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Recent Perspectives in
Occupational Cancer

‘BY IRVING ] SELIKOFF

In recent years, many previously unsuspected carcinogenic agents have
beemidentified and new perspectives established for the evaluation of the
increasing numbers of chemical substances introduced into the environment.

Atleulion is sometimes called to the fact that the first neo-
P for which ctiological factors could be established, wers
occupational cmem. The report -200 years ago by Percivall

ott of cancer of the scrotum in individuals who had been
employed as chimney sweeps (1), or that of chemical car
cinogene:ix in humans first described 30 years ago as “aniline
cancer” (2), or that radistiom-induced cancer had an occu.

pational starting 4. in, Schneeburg and
Joachimstal llmoup?: M, are cited. These claims
are true, yet it is eqs % Sich wes an isolated de-
scriptive observation. ol inits

Accelernted deve Sopmecting mature body of
knowledge, the discip} cancer, has rather
been a matter of the Although it was related

to what went bolon by the eonlinnlnt productive studies of
the clfects of carcinogenic aromatic amines (2), if one event
can he said to be the origin of this new phase. it may be the
brilliant description in 1958 by Richard Doll of the association
between occupational exposure to asbestos and an important
risk of death of lung cancer (4). Doll's demonstration of the
applicability of chronic disesse epidemiology provided an
important example for future research. Many of the concepts
we now take for granted in the evaluation of
carcinogenicity, as. the need for long periods of observation
{5), the utility of cohort studies (6), the possibility of co-
existence of cancer and other biological toxicity (7), were in-
herent in his classic report. Similar approaches have guided the
best of experimental studies and have increased their relevance
to human disease (8).

14

‘know what is happening in tissues b

With this background, a good desl kas been learned about
occupational cancer in recent years This has included identi.
tication of carcinogenic agents previously unsuspected of such
effects and the establishment of a number of perspectives
whk.ltmmnvu!ablcfortho luation of other ial

used in industry and/or agriculture or which may be intro-
duced in the future (9). The latter achievement is perhaps more
important, since the number and complexity of new or re-
cently introduced agents has attracted much attention, and
little is known concerning their carcinogenic potential.

LATENT PERIOD
The sbove term is perhaps inexact since we do not actually
the time of first
exposure and initial evidence of clinical discase. Changes may
be under way, albeit not detectable with current techniques.
Pethaps “period of clinical latency”™ or *lapsed period* would
be miore exact (10). In any case, each of these terms describes
an important phenomenon—that a considerabie time must
usually elapse between onset of exposure to an occupational
carcinogen and the first evidence of resulting cancer. General-
ly, this period i3 20—3S years, although as little as 10—1§
years may suffice, or 35—50 or more years will pass. The time
sequence can be affected by a number of variables touched on
bejow, but it is remarkable how their influences operate with-
in relatively narrow constraints.

Understanding this, two conclusions become evident. First,
it would have been difficult or impossible to establish the
carcinogenicity of substances widely introduced only in the
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past 3050 years. until the I:St decade orso. S d, we will

1ot be able, with present knowledge, to identify cancer risk in
humang of recently introduced agents for another two or even
three decades (i), and epidemiology must look to assistance
from other disciplines. Parenthetically, a similarly long period
must olapee before it can be ascertained whether measures
designed 1o correct an oecupational cancer hazard are actually
effective. This has been the case, for example, among nickel
smelter workers (12).

The importance of the principle of elinical latency has per-
haps nowhere been better demonstrated than with lung cancer
asociated with occupational exposure t0 asbestos. In our
Laboratory, we have been following a cohort of ashestos in-
sulation workers, composed of ali 17 800 membhers of the
Union of such workers in the United States and Canada on
January 1, 1967 (5). By December 31, 1972, 1356 of these men
had died, almost 400 mare than had been expected. There
were 275 deaths of lung cancer, whereat only 36 had been
anticipated. Analysis of the work history of these men indi-
cated that the excess deaths were lsrgely limited to those
workers who had achieved more than 20 years from onset of
their work (Tabies | and 2). .

The risk of lung cancer with occupational exposure to
asbestos could easily be missed, and lnaccurate conclusions
dnw. it studies are made without the opportunity to ob-

serve a sufff ber of individuais 2030 ar more years

from onset of work exposure. Similar results have heen ob-

tained in of (13) and workers ia nickel

refineries (14) and with other agents; indeed, when many lung

cancers are sten after significantly shorter periods, as with

pchlomuhylcther (15). one might justifiably suspect rather
or particularly virulent ugents.

MULTIPLE FACTOR ETIOLOGY

Investigations of occupational exposures for icity
genanaily seek 10 isolata the suspect materisis. This is reason-
able. Nevertheless, this approach is in & mnse artificial, since
carcinogenic agents are infrequently used singly, but rather in
complex work environments, often with a variety of other
substances of unstudied potential, and by individuals whose
personal and socizl environments are equally varied The
possibility of interaction of two or more agents has long beea

known in the experimental setting; since 1968 it has been.

shown for occupational cancer io humans as well (16). It was
found among asbestos workers, for exsmpls, that lung cancer
risk was not significantly increased among those men who did
not also have a history of cigaretts smoking. Thosse wha did,

had much more lung cancer than cigaretts smokers in generul .

Asbestos exposure thus markedly increaszd the lung cancer
risk of cigarette smoking: it has been calculated that an
who has 92 times the risk
ofdmhollun:m«reomp-ndw:ﬂlmindivﬂulo!thc
same age who neither smokes nor works with asbestos (16).
The powaful multiplying ¢ffect of the combination of two
agents can be appreciated by examining the experience of
asbestos insulstion workers cited above. When the cohort was
established, the smoking habits of the majority of the workers
wumondod. 9550 had a histary of cigaretia smoking, 609 had
hrsol nﬂudnz smoking but no cigarette smok-
lisld mever smoked at alL Their mortality
far reference to lung cancer, is
; i Among those who never smoked, only
Waiscee was seen from January 1. 1967 through De-
: 1972, The pips and cigar smoking group also had
eancer death. On the other hand, thers were

p ial than those individually capable of inducing malig-
nancy. and since at least some working environments now tend
to become more compiex. this may turn out to be of consider-
able practical importance in the future.

Second, animal studies generally are directed to the insvesti-
gation of one agent; negative results may thercfore be mis-
leading insofar as actual work risk is concerned. (To com-
pensate, one should hasten (0 add. dosages can be far greater
than those which occur in industry, and carcinogenicity en-
hanced).

SIGNAL CANCERS

Most occupational cancers are identified as occurring as in-
creased bers of )n malignancies. Thus, increased
rates (taking age. year and sex into account) of lung cancer
oceur, for le, with ional exposure to (ale. chro-
mates, arsenic. nickel wbonyl uranium mining, fluorspar
mining, hematite, f-chlormethylether and asbestos: of biad«

Tabie 1. Kxpocied snd cbesrved deeths among 17 802 asbetlos insula-
Hen werturs In the United States andt Cansds Jeriary 1, 1947=-0ecam.
5er 3V, 17L.

Ourslion irom oneel of expasure
Lo than 20 yeers More thes 20 years
O Ghserved
dostho—all souses me E %ﬂ 1100
\ . ne “ 1 m
o™ i« % 9
All other causes n.e ™ e =
Manbor of parsane 1208t v ne
* retes ore based " $p00iNe white male deaih rate deta
mwluulmu? l“‘ Retes for 12 wers axtre-
lated from raten from 1987—A71.
** US rates are not aveilsble, Dut thees are rare ceuses of death in the

Table L. Decths from luag Soacer among 17 808 asbestos Insulstion
werkers in the US and Censde, Januery 1, 1887—December 31, 1972;
rolatian 10 slapesd pacied frem emaet of work expodure.

Lung saneer
Expecied Observed

Yoars from snnet doaie® deathe Astle

om [ —
£3 i 4 &
»-2 (1] M 38
= i3 2 3
= i s i
>y 9 1 42
n o - I
Tolnd [ 24 m 4.9
* Expected desths sre besed upen ege-tpecific whi

o the U8 Nationisl OMce. oF Vial Sthsicr. Hetee T 19s were s

Saeg cancer deaths among those with a history of cig:
smokiag, aithough only 321 such deaths wers expected to occur.
This, despite the fact that all of these men had worked in the
same trade, with equal opportunity for occupational exposure
to asbestos.

d and ob d deathe of tuny cancer among 17 800
sshesios insulalion warkers, Jenuery 1, 1947—~Decem-
ber 3, 1072; relalion of aigaretio smoking.

Detihs jrom lung cancer

Mo of
The signift of the principle of multiple factor inter. POrsens  grpecd’ Oheerved Ratle
action has many nmiﬂuﬂonx ‘I'wo are of immediate interest, l.db'.‘ habits .n.o.t nown g ;:: 1;: ;.;
First, some by th ves, ay have no carcino- "‘“",,.’.,, ,'.,,."“"_‘z,. " )
genic effect; in concert with others, malignancy may occur. “Nmm‘ ﬁ 112 i &:
Suchm influence may be additive or multiplicative (theoretically,  Hisiy of pipe and/or cigar aniy [l LAl ! 03
re could also be a mtecuvc effect, as well). At a cOrollary,  + gupected deathe based upen sge-spec
substances now may change their habit in m ::'nudlu anaking. um ﬂ."%tg’:’: ;%:«'Eﬁ.%:}:
D shrcumatances °"‘:’°"';""2“ must be constant. Too. since 1y of the imemafons) CisseiRcation of Disedsss and Causes of Deaira
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der cancer with S-naphthylamine and benzidine: of leukemia
with bentene and radistion. To find the effect of such sub-
stances, appropriate population smd!a are necessary lo see it
the expected background rates are i

PETROCHEMICAL INDUSTRY CANCER
There was a curious discrepancy during the first half of this
century between continued concem regarding ‘the potential for

etpe-
ciatly if less common tumors are being considered, as brain or
adrenal or kidney or lymphoma, extensive obssrvations are
necessary, if not of moderate sized groups over long periods
of time (aftér the 20 year point!), then of very large groups
for shorter periods (10 achieve an adequate number of “person-
years” of observation).
Ins ber of i ] have besn ob-
served in considerable numbers for which the usual expected-
observed ratios are aimost superfluous. When cancer of the

scrotum occurred among Pott's chil ps the ab of
biostatistical calculations did not prevent recognition of the
unusual situation. Sinus among dworkers may be

looked at in somewhat the same light (17).

Two neoplasms, mfrequem in general but common with
industrial exp have d that such “signal”
tumors can be imporum factors in identifying occupational
carcinogenesis, One, he iosarcoma of the liver, has as-
sumed such a rale recently and will be discussed belo\v The
second, mesothelioma. has a longer history. First reported in
the pleural cavity of an asbestos worker in 1953 (18) and in the
peritoneum of another the next year (19), its link 1o asbestos
was firmly established in 1960 (20) when, in a series of 47
cases in one laboratory in South Africa, over a five year
period, 45 were shown to have had opportunity for asbestos
exposure of one or another type, decades before. The impact
of this linding can be nuged by appreciation that, in general,
appre ly éne in a t 4 deaths in the general popu-
Iation had been known to be caused by these previously ume

With thess

tumors have proven common (21). In some cohorts of asbestos
workers, approximately five or six percent of deaths have been
due to pleursl and peritoneal mesothelioma (5), In others,
the percentage is Jower; it has been reported, for example,
that this neoplasm is less {requent among Quebec chrysotile
asbestos mintrs (22). When found in family contacts, it led
to the understanding of the danger of bringing dust from
the factory o the home (23), when found amid residents
in the neighborhoods about asbestos plants, it bespoke un-
controlied asbestos air poliution in the past. In South Africa's
large series of cases, with adequate history, only approximately
fifteen percent have been judged not to Have had some knowa
asbestos contact (24). Thus, wherever mesothelioma is found,
asbestos s sought. In this way, otherwise unsuspected oo
cupational exposures to asbestos have, been identified—in ship-
yards, especially (25).

ENVIRONMENTAL CANCERS FROM OCCUPATIONAL
SOURCES

Ah important dimension was added to occupational eancer
with the discovery that necoplasms might occur with the dis-
semination of the agent beyond the factory gate, either by its
release during the manufsctarieg peecess or. from resulting

waste, or by contamination: of. owe , with tis offending
material being brought howis 3 hes. Although
instances of such disenss had before (20), the full
o o gw“m;ghmm o) “&3 hg‘ 76 .
report in ( . - y con-
firmed cases of mesothefoma T .of the London Hos-

pitel, of the 45 not knows to Jrve NadP accupational exposurs
to asbestos, nine had timply tived in the households of asbeston
workers (“conjugal dhun") and 1t had neither worked with
the material nor lived with somecne who had been 30 ems
ployed, but had resided, many years before, within one half
mile of an asbestos plant in London. This finding was soon
confirmed (26), and the principle of carcinogenic risk derived
from occupational sources is an important factor in current
evaluation of control of environmental cancer, whether it be
from radiati power s, umuuunl us0 of
pesticides, air and water pollutlon from petrochemical i Yy

1 cancer in the burgeoning petrochemical industry
and relisble cvidence that this was oceurring with any fre-
quency. In considerahle part, the contradiction remains. On
the one hand. the industry deals with a very large number of
chemicals which either have been shown to have carcinogenic
potential in laboratory animals, or are related to these chemi-
cals, belonging to such suspect groups as the polycyclic aroma-
tic hydrourbom or some of the hllolemted hydmcubons. in
several uuunceg as benzpyrene or A-nagh

tional cancers in humans have been clurly established. On the
other hand, the number of chemical agents 3o incriminated has
remained comparatively small and the number of workers
involved, limited.

With the recent ideatification of vinyl chloride induced
cancer (27, 28), the situation has changed somewhat It is
still mot known whether a good many of the petrochemical
industry’s materials will turn out to be carcinogenic—in large
part, an adequate “latent period™ has yet to rum its courm,
to allow for praoper evaluation. Still, to find that a key chemi-
cal in the giant plastic industry was clearly carcinogenic has
besn disconcenting. Further, it was scbering to realize that if
vinyl chioride’s carcinogenicity had been expressed in increased
risk of cancer of lung or colon, clevated rates of neoplasms of
these sites among the affected workers might not have been
identified for some years, at the earliest. The fuct that it was
an unusual tumor, hemangiosarcoma of tha liver, otherwise
vare in the general population (perhaps one in 10 000—40 000
deaths), which occurred, attracted attention.

Three cases in one plant, the B F Goodrich Company in
Louisville, Kentucky, were sulficent to establish a strong sus-
picion of the risk (29) and the suspicion became a virtual
certainty when the same neopiasm was found in other vinyl-
chloride polymerization plants, msking vinyl chloride the
liksly offender, rather than other coexisting chemicah, as

additives or process chemlcals, peculiar to the Louwilh
plant’s operation. At the sama time, the fact that only a dozen
and a haif cases came to notice in the first five mounths after
discovery of the condition did little to allay concern, sincs
these cases, when analyzed, had begun work, on the average,
approximately 20 ysare before death, at a time when the
vinyl chioride-polyvinyl chloride industry was limited in size
and still employed refatively few workers Of the 19 cases
recorded by mid-June, 1974, 15 had begun work 19441952,
with an overail sverags of 20.4 years from onst for the group
as & whole. Simeﬂnmmhityolmrkmmvhylchlo-
ride-poiyvinyt chloride plants were first employed during
19508 and 1960s, it was evident that the fuil impect of vinyl
chloride tumors would not be known for ancther two dectdes
Limited dats so far svailable suggests that, at least for polv-
vinylchloride polymerization workers, the incidence of w
cupationa! cancer will be significant. Wa have examined ths

mortality experience of a cohort of workers employed at &
large polyvinylchloride polymerization facility in the United
States. The plant cpened in 1946 and from that year to 1963,
257 individuals were empioyed in the production process for
five years or more. While exposures began in 1946, relatively
few individuals were employed prior to 1951, when a significant
increass in the work forcs took place. Thus. the majority of
the cohort has had a bare 20 years or less from onset of
expasure.

An initial report of the experience of these men has been
made (30). We have traced each of the 257 individuals to
December 31, 1973. Twenty-five were found to have died, of
all causes. Three of the deathe, esch confirmed at autopsy,
wers due to h-mnnounoml of the liver (Table 4). Ages at
desath were 41, S4, 60. Elapsed time from onset of first expo-
sure to death was 14, 17 23 years.

DOSE-DISEASE RESPONSE RELATIONSHIPS
Dbcus.mn cr thu thomy question, with social, ethical and
tions co-mingled with scientific perspectives,

operations, carcinogenic mincral dust, or other substances or
processes (11). These considerations are scparate from those
involving cancer risk with end-product use, either during
further industirial manipulation of materials or in utilization
of consumer products.

16

was stimulated and made much more acute in the evaluation
of regulatory measures y for the i of vinyl
chlorids cancer. While it has been generally agreed that the
risk of malignancy increases with intensity and duration of
exposure, there has been much less concordance in the evalu-
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