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Environmental Cancers: A4 Review

W. C. Hueper

(National Caneer 1

owledge of an environmental
cancer is much older than that
of the exogenous Origin of infe_:ctious dxseaseb:: there
exists & striking, if not alarming, contrast between
the extent to which this information bas been put
to scientific and practical use in the study and
control of these two important groups of dlms.
In the attack on the infectious diseases the main
efforts were expended on the discovery of the specif-
ic causative agents and on their st_xbsequent elimi-
pation from the external and mte.rnal human
environment by appropriate preventive, pr.ophy-
lactic, and therapeutic measures. Interest in the
endogenous properties of the host, as represented
by heredity, constitution, aging processes, race,
and sex, in determining the development and
course of infectious diseases did not, as a rule,
assume & dominating character. These factors were
| recognized as having mainly a modifying, but not
a causal role, by exerting a certain influence on
individua] susceptihility to the pathogenic micro-
organisms and on the course of the disease. The
| investigation of the anatomic and biologic proper-
" ties on the various reaction products, particularly
those of chronic granulomatous nature, remained
usually a less important side issue in devising
" eflective control measures.
The investigations directed against human
cancer, on the other hand, paid relatively little
altention to the factual evidence of its established
eovironmental causation, but concentrated first
on Lhe various morphological aspects of cancer and
eancer cells und, more recently, on the biochemical
. and biophysical properties of cancer tissue. Can-
f cer was, and still is, considered by many investiga-

tors a distinct disease entity and is not regarded
" M an atomie reaction product to a large number of
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diverse chemical and pu:sical agents. It has been
for the same reason that the rather diffuse etiologic
concepts of physiologic aging and heredity have
enjoyed a much greater and much more lasting
appeal than the much more definite and reliable
observations on the diverse exogenous causes of a
considerable variety of human cancers.

Hyrneorry

Since, in a recent discussion of the age aspects of
environmental and occupational cancers (15) the
fundamental fallacy of this concept as to the
majority of human cancers was discussed in detail,
it remains to point out that a similar situation
seems to prevail as to the validity of the heredity
theory. Conclusions drawn from selectively inbred
strains of mice, a notorious biologic artifact with-
out parallel in nature, have been instrumental in
giving to hereditary factors an exaggerated and
distorted significance as immediate causes of
buman cancer. While it may be conceded {hat
there exist a few rare cancers which display
hereditary tendencies, at least one of them (cancer
of the skin in xeroderma pigmentosum) depends in
its causation on the primary action of an exoge-
nous agent. Although xeroderma pigmentosura is
due to an inherited hypersensitivity to solar radia-
tion prevalent among some inbred family groups,
this fact would scarcely justify the conclusion that
the ordinary type of solar cancer of the skin is pri-
marily an inherited manifestation of the host
organism which is activated by an exposure to
solar rays. Such an inversion or perversion of
normal reasoning would have to disregard the
fundamental fact that without solar radiaion
there is no cancer, irrespective of the constituzion
of the individual.

The allegation that hereditary factors based on
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prolonged: inbreeding play an important causal
role in the production of the lung cancers among
miners of radioactive ore in Schpeeberg and
Joachimsthal (Vesin (38]; Macklin [27]; Lorenz
(26]) represents another example of the rather
loose speculations which have been advanced to
bolster the cause of the heredity theory. Apart
from the fact that none of the various proponents
has offered any concrete evidence in support of
such a claim, any significant degree of inbreeding
in a community of about 10,000 inhabitants
(Schneeberg) having a railroad station for many
years would indeed represent a most remarkable
biologic and sociologic feat. This speculation ad-
vanced by investigators remote from these opera-
tions has no basis in fact according to German in-
vestigators.!

The occasional occurrence of lung cancers in
several members of the same family working in
these mines certainly cannot be regarded as proof
of a hereditary liability. Similar observations of u
familial appearance of skin (scrotal) cancers were
reported from England during the past century in
families of chimney sweeps. Such familial cancers
were obviously caused by an occupational or en-
vironmental exposure to soot by several members
of such families without necessitating the assump-
tion of a common hereditary susceptibility.

The high rates of attack of several environmen-
tal cancers rather clearly indicate that heredity
evidently plays a relatively insignificant role in
their production (cancer of the lung in 75 per cent
of miners employed in radicactive mines—Baader
{8); Hueper [16]; cancer of the bladder in almost
100 per cent of dye workers following highly exces-
sive and prolonged exposure to certain aromatic
amines—Goldblatt [11}; Mueller [82]; Gross {12];
Hueper (17]; cancer of the skin in 100 per cent of
workers with contact with pitch for more than 40
years—Sladden [85]).

It is likely, however, that such an almost com-
plete obliteration of individual inherited or ac-
quired constitutional differences in susceptibility
to exogenous carcinogens occurs only in the pres-
ence of an overwhelming, high intensity exposure.
Whenever groups of individuals become exposed to
carcinogens of low potency or sustain exposures of
low intensity and duration, there appears evidence
indicating variations in the speed and character of
the individual responses to the environmental
carcinogen. A constitutional influence evidently

| None of the numerous German workers mentioned in their
papers the occurrence of inbreeding in the mining population
of the Erzgebirge and Linzbach in answer to a recent inquiry
stated that nothing is known among German scientists in this
respect.

controls the susceptibility of different races {8
solar cancer of the skin, to which light-pigmented
individuals are much mo:e liable than darig
pigmented individuals. The effect of this racilg
difference in reactivity to tne carcinogenic actiogy
of the ultraviolet radiation from solar sources g3
reflected not only in a lower incidence of skig8
cancer in Negroes than in whites, but also in £
different topographical distribution of the skig
cancers observe in the twc racial groups. Whild
skin cancers in whites are mainly located in the§
skin of the exposed parts of the head, neck, ang
upper extremities, those observed in Negroes ardl

predominantly situated in the usually covered

parts of the body and the lower extremities (31)8
Since arsenical cancers not infrequently involv
the unexposed parts of the skin, it is reasonable t¢
conclude from the above evidence that the varis@
tions in the topographica’ distribution of skigh
capcers in whites and Negroes are, in part, due tg
differences in causal agents active in the producly
tion of these cancers.
It is unwise, however, to generalize or overeml
phasize the role of racial factors in the causation o
environmenta! cancers. Although primary hepatif
cancer incidence is high among West Africagd
Negroes, their American descendants do pot di
play any such tendency (Berman [5]), indicating
thereby that not racial or hereditary factors bigs
environmental factors are underlying the Africad
experience. Likewise, it can be considered a8
established that the absence of penile cancefs
among Jews and the high liability of Chinese t§#
this type of malignant tumor do not depend upodd
race-conditioned constitutional differences, but argd
mainly the result of diffe-ences in personal hy@
giene, especially the circuncision practiced at afg
early age by the Jews. There thus exist not onH
“environmental familial cancers,” but also “enk
vironmental racial cancers.”” which have no rels
tion to heredity. !

—

Skx

Differences in the sex distribution of cancers af§
fecting several organs (lip, inouth, larynx, bronch
skin, and bladder) have given rise to the concepi
of a sex-conditioned susceptibility to certa
cancers. Observations on environmental canceng
lend po substantial support to such a theorgh
Cancer of the lung of unknown origin has a mald8
female sex ratio of from 4:1 to 24:1, according
various investigators (18). Asbestosis cancer of the§
lung, on the other hand, displays a male-female se§
ratio of 2.4:1, indicating that with an equalizatiogh
of exposure to a carcinogenic agent there occur
also an equalization of the incidence rates of lung
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sexes (Merewether {30}). Like-
bable that the male-female

ot 101 for Mexican men g.nd women
Py raUOButt and Edmondson [37}) living in Los
\Stemehmﬂec'ts sex-related factors. It is note-

the two0

cer fOT .
c8D ' is mOSt 1mpro

\pgeles redec respect that the entrance of female
worthy 1P et:]sbin the English textile plants was fol-
mulespinn table latent period by the appear-

. aftEI' a sul .
]O“:do{ cancers of the vulva in some of these
an¢

s, which fact thereby demonstrates that
opere \'Jlespinners acquire the anatomic equiva-
femele Ht]be serotal cancer of their male counter-
lent Of(ls) \While oral cancer is rare in white

en this tumor is rather frequent in Indian
wo? 'chewing betel quids (Bashford [4]). This
womezancer of the oral cavity represents 12 per
buytoof all cancers among Filipino women. For this
ce? n, the sex ratio of oral cancer among Fili-
R:wz- i; inverse to that found among white people
'[EZbiting the temperate zones, where the male-
lfemale sex ratio is 8:1 (’;\'Ia.xwell [991:Yedd_er [38)).
These and other sx;mlar obsewat}ons lndlca?e
that the differences l.n.the sex ratio of certain
cancers of unknown origin are apparently not due;
in the main, to hormonal factors bqt rather reflect
cgriations in the types and intensity of exposure
to environmental carcinogens affecting members of
the two sexes to a different degree fpr reasons of
occupations, babits, customs, clothing, hobbies,
and general living conditions.

partS

ErmEMoLogic PaTrern

The type of the epidemiologic pattern of en-
vironmental cancers depends less on certain con-
stitutional factors of the population studied
{heredity, race, sex, age) than on the composition,
as well as the type, intensity, and duration of
action of the agents constituting the environmen-
tal carcinogenic spectrum to which they have been
exposed. The physical and chemical earcinogens
exert their disease-producing effect, just like the
pathogenic micro-organism, whenever and wher-
ever they operate under proper conditions of ex-
posure and irrespective of the special type of con-
tact (occupational, medicinal, dietary, habitual,
environmental, ete.) present.

The general soundness of this concept is at-
tested by the following observations. The appear-
ance of occupational cancers in the various indus-
trialized countries has closely followed the spread
of certain industries. This sequence of events is
well illustrated by the chronologic and geographic
ppearance of bladder cancer among dye workers
u different countries following the establishment
of aniline dye industries (Table 1).

Additional support for the concept proposed is

derived from the demonstration of a centrifugal
spread and scatter pattern of occupational cancer
hazards from the focus of original production of
carcinogens in basic industries through processing
and consumer industries to the ultimate handler
and general consumer of the finished products.
This pattern becomes apparent in the occurrence
of skin and lung cancer among the producers of
tar and pitch in gas plants and coke ovens, the
appearance of similar cancers among tar refinery
workers, roofers, road construction workers, cork
brick manufacturers, and other members of sec-
ondary industries and trades handling and using
tar and pitch. An identical chain of environmenta!
cancers among successively exposed populatior
groups exists in regard to arsenicals, which have

TABLE 1

CHRONGOLOGIC AND GEOGRAPHIC AFPEARANCE OF
BLADDER CANCER AMONG DYE WORKERS
IN DIFFERENT COUNTRIES (17)

Total no.

First year recorded

Country Author up to 1951
Germany 1805 Rehn Approxi-
mately 350
Switzerland 1005 Schedler 19C
Great Britain 1918 Ross 30¢
Russia 1928  Rosenbaum and Gottlieb 71
Austria 1932 Schueller (2)
United States 1934 Ferguson et al 256
Italy 1938 di Maio 9
Japan 1940 Nagayo and Kinosita T
France 1948 Billiard-Duchesne 41

elicited cancers among miners of arsenic-contain-
ing ores, smelter workers, manufacturers of ar-
senical insecticides, users and consumers of food-
stuffs and drinking water contaminated with such
arsenicals, as well as individuals receiving arseni-
cals for medicinal reasons (Hueper [16]; Neubauer
[88]; Arhelger and Kremen [2]; Butzengeiger [8';
Hill and Faning [14]; Arguello, Tello, Macola, and
Manzano [1}).

Occupational cancer hazards also display a
cancer distribution pattern which shows the
highest attack rates among the population groups
employed within the immediate vicinity of the
carcinogenic industrial foci and gradually decreas-
ing attack rates among population groups increas-
ingly remote from it and thus less intensely and
frequently in contact with carcinogenic agents. A
good illustration of this concentric distribution
pattern of occupational cancers is offered by tte
aromatic amine bladder cancers. The bladder can-
cer incidence rate, according to past experience,
was highest among intermittently but intensely
exposed maintenance and repair men who were
followed in decreasing order by operators regularly
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employed in the manufacture of beta-naphthyla-
mine and benzidine, these by truck drivers, yard
men, chemists, engineers, and supervisors who
have irregular and mitigated exposures. Whether
or not “‘neighborhood cases” of aromatic amine
cancers actually occurred among the population
residing or working within the fume and waste dis-
posal zone of aromatiz amine operations is still
doubtful and controversial (Mueller {82}, Hueper
{17}, and Gross {12]). Since, according to Gehr-
mann, Foulger, and Fleming (10), workers em-
ployed in a building formerly used for the produc-
tion of beta-naphthylamine have an occupational
bladder cancer hazard from contact with the
minute amounts of the chemical volatilized from
impregnated building material, neighborbood
cases of this occupational cancer may conceivably
occur among persons living near aniline dye plants
with defective loading, shipping, and waste dis-
posal arrangements for beta-naphthylamine and
benzidine.

Another major factor determining the char-
acter of the epidemiologic pattern of occupational
cancers is represented by their latent period, which
in turn depends upon the relative potency of a
particular carcinogen, its physicochemical proper-
ties (solubility, dispersion, chemical reactivity

TABLE ¢

LATENT PERIODS OF ENVIRONMENTAL
AND OCCUPATIONAL CANCERS

Av. latent Range of ls-

period tent period
Organ Agent (years) (yesrs)
Skin Arsenic: medicinal 18 840
occupational 5 446
Tar 20~24 1-50
Creosote oil 25 1540
Mineral oil 5054 475
Crude paraffin oil 15-18 -85
Solar radiation 20380 1540
X-radiation 7 1-12
Lung Asbestos 18 15-21
Chromates 15 547
Nickel 22 6-30
Tar fumes 16 9-28
Jonizing radiation 15-88 7-50
Bladder Aromatic amines 11-15 2-40

and affinity, ete.), the physicochemical and co-
carcinogenic or anticarcinogenic properties of its
vehicle or its associated agents, the route of con-
tact, the intensity of the individusl exposures, their
rhythm, and the total duration of exposure. These
factors, which have s distinct influence upon the
ineidence rate of cancers among exposed popula-
tion groups, also exert a definite influence upon the
length of the latent period. With decreasing in-
tensity of exposure there occurs a reduction in the
incidence of cancers and s lengthening of their

latent period. Apart from individual differences i 8
susceptibility, these irregularities in the intensit 3
of exposure to environmental carcinogens main!pg
sccount for the wide range of latent periods r
corded for environmental cancers (Table 2).
The target organ of environmental carcinogeng
depends on various factors. Special tissue affinityglh
of benzepe to the fat tissue contained in Lhemato J
poietic organs thus seems to account for its excly
sive leukemogenic actiop. The intensity of ex

TABLE 8
SITE OF CANCER AND ROUTE OF EXPOSURE
Typs of
contact Carcinogenic agent Site of cancer
Cutane-  Arsenic Skin

ous Coal tar, pitch, soot, asphalt
Creosote oil, anthracene ol
Petroleum Aiphalt. coke, tar
Petroleum oils (high boiling)
Shale oil, crude paraffin oil
Lignite oil and paraffin otl
Ultraviolet radiatisn
X-radiation, radioactive

chemicals
Benzene Hematopoietic
sues
Respira-  Arsenic dust Lung
tory Chromium eompound dust Lung
and fumes
Nickel dust and vapors Lung. nasal cavi
and sinuses
Asbestos dust Lung
Beta-naphthylamine, benyi-  Bladder
dine dust and vapors
Coal tar fumes Lung
Petroleum oil mist Lung
Isopropy! oll vapors*® Nasal sinuses,
ynx, and | i
Radioactive dust and gases  Lung .
Inges- Arsenic Skin
tion Radium, mesotborium Bone

* Isopropy! oil in the crude liquor from which isopropano! is obtamdiy
by distillation (40).

posure to some environmental carcinogens a
seems to determine the distributory mechanism
the resulting cancers. The relatively high f
quency of heterotopiz multiple primary cance
observed among dye workers with cancers of

stomach, intestine, prostate—Mueller {82)}; Hodl
per (16]) seems to be due to an unusual hematof
enous spread of the carcinogenic hydrocarbo
ordinarily mainly excreted through the urig
(Bonser [7]). The principal reason for the appes
ance of cancers in various organs, however, £
represented by the route of exposure (Table 8). ¢

Epidemiologic and demographic studies carrid?
out during the past two decades have demoss
strated the existence of marked and significadh
variations in the total incidence of cancer as well g
in the organ, sex, age, and race distribution €
cancers in different countries, regions and populg
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)0 groups- While a part.of §uch' variations isldue
hodiﬂ‘erences in the age distribution of the various
to e roups surveyed as well as in the qual-
PO,POf medical care and of medical recording of
g{‘seasés‘ there remains for many of these discrep-

ciesinrates of regional cancer incidence no other
a?ausible explanation than the differences in ex-
4 sure o environmental carcinogenic factors

(Te.ble 4). . . .

The striking dxﬁerences_ in the lung cancer
morbidity rates in metropolitan centers located in
the same part of the country rmli.tate agz}inst the
concept that sucb‘locfa.l d1§crepan.01es can justly be
sitributed to variations in medical care and re-
cording, or to differences m_the biclogic composi-
tion and hereditary properties of the populations
concerned, or to the predominant action of & single
stiologic environmental factor, especially cigarette
smoking (Wynder and Graham (41]). The local
varistions as well as the consistent increase of
lung cancer morbidity rates must be ascribed to a
combination of exogenous factors affecting, to
difiering degrees, the various population groups as
well as the two sexes surveyed. Since the known
environmental lung cancers have a latent period
ranging usually from 10 to 25 years, it may be
concluded that the rising trend of lung cancers
is attributable to changes in the environmental
carcinogenic spectrum which started around the
turn of the century and the effects of which are be-
coming increasingly evident (Hueper {18]). Sup-
porting this concept is the fact that the majority of
environmental and occupational cancers dis-
covered during the last 25 years involve cancers of
the respiratory tract (cancers produced by chro-
mium compounds, nickel, arsenicals, asbestos, coal
tar, petroleum olls, isopropy! oil, radicactive sub-
stances) (21, 28).

In the conduct of epidemiologic studies on en-
vironmental cancers certain important precautions
have to be observed, if misleading, incorrect, or in-
conclusive results are to be avoided (Hueper {17};
Downing {9]). It is essential to survey as far as
practicable the total effectively exposed popula-
tion, and to exclude from membership in the
actually exposed population group all those indi-
viduals who have merely an *‘administrative” ad-
herence to it. In a survey of environmental can-
cers among oil refinery workers, for instance, it is
sclentifically not permissible to include office per-
sonnel, sales people, and other white-collar work-
ers, unless they sustain real contact within the
refinery area to suspected or recognized carcino-
genic agents for occupational reasons. Similarly,
whenever, within an industrial population to be
surveyed, only a restricted group is shown to have

a carcinogenic hazard, figures on incideace must
be calculated for this group only, and not for the
total plant population, since the latter procedure
results 1o an undue dilution of positive evidence
and thereby in distorted epidemiolog’c informa-
tion. The limited occurrence of bladder cancer to
relatively small and restricted groups of dye work-
ers (10), the excessive liability to scrotal cancer
limited to workers employed in paraffr pressing
operations in oil refineries (34), and the increased
liability to lung cancer among persons with as-
bestosis—and not among all persons employed in
asbestos operations—provide pertinent illustra-
tions of this point.

TABLE 4

LUNG CANCER MORBIDITY RATE, 1837 AND 1947, FOR
RESIDENTS oF EIGET METROPOLITAN CENTERS
PER 100,000 POPULATION®

MirLxs Fxuurrs ToraL

Cirr 1097 1947 1987 1947 1987 1047
Atlanta 50 18.4 1.0 5.0 2.9 B.9
New Orleans 131 39.1 2.8 4.2 7.6 20.8
Dallas 59 2.0 0.5 6.4 $1 172
Birmingham 4.5 18.9 2.1 8.9 33 11.0
Denver 9.1 219 4.2 8.1 6.6 1438
San Francisco 15.6  84.8 3.9 8.1 9.8 20.8
Chicago 13.3 29.5 43 7.0 8.8 18.0
Pittsburgh 9.7 26.1 4.9 5.5 7.8 15.8

* Supplied by Biometrics Section, Nationsl Cancer Institute,

An analysis of the population “at risk” should
include not only workers presently empoyed for a
sufficiently long period, so as to cover the minimal
latent period of the average occupational cancer
(5 years), but also all formerly employed workers
dead or alive who left the industry, plant, opera-
tion, or trade group fulfilling this concition. The
inclusion of large groups of short-term employees
with insufficient exposure and latent period into the
surveyed group also introduces a serious dilution
factor which causes misleading or incorclusive re-
sults (28, 36).

Since the occurrence of environmental cancers
rarely has the character of an epidemic, but as a
rule appears as an endemic, it is necessary to con-
duct epidemiologic studies as long-term investiga-
tions, which means the analysis of da'a covering
periods of at least 5 years. Negative results ob-
tained from short-term investigations comprising
periods of 1 or 2 years give, at best, iaconclusive
results if not incorrect ones (6).

In view of the long latent period of eavironmen-
tal cancers it is necessary to restrict occupational
cancer surveys to plants which have been in
operation for at least 10 years, unless a large por-
tion of the workers in their employ has previously
been employed in similar operations e sewbere.

The absence of published reports on the occur-
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rence of occupational cancers in an industry hav-
ing known or suspected cancer hazards is no assur-
ance that a serious occupational cancer problem
in these establishments is nonexistent. Perhaps the
most notorious example that can be cited as an
illustration of such occurrences is represented by
the long delayed discovery of the lung cancers
among uranium miners of Joachimsthal. Although
the existence of a high lung cancer incidence
among the Schneeberg miners was established in
1876, despite repeated inquiries made by German
investigators with the various governmental au-
thorities under whose jurisdiction the uranium
mines in Joachimsthal located nearby on the
southern slope of the Erzgebirge were operated, it
was not until some 50 years later that the high
frequency of lung cancers among this group of
similarly exposed workers was recognized. Until
that time (1926), the century-old practice of mis-
taking lung cancers of the Joachimsthal miners for
pulmonary silicosis or tuberculosis was continued.
Likewise, associated pathologic conditions some-
times may operate in nhscuring the co-existence of
an occupational cadcer. This danger exists, for
instance, for absestosis cancer of the lung, unless
& thorough necropsy study is made.

CaRcINOGENTRIS

An analysis of the action mechanism of the vari-
ous recognized, suspected, or potential human
carcinogens supports the viewpoint that the ma-
jority of cancers develop at sites where, for some
reason, the most intense or most prolonged ex-
posure to the carcinogen takes place. The follow-
ing types of mechanisms determining the distribu-
tion of environmental cancers may be distin-
guished.

a) Cancers developing at sites of primary contact.
—To this group belong the cancers of the skin re-
sulting from cutaneous exposures to substances
such as coal tar, petroleum oils, creosote oil, soot,
and similar combustion and high temperature dis-
tillation products of carbonaceous matter, as well
as to ultraviolet and ionizing radiations; moreover,
the cancers of the nasal cavity, nasal sinuses,
larynx, and lung elicited by the inhalation of
arsenicals, chromium, and nickel compounds,
(beryllium?), asbestos, isopropyl oil, tarry matter,
and radioactive gases and dusts. The cancers of
the connective, bony, and hematopoietic tissues
following exposure to penetrating ionizing radia-
tion may be included in this group of primary
contact cancers.

b) Cancers developing at sites of selective deposi-
tion.—Arsenical cancers of the skin, osteogenic
sarcomas following ingestion of radium and/or

mesothorium, leukemia following contact wi
benzene, (thyroid carcinoma following radioactiv
iodine medication, leukemia subsequent to radi
active phosphorus medication, osteogenic sarcomag
following inhalation of beryllium compounds’)
may be included in this group. ' :

¢) Cancers developing in organs with special fune
tional or tozic affinity for carcinogens.—Represen
tives of this group are almost exclusively caused b
carcinogens of potential importance as far as h
mans are concerned and thus have been observe
mainly in experimental animals. Cancers of th
type are the tumors of the liver developing follow 4
ing exposure to various azo dyes, aminofluorens
compounds, chlorinated hydrocarbons and
lenium, the cancers of the breast and uterus sub
sequent to an excessive exposure to estrogens, an
cancers of the thyroid following the prolonged ad
ministration of thiouracil derivatives.

d) Cancers developing in organs of excretion o
carcinogens.—Cancers of the bladder, ureter, an
kidney observed in individuals and experimenta
animals having cutanecus, ingestive, and respirs
tory contact with certain aromatic amines and a
compounds due to the presence of carcinogeni
material in the urine belong to this group.

¢) Cancers developing on the basis of funetio
abnormalities due to ceriain dietary deficiencies o
represeniing a type of indirect or secondary enviro
mental carcinogenesis.—Cancers of the hypo
pharynx and of the liver noted among populatio
groups subjected to a diet deficient in vitamin
complex and protein as well as cancer of the liv
in rats kept on a choline-deficient diet are membe

of this group.

) Cancers of the young re.mltmg from a trans
placental penetration of carcinogens.—There exis
so far only experimental evidence in support o
such an exposure route in the demonstration of th
development of pulmonary tumors in the off
spring of pregnant mice given urethan near tern
(Larsen (25]; Klein [24]). Whether or not a simila§g
mechanism may be astive in the production a
congenital cancers or cancers developing during in ‘f
fancy and early childhood appears to be a wort.h b
while subject of investigation in view of theses
findings.

While it is not likely that exogenous agents a
the only factors responsible for human cancers
the increasing number and widening variety of
environmental carcinogenic agents suggest ths
they seem to be operative in & much large
proportion of cancers than is recognized osg
realized at present. It appears from the eviden
available that the study of environmental cance
hazards and cancers offers not only the mo
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