SECTION II

NEED FOR EPIDEMTOLOGICAL MONITORING QF
INDUSTRIAL MORTALITY
by
R. Peto

Epidemipiogical Perspective

This paper will discuss "risk assessment” from an
epidemiclogical perspective, making reference to reviews
published elsewhere to suppert its main arguments. This:
paper should be considered an introduction te the topic;
for much mor: detailed information, the reader is referred
to Dell & Peto (1), a review published after this paper
was presentad.

Information is still lacking on what proportion of human
cancer in developed countries is due to occupationmal,
envirommental or consumer exposure to the type of
chemicals to which "risk assesmment" is usually applied,

4 large percemtage (variously estimated as 70%, 80% or
90%) of cancer is avoidable, based chiefly on evidence
that every cancer which is common in one country is rare
in some other country. For example, lung cancer iz common
in the United Eingdom but much rarer (about 3% of the
Eritish rate} in Nigeria because the Nigerians have net
smoked cigarettes for as long as have cthe Bricish.

Stomach cancer is common in Japan but much rarer (abgut 4%
of the Japanese rate) in Uganda. Further svidence that
these cancars are rsally preventable is provided by the
changes with time in some of them. Stomach cancer is
decreasing by about 502 every 20 years in most countries
in the world, even though it is still almost incurable,
while lung cancer is increasing rapidly in all countries
where cigarette smoking increased substantially between
1920 apd 1960.

Apart from the cancers associated with smoking, most of
the cancers which are common today in North America, the
United Kingdom and the rest of Europe have been comman for
at lemst half a century; the avoidable causes, therefore,
must be sought in various aspetts of our lifestyle and
envirommant which were already present more than half g
century ago. The most plausible factors appear to be
dietary habits, includimg not only carcinogenic
contaminants of diet but also trace elements, viramins aod
other micro-nutrients and gross aspects of diet such as
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Frequemcy of feeding, and caloric, bulk or fat conrCent,
All of these eslements can profoundly modify the incidence
Of either spenraneous or carcinogen-induced tumours in
leboratery animals and may 1n principle do likewlse in
humans. These views are not substantiated by esrablished
scientific facts but may point to interesting lines of
research, These views are mentioned merely ko show thar
even though 90X of cancer may be avordable, the percentage
atcribubable to chemicals in the environment may be much
smaller. The recent report from the United States Office
of Technology Assessment (2} develops these views much
wmore fully, especially with respect to the tole of
pollutants in air, water and food. A summary table from
that report which gives a general epidemiological
perspecrive on ways of avoiding cancer is reproduced in
Table 1.

At present, no reliable data are available on which to
base estimates of the percentage of cancer duas ta
occupational factors. Reascnable estimates For the United
Kingdom 2nd the United States have ranged between 1% and
10%, and any figure from 2% to 5% may be playsible. The
estimates of 20-40% (or 23-38%) that have appeared since
1378 all seem to derive from one wholly unreliable

Source: an unauthored, unpublished document circulated in
1978 in Washington. This document has been reproduced as
Appenaix F 1in a recent report by Pero & Schnerder (3).
Since that document would attribute to cccupational
factors alone about ten times as many mesotheliomas and
nasal sinus cancers as actually osccur im the entire
population, its underlying assumptlons are clearly
erroneous. and it should not even be mentioned 1n reviews
of the range of estimates of che parcentage of cancers
that have appeared in the published sciemtific

literature. What the percentage way he in countrires other
than the United Kingdem and the United States is not known
to the author, and the chief point of this present paper
is to recommend regearch which would incidentally help to
answer this quastion.

In most developed counttiss, epidemic increases in lung
cancer have taken place, or are continuing to Lake placa,
due to the adoption of cigarette smoking. The old habit
of pipe smoking had much less effect on lung cancer than
does cigarette smoking, Howsver, a switeh from pipe to
cigarette tobacco will mot produce large changes in the
anset rates of cancers caused by both habits, such as
cancer of the mouth, pharynx, larynx and oesophagus.
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EPIDEMIOLOGICAL DATa

Apart from the effects of tobacco on the trends in
(chiefly lung) cancer, no evidence whatever appears in the
mortality data from the United Kingdom or the United
States of any generalized epidemic increases in cancer. A
few cancers (e.g. melanoma) are increasing, a few (e.g.
stemach and cervix uteri) are decreasing and many are noc
changing much in erther direction except for the decreases
in Hodgkin's disease and leukemia, attributable to recent
improvements in treatment. In exawmining trends in
mortality data, standardization for age is essential, and
attencion should be rescricted to the age range 0-64 years
or the age range 35-64 years recommended by the
International Agency for Research on Cancer (4). Elderly
people dying of cancer may not be correctly certified, and
progressive rectification of such errors may cause
artefactual upward trends in cancer death certification
rates among the elderly. Examination of incidence rates
of cancer, as recorded by special cancer registries which
seek notification of all new cases, fatal or not, in a
defined population, is subject to various ather
uncertainties. Some analyses of incidence data from the
United States have suggested that large increases in
incidence, over and above those attributable to tobacco,
are in progress, but these increases may chiefly be
artefacts of cancer registration (for a detailed review of
the evidence, see reference 2).

Application of Laboratory Tests

This section turns from this brief review of epidemiology
Lo an even briefer review of ghort-term and long-term
laboratory snimal tests to determine which compounds are
important as potential human carcinogens. The first
difficulty is that a large number of such tests exists,
each of which will classify a fairly substantial oumber of
¢hemicals as active, and the researcher 1s immediately
faced with the practical problem of which test results to
take most sericusly. Good reasons can be cited for
expecting that agents which are strongly active in many
laboratory tests will cause substantial risks of cancer in
humans who are heavily exposed to them, and many may also
cause low risks of cancer even at low dose levels.
However, much less reason exists for being confident that
all the major ways of avoiding human cancer, occupational
or other, will be picked out as important by laboratory
tests. Table 2 summarizes some general reasons for this
assertion.
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Table 2, General reasong for the limited appiicabilicy of

laboracory rests to humans

Both short-term tests and tests on small, shart-lived
animzls may systematically miss whole classes of
carcinogens that are particularly relevant to humans.

1,

Humans are one thousand times larger and live thirty
Limes leonger than mice. By what megchanisms do our
cells avoid the cancers which mouse cells would pet -
mutation avoidance, mutation repaiv or modificatiem of
the probebility that a mucated cell wili pragress into
the seed of a cancer?

10 vitro, numan cells can be mutated as easily as
mouse cells by most animal carcinogens, but human
cells are much harder co transform 1n vitro than
rodent cells, Why?

¥eroderma pymentosum patiencs cannot repair the cype
of DNA damage inflicted by most Ames-type mutegens.
Yet preliminary epidemioleogical studies suggest they
have no marked excess of internal tumours. Why?

Many animals have mntagenic intestinal contents; have
animals, ipcluding humans, adapted to this condirtion?

TCDD, Lhe strongest known carcinogen, is inective in
the Ames test. What does TCDD do?

Most laboratory carcinogens cause liver cancer, yet
human liver cancer is very rare im the developed world
and 1s not increasing.

oof workers and asphalt workers who ingested large
amounts of polyeyeclic aromatie hydrocarbons and other
combustion products via their mucus and sgliva have
been grudied: yet they had no excess of i1nternal
CBTICETE
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EPIDEMIOLUGICAL DATA

Although our present state of ignorance about the rrue
cduses of human cancer precludes our certainty, review of
the koown causes listed in Table 1 is not encouraging.
For ten years, the inability of experimeataliscs to
produce malignant cancers with inhaled cigarette smoks way
used as evidenca that the human data must be wrong, and
for some rime, animal experiments were held to shuw that
radiation was carcinogenic only f given 1n doses
sufficient to cause tissue damage {a claim which was
conclusively refuted by later human experience).
Asbestos, the most important occupational carcinogen, 1s
aut absorbea when fed to animals (snd because most af the
asbestas that humans inhale eventually goes down the
gasrrointesktinal tract, feeding atudies might have been
envigaged), and alcohol, the cause of over 1O 000 cancer
deaths per year in the United States, is not carcinogenic
in any other animal system yet studiaed.

Laboracory tests are ol some value (Table 3), bur they do
not give a siwmple key to the Eruth. Hundreds of chemicals
should be run through the Ames test (as 1s being done at
present at the Mational Institute of Environmental Health
Sciemce, US4). In addition, some crude quantirative
estimaces made of the degree of humen exposure to each
¢hemical, including, where possible, both exogenous and
endogenous exposure because some chemicals cin be
synthesized in our intestines, etc, The Ames test potency
multiplied by the smount of human exposure then gives a
product that could be called the "Ames test priority" for
each chemical. 1If this procedure were done, the "Ames
test priorities" for a few chemicals might vastly sxceed
those for all others. These high-ranking chemicals could
then be considered for regulatory actiom, while low
priority ones could be ignored funless vestriction could
be imposed on them ar negligible cost}. The cost of
restriction {or any other social facsors) has deliberatelr
not been rultiplied 1nte this priority formula, as such
cosC fac:ars will Lnevitably be taken inte account and are
very poorly known. DJefinite action against the few high
PTLOr1ty agents may, 1n the practical real world, produce
2 more rapid reduction in the total human exposure to
Ames-type mitagens than might a2 more broadly based
regulatory approach. 1ooc general am approach risks
paralysing either the regulators or the regulatees. No
assumption exists in this approach that the quantitative
human risks associabsd with Ames-type mutagens are known
now o5r will be known Five or ten yvears hencs: wmaybe they
matter and maybe they do not, but the restriction of Cotal
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Table 3. Selected laboratory methods for assessing
chemicals carcinogenicity?d

Long-term animal tests (usually rodent feeding)

Short—term tests

- Effects on DNA of isolated cells: Ames test, CHO
V79, prophage, SCE, breaks, unscheduled synthesis,

atc.,

- Effects on DNA of living animals: alkaline elution,
mouse spot, sperm, etc.

- Effects on cell behaviour: transformation,
micro—nucleus, ete.

3 For further information see the [ARC Monographs on the
Evaluation of the Carcinogenic Risk of Chemicals to Humans.

human exposure to them is prudent. For obvious reasons,
such an approach is best described as "priority setting”
rather than "risk assessment®. Indeed, much of what
passes for risk assessment has no remotely reliable
scientific basis and is of value only insofar as it agids
in priority setting.

Likewise, similar use of the mass of data curreuntly
available from animal experiments could be made
(preferably adopting as a measuras of potency the TD5(
defined as "that dose which halves the probability of
animals remaining tumourless by the end of a conventional
standard lifespan of two years''). The "animal priority"
could be derived, and attention concentrated on the few
agents with the highest priorities, as cutlined above.
Animal tests are fundamentally no more relevant than Ames
tests; they just measure a different range of properties
(relevance is determined by the unknown proportion in each
system of false positives and false negatives, especially
false negatives involving current or future major causes
of human cancer).
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EPTDEMIOLOGICAL DATA

Clearly from the foregoing discussion, no matter what
tests are used or reguiatlong enacted, some human
carcinogens will escape notice, to be detected only by
their effects afrer 10, If or more years. For chemicals
and dusts (wnich are probably about as equally important
28 occupational carcinogens), some group of workers
manufacturing, reprocessing or using the substance will
likely then have a detectably elevaced risk of cancer.
Both to protect them and o protect the general public
(from the effetrs of law lewels of exposure on millions of
people), the routine menitoring of cause-specific death
rates for many defined groups of workers is important.
Such surveillance must not be expensive or it will not be
done in many countries., The outline of a scheme that
might be inexpensive encugh to be practicable in most
countries is described 1n Table 4. More rafined methods
should probably nor be devised for routine use until this
basic minimum 18 reliably undertaken. Indeed, evem the
subdivision of factories by occupations that iLs suggesced
at the end of Table 4 will probably not be practicable as
3 routine exercise and may well be advisable only as a
special project by particular epidemiologists, independent
of the national plan to monitor industriazl mortality.

4n alternative approach to the monitoring of cccupatiomal
mortality, which cannot be undertaken routinely and which
certainly requires design znd executiom only by
experienced epideminlogists, is described in Table 5.
Exactly which combination of these several plans is
appropriate will vary countty to country, depenaing on che
induserial pattern, the availability of deach records and
the availability of skilled epidemiologists. The minimum
which I would urge is occupational mortaiity among the
long-term workers still at, orT moved or retired from, each
medium or large facrory should he monitored in & scheme
which makes rhe cheapest use possible of already existing
data. T™e continued failure to d¢ cthis minimum 1R mosc
countries is completely absurd in view of the much greater
resagurces that are currently adevoted to monitoring various

chemicals and making laboratary studies of their possaible
effects.

,_.
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SECTION 11

Table 4. Qutline of a possible strategy for routine

survezllance af ocrupatilonal mortality . )
(Epldeminiogir ravestlgation and identification
of seceaparious ak high risk)

Get persounzl cecords back to 1950 {(or the start of
the factory if more recent) for all factories thar
operated for more than 10 years and had ever employed

more than LGAQ workers (intlude factories which have
already closed).

Monitor cancer among workers who completed a total of
5 or moTe years of employment (when a worker
compleres 3 years, he enters your study, but 1f he
dies or lesves befare then, you i1gnore nhim),

Continued observarion of all study subjects, even
after they retire or move elsewhere, 15 essential.

Tsbulate numbers of deaths from each specific cause
by number of years siace qualifying for the study
(grouped aeg 0—4 vears, 5-9 years, 10-14 years, ete.)
irrespective of aubsequent work history,

Contrast these observed numbers with the numbers that
would have been expected if the age-specific death

rates had vceen exactly equal to the natiomal
agé-specific rates.

Deaths will almost always be fewer than expected 1n
study years O=4 because the men are st1ll healtchy
enough tg b working at the beginning of study

year 0. In additiom, years O-4 are within the firsr

10 years of employment, and real risks may not yet be
avident.

Interpret the Iindings cautiously: a 2 < 0.001
excess 3f deaths from a specific cause is much more
convineing evigence for a real effect than a P = 0,0l
excess would oe (conversely, a P = 0.0l excess is not

wholly convinmcing unless supported by independent
evidencel.
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Table 4. cont'd.

8.

10.

11.

Lack of a statistically significant excess

{e.g. P > 0.1 does not prove safety, espacially if
few workers have been exposed for more than 15 vears
(simply because such results could have arisen by
chance does not mean they did so).

If a moderately or highly significant excess appears,
look up or start laboratory studies of the various
agents known to be presenc, try to discover which
subgroups of the workers at this factory seem most atb
risk and ssek ocut or start mortality studies of
similar workers elsewhere in the same country or
abroad.

Analyais by occupation within each factory is the
next stage; even the simple division betwaen
clerical workers and process workers may help.
However, the difficulties of subdiviszion of the
workers within one factory by their principal
occupation may be large. Consequently, such a
programme should not be undertaken, except in special
cases, until all large factories have their mortality
monitored.

Likewise, in a few special cases, analysis of a group
of workers drawn from many dif ferent factories but
with a common pccupation would be desirable if it
does not delay routins monitering of whole factories
{a.g. Tayon workers exposed to carbon disulfide).
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Table 5. Alternative, or parallel, epidemiplogy by case

control studies

3.

3.

Define a group of cancers which is of special
occupational interest [e.g. nose, pieura, scrotum,
liver, larymx, trachea and bladder at ages 35-64 plus
lung at ages 35-50:; total = 4% of allj.

Define a category of camcer or other disease of
lictle occupational interest (e.g. intestinal zancer).

Take 5 years of data for all camcers of special
occupational interest and find out the major job
historiey {2.g. those lasting more than 10 years) for
each case.

Proceed likewise for a sample of controls with Cthe
digsease(s) which are of little interest, selected to
match approximately the predicted sex/age
distributicn of the cases.

Compare the two series Lo see which jobs stand out.

REFERENGCES

1.

124

Dell, R. & Peto, R. The causes of camcer:
quantitative estimates of the avoidable Tisks of
cancer in the United States today. Jourmal of the
National Cancer Ingtitute, 66: 1191-1308 (1981).

Office of Techmology Assessment. Technologies For
determining cancer tizk frow the environmment.
Washington, DC, US Printing Office, Publ.

Ho. OTA-H-138, 1981,

Peta, R. & Schneiderman, N.H., &d, Quantification of
becupational cancer. New York, Cold Spring Harbor
Laboratory, 1%#81 (Banbury Reports, 9).




EPTDEMIOLOGTCAL DATA

Waterhouse, J. et al., ed. Cancer incidence in five
continents. Lyon, International Agency for Research
en Cancer, 1976, Vol. 3 (IARC Scientific

Publicatioma, Ha. 13},

127



