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SIGNIFICANCE OF INDUSTRIAL CANCER IN THE
PROBLEM OF CANCER

w. C. HUEPER, M.D.
NEW YORK

HE study of occupatiohat eancer is of eminent significance for the

control of human cancer in general. As occupational cancers result
from exposure to certain more or less well defined exogenous agents,
they represent chance experiments on cancer in man conducted by
modern industry on a large scale and thus are human cquivalents of
experimental cancers in animals.! In view of the known differences
existing in the susceptibility and reactivity of various species to the
numerous recognized physical and chemical cancerigenic agents, indus-
trial cancers possess the great advantage over experimental cancers in
animals that they permit the direct stady of many of the most iniportant
and fundamental aspects of cancer in the human arganism, such as the
action mechanism of the different physical and chemical carcinogens,
the character of the local and systemic reactions associated with the
process of cancerization (shifts i the mineral, lipid and vitamin con-
tents of the cells acted on, qualitative and quantitative disturbances
in the enzyme and vitamin activity, endocrine function, steroid metabh-
olism, chemoimmunity reactions and metabolization and detoxication of
the carcinogenic agents), influence of age, sex and race, hereditary fac-
tors, diet, role of periods of exposure and latency and of procancerous and
anticancerous mechanisms and the factors responsible for multiplicity
of cancers and systemic cancerization.

It is obvious {rom these considerations that a thovough, extensive
and continued investigation of occupational eancers through a study
of man exposcd to known occupational cancerigenic agents or aflccted by
industrial cancer would be of utimost benefit for a better understanding
of the conditions which mav cause cancer in man and of the measures
which may prevent such developmenis.

There 1s a sceond pmportant reason calling for an appreciably
increased interest in the problem of occupational cancer i connection
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with the general problem of cancer. The rapid and enormous growth of
modern industry and its vast diversification during the last five decades
has been accompanied by a considerable rise in the absolute number and
by the appearance of many new types of industrial cancers.  This
development reflects an important biologic maladjustment of civilized
man to his new artificial industrial environment and represents a striking
illustration of the momentous role which exogenous environmental
agents apparcently play in the causation of cancer in general.
Experimental and clinical evidence obtained during the last few ycars
makes it likely that new industrial carcinogenic agents and herelofore
unknown types of occupational cancers will be discovered in the next
few years in American industries. This development is foreshadowed

"by recent observations indicating that certain types of industrial cancers

which in the past were observed exclusively in European plants have
made their appearance in American factorics. Moreover, American
investigators produced cancer in animals during the last few years by
the exposure to carbon tetrachloride, ethyl carbamate, dicthylene glycol,
beryllium and ergot, 1. e., substances extensively used in industry and/or
for medicinal purposes. :

It seems to be fair to compare present knowledge as to the causation
of cancer in man with that available on the causation of infectious dis-
ease during’ the days of Dasteur and Koch. There exist good reasons
for assuming that the majority of occupational carcinngenic agents
are still unknown and that this applies especially to those occupational
carcinogens which have a low potency and which therefore produce a
low incidence of cancer not appreciably differing from that seen for the
various types of cryptogenetic cancers among the general popuiation.

When these facts and their implications are properly and {ully
appreciated, occupational cancers are hound to hecome a public health
preblem of the first order. which deserves to be seriously and exten-
sively investigated.

I. OCCUPATIONAL CANCER AND CANCER RESEARCIH

A Cercinogenic Aagenls —Tt may be appropriate to recall here that
modern cancer rescarch dealing with physical and chemical carcinogens
staried some thirty vears ago as an entgrowth of the study of the causa-
tive agents and conditions involved 1 the production of occupational
cancers.  Although great strides in knowledge of exogenous carcino-
genic agents and their effects on the animal organism have heen made
since that time, the constantly growing number and diversity of (vpes
of occupational carcinogenic agents have raised many new and often
still unsolved prablems, The existence of wide differences in the physi-

2l and chiemieal propertics of the various established or cuspected car-
g i
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192 OLCUPATION AL MEDICING

cinogens suggests that these agents do not exert their specific pathogenic,
action throngh the same mechanism,  From an analysis of the data at
present available on ‘this matter and from theoretic considerations it
appears that exogenous carcinogenic factors may clicit malignant growths
through onc of the following three mechanisms.

In the first group those occupational carcinogens may e found
which apparently cause a cancerous ccllular transiormation by acting
directly either in their oviginal form or as metabolites or conjugates on
the cellular substrate.  The carcinogenic substances contamed in tar,
pitch. asphalt, snot, mineral oil and related substances, and those repre-
sentedd by certain aromatic amines (betanaphthylamine, benzidine. ani-
line) perhaps belong to this group of primary carcinogens.

The second group of exogenous carcinogens consists of agents
which dn not possess any dircct carcinogenic properties but which exert
such action by changing some normal chemical constituent of the cells
or tissue fluids in such a way that it hecomes endowed with carcino-
genic properties,  In view of the Jong latency period of actime cancers,
excluding the possibility of a dircet electronic chromosomal mutation, it
seeins probable that this mechanisin may be active in the development of
cancers caused by radiating energy. An indirect or secondary mechanisim
of cancerization may alse bhe responsible for the occupational cancers
observed in workers emploved in chromate plants, nicke! refineries.
ashestos factories and arsenic operations.

In a third group those cxogenous agents are included which have
neither primary nor secondary blastogenic properties, hut which elicit
functional disturbances in certain organs, such as the hiver, adrenal
glands, pituitary gland and the genads.  The quantitative and-or
qualitative functional abnormalities thus produced may lead v turn to
the development of endngenous substances or metabolites  possessing
carcinogenic qualities.  The possibility of such a mechanism has nat
heen extensively explored and is mainly speculative. hut certain aromatic
azodyves may belong to this group of exogenous carcinogens.

It is obvinus that adequate information on the sources and tyvpes of
carcinngenesis not only 1s essential for determining the scope and effect-
ing the control of environmental cancer and, especially, its occupational
variety, but also may bring about a closer connection between the carcino-
genesis by the action of exogenous substances with that apparently
ensuing {rom endogenous factors. '

I Ser~—The ohservations made in occupational cancer in man and
its. experimental equivalents in animals show unmistakably that any

differences in the sex distribution of such tumors are not sex conditioned

but are the results of variations in exposure. The great predominance of
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males among persons affected by occupational cancers is mainly attribu-
table to the fact that industry has cmiployed, until relativelv recently, men
almost exclusively in such hazardous opcrations,  Only during periods
of abnormal strain in the available manpower have women been used on
a larger scale in operations involving exposure to carcinogenic agents,
such as aromatic amines, tar, pitch, mineral oil, and related substances.
The temporary nature of such an emplovment i addition to the lack of
subsequent medical supervision of these women mainly accounts for
the fact that in most instances of occupational cancer little information
15 avatlable as to the incidence and occurrence of such ncu_plilims m the
female sex. :

Wherever, on the other hand. occupational carcinogenic agents acted
on members of both sexes cancers appeared in both, males and females,
according to their relative number exposcd and to the degree of exposure
sustained. Thus cancer of the skin due to roentgen rayvs has been seen
in men and women.  Inversely, operations with carcinogenic hazards in
which mainly female workers were present exhibited a prevalence of
occupational cancer amang women.  The oceurrence of cancers of the
bone among girls working in luminous dial plants exemplified  this
relation.

These observations on the sex distribution of occupational cancers
suggest that environmental factors may plav an important role in the
causation of the numerous cryptogenetic cancers affecting certain organs
(lungs, larynx, gastrointestinal tract and <kin) which have extensive
contact with exogenous agents, hecause these cancers occur much more
frequently in males than in females. ’

C. Age and Life Span.—The claim has heen repeatedly advanced that
an age factor represented by the relative age or the average life span of
a particular species has a significant part in determining the degree of
susceptibility to carcinogenic agents and the relative speed of tissue
cancerization as. expressed by the latent period.  Clinical and experi-
mental evidence obtained on cxogenous occupational and experimental
cancers, however, does not lend support to this contention. Tt is the age
at onsct together with duration and intensity of exposure which controls
the manifestation age of occupational cancers.  Depending on these fac-
tors industrial cancers have been observed in persons between the ages of
10 and 80 vears.

Although the dogma of the parallelism between the binlogic dynamies
between sencscence and  cancerization rveceives some  support  when
comparisons on these points are made between man and mouse, it
loses most of its validity when applied to other species and different
types of exogenous cancers,
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Ultraviolet ray cancer of the skin, for instunce. ean be elicited with-
out difficultics in mice and in rats, but not 1 rabbits; cutancous cancer
develops readily in mice after the application of a henrolic sulution of
methylcholanthirene, but nat in rats: the skin of rats and monkeys does
not respond with any appreciable specd or permancence to the carcino-
genie action of tar, although the skin of mice reacts rapidly, consistently
and perststently to this agent with the development of cancer.  Thus,
regardless of the relative length of their average life spans, certain species
are either completely refractory or abnormally resistant to carcinogenic
agents which clicit easily in mice carcipogenic responses winder cqual
conditions of exposure. ' o

Obhservations on occupational cancers in man show, moreover, that
in some persous only comparatively short exposure tinie (six to twelve
months) are necessary {or cliciting the development of aniline cancers
ol the bladder or chromate cancer of the lungs.  1i the aforementioned
dogma of the biologic dynamics of cancer genesis m relation to speed of
seniescence is applied to such cases one is forced to assume that some
mien apparently possess organs which age 1 an extraordinarily short
time, while others with exposure times of twenty to thirty years undergo
seneseent changes i slow motion.

fnasmuch as it has been established that ditferent species metaholize
carcindgenic agents by different methods into different metabolites, it
appears to he more plansible that the observed diserepancies in the
speed of tissue cancerization in various species are related to their dif-
ferent special metabolic activities and not o their senescent dynamics
as expressed in average spans of life.

It may be noted i this connection that the observation of species-
specific differences in the susceptibility to various physical and chemical
carcinogens may make it necessary to qualify in the future the term
“carcinogen’ by adding the species which reacts or react with the
development of cancer to a certain “carcinogenic’ agent. The importance
of this consideration for the testing of occupational carcinogens in ani-
mals 1s ohvious, .

D. Heredity—Although it is possible that hereditary factors may
determine in part the length of the period of latency and of the time of
exposure necessary for eliciting an occupational cancer in the individual
case, there is no concrete evidence that a genctic predisposition plays
any important role in the incidence of these tumors. The intensity and
tvpe of exposure and the poteney. of the carcinogenic agent involved
appear to he the main factors in this respeet. Whenever these conditions
are favorable to the development of a cancer, there is found an carly
occurience. a high incidence and a marked multiplicity of occupational

cancers, Thus, antline eancers of the bladder apprear i 30 (o 90 per
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cent of the massively exposed workers.  Coneer of the tungs kills 80 per
cent of the Schnecherg miners and betweon 40 and 50 per cent of the
Joachimsthal miners exposed to radivactive material.  Cancer of the
same organ, on the other hand, is found in only 4 per cont of the dead
and living chromate workers and in 12 per cent of the ashestos workers
who came to autopsy.

Attempts have been made to attribute the high incidence of pul-
monary cancer among the Schneeberg miners to a familial hereditary
predisposition prevalent among the population of this region.  This
purely speculative concept has no factual basis and apparently was
developed without any reliable knowledge of the actual condlitions in
Schueeberg concerning the incidence of marriages among close relatives.
If an analagy with the genetic background of certain mouse strains
showing a comparable incidence of mammary cancer is permissible,
one would have to assume that the people of Schnecherg must have
propagated by incest for the last three hundred to five hundred years.
Such a proposition, however, is obvionsly outside the realm of science
or good sensc.

L. Procancerons and cluticancerons Mechanisins, -—Recent ohserva-
tions made on occupational and experimental cancers have demonstrated
the existence of factors’which may enbance ar impede the development
and growth of cancers.  However, a sharp distinction must e made
between those agents which act in conjunction with a carcinogen and
thus during the process of cancerization and those which intluence
the growth activities of an cstablished cancer for which the continued
action of a carcinogen is uncssential.  The last-mentioned factors are
called procarcinotic when they favor the proliferation and spread of
cancer cells and anticarcinotic when they have an antagonistic effect in
this respect. Factors of the first group are cocarcinogens when they
represent an integral part of a carcinogenic complex, procarcinogens
when they aid in the initiation of the transformation of normal into
malignant cells and anticarcinogens when they interfere with this
process,

A constitutional anticarcinogenic factor is, for instance, responsible
for the much higher resistance of the skin of members of the colored
races to the carcinogenic action of solar rays than that secen in members of
the white race and, particularly, those with light complexion, blue or
gray cyes and blond or red hair.  Similarly, colored persons are much
less susceptible to carcinogenic tar, pitch and mineral oit than are white
persons, It is likely that the higher degree of pigmentation of the skin
in the colored races and the greater natural oiliness of the skin of Negroes
account for these difierences.
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196 OCCUPATIONAL MEDICINY

The asscrtion was recently made that pneumonoconjosis acts as a
cocarcinogen to other factors, such as radiating. energy or arsenic, in
the development of cancer of the Jungs in Schiecherg miners. Inasmuch
as nonspecific pneumonoconiosis does not exhibit any  demonstrable
causal relation to cancer of the hings and is not essential to pulmonary
action of other carcinogens (chromates, nickel carbonyl, tar and arsenic)
the alleged cocarcinogenic role of pneumonoconiosis in the cancer of
the Schneeberg miners appears to be highly uncertain.

It 18 interesting to note that the rale of all these factors s evidently
not a fixed one, but varies with the circummstances.  For instance, hyper-
keratosis may play in rats a procarcinogenic part in the initiation of
cutaneous cancer caused by methylcholanthrene, while it assumes an
anticarcinogenic role in the development of cancer of the skin caused Ly
ultraviolet rays.  Roentgen rays, rays-from radioactive substances and
benzenc and arsenic arc well established carcinogens when acting n
small doses over long periods of time, while they arc powerful anti-
carcinotic agents when employed therapeutically in large doses given
within a relatively short period.

FooAndtiplicity of Cancers. - A multicentrie development of eancer
1s frequent with vccupational carcinogenesis. While primary mualtiplicity
of cryptogenetic cancers has heen recorded in 0.5 to 3 per cent, this
phenomenon has been observed in 15 to 30 per-cent of industrial car-
cinomias (arsenic cancer of the skin, 15 per cent: tar cancer of the skin,
20 per cent; paraffin and oil cancer of the <kin, 15 per cent; aniline
cancer of the bladder, 25 per cent; roentgen cancer of the skin, 30 per
cent). Systemic multiplicity of occupational cancers has been noted
several cases of aniline cancer, in which the bladder and/or the ureters
and kidneys were the sites of primary cancers.  lxposure to aromatic
amines, arsenic, tar and paraffin oil and radioactive substances has been
associated in a few instances with hetero-organic multiplicity of cancers,
affecting simultancously or successively organs of different systems,
such as the skin, the lungs, the stomach, the bladder, and the kidneys
The excessive frequency of primary multiplicity of occupational cancers
is evidently an expression of a relatively powerful carcinogenic stimula-
tion.

The occurrence of hetero-organic muitiplicity is of particular interest,
as i1t throws some light on the so-called tissue specificity of certain
exogenous carcinogenic agents. It seems to be a general principle that
cancerous growths ensue most readily at those sites where the carcino-
genic agent is present i an optimal concentration and for the most
prolonged period. The site, intensity and length of exposure, the speed
of abzorption of the carcinogenic agent {rom the site of primary contact

and the organs of deposition, of metabolic conversion and of excretion,
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in addition to the character of the metibolites formed, represent the
factors which determine mainly the focation of the carcinogenic responses
to a given carcinogenic agent.

These sclected iltustrations of the m e important scientific aspects
of occupational cancers may suflice in demoustrating the cminent sig-
nificance which these tumors have in connection with the general problems
of cancer. '

I, OCCUPATIONAL CANCERS AS A PUBLIC HNEALTH PROBLEM

It is only in rather rvecent years that industry and publicand indus-
trial health organizations have become aware, in this country, that
occupational cancers represent a public health and an industrial medical
problemi deserving scrious attention. Y. Hoftman complacenty noted
about this matter in 1928 that the scarcity of recorderdd industrial cancers
in the Umted States was attributable to the fact that the workers in
Ameriea are unusually mtelhigent and suseeptible to educational influence,
desire to know the truth and facts of a given situation and frequently
govern their conduet accordingly. Hoffman added that this observation
apphed to no particular class of workers wore than to those who were
connected with the chemical industries in which occupational cincers
were unusually frequent in other countries,

: . . .
Adaok at the record brings out the following facts: Althouch the

United States has heen for several decades the leading mdastriabized
country and has recenty accentuated this position through the develop-

ments and  the outcome of the fast war. it 1s obvious that tius

country does not cqually-excel m regard to the study, controll prevens
ton_and legislative measures of mdustrial health hazards, especiatly

those causing occupational cancers. By the end of 1945 only thirty-two
states had passed sowme form of compensation law covering occupational
discases.  Since the majority of such laws either contain time limita-
tion clauses as to the fling of compensation claims or apply only to a
limited and well defined number of hazardous agents or operations,
they provide inadequate or -defective coverage agiainst the hazards of
mdnstrial cancer.

This situation deserves serious consideration. as the enormons and
rapid expansion of the indastrial activities engendered during the war
was not infrequently carried on under unfavorable conditions, such
as mexperienced management and workers, eniergency construction of
plants and use of hazardous substances under the pressure of war without
the possibility of instituting proper precautions. It stands to reason
that the chances of exposure (o eccupational carcinogens faced by the
industrially employed population of this conntry were inereased by

these cirainnstances during the Jast few yvears.  The results of sach
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exposures in the form of cancers, however, will not heeome manifest
before ten to thirty years hence i the majority ol persons thus exynsed,
that is, at a time when many workers have taken up employment of very
different types and most of the women workers have abandoned their
industrial activities and either returned to or taken up housework. It
is obvious that the industrial origin of many of the then occurring occupa-
tional cancers will not be correctly recognized, and this will be particu-
larly true in regard to occupational cancers developing in former
industrial employees of the female sex, unless the knowledge concerning
and the interest in the occupationad yenesis of cancer hecome consider-
ably more widespread among the members of the medical profession thy
is the case at the present time. .

As industrial cancers are not notifiable discascs in most of the states
and as American industries have shown so far great reluctance in placing

their cases of occupational cancer on rccord, there exist in this country

only incomplete data as to the actual muuber and varicty of these dis-

case conditions, their causes and the avents and operatinns responsible
for their development.  This evident lack of proper appreciation of
the_importance of industrial cancer in the United States stands in sharp
contrast to the unrestricted and wide publicity which these tumors have

received for many years in other industrialized countries, such as England,
H

Germany and Switzerland, m which mdustrial cancers are compensanie

and notifiable mdustrial discases and from which {or this reason vela-

tivelv reliable and complete official tnformation concermng them 1s
available.
e ——————

“In view of the continucd ignorance concerning the causation of the

‘great majority of cancers occurring among the population in general it

is regrettable that no competent and extensive investigations exist in

recard to the possible role which mdustrial or related exogenous agents

might play in the causation of some ol these tumors,  Thc aemonstialion
of such a relationship, if it exists at all, will not be an casy task, as it is
likelv that any carcinogenic substances which might be inadvertently

contained in the numerous articles of daily use possess a potency of rela-
tively Jow order.  There 1s, morcover, no good reason (o assume that
such agents arc numerous and enjoy a wide distribution, as the majority
of the definitely identificd chenveal carcinngens are rather specifc,
representing usually oniy a few compounds among a large group of non-
carcinogenic related derivatives

The first step for an cffective future control of the hazards of mndus-
trial cancer in this country should be a comprehensive and thorough
survey of all industries producing or handling known or suspected car-
cinogenic agents, including those occurring in the form of contaminants,
by-products or waste products. Wherever cases of definite or suspected
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. dust industrial cancer are jound the following data should he obtained:
sed, type of operation; character of carcinogenic agent or agents; absolute '
very and relative number of workers affected; siies, types, length and inten-
their i sity of present and previous exposures to carcinogenic agents; local
It and general precancerous svinptoms and reactions; fateney  perind;
npa- organ or organs involved ; incidence of multiplicity and bistologic types of
1icu- cancers; age, constitution, sex and race of persons affected ; diagnostic,
rmer preventive, prophylactic and therapeutic mcasures taken and sociologic,
ming sanitary and technical aspects (physical, chemical, engincering).
ider- If occupational cancers should be found among the workers of a
i than certain operation in onc plant and should be absent apparently among
those of a similar operation somewliere else, efforts should be made to
<tates ' ascertain any underlying differences (type and intensity of exposure;
lacing sex, race and rate of turnover of labor; details of manufacturing proc-
untry esses; type of precautionary measures; length of time operations were
e dis- established ; raw products used; intermediary and by-products gener-
nsible « ated; climate, and diet). -
onof Special attention should be paid in this conncction to those American
-harp industrics which have apparontly remained {ree or ahnnst free {rom
- have occupational cancers, although numcrous cases have heen reported from
wland, similar_establishments _in otber countries (pulimonary and nasal can-
r~able cers in_nickel refimery workers and pulmonary cancers in chromae e
‘ "d"f' workers, achestos worhers avd arsenic workers). A thorough restudy Ui
s of the potential cancer hazard to manufacturcers and handlers of arseni- ‘ T
als seems to be especially indicated, as recent observations made by ) ’ :{‘f
* the r clinicians in this country and in Lurope as well as governmental data T ’)‘J:."
wal it from England show that not only an alimentary and therefore mainly . “‘:'::‘:
~t in habitual and medicinal exposure to arsenicals, but also a respiratory and _.“#Y,
auents cutaneous contact, which is prevalent in industry, may cause the devel- . [.o» -
ration opment of cancers of the skin and the internal organs (lungs, alimentary . :';_.JM
- it is tract). It is not probable that any occupational cancers of the skin or .
“ently lungs and leukemias would he found at this time among the many persons <3
. vela- who came in contact during recent vears with radioactive gases and
-« that dust, because a much longer latency perind is required m general before '
jority ‘such compiications become manifest.  However, all persons who have .
pectfic, sustained such exposures should remaimn under close medical super- .
'f non- vision for thie next twenty or thirty vears. '

There can be no doubt that an evaluation of the data obtained in such . TRt
inelus- a survey will permit conclusions which can be translated into definite o "'{;1”'.}
rough rescarch problems of an experimental or clinical nature and into uscful Co 1;“;.’
1 car- recommendations for medical, sanitary, technical and legal weasures. S e :
mants, An cffective control of occupational cancers requires the close and R4
pected harmonious cooperation of many and diverse parties (physicians, chem- , e ":'"\.1’

. . S v
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ists, physicists, engineers, biologists, public health ofticials, law making
and enforcing agencies and industrial management).  H such collabora-’
tion can be obtained; the great majority of industrial cauncers known
today mayv disappear within the next twenty to thirty years from the
list of industrial diseases. The continued occurrence of occupational

cancers, on the other hand, represents o challenge not only o the
S———

Jntelligence hut also to the social conscience of Lutan society, because
industrial cancers may be compared with_a Dbiologic bowmb having a
delaved time fuse which may be placed i the body of the victin with-
out his knowledge and realization and which anayv display its deadly
“effect many vears later when the conditions connected with its intro-
duction arc often forgotten.

-,




