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respe
Primwary caneer of the g, in common with other formis of malignant ST \.mth
growth, is almost universally believed to originate through some form of : : n th
chrovie irritation, which usnally sers up a clronic intlammatory process _ ‘ of th
in the bronchinl mucosa.  The Titerature contains many examples of this i ‘mato
view. Thus Davidson * stated s “Numerous theories have been advanced,, 553 % F have
mostly relating to the factor of jrritation in sonie form or another of the <4k - pers
respivatory tract, to account for this phenomenon.”  Simons,? who listed phen
fonrleen causes, foumd chronie irritation of the bronchial mucosa a factor - : : rable
common to all of them and concluded that this commou factor is the i
cause of pulmonary cancer. Fried ¥ said: . . . it is beyond doubt iy mult
that irritation s as necessary a predisposing

factor in the causation of - iimiiagruc. the ¢
cancer of the fungs as it is in cancer of other organs.”  In the minds of » pathl
the conmmentators it scems 1o make but little ditference what the irritant 768 '
is, 5o lonyg as it is an irvitant, and there are various types, such as “.'g i) the i
mechanical, chomical, thermal, bacterial, eleetrical and radioactive.  Ofte SR U malc
more than one type is at work on a given region, as when an area of the’ R B ‘hyet
tovgue’s surface is persistently scratched by a sharp stump of a tooth i s < canc
(mechanical) with erosion of the epithelium aud exposure of the unpro- not.‘
tected tissues to irritants of bacterial and chemical types,  The sine qua post
non seems to be that the irritant shall act constantly or at shost intervals by n

over a long period. There is noe agreement as to the fength of time that! 3 R ¢

. U . . - b “of ¢
is vequired in any given case to produce a cancer; it is eonceded that this i
factor is a variable one, and operates in association with other variables,

such as age, anatomic site and predisposition.

The irritant, too, must : ' . the
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act sufficiently strongly to produce an effect i the lssue but not so
strongly as to cause total necrosts of the tissue.

1t seems certain also that in most 1f not all cases influnmation super-
venes in the region undergeing exposure to the irritant. The inflanmma-
tion is a reaction on the part of the tissues to the injury occasioned by
the irsitant. 1t may, theorctically at Jeast, be regarded &s protective in
nature, though the means sometimes defeats the end, as nusilicosis. Sinee
chronic inflammation is a well nigh inevitable and universal concomitant
of chronic irriation, the one term has often heen used as synonvimous
with the other. and thus it is that chronic mflammation is regarded as

“the etiologic agzent in primary cancer of the lung, without any distine-
tion being mace between the fundamental irvitating agent and the tissue
responscs following its chronie action.  So widespread is this usage
with regard to chronic mflanmmation, indeed, that we lind it convenient,
in the following pages, to discuss the alleged causes of primary cancer
of the lung under headings of the pathologic conditions, generadly inflam-
matory in nature, rather than of the specific irritants.  Conunentators
have found 1t difficult, too, (o distinguish hetween chronic inflatnmation
per se and the chronie reparative process, and it would seem that the two
phenomena are so involved, one with the othier, as to he practically insepa-
rable.  Thus, 17 we were accurate, we should ascribe the growth of the
cancer to the hyperactive repair process, with its urge to mercased cell
multiplication, reserving to chronic mflammation or to some other factor
the carcinogenic influence which first sets a cell ar cells on the cancerous
path.

It 15 our purpose in this review to bring forward data mdicating /hat
the thesis that primary carcinoma of the lung is due to chronic inflam-
matory changes in the lung is wnproved. We do not feel justified as
yet in denying outright that chronic mmflamation causes pulmionary
cancer, but we afirm that on the whole the evidence now available does
not warrant such an assumiption.  Iven the carclully sclected, so-called
positive cvidence that 1s commonly regarded as supporting the thesis 1s
by no means unequivocal.

That chron¢ inflammation should have been implicated as the cause
of cancer is not surprising, for the two are often preseut in the sime
region. We would point out, however, that because primary cancer of
the Tung is not infrequently found associated with chironic inflammatory
changes 1s no reason for assuming that it necessarily is dgie fg these
changes.  Indeed this association no more justifies the conclusion that the
cancer 1s 50 cavsed than does the clrcumstance of a man heing found near
the scence of a crime establish bevond doubt that it was he who com-

mitted the crirae. Tlis presence at the scene may have been merely
fortuitous. Tt seems quite possible that chronic influnmation often stands
in refation to primary cancer of the lung as does the innocent man at the
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site of the erimes Indeed, in many cases the inflammiatory changes axe ¥
neither the cause nor a chance associate of (he cancer but ave its result,

Marcover, even 11 at some Tuture time adequate proof should be
forthcoming to show that in some cases chronic mflanuuation or irrita- :
tion is the extrinsic cause of pulnonary cancer, such proof can be used
only in s data, not in individual cases. There are persons who
present no idence whatever o chronic inflammatory disease of the
lungs wha nevertheless show development of caneer of the hung, and, on
the other hand, there are: pevsans who, despite having sutfered  from-
nulimmiatory diseases of the lungs for vears, never have cancer of the
g, Jeas smpossible 1o say of any one case that had the chronic |
mflammatory change not existed cancer of the lung would not have
developed,

ENVIRONMENT  AND  HEREDITY IN THE ETIOLOGY  OF  PRIMARY
CANUER OF  THIE LUNG
Asowith adl other cameers, the problem of the ovigin of  primary
cancer of the Tung naturally divides itseli into twao aspects concerned with
(1) supposed productive Tactars acting from outside the body and (2)
constitutional factors inherent in the hody and varving with the patient
andd particubnly with the

stram’oor Jine of descent. These agencies
are characterized as environmental and hereditary, respectively. The
environmental factors may be subdivided into two categories: (1) those
which are
the various chronic jrritants commonly used to explain human cancer,

that wonld he enconntered in the course of ordinary living,
and (2) those which have been discovered by tneducing cancers in animals
through the experimental use of specifie chemical agents, called car-
cinogens. s man is not used in the experimental production of cancer,
all malignant growths arising in b must come under the heading of
(1) tumaors induced by the chronie frritations of ordinary life or (2)
tumors arising on account of constitution.  These may be considered as
primary poles, or extremes, uscful it our mental processes in the study
of the causes of cancer. Actually, the constitutional factor enters inta’
every production of tumor, and the only point which needs to he deter-
mined with reference to it s the extent to which it is participating in any
given case. No, i the environmental factor is admitted, all tumors are
of dual origin.

We shall now review briefly the sources of so-called ehronic irritation
o determive what prool has been brought forward to sustain the thesis
that chronic irritation causes pulmonary cancer inman, A\ large number
of citations fron the lterature might Be made in support of the idea
that chronie irvitation, especially in the form of chronic inflammatory
chamge, s vesponsible for the genesis of primary cancer of the lung.
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These would be, in practically all cases, merely opintons without any
valid basis «f proof.  Thev might he encountered with an equally large
number of wtatements questioning the role of chronic ireitation in the
causiation ol primary cancer of the fung. These, again, would he
opinions, {for the most part, with no proof to sustain them, They would
show two things, however: fust, that the theory ol chronic irvitation
has not been accepted without question and second, that 1he bhurden of
proof should rest on those who assert that primary cancer of the lung o
man is causedd by chronic irritation or inflammation,

ALLECED ENVIRONMENTAL CAUSES OF PRIMARY CANCER
OF THE HUMAN LUNG

Smmons © histed a number of supposed general causes of primary
pulmonary carcinoma in man, and i them be finds a common factor,
namely, chironice irritation. . These alleged causes should be divided mto
two sections s (1) those capable of heing produced by pulmonary cancer
(these are often found associated with such cancer heeause they are
sometines the results of the presence of the cancer cither alone or in
combination with other nfluences) 1 (2) those which are not capable of
heing produced by cineer of the lung but which might be Tound asso-
cinted with it 1 the same patient i a varying pereentage of cases, \With
regard to group 1,5t might well be that in some instances these conditions
have been present before the cancer ever started, although they arve not
necessarily the cause of the cancer, while i others these conditinms have
not heen present untl aiter the cancer started and are a direct resalt of
the growth of the tor. We shadl now discuss the conditions which
helong to group 1. They are chromic bhronehitis, pulmonary alscess,
asthma, bronehicctasis, pleurisy, eniphysema and conditions simulating
pneumonia and influenza. The conditions listed 1 group 2 by Sunons *
are trauma, tuberculosis, pueumonaconiosis, chalicosis, syphilis, roentgen
wradiations, inhalation of dust (espectally from tarred roads), smoke
vespectaily il bearing chemical iertants, as in certain of the industries),
smotor exhoust fumes avd war gas, various indostrial and occupational
hazards wvolving the breathing of hot air (especially if bearing chemical
fumes), tobacco smoke or the air of certain mines, such as those of
Schneebery, Bohemia, which contain not only drvitant dusts but radio-
active subs ances as well. Tt will he found that as indusify e®hands and
new chiemizals are encountered, this second list of conditions which are
supposed cither rightly or wrongly to cause cancer of the Tung will
mnereasc.

Fet us review first the course of development of a cancer ol the lung,
so that we may see why the conditions in group 1 are so often found

-

associated with this malady,
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COURSE O DEVELOPMENT QF TYPICAL CANCER OF THE LUNG

Although vo one has followed the course of a cancer of the hmg
from its ouset to its full expression, the following outline is regarded as
probably accurate: The epithelium in some local region of the bronchus
undergoes a change which makes it “malignant” to the rest of the body.
At this point we are not discussing what the nature of the change is, or
whether thig change s occasioned by forces inberent in the cells or is
brought ahout by extriusic influcuces.  The cells whose ability to differ-
entiate into normal cells and to orgaunize into normal tissuc has been
wholly or partly Tost still retain their ability to grow and do grow. The
grrowth at first is probably slow.  This is the heginning of the tumor.  In
thue the tumor causes a narrowing of the bronchus, so that an obstruction
to airflow cnsues, together with a handicap to the normal bronchial
climinative mechanisi, This Bmpairmient of function is followed by
degenerative changes in the part of the lung served by the involved
hronchus, "The itrritation produces a congh, often nonproductive at
first, of chironic character, which simulates that of chronic bronchitis.
Intlammatory changes ju the mucous membrane follow the damming
back of the excretions normally wafted away by the cilia or removed by
the peristadtoid action of the bronchus or by coughing. The cough grows
worse, and Dood-streaked sputtnn is produced. When the obstruction to
the brouchus is complete, cither through blocking of the tumen by the
growth within or by pressure on the bronchus by the encircling growth
without, there is atelectasis in the lung bevond the point of obstruction.
This 1s Tollowed by bronehicetasis of the bronchi in the collapse area,
which dilate to make up for lost volume of lung.  Another effect of the
diminufion in volume of lung is compensatory emphysema in the alveolt
of the surrounding Jung tissue.  These hecome more dilated with cough-
ing.  An asthiatic wheeze may develop i the narrowed bronchus before
it is completely obstructed.

I{ the center of the tumor beconies infected and undergoes necrosis,
the patient may show an abscess of the lung with drainage of the pus
through the bronchus,  If the tumor grows extensively toward the
periphery of the lung before it breaks down, the pleura becomes inflamed,
and plenral effusion results, The pus may rupture into the pleural
cavity, and the patient may be operated on for empyema without the
cancer of the Jung being recognized. The onset of the symptoms may be
acute and simulate influcnza or pncumonia; or the onset may be graduval,
and tuberentosis may be diagnosed.  In any of these steps an erroncous
diagnosis may be made, and the patient may later, when the cancer is
” “asthma”
or “tuberculosis” which he was supposcd to have was the caise of the

discovered, assume that the “chronic bronchitis,” “influcnza,

cancer,  T'he physician sometimes aceepts at face value statements to
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the effect that the paticut had chronic hronchitis for some time hefore the
cancer was recognized and that the one was therefore the cause of
the other.

The course of bronchogenic eancer, as 18 probably true for all other
cancers, can be divided into three pertods: First, there is a “silent”
period, which Tasts from the moment of the iitial change of normal
cells into cancer cells up to the tune when symptoms of such severity
begin that the patient assoctates them with the onset of his illness. This
stage 1s apparenthy the lonrest and iy completely silent as far as the
localized activitics are concerned (though symptoms may he produced

Cfrom a metastasis i osome other region) but may give rise to vague
general symptoms. The second, or svmptonmatie, period is characterized
by the onset of symptoms, which progress up to the time of the diagnosis
of cancer of the Jung, or untit death if the diagmosis is not made.
This period may he relatively brief, only a few months, or at the maost it
may be a few years. The third period 1s the “diagnosed” stage and is
usually the hriefest; it is nonexistent if the diagnosis 1s not made.  In
most cases it lasts {rom the tune of diagnosts of cancer of the lung until
death, fcr relatively few patients have been operated on and cured, even
for a brief time.

It 1s cvidcnt,' then, that because of the initial silent peviod there is
trouble 'n ascertaining whether any particular chironic inflammatory
discase preceded the onset of the cancer of the lung.  Thus bronchitis,
coming hefore the “diagnosed” period, is thought to antedate the cancer,
although the cancer existed in the silent period before the onset of
the Lrorchitis. The sviuptomatic period, before cancer of the lang is

recognizad, during wlich the patient may have various pudmonary
symipton:s, helps to confuse cause aud effect of cancer of the lung and
to make patient and physician alike interpret the symptons proaduced by
the cancer as svmptoms of conditions giving vise to the growth, |

SPECIFIC SO-CALLED CAUSATIVE FACTORS  OF CANCER
OF THE LUNG: GROUP

Chironic Bronchitis.—Chronic bronchitis has been Jooked on by some
writers ws of importance in the ctiology of cancer of the Jung hecause
(1) it produces chronic inflimimation of the In‘onchiuknn&gsn and (2)
it 1s found with some frequency in the historics of paticuts with cucer
of the lung. What evidence 1s there to support or to deny the assertion
that chranic bronchitis plavs a causative role in pulmonary cineer? One
of the fust arguments that will eccur to any one is (hat bronchitis may
be generalized in distribution, while cancer of the lung is localized, The
inflammatory changes o bronchitis are widespread™ and peripheral as

well as central, while cancer of the Tong 1s localized and is usually hilar,
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1 chronie mBammatory changes induce the cancer, why docs not the
cancer originate diffusely over the ang?

Chronie hronchitis has no special predilection Tor the male sex, but
caneer oi the lung ocears about four times as often in males as in
femades, HOwould seem, if chronie bronchitis s a major cause of cancer
of the Tung, that men should be mnch greater sufferers from bronchitis
than are wonmen, yet no snch preponderance has been mentioned in the
texts on diseases of the lungs, and mortality statistics do not show
more deaths 4 ron®hronehitis in males than in females.

Althongh 1t night he assumed that the regeneration of the hrouchial
cpathichium e chronie hronehitts would lead to cancer of the lung, we
must ask if there s proofl that it does so. First, is bronchitis followed
more olten by cancer of the lung than not?  Sccond, how many patients
with caneer of the lung give a listory of chronie bronchitis that is of
such long duration that it can Jegitimately he looked on as having ante-
dated even the silent peviod of the cancer’s growth?  There are no
adequate answers (o cther of these questions because we do not know
how many persons in the popalation have chronie hronchitis and we have
Ntde dea of how fong the silent period ean be, Sinee most takers of
clinieal histories content thetuselves with stating that the patient had
complained of chronie bronchitis, failing to give the time during which
the hronehitis existed, we cinnot place much reliance on reports in which
it is merely stated that @ certain peveentage of patients with cancer of the
lung have had bronchitis,  1irst, we should have to exclude all those
i whon hronchitis probably Tollowed nstead of antedated the silent
period of the pulmonary cancer,

Sinee we know that cancer tn general is slow growing, and that in
men who have worked i the Schineeherg mines eancer of the lung nay
develop from ten to twenty-seven years after they have heen pensioned
ofl from work m the mines, we should prabably have to allow a minimu
of at least ten vears hefore the eancer was dinguosed as the period
duving which it was probably present in the silent stage.  Therefore, alt
paticnts with cancer of the lung in whom chronic hronchitis started within
the Tast ten years hefore the diagnosis of cancer of the lung was made
should be excluded as most probably heing patients in whom the cough
was either the rvesult of the tumor or coexistent with it though not
actually caused by it. Those who had a history of cough {or move than
tenn years might possibly he looked on as patients in whom the cough
antedated the enncer, although this would not inevitaldy be so. Second,
we should then compare the latter group of patients with the general
popidation in regard to the mcidence of chronie branchitis,  If 10 per
cent of the population past 40 have a history of chironic hronchitis. we

need not he surprised if 10 per cent of patients with cancer of the lung
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have a history of chronic bronchitis without there being any cause and
eflect relationship between the two. 1 00 per cent of the general popu-
lation have had chronic bronchitis, 60 per cent of patients with cancer
of the lung may be expected to have had chronic brouchitis antedating
the earliest moment of their cancer’s growth without its being in any
way responsible for the tumor.  Unfortunately, we do uot have reliable
data on the ncidence of chronic bronchitis in the middle-aged population,
Dbut Maxwell and Nicholson * remarked, “The commonest antecedent
condition was chronic bronchitis, which occurred in the past history
21 times (100 cases), although when it is remembered that this condi-
tron 1s exceedingly commmon, the Tact is deprived of any great signifi-
cance.”  Most of the writers whose obzervations ave cited to show that
chronie bronchitis 1s a causative agent in pulmonary cancer have for-
gotten two facts: (1) that cancer of the lung causes chronic bronchitis
in some of its victims and so explaing a certain pereentage of the cases
in which the two conditions are found, and (2) that unless chironic bron-
chitis antedating the cancer 1s found more often in patients with cancer
of the lung than in the general population of the same age and sex as
these patients, its frequency in the patients with cancer of the hung, how-
ever great, is not significant.  Moreover, chronic hronchitis, even includ-
my that caused by the cancer, does not oceur in more than about 50 per
cent of the patients 1f one strikes an average from the numerons sevies
of cases reported in the literature.

Thus we can say that chronic bronchitis is by no mcans universally
found in the histories of patients with cancer of the lung, that when it is
found it is because the preseuce of the tomor has caised the bronchites
i a large number of the cases, that there 1s no way of showing that
chronic bronchitis which might conceivably have antedated the tumor of
the lung is more commounly found in patients with cancer of the lung
the general population and theretore that the role of chronic bronchitis as
a causative agent i the production of pulmonary carcinoma has not been
demonstrated.

Bronchivetusis,~-1.ike chronic bronchius, hronchiectasts is frequently
a result of the presence of primary cancer of the lung, following on
atelectasis caused by occlusion of a bronchus by the tumor,  Tlence this
condition might be found cither clinically or at autopsy in a large per-
centage of the cases of primary cancer of the Tung, bul itags cygened by,
and 1s not the cause of, the cancer in the majority of cases (Zacherl #).

Jecause a benign tumor of the lung lasts over so much lTonger o period
than does pulmonary cancer, @ benign (umor can almost alwayvs grow
large enough to occlude a bronchus before killing the patient. {here-

4, AMaxwell, 7., and Nicholson, W, Ar Quart, J. Mead. 24:29, 1935,

5. Zacherl, So: Wien, klin, Wehnsche, 44:967, 1031,
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fore, bronchicetasis is always an accompaniment of a benign tumor of
the hing of any, duration, according to Wessler and Robin.®

[t may be, of course, that a patient who has had bronchiectasis due
to some other cause may subsequently have cancer of the lung. In
such a case the bronchiectasis preceded but did not necessarily cause
the cancer. Many patients have brouchicetasis who never have cancer
of the tuny ; indeed, Graham, Singer and Ballon 7 stated that in patients
in who@thasprimary lesion is hronchicctasis “it is striking that there
ave but few examples of carcinoma which have developed in a bron-
chicetatic dilatation,”

Until the proponents of the idea that the chronie inflammation caused
by brouehieetasts induces cancer of the lung can show that bronchiectasis
which preceded the onset of the cancer s followed by cancer in the
inflanimatory zone of the wall of the hronchicctatic cavily in a percent-
age ol cases which is significantly higher than the percentage of cases
of cincer of the Tung in the population of the same age and sex dis-
tribution which is without bronchiectatic cavities, we may conclude that
no velation has been demonstrated betwecen tie chronic inflanunatory
changes occurying i bronchicctasis and pulimonary cancer.

Asthina-Asthma, although not primarily inflanuatory in nature,
may induce chronie thickening of the mucosa as well as of the muscle
coits. It has heen advanced by some authors as one of the causative
agents in cancer of the ling, As in the case of the two conditions just
discussed, asthmatic symptoms may result from the presence of a pul-
monary cancer, and so a history of asthima preceding the diagnosis of
the cancer cannot be aceepted as evidence that asthma caused the cancer.
On the other hand, true asthma of tong duration may be found in per-
sons i whom cancer of the Tung lTater develops, and, again, this need
not imply a causal relation between the two couditions unless cancer
of the Jung can be found in persons with chronie asthina in fac greater
propottion than in the general population.  Again, we have no idea of
the true incidence of asthma which antedates cancer of the lung in
patients with this form of cancer, since publications based on the
chinical histories give for the most pact merely a statement that asthma
occurred 1 a certain pereentage of cases of cancer of the lung without
civing anv iden of the length of time during which the asthma bad
existed hodore the cancer was dingnosed.

From cases reported in the Lterature 1t secius that on the average
ahout 7 per cent of patients with cancer of the lune had a bhistory of
asthia, Thercfore, even if asthma iz looked on as contributing to the

6. Wessler, e, and Robin, Co B A T0AL Sl 188:164, 1932,
7. Graham, 15 ALy Singer, T, T, and Ballon, 1. C.: Surgical Discases of the
Chest, Philadelphia, Tea & Febiger, 1033, p, 815, ;
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-predisposition to pulmonary cancer, it is by no means a universal catse
of such cancer, and one has no evidence that it s a cause at all until
one can prove that true asthima antedating beyond question the onset of
a pulmonary tumor has occurred far more often in patients with cancer
of the lung than it has in patients without cancer of the lung,  Such
proof at prescut is not forthcoming.

Emphysema-—Pulmonic alveolar emphysema of the degenerative
type, with a barrel-shiped chest, overly large alveolar spaces and other
signs, is not primarily an inflammatory change associated with regen-

“eration of the bronchial epithelium and cannot reasonably he looked on
as productive of cancer of the lung.  Fmphysca of the compensatory
type may be an accompaniment of cancer of the lung in the later stages
of the latter, after atelectasis has ensued, and 1s then a result not a cause
of the cancer. The incidence of this condition in the general population
is not known, nor is its incidence as a condition truly antedating cancer
of the lung known; therclore one can miake no reliable deductions as
to the role which alveolar emphyscmia plavs i causing cancer of the
lung.  Such a role has not been demonstrated.

Pulmonary Abscess.--~This may be associated with cancer of the
lung as a result of the breakdown of the center of the evowth, so it
is casily understood why such a history should be recorded frequently
for patients with cancer of the lung. Tunk® stated that a pulmonary
abscess of obscure cause in a man past 30 should make one suspect that
a malignant growth is present.

Plevral I ffusion—An involvement of the pleura in the form of dry
pleurisy, a pleural effusion or empyema may he found in patients with
cancer of the lung, and not inirequently it is the first syvinptom of
which a patient complans. One of the methods of diagnosis of cancer of
the lung is the centrifuging of fluid aspirated from a plearal effusion
with a’” view to Onding cancer cells i the sediment. Daker-Bates
and Iis * stated that a patient with pulmonary cancer may be treated
surgically for empyema for some time without the underlyving cause of
the empyema being recognized.

Sunanary~—Summing up the evidence in this group of cases, we
find the following couclusions to be justifiable: Because chironic
bronchitis, bronchiectasis, asthma, emphysema, absces®of«#e lung and
pleural effusion may he found as a result of the presence of the tumor
in the Dbronchus, it is inevitable that a certain degree of association
between these conditions and cancer of the lung will be {ound in any
series of cases of pulmonary cancer. The crucial point to be proved to
sustain the theory that these chironic inflammatory conditions actually

& Funk, . I T ACAL AL 95:1879, 1930,
9. Daker-Bates, 1. T., and Ellis, G Re: Lancet 1:676, 1935,




034 ARNCHTEES  OF  PATHOLOGY

predispose to cancer of the lung is that their presence actually antedat-
g the probable time of onset of the tumor is found in siynificantly
higher percentages of patients with cancer of the lung than of those
without cancer of the Tung when the two groups are kept comparable
as to age, sex, and industrial occupation where there is the shightest sus-
prcion that such oceupation might be a cause of pulmonary cancer.

We have shown that such evidence has not been advanced for any
one ol the aforgmengioned conditions becanse there has been little
attempt to separate the patients with cancer of the lung into two groups,
(those in whom the pulmonary conditions were a result of the presence of
the twnor or at least were mitiated after the tuwmor had started to grow,
and those i whom the conditions might Iegitimately e interpreted as
having antedated the cancer. There also has heen little attempt on the
part of those who affirm that these conditions predispose to cancer of
the Tung to ascertain the incidence of these conditions in the general
population of the sine age and sex as the group with cancer of the Jung.
The opinions advanced by the supporiers of the idea that these chronic
pulmonary conditions cause cancer of the Tung have largely been based
on the Gnding of these conditions in an appreciable number of patients
with cancer of the lung, without regard to their ncidence in the geaeral
population. We have shown that no single one of these conditions
has been proved 1o be the cause of cancer of the Tung. The addition of
o munber of uncertainties may nike o farger mumber, hut i does not
add 1o the accuracy of the result. I none of these has been shown to
cattse cancer of the Tung, the sum total of than has not been shown
o canse cancer of the lung, nor has the common factor resident in
then, chronie irvitation, been shown to be conducive to the {formation
of tumors of the lung,

GROGD 11

We now turn o the sceond group of so-called cliconic irritations
tisted by Simons * which are looked on as causing cancer of the Jung
but which are not symptoms of the discase itself, although 1 some
instances they may simulate some of these conditions.

Influenza-—In a search for previous infections of the luug which
might explain the origin of primary pulmonary cancer and especially
its apparently great merease since 1920, workers have suggested that
influenza might be a major factor.  Askanazy,® Winternitz, Wason
and McNamara 't and others found metaplasia in the bronchial epithelinm
following influcnza which in some cases was almost indistinguishable
fromy malignant growth.  There is no proof that the epithelial metaplasia

10. Askanazy, M.: Centralbl. {. allg, Path. u. path. Anat. 30:443, 1919,
11, Winternitz, M, C.; Wason, J. M., and McNamara, F. P.: The Pathology
of Tnfluenza, New THaven, Conn., Yale University Press, 1020,
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followine nfluenza went on to cancer {ormation, since carcinoma of
the Jung has developed i only a very small part of the population whoe
had influenza in 1918 and recovered.  In patients who had influenza
and whoe have since dicd of some other disease there has heen no higher
mcidence of cancerous change in the Tungs than in patients who have
died without having had influenza, Thus, if 50 per cent of the popula-
pon now at the ages of 40 to 50 had mfluenza in the period from 1918
to 1920, one would cxpeet 1o find that 30 per cent ol the patients with
cancer of the lung who arce now between the ages of 40 and 50 would
give a aistory of having had mfluenza. Before one may attribute 1o
wmfluenza a part i the causation of cancer of the lung it will bave to
be showa that influenza has occurred in a far greater number of persons
with casicer of the lung than in persons not having cancer of the lung,
and even then there would be no conclusive proof that a short attack
of influenza, lasting but a few weeks, could produce such lasting changes
as to itiate a publmonary cancer.  Fven with specilic carcinogenic
agents, whose effect has been defitely demonstrated, a single applica-
tion or repeated applications for a short time do not usually result in
cancer; to be eflfective, they must he applied frequently and over a long
period ar must be introduced into the body in such a wav that their
cffect s continuous,

Other arguiuents against the role of influenza in causing cancer of
the luny are as follows: Influenza is gencralized; cancer of the Tung
is localized. Influenza affects both sexes cqually; cancer of the lung
predominates in the male sex.  The increase in cancer of the Tung began
o be neted in some countries hefore the 1918 epidemic of influenza,

Iinally, it must be remembered that cancer of the Tang may begin
s synmtomatic period ax an attack simulating influenza from which the
patient does not completely recover. There s fever, lassitude, cough
and then a long-drageed-out partial recovery,  The patient savs that he
had an attack of influenza, but what actually happened was that his
pulmonary cancer began to show tsclf with respivatory symptoms that
simulated aninfluenzal attack, Therefore, befare deciding that a his-
tory of mfluenza in a patient with cancer of the Tung s indicative that
influenza is a causative agent, one must he sure, as with the other dis
cascs discussed, that the disease was true influenza and that i ante-
dated ot probably antedated the onset of the c;mu‘r,ﬁi. ¢, there should
have been a period of at least ten vears hetween the in‘lﬁﬁru‘nm and the
dagnosis of cancer. Liven that might he too short a time, but anything
under that 1s almost certain to be too brief an interval,

An average derived from munerous series of cases of cancer of the
Jung reported in the literature shows that in 12,4 per cent the paticnd
gave a instory of previous attacks of influenza, some of which may have
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been results of the presence of the caneer rather than the cause. Kerley ¥
found that although the influenza epidemic had been parcticularly severe
in leeland, there had Deen no grent increase in the incidence of pul- :
monary tumor there. Boyd ™ 1LY and Maxwell and  Nicholson,”
among others, have felt that influenza probably does not play any role
i caucer of the lung. Until it can be shown (hat true influenza ante-
dating the diaghfsisPhi cancer of the lung by ten years or more occurs
in the history of patients with pulmonary cancer more often than in
the history of patients without pulmonary cancer oune cannot accept
influenza as having Leen proved to be au agent in producing primary
pulmonary carcinom,

Taberculosis -1 chronie juflammatory changes are looked on as
a-possible o1 even a probable source of cancer of the lung, it is natural
that tuberceulosis should have heen regarded as an etiologic agent because '
of its chronicity.  lowing ** felt that tuberculosis was associated with
cancer of the lung unduly frequently, but practically all other workers
have felt that there was a very infrequent association hetween the two
conditions.  Unless tuberculosis and cancer of the lung are mutually
exclusive, one should find about the same proportion of pulmonary can-
cers 1 persons dving of tuberculosis (provided, of course, that the two
groups compared are kept constant in regard to age and sex) as one
finds 1 a population not dving of tuberculosis.  The necessity of the
proviso is at once apparent, since the highest absolute number of deaths
from tuberculosis is usnally among the young, and amony females. One
finds, {or example, in Canadian data for 1936 that 1 of every 8 men
who died hetween the ages of 40 and 44 died of pulmonary tuberculosis,
fet us assume that all of these had tuberculosis and that none had a
cineer of the ing arroucously diagnosed. Also 1 of every 100 men who
died at the sane age died of recopnized cancer of the lnng. One would
expeet, without any significance heing attached to the finding, that 1
of every 8 men dying of pulinonary cancer between the ages of 40 and
41 would alse have aclive tuberculosts, and that 1 of every 100 men
dying hetween the ages of 40 and 44 with tuberculosts would also have
cancer of the lung.

Chiari ' stated that from 3 o 12 per cent of patients with cancer of
the Tung have active tuberculosis,
ages dying of tumor of the Jung.

These figures deal with men of all
Again itustrating from Canadian data
and taking only men dying after the age of 40, since pulmonary tumor

12, Kevley, o]0 Drit. ], Radiol. 30:333, 1925,

13. Boyd, W.: Canad, M. A. J. 23:210, 1930.

14 1L R M BEdinburgh M. 7, 41:320, 1934,

15, Ewing, J.: Neoplastic Discases, ed. 3, Philadelphia, W. B. Saunders Com-
pany, 1928.

16, Chiari, 11.:

INlin, Wehmschr, 17:183, 1938,
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is relatrvely uncomuon before that age, we find that approsimately 3.3
per cent of men dyving i 1930 i Canadic died ot what was diagnosed
as pulmonary tuberculosis. This probably represents the minimal esti-
mate of men dying with active tuberealosis i Canadic m that vear. On
that bas's we should expect approximately 3.3 per cent of males dying
of cances of the lung aiter 40 to show, in addition to the canecer, active

Yodata. o countries i

tuberculosis, a tigure agreeing with Chiari's
which tiere s far more tubercutosis than in Canada the proportion of
patients dying of cancer of the lung who have active tuberculosis,
addition, will be far higher than 3.3 per cent; m countries m which the
tubercalosis rate is lower, the proportion will be under 3.3 per cent.

. It 15 found on examining the records of those persons with pulmo-
nary cancer who showed active tnbereutosis of the Tungs at autopsy that
the cancer did not grow w the wall of the tuberculons cavity, where the
milammatory changes weve taking place, i the majority of instances,
The tuberculosts wits move often found i the lung opposite to the one
i which the cancer developed than in the same lang, i one can judge
from the reports in which the sites of the two discases were given in the
autopsy protocol. O if the disease was present e the same Jung, it
was not in the sane lobe. Fven if the two processes are found in the
same par: of the lung, which is apparcatly ravely the case, this stll
might be due to chance association,  Most anthors, mcluding Boyd, '
Maxwell and Nicholson,* Chiary,"® Fank® THILY Hosted and Bells

mann 7 oand others, have expressed the opinion that there cannot be

demonstrated any causative influence on the part of tuberculosis in pro-
ducing cancer of the lung.  Iried ™ satd: “It s of interest that the
occurrence of tuberculosis and of cancer i the same person or 1 the
sine organ is rarely seen at necropsy.” Tlhis observation taken together
with the frequency of tubercalosis o the general population leads one
to conclude that tuberculosis does not predispose to cancer of the Tung,

Preiipionia —-The onset of cancer of the hung may simulate pneu-
moma, so that the patient may give a history of pnewmonia, which he
thinks was the cause of the pudmonary twinor. On the other hand, the
patient may have had true pnewmionia, cither antedating the silent period
or antedatiag the symptomatic peviod of the cancer, without there heing
any assactition between the two. Sinee pocumonia is by no means an
uncammon disease, one wounld expect 1o find a great 111?{%.\' 1 e popi-
et whao bave had poetmoma and recovered; therefore one waould
expect o Faed an equal percentage of patients with caneer of the lung

wha have had poeumonia withont there bheing any significance in the
17, Plustedd, B and Belimann, G Neta pathe ot microbiol, Scandinay, 14141,
1037, ' ’
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fact. Thus in Canada, 5 per cent of the men dving after the age of 40
in 1930 died of ppeamonia. For every man that died there were prob-
ably 3 men who recovered, since the mortality rate in pneumonia is or
was af that thne about 25 per cent. Therefore we can asswe that
another 15 per cent of men dying at that age had had the disease at
some cavlier dade but had recovered and died of something else. There-
fore we shonld not he surprised to fitel that about 15 per cent of patients
with pulndiharsscancer give a history of having had true preumonia,
The prewmonia mav have occurred in the sune Jobe in which the eancer
wits to develop or had already developed, or it may have occurred in
acbferent Tobe or on the opposite side, as was the case with the patient
reported by Graham ad: Siger

As to the mcidence of the history of pnemmonin in cases of cancer of
the Tung, we find the following data: Pavish ** found this history in 1
of 32 cases; Matz,® in 152 per cent of 138 cases; THIL w0 10 of 107
cases; Maxwell and Nicholson, w0 7 of 100 cases. These are the figires
e should cxpect 1 prucumonia has no relation wohatever to the produc-
tion of cancer of the hing.

1w Gassing.--1is not 1o he wondered at that war gassing has
heen snggested as a possible cause of pulmonary cancer in some cases.
There would seem to be only twa possible ways i which war gas night
cnse caneer of the lung: (1) by a direct carcinogenic effect, in which
case it would probably have to be apphied repeatediy in small doses over
a leng period, since a few exposures would probably nat indnce cancer;
(21 by the production of a chronte inflanmatory condition in the Tung
that would he carcinogenic. The first assumption carries little weight,
hecause it has not heen shown that winr gases have a specific carcinogenic
effect and hecause there 1s no history of numerous repeated applications
of them; the second reason is also without much value, sinee we have
found that none of the chronic mflannatory or degenerative conditions
which war gases caused, such as chronie hronchtts, emphysema, asthma,
activated pulmonary tuberculosis and pubmonary fibrosis, can reasonably
he Huked with the development of cancer of the lung,

cdrom datac supplicd by Matz® and by Stetn and Joslin** ou United

Sttes Veterans of the World Ware we see that, of 104 men with cancer
of the Tung, & or L8 per cent, pave @ history of having been gassed in

i

the ware Maxwell and Nicholson ' found -4 men from among about

75 to &0 the age range of World Wi veterans who had histories of
having heen gassed in the war and who also had padmonary cancer,
19, Graham, 150 AL and Singer, T 100 1A MO AL 0K 1371, 1933,
20, Parisly, T, N Practitioner 125:324, 1930,
20 Madz, PUBce T0AD M A TRE: 2080, 1938,

220 Steing b b, and Josting T T Surg, Geneel & Obst, 66:902, 1938,
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They held that war gassing has no role i cianzing caneer on the lung,
in order ‘o evaluate adequately the possible role of war gassing in the
production of eancer of the Tang we need to know the following facts:
What is the number of World War veterans living at the present time?
What percentage of these were gassed in the war? T wha number of
World War veterans has cancer of the lung developed up to the present?
What percentage of these were gassed o the war? s the pereentage
of gassed men significantly higher in the group with cancer of the lung
than in the group without cancer of the lung?  To these questions we
have no exact answers, but we have the {following data: - Approximately
4,750,000 men were accepted by loeal draft boards,  OF these, 740,000
“were rejecled at camps hecause of physical and mental defeets. Abhout
87,000 dred of war injuries and discase, leaving approximately 3,923,000
men who survived the war,  OF these, about 75,000 had heen gassed
and had survived. These figures ave taken from the Miditary Swrgeon,
of October 19362% and from Matz's® article on war gases. Thus
about 1.7 per cent of the enlisted wen were gassed and sorvived, 1
the death rate in the ensuig yvears has been about coquad 1 the gassed
and nongassed groups, we should expeet that about 1.9 per cont of the
surviving veterans have been gassed. 16 the death rate has heen differ
ential in the two groups, that figure will be higher if the gassed veterans
have not died in such great numbers, and lower i thew have died in
larger nambers than the rest of the veterans.

Stei and Jostin #2 reported that of 164 veterans with cancer of the
hing, 4.8 per cent gave a history of having been gassed. This would
appear to be two and a hall times the proportion of gassed men in the
veterans' group in general,  But il we calenlate what departonre from
the average percentage of gassed men one might expeet in so small a
sample of veterans as a group of 104, we find that, on the one hand, no
gassed men might be {ound, and, on the other, as many as .1 per cent
might have been gassed without there being any causal relation hetween
the gassing and the cancer. Therefore the 4.8 per cent found is not
far removed from the 41 per cent expected, owing to variations in
samiples of wveterans, and we can conclude that the ditference is nof
enough to suggest that the gassing played any part in the production of
cancer. Moreover, even if gassing were conceded to have induced eancer
of the ‘ung in some veterans, it would be obvious that most such cancers
developed m veterans without previous gassing ¢85 .2 gcr cont) and
also that i most of the men who were gassed cancer of the lung has
not developed—1. ¢, this Jesion has appeared in only several hunelred
amoeng a possible seventy-five thousand.

23 Grifhth, CO Moo ML Surgeon 79:251, 1930
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Qccupations i Relation to Promary Cancer of the Lung.- ~Although
many attempts haverbeen made to link the occupation of the patient
with his pulmonary cancer, these attemipts have heen unsuccessful with
the sole exception of the pulmonary cancer which occurs in the miners
of Schueeherg and Joachimsthal, in Bohemia, the incidence of which is
so high in compartson with that of cancer of the lung in other places
and so high i]la,éljllljjw):11‘is<»11 with the incidence among the neighbors wh.O
are not working in the mines that there seems (o be little doubt that this
oceupation is strongly productive of cancer of the lung. Tt is still a
dispited  point as to what the carcinogenic agent s in these nunes.
Arsenic, radioactive emanations and air-horne molds present i the
wiines have heens implicated,

Outdoor oceupations i which dust is inhaled have been thought
to he represented unduly wmong the patients with pulmonary  cancer
( Duguid *4) 1 indoor occupations have been found o he represented in
undue nwmbers (Bonser #) . Industrial hazavds (Schachter 2, labor-
ing jubs (Brockbank #Y, chromium dust ¢ Alwens, Bauke and Jonas #),
iron axide in silica dust rather than the silica itsell { Camphell #*), silica
dust (Anderson and  Dible ®; Dible® s Kiotz ), metal grinding,
expostre to coal gas in the air or to coal tar on the skin, and
the preparation and <ale of tobacco (the Kennawavs ™) have all been
brought forward as possible causes of cancer of the Tung. T all such
instances the occupation given at the tme the dingnosis of cancer 1s
made may not have been the occupation of the patient at the time his
cancer developed, perhaps twenty or twentyv-{ive vears hefore,  More-
over, one must always take into consideration the district from which
the data were deavwn. Thus, tn an agricultural district practically all the
pulmonary cancers will he found in farmers, just as will most of the
gastric cancers and most of the chronie nephritis, bnoa district where
mining is the sole occupation most of the pulmonary cancers will be
i miners, In districts where every one is working i tobaceo, all
the pulmonary canecers will he in tobacco workers, and so on. For any
ane district, the effect of occupation must be determimed by finding the
pereentage of miales of certain ages working i that occupation who

24 Dugnid, 1.5 Tancet 20111, 1927,

25 Bonser, Go ML )0 Haye, 28:340, 1920 340218, 1934

20, Schachter, Moo ] de méd. de Paris 52:700, 1932 abstracted, Am. ],
Cancer 491165, 1034,

27. Brockbank, W Quart, J. Med, 1:32, 1932,

28,0 Alwens, W Bauke, E. K, and Jonas, W, Klin, Wehasehr, £5:1854, 1936,

29, Campbell, Jo A Brit, M. ] 13755, 1938,

30, Anderson, C. S, and Dible, J. IL: J. Hvg. 38:185, 1938,

31, Dible, J. HL: Lancet 2:982) 1934,

32, Klotz, Moo Ame 10 Caneer 35:38, 1039,

A3 Kennaway, M. N, and Kenvaway, T T v, 36':3.%, 1936,
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bave pulmotary cancers, as compared with the percentage of males of
the same ages not in that indnstry who have such cancers. One must not
compare the incidence of cancer of the Tung in middie-aged males work-
g i mines with the meidence of cancer of the Tiung e all the vest of
the villagers. males and females, of all ages. One must try to keep the
two populations compared as constant as possible with respect to all
factors with aue exception, nanely, the factor heing investigated. Thus
i one is attempting to ascertain the possible offect of dusty ocoupitions
on the wedence of pulmonary cancer, one must be sure that one deals
with all those exposed to the samc type of dust, on the one hand, and
with those who do not mect that dust, on the other. Also, the distri-
hutions of the groups comparcd must be the same as to age and sex.
Third, those exposed to the dust must not be meeting some other factor
which might also theoretically be productive of pulmonary cancer, for
example tobacco smake.  Fven these simple rules are seldom followed
in ascertaining the role of any occupation in determining the onset of
cancer of the lung.

{a) Silicosis: Becnuse of the fibrosis which occurs i the Tungs
of persons atfected with silicosis, it has been suggested that this may
have a role to play o productng cancer of the lung. The chinges
induced by silicosis ares in the connective tissue rather than in the
epithehium of the bronchus, and so it is not probable that silica will
prove to be carcinogenic.

Silicosis was carefully looked for by Berblinger ™ in 50 cases of
pulmonary cancer, and no cevidence of it was formd, although silicosis
s very commoen i his district (Jena, Germanyv). That dast olaose
changes the whole aspeet of the finding. Had silicosis heen vave i his
district, his fatlure to find it would have given no indiention of any
possible lack of relation hetween the twa, Hill Y found no velation
between silicosis and cancer of the Ting m s cases or in reviewing
the hterature. 1f the cases of pulmonary cancer are ina district where
there 1s a high incidence of silicosis, we should Hind the two oceurring
together with some frequency s if the cases are moa district where there
is httle silicosts, we should expeet the two conditions to be assoctated
sehdom 1 thov are not causally related. That the conclusions drawn
from the incislence of these two diseases must be carefuf t@ioolled
statistically 1s pointed out in an editorial iw the British Medical Journal

m a discussion of the cases of Aunderson and Dible™  These anthars
found a high silica content in 12 of their 70 cases of pulimonary caneer,

as compared with 48 cases used as contrals. The editorial points ot

34 Berblinger, WL Ml Khn, 27:1337, 19315 abstracted, Abn, I Cancer 16
439, 1032,

35 Stheosis and Pulmonary Carcinoma, editorial, Breit, N T0 20411, 1038
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“that even il their conclusion s correct, that silica plavs a role in causing
pulmonary cancer, the conclusion is not justificd by the material they
had. Tt goes on tégay that such a conclusion would be justified only i
there were a series of almost 3,000 controls, this figure being based on the
incidence of primary cancer of the hung in the general population.

Kotz " found pudmonary cancer in 8 per cent of his series of 50
cases of silicosts, as contrasted with 117 per cont of 4,500 “unselected”
autopstes whkeh hﬁ- used as controls. The latter group of autopsies were
apparently on patients of 15 years and upward, as it did nat include
the autopsics of the pediatric service,  The ohjection to conclusions
hased on such material is this:  Tn using unselected antopsies, perhaps
to obtam a so-called random sample, the control material was most
disstunlar from the cases of siticosis under review.  Among the subjects
of mselected autopsies would he a birge number of {emales, while the

paticnts with silicosis would be entirely or almost entirely  males.
Cancer of the hung is most frequent in males: therefore one would
expeet to find more cases of cancer of the lung among patients with
stlicosis than among the subjects of autopsies in general merely on the
hasts of unequal sex distribution.  Again, the patients with silicosis are
for the most part m the middle age group or old age group, for it takes
vears far silicosis to develop, Cancer of the lung s most {requent
alter 40, The subjects of unselected antopsies will include many patients
e age groups well below 40, an age at which cancer of the lung is
infrequent,  On the basis of age distribution we should expect to find
more cases of cancer of the lung among patients with silicosis than among
unselected subjects of autopsies. Finally, there will he variations in the
percentage of cases of pulmonary cancer from group to group of autopsy
cases, even when these groups are standardized for age and sex; these
vaviations arc attributable merely to the difference in samples of the
population i each case,
It may be that IKtotz's #* conclusions are correct and that pulmonary

cancer is more frequent among patients with silicosis than among a

group similar in age and sex but without sihcosis, But we must reject

s conclusions as unsound until he has compared his silicotic patients

with a group of men of the same age distribntion as the patients with

sthicosis and made due allowance for possible variations between different
samples of the population.

(0y Ashestosist Few cases of ashestosis associated with primary
cancer of the lung have heen reported (Fgbert and Geiger; * Hornig *7).
IHere again we should expeet to find the two conditions associated in
the same person in some eases, on chanee distribution alone. Since

36, Egbert, DS, and Geiger, AL Jo0 Am. Rev, Tabere, 34:143, 1936,
37, Hornig, 100 Zischr, {0 Krebsforseh, 47:281, 1938,
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ashestosts occurs in men of middle age, cancer of the tang may he found
in these patients in a higher percentage than in the general population,
but we have no proof that it is found in greater percentage when a group
of men of similar age from the general population is used as the
sandard,  The criticisim that was made with respect to Klotz's dati
on silicosis may be made also of the data of Tyneh and Smith Tyneh
an<d Smith have reported that in 2,343 consecutive necropsies over a
period of twelve years cancer of the Jung was found seven thnes, an
cidenice of 0.3 per cente In the 35 cuses of ashestosis, in some of which
the lesions were very mild, cancer of the lung was jound twice, an
incidence of 5.7 per cent. Are these values signficant, they asked,
or s the sample of cases too small? Before such figures can he of any
vacue, they must select from their 2343 consecutive necropsy records
orly those on males, swee their 35 cases of abestosts donbtiess all relate
to males. They must then select from these vecords on males only thosce
o males i the age range of the males with ashestosis. When this is
dene, it will be easter to decide whether the inctdence of  pulmaonary
cancer s higher aimong patients with ashestosts than it s among those
without ashestosis,

(¢) Pneumonnconiosis: Other dusts hesides silicn ave said to cise
cancer of the tung, There may he much or little dust, depending on
the occupations of the patients with cancer of the hang and on the distriet
in which they live; rural patients witl have Bttle coal pigment, while
residents of industrial eities ke Puttsburgh will all have a great deal.
Southt African miners have a high incidence of pnemnonocaniosis but

' examined

a low incidence of cancer of the Jung.? Vorwald and Karr®
the records of 15,887 persons who had long been exposed to dusty
armospheres and found that only 3 of them had cancer of the Tung. He
stited that the dust must he carcinogenic before its presence will mduce
cancer of the lung, Arkin and Wagner ** and Berblinger * hoth found
pneumonocoiosis rare in thetr series of cases of pulimonary carcinoma.

(d) Tarred Roads: Dusts and emanations from tarved roads have
heen said to be responsible for the merease of pulmonary cancer noted
i the last two decades (Campbell *'), hut workers in Russia, where
tarred roads are few, have noted the same jucrease i cancer of the
jung as has occurred in other countries. Husted '™ in Denmark, found
that patients with primary cancer of the Jung €ar®®in about the same
proportion from areas where there were no tarred roads as from arcas

AR Taneh, KON and Smith, Wo A Amy ] Cancer 36:507, 1039,
39, Vorwald, A. ] and Karr, J. W Amu b Path, 14049, 1038
40, Arking AL and Wagner, DO T0 A M AL 1065387, 1930,

41 Campbell, )0 A Tancet 1:233, 1934, )0 Indust. e, & Toxicoll 3190449,
1437,
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where tarring had been carmied out. Doyd ™ found no evidence that
tarring had played auy rvole in his 14 cases. Valade ** pointed out that
the conclusions which Campbell ' veached as to the efficacy of this type
of dust in causing cancer of the lung were hased on the reactions of mice,
which praduce @ high number of spomtancous pulmonary cancers, and -
that what might be carcinogenic for mice need not be so for men. We
may conclude that there is no demonstrable proof at present that any
form ol dast has any role in producing cancer of the hang, for it has not
been demonstrated that pneumonoconiosis is present in the lungs of
patients with pulmonary cancer i any higher proportion than in a
un'n'.s')n)ﬁ‘ﬁ?ﬂg@ﬁmnp of the general population,

o

(nther agents, such as roentgen ravs, tobacco smoke and motot
exlinst Dunes, have beens suggested ax possible conses. The suggestion:
that roentgen ravs are a cause is almost absurd, for the probabilities
are that only a small pereentage of those in whom cancer of the lungs
s developed ever had their chest under roentgen ravs hefore they came

for dingnosis of their cancer. Motor mechanics working in garages
where there ts an abundance of exhavst fames are satd to show no higher
mcidence of pulmonary cancer than the general popufation, and Camp-
bell % stated that exhanst gases from internal combustion engines do
not merease puhmonary cancer i nuce. Tobacco smoke might be one
factor in the increase of pulmonary canc®.” The habit is one which
permits long-continued application of the smoke to the bronchial
mucosa; i s or at least was, a habit more prevalemnt among men;

there are two possible agents which might prove (o be cancer producing,
namely, heat and the dervatives of tobacco. There are those wha
point out that the merease in the consumption of tobacco parallels the

merease in the incidence of pulmonary cancer, This may or may not

have significance. 1 tobaceo §s a factor, i€ must be proved that deriva-
tives ol tobaceo are carcinogenic ar that the vepeated application of
heated smoke is conducive o cancer. MeNallv # stated that the tar
i cigaret smoke contains enough chemical irritants to account {or the
merease i cancer of the o Roffo * Jound among a gronp of 5,000
cancerows wormen 42 wha exhibited cancer in what he ealled the “smoke
stream,” namely, the lips, tongue, jaws, farynx and pharynx. All of
these women were heavy smokers. He found that the products of

birnt tohaceo produced carcinoma when painted on rabhit cars, and
fie feels that there are probably many aromatic substances in tobacco
that are carcinogenic. Ths findings are sugeestive. But the increase

20 Valade, MU cied i Carcinogenesis in the Lune, Amnotations, Tancet
1, 1039,

1:321,
S Campbell, JoA B 1 Bxper, Path, 17: 146, 1930,

!
32
44
JMeNalhy, WO Do s 1 Cancer 168213020 1932,

A5 Ruoffo, VoA L Dentsehe med. Wehnsehr, 6311207, 1037,
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in cancer of the luug should be nuch greater among femides than among
males, sivce smoking has wercased among women far more rapidly in
the last two decades than it hag anmwong men. Dara publisbed by the
Metropolitan Life Insurance Company ** show that the incidence is not
greater among fomales. The rates among the industrial policyholders
of 45 1o 74 vears of age show that in 1917 the rate for pulmonary
cancer among females was 2.5 per hundred thousand, This rose to &
per hundred thousand i 1938, an ncrease ot 220 per cent. The rate
for cancer of the lung in males rose in the same period from 3.2 to alimost
23 per hunilred thousand, an increase of more than GO0 pev cent. Their
convlusion 15 that 1t appears doubtiul that smoking s a factor n causing
cancer of the luog.

Countrolled observations over a longer period are necessary to settle
this point.  Tnvestigators must not rest conteut with finding that o high
percentage ol patents with pudmonary cancer are tobaceo simokers;
they wast find that the percentage of smokers o this group is sig-
nificantly higher than that i the general population of a simirlar age
and sex disiribution,

When we review all the theories on the cause of pulmonary cancer,
we hud that not one supposed cause bas been proved 1o he a real cause
and that none of the alleged causes has bheen investigated with sulli-
cient statisuical accuracy to enable the obscrver to pass an opinion carry-
mg any weight.  No one cause, 1o sumt of causes, no commnn factor
in them, namely, chronic irritation through inflammation of the hron-
chial mucosa, has been demonstrated to occur with any greater irequency
in patients with cancer of the Tung tha in o group {from the general
population of comparable age and sex distribution at a tie sufficiently
long helore the onsct of the cancer that it may be wterpreted as ante-
dating this rather than ollowing it Natwrally, any condition which
is a4 sequela of cancer of the luug may be found more [requently in
patients with pulmanary cancer than in persons not affected with this
type of caucer. Such a condition when obviously the result of cancer
of the lung must be excluded fromy a discussion of the latter's causes,

{¢) Schineeberg Miners: The high frequency of cancer of the lung
among the winers of the Selmeeberg and Joachimsthal valleys has heen
recognized fer many years. It scems that this occupation ts one which

does enhance the incidence of pulmonary cancer bvymlé’ that known
elsewhere and apparently heyoud that of the neighbors of the vallevs
who do not work in the mines. Thus Pirchan and Sik147 stated that
12 of 19 Schnecherg miners dyving in 1929-1930 had cancer of the lung
at autopsy.  Of 12 miners dving e 1932, 9 had a elinicdl dingnosis of

46, Cancer of the Lamg a Growing 1Tealth Problem, Statist, Bulll Metrop, Life
ins. Co. 20:7, 1939, a

47, Tivchan, AL and Sik], IE o A ], Cancer 168:081, 1032
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prdmonary cancer. Sk reported similar heures for the miners ol
Joachimsthal. OF 15 miners dying in cighteen months, autopsies were
carried out on 105 of these, 8 had carcinoma of the Jung. The average
age of these men was B, and the average period ol exposure in the
mines was seventeen yvears.  Phis incidence of cancer of the lung has
not heen equaded anywhere clse in the world. T'he cobalt, the arsenic,
the dust, the radioactive emanations all bave been ineriminated.  Sikd ™
stited thagmeclaynical analysis of the tungs showed no trace of important
foreign clements. The test for radioactivity was negative, although
he Telt that radioactive emanations in the mines may have @ part in
producing pulmonary cancer. Maisin * quoted de Laet as saving that
1w Belgium pudmonary cancer has not developed in workers in radium
although they wear no masks and are covered with and breathe the dust
of the works all the time. Towever, the plant had been i operation
only twelve vears at the time of de Taet’s report.

J

OF miterest in this connection are Martland’s * findings m workers
with radinm pamt. The girls who died of osteogenic sarcoma were exhal-
mg radioactive atr, as shown by tests, yvet none of them presented cancer
of the Tung. A whole series of questions to which we have as vet no
answers, wd may never have, arise. I the rudionetive emanations in
the arrin the Schuceberg mines ave responsible for cancer of the lung,
why did the radiwm pamnt workers 1 the United States die of bone and
not fung tumors, expecialiv as it was shown that the lungs were exposed
to radioactive emanations 2 May it he that there is an inherited factor
for cancer of the Tung in the Schneeberg miners which has been increased
through Tong-continued inbreeding in these rather isolated mountain
valleys with a swall population and that the carcinogenic agent in the
mines  (whatever 5 may he) enbances an alveady present tendeney
toward pulmenary cancer? 15 it possible that, taken i small doses,
the radioactive substance mduces pulmanary cancer, whichh may have a
long Tatent period, whereas radinm taken in presmmably larger quantities,
as 1y the case when radinm paint is swallowed, may induce hone tunors,
with a shorter latent period of development 2 Thas these vietims would
dic of osteogenic satcoma before they had time to develop pulmonary.
caneers. Certain it s that although the mimers have a very high incidence
of cancer of the tung they do not have a high incidence ot those chronic
pulmonary conditions which are supposced (o predispose to cancer of
the lung.,  Thus Pirchan and Sikl*7 said that of the 9 men with clin-
ally dingnosed caucer of the lung, not one bhad a history of chronic
pulmonary discase that was not directiy related to the onset of the
cancer.

48, Sikl, e Ztsche. 1 Krebsiorsch, 32:600, 1930,

49. Maisin, J.1 Cancer, Bruxelles 11:111, 1934 abstracted, Am. J. Cancer 28:
164, 1936,

50. Martland, 11, S, Am. J. Cancer 15:2435, 1931,
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Throughout this discussion we have repeatedly emphasized that it
makes no difference how great 1s the percentage of patients with cancer
of the Tung who point te any particular discase i theiv past histovy,
provided that a simularly great pereentage of the general popudation has
had the same disease. Thus if the cancerous patients come from a region

in which the whole population has bad measles, cvery patient with
cancer of the lung will give a history ol neasles. 1090 per cent of the
population past 40 have had tubereulosis, Y90 per cent of the patients
with cancer of the lung will probably give a history of tuhereulosis,
If (he main occupation in the distriet s farming, most of the patients
with cancer of the Tung will be farmers, but 17 mining s the mam
industry, most of the patients with cancer of the hing will he miners,
This fact ha- been little appreciated by those who argue that becanse
25 or 50 or 75 per cent of paticnts with cancer of the lung give a history
of a particular discase that disease must be carcinogenic; hence we shall
try to present thus matter more in detail at this point.

In the accompanying chart the first rectangle represents o thearetic
population.  One fourteenth of them (black bav at the top) is chavac-
rerized by having a certain discase, X. The subsequent vectangles
reprosent those portions of the population which have had some other
condition, Thus in rectangle 2 we might indicate those who had had,
for example, chronic bronehitis; i 3 those who had bad influenza; in
4, those with arteriosclerosts, and so on. We will assume that none
of these groups overlap. Now it will be seen that one fourteenth of
the population m rectangle 2 also has disease X, the same proportion
as was present in the general population. This is true of the groups
represented m rectangles 2 to 00 The group in 7 shows o much higher
concentration of N patients than do the other groups, while the group
in & has fewer N patients than has the general population, From such
a dingram one would be justitied in looking on the group in 7 as
probably peculiandy susceptible to disease N, while those in 8 would
be constdered relatively inumume, We are assiming in this example
that =l the groups arve comparable as far as sex, age and ather signi-
ficant factors are concerned,

Now et us arrange these same data in rectangle 9, which represents
the popudation affected with N which is one [GfriedmnL o the total
population,  IHere we see that three groups cach have a Tourth of the
patients with discase N These are 2, 3 and 7. Group 4 has an eightly;
group 5, one sixteenth, and groups O and 8, cach a thirty second of all
X patients. 1T we looked at this column without viewig the data o
colms T o 8 we should be very Dikely (o conclude that groups 2, 3
and 7 are equally suseeptible 1o N and that groups 6 and ¥ are the most
immune to this disease. The fatter conchisions would, of course, he
wrong, as the datain the rest ol the diagram clearly show.,
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It is i the latter form that the data dealing with the cause of pul-
monary cancer are ustally presented. We are told that a certain per-
centage of patients with cancer of the lung give a history of chronic
hronchitis or of mlluenza or of some other condition, and 1f this per-

centage 1 high, it s asswned that the discase named s an important

2 3 4 567 8 J

RN R Bh R m f’—q f

BRINIRRE

L The soneral population is represented in rectangle 1 Those with a history

of a disease which we will eall X oare shown by the black bar at the top. This 1s
one fonrteenth of the fotal avea of veetangle 1o Al percentages in this figure are
of course theorctio and are nsed merely for purposes of demonstration.

20 s vectingle represents the proportion of the total population, namely, 23
pev cont, which bas had chironic bhronchitis, Note that one {fourteenth ol this group
alse Biave N

L This vectingle vepresents those in the population, namely, 25 per cent, who
have bhad nfluenza, One fourteenth of them have X

40 This rectangle represents those in the population who have arteriosclerosis,
namely, 1225 per cent. One faurteenth “of them have X,

S, This reprosents the part of the papulation which has astiua, namely, 625
par cent. One fourteenth of them have N

6. This represents the part of the population with a history of war gassing,
namely, 312 per cent, One fourteenth of them have X. Because X has developed
i the five groups 2 to 6 in the siie proporon as in the general population, we
cannot assign a specific role to any of these conditions in the production of discase N.

7. This is the part of the population who are miners of radinactive ores, namely,
312 per cent. Here the incidence of X is cight times as great as that {found in
the general population or in the five preceding groups of the population. 1t appears
that some factor associated with mining of these ores is productive of X, But
heeause not all miners have X, and because many who arc not miners do have X,
other factors besides the mining of these ores enter into the cause of N.

8. This 1s the part of the population which has a history of tuberculosis, namely,
25 per cent. The incidence of X is much lower here than in the general population, as
if some factor inhibiting the development of X was present in this group.

Y. This rectanple shows the part of the population in which X develops. One
fourth of these have had bronchitis, another fourth influenza, another fourth
expastire to radioactive ores. One eighth have arteriosclerosis, one sixteently have
asthma, one thirty-second have had tuberculosix, and oue thirty-sccond have been
war-gassed,  Data in the latter form arce usually used to determine the importance
of any specitfic disease as a cause of cancer of the Tang, 1t s assumed that all the
croups i the rectangles 1 to 9 are of the same age and sex distribution and that
no group in any rectangle overlaps that in any other. '

vetstn s e R
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causarive iactor in producing carcinoma of the lung.  If the percentage
15 low, it s assumed that the disease has no signiticance 1 the cansation
of cancer of the lung. The diagram in figure 1 shows that it 15 only
when the disease in question is found 1 a much higher pereentage of
the proup with pulmoenary cancer than of the general population that enc
can consider that it has an etiologic role in producing pulmonary canceer.

But even this 1s not enough. 1t is necessary that the group in the
general population which we are using as a control for the puhvonary
cancer poputation be comparable to the Tatter in all respects exeept that
the general group does not have cancer of the lung ; otherwise one might
find that the group with cancer oi the lung had the condition in question
i a higher pereentage than had the gencval population without there
bemg any significance in that fact. Lor example, some of the veterans
of the World War are asking {or compensation for cancer of the lung,
which they claim was brought on by the chronic pulmonary diseases
which they contracted through exposure encountered during nnlitary
service,  Now how might one go about settling the justice o snch a
claim?  One might sav, “The incidence of pulmonary cancer among
war veterans 1s much higher than among the geneval population, there-
fore it must have been the hardships of military serviee which caused
this increase.”  (We are assuming for the sike of the argumuent that
i 1s more freguent wmmong war vetevans,)  Bot the wiar velerans are

all males, and the generval population holds more {emales than males.

Hence an adjustment Jor sex would have to be made so as to make hoth
groups comparable.  Next, the average age of the war veterans lies
between <5 and 60, while the age of the general population will range
all the way from birth to J0O vears. The two groups must he made
comparable as far as age is concerned,  Then one might arcne that
alibough the hardships of military service did not actually cause pul-
monary, cancers they caused these lesions to develop mnel carlier,
because the age at which the cancers were developing 1o the veterans
was much younger than that of the patients with such caneers in the
general popudation. But again the age distributions in the two groups
are different, the ages of the veterans heing concentrated in the range
from 45 to 60, while the general population has those under 45, among
whom pulmonary cancer s not frequent, and those from 60 on, among
whom it 1s frequent. Hence only those among the vAHert®i® who were
destined o get cancer of the lung at vounger ages would e included
m the veteran group.  Those 1 whom it will develop aiter 60 are
not included, since the veterans have not yet reached 60 vears and
over. Jn this way the average age at which pulmonary cancer devel-
oped i the veterans would he less than that at which it develops in
the general population.
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SUPTOSED ENVIRONMENTAL  FACTORSD A GENERAL DISCUSSION

The mtroduction ()1'3':{:“!;()1151'(_1«'1':1{1'()11 of experimental work into a dis-
cussion of carcinoma of the-human lung may seem irrelevant, but it is
not really so. For a few decades the experimental production of car-
cinoma by so-called chironie irritants lent strong confirmation to the
iden that chronic irritation was the sine qua non of all cancer,  Thus
when no “\‘““"“535_.}1"“!”(‘- irritant was found, it was asstmed that it was
present anvway, as wilhess the citations at the beginning of the paper.
The evident irrtants were mechanical, thermal, chemical and bacterio-
logic agents. Somctimes it was stated that it was not the irritant but
the chvonie inflammatary changes set up by it that produced the cancer,
In recent times, however, we have come o look on carcinogens as
mvolving more specific agents,  Certain vivuses, such as that of Rous,
have been shown to be the cause of certain definite animal {wmors.
specihic chemiteal bodies, such as dibenzanthracene and the estrogens,
have heen shown to produce carcinoma on repeated application. Much
depends, apparentlv, on the chemical formla; comparatively minor alter-
ations i the structure of the compound mean wide alterations in the
carcinogenic power. G\ large hiterature has growu up around these
carcinogens (Cook,” Andervont »* and others).

It has been Tound experimentally that vot all chronie irritants pro-
duce cancer and that some of the highly carcinogenic agents are not
irritating, that what may be carcinogenmie for ane animal need not be
for another animal or even in another strain of the same aniwal, and
fimally that what 15 carcinogenic for one organ i an animal need not
be productive ol cancer i another organ of the same antmal,

Fet us illustrate these points briefly.  Some marked irritants, such
as mustard gas, are pot cancer producing although they cause ntense
inflanmnatory reactions (Visser and ten Seldam #). Again some highly
carcinogenic chemicals ave nonivritating when applied to the skin
{Andervont # ). Tar painted on the skin of rats did not produce cancer
of the skin, while il painted on mice or rabbits 1t did cause such cancer.
The same tar pamted on mice ditfering in their genetic susceptibility
produced cancer of the skin in highly suseeptible mice and failed to
produce cancer i highly reststant mice (Krevberg #). Tt is of interest

51 Cook, T W.r Proc. Ray, Sec, London, 1 £31:485 1932,

52, Andervont, L Bo: Effect of Bacterial Products on Growtli of Malignant
Tumors, in A Symposium on Cancer, Madison, Wis, University of Wisconsin
Press, 1938, p, 54,

53 Visser, J,, and ten Seldam, R. 1 T Geneesk, tijdschr. v. Nederl.-Tndié
77:3002, 1937.

54, Krevherg, 1.0 Genetic and Constitutional  Aspects of Spontancous and
Induced Tumors, in A Symposium on Cancer, Madison, Wis,, University of Wis-
cousin Press, 1938, p. 183,
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that cutton wule spiuners suifer from cutancous cancer due to the con-
stant spraying of the skin with hguid petrolium, whereas they do not
exhibit cancer of the lung in any increased percentage although they con-
stantly mhale air in which the same otl is present in the form of fne
spray  (Simpson **). Chimney sweepers had a high pereentage of
concer of the skin, vet the constint inhadation of an atmosphere con-
taiming the same carbon particles as caused cutancous cancer did not
Jead to cancer of the lung.  Injections of estrogens are productive of
cancer of the breast and of the uterus inanice but not ol cancer of the
gastrointestinal tract or of the lung.

Thercfore it can be stated that before any condition, such as chronic
pulmenary disease, can bhe regarded as producing cancer it must he
_proved bevond doubt that (1) the coundition is capable of producing
cancer apart from any ability to cause chronic mflammatory change, (2)
that 1t is capable of producing cancer in the animal under discussion
and 4) that 1t s capable of produeing eancer i the specibic organ in
guesticn. Merely (o show that a condition mduces chrome inflamma-
tory clianges i an organ is no longer suthcient, for it 1w known that
chronic flammatory changes can exist for long periods without pro-
ducing cancer and also that cancer “ean ocewr with no reasonable evie
dence of preceding inflammation --for mstance, i retinal hlastomia shortly
after hirth,

PROBABLE ROLE OF HEREDITY 1IN PULMONARY CANCER
Although specific carcimogens can prodioce cancerous changes, arc
the conditions mentioned eavhicr in the paper shown (o be carcinogenie?
Tt has been assumed that they may be because one has no other expla-
nation of pulmonary cancer il one insists on the presence of extrinsic
factors as the sole causative agents of all cancers. But cancer is a
problem of {ailure of ditferentintion, ol organization and “of growth;
differentiation, organization and growth arc problems of the inherent
niakeup of the cell itseli and of 1ts ability to atilize certiin chemicals
in its actabolic processes. Therelore one should not overlook the fact
that “idiopathie” alterations in the inherent makeup of the cell may
he responsible for cancerous changes without the intervention of anyv
carcinogenic agent. 1o other words, the cancer may arise through
bereditary causes. 1t is known that under the infruc® of hereditary
determiners descendant cells of the origmal zygote ditlerentiate nto
cells with quite widely differing potentialitics,  Absence or alteration
of these determiners for normal differentiation may also be hereditary.

Thus the alterations necessary for changing a normal ccll into a cancer

celb may be under the acgis of determiners ocated s the germ plas.

S5 Simpson, S, 1.0 Quart. J. Med, 22:413, 1929,
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This alteration sui generis may come about through two different -
mechanisims, One may he o somatic muatation, . c., a sudden departuare
from the normal Tae of cells from which the alicred cell sprang, which
departure then becomes hereditary for all cells descended {rom that
origingl mutating cell,  That such a mutation should occur would be
wholly anexpected, since there was no factor in the original fertilized
germ cell from which the individual came which played a vole in deter-
mining theggaengrence of the mutation. The patient with cancer of the
lung 1u this case would not have come from a strain in which factors
in cancer of the lung were inherited, nor would he be liable to have
more oftspring in whom caneer of the Tung would develop than a person
without cancer of the lung.

The second mechanism would be ane 1 which the tendeney to alter
mto a cancerous cell would have been inhertted, being due to factors
resident 1 the fertilized gernv el Just as there are inherited factors
which guide the destiny of the entoderal cells which forin gut, then
bile duct, then diver, so that this development proceeds normally in an
orderly fashion at definite times i the fife of the embrvo, the times
differing depending on whether the embryo comes from a mouse, a dog
or a human ovam, and just as there ave inberited factors which permit
cartilaginous developuent at the epipbysial Jines for so many years in
the human humerus but for a different number of vears in the fenur
before the cartilage cells cease proliferating and allow hone growth to
cease, so there may be inherited factors which pevinit cells in a specific
Iocation af a specific time in the Iife history of the individual to alter
and hecome caneer cells,

What prool have we that these last (wo mechanisms are possible
and that not all cancer nor indeed all pulmonary cancer needs be inter-
preted as avising through the ageney of oxtrinsic carcinogenic factors?
First, with the single exception of the pulmonary cancer of the Schuee-
berg and Joachimsthal niners, we have no adequate proof that cancer
of the Tung 1o man s caused by extrinsic factors, This is negative
evidence, but it should he of value in {orcing us to hunt for other
causes of dnman pulmenary cancer before we accept all pulmonary
cancer as heing due to external agents, For the idea that sporadic somatic
mutations or hereditary alterations are frequently the cause of cancer
of the human lung we have the {following mdireet additional evidence.
The vast majority of such cancers in man appear to rise from one
point of origin, as would be expected were a somatic mutation the
cause, whereas i external agents acting on the fung were responsible
we should expect that the tumors would be multiple and over both
lungs. Thus tumors mnduced in mice by hydrocarbons are not bron- .
chiogenic as in man, but subpleural, and may be multiple rather than
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single, and may be bilateral.  Sccond, we know that mintations do oceur
i the germ cells and that the cells with such mutations are then
propagated as a new Hne of individuals.  There is no reason {o suppose
that matations are liited to germ cells alone and that sueh mutations
could nat occur in any somatic cell in the body.

IHave we any evidence that definite hereditary factors may he present
in the germ cell which cause cancer of the lung to appear at a definite
time i the life cycle of the individual?  As far as caucer of the lung
is concerned we have no human pedigrees that would prove it to he
mherited, and again the evidence must he indirect.  Cancerous altera-
tions of cells have been found to be inherited in straing of manuuals
which experimentation is possible. The type of cancer produced by the
strain is mwore or less constant.  Thus there are strains with a high
incidence of pulmonary tumors (Lynch®¢), others with a high inci-
dence of mammary tuniors and others with a high mcidence of hepatic
tumors.  There are strains of mice in which several types of tumors
may be capable of developing but which fend to dic of the tvpe devel-
oping first, thus obscuring the other cancerous potentialities.  Since
man hiologically 1s much more closcly identified with other mannuals
than he is diferentiated from them, it would be reasonable to suppose
that 1f cancer shows dependence on hiereditary factors in mice the sune
will be true for man, although the actual mode of inheritance way differ
widely in the two species,

In rectal, gastric, mammary and uterine cancer in man we sce good
evidence that related members of a family tend to reseble cach ather
niore closely i the production of these tumors at a definite thue in
thewr life than do uarelated members of a0 community ( Mackhn 9703,
This suggests that herveditary factors play a predominant yole in many
i not 1 all of these tumors. Cancer of the lung was seldom reeng:
nized, Lefore 1900, Hence, even if it were inherited and transmitted
according to a simple scheme so that one would frequently enconnter
iamihal cases, we should not have many records of familial nstances,
owing 1o the fact that pulmonary eancers in the preceding generations
remaincd undiagnosed. ’

Finally, we may use the evidence furnished by tumors in twing
(Macklin #y . True we have no records of pulmonary cancers in twins,
but stice cancer of the lung is like all other (“’11]:‘%1’5(&%‘;{(‘(‘[1{ that 1t

occurs in the lungs mstead of elsewhere, we may not e asanning oo

much when we use tumors in twins to show that cancer and hence
pulmonary cancer may be inherited. 1 one examines records of can-

56, Tovneh, C. J.o T Exper. Med, §8:747, 1931,

57. Macklin, M. T.: (o) Familial Treidence of Cancef, in a Svmposinm on
Cancer, Madison, Wis,, University of Wisconsin Press, 1938, p. 32; (2) 1. Meredity
341277, 1940,
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cers i monozvgotic and dizvgotic twins, one finds the followmg facts:
Monozyeote twins, with an identical inheritance, resemble cach other
fav more oftenin hothshaving a cancer and having it in the same organ

and at about the same time of life than do dizveotic twins, who may

have with vespect to cancer either an identical or a different hevedity.

This s true even when the dizygotic twins studicd are all of the same

sex, thus elnuinating  differences i environment duce to occupation

which are present when the twins are of the opposite sex. This would

indicate that €Toxh somatic mutations may be vesponsible for some

cancers they are probably not vesponsible for all, for it would be very

vave Tor adentical twins (o have an adentical somatic nuuation in the

smne organ at about the same age were that mutation not under the
puiding mtluence of heredity.

To sum up, then, 1t would scemr that the so-called chronic irritants
supposed to be responsible for cancer of the lung have not been proved
to he canses of such cancer, simee (1) many have cancer of the lung
who are not exposed to these chronie irritants, while {2) many exposed
to them never have cancer of the tung. Until such proof is {orthcomivg,
mvestigators are closing their minds to other, perhaps fruitful possi-
bilities by msisting that hecause specific carcinogens are responsible for
caneer ol the Tung 1 some instances they must be 1 all, Such an atti-
trde 35 ng more veasotable than to state that hecanse diabietes develops
i an animal from which the panereas has been removed, all diahetics
are without @ panereas, Sporadic mintations and hereditary influences
may and most probably do oplay a large vole i causing puhuonary
cancers asowell as other types of malignant growth,

SUMMARY

In conclusion, then, we may say that none of the specific diseascs
or conditions causing chronic inflaumation of the Tungs ean be said to
have been proved to he causes of cancer of the lung.  They have not
been shown to he mwore common in patients with pulmonary cancer
than i a group of the general population of similar age and sex, and
until o signifieant difference can he found hetween their incidence in
those with pulmonary cancer as compared with those without pulmo-
nary cancer their causal relation to this tvpe of cancer will remain
purcly speenlative. This, of course, refers to chranic inflammatory
discases which have antedated the cancer by a sufficient number of
years so that they cat he excluded from heing interpreted as the result,
not the canse, of the cancer,

Chronie drritation, especially in the form of chronic inflammatory
disease, as acanse of pulmonary cancer has heen assumed : the idea has
been copied from text to text, repeated from author to author, with
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fitde evitical analysis of its possible role. bomatie mwtations and beveds-
tary factors amust be considered and thetr probable vole i cansing
cancer of the lung recognized,  I'rue carcinogenic agents for the pro-
duction of ¢cancer of the g will no doube be found as modern industry
expands s use of chemicals, But, as somie types of cancer will develop
moone seveuth of mew over 40 wand sinee about one f(ifth of Al can-
cers e males are i the Tungs, one thirty-0ith, or about 3 per cent, of
all men over 40 will die of this type of cancer. There may be an
merease 11 the incidence of cancer of the g i any industry heyond
the maximal rate {or cancer of the lung o the general population, hut
one can never state that any patient would not have had cancer of the
tung had he not been o that occupation. Thus even with the presence

of carcinogenic agents admitted, their role in causing cancer of the lung
cannot be proved i any individual case, nor e they be said 1o be
100 per cent effective, since o certaan pereentage of persons exposed
to the carcinogentie agents would have had pulmonary carcinoma even
without this exposure. The effectiveness of any carcinogenic agent in
producing carcinoma of the lung can he judged only by the fnerement
of tncrease ol carcinouia of the lung ta large groups, wol by ils total
mcidence, 10 is therelore mupossible to assign 1o any extrinsic factor
an absolute role n carcinagenests in ;nf_\" mdividual case.
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