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Environmental Cancers: A Review

W. C. Huerer _
(Noionl Concm Insits, Unied Stan Public Hoath Sric, Podored Sucrdy dpony, Behoodn, M)

ledge of a‘n:' environmental
ot ﬁl much o‘lhder than thﬁrt
nous origin of infgctioul iseases, there

::i:!t‘: :xsou'ieking. if not alarming, contrast between
the extent to which this information bas been put

1o scientific and practical use in the study and

Although the kn

In the attsck on the infectious diseases the main

ic causative agents and on their s?bseqnent elimi-
":nion from the external and internal buman
environment by appropriste preventive, prophy-
" lactic, and therspeutic measures. Interest in the
endogenous properties of the bost, as represented
by beredity, constitution, aging processes, race,
and sex, in determining the development and

assume » dominating character. These factors were
recognized as having mainly a modifying, but not
& causal role, byexerﬁngneemininﬂpene.eon
individual susceptibility to the pathogenic miero-
orgapizms 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, i
wually & less important side issue in devising
! eflective control measures. :
The investigations directed against buman
eancer, on the other hand, paid relatively little

~ attention lo the factus] evidence of its established

environmental causation, but concentrated first

 on the various morphological aspects of cancer and .

€ancer cells und, more recently, on the biochemical

: and biophysical properties of cancer tissue. Can-

! cer was, and still is, considered by many investiga-

“tors s duu.nct. disease entity and is not regarded

" & 81 atomic reaction product to a large pumber of
Received for publication Juze 29, 1088,

control of these two important groups of diseases.
‘eflorts were expended op the discovery of the specif- .

 course of infectious diseases did not, as & rule,

divefle-chexniul and pa;sical ngenﬁ. 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.

Since, in & recent discuasion 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 remsins to point out that a similar situstion
seems to prevail as to the validity of the heredity

"theory. Conclusions drawa from selectively inbred

straina of mice, a notorious biologic artifact with-
out parallel in nature, bave been instrumental in

giving to hereditary factors an exaggerated and

distorted significance as immediate causes of
buman cancer. While it may be conceded that
there exist a few rare cancers which display

‘bereditary tendencies, at least one of them (cancer

of the skin in xeroderma pigmentosum) depends in
its causation on the primary action of an exoge-
pous agent. Although xeroderma pigmentosum is
due to an inherited bypersensitivity 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 witbout solar radiation
there is no cancer, irrespective of the constitution
of the individual.

The allegation that hereditary factors based on
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692 Cancer Research

prolonged- inbreeding play an important causal
role in the production of the Jung cancers among
miners of radioactive ore in Schneeberg and
Joachimsthal (Vesin {38); Macklin {27}; Lorens
[26]) represents another examiple 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 inbabitants
(Schneeberg) having s 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 bereditary liability. Similar observations of a
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 8 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 radiosctive mines—Baader
{8); Hueper [16}; cancer of the bladder in almost
100 per cent of dye workers following highly exces-
sive and prolonged e to certain aromatic
amines—Goldblatt {11); Mueller [82]; Gross [12};
Bueper [17]; cancer of the skin in 100 per cent of
workers with contact with pitch for more than 40
years—Sladden [85)). T

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 oaly 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 individua! responses to the environmentsl
carcinogen. A constitutional influence evidently

3 Nooe of the numerous German workers menticoed in their
papen the occurrence of inbreeding in the mining population
of the Ergebirge and Linsbach in answer to a recent inquiry
stated that nothing is known among German scientists in this

reapect

controls the susceptibility of different races
solar cancer of the skin, to which light-pigmeny,
individuals are much more liable than dar
pigmented individuals. The effect of this raci
difference in reactivity to the carcinogenic acti
of the ultraviolet radiation from solar sources
reflected not only in a lower incidence of sk
cancer in Negroes than in whites, but also in
different topographical distribution of the sk
cancers observe in the two racial groups. Wh
skin cancers in whites are mainly located in 't
skin of the exposed parts of the bead, neck, &
upper extremities, those observed in Negroes &
predominantly situated in the usually cover
parts of the body and the lower extremities (3]
Since arsenical cancers not infrequently invol

- the unexposed parts of the skin, it is reasonable

conclude from the above evidence that the vari
tions in -the topographical distribution of sk
cancers in whites and Negroes are, in part, due
differences in causal agents active in the prode
tion of these cancers.

It is unwise, however, to generalize or overe
phasize the role of racial factors in the causation
environmental cancers. Although primary hepa
cancer incidence is high among West Afric
Negroes, their American descendants do not d
play any such tendency (Berman [3]), indicati
thereby that ‘not racial or hereditary factors t
environmental factors are underlying the Afric
experience. Likewise, it can be considered
established that the absence of penile can
among Jews and the high liability of Chinese
this type of malignant tumor do not depend ug
race-conditioned constitutional differences, but
mainly the result of differences in personal ]
giene, especially the circumeision practiced at
early age by the Jews. There thus exist not oi
“environmental familial cancers,” but also “
vironmental racial eancers,” which have no ¢
tion to heredity.

8xx

Differences in the sex distribution of cancers
fecting several organs (lip, mouth, larynz, bront
skin, and biadder) have given rise to the cono
of a sex-conditioned susceptibility to cert
cancers. Observations on environmental canc -
lend no substantisl support to such a thec
Cancer of the lung of unknown origin has a m:
femnale sex ratio of from 4:1 to 24:1, according
various investigators (18). Asbestosis cancer of
lung, on the other hand, displays a male-female
ratio of 2.4:1, indicating that with an equalizat
of exposure to a carcinogenic agent there occ
slso an equalization of the incidence rates of b
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wo sexes (Merewether [30]). Like-
cancer for th:s: improbable that the male-fernale
|t)"‘; 1:1 for Mexican men and women

o nuoB: tt, and Edmondson [87)) living in Los
{Steinel ts sex-related factors. It is note-
Angeles nthi s respect that the entrance of female
“worthy ':m in the English textile plants was fol-
muleslil;‘m s suitable latent period by the appear-
of cancers of the vulva in some of these
ance tors, which fact the'reby demonstl_-ates that
:l“ m.',le,pinnera acquire the anatomic equiva-
fem °f the scrotal cancer of their male counter-
Jent 0(l 8). While oral cancer is rare in white
: ’en this tumor is rather frequent in Indisn
womw' chewing betel quids’(Buh!ord {4)). This
wom! cancer of the oral cavity represents 12 per
oof all cancers among Filipino women. For this
the sex ratio of oral cancer among Fili-
- g is inverse to that found among white people
F babitiog the temperate zones, where the male-
These and other similar observations indicate
that the differences in the sex ratio of certain

cent

cancers of ugknown origin are apparently not dus;-

in the maib, to hormonal fncgon b\!t rather reflect
“cariations i the types and intensity of exposure
o covironmental carcinogens affecting members of
the two sexes to & different degree for reasons of
occupations, habits, customs, clothing, hobbies,
and general living conditions. ' .
Ermpnaoroaic Parrzan )
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 carcinogens
ezert 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,

e sovmtnes of thi
- The general soundness is 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
8ppearance of bladder cancer among dye workers

in different countries following the establishment

of aniline dye industries (Table 1).
Additional support for the concept proposed is

Switserland 1
.- Great Britain 1018
Russia

derived from the demonstration of a centrifugal
spread and scatter puttern 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 sece

ondary industries and trades handling and using
tar and pitch. An identical chain of environmental
cancers among successively exposed population
groups exists in regard to arsenicals, which have
_ TABLE 1
CHRONOLOGIC AND GROGRAPHIC APPEARANCE OF
BLADDER CANCER AMONG DYZ WoRKERS

IN DIFFERENT COUNTRIES (17)
' Totalse,
) Fiest yoar . vecorded
Couatry reported Anthor w to 105}
Germany 1808 Reha

1020  Rosenbsum and Gottlieh
Austris 1082 veller 0
United States 1984 P o ol. . 250
Italy - 1938 ﬁ Malo 20
Japan - 1940 N, and Kinosita “m
France 148 B [ I

elicited cancers among miners of arsenic-contain--

ing ores, smelter workers, manufacturers of ar-
senical insecticides, users and consumers of food-
stufls and drinking water contaminated with such
arsenicals, as well as individuals receiving arseni-
cals for medicinal reasons (Hueper [16]; Neubauer
{83]; Arhelger and Kremen [2]); Butzengeiger [8];
Hill and Faning [14]); Arguello, Tello, Macola, and
Mansano [1)).

Occupational cancer basards 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 the
aromatic amine bladder cancers. The bladder can-
cer incidence rate, according to past experience,
was highest among intermittently but intensely

maintenance and repair men who were

exposed
followed in decreasing order by operators regularly

et
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mann, Foulger, and Fleming (10), workers em- TABLE 9
ployed in & building formerly used for the produc-
;il:]; ;f beufmphthyhmi:c have an occup:;jonu: e "sm OF CANCER AND ROUTE OF EXPOSURE
er cancer hazard from contact wi :
minute amounts of the chemical volatilived from  Joms  prpens T g
impregnated building material, neighborbood “ows  Coal tar, pitch, soot, ssphalt
cases of this occupational cancer may conceivably Crecsota oll, snthracene oil
occur among persons living near aniline dye plants Estroleas "("“‘;b“"‘" tar
. with defective loading, shipping, and waste dis- 8hale oil, crude parafiis ol
’ geoul'dgmngemenu for beta-naphthylamine and gﬂ‘“&hﬁmm oil
‘bensidine. rediation. radicective
; xebemiu!.’i
Bensene
Bein- Chromi ot d dust
b Clroiem mpound

654 _ K Cancer Research

employed in the manufacture of beta-naphthyla-
mine and benridine, these by truck drivers, ysrd
men, chemists, engineers, and supervisors who of expo. Lres
have irregular and mitigated exposures. Whether account for the wide range of latent periods
or not “neighborbood cases’ of aromatic amine corded for environmental cancers (Table ).
cancers sctuslly occurred among the population ~ The target organ of environmental carcinoger
residing or working within the fume and waste dis- depends on various factors. Special tissue affini
posal zone of aromatiz amine operations is still of benzene to the fat tissue contained in Lemats
doubtful and controversial (Mueller [32], Hueper poietic organs thus seems Lo account for its excly
{17), and Gross [18]). Since, according to Gehr- sive leukemogenic action. The intensity of e

Nickel dust and vapors

TABLE 2 :
dine dust and vapors

‘LATENT PRRIODS 0F ENVIRONMENTAL Coal tar fumes
AND OCCUPATIONAL CANCERS : Petroleun oil mist
Av.lstet  Rasgolla- Lsopropyl oll vapors®
iy Radioactive dust and gusee

Inges- Arsenic

tion Radium, mesothorium -
- * fsoprepyl ofl in the crude ligeer frem which lseprepanci is sbiak
by distillstion (40).

posure to some. environmental carcinogens al
seems to determine the distributory mechanism
. the resulting cancers. The relatively high ¢
- quency of heterotopic multiple primary cane
observed among dye workers with cancers of |
) urogenous tract as well as other organs (lu
Bladder Aromatic amines 11415 340  stomach, intestine, prostate—Mueller {32]; B
’ per {18]) seems to be due to an unusual hemat
' enous spread of the carcinogenic hydrocarb
ordinarily mainly excreted through the w1
(Bonser [7}). The principal reason for the app -
ance of cancers in various organs, however
represented by the route of exposure (Table 3
Epidemiologic and demographic studies car
-out during the past two decades have den
" strated the existence of marked and signific
i~ variations in the total incidence of cancer as wy
e, in the organ, sex, age, and race distributic
of -thelf: cancers in different countries, regions and poj

" API 05558
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Rt N / :
liﬁe‘rence{ in . ups. While a part of fuch‘ variations is due & carcinogenic hazard, figures on incidence must
the intensity to Jifferences in the age distribution of'the various be calculated for this group only, and not for the
.ogens‘mainly stion groups surveyed as well as in the qual- total plant population, since the latter procedure
1t periods re. l;° of medical care and of medical recording of results 1n an undue dilution of positive evidence
‘able 2). :hy , there remains for many of these discrep- and thereby in distorted. epidemiolog'c informa-
| carcinogeny ies in rates of regional cancer incidence noother tion. The limited occurrence of bladder cancet to
:l”i:eh:g:;? plau!ible explanation tht:ln the gllﬂennca'm t:xr; relat(ilvoe)ly tﬁaﬂ and Mﬁﬁ groups of ttiﬂye work-
din - to environmental carcinogesic fac ers s excessive liability to scrotal cancer
: for its exclu. P(,i’.?ur: 4). limited kers employed i i
ensity of ex. The striking differences in the lung cancer  operitiohy: ifineries (81
porbidity rates in metropolitan centers loc.:ated in e
e | Enr e SR
pt that such local discrepancies can justly be
; buted to variations in medical care and re- |
ﬁ:.u of cancer :;ﬁn& or to differences in the :)i:hlogic mﬁpﬂi- TABLE 4
- n and hereditary properties of the populations :
mﬂ"d' or to the predominant action of a single mmntc;:_:ogmu;mm 1057 “&f“" Fom
etiologic environmental factor, especially cigarette m lo%go m\,‘f NTERS
smoking (Wynder and Graham [41)). The local )
“uhwmll"gﬁ{'tﬁzfm"h%:th@:;r‘“ Cirr 8 147 1;ru;n 1087 17
ancer morbidity rates must be ascribed to & Aplan 5.0 154 0080 e S,
. et lc‘:::b‘i:nlﬁon of exogenous factors affecting, to an(')‘rl-m 18.1 ”.: i: :.: ;.: .g.:
Jematopoietietis- . iflring degrees, the various population groupsas DAl . 44 #0048 64 31 g
ung _well 83 the two sexes surveyed, Siiige Wi s Deaver S.1 219 48 21 68 M8
o " viropmen i FSan Francisco 15.6 843 8.0 8.1 9.8 #0.8
e ol Chicago 155 2.5 43 7.0 8.8 18.0
“ung, nesal cavity, 1 £ Pittsburgh 9.7 281 49 585 7.5 158
7 and siouses q * Supplied by Biometrics Saction, Natiosal S
~Lang
.'::! lima.?. lar
, 8D
Lag
Skin
Bone
opropasol is obtained e
isoprop sub-
rcinogens also -
- mechanism of n the conduct of epidemiologic studies oz en-
vely high fre- vironmental cancers certain important precautions
4 cancers have to be observed, if misleading, incorrect, orin-  ° the occurrence of environmental cancers
cancers of the | conclusive results are to be avoided (Hueper {17); rarely has the character of an epidemic, but as a
organs (lung, Downing [0]). It is essential to survey as far ay rule appears as an endemic, it is necessary to con-
ler [82): Hue- p.ncﬁuble the total effectively expoud popula- duct epid.emiologic studies u‘l?nx-term investiga-
1sual hematog- tion, and to exclude from membership in the tions, which means the analysis of dats covering
+ bydrocarbons actually exposed population group all thosé indi- periods of at least 5 years. Negative results ob-
agh the urine , viduals who bave merely an “'administrative” ad- tained from short-term investigations comprising
for the sppear- berence to it. In a survey of environmental can- periods of 1 or £ years give, at best, inconclusive
"8, however, is cers among oil refinery workers, for instance, it is results if not incorrect ones (6).
re (Table 8). . scientifically not permissible to include office per- In view of the long latent period of environmen-
studies carried sonnel, sales people, and other white-collar work- tal cancers it is necessary to restrict occupational -
3 bave demon- ers, unless they sustain real contact within the cancer surveys to plants which have been in
and significant refinery ares to suspected or recognized carcino- operation for at least 10 years, unless a large por- -
sancer as well as genic agents for occupational reasons. Similarly, tion of the workers in their employ bas previously
distribution of whenever, within an industrial population to be been employed in similar operations elsewhere.
»us and populs- | urveyed, only a restricted group is shown to have  The absence of published reports on the oceur-
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rence of occupational cancers in an mdustry 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 dehyed ducovery of the lung cancers
among uranjum miners of Joachimsthal. Although
the existence of & 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 tlie high

frequency of lung cancers among this group of

similarly exposed workers was reeognmd Until
that time (1928), the century-old practice of mis-
taking lung cancers of the Joachimsthal miners for
pulmorary silicosis or tuberculosis was continued.
Likewise, associated pathologic conditions some-
times may operate in nbacuring the co-existence of
an occupational cancer. This danger exists, for
instance, for absestosis cancer of the lung, ‘unless
s thorough necropsy study is made.

Cascivoomizsis

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

a) Canecndudopmga!mojpnmaryww
—To this group belong the cancers of the skin re-
sulting from cutaneous exposures to substances
such a3 coal tar, petroleum oils, creosote oil, aoot,

. and similar combustion and high temperature dis-

tillation products of carbonaceous matter, as well
a3 to ultraviolet and ioniging radiations; moreover,
the cancers of the nasal cavity, nasal sinuses,
ln'ynx.md!nngelmted by the inhalation of

chromium, and nicke! compounds,
(beryllium?), asbestos, isopropyl oil, tarry matter,
and radioactive gases and dusts. The cancers of
the connective, bony, and hematopoletw tissues
following exposure to penetrating ionizing radia-
tion may be included in this group of primary

- contact cancers.

b) Cm:dcubptupa!nk:ofodcdzwdcpm
tion.—Arsenical cancers of the skin, osteogenic
sarcomas following ingestion of radium and/or

mesothorium, leukemis following contact wi
benzene, (thyroid carcinoma following radioactiv
iodine medication, leukemia subsequent to radi
active phosphorus medication, osteogenic sarcomy
following inhalation of beryllium compounds?).
may be included in this group. ”

) Cancmdmlopmgmmmwh special fune.
tional or toxic affinity for carcinogens.—Represents.
tives of this group are almost exclusively caused by
carcinogens of potential impqrtance as far as hu.
‘mans are concerned and thus have been observed
mainly in experimental animals. Cancers of thi
type are the tumors of the liver developing follow.
ing exposure to various azo dyes, unmoﬂuom
compounds, chlorinated hydrocarbons and se
lenium, the cancers of the breast and uterus sub-
cancars of the thyroid following the prolonged o
cancers of yroid following
ministration of thiouracil demm.wul:’ro

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

¢) Cam:dndopwmlhcbuuoffmm
abnormalities dus to certain dicary deficiencies am
npmmtmg a type of indirect or secondary envirom

carcinogensris.—Cancers of the hypa
plurynx and of the liver noted among populatio
groups subjected to a diet deficient in vitamin ]
complexandprotemuwellumeerofthehn
in rats kept on a choline-deficient diet are membes
of this group.

n Camnojthcmuprmﬂmgfmmam
placental penetration of carcinopens. —Thm exisl
90 far only expenmentnl evidence in support ¢
such an expomremte in the demonstration.of th

‘development of pulmonary tumors in the of

spring of pregnant mice given urethan near ten
(Larsen [25); Klein [24]}. Whet.lmornotsmﬂn
mechanism may be active in the production ¢
congenital cancers or cancers developing during i
fancymdetﬂychldhoodlppuutobosworﬂ
while subject of investigation in view of the:
findings
thentunotlihlythntexogenomagentln
the only factors responsible for buman cancet
the increasing number snd widening variety
environmental csrcinogenic sgents suggest th:
theyaeemtobcopeutweinamuchhr‘
proportion of cancers than is recognised
realized at present. It appears from the eviden
available that the study of environmental canc
bazards and cancers offers not only the mx

API 05560

JAM 015535



act with
dicactive
to radio.

‘pounds?)

cial fune.
‘presenta.
:aused by
ur as hu.
observed
rs of this
1g follow.

wofluorene

and se.
erus sub.
gens, and
snged ad-

cretion of
eter, and
erimental
_d respira-
's and azo
~cinogenic

1p-
functional
encies and
y environ.
he hypo-
wopulation
citamin B
f the liver
+members

n g trane-
1ere mss
upport

tion of the
1 the off-

near term

t a similar
luction of
during in-
¢ a worth-
- of these

ageats are
n cancers,
variety of
igest that
ich larger
guized or
e evidence
* ital eancer
the most

e

Hreper—Enrironmental Cancers: 4 Review

697

:;;-‘; approach to the determination of the

. of human cancers, but is also the grinci-
muu:: z‘l)xfmuuh which the primary prevention of
be achieved.
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