 cases.



CARCINDMA OF Tyg Lung
t‘ound, though 10 a Jogs xtent, in the nccropsy Series of Galf i ang P;
(58 ber cent of 128 and 55 ber ceng of 608), In boy, S
Tatio wyg hot only lower in the Tight than the left lung, but ags, m;
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Tapry XL1
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allyzzi and e,
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Site

Upper lobes

commoneri i bronch; aad Jowe, Iobes,' aIthough adeuqmm;)on;i:,
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Probably less ommon at these sites, The {eas}on gl).; ng‘lss Ix;pmll’lsgsx the age
S 10 simpe |, i
£ ot TOpsy :e:u:s there u;a n (Tgble XL, propottion osf
left Jup tumoyrg Was highegy in the Patients aged 60-69 750 ... ;
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THE SITE OF THE TUMOUR
Tasre XLIT

The Site of the Tumour in @ Necropsy Series Related to the Ages of the Patients
(Galluzzi and Payne, personal communication)

Age (vears)

Site Total ‘ Not
under 50 | 30-59 6069 | M0 ormore | (hof

Uppet fobe R |1s1| » 53 50 2 -

L jwm|a 0 6 1u 1

pok [299 | 4 @] o3 w13 @R | 4 @] 1

Lower lobe R || 16 38 a2 26 1
Lol 21 kS 18 —~

Bok [ 20 | 34 90| &2 | 1 s | 4 0eW | 1

Main bronchus R | 98 | 13 2 o 1 s
Lol n 3 ) 16 —

Boh | 188 | 26 (D] 48 @[ 81 @9 | B @B |

Right middle lobe Bl s @Hl 9 WH| 6 eB) 3 QB| ~
Lobe unknown R 4] — - 4 - _
L 2{ 1 1 - ~ ~

Total Right fang | 405 | 64 (S630 | 125 (59°9) ) 143 (50%) | 72 (8930 | 1

Lefitung | 331 | $1 W% 88 (.u-/.)l 140 (50%) | 5t m-/.)L 1

ol {736 | 115 Q0% | 213 aobs) | 20 Goorp | 123 awr) | 2

In summary, Tung cancer occurs a little more commonly 10 the right fung
than the left and 1n the upper than the lower lobes. Adenocarcinomas are
!css frequent in the main bronehi. Cancers appear to be slightly more common
in the right lung n women than 1n men. There is no defimte relation between
the age of the pauent and the site of the fumour.
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TREATMENT AND SURVIVAL
Thoracotomy was done in 2 hitie over a quarter (29 per cent) of the

patients. In about a quarter of these the ition was
for the cancer to be resected, 396 (23 per cent) had either a lobectomy (104) or
a pneumonectomy (292)

Treatment by radiotherapy alone was given to 574 patents. In the
remaiping 779—nearly half the entire group—it was considered that peither
surgical treatment nor radiotherapy could help.

The pattern of treatment will, of course, vary with the composition of the
group of patients and the practice of the physicians, surgeons and radiotherapists
who look after them The pattern seen at these two special hospitals does not
differ in any important respect from that reported previously. Thus, in the
series from the United Birmingham Hospitals (1954) between 1936 and 1952
20 per cent of 4,103 patients had a thoracotomy and 12 per cent a resection.,
Radiotherapy was employed 1n 28 per cent and 52 per cent had neither treat-
ment; 13 per cent survived a year and 5 per cent 2 years. Some other large
series have come from thoracic surgical centres  Ochsner, Ray and Acree (1954),
for instance, had 32 per cent of resections with a five-year survival rate among
1,170 treated and untreated cases of 8 per cent

1t is not known how many resections for lung cancer are catried out
each year in the whole of this country or the proportion of resections within
the whole fung cancer population  Special hospitals and probably many
general hospitals appear to see relatively few eldetly patients and patients
with more malignant tumours. It seems likely, therefore, that of all the lung
cancers in the country less than a quarter are resected and more than half’
have neither surgical treatment nor radiotherapy.

SuRVIVAL

The survival expenence of the whole group 1s shown 1n Table XLIIT and
Figure 43, 146 per cent of the patients are at present untraced; following the
usual practice, they are counted as having died. The fiveyear survival rate of
the whole group from the time they first attended the hospitals was only
6 Per cent; and all these patients had been treated surgically. This 1s a selected
series.  The resection rate among the whole population 1s probably much
stualler than it was in this group. It seems reasonable to conclude that of
every 1,000 who developed a lung cancer in Great Britain in 1951 not more
lh:gn 40 were alive by the end of 1956 Gifford and Waddington (1957) have
estimated that n the Li erpool area only about 6 per cent of all patients Ine
for 2 years with the exsting standards of d and

The survival rates of the treated patients shown 1 the Table refer to the
ANPrtiam AP 1 £y Bhan Cm s bre 3 - T e and ok kw43 b feomoa b
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TREATMENT AND SURVIVAL

such selection can reasonably be believed not to have biased one or the other
m favour of survival. For example, a group of patients may have a high
resection rate and a high proportion treated by radical radiotherapy because
it contains a low proportion of rapidly advancing tumours; the ‘untreated’
from such a group probahly consist largely of patients with these highty
malgnant cancers and their survival rates will be small. On the other hand

11
ey il

[ [E -
LD vesscson

2 3 O
DYRATION FROM FIRST ATTENDANCE AT HOSPITAL [years)
Fio 43

The survival rates of 1,749 patients from the time they were first seen at
two spectal hospitals

the ‘untreated’ from a group with a low resection rate because of old age may
contain a relatively hugh proportion of the slowly killing tumours; and the
survival rate of the ‘untreated’ will be lugh. When survival mates of ‘untreated”
patients are compared therefore, the reasons for them being ‘untreated” should
also be considered.

Age—The survival rates appear to nse with increasing age (Table XLIV
and Fig 45 p. 184). This may be an expression of the different reactions of old
and young tissues to the malignant change; but 1t may also be partly produced
by the d ing proportion treated by ion and rad p

Sex—The survival rates among the women were little different from those
1n the men,

Duration of Symptoms before First Examination—The rates fell with
casing durations of illness but rose aga in those wath histories of 6 months
ormore. The proportions resected showed similar trends.

1M
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CARCINOMA oF THE LUNG
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TREATMENT AND SURVIVAL

may suffer more than one who wastes painlessly and dies quickly Hamett
(1952) recorded some details of the mode of death 1n nearly 1,000 patients.
In two-thirds the domi feature was p ive wasting and dissolution of
well-being; and one in five had gross pulmonary infection. The manner of
dying has been studied in the first 283 deaths in the present series (Bignall
1955a). The information about thc final stages of the illness had to be collected
by inquiring from general and from h Is, since only a few
patients were personally observed in the last stages of the illness. The inquines
produced adequate data for the very broad classification adopted n only
128 of the 283 who are known to have died. Only a very incomplete picture
can be obtained; and no firm conclusions about the frequency of the modes of
death can be drawn from 1t,

Of the 25 who died after resection 10 had chnically manifest cerebral
metastases; 9 stowly got thinner and weaker but m none did intense pain
dominate the illness. One also had sup:nor vena caval obstruction, anclhcr
severe dysphagra and a thurd skin 5 4 died
within a few weeks after operation and their deaths can reasonably be attributed
to it. Two were thought to have had a coronary thrombosis

Only 2 of the 18 who died after radical radiotherapy had signs of cerebral
metastases; 15 slowly deteriorated, and severe pain was reported in 2 Another
with severe dysphagia attempted suicide, and 1 had a secondary deposit in
the spine with paralysed legs. 1 patient died after a large haemoptysis

Of the 85 who had symptomatic treatment only there were 14 (16 per cent)
with signs of cerebral metastases 65 (77 per cent) deteriorated slowly, and 1n 12
of these intense pain dominated the 1llness. 11 died with symptoms of superior
vena caval obstruction, although 8 had previously been treated for this by
radiotherapy; 5 had severe dysphagia; 2 became addicted to morphia;
6 (7 per cent) died suddenly—2 from a presumed coronary thrombosis and 4
after large haemoptyses

Tt scems likely that more than two-thirds of those who are treated surgically
di¢ sfowly with increasing weakness and wasting but without signs of cerebral
metastases. In only a few 1s the pain from the primary tumour ot from metastases
sufficiently intense to dominate the clinical picture, although it is rare for there
10 be no pain at all throughout the illness, Probably about 1in 7 have manifest
cerebral metastases. Sudden death before cachea has become advanced s

, and fatal h p probably occurs only about 1 1n 20
Such ¢ ditions as d: skin and
choking from tracheal natrowing ate rare; but supenor vena caval obstruction
with the frigt of an and the swollen,

cyanosed neck and face occurs w about 1 1n cvcry 10 patients
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THE EFFECT OF HISTOLOGICAL TYPE

undiffe d tumours had pared with 18 per cent of those
known to have sq cancers—a refatively small daffe The disease
in patients with undifferentiated tumours may be in a more advanced stage of
its evolution, even though the length of history suggests that it is not an a
later stage.

A patient with an undifferentiated cancer 1s less fikely to be acceptable for
surgical treatment. Of the 470 known fo have wndifferentiated tomours,

TapLe XLV

Chnical and Radiographic Evidence of Metastases at First Examnation Related to
the Histological Type of the Tumonr

Proportion (per cent) withn each type
Metostases Soumons § ”"ﬂgf('f"' . ﬁffn:f;m j‘ ot krown ‘ Total cases
Regronat only % w5 1%, 218% i 376 2250
Distant with o withaut i '
feguonat 4% 9% | 1% 1% 00 1%
None | mx mu L omy  sw anen
| Toutass ’ s | 40 | e 2510 (0030

43 per cent had a thoracotomy and 76 per cent of these a resection; a slightly
higher propartion (47 per cent) of those with squamous tumours had a
h y, and a higher proportion (87 per cent) of them had the tumou:
memoved. Oa the other hand, because rel. ly fewer with d

tumours are surgically treated, more receive radiotherapy

It is welt known that undifferentrated tumours kift qucker than squamous
ones (.Buchbcrg, Lubfiner and Rubin 1951; Harnett 1952; United Birmingham
Hospitals 1954; Bignall 19556) Of 156 patients with squamous turmaurs in
our series who wese not treated by surgery or radiotherapy, 25 per cent hived a

Year after diagnosis compared with 12 per cent of the 158 with undifferentiated
umours.

ADENOCARCINOMAS
The ad i are an ing group. Because they are relatively
I IR T ) SN e

mam types, these variations may have more disturbing effects, Certainty the
mqrdcd frequency of adenocarcinomas varies widely even in the same country
Quring approvimately the same pertod. Thus, 1 the necropsy series of Bryson
and Spencer (1951) it was almost 5 per cent and in that of Gatluzzi and Payne
{1955} 13 per cent; but in the group reported by Walter and Pryce {1955a) it
was 28 percent  The proportion varied from 2 per cent 10 23 per cent among 2
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CARCINDMA OF THE LUNG

£10Up of 8 hospitals even when only one sex (men) was considered (Gallur;
and Payne. pereonal anmmin.on ot o '

‘“ o ' ' 5 1934, 9 per cent—Mason 1954;

10 per ot - L Clagett, Moersch and Gage 1955,
19 per N . ", »<I Cent—Buchberg, Lubliner and
Rubin 1951). In the present series there were 69 (7 per cent)

Yo #haia - .- -

than . . s L
TN, Lovvcindes ettt LUPHE (93 3mm T per cent and 12 per cent; Doll and Hill
195213 per cent and 4 percent; present series—14 per cent and 6 per cent).

There 35 a suggestion that ad i may be relatively more
frequent 1n younger people. In the series of hospital patients reported by
Doll and Hill (1952) the proportion known to have adenocarcinomas fell
from 8 per cent of those less than 45 years old to 2 per cent of those between
83 and 74. In the present series it was 14 per cent among patients less than 40
and 6 per cent among those aged 60 to §9. In both series, however_, thete were
more pateats in the older age groups without histological diagnosis and valid
comparison of the pattern of histological types between the age groups iy
i ble. Mo , in the psy series of Galluzzi and Payne (1955,
i ication) covering approxi ly the same period and drawn
from a simitar population as was the series of Dolf and Hitl, the praportion of
adenocarcinomas (13 per cent) was no higher in those less than 40 than in the
age groups over 40,

& gX‘ht:pbelmviour of the adenocarcinomas differs from that of the other
types. The tumours generally begin more periphcrauy than {be squamous
carcinomas (see p. 164); but there appears to be little difference in the mﬂﬂﬂg
in which they become manifest, except that a higher proportion are drs.covcr. :
by routine chest radiography in patients without symptoms—in this \i]c';:)
9 per cent compared with 4 Per cent of each of the p!hcr groups. Jonged
Symptoms do occur the rilaess has been reported to be sliphtly more pﬁl)) 3331«1
before the patient comes to hospital (Bjdrk 1947; Moersch and Mj_ e 59
1953). This 1 confirmed in our mvestigation, for onfy 32 per cent of o
with adenocarcinomas in whom the duration of symptoms was knowx; -
Rustories of Jess than 3 months, whereas the gmporu‘ons tv:;;r; :;‘S per cent ar
44 per cent 1 those with undiffe d and sq t  TESpECUNC]

F'From the expenence of the patients wath adenocarcinomas in !:rti :;g::
1t appears that distant metastases with or w@tho;xé;gg::;cgnzc?;‘m‘;w Slont

ly di d at the first )

(Table XiV}. In the case of squamous and undifferentiated tumou;'s rt:: tfx;g;
portion with only regional metastases 1s the higher. Studies of" nccrolx; .{d Toeatly
suggest that the squamous tumours tend more commonly to S:n o that the
and to regional lymph nodes rather than to distant organS.d‘n about 25
adenocarcinomas behave hike the undifferentiated gmu%s??rcée;) 35“ er 1941).
frequently distantly as locally (Koletsky 1938; Kiotz 1 o hugher in those
The proportion of patients with metastases at any site is al
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THE EFFECT OF HISTOLOGICAL TYPE

with ad i than with cancers (Galluzzt and Payne 1955
and 1956) and may be as high as or higher than those with undifierentiated
tumouts (Engetman and McNamara 1942; Bryson and Spencer 1951). There
have been few studies of the frequency and extent of involvement of blood
vessels by the primary tumour; but in the report of Ballantyne, Clagett and
McDonald (1957) on 59 ¥ d i all 6 adk
showed vascular invasion, as did all 19 ‘large’ and ‘small cell’ types but only
27 of 34 squamous tumours. It seems that the adenocarcinoma, although
histologicaily a *differentiated” tumour, is 1n fact, a highly mahgnant one (se¢
also p. 133).

It is not known what proportion of the total of all adepocarcinomas ¢an
be resected, In this series, as in others (United Birmingham Hospitals 1954,
Kirkhn, McDonald, Clagett, Moersch and Gage 1955) the proportion seems
to be higher than with the undifferentiated tumours; but unless all tumours
in the popul: studied are d histol it cannot be assumed
that the observed proportion is the real one  Adenocarcinomas, because of
their situation, are Jess Iy d d by b biopsy; and a
series of histologically confirmed ad wll, therefore, contan a
high proportion of resected specimens.

The course of the disease 1n patients with adenocarcinomas 1s not easy

to discaver. As i other inquities, the small numbers make vahd comparisons
with athar toman A Rande mmet Lot Dusbbiaes Toht wae and Pl

undifferentiated group. In the senes of Harnett (1952) on the other hand,
there were only 21 known adenocarcinomas among 236 patients, with a mean
duration of 39 months, compared with 11+4 for squamous and 73 for un-
differentiated tumours. Another report gives a 2-year survival rate of 7 per
cent among 43 patients and 23 per cent and 9 per cent for the other two histo-
logieal groups (United Birtngham Hospitals 1954). In the present nvestigation
there were only 15 patients known to have an adenocarcinoma who were not
treated surgically or by radiotherapy; all died within a year of diagnosis
The I-year survival rates for squamous and undifferentiated groups were
25 per cent and 12 per cent respectively A sumilar pattern 15 séen in necropsy
series, where selection is fess hkely 1o affect the comparison  Bryson and
Spencer (1953 found the totat duration from the first recorded symptom to be
25 weeks for the small group of ad 32 weeks for and
28 weeks for ‘oat-celt’ tumours.

Although the disease among untreated patients with adenocarcinomas
Appears to be rapidly fatal after diagnosss, the survival rate of those who have
had the tumour removed has been reported to be about the same as that of
Patients with a squamous tumout { Bignalt and Moon 1955, Kirkhin, McDonald,
Clagett, Moersch and Gage 1955 Belcher 1956; Kjaer 1957)  In other
reports, howsver, the rate has been much lower and more close to that of the
undifferentiated group (United Bumingham Hospitals 1954; Gifford and
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THE EFFECT OF HISTOLOGICAL TYPE

1952), lymphatic spread (Weller 1929), or spread by the blood stream (Tillett
and Hirsch 1952). The incid of b it ) has been seported
{0 be as high as § per cent of all tung cancers (Storey, Knudison and Lawrence
1953); but the estimate wall depend among other factors on the cnitena used
and there may be no recognizable dividing ine between the bronchiolar tnmour
and the peripheral ad \ In the Brompton and Royal Marsd
Hospitals series there were only 4 out of the 1,024 with known histologieal
type. In the reported examples there have been almost as many women as
men—a further similarity with the adenocarcmomas.

‘There are no charactenstic symptom patierns, The production of large
amounts of clear frothy sputum has been reported to be a promment feature,
but this appears from the coliected series to be quite exceptional 17 per cent
had no sputum at all and 56 per cent coughed up less than 90 mt. daily; but
the sputum was more commonly mucoid than purulent. On the other hand a
few patients bave produced ly large of sputum, and Levinsky
and Kern (1952) repatted a patient who spat up about 78 hitres in less than
4 mouths with consequent serious fiuid, electrolyte and protein depletion.
Warfvinger (1955) found in one patient considerable ncrease of a protein
fraction of the sputum normally absent or present only i small amounts.

The disease appears to evolve slowly; Storey, Knudtson and Lawrence
(1953) found that 1 41 per cent of the recorded cases the iiness lasted more
than 1 year and in 23 per cent more than 2 years, 1t tends to cause a long
debilitating illness encing with gross v Wit and asphyxi;
Because of the peripheral origin and slow evolution of the tumour there 15
considerable variation in the stage of the disease at which the diagnoss 15 made.
The di hic ap n 153 of the reported cases were:
a solitary peripheral nodule (26 per cent), bilateral nodules 1 all zones {20 per
cent) or consolidation of afl or part of a fobe (16 per cent), in other cases
there wepe ~- 0 1.0 -3 [ NS A
in one ar- LRI - - -

{5 per cer N

annncite linn (1 ~a.

& el e o

who had some form of lung —24 lob 13
4 segmental and 3 local {eati Tn a few patients 3 second
Tesection had been done for a tecurtence. S patients were known to be alive
and well more than § years after resection (Watson and Smuth 1951; Skorpil
1942-43; Osserman and Neuhof 1950; Delarue and Graham 1949). Mears,
r(tktklm and Woolner (1954) reported 13 resections from the Mayo Clinie, 10
sand 3 ies 2 pauents died soon after operation and
2mem other causes, The tumour was known to have recurred m 7 and § had
died. Only 2 pauents were still alive without recurrence, 1 and 4 years after
Oreration.  Radiotherapy has been reported useless (Weir 1950; King and
Carroll 1950; Abbont 1951, Mears, Kirklin and Woolner 1954)
It has been suggested that chrome wflammation may be a factor 1n the
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CHAPTER XVII
THE EFFECT OF AGE AND SEX
1. R. BiGNatL

CarcnoMa OF THE LUNG IN THE YOUNG AND OLD

HE effect of age and sex on the mortality rate for lung cancer has been

discussed in Chapter IT. This rate will, to a farge extent, refiect the morbidity
rate or the prevalence rate, but the number of cases reported (the abserved
prevalence) in any series §s hwkely to vary with time, the population at nsk and
the origin of the report. Lung cancer is very rare m persons under 30 years
ofd. In our series between 1951 and 1955 there were only 2 out of 1,749
atients and both had undifferentiated tumours, Neuman, Eflis and McDonald
{1936) found 5 patients in the records of the Mayo Chnicin the U.S A between
1945 and 1954, Fischer {1931) recorded 2 {1 per cent) under 20 years old
from a totai of 1,888, and Ochsner and De Bakey (1941) 36 (O B per cent) of
4,307, Anderson, Buechner, Yager and Ziskind (1954 refer to 16 case reports
of histologieally confirmed primary lung cancer in children under 15 years of
age. 8§ were boys and 8§ guls, and there were no tumours of squamons cell
ype among them. In infants it 1s very rate indeed Hauser (1942) found only
one case atnong 14,000 necropsies at Cleveland City Hospital, US A, duning
28 years. This was a 17 month old chuld wha died from a hughly undufferentiated
lung tumour, There are two earlier reports: Schwyter (1928) of 2 16 month
gt with a widely izing ad i and ey (1933) of an
adenocarcinoma in a girt of 10 months.

In the present series there were 44 under 40 years of age~—36 men and 8
women. la 1S the hnstological type was unknown; the tumour was of the
Squamous vanety 1n 9, und d i 16 and ad i m4 Al
h‘fd Symptoms when the tumour was first discovered; and the illness began
with 2 febrite epsode n a high proportion (31 per cent) (Table XLVI),
However, the duration of symptoms before dagnosis differed little from that
of the older patients. Of the 14 patients who received nenther surgical treatment
for radiotherapy only 1~a man with a squamous tumour—survived a year
from diagnosis, The 1-year survival rate of patsents of all ages was 17 per cent.

Neuman, Tllis and McDonald (1956) studied the course of the iltness 1n
51 patients under 40 years old. Only 4 of the tumours were classed as squamous
and there were 19 adenocarcinomas. In a group of 30 men under 40 years
old teported by Anderson et al {1954) there were 11 with adenocarcnomas
and S squamous, It1s mpossible to know whether the differences in histological
types between these two senes and out own are entirely due to differences in
athological intespretation. Anderson and his Found a Jow
of cough and haemoptys:s and frequent attacks of chest pan; they attnbuted
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Tanrg XLvt
The Age of the Patienss relateq 4, the Nature of the
the Durnh‘orz of Sj;mplom.r, Evidence g

Firsy Recordey .S)‘mp/am,
Tastases at F,

Firse Examz’m!mn,

€IS0n er gf |, . 4 € 75

Survived 5 Year from the start of Mptoms, with 5 median sl‘ljr:vxvﬂo‘:;m !
months, Iy 4 Carlier Study of ¢p. DPatients At the Royay ;\Iars en
and the Brom e 5
30 years old vz also 7.5 Months wigp 31 per cent hving o,
the duration, Of suryiyay Tose in eacy £&roy,
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€ prognosis after Tesection hag 1 feported to be Icwerr Survival s
and olq ients, Gifford and Waddingtau (1959 found 5 2-yea,
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THE EFFECT OF AGE AND SEX

of 38 per cent in those under 45, rising to 53 per cent n patients aged 55 to
59 and falling to 33 per cent in those over 60. But in another series (Bignall
and Moon 1955) there appeared to be no regular pattern and the rate for those
under 45 (53 per cent for 2 years) was almost the same as for those between
50 and 54 (51 per cent) and 60 to 64 years old (55 per cent). On the other
hand, 1n one series the survival rate after surgical treatment or radcal radio-
therapy fell from 21 per cent 1 those under 45 to 10 per cent in those aged
60 to 69 (Registrar General 1957).

70TAL

PATIENTS

% “ 134 s30 11 187
00—

< = [y -89 00

AGE tyasre

XS radtotnaraer
W ..o
Fig 43
The treatment given to patients of different ages.

The oldest reported patient with lung cancer was a woman of 101 (Howell
1957). She had widely d d nodules of ad 1n both lower
lobes with a single metastasis in the suprarenal, Relatively few patients with
lung cancer in the cighth and ninth decades are seen at the Brompton and Royal
Marsden Hospitals; there were only 6 over 80 years old in the present series,
Febnle ilinesses were a less common start of the illness in those over 70. Aufses
(1953), in n study of 201 patients aged 65 or more, also found a low incidence
of preumonia as the first recorded sign—it occurred in only § cases. The
older patients in our series had slightly longer ilinesses and evidence of
metastases when first examined was a little less frequent. Far fewer had the
tumour resected—only 8 per cent of those 70 years old or more (Fig 44).
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The higher survival rate among the patients not treated by surgery or rade-
therapy (Fig. 45) may reflect the general tendency for the disease to run a slover
Course—to be less malignant; but jt may also be affected by the smaller
proportion drawn off from the ‘untreated’ group into the surgical and radio-
therapy groups. This might have the effect of weighting the ‘untreated’ series
in favour of long survival,

SURVIVAL | YEAR FROM FIRST EXAMINATION

<s0 $0-39 60-89 00
AGE
Fig, 45
The proportion of patienty of different ages not treated

by su or radiotherapy who lived for a year after first
Y surgery attending hospital

Lung CANCER IN WOMEN .
Adenocarcinomas form a higher proportion of all Jung cancers in wom::
than 1 men in this country. In the present series the ratio of men to wo;"x(;se
was almost 4 to I among those with adenocarcinomas but 11 to BU}O’;E [high
with squamous cancers (Table XLVII): and the_te was a relativel gimﬂ“
proportion of women among the adenocarcinomas in all age gruu;;ls. e
differences occurred in the clinical series of Doll and Hd} {1952) (Doll, pe: ol
ication), and the psy study of Galluzzi and Payne (pmur_
communication). In the other important f?ctor—;lé;) site of the tumo
were also differences between the sexes (see p. A
therePain and haemoptysis were slightly less frequently recorded a’_s !:}slien fg“-‘e‘
symptom ift women than in men (Table XLVI'II). Iq the case ‘oap};cm "
difference 1s probably not due to random sampling vzn:mno;x; i}s ‘ﬂm o 58t
all ages, except among the few aged 70 and over. It is unlikely 102 e r5¢
and sex of the patients infl d the “ when he o at women
symptom of the illness from the patient's story. It s p;“l&sx D e though
might less frequently describe pain as the start of tlgexr thnt: e obtrusiie
they had experienced it or more frequcmlyudcscnb; o ew Dote that
symptoms; but 1t seems unbikely. Itisr therefore,
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1951-53
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Undifferentiated
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dlﬂ‘en'ng DProportions of the iustologx'cal Ypes at cach age, the mctdcm.‘e;J

Metastases was broadly Stmilar 54 all ageg eXcept in the few Patients under 45,
N these Younger indrvidyajg there vy Consideraple excess of melqst-'{“i h‘:
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TanLe XLVIH

The Nature of the First Symp Evidence of M at First
Examination, Treatment and Sursnsal Untreated wur Men (1,552)
and in Women (197).

| aten Women
TRST SYPION i !
Fan Cowy L wn
Haemoptysis boey
Metastases ' Yo a
METASTASES AT FIRST EXaminanion | M5 45%
Distant Metastases oy ! 193
TREATMENT T
Thoravotomy [ 1A
Resectton % nr
Preumonectomy Loy 123
Lobectomy L% 5%
Survived 1 year from diagnosss (untreated) 183 ",

adrenals, A detailed study of the inaidence of braun metastases (Galluzzi and
Payne 1956) also showed no important sex differences at any age.

Tog little is known about the course of lung cancer 1n women 10 justify
firm conclusions  There appear, however, to be no mayor differences that
cannot be explained by the known tistologicat and topographneat pattern of
the tumours; and there is, at present, hitle evidence of a dsfferent reaction of
the body to the presence of the tumour.
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CHAPTER XVIiI

THE EFFECT OF THE SITUATION OF THE TUMOUR AND
THE LENGTH OF THE ILLNESS BEFORE DIAGNOSIS

1. R. BroNaty

THE EFFECY OF THE SITUATION OF THE TUMOUR

HE situation of the tumour has considerable influence on the course of

the disease. It helps to determine the nature of the symptom pattern and
materially affects the progress of the illness.

It is not surpnsiog that tumours of the main and lower Jobe bronchi
frequently show their presence with a febrile iliness; for these bronchi are
Jess sble to withstand progressive narrowing and interference with the citiary
mechanism without snfection of the Iung (Table XLIX) In this series the

TasLe XLIX
The Furst Recorded Symptom Related to the Site of the Tumour
7 I First symptom {per cent of sotal known)
Sue ol l } f 100 ; }
Zain | Haem | Fever | Cough | Spaees |Other| 8%
Upper lobes | w0 N 12 15 24
Lower lobes 388 16 15 23 22
Main bronchus ‘ 257 14 4 ] 2
Right muddle fobe ( 3B 0o 1 oen | un | 6n
Labarstenotkaown ( 325 | 19 | @ | 1 | 27
Total EAENENERE

Percentages fn brackets ace based on Jess than 100 pases

upper lobe tumours tended to be associated with an ilness beginning with
£ weight, malaise and dyspnoc3

the less obtrusive symptoms such as loss of n K
or with chest pain unaccompanied by fever. Some patients with uPPf; l":
Tesiam b d frmenies ot the anex that showed themselves by shoulder and arst

adenocarcinomas in the upper lobes, ‘Fhese, DEng sdifsy praspuds: |
might more easily produce pain from pleural and chest wall 1nvasion. Tbe
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shape and size of the upper lobe may also be a factor in making pain from
penpheral extension of all types of tumour a more frequent complaint.

The site appears to have little effect on the length of history before
diagnosis. Peripherally placed lestons might be expected to evolve with fewer
acute and di 1) p such as b ptysis and feverish illnesses—
symptoms that might make the patient seek adwice without delay. Adeno-
carcinomas, many of which are penpheral, do indeed tend to cause longer
tllnesses before diagnosis; but in this senes patients with main bronchus
Tesions did not in general have shorter histories than those with tumours in
the lobes of the lung, although many of these were remote from the large
lobar bronchi. Peripheral tumours are Lkely to be older than central ones
when they are discovered; but there is no evidence that they cause longer
illnesses once symptoms have appeared.

Although the situation of the tumour may have liitle effect on the length
of history before di is, it certainly 1nfl the future course of the
disease. Because of the pecularities of the lymph dramage of the lungs,
metastases from right upper lobe tumours may reach the paratracheal nodes
and cause venous obstruction, or the neck nodes and be clinically obvious,
before those of the left upper lobe or both lower lobes. Of the patients with
tight upper lobe lesions, there were 19 per cent with mamfest node metastases
without distant metastases when first exarmned, but only 16 per cent of left
upper lobe and 11 per cent of all lower lobe tumours Main bronchus lesions,
however, gave the highest mcidence (22 per cent); and m both lower lobe and
main bronchus lesions the ncidence was higher with left-sided tumours,
probably because involvement of the left recurrent laryngeal nerve gives such
obvious abnormal symptoms and signs Thus, fewer patients with upper lobe
and main bronchus tumours are accepted for thoracotomy and have the
cancer removed (Table L; Fig. 47) Indeed, only a small proportion of the
main bronchus lesions are resected, for, in addition to the higher mcidence of
metastases, there 1s 1n many cases the 1 impossibility of
excision

Main bronchus tumours appear to cause symptoms at a later stage of
their development, so that more of them have spread to the nodes by the ume
they are discovered. As they arise 1n large broncht they are less likely to cause

p from bronchial narrowing or radi hic shadows of lung collapse
or consolidation. Moreover, the tumour itself may not be detectable on the
%-1ay. Only 1 per cent of those known to have main bronchus tumours had
o symptoms when the abnormality was found The late stage of many mam
bronchus lesions is reflected n the short survival of the untreated paticats
after dagnosss In this series only 11 per cent hived a year or longer, compared
#ith 22 per cent of those with upper lobe and 25 per cent with lower lobe
tumours,

The survival rate without resection or radiotherapy was stightly higher 1n
Patients with lesions of the left lung, though this may weil have been a chance
finding, The risk of dying soon after operation also appears to be smaller
with operations on this side. Bignall and Moon (1955) reported a 12 per cent
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mprtahty within 2 months with cancers on the right and 8 per ¢

G}ﬁ"ord and Waddington (1957) found larger diﬂ'e%ences: 3§per z::lto 2102;;:21

}vnh 17 per cent in 312 pneumonectomies and 16 per cent and 12 per cent

in 136 lobegtcmles. The difference seemed to be mainly caused by greater

sk o'f ‘cardiopulmonary failure’ after right-sided resection. In a series of 599
at the Brompton Hospital bet 1940 and 1955 there were 78

TaBLE L

The Site of the Tumour Related to Evidence of Metastases at Diagnosis,
Thoracotomy, Resection and Survival

[ E Proportion (per cent) Untreated
W | o] Reenon | T3
{ examination @ ;{n s
UepER Lose R 377 30 33 25 20
L 43 [ 2 [ 2 2 ’ 2
Bon| 10 | 26 | n | 2
Lowsr Lore R 215 18 6 41 20
L 179 3 42 34 [ (30)
Both | 394 20 44 38 25
MAIN BRONCHUS R 137 23 17 3 Q2
L 126 36 14 7 / 1w
Borm{ 263 | 29 15 v [
Rionr Mwpiz Love | 38 , 69 &) I
TotAL RIGHT LUNG 932 3 29 23 16
ToraL LeFt Lung \ 797 ‘ 32 { 31 23 ; 19
|

zo(——[_

‘Not KNowN i
Totat | 1w ' 33 ‘ 29 ENR I

I—

Percentages 1n brackets are based on less than 100 cases

months of operation, 16 per cent of 311 on the right and

@ e thoa Iaft

deaths within 2
the prognosis seems to be

. ot 1ald and Harrington 1951;
! - 11957). A possible explana-
r be found in the anatomy of

' ' lymphatics from the lower
as well as some ol wwse srom the middle third, dram
des into the right para-tracheal chamn, Warren and
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SITUATION OF TUMOUR AND LENGTH OF ILLNESS BEFORE DIAGNOSIS

Drinker (1942) demonstrated in dogs that the greater part of the lymph from
both lungs eventually passed mto the vessels 1 the nght para-tracheal region;
only a small amount from the left lung entered the blood stream from the left
paratracheal system. The distribution of metastases could not be expected to
follow strictly the physiological path of the lymph, for once a pathway becomes
blocked by a tumour the lymph stream 1s probably diverted into other channels.
McCort and Robbms (1951} investigated the site of the metastases m 115
patients who had a tk y for hual Although 11 of 22
with right upper lobe tumours had night para-tracheal metastases, only 2 of 32
with Ieft upper lobe tumours had metastases in the left para-tracheal nodes

TOTAL PATIENTS

%

100 =

218 " 343 m 163 140 "z 297

N Lewer 13 Lemer Lt Upper  RE Upper  RI Maim

f ] SITE oF Tumoux
Nadiomerspy

T .o
Fio 47

The treatment gnen to patients with cancers of different sites m the lung.

and three had involvement of nodes on the right side. There was, however,
no similar of crossed from left lower tumours Nohl
(1956) from a study of 100 lung tumours removed at operation concluded that
tumours of the lower lobes on both sides have a greater tendency to metastasize
locally than those of the upper lobes (see p. 136)  But 1avestigation of the
spread of lung cancer in the mediastinum clearly requires post-mortem examina-
tion, and evidence derved only from chimcal, radiographic and operatine
findings 15 incomplete  However, the poor survival after removal of left-sided
cancers, particuladdy of the left lower lobe, may well be largely the result of
some patients having tumour tissue in the nght upper mediastmal nodes, which
are, of course, inaccessible at operation (Bignall and Moon 1955)
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Txe EFFEcT OF THE DURATION OF THE SYMPTOMS

The beginning of the illness is not the start of the disease. The tumaurs
show themselves at varymng stages of their evolution depending on thexr sxtc
and the rate of growth and spread. The d of symp before d
is not, therefore, an accurate measure of the age of the tumour. Some patients
with short illnesses have produced symptoms early while others have ‘old’
tumours that have produced them late. As the duration of symptoms in
groups of patients lengthens, so the proportion of ‘young' tumours within
the group decreases, Some tumours spread outside the Iung early, others late
and some not at all; and the proportions of cancers growing slowly and baving
ittle tendency to spread by the lymphatics or the blood stream increases with
the lengthening duration of illness. It could be expected, therefore, that the
chances of successfully treating a patient with lung cancer will be higher in
those with short or very long histories—the former group contaiming more
with early tumours and the latter more with indolent cancers.

Among the pauems in this senes the pmporticn without climeal or radto-
graphic evid when first ined was 80 per cent in those
with symptoms for less than a month; it fell to 63 per cent of those with
symptoms for 6 to 11 months, but rose again to 79 per cent among those
whose illness was recorded as having lasted a year or longer (Table LI).
The proportion with Tegional node metastases rose from 10 per cent in the
group with the shortest history to 24 per ceat in those with symptoms for 6 to
11 months but fell to 13 per cent 1n those with the longest illnesses. The changes

TasLe LI
The Dumnon of Symptoms Befare Examination Related to the Evidence of
at Fust E: by and Survival Untreated

Proportion (per cent) within the growp

- Duration of symptoms (months)

Na
symptoms | g 1-2

METASTASES AT FIRST
RN

Regional only
Distant with or wichoat regronal 10 12
None 30 62
THEATMENT
Resection 25 21
Radwtherapy 30 35
Suryived 1 year from diagnosis
(untreate @5y 17

Percentages in brackets are based on less than 100 cases
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varied from 53 per cent in those with symptoms for less than 3 months to
39 per cent with 6 to 8 months history and 54 per cent with a year or longer;
and Gifford and Waddington (1957), in a study of 448 patients, reponcci
2-year rates of 46 per cent with less than 6 months history, 36 per cent with
6 to 9 months and 59 per cent with symptoms for more than 9 months.

LuNG CANCER DETECTED WITHOUT SYMPTOMS

In this series 66 patients were recorded to have had no symptoms when
the radiographic abnormality in the lung field was detected. Only 3 were
known to have main bronchus tumours. When they were examined at the
hospitals 10 (14 per cent) of them had evidence of metastases The proportions
of the three histological types were approximately the same as among the
patients with symptoms  Thoracotomy was done in a high proportion—
64 per cent—and in only 2 patients was the growth too extensive to be resected
Of the 40 patients who had a resection 29 (73 per cent) were alive a year later
and 18 (62 per cent) two years. 8§ were treated by radiotherapy and none
survived a year There were 18 not treated by these methods; 2 have, un-
fortunately, been lost sight of. The 1-year survival rate, counting these 2
patients as dead, is only 11 per cent; but if they are both alive it would be
22 per cent—simular to the rate for those with symptoms of less than a month’s
duration when diagnosed.

Lung cancer detected by mass radiography surveys is not necessarily
“silent’. Boucot and Sokoloff (1954) reported 77 cases among 142,156 persons
x-rayed; but only 7 were truly without s; 43 idered th 1
to be well but some P that could bly be attnbuted to the
cancer were elicited on careful questiomng in all of them; a further 27 had
already consulted their doctors because of symptoms. Brocard, Choffel,
Bouvier, Solignac and Ledu (1955) found 24 without symptoms among 44

picked up by radiographic survey. Only 9 of these were operated on; 5 refused
dered i ble in 10 by the time the

operation and the d was P e th
) was blished—often after i le delay. McBurney, Kirklin

and Hood (1955) found 29 cases of ‘asymptomatic” lung cancer among approxi-
mately 1,600 case records at the Mayo Chmic. They e(clu'ded ‘smoker’s.cough'
as a symptom of the cancer The mterval from detection of the lesions to
resection—which was carried out in all cases—ranged from 3 days to 4 years.
There were 12 adenocarcinomas, 4 squamous and 13 ‘large cell’ or “small
cell’ tumours. All but two of the cancers were classed as peripheral. Of the
29 patients, 23 (79 per cent) survived the first year. The aulhgrs state that the
survival figures were ‘not dissimular to those found after resection for proncho-
genic carcinoma 1n general’. However, as the ‘operability rate® was higher, the
experience of the whole group was better.

Garland (1955) summansed the findings in a numbc{ of reports on the
treatment of patents detected by survey. Many factors influence treatment
and 1t is not surprising that the proportion resected varied from 22 per cent
to 60 per cent in six reports. The combined results of three follow-up reports
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SITUATION OF TUMOUR AND LENGTH OF ILLNESS BEFORE DIAGNOSIS

after resection gave a 3-year survival rate of 29 per cent among 132 patients.
Overholt, Bongas and Woods (1955) reported 2 30 per cent three-year survival
rate among 30 patients, 23 (77 per cent) of whom had a resection.

The expertence of the patients in the present seties also indicates that the
chances of successfully treating lung cancer are greater m those patients who
have had no symptoms at all or such unobtrusive ones that they were over-
looked at the time the x-ray abnormality was found On the other hand, it
1s not surpnsing that some patients have irremovable tumours or die with
metastases after resection

‘Early’ Tung Cancers

The so-called ‘silent phase’ of lung cancers is not necessanly the phase
duning which the growth is himated to the lung  From the moment that a
neoplasm begins to form there is the possibility of spread by the lymphatics
or the blood The patient may die with metastases while the primary 15 still
munute. Wilhs (1948) described such a condition 1n a man with two cystic
adenocarcinomas up to 5 em diameter 1n the bram and 2 primary tumour
only 4 mm diameter m the left upper lobe of the lung. On the other hand,
some cancers kill the patients without d any
at all; and primary tumours have been surgically removed wnh success after
bemg observed radiographically for many years—in one case for as long as
9 years {Overholt and Schiudt 1949) It 15 nusleading to describe lung tumours
as “early’ or ‘late’ The age of a tumour cannot be determined unless the tme
of 1ts birth is known, and, because of the great variation 1n speed of growth
and spread, it cannot be nferred from the state of the tumour when first
discovered. Except 1n expenimental studues, the temporal stage of evolution of
a cancer 1s mndetermnate, The cancer 1tself can be described topographically;
and the stage of the disease by reference to the disorder of function that 1t
has produced In the symptomless patient the disorder of function may be
shight or there may be none at all; yet the cancer may be anatomucally extensive
‘Early diagnosis’ might be used to descnibe the detection of cancers causing
little or no disorder of function, but ‘diagnosis of early cancer’ 1s meanmgless
1n climcal medicine  Mass or routine radiotherapy can lead to ‘early diagnosis’:
1t does not necessarily detect ‘early’ cancers
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SITUATION OF TUMOUR AND LENGTH OF ILLNESS BEFORE DIAGNOSIS

after resection gave a 3-year survival rate of 29 per cent among 132 patents.
Overholt, Bongas and Woods (1955) reported a 30 per cent three-year survival
rate among 30 patients, 23 (77 per cent) of whom had a resection

The expenence of the patients 1n the present senes also indicates that the
chances of successfully treating lung cancer are greater in those patients who
have had no symptoms at all or such unobtrusive ones that they were over-
Tooked at the time the x-ray abnormality was found On the other hand, 1t
1s not surprising that some patients have irremovable tumours or die with
metastases after resection,

“Farly’ Lung Cancers

The so-called ‘silent phase’ of lung cancers 1s not necessanly the phase
duning which the growth 15 limited to the lung From the moment that a
neoplasm begins to form there is the possibility of spread by the lymphatics
or the blood The patient may dic with metastases while the primary 15 still
munute  Willis (1948) described such 2 condition 1n a man with two cystic
adenocarcmomas up to 5 em diameter in the brain and a primary tumour
only 4 mm. diameter 1n the left upper lobe of the lung On the other hand,
some cancers kill the patients without producing any macroscopic metastases
at all, and primary tumours have been surgically removed with success after
bemg observed rad for many y one case for as long as
9 years (Overholt and Schmudt 1949). It1s misleading to describe lung tumours
as ‘early’ or ‘late’ The age of a tumour cannot be deternuned unless the tume
of 1ts birth 15 known; and, because of the great vanation 1n speed of growth
and spread, it canuot be m.fcrred frorn the state of the tumour when first
discovered. .
a cancer 18 i

and the stag* ' .

has produced In the symptomless patient the dxsorder of funcnon may be
slight or there may be none atall; yet the cancer may be anatomically extensive.
‘Early diagnosis’ might be used to describe the detection of cancers causing
Iittle or no disorder of function, but ‘diagnosis of early cancer’ 15 meamngless
an chmeal medicine Mass or routine radiotherapy can lead to ‘early diagnoss®:
1t does not necessanly detect ‘early’ cancers
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SITUATION OF TUMOUR AND LENGTH OF ILLNESS BEFORE DIAGNOSIS

after resection gave a 3-year survaval rate of 29 per cent among 132 patients.
Overholt, Bongas and Woods (1955) reported a 30 per cent three-year survival
rate among 30 patients, 23 (77 per cent) of whom had a resection.

The experience of the patients in the present sertes also mdicates that the
chances of successfully treating lung cancer are greater i those patients who
have had no symptoms at all or such unobtrusive ones that they were over-
looked at the time the x-ray abnormality was found. On the other hand, 1t
15 not surpnising that some patients have irremovable tumours or die with
metastases after resection.

‘Early’ Lung Cancers

The so-called “silent phase’ of lung cancers 1s not necessanly the phase
during which the growth 1s Iimited to the fung From the moment that a
neoplasm begins to form there 1s the possibility of spread by the lymphatics
or the blood The patient may die with metastases while the pnimary 1s stil
mmute  Willis (1948) described such a condition 1n a man with two cystic
adenocarcinomas up to 5 cm diameter in the brain and a primary tumour
only 4 mm. diameter 1n the left upper lobe of the lung. On the other hand,
some cancers kill the patients without producing any macroscopic metastases
at all; and primary tumours have been surgically removed with success after
being observed radiographically for many years—in one case for as long as
9 years (Overholt and Schomdt 1949) It is misleading to describe lung tumours
as ‘early’ or ‘late’. The age of a tumour cannot be determmed unless the time
of 1ts birth 1s known; and, because of the great varation 1n speed of growth
and spread, 1t cannot be mferred from the state of lhc tumour when first
discovered E
a cancer 1s i
and the stage
has produced In the symptomless patlent the disorder of function may be
shght or there may be none at all; yet the cancer may be anatomucally extensive
‘Early diagnosis’ might be used to descnibe the detection of cancers causing
Iittle or no disorder of function, but ‘diagnosis of early cancer’ is meaningless
m clineal medicine  Mass or routine radiotherapy can lead to ‘early diagnosss’.
1t does not necessanly detect “early’ cancers
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CHAPTER XIX

UNUSUAL MANIFESTATIONS

J. R. BIGNALL

NEUROPATHY AND MYOPATHY

NEUROLOGICAL syndromes have been recognised for many years in
patients with cancer in whom there were no metastases affecting the
nervous system.  Posterior column degeneration secondary to changes in the
posterior nerve roots were, for mstance, described nearly 50 years ago
(Willamson 1908). Weber and Hill reported the association of polyneuritis
and carcinoma of the lung mn a patient 1n 1933, More recently there have
been several good accounts of the condition: sub bellar d i
1 patients with cancers of the lung, breast, ovary and uterus (Brain, Daniel
and Greenfield 1951); sensory neuropathy (Denny-Brown 1948), polyneuritis
(Lennox and Prichard 1950), myopathy and neuropathy (Henson, Russell
and Wilkinson 1954) m those with lung cancer. A case of sensory neuropathy
associated with carcimnoma of the oesophagus was reported by Dodgson and
Hoffman {1953), and neuropathies or myopathies have also been described
with carcinoma of the antrum (Hart 1950), and ovary (Henson, Russell and
‘Wilkinson 1954). But with the exception of the report of Dodgson and Hoffman
(1953), sensory neuropatiues and polyneuritis have been recorded only in
patients with carcinoma of the lung

Henson, Russell and Wilkinson (1954) found 15 (1°1 per cent) examples
of the syndromes among 1,309 patients with Jung cancer seen at the London
Hosprtal between 1940 and 1952, and 1n 6 (22 per cent) of 276 mecropsy
records. Lennox and Prichard (1950) presented evidence that the association
of polyneuritis with lung cancer was not fortuitous. From among the records
of 50,000 admi to the H: h Hospital, London, they found §
patients with the two conditions. There were 299 cases of lung cancer and 17 of
polyneurttis of obscure origin, meluding the 5 with lung cancer. If no associa-
tion had existed between the two, only 01 ‘cases’ of the two together would
have been expected 1n this material, and even allowing for probable in-
accuractes of recording, the difference between the expected and obs;{v:d
associations seemed large enough to support the hypothesis that the conditions
were not related only by chance .

In the type with subacute cerebellar or spino-~cerebellar degeneration the
dorminating manifestations are vertigo with cerebellar ataxia. There may be
pyramidal signs and tremor of the extra-pyramudal type, el{phom or dementia.
Muscolar weakness and wasting, external Oph(halﬂ.loplegla and bu]bar pglsy
have been described and there may be sensory disturbances. Histological
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mstances among 1,749 patients As 1n the case of the neuropathies there
appears to be no relationship between the frequency with which the extra-
thoracic symptoms occur and the size of the tumour., There is, however, 2
suggestion that they are more common with peripheral tumours (Pattinson,
Beck and Muller 1954; Ray and Fisher 1953).

The cause of the condition 1s unknown. Clinical observation suggests
that mfection of the lung plays no part. Ray and Fisher (1953) found no
examples of osteoarthropathy among 57 patients with clinical or pathological
evidence of nfection of the lung, compared with 14 cases among 82 patients
without evidence of infectton—a finding that may be related to the greater
fir of joint mvol with penipheral growths. The link may be
through the nervous system. The symptoms and signs almost invariably
dmumish dramatically as soon as the lung is removed, and frequently disappear
entirely; but they also disappear without the lung bewmng removed if the
pulmonary artery is tied (Wyburn-Mason 1948) or the hilum dissected and
the nerves cut (Hanson 1932) Furthermore, the same dramatic relief of
symptoms and recession of signs can occur when the hilum is undisturbed but
the vagus divided as far away from it as possible (Flavell 1956). The exact
mechanism of the association is unknown It 1s probably a complex one.
Patients with seemingly similar lung cancers behave m different ways and only
a few of the many with peripheral tumours, for instance, have joint manifesta-
tions. After the symptoms have been relieved by resection of the lung, they
may return if the growth recurs. Wierman, Clagett and McDonald (1954)
report examples of thus but they do not state where the tumour recurred and,
in particular, 1ts relation to the vagus nerves.

ENDOCRINE DISTURBANCES
Marie, who introduced the term ‘osteo-arthropathie hypertrophiante
pneumomque’ in 1890, was mamly concerned with separating the condition
from acromegaly, with which 1t was then confused. Patients with the clintcal
and radiographic picture of hypertrophic pulmo: arthropathy may indeed

Teiad F1G10Y Aescn’bed
lition to
docrine
ckening

odf the vault of the skull, enlargement of the sella turctca, una cndnges in

dary sexual ch 1stics.  Although the antertor lobe of the pituitary
showed hyperplasta of the eosinophil elements in some of the patients, no
infiltration with metastatic tumour cells was found. In 2 of the patients there
were also cortical of the adrenals. Fried suggests that the osteo-
arthropathy in these cases was caused by the endocrine dysfunction Two of

Fried’s patients had gynaecomastia. This has also been reported b)( Bloom

(1948), but 1n hus case there was a metastasis in the anterior lobe of the pitmtary.

On the other hand, m the case described by Fischl (1950) both the jomnt

and the gy ia improved after the primary tumour had
beenr removed. Another of Fried’s patients had insulin-resistant diabetes and
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CARCINOMA OF THE LUNG

4. patients in whom recurrent peripheral venous thrombosis preceded the
dlSCOVCr}f of Ehe.lung tumour by periods ranging from 13 to 6 months. Similarly,
acanthosis nigricans may be associated with visceral cancer, Curth (1943),
found 384 reported cases including 3 of lung cancer, and Spear (1950) added
?nother, the patient having an undifferentiated lung primary with no metastases
in the suprarenals.

Crico-pharyngeus Palsy

Paralysis of the vocal cords from damage to the recurrent laryngeal
nerves is common and well known. Such damage can also cause paresis of the
erico-pharyngeus muscle with difficulty 1n swallowing fluids. Asherson {1952)
reported two cases of bilateral laryngeal paralysis associated with dysphagia
and coughing after swallowing fluids; phar showed a delay in the
hypopharynx and pyriform fossae with the radio-opaque liquid overflowing
mto the glottrs.

Abdominal Symptoms

Complamnts of epigastric pamn or discomfort, sometimes with flatulence,
nausea, vomiting or anorexia, are not rare in association with a lung cancer.
‘Wezel (1950) recorded 18 instances among 225 patients. In all of the 18 there
were large mediastinal lymph nodes near the trachea or in the region of the
bifurcation and it was suggested that the symptoms were caused by damage
to the vagus nerve within the thorax. A further 15 patients were shown to have
gastric or duodenal ulcers; and these also had mediastinal metastases

Heart Complications
K either directly

tly by damage
1 raear 1o 1va i | Garvin (1939)
recorded 30 (26 per cent) i of myocardnal 1n 115 cases of
bronchial carcinoma at necropsy; and Pearson (1948) found some evidence of
involvement of the heart in 17 (11 per cent) of 148, there being arhythmia in
about two-thirds. Pearson (1950) reviewed 28 reported cases of arhythmia, 21
with auncular fibrillation or flutter, 4 with simple paroxysmal tachycardia,
1 with paroxysmal ventricular dia, and 1 with ! tachycardsa.
He also reported a case of persistent bradycardia accompanied by attacks of
ventricular asystole and unconsciousness. Two further examples of recurrent
attacks of unconsciousness have been récorded by Davies (1957). The attacks
were caused by sino-auricular block which may have been the }-esult of vagal
stimulation from the involvement of the left recurrent nerve in Vthejt.umour
mass that was d d og‘ !.he perica by
neoplastic tissue may cause a pericardial effuston or the clinical manifestatrons
of constrctive pencarditis (Fischer 1948)

Regression of the Tumour o .
There are many reports of patients with histologically confirmed I(l;ug
!

cancers receiving no specfic treatment yet living for long periods.
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CHAPTER XX

THE COURSE OF ILJUNG CANCER

I R. BigNaLL

THE course of lung cancer 1s governed by three factors: the malignant
capabilities of the tumour; ifs situation in the lung; and the age of the
patient. These factors are not independent. Lung cancer kills young patients
quicker than old ones; and histologically identtcal tumours may have different
degrees of malignancy because they arise from and evolve in young or old
bodies. Moreover, tumours with simlar powers of invasion and dissemination
1 symilar hosts may kill differently because of therr different positions in the
lung. Indeed, the malignancy of a tumour cannot be defined at all without
reference to its environment.

We do not know what determines the malignancy of a new growth except
that the disease may be more mahgn n the young and less malign in the old.
Cancers known to be caused by inhaled substances are predominantly of the
squamous histological pattern; the cause of the adenocarcinomas 1s unknown;
and the undifferentiated group may contamn the less organized varieties of both
these two types. As the squamous tumours appear to kill less quickly than the
adenocarcinomas, malignancy may be said to be determned to a small extent
by the cause of the cancer There 1s no evidence that it is influenced by the
sex of the mndividual or by the sex hormones. The malignancy of lung cancers
is, therefore, not determined by any factor that can at present be influenced
by the patient limself, and it 1s the most powerful determinant of his fate.
Nor—so far—can anyone else influence it

The site of a lung cancer may depend on the cause of it. Squamous
cancers are predommantly m the mam, lobar, and segmental bronchi, and
adenocarcinomas more peripheral  But the reasons why the malignant process
begins 1n one particular small portion of the large area of the bronchial mucosa

are unknown.
The three major factors in the course of the disease are, therefore, un-

controllable

The nature of the first symptom of ill-being 1s determmned more by site
than by malignancy. Tumours of the mam or lower lobe bronchi tend to
becomeé mantfest through feverish illnesses, and of the upper lobe bronchi
through pain or the less obtrusive symptoms. Peripheral .lesions may not
cause local symptoms, but progress cryptically until regional or dlS!:’iﬂE
‘metastases become overt. There s no clear rel hip between histol
type and the way the 1llness begins, except that squamous tumm.)rs—posslbly
through therr situation in the larger bronchi and their slow evolution—may be
a Iittle more likely to cause ptysis without preced
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... the writer may be permitted to express the hope that
malignant disease of the lungs, so disastrous in its results,
may perhaps i the near future be summarily dealt with
nats merprency, or at least modified i 1ts progress, so as
1n some measure to assist in diminishing the sufferings of
humanity.

Adler, 1. (1912). Primary Malignant Growths

of the Lungs and Bronch, p. 109, London

Longmans, Green



CHAPTER XXI

SURGICAL TREATMENT
W. P CLEtaND

THE aim of surgery i the treatment of lung cancer is the complete removal
of the primary tumour and all regional lymphatics and lymph nodes.
That this can be achreved 1s supported by well documented records of survival
for 10 or more years after resection  These are the favoured few; but they are
enough to encourage the surgeon n his endeavours to add to therr numbers

Regrettably, far too many patients are unfit for even an exploratory
operation when first seen by the surgeon  Probably less than 20 per cent of
all patents seen at hospitals and specral climics are deemed to be operable,
1t is impessible to grve a figure appheable to all umts as the proportion vanes
with the mdwidual surgical practice and the type of patient referred to the
hospxml lSec p 169) Of those who are mn the *fortunate’ group and who are

d to an expl Y Iy 60 per cent have an
which can be regard: as havmg di d all the obvious tumour,

ahout 20 per cent have palhiative operations where removal cannot be regarded
as complete and 20 per cent are found to be inoperable In the ensuing para-
graphs 1t 1s proposed to constder the problems presented by these three groups
of patients

Until recently surgery bas been largely concerned with the perfection of
the best possible operation for tung cancer, but of recent years more attentron
has been paid to the quahty of survival after resection and to the welfare of
those found unsuitable for radical treatment The present status of these
procedures will be described

The chnscal and statistical dettuls have been largely obtained from my
own personal records of 230 patients treated surgically during the last 12 years
and supplemented where necessary from the records of patsents treated by
the surgical stafl of the Brompton Hosputal and surveyed by the Joint
Consuhation Chimic of the Royal Marsden and Brompton Hospitals

ASSESSMENT OF OPERABILITY

The assessment of operability 1s largely a personal affair and 1t 5s difficult
to do more than lay down the general pnnciples affecting the selection of
cases for operation, pointmg out that these are merely guides for assessment.
The strictness of the cntersa for op will ob ly affect the bl
rate, a conservatnve approach being assoctated with a high tesection rate and
vice versa  Similarly the rate will be d by the h of
the surgeon to the problems nvolved—a bold policy should result m a hgher
resection rate  Accep for op must also be infl d by the
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avarlability and effictency of other alternative forms of treatment. For instance,
where x-ray therapy 1s not readily available and surgical facilities are good,
there 1s every justtficatton for assessing patients leniently. The availability of
radioactive gold grams has a similar effect for one knows that should the
tumour be irremovable, the surgeon 1s in a posttion to do something to help
the patient at the time of operation

In assessing operability, the following factors are taken into consideration*

The Primary Tumour

The most important constderation 1s the proximity of the tumour to the
trachea as judged at bronchoscopy® this examination will demonstrate the
upper limit of the tumour  As there ts only slow proximal extension micro-
scopically, a clearance of 1 to 1°5 cm above the macroscopic level of the
growth 15 probably sufficient to permit the complete removal of the tumour
either by lobectomy or pneumonectomy. Although this clearance seems small,
1ts vahdity 1s supported by the remarkably low incidence of recurrence in the
stump after resection In only 4 of my personal series of 175 resections has a
recurrence 1 the stump been demonstrated Resection can, however, still be
carried out in border-line cases by including a portion of the main bronchus or
of the trachea with the affected lobe or lung. This will be dealt with more
fully under ‘Sleeve Resection’.

Spread of Tumour

The tumour may drrectly invade the surrounding tissues or spread by the
blood stream or lymphatics to more distant structures As a general rule,
convincing evidence of such spread can be regarded as a contra-mndication to
resection [t 1s easy to suspect but often difficult to be certain that such spread
has occurred. It s also often difficult to ¢ h between inil y and
neoplastic changes, espectally 1n the hilar and mediastinal lymph nodes and

the pleura

Involvement of the Pleura i
Pleural mvolvement may be the result of either inflammatory or neoplastic
changes. The likehhood of one or the other occurning depends, to a certamn
extent, on the site of the growth, a peripheral tumour s likely to produce
mahgnant pleural mvolvement whilst secondary inflammatory changes are
nncommon, conversely, a mam bronchus tumour is often complicated by
secondary mflammatory lung changes so that pleural reaction 1s not frequently
mflammatory n origin The first symptom may be pain and the first sign a
friction rub but these are on the whole uncommon It is more usual to find a
pleural effusion with its accompanying symptoms and signs. 'A malignant
effuston 1s often massive, bloodstained and recurs rapidly following aspiraton.
When malignant cells are being sought, 1t 15 advisable to remove large quanul)ll
of flurd which 1s centrifuged and the deposit examined (see p. 147). In doubtful
cases thoracoscopic mnspection and bropsy of the pleura may provide a ﬁrﬂ:
diagnosis  Techmically, the presence of a mahgnant pleural effusion does nol
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Vena Cava—Vena caval obstruction by exther the main growth or secondary
nodes provides fairly concl id of inoperability. Technically it may
be possible to excise and graft the involved vena cava, but thrs is in fact rarely
practicable or justified.

Invasion of the Heart and Pericardum—Clinical evidence of cardiac
involvement 1s provided by the occurrence of cardiac irregularities or a peri-
cardial effusion (see p 200). Mimor degrees of involvement are sometimes
encountered at thoracotomy and resection of the involved area is often possible,
but 1f involvement is suspected on chnical grounds, operation is not normally

undertaken

Distant Metastases

Both blood-borne and lymphatic metastases may occur almost anywhere
i the body (see p 140) but the following sttes are commonly affected:

Cervical Lymph Nodes—The para-tracheal nodes on each side are con-
tinuous 1n the neck with the scalene nodes and the infertor deep cervical
cham  The scalene node 1s found lying deep to the clavicular and sternal heads
of the sternomastoid muscle on the anterior scalene muscle It is most readily
palpated by a bi-digital techmque with index finger and thumb on either side
of the sternomastoid muscle.

A palpably enlarged node can readily be removed for histological examina-
tion and the finding of malignant nvasion rules out any prospect of radical
lung resection although a palliative resection 1s still posstble. Harken, Black,
Clauss and Farrand (1954) advocated a routine and more extensive exploration
of the scalene and upper medrastinal regions 1n all cases of cancer and have
reported positive findings in nearly 40 per cent of 78 proven cases of lung
cancer. They advise division of the sternomastoid muscle to gain access and
use an il d laryng as a retractor for the mediastinal exploration.
The discovery of involved nodes will obviously influence the prognosis 1n all
cases but, 1n many, will be a decisive factor 1n planning treatment

Umiker, DeWeese and Lawrence (1957) commenting on the distribution of
the cancer 1n patients with positive scalene nodes mention that the majorty
are associated with upper lobe or main bronchus tumours and of eleven patients
with peripheral type of tumour who had a scalene node biopsy, four were
found positive. Both Umiker and Harken emphasize that a left lower lobe
Jeston may give nise to mvolvement of the right scalene node.

Harken’s figure of 40 per cent 1s higher than one would expect from 2
study of the para-tracheal nodes mn resected specimens, Nohl (1956) reccrd;d
mvolvement of para-tracheal nodes 1n 14 of 47 right-sided growths and in
only one mstance 1 53 lefi-sided growths. It must be pon}ted out, however,
that in Nohl's series para-tracheal nodes were not always available for examina-

tion.

In practic
to play but as a method of determining operability its
appear to have only limted value

Liver—Early mvolvement of t

¢, diagnostic scalene node biopsy may have an important role
routine use would

he Itver is particularly difficult to determine.
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persistent signs 1 the unaffected lung and radiographic changes 1s not an
acceptable nisk for resection  Although resection may be safely and easily per-
formed, the patient 1s likely to be severely crippled after the opetation and
survival as a ‘respiratory cripple’ would be intolerable. The matter, however,
1s complicated by the fact that many neoplasms tend to produce bronchitis
or to aggravate a pre-existing bronchitis and occasionally the removal of a
septic lung may have a beneficial effect upon the disability caused by the
generalized disease For practical purposes, if 1t 1s found that intensive
chemotherapy together with breathing exercises and antispasmodics will clear
up a generalized bronchial infection, then resection is justified.

Emplysema—Generally speaking, emphysema tends to be assoctated with
chronic bronchitis but often the changes of the former dominate the picture.
In such patients, shortness of breath is a dominant symptom and this is
associated with a fixed distended thorax with poor respiratory movements and
weak breath sounds. Patients wih the grosser forms of this condition are
obviously unsuitable for surgical treatment, but the less severe cases are more
difficult to assess. In such cases, detailed lung function studies may be helpful

Asthma—Mild asthmatics are not usually regarded as inoperable provided
other factors favour resection. It 1s common experience that the presence of
an infective lesion m the lung often aggravates an asthmatic condition and
conversely 1ts removal may give considerable relief. Asthmatic symptoms,
however, usually tend to recur, though often as fong as a year of freedom from
attachs 1s obtained Severe asthmatics, however, are not accepted as the post-
operative risks are high and the chances of improvement are smail

Pulmonary Function Studies

It 15 obvious that after resectron of a lung, the remaiming lung must be
adequate for the needs of the patient if he 1s to survive with reasonable comfort
There seems httle point m performing a technically successful pneumonectomy
if the patient at the end of 1t 1s going to be severely restricted and incapacitated
by shortness of breath  Assessment of pulmonary function 15 therefore of
paramount tmportance; but 1t 15 extremely difficult to determine the efficrency
of one lung alone when both are present and the effects of the lung tumour
and associated infectton are operatng The present commonly practised
pulmonary function tests are relatively crude and do not give an accurate
assessment 1 the doubtful cases Relance is, therefore, usually placed on
clinical detmls A rough gude to over-all function can be obtained from
careful cross T ' T ek dntasanns anarin
the onset of
the appearar
such as walking upstairs or wal
very good guide to pulmonary function 1s o]
tests, the maximum breathing capacity (M BC.) and the t
(T V.C.) appear to be the most useful in ordinary cases.
some 1dea of the capabilities of the lungs to ventilate and a reductio
M BC below 50 per cent of normal would be regarded with suspicion The
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T.V C. gives some idea of the elasticity of the lung, normally about 75 per cent
of a normal breath bemg expired during the first second of exprration  In
emphysema and lung fibrosis this percentage 1s considerably reduced should st
fall under 50 per cent, post-operative difficulties may be i d. Broncho-
spirometery enables one to deternune the function of each individval fung
separately; but this mmvestigation has not been used extensively as the conditions
under whech tt 1s performed are rather artificial and a clear-cut answer 1s usually
not obtawmed in the border-ime case where help 1s most required  The develop-
ment of the mass spectrometer and 1ts use to determine the function of indwidual
fobes under near normal d to be of derable help m
the future 1n surveying these difficult border-jine cases (Fowler and Hugh Jones
195%)

Cardiovascular Disorders

The more senous forms of cardiovaseular disease sufficient either to
produce symptoms such as effort dyspnoea, famnting or angmna, or to have
caused a myocardeal infarct are, of course, regarded as unfavourable findings
Less severe conditions do not necessanly prove a bar to resection if other
factors are Favourable, even though the risks of surgery are somewhat greater

OPERATIVE SURGERY

With the full d of the dard p y and a red)
of the aperative mortality to below 10 per cent, surgical endeavour i the last
few years has been directed along 3 hnes —

{1) The development of more radical methods for removal of the growth
and the lymph node area.

(2) Operations designed to conserve any healthy and ummvolved lung
tissue (Lobectomy  Sieeve Resection)

{3) Methods designed to improve the survival of those patients on whom
complete removal of the growth and lymph nodes was not possible (Palliative
Resection.  Radroactie Gold Gratns.)

Standard Pneumonectomy
This operation has been satisfactonly evolved during the last 15 years
he duction of d recent
have been essentially those of detail  In the majority, the lung contaring the
pamary grovwth and any adherent paretad pledrs s exorsed first, fodowed by
the removal of parateacheal, subcarinal and paracesophageal lymph nodes.
Aylwin {1951) recommended the early ligatron of the putmonary vemns
in erdec to avowd distodgng tumour cells mta the curculatian during mobiliza-
tion of the lung  He pointed out that 40 per cent of resected spectmens show
microscopsc fnvasion of all coats of a pulmonary sesn whilst macroscopic
Intratuminal polypoid masses are not uncommon  The occastonal occutrence
of a massive tumour embolus of a cerebral vessel at the time of operation
suggests that smaller and vasuspected emboli may occur more frequently.
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Radical Preumonectomy

Allison (1946) recommended the isolation and division of the pulmonary
vessels within the pericardium as 2 means of increasing the margin between the
growth and the operative section. This first step towards radical resection
has been further developed by Brock and Whytehead (1955) who regarded it
as a logical method of mproving the survival rates based on sound surgical
principles which have been generally accepted m the treatment of cancer
elsewhere m the body. Their operation is described in detail in their paper,
but essentially it mvolves a block dissection in one piece of the paratracheal
nodes on both sides, the subcarinal nodes, a collar of pericardium around
the hilum and the para-aortic nodes. The bronchus 1s divided at its origin
from the trachea They recommended an extensive removal of the mediastinal
nodes and surrounding areolar tissue including as much as possible from the
oppostte side of the mediastinum  Although the operation is a more extensive
one than the standard pneumonectomy, the operative mortality is claimed to
be no higher.

Lobectomy

Peripheral tumours without mvolvement of the hilar nodes have for
some time been treated by lobectomy and it has been found that not only has
survival been equal to, or better than, that following pneumonectomy, but
that the mode of survival has been happier. More recently, patients with 2
Itmtted respiratory reserve have been deliberately treated by lobectomy with
resection of hilar and mediastinal nodes because it was considered that they
were unlikely to survive total lung removal The results in these cases were
encouraging and of recent years a number of surgeons have been carrying out a
lobectomy wherever 1t 15 posstble to do so  Belcher (1956) recently surveyed the
results of this policy in 264 patients operated on during the preceding 6 years
He found that approximately 50 per cent of 160 patients operated on 3 or 4
years before have survived. Bignall and Moon (1955) recorded a 3-year survival
rate of 44 per cent compared with 38 per cent for pneumonectomy. They
also ona diffe in the operative mortality rates of
the two groups Groups treated by p y and lobectomy may
show considerable differences mn the types of tumour as well as in age and
respiratory function. In my own senes, for instance, 76 per cent of those
treated by lobectomy had peripheral tumours, compared with only 25 per cent
of those who had a pneumonectomy  Although the two groups of cases afe
not strictly comparable there 1s, however, a suggestion that radical lobectomy,
where practicable, offers as good a prospect of survrval as pneumonectomy.

In addition, there 1s no doubt that patrents on whom a lobectomy has
been performed have much less subsequent disability than those 1n who‘;n !1’1::
whole lung has been removed Not only does lpe remau}mg log}:l ;;;]t;vn l:urlﬂ
pauent with useful funCtlomn.g‘ Iu{lg _'.lss.ue_.l?"_‘f_’_t,ﬂso '{I_EA[—)—S .lf. ill the ,!.,r e
< ' , . .
¢
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by extensive bronchial secretions: neither of these problems, however, 1s
incapable of solution by careful post-operative handling By contrast, patients
after pneumonectomy have a smoother post-operative course as far as chest
complications are concerned. They are, however, more hable to cardio-
vascular dssturbances, such as auncular fibnllation and to broncho-pleural
fistulae and infection of the pleural cavity,

Sleeve Resection

An extension of the principle of conserving normal lung tissue has been
advocated by Price Thomas (1956) who recommends excision of a portion of
the main bronchus together with an mvolved lobe (sleeve resection) 1n those
patients in whom the ongin of the lobar bronchus 1s involved by growth
Usually such a patient would be treated by p but histol

jon has md d that of the mam t hus 15 usually

not extensive, whilst the remamning lobe 15 often normal. Resection of the greater
part of the main bronchus for upper lobe tumours 1s readily carried out and
the stem of the left lower lobe 15 sutured to the proximal stump of the main
bronchus. A similar technique has been used in the treatment of lower lobe
lesions and also 1n lestons involving the carnna or lower trachea (Barclay,
McSwan and Welsh 1957)

The post-operative course is lttle different from that of a standard
lobectomy, and leakage at the suture line 1s an unusual complication

Palliative Resection

Approximately one patient 1n every five submtted for a resection 15 found
to have a tumour which 15 unsuitable for removal These patients are either
treated symptomatically after operation or given a post-operative course of
wrradiation The latter 15, on the whole, not tolerated well by patients recovening
from a thoracotomy and one s reluctant to have these patients return to hospital
for several weeks after for when their of
hife 15 so poor The average survival after thoracotomy without resection m
53 of my own patients was 8 months and half were dead within 4 months

There are certain definite advantages in removing the primary tumour
together with involved or snfected lung 1n some patients with otherwise
technically inoperable tumours  Much malignant and infected tissue 15 thereby
removed and some of the patients” most distressing symptoms (cough, sputum
or haemoptysis) are relieved

Recently Abbey Smth (1957) has advised doing a palliative resection in all
patients found to have a tech ble growth at th y In
many instances 1n hus series of 48 pall P g
a resectability rate of 97 per cent) growth was left behind on the heart or
great vessels  The operative mortality was higher (20 per cent) in this group
than in those undergoing a curatve operation (9 per cent) The author
regarded survival for at least 8 months with return to work as a worthwhile
result and half of the survivors fall mto this category He also noted that
the final 1llness was long and unpleasant in only 3 of his patients; but more
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Radical Pneumonectomy

Allison (1946) recommended the isolation and division of the pulmonary
vessels within the pericardium as a means of increasing the margin between the
growth and the operative section This first step towards radical resection
has been further developed by Brock and Whytehead (1955) who regarded 1t
as a logical method of improving the survival rates based on sound surgical
principles which have been generally accepted m the treatment of cancet
elsewhere 1n the body. Their operation 1s described in detail in their paper,
but essentially it mnvolves a block dissection 1n one piece of the paratracheal
nodes on both sides, the subcarinal nodes, a collar of pericardium around
the hilum and the para-aortic nodes. The bronchus 1s divided at its origin
from the trachea. They recommended an extensive removal of the mediastinal
nodes and surrounding areolar tissue including as much as possible from the
opposite side of the mediastinum  Although the operation s a more extensive
one than the standard pneumonectomy, the operative mortality is claimed to
be no higher

Lobectomy

Penipheral tumours without involvement of the hilar nodes have for
some time been treated by lobectomy and 1t has been found that not only has
survival been equal to, or better than, that following pneumonectomy, but
that the mode of survival has been happier. More recently, patients with a
limited respiratory Teserve have been deliberately treated by lobectomy with
resection of hilar and mediastinal nodes because it was considered that they
were unlikely to survive total lung removal. The results m these cases were
encouraging and of recent years a number of surgeons have been carrying outa
lobectomy wherever it 1s possible to doso  Belcher (1956) recently surveyed the
results of this policy in 264 patients operated on during the preceding 6 years.
He found that approximately 50 per cent of 160 pateents operated on 3 or 4
years before have survived Bignall and Moon (1955) recorded a 3-year survival
rate of 44 per cent compared with 38 per cent for pneumonectomy. They
also comment on a sigmificant difference mn the operative mortality rates of
the two groups. Groups treated by pneumonectomy and lobectomy may
show considerable differences i the types of tumour as well as in age and
resprratory function. In my own senes, for nstance, 7§ per cent of (hosi
treated by lobectomy had penipheral tumours, compared with only 25 per cen
of those who had a pneumonectomy Although the two groups of cases are
not strictly comparable there 15, however, a suggestion that radical lobectomy,
where practicable, offers as good a prospect of survival as pncumonec!omyi’

In addition, there 15 no doubt that patients on whom a lobectomy :5
been performed have much less subsequent disability !h.ar} those in who(;n :h:
whole lung has been removed Not only does the remaining lo!{e provi le "
patient with useful functioning lung tissue but 1t also helps to fill }hc r;‘cvl;:w
cavity and prevent serious mediastinal displacement. From the point ol

i troubles
f th ation itself, lobectomy may provide more post-operative
’?’he .e o lobe may be to expand and is not infrequently affected
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by extensive bronchial secretions: nerther of these problems, however, is
sncapable of solution by careful post-operative handling By contrast, patients
after p y have a her post-op course as far as chest
complications are concerned. They are, however, more hable to cardio-
vascular disturbances, such as aunculac fibrillation and to broncho-pleural
fistulae and infection of the pleural cavity.

Steese Resection

An extension of the principle of conserving normal lung tissue has been
advocated by Price Thomas (1956) who recommends exciston of a portion of
the main bronchus together with an involved Jobe (sleeve resection) in those
patieats 1n whom the ongin of the lobar bronchus is tnvolved by growth
Usually such a patient would be treated by but histol {

ination has md d that t of the mam bronchus is usually
not extensive, whalst the remawung lobe 1s often normal. Resection of the greater
part of the main bronchus for upper lobe tumours s readily carried out and
the stem of the left lower lobe is sutured to the proximal stump of the main
bronchus A stmular technique has been used 1 the treatment of lower lobe
lesions and also i lestons mvolving the carina or lower trachea (Barclay,
McSwan and Welsh 19573

The post-operative course 15 litle different from that of a standard
labectomy, and leakage at the suture hae is an unusual comphication.

Palliatise Resection

Approximately one patient in every five submutted for a resection 1s found
to have a tumour which 1s unsuitable for semoval These patients are exther
treated symptomatically after operation or given a post-operainve course of
radiation  The latter is, on the whole, not tolerated well by patients recovering
froma thoracotomy and one is refuctant to have these patients return to hospital
for several weeks after convalescence for treatment when their expecianon of
hfe 15 so poor. The average survival after thoracotomy without resection in
53 of my own patients was 8 months and half were dead within 4 months

There are certam definite advantages it removing the primary tumour
together with wvolved or wfected lung m some patents with otherwise
technically inoperable tumours, Much malignant and infected tissue 1s thereby
Temoved and some of the patients’ most distressing symptoms {cough, sputum
or haemoptysis) are releved.

Recently Abbey Smith (1957) has advised doing a palliative resection in all
Patienis found to have a technrcall p growth at y in
many mstances o his series of 48 palli: Is (rep
a Tesectability rate of 97 per cent) growth was left behind on the heart or
Breat vessels  The operative mortality was higher (20 per cent) 1n this group
than in those undergoing a cucatnve operation (9 per cent) The author
regarded suevival for at least 8 months with return to work as 2 worthwhile
7esult and half of the survivors fall 1nto this category  He also noted that
the final nlness was long and unpleasant in only 3 of his patients, but more

221




CARCINOMA OF THE LUNG

details and widespread observations on the mode of death of patients treated
by all the various methods are required before the significance of his findings
can be fully evaluated

Rescction of the Chest Wall

A small percentage of penipheral tumours tend to mvade the parietal
pleura and chest wall at a time when the disease has not spread to the mediasti-
num or elsewhere. These patients are otherwise operable and if the chest
wall mvolvement 1s not extensive, operation 1s justified (Kirklin, McDonald,
Clagett, Moersch and Gage 1955) The thoracotomy is performed away from
the involved area if possible and the p y and medi 1di
carried out before the involved chest wall is resected. The involved area is
removed as a block with an adequate margin of normal tissue surrounding it.
1f Y, some of the extrathoracic muscles will be removed as well, If the
chest wall mnvolvement 1s situated in the upper and posterior portions of the
thorax, which are covered by the scapula and its muscles, httle is required in
the way of support; but i1f the mvolvement lies anteriorly in the relatively
exposed region of the thoracic cage, a prosthesis is desirable to prevent undue
paradoxical movement This can be done by either using the patient’s own
ribs as a bone graft, by employing boiled rib homografts or a plastic prosthesis
The length of survival after resection of the chest wall has not been particularly
encouraging but the relief of troublesome or incapacttating pam makes
operation well worth while In patients with extensive chest wall invasion, 2
palliative resection of the primary growth can be performed followed by erther
implantation of radioactive gold grains into the remaining tumour, o post-
operative conventional jrradiation  If pan 1s a prominent feature in these
patients, multiple ntercostal nerve division can be practised.

Pancoast Syndrome

The Pancoast syndrome 1s produced by a peripheral type of jung cancel
) ot T - £ndgeaen ineagine of the chest

. . The tumourt
. rodies of the

second or third thoracic vertebrae, the lower trunk of the brachral plexus and
the sympathetic chain  This spread accounts for the classical syndrome 0‘[
Pancoast, namely a Horner’s syndrome with involvement of the [ower trunk of
the brachral plexus and rib erosion (see p. 199). The tumour is particufarly
unpleasant on account of the severe pain it produces By the time the syndrome
is developed, the condition 1s tech Ily ble and in the past, patients
with this conditrion have been gtven radiotherapy; but the results have been
disappointing and 1f the pain has been improved or releved it has alm.osi
always recurred. Recently, in order to try to help these patients, bold surglc;
measures have been carried out aiming at removing the upper lobe with the
tumour together with the jnvolved upper ribs and the chest wall, and,;fnece?;asrg’:
the nvolved part of the brachial plexus (Chardack and MacCallurr;] 4 H
Dontas 1957) Residual tumotr can be treated with gold grains of radotherapy-
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the entire cost of unused seeds has to be met if they are not used, To overcome
these difficulties, the isotope of gold, 9*Au—prepared by rraduating pure
goid i a nuclear reactor—is vsed. The sources (called grains to distinguish
(l}em ﬂ:om radon seeds) consist of gold wire sheathed in platinum, and have
dimensions 2-5x0-8 mm. The half-lfe of %Ay is 2.7 days, to be compared
with that of radon, 3-8 days: 4:8 me 1%Au dehver a radiation dose equal to
that from 1 mc radon, and this activity can be produced in a few hours rradia-
tion The inactive sources are manufactured to a fine tolerance, and 15 are
irradiated together i an alummium magazine. Their activity can be rapidly
measured without removing them from the magazine which can then be loaded
1nto a specially designed “gun’  Unused sources can be re-irradiated  Analysis
shows that when 30 or more gold sources are used the cost is approximately
the same as for radon seeds (at present about 7/~ each), but that one-half to
two-thirds of the cost 1s recovered if sources are not used.

This method has been used in three groups of patients with lung cancer:

(1) Those with 2 growth obviously srremovable due to extension into the
mediastinum or involvement of lymph nodes (inoperable group)

(2) Those n whom a resection is performed but some malignant tissue is
left behind (palhiative resection)

(3) Those with technically operable growths in whom resection is not
practicable owing to generalized bronchitis, emphysema or asthma (technically
operable).

At operation an estimate 1s made of the volume of each tumour or lymph
node to be implanted. From a table 1t 1s possible to determine the number of
grains of the specific acvity avarlable which must be implanted to give the
dose tequired  Usually they are distributed as evenly as possible, but with
tumours larger than 3 cm n diameter an attempt is made to imptant two-
thirds of the gramns in the periphery and one-third in the central portion
Tumour doses of from 6,000r to 10,000r are desirable. More than 6D grains
are seldom used 1n one patient because extensive disease 1s unlikely to be
effectively controlled for long, but large volumes may be implanted and many
sources used A further development of this method involves the injection of
gold gramns into ntrabronchial tumours at bronchoscopy. Ormerod {1937,
1953) demonstrated the value of radon seeds used 1n this way and repor‘tcd
successful lisation of the occluded bronchus, Although effective radtation
of the whole tumour 1s unlikely by this means, it 1s a useful palliative measure
for moperable cases when the patient suffers from the effects of bronchiat

obstruction

COMPLICATIONS OF OPERATION
Apart from those complications inherent in any thoracic operation,
three conditions deserve special consideration:
Cardiac Disturbance
Muluple extea-systoles and auricular fibrillation are not uncommon
complications of pneumonectomy, particularly in the more ¢lderly patients
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‘These complications are higher when an mtrapericardial resection has been
carried out. In many instances, the onset of aurtcular fibrillation passes almost
unnoticed if tachycardia does not ensue, but 1 a proportion the rate is rapid
and cardiac output falls, Hurt and Bates (1958) have suggested that the routine
use of quinidine before and after operation reduces the meidence of fibrillation
A test dose of 3 grains (0+19 g } 1s geven several days before operation and if no
reaction ensues, the patient 1s marntained on 3 grains three imes a day. Others
prefer digitalis, which can be erther admmstered pre-operatively or started on the
day following the operation Digitalis probably does hittle to prevent the onset
of fibrillation but 1t will prevent a sersous tachycardsa should st occur  if care
1s not exercised to prevent gross mediastinal displacement i enther direction
durmg the immediate post-operative pertad, the heart may be so displaced as
to produce left ventnicular failure and pulmonary oedema The development
of an yrmitating cough with the expectoratton of frothy sputum associated with
sweating and hypotenston pomts to this complcation  The diagnosts can be
confirmed readily by determimng the positton of the trachea and apev beat;
and the condrtion 1s rapidly relieved by immediately correcting the medrastinal
displacement

Pulmonary Embolism

Pulmonary embolism was untl recently an unusual compheation of
thoracic surgery; but of recent years mereasing numbers of patients have
developed this complication. Thus 1s perhaps the result of operating on older
people or those with more extensive and less operable Jesions  The embolus
15 often 2 small one and not necessanly fatal, but massive and fatal emboli
occur. The less severe cases are difficult to dragnose and are often regarded as
coronary thromboses but this latter complication occurs only rarely  The
symptoms of the two conditions are sumilac; the onset is sudden with tightness
of pan in the chest, tachycardia, hypotension and chnical shock  The
differentiation depends largely on the discovery of ngh! vcnmcu]ar over-action
and the devel of venous An electroc h will often
help 1o ¢ h the two cond. Ti 1s urgenily required and 15
destgned to maintain an adequate blood supply to the bramn and coronary
\csscls and at the same tme to prevcnt pulmonary artersal spasm and the

it of secondary p The patient is nursed flat
and given oxygen and pelhcdmc or morphia to relieve pam  Amnophyihne in
doses of 0-24 to 048 g 15 admunistered [’apaverme s doses of O+l mg may
hdp toreheve pulmenary arterial spasm. A ted
using hepartn and *dindevan® Much can be done fo prevent this comphcanon
by the routine use of anticoagulants and by getting the patient up soon after
operation. “‘Dindevan’ can be given pre-operatively atmed to produce a pro-
thmmbm time of twice the normal figure  at thus level intravascular clotting
is partly prevented but the clotting tune 13 nox mcrf:ascd Extensive bleeding
at, or after the 15 not d the h ume
does not nise above twice the control figure
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Excessive Bronchial Secretions

Apart from the frothy secretions of pulmonary cedema due to cardio-
vascular disturbances, excessive bronchial secretions due to traumatic or
inflammatory causes are not infrequent after pulmonary resection. These are
particularly common in patients suffering from chronic bronchitis and in
those 1 whom there 1s much pulmonary sepsis. After any thoracic operation
a certain amount of sputum 15 to be expected in the first few post-operative
days; but it is only when this amount becomes excessive and cannot be
expectorated completely by the patient’s own efforts that action 15 required.
In such cases, much can be done by the physiotherapist and the nursing staff,
encouraging the patient to cough, whilst jrhalations of Compound Benzoin
Tincture (B.P) and saline expectorants may help. If these measures do not
adequately clear the bronchial tree or keep 1t clear, bronchoscopic aspiration is
performed: this can be readily performed in the patient’s bed in the ward pro-
vided a source of illumnation for the bronchoscope and a powerful sucker are
avalable. Bronchoscopy should be carried out with minimal focal anaesthesia
of the larynx alone so that the cough reflex is preserved. In more severe cases
where repeated bronchoscopy might be required or where pulmonary ventila-
tion 1s inadequate, a tracheostomy 1s done without delay: this again is 2
relatively simple procedure which can in an emergency be done in the ward,
but it 1s better carried out under more 1deal conditions m the operating theatre.
It has the advantage of reducing the dead space arr and making ventilation more
efficient and also provides a ready channel for repeated aspirations of the
tracheo-bronchral tree without undue trauma (Andrew 1956). Tracheostomy
should not be left until the patient 1s 1 extremis, for probably by then
srreversible changes will have occurred.

RESULTS OF SURGICAL TREATMENT

The majority of reports of the treatment of lung cancer have been conc;rncd
with the operative mortality and survival rates but httle has been {ncnucned
concerning the mode of survival Attention 1s now being turned to this problem
in the hope that the unhappy lot of some of the patients who have had a
*successful’ resection may be improved.

Operative Mortality

At present the operative mortality is probably in the region of 10 per ce:l
for all types of resection, but ths figure naturally varies con;xdemb]y with the
type of patient being selected for surgery and th:. determnation of the §urg301:
to remove the tumour  Abbey Smith (1957), for instance, dehberately almel :!
removing the lung in every case submitted to operation and rec?rded a mortality
rate of 20 per cent amongst those regarded as noperable’ by the cntend

\)} hied
gemaE—lz”lhey x:‘c’)};tahty 15 higher after pneumonectomy than lobectomy (Chu‘ighsl;l',
Sweet, Soutter and Scannell 1955; Sellors 1955; pngnall and. Moon. hu;
Gifford and Waddington 1957) (Table LII). [t increases with age; t
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Ochsner, Ray and Acree (1954) recorded 14 per cent mortality among patients
under 50 years old and 24 per cent among those aged 60 to 69; whilst Bignall
and Moon (1955) found a rate of 7 per cent rising to 13 per cent. Gifford and
Waddington (1957) found a higher mortality after nght-sided operations, both
e and lob Deaths from ‘cardio-pulmonary failure’
accounted for 24 per cent of deaths after nght pneumonectomy and only 10 per
cent after left p y; the corresponding figures for y were
12 per cent and 2 per cent. In the Brompton seres between 1940 and 1955

Taste LU

Post-operatrve  Mortality (Death Within 2 Months of
Operation) in 599 Patients Treated Surgically Bemween
1940 and 1955 (Brompton Hospital)

U o\ Postoperative deaths
I patients " Nunber  Per cent
Tatal ECE 13
Age (years)*  Under 50 I 150 1 9
30-59 2% 32
60ormore | 18 29 | 18
Sex Men [ 7 B
#omen |2 16 a2)
Operation  Preumonectomy 430 & 1
ectomy B I 9
Side  Right 3t T
Left I 3 10

*1 patient’s age was not recorded
Percentage tn brackets 15 based on Iess than 100 cascs

there was also a Tugher death rate after right-stded pneumonectomes (20 per
cent of 212 on the tight; 12 per cent of 198 on the left) but the rates i the
lobectomies were almost the same (6 patients out of 55 on the nght and S out of
45 on the left).

A better understanding of the problems of the post-operative period,

larly the of pul y embolism and the of

excessive secretions by tracheostomy has helped to reduce post-operative
morlality from the hugh figures recorded 1n the early reports
Suniival

. The S-year survival rate of all patients operated on will, of course, be
influenced by the operative mortality Reports based on operations done when
this mortaltty was much higher than at present will, therefore, gne lower
fgures than might reasonably be expected now Ochsner, Ray and Acree (1954)
recorded only 13 per cent of 229 resectians and Churchill, Sweet, Soutter and
Scannelt (1950) 12 per cent of 48 pneumonectormes and 19 per cent of 21
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lobectomies. Price Thomas (1952) and Sellors (1955) both found S-year rates
of 21 per cent. Bignall and Moon (1955), assuming an operative mortahty
of 19 per cent, suggested that 40 per cent of all who had a resection might
survive 2.ycars and 30 per cent 5 years In the Brompton series of 521 patients
who survived 2 months or longer the crude survival rates were 50 per cent for
2 years and 27 per cent for 5 years (Table LIII).

TABLE LIIT

The Survival Rates (1 year and 5 years) of Patients who Lived 2 Months or Longer
After Resection (Brompton Hospital, 1940 to 1955)

! 1)ear I 5 years
. Tomi' ___Sunned Toral ’ Survived
| ot s | Number | Per cent || o sk lNumb(r[ Per cent
Total 201 3 | e EEED N
Age (vears)  Under 50 \ 136 \ 91 ) 7| 2 (36)
50-59 255 167 65 101 31 3
60 or orer 129 | 36 67 43 13 (30
SR ) 2 S
Sox Men 415 [ 316 67 00 | 6 3
Homen L4 ©n 20 g 35}
Operation  Preumonectomy | 413 l 263 61 198 pY] 3
Lobectorn 108 84 73 2 1 [
Histological type | | T
Squamous b | e ) 18 50 42
Undifferentiated |93 103 53 74 16 [e2]
Adenocarcinoma [ (#6) 18 7 39
Site  Right lung 261 175 61 106 » 37
Left tung | 260 ‘ 172 66 s 36 3
R upper lobe 102 70 6 35 14 {30)
L upper lobe 148 v e 6 2 05
R lower lobe 125 86 69 59 20 (34
L lowe Iobe I 75 J © | © il 2 26)

Percentages tn brackets are based on less than 100 cases

The poorer prognosis of undifferentiated tumours is well known (McDonald,
McBurney, Carlsle and Patton 1951; Bornie 1952; Kurklin, McDonald,
Clagett, Moersch and Gage 1955; Gifford and Waddington 1957). The

derable 1nfl of in the regional nodes is also well established
(Overholt and Schmidt 1949; Churchill, Sweet, Soutter and Scannelt 19503
Moaore 1951, Carhsle, McDonald and Harrington 1951; Thompson 1952;
Borrie 1952, Ochsner, Ray and Acree 1954; Bignall and Moon 1955;
Gfford and Waddington 1957)

Collier, Blakemore, Kyle, Enterline, Kirby and Johnson (1957) s}ud:ed
the relationship of survival to microscopic evidence of vascular nvasion by
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CARCINOMA OF THE LUNG

may help to prevent this occurrence. Collis (1944) has pointed out that the
bramn 1s particularly vulnerable if either tumour or infected embol are dislodged
from the lung. He considers that many of these embol: reach the bram through
the paravertebral venous plexus

Mode of Survival

A careful survey of patients surviving p y and lot y
will leave a sense of dissatisfaction regarding the quality of survival in some of
the patients; although the tumour has apparently been successfully eradicated,
residual symptoms and disabilities make Lfe miserable and occasionally
mtolerable. The causes of this are being investigated in the hope that future
trouble may be avorded The most troublesome phenomena are:

Dyspnoea—Shortness of breath after operation is primarily an indrcatron
that the remaining lung 1s not adequate to meet the needs of the patient and
suggests, 1n fact, that the operation was not really justified. This reflects, of
course, on the assessment of operability, and the difficulties of judging lung
function have already been mentioned. There are two factors, however,
which may aggravate the existing pul ry insuffi . Mediastinal
displ of the iderable degree necessary to fill the space left by the
removed lung mevitably produces over-expansion of the remaining fung. If
this lung 1s relatively normal, such over-expansion has little effect on its function,
but 1f emphysematous changes are already present these may be aggravated.
Mcllroy and Bates (1956) have demonstrated these changes by physiological
means It would appear that extensive mediastinal displacement should be
prevented i patients hiable to become dyspnoeic. This can be carried out by a
thoracoplasty performed as a second operation several weeks after the resection,
or by filling the residual space with a plastic prosthesis, also several we.eks
after the resection. Nerther of these operations is recommended at the time
of the resection The addition of a thoracoplasty to a resection makes the
operattve procedure too formidable, whereas the use of a prosthesis at the
time 15 more Likely to be followed by imfection than if it 15 used later. In
addition, 2 to 3 weeks of observation after operation are advisable in order
to get a better 1dea of the problems involved. It is only in those patients who
are moderately dyspnoeic and who are stll left with a large space after 3 weeks
that action 1s required. Patients treated n this way are being carefully followed
up particularly with regard to lung function, but it is too early yet to determine
whether the results justify the procedure.

Chronic Bronchitis—Sufferers from chronic bronchitis are muc'h more
liable to develop troubl d; 1n the later post-operative period and
1t 1s this group particularly which causes considerable concern Many
bronchitics can be reasonably well controlled by chemotherapy, antispasmodics,
breathing exercises and protection from fog and smoke; but others Pm‘f
quite ntractable Pre-operatively favourable cases can be cor.nrolled by nnlll
biotics and antispasmodics but if these are meffective operation should only
be undertaken under special circumstances. (It i§ in such patients that on¢
should try to provide alternative treatment 1f practicable.)
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Medastinal Displacement—Apart from the effects on the opposite lung,
or severe med| 1 displ bined with an fibro-
thorax and frozen chest on the affected side, produce a certain amount of
discomfort: this may take the form of tightness or heaviness n the chest to
which the patient can readily become accustomed, but in 2 proportion of
patients this discomfort becomes severe and intolerable,. How much of this s
due to mediastinal displacement and how much to the development of fibrous
tissue is not clearly und d, but both th: 1 and prostheses may
perhaps help to reduce this disability. Another important aspect which has a
decided bearing on these phenomena relates to one of the advantages of domng 2
lobectomy. In these cases the remaming lobe will expand to help £l the
residual space left after i Medi. 1 displ. 15 thus d
and an excessive fibrosis of the chest 15 avoided. There 1s little doubt that
patients who have had a lobectomy are much less disturbed and have a far
better post-operative course than those who have had a pneumonectomy Thts,
bﬁ' lllscl!', provides a powerful argument 1n favour of conservative resectton of
the Jung
Late Post-operative Pan—This 1s perhaps one of the most difficult and
of the post-op: O Ily, severe pam 1s
due to recurrence of the tumour with mvasion of the chest wall or spine, but
more often it 1s more directly connected with the thoracotomy than with the
tumour. The condstton 1s commoner in men than women and in the elderly as
opposed to the younger, and thin people are more prone to it than fat  The
management of the intercostal nerve bundle at the ime of operation does not
appear to play an important part in the development of this phenomenon  This
ducs'nct mean that careful attention should not be paid to these structures at

J.

d

w

from toutine physiotherapy or i of long-acting or
aleohol  Multiple 1ntercostal nrerve section, cordotomy and leucotomy have
been carried out from time to time but the results are not encouragmg

ConcLusion

T}:IC present status of surgery 1n the treatment of lung cancer ts by no means
an entirely happy one In favourable patients there is a 25 to 30 per cent
chance of survival for § years but this figure has not advanced significantly 1n
spite of obvious and definite imp in surgical It seems
unlikely that further icalimpr will be fortk nor
€an it be supposed that they will matenally improve matters should they come
Surgical endeavour s at present pursuing two other avenues one aims at
combinng an effective excision of the tumour and lymph nodes whilst at the
Same time conserving as much umnvolved lung tissue as possible, whilst the

other is concentrating on improving the outlook for those considered unsuitable
for radical resection
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may help to prevent this occurrence. Collis (1944) has pointed out that the
bramn 1s particularly vulnerable if esther tumour or infected embol are dislodged
from the lung. He considers that many of these emboli reach the brain through
the paravertebral venous plexus.

Mode of Survival

A careful survey of patients surviving y and lob y
will leave a sense of dissatisfaction regarding the quality of survival in some of
the patients; although the tumour has apparently been successfully eradicated,
residual symptoms and disabilties make Lfe miserable and occasionally
ntolerable. The causes of this are bemng investigated in the hope that future
trouble may be avoided The most troublesome phenomena are:

Dyspnoca—Shortness of breath after operation is primanly an indication
that the remaining lung 1s not adequate to meet the needs of the patient and
suggests, mn fact, that the operation was not really jusufied. This reflects, of
course, on the assessment of operability, and the difficulties of judging lung
function have already been mentioned. There are two factors, howeser,
which may aggravate the exsting pulmonary insufficiency. Mediastinal
disp! of the considerable degree necessary to fill the space left by the
removed lung mewvitably produces over-expanston of the remaining lung. If
this lung 1s relatively normal, such over-expansion has little effect on its function,
but 1f emphysematous changes are already present these may be aggravated
Mecllroy and Bates (1956) have demonstrated these changes by physiological
means. It would appear that extensive medrastnal displacement should be
prevented in patients liable to become dyspnoeic This can be catried out 13)' a
thoracoplasty performed as a second operation several weeks after the resection,
or by filling the restdual space with a plastic prosthesis, also several weeks
after the resection. Neither of these operations 1s recommended at the time
of the resection The addition of a thoracoplasty to a resection makes the
operattve procedure too formidable, whereas the use of a prosthesis at the
time 15 more likely to be followed by infection than if it is used later. In
addition, 2 to 3 weeks of observation after operation are advisable order
to get a better 1den of the problems involved, It 1s only in those patients who
are moderately dyspnoeic and who are still left with a large space after 3 week;
that action 15 required Patients treated in this way are bemng carefully followe
up partscularly with regard to lung function, but it 1s too early yet to determme
whether the results justify the procedure. )

Chronic Bronchitis—Suflerers from chronic bronchitis are muc?l mors’
liable to develop troublesome dyspnoea in the later post-operative peno:“an
it 15 this group particularly which causes considerable concern dﬂny
bronchitics can be reasonably well controlled by chemotherapy, antispasmo lcsé
breathing exercises and protection from fog and smoke; but oth:r; pr::['
quite 1ntractable. Pre-operatively favourable cases can be controlled é anl
biotics and antispasmodics but 1f these are ineﬂ'ectl've operation shou l0 n:’
be undertaken under special circumstances (It is in such patents that o
should try to provide alternative treatment if practicable.)
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Medwstinal Displacement—Apart from the effects on the opposite lung,
d or severe mediastinal dispt, bined with an fibro-

thorax and frozen chest on the affected side, produce a certatn amount of
discomfort: this may take the form of tightaess or heaviness in the chest to
which the patient can readily become accustomed, but in a proporiron of
patients this discomfort becomes severe and infolerable  How much of this s
due to mediastinal displacement and how much to the development of fibrous
tisse is not clearly und d, but both th plasty and prosth may
perhaps help fo reduce this disability  Another important aspect which has a
decided bearing on these phenomena relates to one of the advantages of dotng a
lobectomy I these cases the remniamg lobe will expand to help filt the
residual space left after Aed 1 di is thus d
and an excessive fibrosis of the chest 13 avorded. There is Inttle doubt that
patients who have had a lobectomy are much less disturbed and have a far
better post-operative course than those who have had a pneumonectomy. This,
by itself, provides a powesful argument in favour of conservative resection of
the jung

Late Posr-operatsve Pain—Ths 1s perhaps one of the most difficult and
drstressing of the post-operative complications  Occasionally, severe pam 1s
due to recurrence of the tumour with invasion of the chest wall or spine, but
more often 2t 15 more durectly connected with the thacacotomy than with the
tumour. The condittan 15 commanet m men than women and in the etderly as
opposed to the younger, and thin people are mote prone to # than fat The
management of the mtercostal nerve bundle at the time of aperaton does not
appear to play an imp part w the develop of this ph Thus
does not mean that careful attention should not be pard to these structures at
the time of operation It would appear more hkely that the intercostal nerves
arecaught upand strangled by the fibrosis which develops after pneumoncctomy
The condution s extremely difficult o treat, but sometimes selief can be obtasned
from soutine physiotherapy or 1 of fong-acitng anal ar
aleobol, Multiple intereostal nerve section, cordotamy and leucotomy have
been cacried out from time to tume but the resnlts are not encouraging

ConcLustoN

'ﬂ}c present status of surgery in the treatment of lung cancer is by no means
3n entirely happy one. In favourable patients there 1s a 25 to 30 per cent
chance of survival for § years but ths figure has not advanced significantly i
spiie of obvious and definite mmprovements in surgcal techmque It seems
unlikely that fucther sigmificant technical improvements will be forthcomung, nor
can it be supposed that they will matenally tmprove matters should they come

urgical endeavour is at present ing two other avenues: one amms 3t
tombining an eflective exciston of the tumour and fymph nodes whilst at the
same ime conserving as much uminvolved lung tissue as possible, whilst the

otheris concentrating o improving the outiooh for those consuleted vrsttable
for tadreal resection.
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CHAPTER XXl

RADIOTHERAPY
D. W. SMrrrers

INTRODUCTION

F the very large number of patients with bronchial carcinoma who come

to hospital, only a small proportion are curable by any of the present
t hods. Ch herapy alone pts to deal with the dissemmated
disease. It may succeed 1n modifying 1its course for a short time (see Chapter
XXIII), but has, so far at least, been quite ineffective as a means of cure, Surgery
and radiotherapy 1n varying degrees are both of proved effectiveness i complete
tumour eradication under favourable circumstances, but are both local i
their action.  Although they may succeed even when spread has taken place
to the lymph nodes within the thorax, they make no attempt to control blood-
borne metastases Differential absorption of radioactive isotopes in tumour
tissues—the only known radiotherapy method which has been effective in
dealing with widely disseminated cancer—so far offers no real prospect of
future success in this disease.

Of the pattents with bronchial carcinoma seen in hospital, over 60 per cent
have undifferentrated tumours which have such a high rate of dissemination
by the blood stream that over 80 per cent have metastasised by this route before
death (Galluzzi and Payne 1955) Even with squamous-cell tumours, which
form rather less than 25 per cent of the total scen, metastases occur before
death 10 over 40 per cent Since many of these patients are, in addition, old
and feeble, 1t 1s probable that less than 20 per cent of those reporting to hospital
at the present time with bronchial carcinoma have any prospect of cure at all
by esther of the local treatment methods avarlable  Without a dramatic advance
m detection leading to earlier and frequently pre-symptomatic diagnosis,
change 1n the natural history of the disease, or the discovery of a means ol
dealing with disseminated tumour cells, no great change in cure rate for this
disease can be expected. A radical change 1n the proportion diagnosed at an
early stage, though seemmngly unlikely at present, would appear to be much

RSP A AR A

Fanss n wmathnd afnrevention of 2

m.
. . . . sed,
a fair prospect of cure already exists; so long as they come to treatmeut at"ler
ful palhiation

their tumours have metastasised, nothing more than some usc!
can at present be expected.
RADIOTHERAPY METHODS
Most radiott y for b hial i is given with x-ray beams
Such treatment—in which the beam first passes through a considerable thickness

234




RADIOTHERAPY

of normal t quires special ap and much care 1 planming 1f it
15 to have any chance of success m any but the most unusual case of high
d i with a well localised tumour. Some success has, nevertheless,
been achieved in the past by the use of carefully planned and accurately directed
multple small field therapy or its extension to rotation treatment in a few
patients moperable because of the situation of the tumour, of mtercurrent
disease, or of refusal of surgery, rather than because of spread The advent of
supervoltage x-ray apparatus and the equivalent telecurie units, has made 1t
possible, for the first time, consistently to deliver effective tumour doses at a
depth without severe local or general reactions in the normal tissues  Their
mere availability does not, however, increase the number of patients with less
advanced drsease referred for treatment. They have only been m use in this
country for any quantity of patents with broncheal carcinoma durmng the
past 6 or 7 years, a period durmg which energetic attempts were being made
1o resect a larger proportion of mvolved lungs. Supervoltage x-rays hase,
therefore, been used almost exclusively for patients with advanced disease,
moreover, with the nising resection rate, they are mn fact bemng employed in an
a;n more unfavourable group of cases than was submutted to radiotherapy
ore
Tumour implantation with radon seeds has been practised via the broncho-
scope for a number of years and br pic tumour 1nfil with radio-
active colloidal gold has recently been tried, but these methods by this route
can hardly be expected to deal adequately with the primary tumour except on
Tare oceasions and do not attempt to deal with lymphatic spread  Implantation
of radioactive isotopes at thoracotomy presents a better prospect of achieving
some success, at least 1n theory, and 1s now undergong triai
The injection of radioactive particles mto the affected bronchus or nto
the artery supplying the lobe involved, in the hope of differential absorption
in the tumour and invaded lymphatics, has recently been tried and is an
Interesting experimental method without, as yet, much practical value The
nection of radioactive collordal solutions mio the pleural cavity in cases of
effusion due to tumour spread has proved to be a useful means of pathation

RapicAL TREATMENT AIMED AT CURE

Attempts to use external irradiation for eradication of the disease may be
made alone or jn combination with surgery. Since such a small proportion of
Patients with this disease have, by the time they reach hospital, any chance at
Pﬂupl of cure by any local method of treatment, and since 1t is the general
Practice to treat this group by surgery alone, there is still lttle evidence to
indicate what radiotherapy might achieve,

Preoperative Xeray Treatment
At the Medical R Council Radiott ic Rescarch Umit at

Hammersmuh Hospital a test of the value of prc-:apcrame irradiation was
Tarried out {Bromley and Szur 1955). Between November 1949 and October
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1953 all patients judged to have removable tumours or tumours irremovable
solely because of their situation, were treated by irradiation and reassessed for
surgery after a pertod of convalescence—the number of such patients 1s not
stated. If, on chncal, radiological and bronchoscopic findings, they were
agan judged operable, they were advised to have a thoracotomy. The average
time between first attendance at the clinic and operations was 19 weeks,
Sixty-six patients eventually had a resection performed following irradiation
Histological confirmation of the diagnosis had been obtained in all cases
before treatment. The histological type was squamous cell carcinoma in 42,
undifferentiated carcmnoma m 11, adenocarcinoma in 3, and there were 10
others. In 29 patients (4 per cent) no residual tumour was found in the pnmary
site or 1 the regonal lymph nodes; in 14 (21 per cent) there was evidence of
some degenerate tumour cells present, in 19 (29 per cent) there was residual
tumour with what appeared to be viable cells; and in 4 cases (6 per cent) the
specimen was lost, Ten patients died post-operatively (6 squamous-celled, 3
undifferentiated, 1 other), fise of them being patients with no residual tumour
in the lung and one with only degenerate tumour cells  Seven of the 13 patients
still alive at the time of the report had no tumour present at resection, two
being alnve over five years after treatment. Thirteen, at least, of this group
seem, therefore, to have had an unnecessary operation  Further, this operation
seems to have been the cause of death in six of these patients. There was a
high incidence of broncho-pleural fistula (13) and of empyema without fistula
(5), both sertous comphlicatsons of this method of treatment, one or other
accurring 1n 27 per cent of the total. Fistula was a fatal complication m atl
cases except one It was not considered that the method of treatment had
produced impressive results (Table LIV), It had, ho“ever,vdemonstmttd
that 1n an operable group of cases, where the patients remained well and

TABLE LIV

Pre-operative X-ray Treatment for Carcinoma of the Bronchus
(Adapted from Bromley and Szur 1955)
Hammersoth Hospital, London

Pre-pperatne irradiatton + rescction, 66

T
Norcsidual  Degenerate  Residual viable spcfm:en
tumour cells only cells os!

2% 14120 ']s (3]

Died post-operamely 10
Still alive i 1955. 13 (2>53rs)

[ o
Possibly unnecessary operation with deaths* 15 (23%,)  Necessary operation® 6 (972)

236




RADIOTHERAPY

Fic. 50

Male, aged 64, with undifferentiated carcinoma treated by x-rays m November 1944 Radiographs
before (A}, and 10 years after treatment (B) Patient ahve and well for 12 years following wradiation

without evidence of distant spread following 1rradiation long enough to be
operated on, over 40 per cent—and possibly 65 per cent—of these tumours
could be eradicated from the chest by radiotherapy alone, as judged by
tustological examination of the primary site and nodes, even when using poor
Quality (250 kV) x-rays.

Xeray Therapy Alone
That a few patients with bronchial i survive for d

periods following irradiation has long been known Leddy and Moersch (1940)
treated 125 patients and (as a control) observed another 125 who were left
untreated, all these patients had histological confirmation of the diagnosis
Five of the treated patients lived over 5 years (one hving 12 years) and all
those left untreated died within 2 year. Paterson, Tod and Russelt (1950)
feported 7 five.year survivors, and Hilton (1955) 8 Many other isolated cases
could be quoted  Since an occasional patient may lve some years without any
treatment (6 years from the time a prece was first obtained for biopsy in one of
our cases) and since the diagnosis of bronchral carcinoma 1s particularly prone
10 error—at times even with a positive biopsy report (Smithers 1953)—it 1s
hardly surprising that some of those recorded as successfully treated by radio-
therapy have been discounted Table LV shows a group of long survivors
freated at the Royal Marsden Hospital from which att doubtful cases have been
oruted. Figure 50 shows the radiographs of the patient treated 1n 1944, who

237




CARCINOMA OF THE LUNG

TABLE LV
Survival for More than Five Years Following Radical X-ray Therapy for Patients
with Carcinoma of the Bronchus
Royal Marsden Hospital, London

¢ ae I
"’tz‘,"'" :{’ { A:f'.'ﬁf;’:.ﬁ}?}:f;’.ﬁ'l."! Histological 83 pe ' Sunnal

1939 | 1 | Notknown Died with multiple metastases 7 years Jater

1950 ' i 4 | Diedofi disease with no sign of
\ l recurrence 14 years later

1934 | 1 : Undifferentiated Alne and well 12 years later

1946 | 1 i Not known Died with multiple metastases 8 years later
| | Squamous-cell | Alne and well 9 years later

BT otk | bl oty

1948 1 J Squamous-cell Alve and well 8 years later

1949 < 1 \ *Undifferentiated Alive and well 7 years later

1950 1 ! Squamous~cell Alne and well 7 years later

* This patient had a pneumonectomy following irradiation but no residual tumour was found on
histological examination

was still alive 12 years after treatment. Table LVI contains particulars of 7
patients who died followmng iradiation but who had no restdual turmour

locally in the lung on post-mortem examination. These reports of a n'un:lbcr of
genuine bronchial carcinomas with satisfactory local response to irradiation ar¢

TABLE LVI
Some Patients Dying After X-ray Treatment for Bronchial Carcmoma in whom
No Residual Pronary Timour was Found at Necropsy

Royal Marsden Hospital, London

et | et
a e ; Histological 1y pe of carcinoma Cause of death | e eonihd)
1| Undifferentiated . Metastases | 4
26 { Undifferentiated ‘ Metastases | L]
30 | Undifferentiated Metastases 9
47 Und:fferentiated Metastases , 4
50 |Sq and d and of the kidney l 10
53 Undifferentiated Metastases Yoo
68 ( Squamous Coranary thrombosis | 2
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of greater sigmficance than would at first sight appear, since they were taken
from those most unpromising groups of patients rejected as unswitable for
surgery in which the possible cure rate by any local treatment method s
extremely low and by surgery 1s nil

CARCINOMA OF TRE BRONCHUS

SURVIVAL OF PATIENTS WITH OPERABLE TUMOURS FOLLOWING SURGERY
TOTHE

{16% OPERATIVE MORTALITY OMITTED FROM SURGICAL FICURES.
NO IMMEDIATE RADIOTHERAPY MORTALITY)

1004
9
|
®
n
H
2 RADIOTHERAPY
a % {Smart & Hiltord
E 1958
g
55
a
490
%!
3 326 27 188 133 85
NO,OF PATIENTS AT RISK: SURGERY
Plom % 20 10 o s
NO.OF PATIENTS AT RISK” RADIOTHERAPY
1!

RIS
e e e Y % B G
INTERVAL FROM COMMENCEMENT OF TREATHENT IN MONTHS.
« Fic 81
anldftmmm Of the bronchus - Surenal of patients with operable tumours following surgery
radotherapy {10 per cent operative mortality omitted from surgreal figures, no
mmmediate radiotherapy mortality }

memktrmn”y Smast and Hilton (1956) have reported the preliminary assess-

bron 1'7‘ 3 most interesting experiment in the treatment of patients with operable

Im(c il careinoma by external irradiation alone. The first 33 of these patients

§ wicy them (19 cell carc 6 undifte d

m‘l\llhom histalogical classification but with tumour cells n the sputum)
uded 12 foltowed for 5 years or more. Four of these were alve and well
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(3 squamous cell, 1 undifferentiated), which is 33 per cent, a rate equivalent to
that obtained with surgery, although the series 1s much too small for confident
comparison. When Smart and Hilton compared the sutvival rates at 2-monthly
mtervals with the surgical results reported by Bignall and Moon (1955) the
radiotherapy figures appeared rather better than those for surgery over the
first two years and much the same thereafter (Fig 51). Since 10 per cent of

Fic 52

wifridium implant into broncheal carcinoma,
(By courtesy of DrIU K Henschke, Memorial Hospital, New York }
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the surgically treated patients had died within two months of operatton und
had been excluded on that account, the radiotherapy result up to two years in
this small senies was actually an improvement on the surgcal figures, 56 per cent
survving for that period against 42 per cent. The surgical series also excluded
those found to be inoperable at thoracotomy. We have yet o see reports of
operable cases treated by supervoltage x-rays or telecurie untts It must be
remembered, however, that supervoltage rradiation cannot be expected to
mprove the survival fate in late cases with dissemination; tt will have to be
evaluated as a curative method of treatment in early, operable cases, smce
these are the only ones providing a real opportumty for success with any local
treatment

Some work has been done on the use of grid therapy trradiation for
bronchial carcmoma (Harris 1952; Marks 1952). Here, the equuvalent of
multiple small beams 15 used and very high local tumour doses are ger
parts of the tumour, with low doses 1n other tumour regions. There s n
firm evidence in favour of this method for these particular tumours at pres !

Tmplantation of Radioactive Sources

Another attempt to extend the chance of cure by radiotherapy has b.ci
made. This is by the use of small radioactive sources for 1 at
thoracotomy in patients judged clinically to be operable but 1n whom, when
the chest is opened, removal of all the tumour and nodes proves to be un-
practicable. This treatment method using radon seeds has been pracused by
Henschke (1957) since 1941. Up to 1955 he had treated 108 patients, with
12 Iving one year or more, & for two years or more, and 1 still alive at 4 years
and 8 months  During 1956 and 1957 he employed radroactive inidim (#2r)
soutces sometimes spaced 1 nylon tubing, with a number of technical and
economic advantages (Fig 52) An mplant method using gold grains was
evolved by Hodt, Sinclar and Smithers (1952) and advocated for use 1 this
%ay with bronchial carcinoma by Smuthers (1955). It has been carnied out by
Sir Clement Price Thomas, Mr N R. Barrett, and Mr W. P Cleland (sec
Chapter XXI) In the locally advanced group of cases for which it 1s employed,
only a hmited success can be expected, but useful tumour regression has already
been obtained (Fig. 53). The potental value of these methods 1s that they may
euend the range of curability in patients found inoperable at thoracotomy,
their immediate practical value is that they produce some palhation and these
Patients do not have a major operation performed, with all ats risks, strain and

cxpense, without anything being done which might favourably affect the course
of their disease,

The Future of Radioth

py for Operable ial Carcinoma
4 The curatue 1 of radiotherapy for t hial has sull
;; be dcle'rmmtd_ Once symptoms have appeared, 1t cannot as yet, on the
ader evidence lable, be dently di d as being certamnly inferior

Yy
tosurgery. It should be anarded a place in the treatment of a selection of the
Q
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more hopeful cases on any unbiased assessment of its value at the present
time Further tnal, under the best possible conditions, using supervoltage
wradiation, is clearly needed. The limit on progress in curative therapy is set
at present by the nature and spread of the disease at the tme the patients
come for treatment. The unassailable field for surgery lies in the treatment of
early bronchial carcinoma with the suspicious, symptomless and sometimes
undiagnosed tumour, which on resection proves to be malignant. The particular
value of radiotherapy for some of the less advanced cases would seem to lie
with those patients 1noperable becuase of tumour situation only, with a few of
the doubtfully operable group, with some of the older patients, and with the

Fio, 53

ce of
male, aged 51, with moperable carcrnama of the bronchus (A}, and (B) showing disappearan
Female, ag night h:lnr':nass after msertion of gold grams 2§ months previously.

more undifferentiated tumours. Further expertence with supervoltage trradia-
tion 1n these cases should lead to firmer judgment on the future of radiotherapy
as a curative method 1n bronchial carcinoma. This 1s only likely to happcl:\ jl
the results achieved tn all patients seen, however treated, are assessed t.ag:l;lrc-
A joint attempt by surgeons and radnothera;?ns!s should be m'nde IO.HZ;I; it
the prospects for those comparatively few patients with bronchial CarCA"uempls
whom there is any chance of success at all by the use ol:local therapy. e
to get more patients to hospital while the disease 1s still l'rcmablc hnvcmvc tyhc
been sufficiently energetic and are at present far more likely to mp

results than anything else.
242



RADIOTHERAPY

PALLIATION

General Considerations

Nearly all reports on radiotherapy in bronchial carcinoma deal with
tnoperable cases where pailiation is the amm and any considerable prolongation
of Iife, except in an occasional case, is not to be expected The effect of radio-
therapy on survival in some of these cases has been studied by many authors,
more recently by Garland and Sisson (1956) 1n America, and by Bignall (1956)
m this country. Bignall examined the records of inoperable patients not known
to have had extrathoracic metastases when first seen  The survival times were
compared n these patients with and without x-ray treatment Some increase
m Iife span was found following irradiation but 1t was unlikely that this was as
much as 10 per cent in the proportion surviving 1 year from diagnosts, or
5 per cent in those surviving 2 years, The object of giving radiotherapv m
this group, however, is to relieve symptoms. Its effect should, therefore be
Judged by the relief given and not by the survival ttme which, though usually
reported and occasionally of interest, 1s really irrelevant in these patients

Most patients with inoperable bronchial carcinoma who are suffering no
great discomfort are best not treated by radiotherapy at all, since the course of
treatment merely keeps them attending or Itving in a hospital duning the last
period of their hives which they might enjoy at home with therr famulies Therc
are obvious exceptions, for instance the nervous person who 1s aware of the
diagnosis and particularly anxious to have something done In these patients
treatment—particularly 1f of short duration and given as an out-patient—may
be of value and can be repeated later if necessary The use of antibiotics alone
may lead to great improvement 1n patients with collapse and mfection, and
has certainly made irradiation much easier and safer. In general the art of
rndquhcmpy 1 this group hes in selecting the patients most hikely to benefit
and in obtaining that benefit as quickly and easily for the patient as possible
{Smithers 1955). Ifa patient is old and feeble with a short expectation of fife,
relief of symptoms may often be obtained by stmpler and less enervating forms
of treatment 1f he is young and fit, a prolonged course of 1rradsation, even for
Symptomatic relief alone, may be justified, especially 1f 1t can be shown that
this particular symptom is unhkely to return agam, 1f at all, until shortly
before death

1115 important for radiotherapists, who see so many of these patients,
10 consider the much glected pall value of As Bignall showed
(1955), the mode of dying when the affected lung has been removed 1s less
liable to be bya prolonged and painful sllness The value of palliative resection
{Abbey Smith 1957) 15 discussed in Chapter XXI. It is not only in the less
advanced cases that consultation between thoracic surgeon and radiotherapist

before treatment may be of benefit to the patient.

Relief of Symptoms

ha The symptoms shich may be relieved by radiotherapy are cough. pain,
C;momys:s. dyspnoea, dysphagia and superior mediastinal obstruction
(Churehill-Dasdson 1955).
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Fic 54

Female, aged 30, with undifferentiated carctnoma treated by x-rays in November 1938, Radiographs
before (A), and I year after treatment (B) Patient Jved for 4} years following irradiation

Satsfying relief from cough 15 obtained in less than haif the patients
treated, haemoptysis m at least two-thirds; dyspnoea 1s partly but usefully
relieved i rather more than half and dysphagia in rather less. Each individual
must be judged separately according to general conditton, education, desire
for something to be done, histological tumour type, degree of spread,
expectation of life and response fo treatment. A nervous person Wlfh
haemoptysts 1s usually worth treating, since relief can often be obtained within
a week; a patient with troublesome dyspnoea who has had a large tumour
mass (Fig 54), or who has suffered collapse of lung or lobe, especially if he

has an und:fferentiated tumour (Fig 55), may also get rapid relief with tumour
regression or re-expansion. Dysphagia due to lymph node pressure may
require fairly hugh dose, localized treatment over a period of three to four weeks
for worthwhile palliation, and such treatment is usually unjustified n the very
1l patient. X
Rehef of pain requires special consideration because of .its p:{rlucular
difficulty n bronchial carcinoma, Tt 1s probable that much disappointment
with radiotherapy has occurred because of a failure to dxstxngl{nsh b'ctv\eltl"
the different types (visceral, medrastial, invasive and metastatic) in “v}uchl e
value of jrradtion varies greatly (Blanshard 1955) Visceral pain often
responds at first but is infrequently relieved completely or for long, and the
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posttion with medrastinal pam 1s rather worse  Pam derned from direct
imasion of the pleura and chest wall is more amenable, and treatment well
worth trymg, even though this pain, 100, may be most refractory at times
The pain of brachsal plexus involvement is, however, peculiatly disappointing
for palliation by radiotherapy. Localized pain from mdividual metastases
bone 1s regularly relieved

Supertor vena caval obstruction is the single most important mndication
for palliative irradiation in bronchral carcinoma (Fig 56). It s effective 1n the
great majonity of cases, and 1f a tumour dose of not less than 3,000r m three
weeks 1s given, the condition seldom recurs before death, even if it does it 15
vsuafly Jess severe, coming on more slowly and allowing further time for a
colfateral circulation to be established.

Pleural effusion was for Jong regarded as a contra-indication to pallative
ntadiation, on the grounds that a rapid increase in flusd mught occur  While
these patients usually do badly, there is no reason to withhold irradiatior
which is designed to relieve some other symptom solely because of the effusion
The treatment of malignant pleural effusions themselves 15 discussed later
under raduoactive isotopes.

The combinations of symptoms, p y, family, and doctors concerned
are many, and the problems presented usually difficult Thoughtful care of
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FiG 55
¥
€Ml 3ged 49, (A) before iradiation, and (D) § weeks after freatment, showing re-<tpansion of
the right lung
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the patient and some attention to the worries of his relatives rather than
enthusiasm for one particular treatment method are needed Radiotherapy,
when used for inoperable patients, is only part of the general care and manage-
ment of those approaching death. What is said may be more important than
what 1s done, the number of visits made than the number of treatments given,
the judgment of the moment to use chlorpromazine, cortisone, physeptone or
heromn than the number of roentgens prescribed.

LA 4
7 Fio 56

bstruction
Male, aged 6, (A) before, and (B) after, x-ray treatment for relief of superior vena caval ol
This patient died 15 months after treatment without any return of sigas of medwastinal compression

Supervoltage Treatment

Wheatley, Steed, Savage, King, Forster, Hodt, Jones and Smithers (19551)
mentioned the first 25 patients with inoperable disease treated at the Ro}r’:i
Marsden Hospital with the two nullion volt apparatus (Fig. 57) Haml;si)
Trump (1954) also gave an account of 25 similar cases and Guttmann ( hod
reported 100 patients also treated at 2 MeV, n 10 of whon"l resccélqn oy
previously been attempted but tumour left behind, the rem:underd ;mgems
operable; 1n this group 27 hived one year or more, 11 had reache yonec;
with 4 surviving longer, | for more than four years. Watson (1956) rep

1957
27 patients treated on the bet?fn_m at 23 MeV, and Mox;nson nng' Eff]f"y r-(war.)

'
, |

. - e i
relief of symptoms 1s being attempted, this may well be so Whes ;‘:,lj;, .gwes
fow dose treatment 15 used In our expenence supervoltage "(":J’ :he patrent.
symptomatic relief more easily and with far less dlscomforl: o few patients
Improved quality of radiation also gives a better Ch“““’h'“ o hmically in-
whose degree of spread has been over-esumated or who afel sull remains
operable but 1 whom some opportumity for longer surviva
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CARCINOMA OF THE LUNG

the patient and some attention to the worries of his relatives rather than
enthustasm for one particular treatment method are needed. Radiotherapy,
when used for inoperable patients, is only part of the general care and manage-
ment of those approaching death. What is said may be more important than
what 15 done, the number of visits made than the number of treatments given,
the judgment of the moment to use chlorpromazine, cortisone, physeptone or
herain than the number of roentgens prescribed.

Fic 56

bstruction
Male, aged 61, (A) before, and (B) after, x-ray treatment for relief of supertor vena caval ol
This p:uguem died 15 months after treatment without any return of signs of mediastinal compression

Supersyoltage Treatment )

Wheatley, Steed, Savage, King, Forster, Hodt, Jones and Smithers (1955}
mentioned the first 25 patients with inoperable disease !rc'a(ed at the Roy:lCl
Marsden Hospital with the two mullion volt apparatus (Fig. 57). Harel;sr;)
Trump (1954) also gave an account of 25 similar cases and Guttmann ( o
reported 100 patients also treated at 2 MeV, ix.1 10 of whon? resection o
previously been attempted but tumour left behind, the remc\xnclerdb;mgeﬂs
operable; m this group 27 hived one year or more, 11 had reache };rtcc;
with 4 surviving longer, 1 for more than four years. Wa(son (1956)! rq(’]957)
27 patients treated on the betatron at 23 MeV, and Morrison and ?ee eyc .
199 patients treated on the 8§ MeV linear accelerator anc.i observed for onwnys o
Garfand and Sisson (1956) suggested that pathation in .moperabl'e cascsrc e
better with supervoltage than with 250 kV x-rays. Since notl’;]mg I‘:Tx‘roe seld,
relief of symptoms 1s being attempted, this may well be so W eg a"‘l’;n aves
low dose treatment 1s used. In our expenence supe.rvoltage ra (lhc e,
symptomatic relief more easily and with far less discomfort to o Eents
Improved qualty of radiation also gives a better chance to lhcs(:chnicz\lly n
whose degree of spread has been over-estimated or who nr:l o wemains
operable but in whom some opportumty for longer surviva
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CARCINOMA OF THE LUNG

PATIENTS WITH [NOPERABLE CARCINOMA OF THE BRONCHUS

TREATED WITH 2MeV ROTATION THERAPY AT THE

1950-1953
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{Fig 58) A few patients with apical tumours involving the upper nbs have
been treated by us at 30 MeV to test the palliative value of supervoltage
irradtatton in this most difficult group. Such treatment has aiso been reported
by Haas, Harvey and Melchor (1957). Bore pam was relieved more easily
than that due to merve )} t, and good of eroded nbs
obtained at times (Fig 59). Reltef was too often temporary to be of any
gpreat value in the small number so far treated m ths way but the method
has not yet had a fair trial.

Male, aged 49, (A) before treatment, and (B after treatment, on the 30 MeV synchrotron showing
mour regression and regeneration of thrd night nib

Radoactive Isotopes

The bronchoscopre implantation of radon seeds has been practised by
Ormerod for many years (1937) and an account of his late results was given
10 1953, Onc hundred patients were treated, 22 survived more than one year,
4survived for 5 years, and 3 were stillalive at 10 years  Fermont (1944) reported
another patrent treated 1n this way m 1937 who was alne, well and working
seven years later  Despite the ) disadyant: of a
satsTactory tumour smplant via the bronchoscope, there 1s no doubt that useful
palliation 1s obtamned with this method at times and that an occastonal long
sunnal resulted n the 1933 to 1939 perrod when cniteria of operabiity were
far narrower than they are to-day. These results, however, are yet another
mdwation of the possibiity of long-term bronchial carcinoma regresston
following irradiation,
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Bronchoscapic tumour infiltration with colloidal gold (*%3Au) has also
peen perfor‘med (Becker, Werner, Kuttig, Scheer and Weitzel 1957). A capoula
is mserted into the tumour at bronchascapy and the radioactive gold fnjected
in several places.

The introduction of radioactve coltoids directly into the bronchial tree was
tried by Meneely, Auerbach, Woodcock, Kory and Hahn (1951) with the idea
that their absorption would produce sub: 1 irradiation of the fymphati
drawung the tumour-bearing lung. It was found that collowdal particles were
slow to reach the meduastinal, bronchial and trachea! nodes, taking some two
weeks for adequate localization  Since Y#*Au coltord was used with a half-life
of 2-7 days, the radioactivity had dechined too far before the material reached
uts destnation, Hahn and his co-workers experimented with siver colloids
and with gold colleids stlver-coated and gained much more effective Jocalization
in the lymph nodes of amumals (Hahn 1956). Work on dogs has also been
done by Bryant, Berg and Chrisophersen (1953) and by Wheeler, Jaques,
Allen, Soltes, O°Connor and Black (1956). The difficulties involved in the
development of this techmque for the treatment of patients are considerable,
not least of which 15 overcoming the block produced in the lymphatics leading
to those nodes which it 1s most desired to reach and the flow by collateral
lymphatic dranage [eading away from the mvolved nodes which follows this
obstruction. Chnical work with rad ve sil ted gold colloids employed
w addition to pneumonectomy offers some theoretical interest and its results
will be worthy of further study.

Muller and Rosster (1951) introduced radroactive particles in suspension
directly mnto branches of the pulmonary artery using ***Au and #3Zn. Po\vdetcd
charcoal particles of average size 30-50 p in drameter have also been used, with
gold precipitated on their surface. The gold is made fadmaciive n & reactor
after preciprtatton  These particles, in a pectin-containng solution wn'h the
addition of some of the patient’s own heparinized blood, have been wmjected
mto branches of the pulmonary artery supplying the affected lobe ‘bY means
of a cardiac catheter, This work has been repeated by Pochin, Cock,
Cunmngham, Hollman, Hudswell and Payne (1954). There is no doubt of the
effective localization of radioactivity by this method, but fittle expecience s

et of what may be achieved with 1t .
¥ Muller (1951) and Walton and Smclair (1952) m.uoducgd the use o!‘“
sadioactive flmids i the pleural cavity for pallation in malignant pieu‘r::i
effustons. Raptd accumnlation of find after tapping with the need for.re;l‘c:\ L
aspiration may be arvested at tumes by the use of radioactive coﬂoxdla 15?5'
2 %a~fomer YOSTY v mittogen mustard (Weisberger, Levine and ‘Sl?ffifls lWhen‘

' ‘ ) ' wo days
tormo

: : al shift.

he gold 15 to be inserted because 01 disitsy uuv v w -

;‘;‘}ﬁ:‘, !goidgls diluted by too much fluid the doslce;atchls gre(a:i;; izdgﬁiged‘?r?:

old (usually §0-100 mc) has been nstetied, the pat i

}t‘:;p%ng b(ed' .'mz); cotnting over the pleural cavity 1s performed o see tha
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uniform distnibution has been obtained In only one of our cases has the
radioactive fluid loculated; 50 per cent of the gold was recovered by needling
and no high dose effect observed. From 1949 to 1956, 103 patients with
malignant pleural effusions were treated by us in this way; 19 had primary
bronchial carcinomas  There was no effect 1n 4 of these 19 patients but mn 4
the treatment was completely successful in that no further tapping was required;
two of these patients lived for more than one year, The other results were
intermediate, the treatment bemng of definite value mn about half the cases
treated

Tite RoYAL MARSDEN HoOSPITAL AND BROVPTON HOSPITAL SERIES

In 1944 the two hospitals set up a joint consultation chnic for the study
and treatment of patients with bronchial carcinoma  Its first report was
published 1n 1951 (Brooks, Davidson, Price Thomas, Robson and Smithers)
From May 1944 to December 1950 1t formed a reference chinic mostly for
moperable patients for consideration of radiotherapy  From 1951 onwards
it was also given the task of recording and studying every patient with bronchial
L= the two h Is as described m Section Four

This report on the radioth of b hial carried out at
the two hospitals covers three periods Some account of the first two has
already been given by Davidson, Smuthers and Tubbs (1951) and of the third
by Bignall (1955)

The first period was from January 1938 to Apnl 1944 and was concerned
with all pattents wath this disease seen 1n the Radiotherapy Department of the
Royal Cancer Hosputal, later renamed the Royal Marsden Hospital, the
second was from May 1944 to December 1950 and included all the patients
with bronchial carcinoma seen either at the Joint Consultation Chinic or at
the Royal Marsden Hospital, the third period was from 1951 to 1955 mclusne
and included every new patient seen at both hospitals with this duagnosis
The first period contains nothing more than a few patients seen in the radio-
therapy department before any haison with a chest hospital was established,
the second a larger group of inoperable cases, mostly referred for radiotherapy
after this association had started, and the third the total expenience of this
disease over five years 1n two hospitals, one devoted to chest disease and one to
malignant disease 1n general, observed from one to five years later. It was only
duning the thurd period that a proper group of less advanced operable cases
was included 1n the suney or that supervoltage irradiation became asailable

Radiotherapy Department Cases 193844

These were few, being only 134 patients 1 six years—an average of 22 per
year—ol whom 19 (14 per cent) lived one year or more (Table LVII) Some
useful palliation was obtained, but the problem of bronchia! carcinoma was
not a major one 1n an otherwise busy department, and chief interest centred
on the two patients who lined for more than five years  One of these. treated 1n
1939 when aged 65, died almost exactly 7 years later, away from our observation,
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TaBLE LVII

Survival Among All New Patients with Carcinoma of the Bronchus Seen i the
Radotherapy Depariment of the Reyal Cancer Hospital
January 1938 o Mayp 1944

Number | Number alive at the end of

of o Num
Year pall{nl: LT 2 T3 174 15 [ 6173 14

seen | year | sears | years | years | sears | years | sears | years rears
1938 2 501 | 1 / 1170 [0l )
1939 2 E 2 S T T A T R A A R I 0
1940 19 2 1 1| 1 1 1 t 1
94| 18 20 o10jo0)oio o 0
1942 2 2 2,1 70lo0oflolo]o | o
1943 20 3 0 0 J 0 J 0 0 0 0 [}
1944 J 7 302 } ol ojo]ololoe o
Total ' 134 ¥ 7 a3 T2 2 | 1

his death certificate stating that the cause was metastases from carcinoma of
the lung  The second, with a squamous-cell carcinema, was treated in 1940
when he was 58 and lived to be a great trouble to his three daughters and to
die at the age of 72,

Joint Consultation Clinic and Royal Marsden Hospital Cases 1944-50

This was the period 1 which experience of the use of radiotherapy in
palliation for patients with bronchial carcinoma was built up m the clinic by
the treatment of much larger numbers. Fight hundred and eleven pauents
were seen 1n 7 years—an average of 116 a year—of whom 128 (16 per cent)
hived for one year or more. There is no doubt that many patients derived no
benefit from the treatment and that our tendency at first was to treat hopefully
without due regard to what might be achieved. Certainly too many had a
prolonged, so called ‘radical’, course of treatment when something simpler
would have done as well. A very considerable burden of suffering was, however,
relieved 1 a group of people for whom httle had been done before  While
there was no doubt of its value, the very fact of treating so many patients
without any chance of success in terms of long surviyal in the vast majocity,
ratsed a number of internal problems To keep the staff from becoming either
careless or callous over this particular work, special invesligauons.\\ere started
to add interest. The site, age, sex, histological type, length of history, delay
m treatment, and frequency of symptoms first noticed by the patent or first
taking him to his doctor were analysed (Bjork 1947; Brooks, Dav.xdson, Ppcc
Thomas, Robson and Smithers 1951), the duration before secl\u‘\g medical
advice and the delay th fter before were noted, f;"?
birth, occupation from leaving school and sm9k1ng habits were recor ;r'
responses assessed according to istology and situation of pnmary‘:lumgid(.
chemothetapy trials initiated (Boyland, Clegg, Koller, Rhoden and Wary
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1948), rotation therapy techmques adopted (Smuth 1955), and 1 tem
studes of the distribution of metastases made (Galluzzs and Payne 1955, 1956)
The problem of the care of large numbers of patients with incurable disease
and the decision of when to give irradiation, how much and for how long
for the best relief of symp with the mini of added d t still
remains,

A few patients during this period survived a long time  Each one of these
was subjected to a dc!alled review of the evidence on which the diagnosis had
been based—cl. 1 t and histol I Wherever there was
reasonable doubt of “the dragnosis 1t was rejected and the patients shown m
Table LVIII remain  Some few operable cases were included 1n this period,

TAsLE LVIIL
Survival Among All New Patients with Carcinoma of the Bronchus Seen i the

Joint Consultation Clinic and at the Royal Marsden Hospual
May 1944 10 December 1950

L Numberof | _ __ _ !\lﬂbe:ﬂnz ar Ihe end u/ o
patients 1 2 3 7
S€r year {years ars years vears years years ears years|veary sears sears )
1944 % | 2 I 1 1 1 1 1 1
1945 121 21 5 2 1 1 ) 1 ! 1 1
1946 } 132 17 3 3 3 1 1 ! 1 0 ¢
1947 120 24 8 6 3 3 3 3 3 o
1948 107 | 19 16 4 2 2 2 2 2 0 o
1939 120 17 4 3 2 1 1 1 0 ] 0
1950 | 132 ' 6 5 4 3 2 o o [ 0
Total | 81 128 a2 26 19 12 .11 9 g 5 2 1

‘Treatment grven to those surviving for § years and more
4 had radrotherapy - surgery and sursned for 9.9, 7 and 7 years
2 had surgery anly and survined for 9 and 10 y
6 had radiotherapy anly and sunied for 12, 3758 700 5 360

since all patients referred to the Royal Marsden Hospital were considered and
not only those attending the Radiotherapy Department

The grounds for the rejecttan of the diagnosis i those who had already
been treated for this disease are of interest* 1n 6 the diagnosis was m doubt,
some palliative treatment was gnen, and the patients all died soon after without
certan confirmation of the onigin of thewr malignant disease, 1n 9 the diagnosis
was 1 doubt and some palliative treatment or a test dose to gauge radio-

sensitvity was given and a of some d was
soon blished; 1n 5 the diag: of m the chest from pnimary
tumours elsewhere was d or strongly d  These 20 patients

were gnven small doses and none of them were seriously irradsated for a suspected
primary bronchial carcinoma n an attempt to eradicate the discase  In 1t
other patients, however, the position was rather different (Table LIX) Al
had a serious attempt a1 treatment on the grounds that a pnimary bronchial
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carcmomy Was present. All were seen by 4 chest phys:cmn, thorace Surgeon
and radiothcraplst, and were aceepted for treatmeny on whag Seemed adequate
e

grounds, Ayl p, ¢ had 1agnoss Tejected on feview. Fiye of these Patients
ad k; Positive histolo cal eport, 3 pi Temoved fo, 10psy ap
bronchos, DY, one op g |, ph node Temoved from the » and one oy tho

ne
Spectmens of Sputum, Qpe positrye b:opsy report Proved, on Teview, 1o have
€n a clerjca) Error in 1y, ing for another Pauent, thre. Positne feports wera
Wwithdrawn on review of the Sections op the grounds hyy the men had

!l
Sxammnation only Ope Patient v 54 killed byal, Y tWo years after trcalmenl.
the Pathologsy who performeq g,

1ot found 2y evidence ofa fung tumour and, smee there hag been Some douypy
about IPper lobe collapse although , Wmour g been seen
the diagnog Was Withdray, In four or five of ¢, som; Ncertamty

€ Cases some
sult feMams a5 14 Whether Was night 1o Withdraw the dmgnosxs, but the
Svidence pag been Iegarded a5 quite Msufficient 10 include thep, as radio-
lhempy Successes, Ne patient, howcver, N whom We rejected the djg 0515

ause of doubt had o be Temstated because he devclopcd multiple bone
Metastases g Years after his X-ray thcmpy

n thrg Pertod ), 749 batients were seen and g Average of 350 Patrents
With bmnchml €arcinomy Were tegistered each Year, of whom 537 (31 per cent)
e ye h Consy

T

0 Mey synchrmron was availabje for treatmeny for g short while ang some

Patiens with bronchml Carcinomag (moslly Superior sulcus tumours) Were
Tasie Lx

New Patiensy with Carcinomg of the Bronchys First Seen @I the Royay Marsdey,
Hospitar and the Brompion Hospriat Sfrom 195} fo 1955

Treatmeny method

amberop umber Aot

tear patienrs AU Surger, Reutiothergp, Surgery gng freared
e oafy oaly Tadiotherap, «

1957 W B 10 151
1933 333 173 65 97 it 16
195y 383 20 ” 2 1 I
1954 342 19 n to 12 149
1oss 7 0 7 ur s Ia

Total m
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treated with 1t. Interest was expanded to include a revi

treatment by all methods and a movement made fowavr’;;y tﬁii;hxemr:s:;s gf

An account of thts period 1s gven 1n Section Four. gratio
Table LX tecords the distribution by treatment method of 1,749

patients first seen from 195155, and Table LXI gives the percent,a e

surveval after different periods of time, up to the end of 1956 i

TasLe LXI
The Surl:ll'ﬂ[ Rates of All Patients Seen at the Royal Marsden and Brompton
Hospitals from 1951 to 1955 from the Date of their First Attendance at
these Hospitals

|

| Avnsk | Diedingenod | Unaced | A atond | Sunnal rae
1 year Conae N e | 28 s27 10
2years 1,402 L75 16 211 16
3 years \ 1060 o6 | 8 106 10
4 years 617 623 3 51 8
5 years 343 a2 1 | 20 ]

13 patients treated by radiotherapy lived for more than 3 years and $ for more than 4 years, All 20
patients living for 5 years were treated surgtcally.

DiscussioNn
e s han kil given by x-rays and
In reliel of symptoms
superior mediastinal

compression, haemoptysts, and panful metastases. Some patients have
survived long pertods following such treatment, a few of whom were inoperable
because of tumour situation only. Evidence provided by these cases and also
from pre-operative trradiation, post-mortem studies and a recent experiment
m the treatment of operable cases, suggests that there may be a place for
external beam therapy in atiempts at cure. No real trial of supervoltage
irradiation 1n selected operable cases has yet been made. With surgery hoping
to extend treatment to more patients in the pre-symptomatic phase, a proportion
of operable cases—particularly 1n the less favourable undifferentiated group—
may now recetve a proper supervolage treatment traal.

Several new radwactive 1sotope treatment methods are being tried but
most of them offer little prospect of success The implantation at thoracotomy
of 9%An prains, or of 192[r sources does seem, however, to be 2 won‘hwhlle
advance for patients with tumours which are found to be too extensive for

resection .

Progress 1n radiotherapy for patients with carcinoma of the bronchus
depends on co-operation between surgeons and radiotherapists both })eforf: and
during treatment, and also on 3 joint review of the results obtained in all
patients seen, however they were treated.
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treated with 1t. Interest was expanded to include a review of the results of
treatment by all methods and a movement made towards their integration.
An account of this period 1s given m Section Four.

Table LX records the distnbution by treatment method of 1,749
patients first seen from 1951-55, and Table LXI gives the percentage
survival after different periods of time, up to the end of 1956.

TasLe LXI

The Survnal Rates of All Patients Seen at the Royal Marsden and Brompton
Hospitals from 1951 to 1955 from the Date of their First Attendance ar
these Hosputals

Atrisk | Diednperiod  Untraced | Mg atend | Sumualrate
1 year L749 | n194| 2 577 30
2years 1402 1175 16 211 16
3 years 1060 946 3 106 10
4years | 677 623 | 3 5t 8
5 years 3 | 322 1 20 6

13 patients treated by radiotherapy lived for more than 3 years and 5 for more than 4 years, All 20
patients living for 5 years were treated surgically,

Discussion

Radiotherapy in bronchial carcrnoma has been chiefly given by «-rays and
has largely been for palliation mn a group of dying patients In relief of symptoms
1t has served some of them well, particularly with regard to superior mediastinal
compression, haemoptysts, and painful metastases. Some patients have
survived long periods following such treatment, a few of whom were inoperable
because of tumour situation only Evidence provided by these cases and also
from pre-operative irradiation, post-mortem studies and a recent experiment
in the treatment of operable cases, suggests that there may be a place for
external beam therapy 1n attempts at cure No real tnal of supervoltage
irradiation 1n selected operable cases has yet been made. With surgery hoping
to extend treatment to more patients in the pre-symptomatic phase, a proportion
of operable cases—particularly in the less favourable undifferentiated group—
may now receive a proper supervoltage treatment trial

Several new radioactive 1sotope treatment methods are being tried but
most of them offer little prospect of success. The implantation at thoracotomy
of 1%8Au grains, or of 1°2[r sources does scem, however, to be a worthwhile
advance for patients with tumours which are found to be too extensive for
resection.

Progress in radiotherapy for patients with carcinoma of the bronchus
depends on co-operation between surgeons and radiotherapists both befor.e and
during treatment, and also on a joint Teview of the results obtained in all
patients seen, however they were treated.
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treated with 1t, Interest was expanded to include a review of the results of
treatment by all methods and a movement made towards their integration
An account of this period 15 given in Section Four.

Table LX records the distribution by treatment method of 1,749
patients first seen from 1951-55, and Table LXI gives the percentage
survival after different periods of time, up to the end of 1956.

TasLE LXI

The Survival Rates of All Panienis Seen at the Royal Marsden and Brompton
Hospitals from 1951 to 1955 from the Date of thewr First Attendance at
these Hospitals

U ak JD.,.,.",,",,,,J Uniraced | Al abend | Sumalrae
1 year I 28 521 10
2years | 1402 1175 16 211 16
3 years 1,060 ‘ 946 8 106 10
4 years 617 623 3 sl 8
Syears 343 ! 322 1 20 6

13 patents treated by radiotherapy Ived for more than 3 years and S for more than 4 years All20
patients Inving for 5 years were treated surgically.

Discussion

Radiotherapy 1n bronchial carcinoma has been chiefly given by x-rays and
has largely been for pallation in a group of dying pattents. In relicf of symptoms
it has served some of them well, particularly with regard to superior rpedmstmnl
compression, haemoptysis, and pamful metastases. Some pntlf:nts have
survived long periods following such treatment, a few of whom were inoperable
because of tumour situation only Evidence provided by these cases and also
from pre-operative irradiation, post-mortem studies and a recent expeniment
in the treatment of operable cases, suggests that there may be a place for
external beam therapy in attempts at cure No real trial of supervoltage
srradiation m selected operable cases has yet been made. With surgery hoping
to extend treatment to more patients in the pre-symptomatic phase, a proportiont
of operable cases—particularly in the less favourable undifferentiated group—
may now receive a proper supervoltage treatment trial.

Several new radioactive 1sotope treatment method:
most of them offer little prospect of success. The implanta
of 1*8Au gramns, or of 12]r sources does seem, however,
advance for patients with tumours which are found to be too e
resectron

Progress in radiotherapy for patients with carcinoma of the brcnch:j
depends on co-operation between surgeons and radiotherapists both bef:{en -’la“
during treatment, and also on a jomnt review of the results obtamed 1
patients seen, however they were treated.
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CHAPTER XXIII
CHEMOTHERAPY

D. A. G. GALTON and RoOsE PAPac

NITROGEN MUSTARDS

THE first clinical trials of the mtrogen mustards were performed during
‘World War IT under conditions of secrecy and the results were not published
unti! the war was over (Gilman and Philips 1946; Goodman, Wintrobe,
Damashek, Goodman, Gilman and McLennan 1946; Wilkinson and Fletcher
1947). These early results indicated that the mitrogen mustards were effective
in relieving symptoms and 1n causing regression of tumour masses 1n cases of
Hodgkin’s dnscasc, lymphosarcoma, lhe chrumc leukaermas, polycythaema
vera, mycoss fi des and y with

metastases Treatment was confined m patients m the terminal stages of their
disease, who were judged to be unsmitable for other forms of therapy. Improve-
ment in cases of advanced carcinoma of the bronchus was early reported
(Rhoads 1946; Boyland, Clegg, Koller, Rhoden and Warwick 1948)

As expenence accumulated, mitrogen mustard and 1ts alltes were recognized
to be of therapeutic value 1n Hodgkin's disease, the lymphomas and chronic
leukaemias and their use 1s now routne. By contrast, their role n the routine
management of carcinoma of the bronchus s still not clear although numerous
Teports have appeared and many hundreds of patients must have been treated
The beneficial effects described are genutne enough but the hkehhood of

g them is dictable; they are mostly transtent and of hmited
clinical sigmficance, with the exception of the syndrome of superior vena caval
obstruction in which striking relief has been reported to follow treatment
with nitrogen mustard.

Primary carcinoma of the bronchus was at first thought to respond better
than other carcinomas to mitrogen mustard therapy, and one explanation
put forward was that a higher concentration of drug reached the growth
followmg mtravenous mjection. However, the regression of distant metastases
could not be accounted for n this way, and 1t was pointed out that bronchal
carcnomas derive much of their blood supply from the bronclual arteries
(Wood and Muller 1938) Furthermore, subsequent expenence has shown that
nitrogen mustard and its allies sometimes have an effect in other neoplasms,
particularly carcinomas arising from hrcast, ovary, testis, salivary glands, and
less often chori 1 and other rare tumours
(Symposium on Alkylating Agents, New York, 1957),

In this article we review the relevant literature 1n an attempt to define the
place of chemotherapy in the routine of b and
we discuss methods for conducting clinical trals with new agents,
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Clinical Effects

Boy:land, Clegg, Koller, Rhoden and Warwick (1948) reported 40 patients
treated intravenously with di-2-chloroethylmethylamine (HN,). Single doses
of 0-2 to 0-4 mg. per kg. of body weight were given and injections were repeated
once or several times in 14 cases. Twenty-four patients were stated to have
ob.tamed relief from their most distressing symptoms and in 18 cases objective
evidence of benefit was recorded. Eight of 35 cases showed radiographic
mnprovement, pleural effustons were resorbed in 5 of 13, improvement in
neurologrecal signs occurred jn 1 of 10, and objective changes in metastases
were recorded in 4 of 10 cases. Symptoms of supenor vena caval obstruction
were relieved 1n 3 of 5 patients and when pain was a major symptom it was
relieved 1n 8 to 48 hours, The duration of benefit in this series was from 2 to
12 weeks. Nothing comparable was reported in a group of 22 patients treated
with other drugs including urethane, oestrogens and an amino-stilbene, The
surviving patients of this sertes and a further 20 patients similarly treated were
subsequently observed by the group of clinicians at the Joint Consultation
Clinic of the Brompton and Royal Marsden Hospitals. In therr opinion any
benefit conferred was slight and outweighed by the side effects associated with
mitrogen mustard therapy (Brooks, Davidson, Price Thomas, Robson and
Smuthers 1951).

Subsequent studies have added little concerning therapeutic effects.
Ben-Asher (1949) noted relief of superior vena caval obstruction for 3 months
following 4 njections of 01 mg. per kg of body weight in a case of anaplastic
carctnoma, One patient with squamous carcinoma secured relief of
chest pam, cough and haemoptysis for 6 weeks, but 9 other patients
obtamed no benefit; in 6 of these the growth was squamous-celled and
3 anaplastic.

Even m the most favourable reports, the apparent remissions rarely
exceeded 6 months, and the majority were less than 3 months Once the patient
had relapsed 1t was rarely possible to obtain 2 second remission with mitrogen
mustard, although this has been recorded (Craver 1949; Kent and Reh 1950;
Lynch, Ware and Gaensler 1950) The side effects of nitrogen mustard therapy
cannot be ignored, Many patients experience nausea and vomiting which are
not always abolished by giving the drug on an empty stomach after premedica-
tion with chlorpromazine and barbiturates. Furthermore, nitrogen mu.st:ud
1s a powerful depressant of haemoposetic tissue and it is thercfore ‘essentmf to
perform blood counts at intervals of not less than two weeks during ar.xd for
six weeks after each course of treatment. The simultaneous administration of
corticosteroids and mitrogen mustard has been reported to lessen the sgde
reactions; but the therapeutic effects were no better than those obugmed with
nitrogen mustard alone (Jones 1957). Weisberger, Heinle and Levine (1952)

suggested that the
severity of leucopenia in
that the protection of 1-cysteme was not predic
(Levire and Wersberger 1955). Hatch, Bradford :{nd Ochsner (1956) t
with radiotherapy 20 patients who had already received nitrogen mustard,
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ariations of the mortality within a country (e & Regns(mr General 1957, see p. 33),
when 1t is often the case that the sub. 15 too small
for (hc aclual age-spccxﬁc dcath rates to be calculal:d

cach hypothetical situation are known. Examination of the age-specific death rates
themselves will, therefore, answer the questton whether they are or are not the same,
B Ay . .

reader is thereby deprived of the benefit of the 1nformation that was inherent 1n the
age-specific death rates which were necessanly calculated 1n order to obtam the
mdices
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4. THE CONDITIONS UNDER WHICH A ‘PARADOXICAL FALL' IN DEATH RATE
WILL OCCUR IN A CONTEMPORARY ARRAY OF AGE-SPECIFIC DEATH RATES

The phenomenon of 2 fall 1n death rates m a contemporary array of age-specific
death rates at g point where the relevant cohort death rates continue 1o rise will, in
what follows, be called a ‘paradowical fall' It will always occur when a certain
cntical relationship between the cohort age-effect on death rates and the sccular
change of death rates 1s reached.

The Cri(ical Relationship of Sccular Change of Death Rates and Age-effect on Cobort

We may now use part of the snformation given by Figure 2 of Chapter IT (p 19)
to sce when this entical relationship will be reached  The relevant section of thrs
Figure has been redrawn in simphified form as Figure 62,

Let us consider the paradoxeal fall of death rate that occurs in the 1946-50
c""""“POI‘M'}' amy of death rates for cancer of the lungs 1n males Thc rates are

the diagram), but f we pass to the 70-74 age group of the cohort dara (pomnt C) we
s 281
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cohort age-effect in passing to the next higher age gronp 70-74 (point B), and this
change 1s measured by the vertical ine BD’. Obviously, whenever the secular change
AD exceeds the cohort age-effect BD' the contemporary array must show a fall of
death rate along the ine AB. Since the cohort age-effect 1n the cohort which includes
the point A 1s a continued risc 1 the cohort death rate beyond the point A, the fall
of rate indicated by the slope AB 1s a paradowcal fall

‘When 2 paradoxical fall 1n a contemporary array of death rates takes place 10 an
armay which has previously shown a nsing death rate, as occurs in Figure 2, a peak
asat A will be produced.

The most recent age-specific contemporary array of death rates, for 1951-55,
shows a peak at point E in the diagram, followed by a fail along the hine EC. We
cannot formally discuss whether this 1s a paradoxical fzll or not, since the cohort
rates beyond the point E will have to be computed from observations to be made in
Ihe future 'There is, however, at present no reason to beheve that the fall wall not
prove to be paradoxical.

5 A NOTE ON A ‘LEGITIMATE AND UsEFUL’ Ust OF THE CRUDE DEATH RATE

The crude death rate, as we have seen {p 270), 15 very sensttive to the age-structure
of a population, and 1t is therefore unsurtable for companng mortalities from popula-
fions 1n different countries, or 1n the same country at widely differing dates. It will
be reasonable to infer that actual changes of mortality are reflected by a series of
crude death rates, referring to dates 1n a very short space of ttme in one country, 1f
the population age-structure shows little change between the begunning and end of
that period.

It was legiimate to illustrate the seasonal vanation of lung cancer mortality
(p. 31) by the use of crude death rates, because an mspection of the annual population
eslimates gave that the age-structure of the )} had not changed
much. It was useful to do so because the quarterly figures for deaths from cancer of
the lungs were not given by age, and therefore no age-specibc death rates could be
computed, *
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Detarl from Figure 2 (Chapter I1, p. 19).

The cnitical relattonship between the secular change of death rates and the age-effect on cohort
death rates necessary to produce a ‘paradoxical fall” of death rate 1 a contemporary array of
age-specific rates,

find that the cohort death rate has continued to rise. The explanation of this para-
dovical fall mt the contemporary array is to be found by considering the death rate
of the 65-69 age group 1n 1941-45 (point D).

Duting the five-year interval between 1941-45 and 1946-50 two types of change
of death rate referable to point D have taken place. One ts the secular change in the
death rate of the age group 65-69, measured by the vertical line AD. The other is the
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THE BROMPTON HOSPITAL AND ROYAL MARSDEN HOSPITAL SERIES

TasLE LXIT
Age and Sex of the Patients and the Histological Type of the Tumour

Age (ear | Age |

Histological type - | not | Total

vnd”aoi 4049 | 50-59 | 6069 | W0ormore known |

Squamous M 9 & [ 190 | s a | 46
! H

F — 2 18 17 : =

Total 9 0 | 208 | 175 23 1 — | 488

Undifferentiated M 10 e |1s | | 17 1 | s

F 6 9 16 2y 3 ' — | s

Toral | 16 PN

Adesocarcinoma M 3 6 | 21 | 18 T | = |5

F 1 2 b6l s - =

Total f' 4 HIENEENREEEN

Histological type known 29 ENIERER 1 e

Not known M 14 u | | 2o | 16 1 e
i I

Fol ot 2 | sy —

Tewl | 15 | 8 M8 |2 3 ;1 | 75

Toual w13 lan Tew [se | ows 2o jiss

) ;
F ! &8 | 25 ¢ 6 Lvs {2 - e
L Tol . 44 | DS 60 {68 | 167 L 2 19







THE BROMPTON HOSPITAL AND ROYAL MARSDEN HOSPITAL SELRIES

TabLe LXIV

The Duration to Examination Related to the Age and Sex of the Patents,
Histological Type of Tumour and the First Symptom Recorded

Duratson from first 3vmptom to examunation (months)

a .
o || et R e
Sex Men 138 | 483 | 356 | 252 ; 1 62 s
Women 6] 51 49| 45 1 4 2
Age (years)

Under 40 3| o2 7' 4 — 5
1049 B 4] B3 a9 1 12
50-59 57| a5 | o166 I u s £ as
60-69 st o180 | 184 \ s 20 52
70 or more 0 37 40 L 17 2 b

Not known — ) = =, - — 1

Hatological type ‘ : | B

Squomous o] ow e 21 33

Undifferentiated 4 {157 ;2! o0 47 20 24

Adenocarcinoma s 14 { 19 ; 16 5 6 4

Aot Anown 65 | 22 \ 170 1 122 55 17 70

First symptom \‘ ,

Pain i o o 0B - [

Haemopsysis 5 65 | 4t 30 27 — 5

Fever mws | T B — s

Cough 16 ] 124 )10 %6 47 — 13

Metastases s 15y o0l s — !

Other 17l o» 1 86 91 - 6

Mo nymptoms - -, = = = & -

Aot known - 1 3 3 1 — Bl
Tout 51 s | 45 7 1 6 136

Total

1,552
197

2
157489
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TasLe LXIH

The First Recorded Symptom Related to the Sex and Age of the Patients
and the Histological Type of Tumour

First recorded symptom

Pain | Haem. | Fever | Cough | Metas-| Outer | 81 | Mot Total
Sex  Men F‘; 199 {267 | 312 | 35 | 305 | & | 23 1592
Women % | 19| 3| 46| 8 so| a| 9o 12

Age (years) R
Under 40 8 sl B3| 0] 1 6] — It
4049 w9 | 30| 4| 4| 7 @ 1e| 5|2
50-59 2] 70 ] 130 | 169 | 14 | 137 | 30 | 9 | es0
60-69 mo | 56 {106 [ 19 { 12 [ 12 20 [ 13 ( 6
79 or mare 274 B 9| s2( 9 3] 2| 2|1&
Not known = = -~ =] 1 =1 2

Histological type

Squamous 5| 7] oe ol af s mf 8 |as
Undiferentiated | 86 | 57| %0 [ 13 | 19 ] s [ 20 | 5 [ 40
Adenocarcmoma | 15 6| 1w 13| 1] 8] 6]~ | &
Not known [ o | [ o8| m| 19 |m[ W b 725
Total Ls 218 ‘ 302 Fxs ’ a3 , 355 ' 66 | 32 (1,749
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CARCINOMA OF THE LUNG

TaeLe LXVII

The Recorded Site of the Tumour Related to the Age and Sex of the Patients, the
Histologseal Type, the First Recorded Symptom and the Duration to Diagnosis

Site
o Lobe
' i Hot
RUILUIRLILLL R L 24 R | hnown | Nat | Toul
| dobe | lobe | lobe | fobe | mainmain| mid knowr
. RiL
Sex Men 1338 1320 194 (160 [1g7 fa0s | 36 113 (13 | 1 [1ae
Women A AN AR R R A IR A ]
-~ }
Ao falul el 2l ol ol slalal o |«
154136 2 i) 6132116 5 | 28
56-39 s 2l o6l sl w2l ufa i 3 | &0
BLIRE s a0z ] e
70 or more f 33935t r] 3f2a{B| 1 |
Not known R T Tl Ea T Rt Tl el Rl s 2
Hﬁ’r‘f.}ffﬁs’ oee f 16 | 8488 ) S7 s a2 lsol2lae| 2 | 488
Und fferentiated 97 | 88 } AR IR AR RE A0S -
4d rma 1 | 26
ot kriona 1153 ;145 a7 60| 34 {4r| & frer | 1s | 7
{
P P s } pleininlslmin 2 |
: [ $2i31138 3% 2]3
Pt ] f | Sela3i36|2s| alisfysy 2 |30
Cough 1861834540 3|3} [szfawlR] T | M
Aetastases 6 3] 1{ 1= sl adjwiu] 2| &
Other 88 || 2w ] sl 7 1
Nl it {uni—| 20 ] 4l 5 1 @
Not known 6 1 5 4 2 4 2] - 4 3 2
Dmu&x; todiagnosis | | |}
{months) ! 154
s Minfwle) s afl ol16f 4
11)-2 (114 1119 t 631 50123 RN RIS 2 2‘372
33 jaslas i iRt sl 14
511 @ jdol3lal ] syt 2 1M
124 32132723118 5 {10 441 & 1 :)g
Not Anown w2 2ji2|13] 7] 36} 6
Total [372 53[5 {1 197 [126 | 38 [ues 19 | 20 jrre
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