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ABSTRACT —Evidence that the various common types of cancer are
largely avoidable diseases is reviewed. Life-style and other environmentai
factors are divided into a dozen categories, and for each category the
evidence relating those particular factors to cancer onset rates is sum- '
marized. Where possible, an estimate is made of the percentage of current
U.S. cancer mortality that might have been caused or avoided by that
category of factors. These estimates are based chiefly on evidence from
epidemiology, as the avaitable evidence from animal and other laboratory
studies cannot provide reliable human risk assessments. By far the largest
reliably known percentage is the 30% of current U.S. cancer deaths that
are due to tobacco, although it is possible that some nutritional factor(s)
may eventually be found to be of comparable importance. The percentage ¢
of U.S. cancer deaths that are due to tobacco is still increasing, and must
be expected to continue to increase for some years yet due to the delayed
effects of the adoption of cigareties in earlier decades.

Trends in mortality and in onset rates for many separate types of cancer
are studied in detail in appendixes to this paper. Biases in the available
data on registration of new cases produce apparent trends in cancer
incidence which are spurious. Biases also produce spurious trends in
cancer death certification rates, especially among old people. In {(and
before) middle age, where the biases are smaller, there appear to be a few
real increases and a few real decreases in mortality from some particular
types of cancer, but there is no evidence of any generalized increase other
than that due to tobacco. Moderate increases or decreases due to some
new agent(s) or habit(s) might of course be overlooked in such large-scale
analyses. But, such analyses do suggest that, apart from cancer of the
respiratory tract, the types of cancer that are currently common are not
peculiarly modern diseases and are likely to depend chiefly on some long-
established factor(s). (A prospective study utilizing both questionnaires
and stored blood and other biological materials might help elucidate these
factors.)

The proportion of current U.8. cancer deaths attributed to occupational
factors is provisionally estimated as 4% (lung cancer being the major con-
tributor to this). This is far smaller than has recently been suggested by
various U.S. Government agencies. The matter could be resolved directly
by a “case-control” study of lung cancer two or three times larger than the
recently completed U.S. National Bladder Cancer Study but similar to it in
methodology and unit costs; there are also other reasons for such a study.

A fuller summary of conclusions and recommendations comprises the
final section of this report.—JNCI 1881; 66:1181-1308.
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PREFACE

The percentage of today’s fatal cancers that might,
by suitable preventive measures, have been avoided is
subject to some dispute. Indeed, the percentage avoid-
able by certain particular categories of preventive
measure is subject to such vigorous dispute that the
non-specialist (to whom the present review is addressed)
may wonder whether research has yet discovered any
solid facts at all about the avoidance of human cancer.

The truth seems to be that there is quite good
evidence that cancer is largely an avoidable (although
not necessarily a modern) disease, but, with some
important exceptions, frustratingly poor evidence as to
exactly what are the really important ways of avoiding
a reasonable percentage of today’s cancers. Perhaps
because of this uncertainty, the number of different
areas of current research into hypothetical ways of
avoiding cancer is enocrmous. As a convenient frame-
work in which to seek an overview of them all, we
have divided the various hypothetical ways of increas-
ing or decreasing cancer onset rates into a dozen
groups, and for each such group we have attempted tw
review what is known about the percentage of current
U.S, cancer deaths that might thereby be avoidable.

In some groups {e.g., smoking habits) the quantita-
tive knowledge already available is quite reliable,
whereas in others (e.g., dietary habits) it is not, and we
have had to fall back on reviewing various current
lines of research whose eventual outcome is still
unknown. The “percentages” (of current cancer mor-
tality thus avoidable) that we eventually cite for the
separate groups are therefore not really comparable
with each other. Some are fairly precisely known,
whereas others are much less so. More importantly,
some relate to quite specific preventive measures on
which action would, at least in principle, be possible
on present knowledge alone, whereas others relate to
preventive measures (e.g., modification of dietary fac-
tors) where the changes that would be beneficial have
not yet been reliably characterized. Moreover, even if
two particular agents (e.g., asbestos and sunlight)
happen fo account for a similar percentage of all
cancer deaths, that which is the more easily controlled
is obviously of greater public health significance.
Despite all these drawbacks, the “percentages” that we
have attributed to each way or group of ways of
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avoiding cancer remain f[or us a useful summary of
certain facts, and the estimation of those “percentages”
remains a convenient way of structuring our review of
the quantitative information that is already available
or is emerging about the determinants of hurman
cancer.

Our report consists of a review of the evidence that
cancer is largely an avoidable disease, a review of
recent upward or downward trends in the onset rates of
various types of cancer, a review of our reasons for
preferring an epidemiological rather than a laboratory-
based approach to the quantilative attribution of hu-
man risk, and then a dozen separate sections, one on
each of the possible ways or groups of ways of
avoiding cancer. The final section then summarizes
and brings together our principal conclusions. We
have relegated most of our detailed discussions of
trends and certain other matters to appendixes, for
although these details might be of interest to the
specialist our principal aim has been to explain
matters to interested non-specialists. Of course some
isolated pockets of detail remain in the text, but we
have used paragraph subheadings fairly liberally through-
out in the hope that wherever any reader feels the
amount of detail excessive a few pages can be skipped
without losing the general sense of our argument.

Finally, following Russell (1946), a few words of
apology and explanation are called [or, chiefly ad-
dressed to the specialists on the various subjects we
touch on. Most of these subjects, with the possible
exception of tobacco, are better known to some others
than to us. If reports covering a wide field are to be
written at all it is inevitable, since we are not
immortal, that those who write them should spend less
time on any one part than can be spent by someone
who concentrates on a single subject. Some, whose
scholarly austerity is unbending, will conclude that
reports covering a wide field should not be written at
all, or, il written, should consist of chapters by a
multitude of authors. There is, however, something
lost when many authors cooperate, If any balance is to
be achieved between the findings in laboratory experi-
ments and the distribution of discase that actually
occurs in the population as a whole, and if the major
and minor causes of death are to be seéen in proper
perspective, then the various aspects should be synthe-
sized in a consistent way, which would have increased
in difficulty exponentially with the number of authors.




1. DEFINITION QF AVOIDABILITY OF CANCER

The various human cancers are diseases in which
one of the many cells of which the human body is
composed is altered in such a way that it inappropri-
ately replicates itself again and again, producing mil-
lions of similarly affected self-replicating descendant
cells, some of which may spread to other parts of the
body and eventually overwhelm it.! Some cancers are
easily curable, whereas others are almost always com-
pletely incurable by the time they are diagnosed,
depending largely on the organ of the body (lung,
larynx, large intestine, etc.) in which the first altered
celi originated. The symptoms produced and the ap-
proach to treatment also vary with the site of origin, so
that it has been customary for doctors to regard tumors
originating from different organs as different diseases,
Gradually, it has come to be realized that agents or
habits which greatly increase or decrease the likelihood
of one particular type of cancer arising (in humans or
experimental animals) may have little effect on most
other types of cancer, so that the prevention of each
type also must be considered separately. This realization
reinforces the need to consider cancers of different
organs as largely independent diseases, just as we have
to consider separately different infecticus diseases such
as syphilis, smallpox, and tuberculosis. When we
consider them separately, we see at once that although
there are several dozen different organs from which
tumors may arise, cancers of three organs (lung, breast,
and large intestine} are at present of outstanding
importance as they currently account for half the U.S,
cancer deaths (table 1), A substantial reduction in any
of these three cancers, particularly lung cancer, would
materially reduce total U.S. cancer death rates, whereas
such reductions in any other type of cancer would have
relatively little effect.

That the commeon fatal cancers occur in large part as
a result of life-style and other environmental factors
and are in principle preventable was recognized by an
expert committee of the WHO in 1964, The committee,
which had been appointed to consider how existing
knowledge could be applied to prevent cancer, hegan
its report (WHO, 1964) by stating that

The potential scope of cancer prevention is limited by the
proportion of human cancers in which extrinsic factors are
responsible. These {factors] include all environmental car-
cinogens (whether identified or not) as well as ‘modifying
factors’ that favour neoplasia of apparently intrinsic origin
{e.g., hormonal imbalances, dietary deficiencies and mela-
bolic delects), The categories of cancer that are thus
influenced, direcily or indirectly, by extrinsic factors in-
clude many tumours of the skin and mouth, the respiratory,

* “Tumor” and “neoplasm” have similar meanings, but strictly
the word "“cancer” relates only to invasive solid tumors of certain
tissues. However, most fatal tumors are '‘cancers” and we shall
sometimes use this familiar term loosely to include both solid and
diffuse malignant neoplasms plus sometimes even the fatal benign
tumors as well,

Avcidabie Risks of Cancer in the U.S.

TABLE I.—Numbers of deaths certified as being due to various
types of twumor: United States, 1978

Percent of
all deaths
from tumors

Type of tumor No. of deaths

Cancer of the

Lung* 95,086 24
Large bowel (eolon and 53,269 13 46
rectum)
Breast 34,609 9
Prostate 21,674 b
Fancreas 20,777 b 46
Stomach 14,452 4
29 other types or categories,’® 128,705 32
each contributing less
than 3% of deaths
Other or unspecified tumors® 38,383 8

Total, all tumors 401,955 100

" The annual number of lung cancer deaths is changing
rapidiy and will probably be ~105,000 by 1981. If it is, cancers
of the lung, breast, and large intestine will aceount for just over
half of all deaths from tumors where the site of origin of the
tumor was specified on the death certificate (see footnote o).

Including- ali leukemias as one category. (A detailed break-
down by sex and site is available in tables 17-19, pp. 1243-1244)
 Comprising 4,963 deaths attributed to tumors of benign or
unspecified histology, and 28,420 deaths attributed to cancer for
which the site of origin was not specified; at least half of the
latter probably originated from the six commonest sites.

gastrointestinal and urinary tracts, hormone dependent
organs {such as the breast, thyroid and uterus), haemato-
poietic and lymphopoietic systems, which, collectively,
account for more than three-quarters of human cancers. It
would seem, therefore, that the majority of human cancer
is potentially preventible.

Many individuals had already expressed this belief
previously, and the committee’s report merely served to
indicate that a consensus among most cancer research
workers had heen achieved. In the vyears since that
report was published, advances in knowledge have
consolidated these opinions and few if any competent
research workers now question its main conclusion.
Individuals, indeed, have gone [urther and have sub-
stituted figures of 80 or even 90% as the proportion of
potentially preventable cancers in place of the 1964
committee’s cautious estimate of ‘“‘the majority.”

Unfortunately, the phrase “extrinsic factors” (or the
phrase “environmental factors,” which is often substi-
tuted for it) has been misinterpreted by many people to
mean only “man-made chemicals,” which was cer-
tainly not the intent of the WHO committee. The
committee included, in addition to man-made or na-
tural carcinogens, viral infections, nutritional defi-
ciencies or excesses, reproductive activities, and a variety
of other factors determined wholly or partly by per-
sonal behavior. To avoid similar misunderstandings, we
shall refer throughout this report to the percentages of
cancers that “‘might be avoidable” in various ways,
rather than to the percentages that are due to various
“extrinsic’’ or “environmental” factors, and have used
the term “avoidable” in our title. We have had in mind
throughout our report the avoidance of cancer only by
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means that might conceivably be socially acceptable,
cither now or in some plausible social atmosphere in
the reasonably near future. (Potentially acceptable mea-
sures might, for example, include a continuation of the
current decrease in cigarette smoking or tar yields,
which would reduce the risk of lung cancer, but would
not include a first pregnancy for most females by 15
years of age, though this would reduce the risk of
breast cancer.) Even with this restriction, however, two
ambiguities remain in what is meant by the “avoid-
ability” of cancer.

First, by the year 2100 advances in basic research in

biology may permit prevention of cancer by means

now utterly unforeseen. No useful estimate of the
likelthood of such progress can be made, and we have
therefore tried to restrict our attention chiefly to the
avoidability of cancer by means whose effects on cancer
risks are already reasonably certain or by means that
might well be devised over the next decade or rwo
rather than in the indefinite future. For this we have
not assumed that the mechanisms underlying such
means are known or will be known in the near future,
but chiefly that it should be possible to identify those
things which different groups of people already do, or
have done to them, that account for the marked
differences in cancer risk between or within commu-
nities and that this identification will in many in-
stances lead to preventive strategies which are based
either directly or indirectly on the ways in which some
people already live and are therefore reasonably prac-
tical.

A second, more trivial, ambiguity in what we mean
by the “avoidability” of cancer arises simply because
everybody is bound to die sooner or later. {If there are
about two million births per year in the United States,
there are in the long run also bound to be about two
million deaths per vyear.}) If exactly hall the cancer
deaths that now occur were somehow magically pre-
vented and nothing else changed, those people who
would have died of cancer might live on for a further
5, 10, 20, or 30 more years (the average being 10 or 15
extra years), but they must eventually die of something
and that something would for some of them be a second
cancer. Even so, we would still describe such a change
as a halving of the cancer rate. To take an opposite
example, if every cause of death other than cancer were
suddenly abolished then of course everyone would
eventually die of cancer, although it might be mis-
leading to describe such a change in terms of an
increase in either the risk of cancer or the average age
at death from cancer, especially if one were interested
in the causes of cancer. The usual means of avoiding
such absurdities is to avoid basing inferences on the
percentage of people who "will eventually” die of
cancer, on “crude” cancer rates, or on ‘the mean age at
death from cancer.” Instead, it is usual to restrict
attention to ‘‘age-specilic” or "age-standardized’’ cancer
rates (see appendixes A and B). When we speak of the
avoidance of a certain percentage of cancer, we there-
fore have in mind a reduction by that percentage in the
age-standardized rates. (This may sound complicated,
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but it is merely the arithmetic equivalent of not
advising people that the most reliable way of avoiding
cancer is to commit suicide.)

In summary, the aim of our report is to review the
established evidence and current research relating to
each of several different possible ways or groups of
ways of avoiding cancer and to estimate the percentage
reduction in today’s age-standardized U.S, cancer death
rates that they might confer, now or in the medium-
term future.

2. EVIDENCE FOR THE AVOIDABILITY
OF CANCER

The evidence that much human cancer is avoidable
can he summarized under four heads: differences in the
incidence of cancer among different settled commu-
nities, differences between migrants from a community
and those who remain behind, variations with tme in
the incidence of cancer within particular communities,
and the actual identification of many specilic causes or
preventive factors. Genetic factors and age also affect
cancer onset rates, of course, but this does not affect the
conclusion that much human cancer is avoidable,

2.1 Differences in incidence Belween Communifles

Evidence of differences in the incidence? of particular
types of cancer between different parts of the world has
accumulated slowly over the past 50 years., At first the
only quantitative data available referred to mortality?
rates in particular areas or, even more crudely, to the
proportion of patients admitted to hospital suffering
from different diseases. Such data were grossly affected
by the age distribution of the population, the efficacy
of treatment, and the frequency of other diseases. But
even then data were sufficient to show that the inci-
dence of some cancers among people of a given age in
ditferent parts of the world must vary by at least ten
and possibly by a hundredfold. More recently, this
evidence has been reinforced by the results of special
surveys or by the establishment of registries in which
records are consistently sought of all cases of cancer
diagnosed in a defined population over a long period.
Registry data also need care in interpretation owing to
trends with time, or differences between different parts
of the world, in the provision of medical services and
in the extent to which they are used (especially by old
peopie, among whom a large proportion of fatal
canicers may never be diagnosed at all). Reasonably
reliable comparisons between different areas are ob-
tained only if comparisons are limited to men and
women in middle life (or earlier, for some specific
types of cancer), when a sufficient number of cases can
be anticipated for onset rates to be reliably estimated
and vyet efforts at diagnosis are still likely to he

? Definition: The incidence {rate) depends on the total number of
new cases of cancer (per year), while the martality (rate), also called
the death rate, ignores non-fatal cases.




thorough. The International Union Against Cancer
(1970) and IARC (1976) have recornmended that, for
the cancers of adult life, attention be chiefly directed to
the risks in the truncated age range of 35-64 years (and
many artifacts of interpretation of trends in U.5. cancer
data might be avoided if this simple precaution were
generally adopted).

Table 2 shows for 19 common types of cancer their
range of variation among those cancer registries that
have produced data sufficiently reliable to be published
for the purposes of international comparison by the
IARC (1976) and the International Union Against
Cancer (1966 and 1970). Types of cancer have been
included if they are common enough somewhere o
affect more than 1% of men (or women) by 75 years of
age in the absence of other causes of death, and ranges
of variation are shown for standardized incidence rates
between 35 and 64 vyears of age’

The range of variation (table 2) is never less than
sixfold and is commonly much more. Some of this
variation may be artifactual, due to different standards
of medical service, case registration, and population
enumeration, despite the care taken to exctude unreli-
able data; but in many cases the true ranges will be

! The incidence of most types of cancer increases with age so
rapidly that it may be misleading to compare disease onset rates
among people in one part of the world with those of people
elsewhere if the proportions of people of different ages in the popu-
lations being compared are not the same. This particular difficulty
may be circumvented by the use of age-standardized incidence rates
(see appendix A), and the rates in table ® are standardized as
recommended by the IARC (1976),

—’
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greater. First, large gaps remain in the cancer map of
the world, and some extreme figures may have been
overlocked because no accurate Ssurveys have been
practicable in the least developed areas, these being just
the areas that are likely to provide the biggest contrasts
{both high and low) with Western society. Second, the
rates cited in table 2 refer to cancers of whole organs,
and in one particular organ such as the stomach, liver,
or skin there may be many different types of cells that
are affected differently by different carcinogens of
protective factors; for example, in the skin the few
cancers arising from the cells that are responsible for
the manufacture of the dark pigment melanin in blacks
or in suntanned whites are called “melanomas,” and
difter greatly in etiology and prognosis from the many
“non-melanoma skin cancers.” Third, various anatomic
parts of one single organ such as the colon or skin may
be affected dilferently by different factors; for example,
cancers of the skin have different principal causes in
the populations where they are common depending on
whether they chiefly appear on the face, abdomen,
forearm, or legs. Finally, although cancers of the skin
are so common in certain parts of the world that they
outnumber all other cancers, most are $0 easily cured
that they engender little medical interest and are
commonly not reported to, Or in SOME Cases sought by,
even some of the best cancer registries. For these
reasons and because the extremes of variation in skin
cancer incidence between different communities are
affected by skin color as well as by the means of
avoidance which chiefly interest us, skin cancers (other
than melanomas) are perhaps of less interest than any
other type of cancer in table 2.

TapLE 2.— Ramge of incidence rates for commen cancers Gmond males {ond for certuin ecancers GmMong females)

Cumulative
. —— incidence,” - Ratio of Low
Site of origin High incidence area Sex % in high highest rate incidence
of cancer O
incidence to lowest rate area
aresd

8kin (chiefly non-melanoma) Australia, Queensland 3 =20 =200 India, Bombay
Fsophagus Iran, northeast section & 20 300 Nigeria
Lung and bronehus England a 11 35 Nigeria
Stomach Japan 8 11 25 Uganda
Cervix uteri Colombia Q 10 15 Tarael: Jewish
Prostate United States: blacks & 9 40 Japan
Liver Mozambique ) 3 8 100 England
Breast Canada, British Columbia Q 7 7 Tsrael: non-Jewish
Colon United States, Conneeticut & 3 10 Nigeria
Corpus uteri United States, California Q 3 30 Japan
Buceal cavity India, Bombay & 2 25 Denmark
Rectum Denmark 3 2 20 Nigeria
Bladder United States, Connecticut & 2 6 Japan
Ovary Denmark Q 2 6 Japan
Nasopharynx Singapore: Chinese 3 2 40 England
Pancreas New Zealand: Maori a 2 8 india, Bombay
Larynx RBrazil, 840 Paulo & 2 10 Japan
Pharynx India, Bombay a3 2 20 Denmark
Penis Parts of Uganda 3 1 300 Israel; Jewish

“ By age 76 yr, in the absence of other causes of death.

® At ages 3564 yr, standardized for age as in TARC (1976}, At these ages, even the data from cencer registries in poor countries are
likely to be reasonably reliable (although at older ages serious underreporting may affect the data}.
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Variation in incidence is not, of course, limited to
the types of cancer that are common enough some-
where in the world to have been included in table 2.
For example, Burkitt’s lymphoma has nowhere been
found in over 0.1% of the population, but even so is
100 times less common in North America than in the
West Nile district of Uganda. Also, Kaposi's sarcoma,
which is extremely rare in most of the world, is so
common in parts of Central Africa that it accounted
for more than 10% of all twmors seen in the (mostly
young) males in one hospital (Cook and Burkitt, 1971).
Some few rather rare types of cancer, such as the
nephroblastoma of childhood, may perhaps eventually
be shown to occur with approximately the same
frequency in all communities; but no common types of
cancer will be found to do so. In the absence of other
causes of death, cancer of the breast would affect about
6% of 1J.S. women before the age of 75 years as against
only 1% of non-Jewish Israeli women, and it is possible
that an even lower percentage would be affected in
certain other populations where reliable cancer regis-
tries do not yet exist, With breast cancer as the only
possible exception, for each type of cancer a popula-
tion exists where the cumulative incidence by the age
of 75 years is well under 1%. In other words, every type
of cancer that is common in one district is rare
somewhere else.

Most of the figures in table 2 refer to the incidence of
cancer in different communities defined by the area in
which they live. Communities can, however, be defined
in other ways and no matter how they are defined
(whether by ethnic origin, religion, or economic status)
similar or sometimes even greater differences will be
found. Of particular interest are some of the differences
that have been observed in the United States between
members of different religious groups.* For example, in
comparison with members of other religious groups
living in the same States, the Mormons of Utah and
the Seventh-day Adventists and Mormons of California
experience low incidence rates for cancers of the
respiratory, gastrointestinal, and genital systems.

Of course, it is unlikely that any one single com-
munity will by chance have the highest rates in the
world for every single type of cancer, just as it is
unlikely that any one single community will by chance
have the lowest rates in the world for every single type
of cancer. Consequently, when we consider total cancer
rates, which are obtained by adding the rates for each
separate type of cancer, in various communities we
find less extreme variation (only threefold) between
communities around the world than was found for
many separate single types of cancer. However, there is
if anything still more variation in these total cancer
incidence rates than would have been expected if for

* See, for example, the papers from the rtecent workshop on
*Cancer and Mortality in Religious Groups': Lyon et al., 1980a;
Lyon el al, 1980b; Enstrom, 1980; West et al., 1980; Phillips et al.,
1980; Martin et al,, 1980; King and Locke, 1980a.
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each community' the rates for the separate single types
of cancer had been picked at random from the corre-
sponding rates around the world for single types of
cancer (Peto J: Unpublished calculations based on
IARC, 1976). Comnsequently, the relative constancy of
total cancer incidence rates around the world does not
suggest that if one cancer is prevented another will
tend to replace it;® it merely shows that il many things
are added up, irregularities will tend to be averaged
out,

Apart from cancer of the skin, the risk of which is
much greater for whites than for blacks (and possibly
also apart from the consistent lack among people of
Chinese or Japanese descent of certain lymphoprolifer-
ative conditions) it does not scern likely that most of
the large differences in cancer onset rates between
communities could be chiefly due to genetic factors
(see section 2.3), and such factors certainly cannot
explain the differences observed on migration or with
the passage of time that are described in the following
sections.

2.2 Changes in Incldence on Migration

Evidence of a change in the incidence of cancer in a
migrant group {from that in the homeland they have
left toward that of their new country of residence)
provides good evidence of the importance of life-style
or other environmental factors in the production of the
disease. That such changes have occurred and axe
occurring is beyond reasonable doubt, but strictly
controlled quantitative evidence comparing incidence
rates in the three populations {original country, mi-
grant group, and new country) is hard to come by.
Black Americans, for example, experience cancer inci-
dence rates that are generally much more like those of
white Americans than like those of the black popula-
tion in West Africa from which they were originally
drawn, as is indicated for selected sites® in table §.
From the strict scientific point of view, this compari-
son is unsatisfactory because the ancestors of black
Americans would have come from many different parts
of (chiefly West) Africa, some of which are likely to
have cancer rates somewhat different from those ob-
served in Nigeria. Nevertheless, the contrast is so great
that there can be little doubt that new factors were

5 The suggestion that environmental and life-style factors do not
usually have much effect on whether or when an individual gets
cancer, but merely affect the site at which a (hypothetically)
predestined cancer will appear, has recurred from time to time for
half a century ever since Cramer (1934) overlooked the fact that the
cocificient of variation of lotal cancer rates must of necessity be less
than that of individual cancer rates. It is easily disproved by noting
that people exposed to hazards (e.g., carcinogens in industry or
cigarette smoke: Doll, 1978) which afect specific types of cancer do
not have reduced risks of cancer of any other type. The same is, of
course, truc among experimental animals.

¢ We omitted data for cancer sites for which the Tbadan rates
resemble the U.S. while rates (e.g., esophagus and stomach).
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TABLE 8. —Comparison of caincer incidence rates” for Ibadanm,
Nigeria, and for two populations of blacks and whiles in
the Umited States

Annual incidence/million

peop]eb
Primary site Patients’
of eancer gex’ Ibadan, United States’
Nigeria,

1960-68 Blacks  Whites

Colon 3 34 349 294
368 335

Rectum & 34 169 217
) 248 252
Liver 3 272 67 39
86 82

Pancreas & bb 200 126
250 122

Larynx 3 a7 286 141
149 141

Lung & 27 1,546 933
1,617 979

Prostate & 134 724 318
B77 232

Breast g 337 1,268 1,828
1,106 1,472

Cervix uteri Q 559 BOT 249
631 302

Corpus uteri o] 42 235 695
208 441

Lymphosarcoma® & 133 10 4
at ages <15 yr b 3

“ From IARC (1976}

b Ages 35-64 yr, standardized for age as in IARC (1976).

¢ Tor brevity, wherever possible only the male rates have been
presented, and sites for which the rates among U.S. whites
resemble those in the country of origin of the non-white migranis
have been omitted.

1 Wor each type of cancer, upper entry shows incidence in San
Francisco Bay area, 1969-73; lower entry shows incidence in
Detroit, 1969-71,

¢ Including Burkitts lymphoma, The cited rates are the
average of the age.specific rates at ages (04, 5-9 and 10-14 yr.

introduced with migration, These, it would appear, are
not chiefly the result ol genetic dilution by inter-
breeding, for at most major sites the differences between
black and white Americans in defined areas seem
largely independent of the degree of admixture of
white-derived genes among the blacks in those areas
(Petrakis, 1971),

A similar comparison can be made between the
Japanese and Caucasian residents in Hawaii and the
Japanese in two particular prefectures of Japan (table
4)., The close approximation of the rates in the two
prefectures gives some justification for believing that
they may be typical of the areas from which the
Japanese migrants to Hawaii (or their ancestors) origi-
nated, although the migrants will have come from
other parts of Japan as well. For every type of cancer
except cancer of the lung, the rates for the migrants are
more like those for the Gaucasian residents than for
those in Japan.

Other groups for which data are available include
Indians who went to Fiji and South Africa (and lost
their high risk of developing oral cancer), Britons who

Avoldable Risks of Cancer in the U.S.

went to Fiji {and acquired a high risk of skin cancer),
and Central Furopeans who went to North America
and Australia, Data for some of these groups were
reviewed in 1969, under the auspices of the Interna-
tional Agency for Research on Cancer (Haenszel, 1970;
Kmet, 1970), and recent data on cancer patterns in
different ethnic groups within the United States were
reviewed in 1980 under the auspices of the National
Cancer Institute (Kolonel, 1980; King and Locke, 1980b;
Locke and King, 1980; Lanier et al, 1980).

2.3 Changes in Incidence Over Time

Changes in the incidence of particular types of
cancer with the passage of time provide conclusive
evidence that extrinsic factors affect those types of
cancer, Such changes are, however, notoriously diffi-
cult to estimate reliably, chiefly because it is difficult to
compare the efficiency of case finding at different
periods and partly because few incidence data have
been collected for a sufficiently long time, so that we
have to compare mortality rates, which record only
fatal cases and thus may be influenced by changes in
treatment. There are no uniform rules for deciding
which of the many apparent changes in cancer inci-
dence are real. Each set of incidence data and each type
of cancer must be assessed individually. It is relatively
easy to be sure about changes in the incidence of
cancer of the esophagus, because the disease can be
diagnosed without complex investigations and its oc-

TABLE 4.—Comparison of cancer incidence rates” in Japan and
for Jopanese and Coucasians in Howadii

Annual ineidence/million people®

Primary : )

site of Pa:wI:tS p Hawaii, 196872

cancer ex Japan
Japanese  Caucasiang

Esophagus & 160 46 75
112

Stomach 8 1,831 397 217
1,291

Colon ) 78 371 368
87

Rectum & 95 297 204
90

Lung & 237 379 962
299

Prostate a8 14 154 343
13

Breast 2 335 1,221 1,869
295

Cervix uteri ? 329 149 248
398

Corpus uteri ? 32 407 714
20

Ovary @ 51 160 274
55

9 From IARC (1976).

b Apes 85-64 yr, standardized for age as in IARC (1976)

¢ Male only, wherever possible; sites selected as in table 8.

4 For each type of cancer, upper entry shows incidence in
Mivagi prefecture, 1968-71; lower entry shows incidence in
QOsaka prefecture, 1970-7L.
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currence is nearly always recorded, at least in middle
age, for it is nearly always fatal. It is much more
difficult to be sure about changes in the incidence of
many other types of cancer. The common basal cell
carcinomas of the skin, for example, are also easy to
diagnose but are often not registered at all, as they
seldom cause death and may be treated effectively
outside the hospital. What appears to be a change in
incidence may, therefore, be a change only in the
completeness of registration. Cancer of the pancreas, by
contrast, is almost always fatal but is easily misdiag-
nosed, perhaps as cancer of some other organ, unless it
is specially looked for. What appears to be an increased
incidence may, therefore, be wholly or partly due to
improvements in diagnosis, in the availability of medi-
cal services, or (as for all other types of cancer) in the
readiness of physicians to inform cancer registries of
any cancers they find. Such changes are particularly
likely to affect the cancer incidence rates recorded for
people over 65 years of age, as many terminally i1l old
people used not to be intensively investigated (some-
times, it must be admitted, to their advantage).

As most cancers are commoner among the old than
among the young, these spurious changes in old age
are liable to distort overall rates quite considerably and
(if attention is not restricted to people under 65 years
of ape) may conceal a stable or even a decreasing
incidence at younger ages at which cancer has been
reasonably well diagnosed for several decades. Despite
these difficulties, some changes during periods when
no large improvements in relevant diagnostic tech-
nology were introduced have been so gross that there
can be no doubt about their reality. These changes
include the increase in esophageal cancer in the black
population of South Africa, the continued increase in
lung cancer throughout most of the world, the increase
in mesothelioma of the pleura in males in indus-
trialized countries, and the decrease in cancer of the
tongue in Britain and in cancers of the cervix uteri and
stomach throughout Western Europe and North Amer-
ica. Worldwide changes in the mortality attributed to
cancers of the lung and stomach in the last 25 years are
given in table 5. Detailed U.S. data for these and many
other types of cancer are discussed in section 4.1 and in
appendixes C, D, and E,

2.4 ldentification of Causes

The simplest evidence of the preventability of cancer
would be the demonstration by scientific experiment
that a particular action actually leads to a reduction in
the incidence of the disease. Even where such evidence
could in principle have been sought by means of
randomized trials, this has not in general been done,
and so we often have to be content with the type of
strong circumstantial evidence that would be sufficient
to obtaint a conviction in a court of law. Action, based
on such evidence, has in practice often heen followed
by the desired result—for example, a reduction in the
incidence of bladder cancer in the chemical industry
has been seen since stopping the manufacture and use
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TABLE 5.—International changes since 1950 tn death certification
rates for camcers of stomach and lung

Percent change in
mortality” from

Country Period cancer of:

Stomach Lung
Australis 1950-51 to 1976 -53 +146
Austria 1952-53 to 1976 —53 -8
Chile 1950-51 to 1975 —56 +38
Denmark 19562-563 to 1976 -62 +87
England and Wales  1950-61 to 1976 —49 +33
West Germany 195258 to 1975 —50 +36
Ireland 1950-51 to 1975 —54 +177
Israel 1950-51 to 1975 —49 4168
Japan 1950-51 to 1976 -37 +408
The Netherlands 1950-51 to 1976 G +89
New Zealand 1960-61 to 1975 ~54 +137
Norway 1952-58 to 1970 —59 +118
Secotland 1960-51 to 1975 —46 +44
Switzerland 1952-53 to 1876 —64 +72
United States 1950-51 to 1975 —61 +148

4 Average of & and ¢ rates at ages 3664 yr, standardized
for age as in IARC (1976).

of 2-naphthylamine, while the progressive increase in
lung cancer risk that regular cigarette smokers suffer is
avoided by people who give up the habit of smoking.
Cancer research workers throughout the world have
therefore accepted that the type of human evidence that
has been obtained, sometimes but by no means invari-
ably (see section 4.2) combined with laboratory evidence
that some suspect agent is carcinogenic in animals, is
strong enough to justify the conclusion that a means of
avoiding some cases of human cancer has been iden-
tified. There are, of course, many borderline instances
where reasonable differences ol opinion exist, while
even for the well-established causes a few critics can
always be found who will argue that causality is not
established. A majority of students of the subject are
agreed that a few dozen agents or circumstances have
already been shown to cause or prevent cancer in
humans and that, in a number of other instances, the
conditions that give rise to an increased incidence of
cancer have been closely delined without a specific
agent having yet been identified (IARC Working Group,
1980). These agents and conditions are listed in table 6,
Exposure to some agents, it will be noted, has been on
only a small scale, as in the case of a drug introduced
briefly for the treatment of a rare disease, whereas
exposure to others has been intensive and widespread,
and hundreds of thousands of cancers have been caused
each year. The extent to which these listed agents and
conditions are now affecting the incidence of cancer in
the United States is discussed in Section 5.

2.5 Role of Genetic Factors, Luck, and Age

Some people of a given age will develop cancer in
the near future, and some will not. The determinants
of who will and who will not develop cancer are best
divided into three categories, not only the vsual “na-
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TABLE 6.~—Established human carcinogenic agents and eircumstances™®

Exposure’
Agent or circumstance Site of cancer
OCCuBs-  Megical ~ Social

Aflatoxin + Liver
Alcoholic drinks + Mouth, pharynx, larynx, eosphagus, liver
Alkylating agents:

Cyelophosphamide + Bladder

Melphalan + Marrow
Aromatie amines!

4-Aminodipheny! + Bladder

Benzidine + “

2-Naphthylamine + “
Arsenic + + Skin, lung
Asbestos + Lung, pleura, peritoneum
Benzene + Marrow
Bis(chloromethyl) ether 4+ Lung
Busulphan + Marrow
Cadmium o Prostate
Chewing (betel, tobacco, lime) + Mouth
Chromium + Lung
Chlornaphazine + Bladder
Furniture manufacture (hardwood) + Nasal ginuaes
Immunosuppressive drugs + Reticuloendothelial system
Tonizing radiations® + + Marrow and probably all other sites
Isopropy] aleohol manufacture + Nasal sinuses
Leather goods manufacture + Nagal sinuses
Mustard gas + Larynx, lung
Nicke!? + Nasal sinuses, lung
Estrogens:

Unopposed + Endometrium

Transpiacental (DES) + Vagina
Overnutrition (causing obesity) + Endometrium, gallbladder
Phenacetin + Kidney (pelvis)
Polyeyclic hydrocarbons + + Skin, serotum, lung
Reproductive history:

Late age at 1st pregnancy + Breast

Zero or low parity + Ovary
Parasites:

Sehistosoma haematobium + Bladder

Chlonorchis sinensis + Liver (cholangioma)
Sexual promiscuity + Cervix uteri
Steroids:

Anabolic (oxymetholone) + Liver

Contraceptives + Liver (hamartoma)
Tobaceo smoking + Mouth, pharynx, larynx, lung, esophagus, bladder
UV light + + 8kin, lip
Vinyl chloride + Liver (angiosarcoma)
Virus (hepatitis B) + Liver (hepatoma)

* Expanded from IARC working group, 1980.

® By restricting this table to firmly established causes, we undoubtedly have omitted some of the more important determinants of

human cancer, (A few borderline cases might not command uniform agreement; e.g., we have on balance just included cadmium and

just excluded beryllinm.)

© A plus sign indicates that evidence of carcinogenicity was obtained.

4 Certain compounds or oxidation states only.

¢ For example, from X-rays, thorium, thorotrast, some underground mining, and other occcupations.

ture’” and “nurture’”’ but also “luck,” or the play of
chance., “Nature” relates to a person’s genetic makeup
at conception, and this certainly affects the risk of
some types of cancer. For example, other things being
equal, a white-skinned person is more likely to develop
skin cancer In response to sunlight than is a black-
skinned person, while people who have inherited xero-

derma pigmentosum, a very rare genetically determined
inability to repair the normal effects of sunlight on the
skin (Robbins et al., 1974), are likely to develop several
skin cancers per person. ‘Nurture,” which is the subject
of this whole report, relates to what people do or have
done to them (in the womb, in childhood, or in adult
life) and is of public interest as a determinant of cancer
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risk because it is the only thing that can be influenced
by personal or political choice.”

Finally, “luck” takes care of the remaining differences
in outcome that both observation and theory lead us to
expect (Peto, 1977b), perhaps by determining the con-
catenation of events that brings about specific changes
in particular molecules in individual cells at particular
times. Somewhat similarly, luck involves some of us but
not others in traffic accidents. Even among genetically
identical laboratory animals kept under conditions that
are as closely uniform as possible, some will die of
cancer in middle age, while others will live on into old
age with no cancer. (Analogously, the fact that some
people die of lung cancer at 40 years of age while other
people live on in apparently similar circumstances to
80 does not of itself provide any suggestion at all as to
whether or not there are anv genetic factors which
affect lung cancer risks, for variation in age at onset of
disease would be expected in either case.)

Nature and nurture affect the probability that each
individual will develop cancer, and luck then deter-
mines exactly which individuals will actually do so.
However, although for each single individual the role
of luck is enormous, in a population of a hundred
thousand or more {(e.g., the population covered by one
particular cancer registry) the role of luck is smaller,
and in determining the annual number of cancers in
the whole United States luck has a completely neg-
ligible effect, for the larger the population the more
the good and bad luck will tend to average out. Conse-
quently, in the comparison of national cancer rates
only nature and nurture are important. Much of the
evidence outlined above (changes of cancer incidence
with migration, changes over the decades within one
country, and the identification of particular causes of
cancer) points to an important role for '‘nurture.”
However, this does not deny an equally important role
for “nature.” For example, the stomach cancer risks in
certain countries differ markedly from each other, and
most are decreasing rapidly (table 5), both of which
observations point to the relevance of nurture. How-
ever, in both high-risk and low-risk countries people
whose “ABO” blood group (a factor that is determined
purely genetically) is of type “A” have a stomach
cancer risk some 20% greater than that of their com-
patriots of type “O.” In this instance, as for skin
cancer, nature and nurture seem to multiply each

T One difficulty of terminology with the distinction between
nature and nurture is where to classify a genetically inherited
wendency o behave in certain ways (e.g., L0 overeat or undereat).
From a public health point of view it is probably most appropriate
to attribute the net results of tendency-plus-behavior o “nurture,"
since few such compulsions can be so rigid that social factors will
not also affect the behavior pattern. Another difficulty in identifying
“nurture” as ‘“that which might be avoidable” is that some day
selective abortion (or, more speculatively, selective conception} may
be possible to avoid the birth of a few babies with a near certinty of
death [rom cancer.
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other’s effects. If many other genetic factors are relevant
to stomach cancer, then maybe two compatriots chosen
at random would be likely to differ quite widely in
their genetic susceptibility to the external causes of
stomach cancer, although it is still possible that there
is much less individual genetic variation than many
people suppose.® Whether most Americans are of simi-
lar susceptibility or whether there is typically wide
variation in susceptibility makes little difference to the
net effects of changes in nurture on the total number of
cases in the nation as a whole and is therefore of little
immediate public health relevance. (In either case, if
the causes of stomach cancer are halved, then the
stomach cancer rates will be roughly halved, as has
been happening every 20 years.) Moreover, even if
individuals do vary widely in their genetic suscepti-
bility to stomach cancer, this does not suggest that
different countries will vary widely in the averages of
the genetic susceptibilities of their citizens, for in each
such average all the large variations between com-
patriots will be ironed out. For a few types of internal
cancer the differences between countries may be chiefly
due to large differences in genetic susceptibility (e.g.,
the shortfall of chronic lymphocytic leukemia among
the Chinese and Japanese or the excess of cancer of the
nasopharynx among the southern Chinese), but this
seems likely to be the exception rather than the rule.
For example, taking the three types of cancer which are
currently commonest in the United States (lung, colo-
rectal, and breast cancers), lung cancer was less than
half as common a quarter of a century ago, which
shows that most cases are avoidable, while for hoth
breast and colorectal cancers there are striking corre-
lations between the rates in particular countries and
various aspects of those countries’ life-style (e.g., fat
consumption; text-fig. 1). It is most implausible that
international variations in daily fat consumption are
chiefly determined genetically, and if it is accepted that
they are not, then the striking correlations between
dietary factors and the onset rates of certain types of
cancer show that the large international differences in
onset rates are not chiefly genetic in origin. [Note that
these correlations merely suggest that these cancers are

% 11 is sometimes suggested thal hecause a percentage of smokers
do not get lung cancer, there must be other causes, or genetic
variability. The conclusion may or may not be correct, but the
argument for it is bogus. Conversely, it is often argued that because
the relatives of patients with a particular type of cancer have only
moderate rather than marked excess risks of that type of cancer
{although no excess of cancer in general), the amount of simply
inherited genetic susceptibility must also be moderate rather than
marked. This argument sounds reasonable, but in fact guite marked
genelic variation usually leads to surprisingly moderate excess risks
in relatives {Peto J, 1980), so this argument loo is bogus unless the
analysis is of people with two or more relatives affected by one
particular type of cancer (and makes due allowance [or familial
similarities in life-style and environment). At present, the relevance
of genetic susceptibility to the common types of cancer remains
obscure,
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TEXT-FIGURE 1.—A) Correlation between colon cancer incidence in

various countries and meat consumption (Armstrong and Doll,
1975a; reprinted with permission of British Journal of Preventive
and Social Medicine and R. Doll). B} Correlation between breast
cancer mortality in various countries and fat consuraption (Carroll,
1975; reprinted with permission of Cancer Research and K. K.
Carroll),
These striking age-standerdized correlations do not necessarily
suggest that either meat or some lype of fat are major determinants
of either colon or breast cancer, but they do suggest that manip-
wiable determinanis of these cancers do exist.

largely avoidable (except perhaps among those few
people with the extremely rare genetic conditions of a
strong predisposition to colon cancer or to breast
cancer at an early age) but do not mean that avoidance
of dietary fat would achieve this.]

Turning finally to the role of age itself, 1t is
sometimes suggested that because cancer is ten or a
hundred times more likely to arise in the coming year
in old people than in young people, aging per se
should be thought of as an important determinant of
cancer. We rather doubt whether this viewpoint is a
scientifically fruitful one (Doll, 1971: Peto et al., 1975},
and in any case we are concerned in this report with
avoidable causes of cancer, among which we can
hardly count old age.

3. PROPORTION OF U.S. CANCERS THAT
ARE KNOWN TO BE AVOIDABLE

If the foregoing is accepted as justilying the helief
that much human cancer is avoidable, then a crude
estimate of the proportion of cases that might be
avoided in any one community can be obtained by
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comparing for each separate type of cancer the inci-
dence in that community with the lowest reliable
incidence that is recorded elsewhere. For this purpose,
the calculation is best confined to figures for men and
women under 65 years of age, because the data on older
people are unreliable (see also Appendix C). The
proportion of avoidable cancers in older people is best
estimated indirectly (see below). For certain types of
tumor we have also thought it wise to omit rates for
those communities that are believed to have low rates
largely because of genetic insusceptibility. Finally, we
have omitted the common non-melanoma skin cancers
entirely as, although they vary in incidence even more
widely than most other types of cancer, reliable figures
for their incidence are not generally available and they
are, in any case, easily treated and seldom fatal.

Before incidence rates in different communities can
be compared meaningfully, however, they must first be
corrected for the fact that some communities have a
higher proportion than others of young people (among
whom cancer is everywhere extremely rare). This is
allowed for by “age standardization,” which we have
done by calculating what the incidence in each com-
munity would have been expected to be if the propor-
tions of young people in each had been the same as in
the respondents to the 1970 U.S. census. Details are
given in appendix A, and age-standardized rates for
different communities can differ only if the incidence
rates observed among people of a given age really differ
between the different communities.

To estimate the proportion of all cancers that might
have been avoided, we have taken, as an example, the
population under 65 years of age in Connecticut
during 1968-72 and have compared the incidence of
each type of cancer {other than non-melanoma skin
cancer) in that population with the incidence rates
recorded in the populations listed in table 7. For
example, the age-standardized rate for cancer of the
esophagus among men under 65 years of age in
Connecticut was 34.6 per million, while that in rural
Norway was only 6.5 per million. Similar calculations
were made for 37 other types (or groups of types) of
cancer in men and for 40 types {or groups of types) in
women. In selecting low rates, we confined ourselves to
data from about 1968 to 1972 from registries selected by
the TARC (1976) as being reasonably reliable.

The results are shown in table 7, and the total of
these low incidence rates is contrasted with the corre-
sponding totals [or all types of cancer (except non-
melanoma skin cancer) in Connecticut and in many
other parts of the United States in table 8. The
comparisons in table 8 suggest that in most parts of
the United States in 1970 about 75 or 80% of the
cases of cancer in both sexes might have been avoid-
able. The proportion could be more, as the lowest rates
that have been used almost certainly include some
avoidable cancers, especially since some of the countries
that differ most markedly in various ways from the
United States do not have a good cancer registry and so
have not been used in table 7. (Moreover, the propor-
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tion in 1980 will probably be about onc percentage
point larger than that in 1970 due to the steady
increase in tobacco-induced lung cancer in the United
States.) However, the proportion that might by prac-
ticable means be avoidable may well be somewhat less

than is suggested by tables 7 and 8, partly because in a
developed area such as the United States some lumps
may have been counted that, although histologically
“cancer,’’ were biologically benign (appendix C), but,
more importantly, because even if means of modifica-

TABLE 7—Cancer rates” in selected low-incidence arems among people under 65 years of age’*

Male rates in: Registry with lowest reliable incidence for: Female rates in:

Type of cancer Connect- Low-in- Connect-  Low-in-
icut cidence Males Females ieut cidence
registry registry registry registry
Lip 1L.8 4.1 United Kingdom, United Kingdom, 0.8 0.4
southern metropoli- Birmingham
tan region
Tongue 18.8 4.1 New Mexico: Spanish Israel: ¢ Jews 6.7 2.7
Salivary gland 7.3 2.3 Japan, Miyagi Japan, Miyagi 6.7 1.2
Mouth 31.3 0.8 “ “ “ “ 118 2.4
Oropharynx 3.9 1.1 “ “ “ “ 6.0 08
Nasopharynx 5.6 2.4 East Germany BEast Germany 11 11
Hypopharynx 10.7 14 u “ “ # 2.9 02
Esophagus 34.6 6.5 Norway, rural Norway, rural 8.3 1.8
Stomach 66.2 28.0 New Mexico: whites United States, lowa 26,7 16.6
Small intestine 6.4 3.0 Israel: Jews Israel: @ Jews 5.0 2.5
Colon 187.2 13.7 Nigeria, Thadan Nigeria, Ibadan 140.7 11.6
Rectum 98.6 141 “ “ “ “ 66.1 7.2
Liver 11.8 6.0 United Kingdom, United Kingdom, 5.3 1.0
gouthern metropoli- Oxford
tan region
Gallbladder, plus ducts 9.0 3.3 Norway, rural Norway, rural 11.2 6.7
Pancreas 451 21.0 Nigeria, [badan Nigeria, Ibadan 308 14.9
Nose 3.2 22 United States, Iowa United States, lowa 24 156
Larynx b4.7 116 Japan, Miyagi Japan, Miyagi 82 0.4
Bronchus 325.8 9.0 Nigeria, Ibadan Nigeria, Ibadan 96.9 8.7
Bone 9.3 7.3 Puerto Rico United States, Iowa 7.5 5.2
Connective tissue 20.0 12.5 United Kingdom, United Kingdom, 14.6 6.4
Birmingham southern metro-
politan region
Melanoma 40.8 2.0 United Kingdom, United Kingdom, 386 18.4
Liverpool Liverpool
Breast 3.5 1.7 Finland Israel: ¢ non-Jews 593.7 100.9
Cervix — — — Israel: @ Jews 90.4 42.5
Choriocarcinoma -— —_ — United Kingdom, 1.2 0.2
Oxford
Other uterine cancers — e — Japan, Miyagi 150.6 111
Ovary — —_— —_ ¥ H 104.8 25.9
Other female genital organs — - — “ “ 16.0 2.3
Prostate 92.3 5.3 Japan, Mivagi — — —
Testis 26.6 71 “ " — _— —
Penis 2.0 0.2 Israel: Jews — — —_
Biadder 113.1 17.8 Japan, Miyagi Japan, Miyagi 32.8 7.3
Kidney 59.6 9.0 Nigeria, Ibadan Nigeria, Ibadan 23.2 2.6
Eye 4.3 2.0 Japan, Miyagi Japan, Miyagi 43 0.6 .
Brain and CNS 54.9 12,2 " “ “ “ 36,2 8.9
Thyroid 124 3.6 United Kingdom, United Kingdom, 34.0 3.8
southern metropoli- Oxford
tan region
Other endocrine cancers 2.6 14 Puerto Rico Puerto Rico 2.2 0.6
Lymphosarcoma 38.8 181 “ “ “ “ 25.5 6.4
Hodgkin's disease 374 6.2 Japan, Miyagi Japan, Miyagi 28.1 3.5
Other reticuloses 118 1.8 Israel: Jews Israel: @ Jews 7.6 1.9
Myelomsa 15.1 1.8 Japan, Miyagi Japan, Miyagi 0.6 3.3
Leukemia 57.9 40.8 New Mexico: Spanish “ # 411 36.3
Polyeythemia 4.8 0.6 Japan, Miyagi “ “ 1.6 0.3
All other cancers 89.9 33.7 New Zealand: whites New Zealand: whites 74.6 23.5
Total, all cancers 1,680 321 1,775 408

@ For all tumnors except those of benign or unspecified malignancy and non-melanoms skin cancers {which, eollectively, accounted
for <2% of all cancer deaths in the United States in 1978),

b prom IARC (1976).

¢ Annual rates/million people <65 yr old, standardized for age as described in appendix A.
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TABLE 8 —Comparison of total tumor incidence rates™® observed
in various Americon camcer registries, ctrea 1970

. . Male tumor Female tumor
Area in United incidence incidence
States covered
by tumor Minimal,’ Minimal,*
registry” Observed as%of Observed as% of
obsetved observed
Alameda, Calif. (W) 1,589 20 2,108 19
San Franciseco, 1,668 19 2,137 19
Calif. (W)
Connecticut 1,690 20 1,775 23
Iowa 1,422 23 1,604 26
Detroit, Mich. (W) 1,498 21 1,787 23
New Mexico (W) 1,469 22 1,784 23
New York, upstate 1,372 23 1,481 28
E1 Paso, Tex. (W) 1,245 26 1,682 24
Utah 1,216 26 1,464 28

“Ten areas” from TNCS {a study covering a moderately
representative tenth of the whole United States)

TNCS White 1,519 21 1,702 24
TNCS Non-white 1,806 17 1,721 24
TNCS White 1,657 21 1,705 24

and non-white -

a A nnual rates/million people <65 yr old, standardized for age
as described in appendix A.

b ga0 table 7, footnote a, for excluded tumors.

¢ The total of the lowest reliable rates for each type of cancer
visted in table 7 was 321 (&) and 408 (Q), which is a crude indi-
cation of the minimal incidence that might e achieved.

¢ W=whites only.

tion of cancer risks can be identified, these may not be
socially acceptable. This might obviously be a serious
limitation if preventive measures had perforce to be
limited to ways whereby diflerent countries already
differ, for affluent people will not be persuaded to
adopt certain aspects of the life-style of the impover-
ished. But there may be many different simple or
highly technical ways of preventing the same cancer
(see subsequent sections), some of which have not been
inadvertently adopted by any country with a good
cancer registry, at least one of which ways may be both
practicable and acceptable.

About half of the cancers diagnosed in the United
Siates are found among people 65 or more years old,
and we have made no explicit estimate in table 7 of
what proportion of these might be avoidable. This is
because data from cancer registries become very unreli-
able in old age, not so much in the United States
nowadays as in those countries wheére the contrasts
with the U.S. life-style and environment may be
greatest, Consequently, any similar analysis of rates
among older people might be severely biased. There is,
however, little reason to suppose that the proportion of
U.S. cancers that would be preventable differs greatly
above and below the age of 65 years as long as lung
cancer (which 1is relatively slightly more common
among the old) and other cancers are considered
separately (se¢ section 5.1 and appendix E). Para-
doxically, therefore, the most reliable available estimate
of the proportion of cancer among older people that is

Avoldabie Risks ol Cancer in the uU.s.

avoidable may simply be the proportion that is avoid-
able among middle-aged people.

The foregoing estimates refer to all malignant tumors,
hoth fatal and non-fatal (excluding only non-mela-
noma skin cancer). Direct estimation by similar methods
{(but on the basis of national death certification rates
instead of, as in tables 7 and 8, registered incidence
rates) of the proportion of fatal cancers that are
avoidable might be misleading. This is because many
underdeveloped countries enumerate causes of death so
inaccurately that comparison of their certified death
rates from particular types of cancer with the corre-
sponding rates in the United States might overestimate
the proportion of U.8. cancer deaths that is avoidable.
However, the two types of cancer (lung and large
intestine) that currently kill the largest numbers of
Americans have incidence rates that vary particularly
widely between the United States and certain other
countries and the U.S. deaths from these two types are
thercfore largely avoidable. The same is true of many
other types of cancer that currently kill large numbers
of Americans, and it i1s reasonable to suppose that the
proportion of fatal cancers whose onset could.have
been avoided will be approximately the same as the
avoidable proportion of all cancers discussed above,
i.e.. more than 75 or 80% in principle but perhaps less
in practice for many years to come.

4. ATTRIBUTION OF RISK
4.1 Increases and Decreases In U.S. Cancer Rates

If there were currently an “epidemic” of cancer in
the United States (by which we mean rapid increases in
the probability of people of & given age developing
most particular types of cancer), this might suggest
that the search for avoidable causes for the cancers that
we observe today should be directed chiefly toward
various aspects of the modern environment that were
much less widespread half a century or more ago. If,
conversely, most of the cancers that are now common
have been common for many decades, then, although
this would not be evidence as to whether our new
habits will eventually increase or decrease future cancer
risks, it might suggest that the cancers that are cur-
rently common, and that will continue to be common
unless we do something about them, have been largely
determined by long-established aspects of the American
life-style or environment.

Practical Difficulties in Gauging Cancer Trends

Cancer is certainly much more noticeable nowadays
than it was a decade or two ago, but this is not in igself
evidence that cancer rates are increasing as there are
several factors that influence public awareness about
cancer. First, especially when active treatment is being
undertaken, the [riends and relatives of cancer patients
(or the general public, if the patient is a public figure)
may discuss the disease openly, whereas previously
such matters often used to be hushed up and the
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TABLE 9.—Death certification rates/1,000 Americans,®
1935 and 1975

All neo-
All causes  Plasms Respir-
S - except ?::;gt_ ?ﬁ:ﬂ{ All causes
e ears
x neoplasms atory  cancera
cancers

Rate %° Rate %° Rate %° Rate %°

Male  1933-37 1512 910 142 85 0.09 0.5 16.63 100
1973-77 891 81.0 141 128 0.89 62 11.01 100

Female 1983-37 11.92 87.6 1.66 12.1 008 0.2 13.60 100
197377 496 78.8 117 18.6 016 25 6.29 100

* All ages, standardized for age to U.8. 1970 census (see ap-
pendix A). For most scientific purposes, separate examination of
the trends above and below the age of 65 is preferable (see ap-
pendixes C and D), since many deaths from eancer half a cen-
tury ago may have been miscertified as due to other causes,
particularly among older people.

Benign and malignant tumors are included in this table, as
elsewhere throughout this text.

° Rate as percent of corresponding all-causes rate in last
column,

diagnosis perhaps withheld even from the victim.
Second, some cancers are now diagnosed that might
previously have gone unnoticed in the medical treat-
ment (and subsequent death certification) of dying
people, especially of the elderly. Third, cancer has
hecome relatively more common as a cause of death
chiefly because of the prevention or cure of so many
other diseases, This is nicely illustrated by the data for

-
0.7% -
DECREASING
ADULT AND, ALL NON-CANCER,
ESPECIALLY, MALES
CHILDHOOD

0.6% — MORTALTTY

ALL NON-CANCER,

e

females in 1935 and 1975 (table 9). The non-respiratory
cancer death rates decreased substantially, but the death
rates from all other causes decreased even more sub-
stantially, Therefore, the percentage of female deaths
attributable to non-respiratory cancer is actually greater
now than it was 40 years ago, even though among
women of a given age the gbsolute cancer risks are
lower nowadays. If attention had been restricted to
people under the age of 65 years (text-fig. 2), then the
contrast between declining absolute rates and increasing
percentages would have been even more marked, Fourth,
there is a larger proportion of old people nowadays,
and cancer risks are ten or a hundred times greater
among old people than among young people. Finally,
cancer has become a highly political issue, and con-
sequently discoveries (perhaps using modern ultrasen-
sitive analytical methods) of even quite small amounts
of carcinogens in various everyday contexts attract
vigorous media coverage, as do various other aspects of
cancer research.

We shall therefore review in this section, and in
our appendixes C, D and E, some of the objective
evidence concerning the upward and downward trends
in the U.8, death rates from, and incidence rates of,
various cancers, Epidemic increases in Iung cancer are
clearly taking place, as would be expected as a result of
the widespread adoption of cigarette smoking earlier
this century, but apart from this we can see no good
evidence of a cancer “epidemic” in the above sense.

Unfortunately, both cancer registration rates (a “can-
cer registry” tries to count all the new cancer onsets in
a particular area, such as the State of Connecticut) and
cancer death certification rates are subject to large
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-# RESPIRATORY CANCER (F)
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{central year of 5-year pariod studied, 1933-37 to 1973=77)

TEXT-FIGURE 2.—Annual age-standardized death rates, 1933-77, among Americans under 65 years of age.
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errors; more unfortunately, these errors are not con-
stant with time so that artifactual trends in the
registered incidence or certified mortality rates for
particular cancers may be superimposed on the true
trends. The problem with any comparisons of cancer
rates in different decades is chat these artifactual trends
may be of the same order of magnitude as the trends in
real cancer onsel rates that one wishes to study, The
chief sources and likely magnitudes of such biases are
discussed in appendix C.

Reduction of Bias: Trends in Mortality in Middle Age

The data suggesting moderate improvements in rela-
tive H-year survival rates {e.g., from 60 to 68% for breast
cancer) are also discussed in appendix C (see table C2
on page 1278), where it is suggested that part at least of
these moderate apparent improvements is artifactual,
due to progressively more complete enumeration of the
non-fatal cases. Changes in treatment for many types of
cancer have chiefly improved palliation rather than cure
of the disease, and the true cure rates for many of the
common types of cancer have probably changed very
little since 1950. For these types of cancer the trends in
death certification rates among people under 65 years
of age, at which ages treatment of the curable and
medical investigation of the causes of death of the
incurable have for decades been reasonably careful,
may paradoxically yield a much more reliable (and
representative) indication of the real trends in cancer
onset rates than can the superficially more attractive
study of any of the currently available data on registered
incidence rates. The need to restrict attention to death
certification rates for people under the age of 65 years
arises because many people who died of cancer in past
years never had their disease diagnosed and might have
been certified as dying of pneumonia, senility, or the
wrong type of cancer. Progressive correction of such
errors over the past several decades has resulted in large
artifactual trends (some upward, some downward) in
the death certification rates for cértain types of cancer,
especially during the first half of this century or, since
1950, especially among old people. (These and various
additional biases also affect the tends in disease
registration rates, where a registry tries to count both
all fatal and non-fatal cases of cancer: see appendix C.)
However, for most types of cancer the trends since the
1950°s among middle-aged American dedth certification
rates seern likely to yield a reasonable indication of the
true underlying trends in the corresponding real dis-
ease onset rates.

Increase in Middle-Aged Mortality From
Respiratory Cancer

Either by examining the lower lines in text-figure 2
with a magnifying glass, or by referring to appendix
tables D1 and D2 (pp. 1282-1283) from which text-
figure 2 was derived, it can be seen that male respira-
tory cancer death rates appear to have been rising
steadily for at least half a century and that female

Avoidable Risks of Cancer in the U.S.

respiratory cancer death rates started to rise a quarter of
a century ago and are now Increasing alarmingly
rapidly. The trends in respiratory cancer are discussed
in more detail in appendix E, where we conclude that
before 1950 almost the whole of the apparent increase
in female lung cancer and some of the apparent
increase in male lung cancer were artifactual, due to
more accurate detection of lung cancer, but that some
of the pre-1950 male increase and virtually all of the
more recent increases in both sexes are real and are
largely or wholly caused by the delayed effects of the
adoption, decades ago, of the use of cigarettes (see also
section 5.1). (The long delay between cause and full
effect arises because even among people who have
smoked regularly throughout most of their adult lives
the degree of exposure of the lungs to cigaretie smoke
during their late teens or early twenties remains a
surprisingly important determinant of lung cancer

risks in middle or old age. See text-fig. El on page
1292.)

Lack of Generalized Increase in Middie-Aged Mortality
From Non-respiratory Cancer

Text-figure 2 and tables D1 and D2 (pp. 1282-1283)

also indicate that the aggregate of all non-respiratory
cancers has taken a fairly constant toll among males for
half a century {with about a 10% decrease among
vounger men in the past decade), but that the total
non-respiratory cancer death rate among females has
been decreasing rapidly for half a century, due not
chiefly to improved treatment but rather to decreased
onset rates among women of a given age. For age-
specific details, see text-figs. C1 and C2 on page 1272.
(All the overall comparisons we make are based on
“age-standardized”’ rates, which can change only be-
cause of changes in the risk of cancer among people of
a given age; increases or decreases in the proportions of
old people will not affect them. This is not true of
“crude” cancer rates nor of “percentages of all deaths
attributable to cancer,”” and these should never be used
to characterize trends: see appendix A.) However, non-
respiratory cancer is an aggregate of many completely
different types of cancer, some of which are increasing
and some of which are decreasing.

Text-figures 3 and 4 describe, for males and for
females, respectively, changes in mortality (or, more
strictly, death certification rates) during the past quarter
century for various types of cancer, More detailed data
are presented in table D3 on page 1284, together with a
separate discussion of the apparent changes in mor-
tality from various particular types of cancer among
people under 65 years of age. Corresponding details for
people aged 65 years and over appear in table D4 on
page 1285. All the changes are small in comparison
with the large increases in the smoking-related cancers
of the respiratory and upper digestive tracts, although
the decreases in mortality from cancers of the stomach
and uterus are also important,

In appendix D we also present the recent (1968-78)
trends in death certification rates among Americans in
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TEXT-FIGURE 3.—Certified mortality per 100 million males, ages
0-64 vears (standardized for age to U.S. 1970 population as de-
scribed in appendix A)

early middle life (35-44 years of age), as it is here that
the first effects of any changes for better or worse in the
causes of cancer might first be clearly evident., Reassur-
ingly, no unexpected upward trends emerge (see table
D6 on page 1287), while significant downward trends
are seen in mortality from many types of cancer, For
males, the sites where there are now significant de-
creases in mortality at ages 55-44 vyears include the
pancreas, lungs {presumably chiefly due to decreasing
tar yields per cigarette: See appendix E), and genitalia,
For females, they include the intestines, geniralia,
reproductive systern, and breast {the latier decrease due
perhaps to a protective effect of early childbirth on the
mothers of the 1950°s glut of babies), Overall, cancer
mortality among young adults in the United States is
decreasing quite rapidly, and much of the decrease
cannot plausibly be attributed to improved therapy.

Trends in Incidence, as Assessed by
Cancer Registry Data

Turning (with some trepidation, because of the
greater likelithood of bias) from irends in certified
mortality to trends in registered incidence, we are
immediately confronted with the problem of exactly
which incidence data to study—those from particular
cancer ‘registries” that have operated for decades,
trying to list all the cases, fatal or otherwise, of cancer
in New York or Connecticut, those from comparison
of the Second National Cancer Survey (SNCS) in
1947 or 1948 with the Third Natuonal Cancer Survey
(TNGCS) in 1969-71, or those from comparison of the
TNCS with the Surveillance, Epidemiology, and End
Results (SEER) program of the mid-1970's? (SNCS,
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TNCS, and SEER all tried to monitor cancer incidence
in about one-tenth of the entire U.S. population.)
Unfortunately, many of the above comparisons suffer
from such large artifactual irregularities and biases (see
discussion in appendix C and text-figs, C3 to C5, pp.
1274-1276) that for most types of cancer they yield
much less reliable information about long-term trends
in real discase onset rates than the mortality data do.

The only one of these comparisons of cancer inci-
dence rates that is at all compatible with the mortality
data is that of the SNCS (in 1947 or 1948) with the
TNCS {in 1969-71). This comparison has been de-
scribed by Devesa and Silverman (1978, 1980). From
their 1978 paper we have abstracted text-figures 5 and
6, describing the changes in registered incidence rates
for each of the major types of cancer. The overall
pattern of change indicated by these text-figures is, of
course, roughly similar to that indicated by the mor-
tality data, for this was why we selected this particular
comparison of incidence rates for study. Consequently,
we would not strongly disagree with anyone who
argued that even the comparison of incidence rates in
text-figures 5 and 6 is so uninformative that it would
be preferable to rely chiefly on mortality data (although
some of the striking differences between certain of the
trends in incidence may be informative as, for example,
the apparent decrease in cancer of the cervix but not of
the endometrium).
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However, even if the detail of the incidence trends is
uncertain, the general picture is clear: a) the wmost
important absolute increases have been in cancer of the
jung, ) the most important absolute decreases have
been in cancers of the stormach and uterine cervix, and
¢) less reliably, there seem to be no large changes in
the aggregate of the incidence of all nonrespiratory
cancer’ (for which the age-standardized incidence regis-
tration rates decreased between 1947-48 and 1969-71 by
%% for males and by 19% for females.)

Comparison With interpretations by Others

In summary, the trends since 1950 in mortality in
middle age, somewhat reinforced by the trends in
incidence between the Second and Third National
Cancer Surveys, suggest that, apart from the effects of
smoking (and perhaps asbestos: See section 5.6), there
are no major epidemic increases in cancer, Unfortu-
nately, our conclusion is not shared by all commen-
tators. Epstein (1981h), whose bock, The Politics of
Cancer'® (Epstein, 1978, 1979), was based on the

9 We have excluded, since the surveys did not attempt to register il
non-melanoma skin cancer. Non-melanoma skin cancer is diagnosed
more commonly than any other type of cancer, but it is nearly
always so easily cured that it is one of the Jeast commeon fatal
cancers,

© For a wide-ranging comment on LEpstein's (1978, 1979, 1981a,
1681b) perspective on the causes of cancer, which will make clear our
reasons far not drawing on it in our present report, se¢ Peto, 1980.
The particular question of the role of occupational factors will be
dealt with in section 5.6 and appendix F, where strong reasons [or
distrusting Epstein’s {198la,b} sources are given.

Avoidable Risks ol Cancer In the U.S.

assumption that Americans live in an era of genuinely
and rapidly increasing cancer rates over and above the
increase due to tobacco, rejects it out of hand without
acknowledging or explaining why the trend in U.S.
mortality from non-respiratory cancer in middle age is
actually downward, and without serious discussion of
the potential biases in trends in death certification rates
among older people (or, still more so, in trends in the
registered incidence rates of tumors) that we have
emphasized in appendixes C, D, and E. The Toxic
Substances Strategy Committee (TSSC) in their 1980
report to the U.S. President also came to a conclusion
directly opposite to ours, namely, that “even after
adjustments for age . .. recent figures show that both
incidence (new cases) and mortality (deaths) rates are
increasing,”’ and later that “‘when the effects of cigarette
smoking are corrected for, the recent trends in incidence
show an increase.” Their conclusions about rising
incidence rates were based on the data of Pollack and
Horm (1980} and on the interpretation of these data by
Schneiderman (1979) and rested heavily on a com-
parison of the incidence rates recorded in the TNCS
during 1969-71 with those recorded in the ongoing
SEER program that began in 1973. In appendix C we
show that this particular comparison yields estimates
of trends in real disease onset rates that are grossly
discrepant with more reliable data.

An even more serious error in the TSSC (1980) report
is the committee's peculiar method of “‘allowing” for
the effects of cigarette smoking on the recent trends in
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lung cancer (and in certain other types of cancer) when
it tries to estimate the residual effects of toxic sub-
stances other than cigarette smoke. The committee
completely overlooked the fact that even if national
exposure to cigarette smoke had remained constant
throughout the 1960’s and 1970’s and all other relevant
exposures had been constant throughout this century,
large increases in lung cancer during this period would
still have occurred due to the delayed effects of the
large increases in cigarette consumption some decades
before (see appendix E).

From this review of trends and from our more
detailed review of trends in appendixes C, D, and E, we
conclude that although a small part of the current
morbidity from cancer may be due to new processes
and products, it appears that changes in the American
life-style, diet, or environment have also helped to
reduce some old hazards, and (apart from lung cancer)
most of the types of cancer that are common today in
the United States must be due mainly to factors that
have been present for a long time.

Implications

When secking means to prevent cancer, we should
certainly pay special attention to those types that are
increasing in incidence, not only for fear that the
increase may herald the onset of a new epidemic but
also because the fact of the increase indicates that the
cause (or causes) must have been introduced during
this century and can presumably be eliminated. How-
ever, our review of trends obviously offers no guarantee
that future risks may not be importantly affected by
current exposure to some new factor(s) whose effects
have vet (o appear. To concentrate on a search for new
agents to the exclusion of other causes is, however, to
ignore the possibility of preventing that mass of
present-day cancers which are due to avoidable factors
that must have been prevalent in the Western world
at least throughout this century or before.

4.2 Prediction From Laboratery Experiments

Over the past quarter of a century, various laboratory
methods have been developed for predicting which
particular chemicals would be likely to cause cancer if
humans were acutely exposed to high doses or were
chronically or intermittently exposed to low or moder-
ate doses. An excellent review of the main methods and
their relative merits has recently been compiled by the
International Agency for Research on Cancer (TARC,
1980; see also Hollstein et al., 1979). The most favored
methods now include not only “long-term” tests {(in
which the test chemical is usually fed at very high
doses for a substantial part of the life-span of a few
dozen rats or mice or some other small, shori-lived
animal to see if there is any marked excess of tumors
of some particular type} but also various “‘short-term”
tests, which are intended 1o be much quicker and
cheaper than the long-term tests.
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Different Types of Short-Term Test

The most attractive (IARC, 1980) short-term tests
currently available fall into the following three main
classes,

Effects on the genetic material (DNA) of cultured
cells.—The test chemical may be applied, perhaps
together with certain of the enzymes, eic., to which it
would presumably be exposed in the human body (in
case it is thereby ‘‘metabolically activated,”’ i.e., con-
verted from an inactive to an active form'"), to suitably
modified bacteria or mamnmalian cells growing freely
in culture. The aim is to see whether the action of the
test chemical or its metabolite(s), perhaps followed
quickly by a round or two of cell replication, can cause
the cellular DNA to suffer either a permanent change
(i.e., one that is likely to be inherited by both daughters
when changed cells divide and that can be detected by
allowing selective proliferation ol changed cells) or
damage of a type which, although perhaps not directly
detectable, causes particular cellular side effects'® that
can be detected. If bacteria are used (as in the “Ames
test”) then the whole test takes only a few days, but
some important effects detectable only in maminalian
cells may be missed, and vice versa. Even at the cost of
somewhat increasing the number of “false-positive”
findings, the use of both mammalian and bacterial
short-term tests seems prudent for the more important
chemicals,

Effects on DNA in the cells of living animals.—The
test chemical may be administered in one very large
dose to a few animals that are killed a few hours later,
ground up exceedingly finely, and then examined (by
alkaline elution) to see if the DNA extracted from any
particular organ(s) shows breaks due to recent chemical
attack. (Search in the urine of animals treated briefly
with the test agent for excreted by-products of DNA
repair has been proposed by various people but 1s not
yet validated.) Alternatively, in the ‘“mouse spot test,”
pregnant mice of appropriate genotype are treated with
the test agent to sce whether, 5 weeks later, their
offspring will have a few spots on their fur due to
chemical alteration in the fetal mice of the genetic
information in a few single coat color cells (which
proliferated during the intervening 5 weeks into a
clone of descendants large enough to be scen as a spot
of altered color). Finally, alterations in the sperm or
other cells from animals may be sought. This latter
technique, which is developing rapidly, may apply
directly to putatively exposed human populations,

il No “metabolic activation” system seems perfect for use in short-
term tests, but the most widely used system comsists of microsomes
extracted from fragmented cells from either rat or, preferably, human
liver (IARC, 1980).

2 Dyofinitions of the side effects that may be sought, such as
prophage induction, chromosomal “‘breakage,” sister chromatid ex-
change, or “unscheduled” DNA synthesis, may be found in TARC
{19803, but are not necessary [or our present discussion,
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Compared with tests on the DNA of cultured cells,
tests on the DNA of cells in intact animals usually
suffer from less uncertainty as to what form of meta-
bolic activation is appropriate but more uncertainty as
to the concentration of the test agent that reaches the
target cells.

Effects on the behavior of cultured cells.—'The test
chemical may be applied (perhaps with some metabolic
activation) to semi-normal cultured mammalian cells
to see if it alters a few of them into cancerous-looking
cells with a selective advantage, after a few weeks of
growth in culture, over their unaltered neighbors,

Advantages of Short-Term Tests

The enormous advantage of the use of short-term
tests is that they take only a few days or weeks and cost
only a few hundred or a few thousand dollars (even if
enough duplicate assays are done to achieve statistically
reliable estimates of potency), whereas long-term tests
take a few years and cost a few hundred thousand
dollars (and the data may even then be_ subject to
appreciable random or even systematic’’ statistical
uncertainty unless a very striking carcinogenic effect
occurs). Moreover, clear positive results in several
short-term tests may yield the intangible but important
benefit of conceptual clarification; for example, al-
though we still do not know the cellular mechanism(s)
whereby damage to DNA increases the likelihood of
cancer, progress in understanding the mode of action
of a carcinogen such as dimethylnitrosamine that
damages DNA in many short-term tests is likely to be
much more rapid than for carcinogens such as the
halogenated hydrocarbons that are inactive in many
short-term  tests. Indeed, short-term tests have now
developed to such a point that any serious scientific
investigators who are responsible for initiating a careful
long-term animal test on a particular chemical should
themselves also routinely assume responsibility for
ensuring that the results from the careful and com-
petent execution of several short-term  tests will be
available to them before the final animal study report
is prepared, for this increase of a few percent in the
total amount spent will in most cases yield a very
substantial increase in the scientific understanding of
the hiological effects of the test agent. No single short-
term test can be relied on to pick up all efiects of
potential interest, which is why a combination of
several such tests is advisable. (IARC, 1980, provides an

Y I, as is often the case, the test agent materially reduces the life
expectancy of the heavily dosed group(s) of animals, then exact
statistical correction for the effects ol this on the yiglds of hepatomas
or of any other moderately lethal type of mumor is impossible unless
the cost-free precau[ions against bias recommended in the siatistical
annex to IARC {1980) are built into the conduct of the experiment.
Omission of this may occcasionally lead to unnecessary errors of
interpretation of results which are of marginal statistical sig-
nificance.
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excellent introduction to the selection of suitable short-
term tests.)

Iaboratory tests can be used either “exogenously” or
“endogenously” to try to identify preventable causes of
human cancer. First and most obvious, “exogenously,”
the additives, main components and contaminants of
our drugs, drinks, diet, etc., may be separately screened
in short- or long-term tests. Second, “endogenously,”
crude fractions of the feces (Bruce et al., 1979), blood,
urine (Yamasaki and Ames, 1977), breast secretions,
pancreatic juices, bile, etc. from several different in-
dividuals may be analyzed for moderate activity using
some short-term method such as the Ames test which
may be sensitive to very small amounts of active
chemicals. If detectable activity is found in any sample,
then that sample may be further fractionated in various
ways, repeatedly using the short-term test activity as an
assay to decide which fractions to throw away and
which to subfractionate, until the active chemical(s) are
located and characterized. Either before or after this,
one may be able to experiment for a few days at a time
with the few people whose fluids show the most
pronounced activity, to find which aspects of their
normal work, diet, drinks, drugs, diseases, medica-
ments, etc. chiefly determine the variation in total
short-term test activity within individuals. Such find-
ings may direct attention toward fruitfully testable
specific epidemiological hypotheses which would not
otherwise have occurred to the investigators.

Limitations of Short-Term Tests: Factors Affecting "Later
Stages” of Carcinogenesis

From the above brief account of the nature and
possible uses of laboratory cancer tests, it will be
apparent that most of today’s short-term tests rely
heavily on the hypothesis that chemical agents which
damage cellular DNA can cause cancer if they can gain
access to the DNA in the “stem” cells of our bodies."™
Most scientists find this claim plausible, but there is
much less evidence for the converse claim that all of
the really important determinants of human cancer are
such agents. Quite apart from any possible inhibitors
of carcinogenesis, there may be whole classes of chemi-
cals that are human carcinogens but which are not
likely to be detected by any of today’s short-term tests.

4 The human body is composed of many cells that are incapable
of any further division (e.g,, many of the cells in our muscles, brains,
and blood) plus many cells that appear capable only of a swictly
limited number of further divisions, all the descendants of which
will be inert or gone within the next few days or months, plus, most
importantly of all, a few “stem” cells whose descendants will seill be
dividing a year or more hence and which are presumably the cells
most at risk of cancerous alteration. Cairns (1975) has discussed the
possible cellular basis of the differences between stem and other cells
and has speculated thar interference with the mechanisms which
maintain these diflerences may he of critical importance in human
carcinogenesis.
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One fundamental reason for this is that alteration of
a completely normal cell into the seed of a growing
cancer may usually require at least two gualitatively
different types of change, and the chief causes of one
type may not be important causes of the other type,
and vice versa (Peto, 1977, 1979). A cell that has
undergone the “early” change{s) and is therefore now
at risk of the “late” change(s) is, if it divides, likely to
produce two daughter cells which are both at risk of
the “late” change(s). So agents may in principle
increase the likelihood of cancer in various completely
different ways, perhaps by facilitating the early change(s),
by conferring a selective advantage on partially altered
cells relative to their normal unaltered neighbors, by
facilitating the later change(s) (among partially altered
cells descended from a stemn cell that has undergone the
early change(s)), or by interfering with any hypo-
thetical host defense factors that may exist to restrain
fully cancerous cells from proliferating,.

Different cancer rescarch workers tend to emphasize
the relevance of different links in this chain, but none
of the groups of processes are well understood. One
class of chemicals called “initiators,” which seem
chiefly to affect the early stages, is reasonably well
characterized, although the extent to which the “early”
processes of the currently common human cancers are
caused by such initiators is still unknown, Another
class of chemicals called “promoters,” which seem
chiefiy to affect either the selective proliferation of
partially altered cells or the “late” processes {or, perhaps
by separate mechanisms, both), is becoming reasonably
well characterized, but again although promoters will
undoubtedly be important tools for studying some
particular mechanism{s) whereby cells can become
cancerous, the common human cancer may not usually
arise by such mechanisms (or, if they do, those mecha-
nisms may have been triggered by accidents or agents
unrelated to “‘promoters’),

Perhaps the currently emerging understanding, of
“initiators” will rurn out to be substantally correct,
with the current short-term tests picking out all the
important exogenous chemicals which currently cause
human cells to undergo the “early” stages of carcino-
genesis (and being useful tools in the search for the
preventable determinants of the endogenous synthesis
of such chemicals). However, “promotion” is still very
poorly understood, as are almost all the other intra-
cellular processes involved in transforming a partially
altered cell into a fully cancerous cell. [One molecular
biologist whose recent discoveries chiefly relate 1o
“early,” DNA-damaging carcinogens commented, “The
key to carcinogenesis lies in understanding the later
stages of the process; the early stages are just trivial
molecular biology” (Cairns J: Personal communica-
tion). For review articles on the later stages of car-
cinogenesis, see Slaga et al.,, 1980.] Moreover, such
“late’” processes may turm out to be of much greater
relevance Lo carcinogenesis in large-bodied animals like
man that have to avoid cancer for 75 vears than in the
small, short-lived animals thar laboratory workers must
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necessarily study {Peto, 1979). If cells must indepen-
dently undergo first “early” and then “late’” processes
before cancer can develop, then a 50% reduction in
either class of processes would halve the eventual risk
of cancer {Peto, 1977), and the only determinant of
which class is more “important” is which is more
easily halved.

Implications of, and Interrelationships Between,
Rasults From Ditferant Types of Tests

Some evidence bearing indirectly on the reliability of
long-term tests comes from the correlation between the
findings in mice and rats. Purchase (1980) found 248
compounds that had been tested in both species, and in
each species about half these compounds were signifi-
cantly carcinogenic and half were not. If the results in
each species were of no predictive value whatever, one
might expect 50% agreement and 50% disagreement by
chance alone, whereas in fact Purchase found 85%
agreement and only 15% qualitative disagreement,”
However, the similarities between rats and mice are
obviously greater than the similarities between rats and
humans, so the percentage of correct answers if rat
carcinogenicity were used to predict human carcino-
genicity in a similar range of chemicals would pre-
sumably be less than 85%. (For comparison, remember
that, given the real data on carcinogenicity among
mice for each compound, deciding whether to call that
compound ‘““a rat carcinogen’ merely on the flip of a
coin should yield 50% “‘concordance’” between the two
species!) Considerably more direct evidence that both
short-term and long-term tests are moderately reliable
is provided by the observation that most chemicals that
have been found to be carcinogenic in both rats and
mice also exhibit marked DNA-damaging activity in
one or more of the short-term bacterial mutagenicity
tests, whereas most chemicals that have been tested and
found not to cause any significant excess of cancers in
either- rats or mice are inactive in all such tests.'®

" Some of these apparent discrepancies may have been due merely
o chance fluctuatdons in the outcomes of certain particular experi-
ments causing false-positive or [alse-negative results that would have
been avoided had larger groups of animals been studied, Ideally, a
mere tenfold discrepancy between the carcinogenic potency of a
chemical in two different species should not be considered a
qualitative discrepancy, although it might appear to be so if there
were no statistically significant effect in the hardier species. Prac-
tically, however, the false-positives and false-negatives that inevitably
arise by chance in realistic animal tests are an important inherent
limitation of the method.

I The quantitative details of the correlations of results between
short-term and long-lerm tests are subject 10 vigorous dispute (e.g.,
Ames and McCann, 1980; for a review and extensive bibliography,
see IARC, 1880), which is why no percentages are cited, When there
is eventual agreement as to how accurately short-term 1esis do predict
which among a thousand particular chemicals are carcinogenic for
rodents, it would be reasonable to hope for a similar degree of
accuracy in prediciing which ol these thousand will be carcinogenic




Turning to more directly relevant correlations, of the
30 established human carcinogenic agents or circum-
stances which were listed in table 6 on page 1203 a mere
one third are well-characterized individual chemicals
which might have been picked up as clearly carcino-
genic in routine feeding experiments in mice and rats,
while the remaining two-thirds are not. Of those which
are not, some are chemicals which although able to
cause cancer in humans have not been found to be
carcinogenic in any animal experiment thus far devised
or have been found to be carcinogenic in animals only
if given intrapleurally or subcutaneously, but not if
given in their diet."" However, some of the factors
listed in table 6 as affecting human cancer are not
chemicals at all (e.g., various forms of radiation or
immunosuppression, certain infective agents, and vari-
ous physiological changes caused by pregnancy or
hormonal alteration), although of course it is just as
jmportant to recognize these as to recognize carcino-
genic chemicals. In others of the listed carcinogenic
circumstances the responsible chemicals have not been
identified with certainty (e.g., certain manufacturing
processes and also two extremely important causes of
human cancer, betel chewing and tobacco smoking).
The study of cigarette smoke exemplifies the practical
difficulties in using laboratory tests to predict human
cancer risks. In developed countries tobacco may be the
most important single cause of cancer, currently ac-
counting for about one-third of all U.S. cancer deaths
{(section 5.1), but for many years cigarette smoke failed
to produce malignant tumors in routine animal in-
halation tests (a fact used in those years to deny the
relevance of the human lung cancer datal). By per-
sistent modification of the experimental circumstances
malignant tumors were eventually produced by animal
inhalation of cigarette smoke, and repeated application
of certain components of cigarette smoke to the skins
of laboratory mice can easily be shown to cause
cancers. However, despite a quarter of a century of
intensive study in a variety of animal and other
laboratory systems, it remains unclear which of the
many components of cigarette smoke ‘tar” are the
most important causes of human cancer, and so the
relative carcinogenicity for humans of tobacco “tars” of
various different compositions cannot be predicted
with confidence, nor can it be stated with confidence

to man, for the dilierences between bacteria and humans are not
obvicusly greater than the differences between bacteria and small,
short-lived laboratory animals (unless, to keep our large human
bodies free of cancer for our long human life-span, we rely much
more heavily than do rodents on some cellular mechanisms which
have no analog in bacteria).

I” Most insoluble dust particles that people inhale are ultimately
transferred, via the respiralory tract mucus, down the digestive tract,
so even for asbestos dust feeding studies might have been thought
relevant but would probably have failed to detect the hazard. Studies
of chronic inhalation of the various physical forms of dust to which
humans are exposed would have discovered rat lung tumors in
response to asbestos dust (Wagner et al.,, 1974),
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that everything other than the “tar’” is innocuous.
(Likewise, cigarette smoke is an important cause of
both vascular and respiratory disease, but for both the
causative components of the smoke remain uncertain.)

On this evidence, animal feeding studies have great
value in certain circumstances but may not offer an
uncomplicated and straightforward means of discover-
ing preventable causes for the majority of human
cancers, and at the very least it certainly does not seem
likely that they can offer a reliable means of estimating
quantitative human hazards.

There is, however, an important sense in which
examination of table 6 is not a fair way to assess the
extent to which human carcinogens can be detected by
routine rodent feeding tests on particular chemicals, for
by definition table 6 excludes the greatest successes of
animal feeding tests, i.e., the instances where these
detect human carcinogens that epidemiology has not
detected. (Nitrosamines exemplify this possibility.} But
this may be counterbalanced by the fact that table 6
also excludes by definition any “false positives,” i.c.,
agents which confer no material risk in the circum-
stances in which humans are exposed to them but
which are significantly carcinogenic in laboratory ani-
mals, either due to random fluctuations' or due to
important differences between mice and men, (Pheno-
barbital may be an example of such an agent: See
Clemmesen and Hjalgrim-Jensen, 1977.)

Overlooking Important Determinants of Human Cancer

The trouble with all the foregoing attempted corre-
lations, however, is that they depend rather critically
on the range of chemicals that one chooses to study.
Part of this trouble can be circumvented arithmetically
[by expressing the results in terms of an “odds ratio”
(x/1—x)/(y/1—y), where x and y are the respective
probabilities that agents active and agents inactive in a
short-term test will be carcinogenic in a long-term
test], but the more important troubles still remain. A
nearly perfect screening system that picked up all
currently known occupational carcinogens other than
asbestos might be of less public health value than a
lousy system that picked up asbestos but missed neatly
everything else, simply because asbestos causes such a
large percentage of occupational cancers. Likewise, a
lousy research systemn that nevertheless identified one
important preventable cause of breast cancer but which
missed nearly everything else might be of more public
health value for women than an ideal battery of long-
and short-term tests for exogenous DNA-binding car-
cinogens. In other words, what we really need as the

8 | statistical signilicance is assessed incautiously, the number of
such “false positives” miay be large, for in separate analysis of tumor
rates in many organs in lwo sexes of two species many possibilities
of a false-positive result will arise. For discussion of how moderate
degrees of statistical significance in animal feeding tests should be
interpreted, see the statistical annex to IARC (1980).
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most relevant measure of the value of a laboratory test
is a weighted correlation, in which the ability to
predict the major ways whereby human cancer can be
prevented counts for much more than the ability to
predict minor causes and in which the identification of
carcinogens to which humans are not and will not be
seriously exposed is irrelevant

Because this ideal measure of quality is unknowable,
it is necessary to fall back on studying the correlations
between the results of different tests, even though this
may lead to a self-reinforcing over-valuation ol the
merits of the currently available test procedures. It is
too soon to known which, if either, of the “exogenous”
and the "endogenous” uses of today’s testing tech-
nology will prove really fruitful in searching out
previously unrecognized preventable causes of human
cancer. Tobacco smoke is certainly active in many test
systems, which is encouraging. But apart from tobacco,
the avoidance of all human exposure to all the other
exogenous and endogenous chemicals that are active in
long-term animal studies or'in today’s short-term tests
might have prevented surprisingly few of the cancers of
today whose causes still elude us,”” or perhaps avoid-
ance of such exposure would have prevented most of
them. Possibly, misleading conclusions are being drawn
from over-emphasis on the spectrum of chemicals
found active in mutagenicity tests and In chronic
carcinogenicity studies in rodents. For example, the
authors of official guidelines on how to do long-term
tests usually emphasize the importance of concurrent
controls and the need for strictly identical diet, handling,
heat, light, stress, and infection in the treated and
control animals. Why? Can minor deiails of the life-
style of the animals really be important determinants
of the animals’ “spontaneous’” tumor vields? And, if
so, might not the same also be true for humans? In
experimental animals, quite minor details of the total
quantity of food and of the vitamins, fats, and carbo-
hydrates {jose, 1979; Roe and Tucker, 1974; Tucker,

¥ Cairns (personal communication) has noted that exposure of the
whole body of a smoker to a marked excess of Ames-test-positive
mutagens (Yamasaki and Ames, 1977} results in only a moderate
excess of urinary and pancreatic cancers and in no large excess of
leukemias, lymphomas, or solid cancers at other sites distant from
the respiratory tract, Cairns (1981) and German {1979) have also
noted that although xeroderma pigmentosum patients are grossly
defective in their ability to repair DNA damage due io almost all of
the currently recognized Ames-positive mutagens, the very limited
data available do not demonstrate an excess risk of cancer at any
internal site. Finally, although the contents of the colon may be
strikingly mutagenic in the Ames test (Bruce et al, 1979), chis
activity has not vet been evaluated as an important determinant of
colon cancer, and since there can be similar mutagenic activity both
in the human small intestine (where cancer is rare) and in the colons
ol many different species of animal, its significance remains open. It
may turn out to be one of the most important observations yet made
by any such methods, or alternatively il mutagenic feces have been
common for millions of vears then perhaps mammalian intestines
have evolved effective defenses Against them.
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1979: Conybeare, 1980; Roe, 1981) in the food can
certainly be enormously important determinants of
spontaneous tumor yields. But, because the mecha-
nisms are not understood, short-term tests for the
possible relevance to humans of these processes do not
exist, and these phenomena are typically viewed as a
potential nuisance to serious investigators who want to
study the carcinogenicity of some trace environmental
contaminant rather than as being themselves a poten-
tially fruitful area of inquiry.

Difficulties in Quantitating Human Risks
From Laboratory Data

Many promising lines of laboratory research into the
development and use of various tests for carcino-
genicity exist, but although there is every hope that
current lines of laboratory research will draw attention
to at least some of the preventable causes of human
cancer, there is little reason to expect from them, at
least in the near future, any quaniitative predictions of
human risk which are reliable to within a factor of ten
or even, perhaps, a hundred. Quantitative extrapola-
tions (e.g., of the dose in mg/kg/day which halves the
lifelong probability of remaining tumorless) from ani-
mals to humdns may already be giving us approxi-
mately correct assessments of human risk. Conversely,
however, they may suggest risks that are wildly mis-
leading in one or another direction. At present (pace
Meselson and Russell, 1977) there seems to be quantita-
tive human data on the risks from too few chemicals to
know. The IARC (1980) review concluded that we are
not even at the point yet where useful quantitative
estimates of animal risk in long-term feeding studies
can be derived from the findings in the various short-
term tests, and, whether or not this is true, quantita-
tion of human risk must therefore be a stil more
remote goal. Even if the potencies of different members
of one particular family of chemicals are assessed for
their activity in one short-term test and in one particu-
lar strain of animals, the correlation may he poor
(Bartsch et al., 1980), so estimation of even the animal
potency of a member of a previously untested class of
chemicals may be still less reliable. Despite this un-
fortunate uncertainty, the quantitative data from laho-
ratory tests {especially short-term tests) are, for many
occupational, environmental, and dietary contaminants,
the only information likely to be available in the next
few years, and even tenfold or hundredfold uncer-
tainties may be dwarfed by the millionfold variations
between chemicals in their apparent potency and in the
degree of human exposure to them.

Use of Laboratory Data for “Priority Setting”
But Not for “Risk Assessment”

If our perspective on both short-term and animal
tests is accepted, then guantitative human “risk assess-
ment,” as currently practiced, is so unreliable, suffering
not only from random but also probably from large
systematic errors of unknown direction and magnitude,




that it should definitely be given another name: “Priority
setting” might perhaps be a more honest, although less
saleable, name. So many thousands of chemicals are
active to some extent or other in one laboratory test or
another that it is difficult to know what, if any,
practicable regulations to enact on the basis of labora-
tory tests. For some tests it has been recommended that
the regulations which are promulgated should be based
only on whether or mot the chemical being tested is
active, irrespective of the quantitative degree of activity
of that chemical, But, if no explicit use is to be made
of the degree of activity of each chemical, then instead
of effective reduction of the total of all human cancer
the chief result may be complete paralysis (either of the
regulators or of the “regulatees’’ ).

A maore proper use of each particular laboratory test
might be to multiply the potency of each chemical
studied in that test by whatever crude estimate 1s
available of the degree of human exposure o that
chemical, to vield some sort of index of human hazard
according to that one laboratory test. When this has
been done, it is likely that, for long-term tests and for
each separate short-term test, one or a few chemicals
will stand out head and shoulders above the rest with
respect to these indices of human hazard. The best use
of the various laboratory tests might be to identify,
study, and if possible reduce these few apparently most
extreme human hazards with respect to each particular
test (together with any more moderate exposures that
can be cheaply controlled) without necessarily requiring
direct human evidence of harm. Although in many
cases the benefits might be illusory, a few prudent
restrictions against the apparent extremes with respect
to each type of test might be nearly as effective as a
broad action against all apparently active chemicals.
This is true, however, only if before priorities are
established a serious effort has been made to seek out
as many sources of exposures as possible to agents
active in that test (including endogenous formation of
mutagens and other acdive agents in the gastrointes-
tinal tract and exogenous absorption of such agents
from involuntary or deliberate inhalation of smoke).”’
In the absence of direct evidence of the exact quantita-
tive relevance to humans of the findings in long-term
animal tests or in any of the short-term tests, blanket

® for example, in deciding how rigorously to regulate one
parlicular source of environmental contamination by dioxins, it may
be helpful to hear in mind the “hackground” extent to which such
agents may be formed anyway wherever organic matter is burned
(Bumb et al., 1980} in deciding how rigorously to regulate one
particular source of dietary nitrosamines, it may be helpful to bear in
mind the “background extent to which nitrosamines are formed
anyway in the human digestive tract (section 5.8) and in deciding
how rigorously to regulate some other source of inhaled or ingested
mutagens, it may be helpful to bear in mind the “background”
exteni to which the blood and urine of cigarette smokers are
contaminated by such agents anyway (Yamasaki and Ames, 1977), for
massive regulatory efforts against quantitatively unimportant targets
may in their total effects be diversionary.

Avcidabie Risks of Cancer in the U.S.

restrictions on very large numbers of minor chemical
pollutants may be unacceptably expensive, and the
approach we have suggested might turn out to be a
socially acceptable alternative way of setting a few
priorities,

The conclusion that laboratory studies can be useful
for priority setting but not for risk assessmernt is also
prominently featured as one of the few major recom-
mendations for change made by the National Academy
of Science's recent committee of enquiry into the
methods currently used by the Environmental Protec-
tion Agency to regulate pesticides {Commiitee on
Prototype Explicit Analyses for Pesticides, 1980). Their
thorough and thoughtful report addresses very nicely
both the theoretical and the practical difficulties in
regulating pesticides.

Returning to our present limited purpose of esti-
mating the percentages of today’s cancers that could be
prevented by various particular means, we conclude
that the great uncertainty inherent in quantitative
estimation of human risks from currently available
laboratory test results means that in what follows we
must of necessity rely chiefly on quantitative epidemio-
logical findings, merely reinforced in some of our final
judgments about what is, and what is not, a real cause-
and-effect relationship by laboratory findings.

4.3 Use of Epidemlologicai Observalions

We concluded from previous sections that to esti-
mate the percentages of current U.S. cancer deaths that
might be avoidable in various ways, we must of
necessity base our estimates chiefly on observations of
the patterns of disease that are actually found in
humans rather than on laboratory studies of particular
chemicals, thus avoiding the many pitfalls, reviewed in
section 4.2, inherent in extrapolation from laboratory
studies to human experience. In this section we shall
discuss some further advantages, disadvantages, and pit-
falls of epidemiology. First, observations of the vagaries
of human behavior may suggest ideas that might never
occur to a laboratory investigator. Historically, they
provided the starting point for a large part of all
cancer research by pinpointing the risks associated
with exposure to the combustion products of coal,
sunlight, X-rays, ashestos, and many chemical agents.
They drew attention to the hazards associated with
chewing various mixtures of betel, tobacco, and lime
and with smoking tobacco, and they suggested lines of

research based on a hitherto unsuspected role for some

type(s) of ‘dietary fiber and on the relevance to breast
cancer of the hormonal factors associated with preg-
nancy. Second, study of national trends in age-specific
mortality from particular diseases may direct attention
fruitfully toward diseases that are deserving of special
further study (as happened in the 1940’s with cancer of
the lung), while study of the evolution of cancer rates
among occupational or other groups in which an
excess of cancer was present for reasons that were
incompletely understood provides a monitoring systerm
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to check whether any hygienic measures that have been
instituted have effectively reduced exposure to the
actual causes of disease. Third, positive epidemio-
logical observations (e.g., on radiation carcinogenesis)
provide quantitative data relating directly to some of
the doses to which humans are actually exposed. By so
doing, they avoid or reduce the pitfalls in the extrapo-
lation not only from one species to another but also
from one dose level to another extremely different level
and so provide estimates of the human risks associated
with low exposure levels that are reliable enough for
rational comparison of risks and benefits. Fourth,
epidemiologists can sometimes study such large num-
bers of people that direct evidence of very small effects
can be obtained. Humans feed themselves, house them-
selves, and arrange their own medical care at no cost to
the epidemiologist. Observations can, therefore, be
made on hundreds of thousands of individuals, whereas
studies of comparable numbers of laboratory animals
would be prohibitively expensive. No practicable ex-
periment, for example, could have shown that doses of
X-rays of the order of 1 rad to a fetus in its mother’s
abdomen could result in 1 cancer in every 2,000
individuals during childhood, as was shown in Great
Britain by Stewart et al. {1958) and in the United States
by MacMahon (1962).

Epidemiological observations, however, also have
serious disadvantages that limit their value. First, they
can seldom be made according to the strict require-
ments of experimental science, and consequently the
available observations may be open to a variety of
interpretations, A particular factor may be associated
with some disease merely because of its association
with some other factor that causes that disease, or the
association may be an artifact due to some systematic
bias in the information collection. Second, the obser-
vations that can be made on humans are limited to the
conditions that have actually occurred. Except perhaps
for the study of some putatively protective factor(s), the
chservations cannot be repeated at the command of the
investigator with people exposed, for example, to
another dose. Moreover, although large numbers of
people may have been exposed to a moderate dose of
some agent {e.g., an air or water pollutant), no
comparable study groups may be available that have
been consistently exposed to doses different enough for
a measurably large difference in risk to arise {(see
below). Third, it may not be possible to detect the
effects of a carcinogen on people until it has been in
use for many years. Long induction periods are com-
mon for cancer, and hazards that are undetectably
small after 10 years’ exposure may be major after 30
years. By the time effects are clearly evident to the
epidemiologist irreversible damage may have been done
to large numbers of people, so that even after exposure
is recognized and stopped cancers may continue to
occur for many vyears.

These disadvantages limit the value of observations
on humans, but they' do not outweigh the major
advantages that have been described. No one would
choose to obtain evidence of the existence of a hazard
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by observing the appearance of a disease in humans if
other practicable means were available, but until we
know exactly how cancer is caused and how some
factors are able to modify the eflects of others, the need
to observe imaginatively what actually happens to
various different categories of people will remain,

Interpreting Epidemiciogy: Need for Comparison of In-
dividuals, and Not Only of Large Groups

Trustworthy epidemiological evidence, it should be
noted, always requires the demonstration that a rela-
tionship holds for individuals {or perhaps small groups)
within a large population as well as between large
population groups. Correlation between the incidence
of cancer in whole towns or whole countries and, for
example, the consumption of particular items of food
can, at the most, provide hypotheses for investigation
by other means. Attempts to separate the role of
causative and confounding factors by the statistical
techniques of multiple regression analysis have been
made¢ often, but evidence obtained in this way is, at
best, of only marginal value.’

In practice, the danger of reaching a wrong conclu-
sion from epidemiology is slight when observations are
made on individuals rather than on whole populations
and when the risk of disease is increased many times by
exposure to the agent under suspicion. In these circum-
stances, risks have been detected that are quite small in
absolute terms (affecting perhaps only one exposed
person in 1,000) and some have been detected after only
a handiul of cases of a rare type of cancer have
occurred in all,

Limitations of Epidemiology

The situation 1is, however, very different when the
induced disease is as common as cancer of the lung or
cancer of the breast is now. In these circumstances,
human studies will be able to detect a specific risk only
if the absolute risk of death is quite large. Even risks
that will uttimately kill, for instance, 1% or more of the
exposed population may be overlooked or attributed to
chance unless a very large-scale investigation is under-
taken. In these circumstances, too, when the cancer

™ 11 is commonly, but mistakenly, supposed that muldple regres-
sion, logistic regression, or various forms of standardization can
routinely be used to answer the question: ““Is the correlation of
exposure {E) with disease (D) due merely to a common correlation of
both with some confounding factor {or factors) (C)?"' The wouble is
that unless the confounding factor is something (such as age or sex)
that can be estimated with negligible measurement error, adjustment
by any standard statistical techniques of the correlation of £ with D
for the measured values of G will reduce but will not extinguish the
correlation between E aund D even if, given the error-free (but
unknown) values of G, no correlation between E and D weould
remain. {See appendix Bl4: Two properties of multiple regression
analysis in Fletcher et al,, 1976.) Moreover, it is obvious that
multiple regression cannot correct for important variables that have
not been recorded at ail.




rates amhong exposed people are only a moderate
multiple of those among the unexposed (e.g., when the
relative risk lies between | and 2, as for kidney cancer
among smokers or breast cancer among women who
have been treated with reserpine; for an excellent
discussion of the latter example, see Labarthe, 1979),
problems of interpretation may become acute, and it
may be extremely difficult to disentangle the various
contributions of biased information, confounding of
two or more factors, and cause and effect.

In short, unless epidemiologists have studied reason-
ably large, well-defined groups of people who have
been heavily exposed to a particular substance for two
or three decades without apparent effect, they can offer
no guarantee that continued exposure to moderate
levels will, in the long run, be without material risk.
For this reason, prudent restrictions on occupational or
public exposure to various substances often have to be
based on indirect inference from laboratory studies of
the agent being examined, without any direct evidence
concerning its actual effect on humans. That is not to
say that human evidence can ever be dispensed with. It
is always relevant, but the weight that can be given to
it varies greatly with the duration and intensity of the
exposure experienced by individuals. Positive evidence
(unless due to confounding) is always important.
Negative human evidence may mean very little, unless
it relates to prolonged and heavy exposure. If, however,
it does, and is consistent in a variety of studies
(correlation studies over time, cohort studies of exposed
individuals, and case-control studies of affected pa-
tients), whereas the laboratory evidence is limited in its
scope to, for instance, a particular type of tumor in a
few species, negative human evidence may justify the
conclusion that for practical purposes the agent need
not be weated as a human carcinogen. In practice it
is, of course, not usual for such perfect negative human
evidence to be available, but even less conclusive
negative human evidence may help determine priorities
between different courses of action,

Advantages of Epidemiology

Our present purpose, however, is not to predict the
future effect of new agents, but to make estimates of
the proportions of today's cancers that are attributable
to various avoidable causes, and for this purpose
epidemiology, influenced by laboratory investigation, is
far superior to the latter alone. Epidemiology has at
present an undeservedly low reputation among people
who have first artificially limited themselves to won-
dering which environmental pollutants to restrict and
who then find that almost none of the few thousand
chemicals they are worried about have been adequately
studied by epidemiologists. This is, however, to con-
demn epidemiology for failing to achieve ends that it
does not have. Epidemiology starts not with the 10,000
chemicals polluting a particular city but with the
10,000 annual cancer deaths in that city, and it tries to
determine the major causes of these actual deaths.
Epidemiology is, admittedly, more likely to overlook

Avoidable Risks of Cancer In the U.S.

many undetectably small effects of various chemicals
than laboratory studies might do, but it is much less
likely to overlook the large determinants of contem-
porary cancer rates and trends, especially if these are
not simple environmental pollutants or dietary con-
taminarnts.

4.4 Shared Responsibility: Two Avoidable Causes
ol One Case of Cancer

Attribution of the risk of cancer to different causes is
complicated by the fact that some agents interact with
others to produce effects that are much greater than the
sum of the separate effects of the same two agents.
That synergism of this sort can be important has been
known for more than 30 years, The experiments of
Rous and Kidd (1941) and of Berenblum and Shubik
(1947) indicated that the development of cancer in their
experimental animals should be regarded as a process
that could be accelerated by different agents acting at
different periods, some of which had to act early on to
“initiate” the process while others could act at a later
stage to ‘‘promote’ it (see section 4.2, but for modifi-
cation of Berenblum and Shubik’'s 1949 evidence, see
Stenbick et al., 1981).

That the risk of human cancer might also be
increased synergistically by the interaction of different
agents has been suggested by a variety of studies of
cigarette smokers who are also exposed to other agents.
Stocks {personal communication; see alsoc Doll and
Hill, 1952) proposed it 30 years ago to account for the
fact that the mortality from lung cancer in large
British towns was about twice that in rural areas,
despite the fact that the incidence in non-smokers was
almost equally low in all areas. But whether cigarette
smoking and atmmospheric pollution do interact in this
way still remains to be proved; the evidence is dis-
cussed in some detail in section 5.7, It is clear,
however, that smoking may act synergistically in con-
junction with ionizing radiations (Archer et al., 1976)
or asbestos (Hammond et al., 1979; Saracci, 1977} to
produce cancer of the lung and in conjunction with
alcohol to produce cancers of the upper respiratory and
digestive tracts (Tuyns et al,, 1977; Herity et al., 1981).
Finally, evidence is accumulating that some dietary
factors, perhaps involving the consumption of B-caro-
tene (Peto et al., 1981), may decrease the risk of cancer
in several different parts of the body, including cancer
of the lung among smokers (Bjelke, 1975; Hirayama,
1979). The evidence for this will be discussed in detail
in section 5.5, but it is mentioned now to illustrate a
principle (approximate multiplicativity of effects) that
may have general applicability in the prevention of
cancer.

If a variety of factors commonly interact to produce
cancer, this may greatly facilitate prevention of the
disease, but it complicates the attribution of risk. For it
two different factors are each responsible for 75% of all
cancers that occur at a particular site, in the sense that
appropriate modification of either would result in a
reduction in the incidence of the disease o a quarter of
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its previous level, we have a choice between two lines
of action for preventing most cases, one of which may
be simpler, quicker acting, or more acceptable than the
other. In this situation, the additional effort required
to modify both factors may have little absolute addi-
tional effect. Gratifving though this is to the specialist
in preventive medicine, it means that if anyone tries to
work out the extent to which human cancer is pre-
ventable by adding up the numbers of cases that could
be prevented by various individual measures taken
separately, it may look as if more than 100% of all
. cancers can be prevented! In the above example, for
instance, we might appear to be claiming to prevent
150% of all cancers if anyone were to add the two
proportions of 75% together.

This difficulty means that it is inappropriate to
present a neat balance sheet adding up to 100%
indicating the proportion of all cancers that are pre-
ventable by strategies X, ¥, and Z. However, although
cancer research may one day progress to the point
where several separate ways are known of preventing
each single case of cancer, it has not done so yet.
Consequently, the amount of “double counting™ in the
estiates which we shall present of the proportions of
present-day U.S. cancer deaths that can be prevented by
various separate methods is small. We shall therefore
ignore the anomaly in the rest of this paper and hope
that, once it has been pointed out, no one will fall into
the trap of adding together proportions that are not, in
fact, mutually exclusive,

5. AVOIDABLE CAUSES

Information that woeuld allow a direct guantitative
attribution of risk to different aspects of the American
environment or life-style is, for the most part, lacking.
When it is available, we have used it. Otherwise, we
have made estimates on the basis of extrapolations of
uncertain reliability, clinical impressions, and con-
temporary hypotheses. In some instances, however, the
evidence is so shaky that it is not justifiable to make
any quantitative estimate at all. In this situation,
scientific opinion about what is or is not justifiable
will inevitably, and properly, vary, and it is through
differences of opinion, subjected to testing by the
validity of the predictions based on them, that advances
are made. In the following sections we try at least to
make clear those attributions that are reasonably firm
and those that are semi-educated guesses.

We have based our estimates on the number of
cancer deaths occurring each vear in the United States,
as it is deaths that we are seeking most urgently to
prevent, Except for the very common non-melanoma
cancers of the skin, which are usually easily cured, the
percentages attributable to different factors would be
aliered only slightly by the inclusion of non-fatal
CANCELS,

5.1 Tobaceco

No single measure is known that would have as

JNC!, VOL. 66, NO. 6, JUNE 1981

great an impact on the number of deaths auributable.
to cancer as a reduction in the use of tobacco or a
change to the use of tobacco in a less dangerous way.
The principal impact would be on the incidence of
cancer of the lung, which by late middle age is more
than ten times greater in regular cigarette smokers than
in lifelong non-smokers, but a material effect would
also be produced on the incidence of cancers of the
mouth, pharynx, larynx, esophagus, bladder, probably
the pancreas, and perhaps the kidney. This conclusion
derives principally from studies in which a large
number of people have been asked what they normally
smoke and have then been followed for several years to
determine the causes of any deaths that may occur
among them. Table 10 presents data from the 16-year
follow-up of one such study, and qualitatively similar
findings have emerged from the other large U.S. study
(Hammond et al.,, 1977), from our own study of
mortality in relation to the smoking habits of British
doctors (Doll and Peto, 1976), and in many other such
studies in various countries (for reviews, see Surgeon
General 1979, 1980, 1981),

The conclusion that cigarette smoke is a direct cause
of cancer derives from many different types of epi-
demiological evidence (Surgeon General, 1979), com-
bined with the fact that the smoke can cause cancer in
experimental animals. For a good early review of the
evidence and a spirited rebuttal of various rather
foolish {but common) counterarguments, see Oettle,
1963. Since the ratio of the lung cancer mortality rate
in regular cigarette smokers to that in lifelong non-
smokers is so extreme, it follows (see section 4.3) that
cigarette smoking must be a cause of all, or nearly all,
of the excess of lung cancers observed among smokers,
This conclusion incidentally accounts nicely for the
striking increases in lung cancer mortality that have
been observed in recent decades among the males and
then among the females in many countries (see table 5
on page 1202), including the United States (appendix
E) and for the decreases in lung cancer among younger
American men that have just begun to emerge during
the 1970’s (text-fig. E3 on page 1295) following the
decreases in cigarette tar yields during the 1950’s and
1960’s,

By contrast, the difference in incidence between
smokers and nonsmokers is less marked for cancers of
the bladder, pancreas, and kidney than for cancers of
the respiratory or upper digestive tracts, but the ac-
curmulating evidence suggests that an average con-
sumption of cigarettes approximately doubles the in-
cidence of cancer of the bladder and probably also of
the pancreas, while being associated with a more
moderate increase in kidney cancer. That smoking
should affect bladder cancer and perhaps kidney cancer
is not surprising, since tobacco smoke contains a wide
variety of mutagenic and other chemicals, some of
which are absorbed from the lungs into the blood-
stream, circulate through distant organs, and are found
at particularly increased concentration in the urine of
smokers {Yamasaki and Ames, 1977).
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TABLE 10.—Comparison of numbers of deaths observed” among a sample of male U.S. cigarette smokers® with the numbers that would
have been expected 4f their vate of death had been the same as that of age-matched’ non-smolers

Deaths by mid-1970 of men who in the 1950's were

current smokers of cigarettes only

s No, ex- Difference
Certified cause of death No. of pected from between Ratio of
deaths corresponding obgerved observed
observed non-smoker and to expected
experience’ expected
Cancer
Lung 2,609 231 2,378 113
Mouth, pharynx, larynx, or esophagus 452 65 387 7.0
Bladder 326 151 176 22
Pancreas 459 2566 203 18
Kidney 175 124 51 1.4
Al other cancers? 3,660 2,796 864 13
Total, all cancers 7,681 3,623 4,058 2.1
Other causes
Respiratory disease’ 2,107 488 1,619 4.3
Cardiovascular disease 21,413 13,672 7,841 1.6
Other certified causes? 3721 2,564 1,157 1.5
Cause not available 1,221 610 611 2.0
Total, all causes 86,143 20,857 15,286 1.7

“ In the 19503, a quarter of a million U.8. veterans deseribed (once only) what they smoked; the certified cause of death was sought
fmi any of these veterans who died in the 1950’s and 1960's [Rogot and Murray (1980)).

Of those who described themselves in the 1950's as current cigarette smokers, a) some had smoked cigarettes for only a part of
their previous adult lives; b) even among smokers the mean consumption of cigarettes before 1946 was probably lower than in the
1950's, and ¢) some of the 1950’s smokers subsequently gave up smoking. Consequently, the excess of lung cancer and of any other
diseases that can be caused by smoking would be even more extreme than in this table among men who had smoked one patk of 20
cigarettes/day fairly regularly (without giving up) ever since early adult life {(see appendix E, text-fig. E1, page 1292).

¢ Standardized for single years of attained age. For details, see Rogot and Murray (1980).

4 Tneluding leukemias, lymphomas, benign tumors, and tumora of unspecified site or malignancy. Some smoking-related cases of
lung cancer may have the site of origin unspecified or mis-specified on the death certificate. This accounts for some of the excess
mortality observed among smokers from cancers in this aggregate “all other” category.

¢ Excluding tuberculosis (81 deaths observed vs. 36 expected). Most of the excess mortality from respiratory disease was actually

caused by smoking [Fletcher et al. (1976)]

7 Some, and perhaps most, of the excess mortality from cardiovascular disease was caused by smoking [Doll and Peto (1976)].
2 Some, but by nmo means all, of the excess mortality from other certified causes was actually caused by smoking.
b Tither hecause the certified cause was incompletely specified, or, more commonly, because the death certificate was not located by

Rogot and Murray (1980).

Different Types of Tobaceo and Ways of Smoking

The ill effects of smoking are much greater when
tobaceo is smoked in the form of cigarettes than when
it is smoked in other ways, This is probably net
because of any special effects of burning paper or of
cigarette tobacco additves but may be because, com-
pared with the smoke from pipes or cigars, cigarette
smoke is less alkaline”® The difference between ciga-
rettes and other forms of tobacco is most marked in
regard to lung, bladder, and pancreatic cancers and less
marked (if it exists at all) in relation to cancers ol the
mouth, pharynx, larynx, and esophagus. The effects of

2 The alkalinity of pipe or cigar smoke may so facilitate absorp-
tion into the bloodstream of the nicoting which some smokers need
that sufficient guantities of nicotine can be absorbed while pipe or
cigar smoke is merely held in the mouth, withoul any need for
inhalation deep into the lungs. Moreover, alkaline smoke from pipes
or cigars is more irritaling than cigarette smoke and so again is less
readily taken into the lungs.

different types of cigarettes may likewise differ from
each other, and it appears that today's low-tar ciga-
rettes may in the long run prove materially less
harmful (Hammond et al., 1977; Wynder et al.,, 1976)
than the cigarettes of a quarter of a century ago. For
lung cancer (though not necessarily for all other
tobacco-associated diseases) the risk reduction may be
50% or better (see appendix E), to judge by the rapid
decreases in male lung cancer now being seen in
Britain, but reliable data, especially on the effects of
long-term use of various low-lar cigarettes, are still not
available. [See, however, Gori and Bock (1980), Surgeon
General (1981), and Lee and Garfinkel (1981) for a
review of the epidemiology to date.]

Quantitative Attribution of Risk

Qur present purpose is to estimate the percentages of
U.8. cancer deaths in 1978 that were caused by tobacco,
ie., the percentage of deaths that would have been
avoided if the individual had not smoked. We shall do
this by estimating separately the numbers of deaths
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from each separate type of cancer (lung, larynx, bladder,
etc.) that were caused by smoking. Our chief sources of
data are a) the male and female age-specific death rates
from each cancer among all Americans in 1978; b) the
corresponding death rates (Garfinkel, 1980) observed
during 1959-72 among half a million Americans who
in 1959 said they had never smoked regularly and
whose subsequent mortality was monitored by the
American Cancer Society (ACS); and ¢) some approxi-
mate information about national smoking habits. Three
main approaches are possible, and we shall first discuss
them in relation to lung cancer.

The first, and probably the best, method is to assume
that the male and female age-specific death rates from
lung cancer observed among the ACS non-smokers in
1959-72 would have applied to the whole country in
1978 if no one had ever smoked, to work out how
many U.8. lung cancer deaths would thereby have been
predicted (=12,000), and, since there were actually
some 95,000 lung cancer deaths in the United States in
1978, to ascribe the excess (=80,000-85,000 lung cancer
deaths) to tobacco. One great virtue of this method is
that it automatically allows for any effects on cigarette-
induced mortality of the switch to low-tar cigarettes
and of any other changes in national smoking habits.
This method does suffer from some sources of uncer-
tainty, but none seriously affect the final estimate.
Perhaps the lung cancer death rate among non-smokers
has increased between the 1960's and the 1970°s (En-
strom, 197%a; Schneiderman, 1979b), although we con-
sider that the evidence does not support this conclusion
{appendix E). Alternatively, perhaps the ACS follow-up
was slightly biased. Certainly, the diagnostic accuracy
in the ACS study was different from the 1978 national
average, if for no other reason than because all deaths
certified as being due to “cancer” during the first half
of the study period were specially investigated, and a
few that had been miscertified as lung cancer were
reclassified as other cancers, and vice versa. Finally,
perhaps the ACS non-smokers (who, in addition to
having chosen not to smoke, were probably of some-
what higher sociceconomic status than the nation as a
whole) differed in some important personal character-
istics from the nation as a whole, although no plausible
personal characteristics which are important deter-
minants of lung cancer among non-smokers are yet
known.?? Because of all these possibilities, the predic-
tion of “about 12,000" is subject to at the very most
twofold uncertainty (and in our view rather less), but
even so the true number of lung cancer deaths in the
United States in 1978 if no American had ever smoked

2 A personal characteristic which is well established as a deter-
minant of cancers of the mouth, pharynx, larynx, and esophagus is
alcohol consumption (see section 5.2), and we must try to allow for
the likelihood that the ACS non-smokers drank less than the U.S.
national average when we come Lo esdmate the numbers of U.S.
deaths {rom these particular types of cancer that were actually caused
by tobacco. However, there is no evidence that alcchol consumption
has any direct effect on lung cancer,
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would have been somewhere between 5,000 and 20,000
(although the range 10,000-15,000 seems considerably
more probable). However, on subtraction from the
95,000 national total these uncertainties become less
important, and we are confident that in 1978 between
75,000 and 90,000 of the deaths certified as lung cancer
were caused by tobacco. (The annual number of lung
cancer deaths ascribable to tobacco is, of course, not
stationary at =~83,000 but is increasing by =4,000 per
year as the lung cancer epidemic evolves.)

This estimate of 12,000 refers, of course, to the total
number of lung cancer deaths per year that would have
occurred in the absence of tobacco, and not to the
number that currently occur among non-smokers. In-
deed, since most Americans in middle or old age are
either smokers or ex-smokers and only about 20% are
lifelong non-smokers, the above estimate of 12,000
suggests that the annual number of lung cancer deaths
per year among lifelong non-smekers must currently be
only a few thousand [i.e, about 2 or 3% of the annual
total of about 100,000 U.S. lung cancer deaths, and
certainly nowhere near the figure of 20% (!) suggested
by Epstein and Swartz, 1981]

This same (first) method is applied to respiratory,
upper digestive, bladder, and pancreatic cancers in
table 11. The resulis®® suggest that there would have
been only about 40,000 deaths attributable to these four
types of cancer in 1978 if no American’ had ever
smoked, instead of the 155,000 or so that actually
occurred.

The difference (=115,000) represents, in our view, a
fairly reliable estimate of the number of U.S. deaths
from these four types of cancer that were caused by
smoking in 1978, To it we have added a few thousand
deaths certified as due to other specific types of cancer
{see notes to table 11), yielding a grand total of about
120,000 or 125,000, ie., about %0% of all U.S. cancer
deaths. A very slightly higher figure might be more
plausible, as we have probably underestimated the
numbers of smoking-related cancers miscertified as
occurring at other specified or unspecified sites, How-
ever, the range of reasonable uncertainty about our
estimate is quite narrow and would not include a
figure as low as 90,000 (since our estimate would still
exceed 100,000 even if the associations of smoking with
pancreatic or bladder cancer were eventually discredited,
and we have not assumed any specific effect on kidney
cancer) nor a figure as high as 150,000 (since our
estimate would still be less than 140,000 even if fully
10% of the quarter of a million remaining cancers were
atiributed to smoking, a proportion approximately
double that suggested hy the differences between smokers
and non-smokers in the ACS data).

The whole of this first method, of course, depends
on the accuracy with which the death rates recorded

* augmented by 7%, since 7% of all people eertified as dying of
cancer do not get the site of origin specified on the death certificate
{see table 11},




TABLE 11.—Cancer deaths caused by tobaceo: United States, 1978

No. of deaths

Certified cause Es&irﬁ&t&d, Approximate
of death® ad Amer- excess
Observed icans not attributed
smoked to tobacco
Cancer, males
Lung 71,006 6,439° 64,567
Mouth, pharynx, 14,282 1,792%2° 10,608
larynx, or
esophagus
Bladder 8,771 2,960° 3811
Pancreas 11,010 6,585" 4,425
Other specified sites 100,799 ? 5,0007
Unapecified sites 14,469 8,188¢ 6,281
Total, males 218,337 94,782 (43%)’
Cancer, females
Lung 24,080 5,454° 18,626
Mouth, pharynx, 5,100 1,458x%2° 2,184
larynx, or
osophagus
Bladder 3,078 2,170 908
Pancreas 9,767 7,291° 2,476
Other specified sites 127,642 7 1,0007¢
Unspecified sites 13,951 11,879° 2,072
Total, fernales 183,618 27,266 (15%)
Total, males 401,055 122,048 (30%)

and females

“ Gite of origin of cancer.

b Number estimated by applying the nonsmoker mortality
rates reported by Garfinkel (1980) to the 1.8, population of 1978

¢ Double the number estimated by the procedure described in
footnote b. This number was doubled to allow for the possibility
that the subjecis in the ACS prospective study were less exposed
to aleohol (see section 5.2), or to some other cause(s) of cancer of
the upper respiratory or digestive tracts than were average
people in the United States. [Some evidence that this was indeed
the case is that even the cigarette smokers in the ACS study had
mortality rates for these types of cancer that were somewhat
below the national U.S. rates: Hammond (1966).] However, it
makes little difference to our grand totals whether the small
nurnber of cancars of the mouth and threat “expected” from the
ASC nonsmoker experience are left unaltered, are doubled, or
are trebled.

4 Other specified sites include some, such as kidney, which
may truly be affected by tobaceo, and some, such as stomach or
liver, that include a proportion of misdiagnosed cases of ciga-
rette-induced cancer of the lung, pancreas, and other organs,
Some fraction of the cancers certified as being of other specified
sites is thus due to smoking, which in part explaing the excess
mortality among smokers in the aggregate of all such cancers
that is found in the American prospective studies (see iable 10),
We have suggested, without firm evidence, that of these other
cancers, perhaps 5,000 & and 1,000 @ cases may have been due to
tobacco. These suggested figures, totaling 6,000, may slightly
snderestimate the actual figures, but readers may substitute any
estimate that they consider more plausible, e.g., some other esti-
mate between 1,000 and 20,000, leading to an estimate of 29-34%
of 1978 cancer deaths ascribable to tobacco.

¢ Hstimated to mateh the proportions (43% &, 16% Q) of
specified sites attributed to tobacco.

/ The percentage ascribable to tobaceo is gradually increasing
as lung cancer death rates are increasing among old Americans.

among non-smokers in the ACGS study during the
1960's are representative of the death rates among non-
smokers in the general population during the late
1970°s,* and for bladder cancer at least there is in-
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dependent confirmation that the correspondence is
reasonably good. Analysis of the data from the large
case-control study of Hoover et al. (1980) would
predict some 5,500 bladder cancer deaths in 1978 if
nobody had smoked, which is within 10% ol our
prediction (table 11}, based on the ACS non-smoker
rates, of 5,180, Likewise, both in the study of a quarter
of a million U.S. veterans (Kahn, 1966) and in our own
study of British doctors (Doll and Peto, 1976 Doll
et al., 1980) the numbers of deaths from the aggregate
of cancers of the lung, the upper respiratory and
digestive tracts, the bladder, and the pancreas observed
among the non-smokers were within 10% of what
would have been predicted from Garfinkel’s (1980)
report of the ACS experience, which again supports the
general applicability of the ACS rates to other non-
smoking populations. Finally, we note that the ACS
female non-smoker rates for cancer of the lung are
rather similar to the rates that prevailed among U.5.
women as a whole in 1950, before the epidemic
increases in ciagarette-induced lung cancer began to
affect women.”® Thus these low rates could indeed
prevail among the population as a whole were it not
for tobacco.

A second, much less satisfactory, method is to
assume that the male and female age-specific excess
lung cancer death rates observed among the ACS
smokers in 1959-72 would have applied to all U.S,
smokers in 1978, Not only are there known to be large
differences in the lung cancer rates between smokers in
1978 and smokers a decade or two earlier, but also, just
as importantly, uncertainty in the absolute risks among
smokers would cause very wide uncertainty in the
number of deaths attributed to smoking if this second
method were used. In contrast, some uncertainty in the
absolute risks among non-smokers does not cause wide
uncertainty in the number of deaths attributed to
smoking by our first method.

A third method would be to assume for each
category of cancer that the percentage excess Taie
observed among smokers in the AGCS study will be
similar to the percentage excess among smokers in the
country as a whole. The possibility of error (especially
since, for bladder and pancreatic cancers as for lung
cancer, the percentage excess 1s probably increasing
from one decade to the next) is obvious, but for cancers
for which only a twofold risk 1Is associated with
smoking, the near-twofold uncertainty about the ab-

S Sirictly, of course, we would like to estimate the lung cancer
death rates that non-smokers would have had in the late 1570's if
they had not even been exposed “‘passively’” to other people’s
cigaretie smoke (see below).

6 The annual lung cancer death rates per 100,000 women aged
45-54, 55-64, and 65-74 years were 5, 15, and 29, respectively, among
ACS non-smokers (Garfinkel, 1980} compared with 7, 14, and 25
among all U.S, females in 1948-52, (See appendix E, tables El and
F2, By 1950, the standards of diagnosis and cure for lung cancer werc
reasonably comparable with those of today, but no large effects of
tobacco on female death raies were yet evident.)
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solute rates for non-smokers inherent in the first
method would obviously not have the negligible effect
that it has on the numbers of lung cancer deaths
attributed to smoking, and so for cancers other than
cancer of the lung this method might be preferred in
principle. However, for the four main categories of
smoking-related cancer in table 11, it yields estimates
so similar to those from the first method that we have
not presented it in detail, although we note that it
yields slightly higher estimates than those in table 11
for the numbers of “other and unspecified” cancers
attributable to tobacco.

Potentially Biased Estimates

Finally, we have not made use of any data from the
U.S. National Mortality Surveys {Enstrom, 197%a; Fn-
strom and Godley, 1980), as we suspect that data on
smoking obtained from the relatives of dead patients
may misclassify substantial numbers of ex-smokers as
lifelong non-smokers, thereby overestimating the likeli-
hood of cancer among non-smokers (for further discus-
sion, see appendix E).

Nor+have we considered the extent to which “passive
smoking” (i.e,, the inhalation of air polluted by other
people's smoking) might affect the incidence of cancer
either among smokers or among non-smokers. If the
ACS non-smoker death rates during 1959-72 were
materially higher than they would have been in the
absence of the effects of passive smoking, then we may
have slightly underestimated the total number of deaths
due to tobacco, though the relative error must be small,
However, whether or not there were appreciable effects
of passive smoking on non-smokers during the 1960s,
any effects on non-smokers (and, perhaps, on smokers)
of passive smoking may eventually grow to be sur-
prisingly large as the carcinogenic effects of tobacco
smoke depend so strongly on the duration of exposure
to it (Doll and Peto, 1978) that lifelong exposure
{including childhood) may have four times the effect of
exposure which is limited to adult life. In view of this,
the twofold excess risks already reported merely among
the non-smoking wives of cigarette smokers are dis-
turbing (Hirayama, 1981; Trichopoulos et al., 1981, but
for further data see Garfinkel, 1981).

Our estimate of 30% relates to the entire U.S. popu-
lation and is somewhat higher than the estimate (22%)
made by Hammond and Seidman {1980) of the per-
centage of the cases of cancer in the ACS study
population itself that were attributable to smoking
perhaps because a disproportionate number of the ACS
cigarette smokers stopped smoking and partly because
there are substantially more lung cancer deaths nowa-
days than 10 vears ago. Conversely, our estimate is
slightly lower than the figure of 38% that can be
estimated from the tables presented by Enstrom (1979b).

Future Changes in the Percentage of Cancer
Deaths Due to Tobacco

While, as now, U.S. lung cancer death rates continue
to rise, our estimate of the percentage of cancer deaths
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caused by smoking will likewise increase and will
therefore probably be at least 33% by the mid-1980's,
assuming no large trends in net mortality from non-
respiratory cancer. How far it will ultimately rise and
whether it will fall rapidly thereafter depend largely on
whether current decreases both in sales-weighted tar
yields and in cigarette consumption can be maintained
or improved on, and for obvious reasons these cannot
be predicted reliably. Indeed, even given knowledge of
what (if any) deliberate increases in the cost of ciga-
rectes, deliberate decreases in the advertising of ciga-
rettes (or perhaps of cigarettes with 15 mg or more of
tar), or deliberate increases in public awareness of the
quantitative dangers of cigarettes will be brought about
by the U.S. Congress, reliable prediction of their effects
on the consumption of various types of cigarette would
not be possible. In Canada, increases in cigarette price
have coincided with decreases in cigarette consumption
(Forbes, 1978), but strict proof of causality is, of course,
lacking. In the United States, the Surgeon General's
first (1964) report and the widespread discussion of the
dangers of smoking that have followed it coincided
with the start of a substantial decrease in the per-
centage of men who describe themselves as cigarette
smokers (51% in 1965 vs. 37% in 1979; Surgeon General,
1980) and of a smaller decrease among women (33% in
1965, 28% in 1979). Even though cigarette sales have not
decreased nearly as strikingly as this (appendix E),
these changes suggest that worthwhile decreases in
cigarette ‘consumption can take place even without

‘government really trying, but whether they were in-

deed due chiefly to public awareness of the hazards
of smoking and whether they could be improved on by
fostering more accurate public awareness of those
hazards are simply not known. Therefore, although we
can estimate reasonably accurately the present per-
centage (30%) of cancers due to smoking and can
forecast an increase by two or three percentage points
by the mid-1980’s whether or not effective anti-smoking
action is taken, longer term prediction is impossible.

5.2 Alcohol

It is convenient to consider alcohol next, not because
it is the second most important cause but because it
“interacts” with smoking, each agent enhancing the
other’s effects, That alcohol is involved in the produc-
tion of cancer has been suspected for 60 years, since it
was shown that cancers of the mouth, pharynx, larynx,
and esophagus were commoner than average in men
who were emploved in trades that encouraged the
consumption of large amounts of alcohol; and it has
been confirmed subsequently in many detailed studies
of men and women affected by these diseases in Europe
and North America. Now, too, there is good evidence
to suggest that alcohol consumption sufficient to cause
cirrhosis of the liver will also increase the incidence of
liver cancer. Precise figures for the proportions of these
various cancers attributable to the consumption of
alcohol have, however, not been €asy to obtain, because
an accurate account of the amount of alcohol an




individual drinks is difficult 1o obtain and .interpre-
tation of any results has been further complicated by
the fact that total abstainers are commonly distin-
guished by other behavioral characteristics (including
avoidance of tobacco, which directly affects most of the
types of cancer with which alcohol consumption is
associated}.

Much effort has been expended in trying to find out
whether the effect of alcoholic drinks is due to the
alcohol itself or to other chemicals that can be found
in spirits, wines, and beers and whether it depends
on the concentration of alcohol in the drink, Some
evidence suggests that the effect 1s greatest when
alcohol is consumed in spirits, and some suggests that
the apple-based drinks consumed in Northwest France
are particularly harmful; however, the totality of the
evidence suggests that the principal effect 1s due to the
alcoho! itself and is largely independent of the form in
which it is drunk, a conclusion reinforced by the ob-
servation of oral cancer among habitual users of
strongly alcoholic mouthwashes (Maclure and Mac-
Mahon, 1980).

Both in Western Europe and in North America the
carcinogenic effect of even quite substantial consump-
tion of alcohol is small in non-smokers, increasing the
incidence of cancers of the mouth and pharynx some
iwo to three times (Rothman and Keller, 1972). In
smokers, on the other hand, as is shown in text-figure
7, consumption of the same amount would have a
larger absolute effect, as it seems to multiply the
carcinogenic effect of tobacco smoke on the mouth,
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pharynx, larynx, and escphagus, although it has no
such effect on the lung (Wynder and Bross, 1961;
Tuyns et al,, 1977; Herity et al., 1981). Cancers of those
sites related to alcohol consumption account for 7% of
all cancer deaths in men and 3% in women. If we at-
tribute about two-thirds of the former and about one-
third of the latter to alcohol and add a small propor-
tion of the liver cancer deaths {which constitute less
than 1% of all cancer deaths), we arrive at an attribu-
table proportion of about 3% of all deaths in both sexcs.
The range of uncertainty in this estimate is quite
narrow and it is most implausible that the true per-
centage lies outside the range of 2-4%. It must, however,
be emphasized that this figure cannot be added to the
proportion attributable to tobacco because the two pro-
portions largely overlap. In other words, most of the 3%
of cancer deaths now caused by alcohol could have been
avoided by the absence of smoking, even if alcohol
consumption remained unchanged.

Pure alcohol is not by itself carcinogenic by any of
the animal experiments thus far devised (which em-
phasizes the unwisdom of basing one’s beliefs about
human cancer too closely on laboratory studies), and
although alcohol may have some direct effects on the
genetic material of cultured cells (Harsanyi et al.,, 1977,
Obe and Ristow, 1979), it seems possible that it exerts
its carcinogenic effect in humans chiefly by facilitating
contact between extrinsic carcinogenic chemicals and
the contents of the stem cells that are responsible for
the integrity of the lining of the upper digestive tract
and larynx.

#9.3

>
sk
R

Tobacco 30gms of more/flay

TEXT-FIGURE 7.—Relative risk of developing cancer of the esophagus in relation to smoking and drinking habits (redrawn from Tuyns

et al, 1977).

Note that these data do not distinguish between non-smokers and light smokers, thus they do not indicate directly what the effects of alcohol

would be among lifelong non-smaokers.
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TABLE 12.—Some currently promising hypothetical or actual ways or means whereby diet may offect the incidence of cancer

Paragraph

Possible ways or means No. in text

Example’

1, Ingestion of powerful, direct-acting carcinogens or
their precursors

1fa)
(b}
Ife)

2. Affecting the formation of carcinogens in the body 2(a)

2(b)
2(c)

3. Affecting trangport, activation or deactivation of
carcinogens

3fa)
3(b)
afc)

3(d)

4, Affecting “promotion” of cells (that are already

fecting ‘) 4a)
initiated”)

4b)
ie)

5, Overnutrition 5(a)
(b)

5(e)

Carcinogens in natural foodstuffs {plant preducts)

Carcinogens produced on cooking

Carcinogens produced in stored foed by microorganisms (bacterial
and fungal)

Providing substrates for the formation of carcinogens in the body
{e.g., nitrites, nitrates, secondary amines)

Altering intake or excretion of cholesterol and bile acids (and
hence the production of carcinogenie metabolites in the bowel)

Altering the bacterial flora of the bowel (and hence the capacity
to form carcinogenic metabolites)

Altering concentration in, or duration of contact with, feces (fiber)

Altering transport of carcinogens to stem cells (aleohol?)

Induction or inhibition of enzymes (which affect carcinogen
metabolism or catabolism)

Deactivation, or prevention of formation, of short-lived intracel-
lular species {e.g., by use of selenium, vitamin E, or otherwise
trapping free radicals; by use of g-carotene or otherwise
quenching singlet oxygen; by use of other antioxidants)

Vitamin A deficieney (elinical or subclinical)

Retinol Binding Protein (hormonal and other factors determine
blood RBP, though vitamin A intake may not affect it much)
Otherwise affecting stem cell differentiation (carotenoids? deter-

minants of lipid “profile™?)

Age at menarche
Adipose-tissue-derived estrogens
Other effects

? There may be considerable overlap between many of the entries in this table.
Or, more generally, affecting the probability that a partially transformed stem cell will become fully transformed and will pro-

liferate successfully into cancer.

5.3 Diet

Diet 1s a chronic source of both frustration and
excitement to epidemiologists. For many years there
has been strong but indirect evidence that most of the
cancers that are currently common could be made less
so by suitable modification of national dietary practices,
This is even more plausible now than it was 10 years
ago, but there is still no precise and reliable evidence
as to exactly what dietary changes would be of major
importance. The chief need is, thereiore, for contdnued
and more intensive research, In humans both observa-
tional evidence and, perbaps, randomly controlled
evaluation of the more promising hypotheses may be
needed. In animals, the many mechanisms whereby
dietary factors may influence cancer risks need to he
understood, and the various dietary factors that do
influence cancer risks need to be identified, even if
their mechanisms remain obscure, as clear animal
findings may suggest new questions for human studies
to address,

Because reliable information is scarce, we shall
describe the few components of diet that seem definitely
rarcinogenic, and we shall also review what seem to us
to be some of the more promising current lines of
research into both causative and protective agents.
‘Protective agents may be of more practical imporiance
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than causative agents, for it may be easier to prescribe
than to proscribe dietary factors.) Finally, we shall try
to estimate very crudely the size of the benefit that
might be expected if some of the resulis of current
research live up to the expectations that many investi-
gators have for them, but on present knowledge the
range of permissible estirnates must be very large,

The ways in which diet can influence the develop-
ment of cancer are legion (Doll, 1979), particularly if
“diet’” is interpreted to include everything that is put
into the mouth and swallowed. We shall use “diet,”
however, in a more lmited sense and interpret it to
mean only those items that occur in natural food or are
produced during the normal processes of storage,
cooking, and digestion. Chemicals that are mixed with
food and drink to preserve themn or alter their color or
taste are considered separately in section 5.4 and those
that are added unintentionally as a result of the
agricultural use of pesticides, industrial poliutiom, etc.,
will be considered in section 5.7.

Even in this more limited sense there are still many
completely different ways in which diet might act,
several of which have only recently come to be con-
sidered as potentially significant in relation to the
development of cancer in humans. Some of these are
listed in table 12

Of course, what ultimately matters from a public




health point of view is not so much the mechanisms
whereby dietary factors may affect cancer, but rather
the mature of the dietary factors that are important
determinants of cancer. (Likewise, it is more important
to know that cigarettes cause lung cancer than to know
the mechanisms of this effect, although the great
advantage of a mechanistic approach, of course, is that
if mechanisms can be understood then this may lead
to the study of agents which enhance or inhibit those
mechanisms’) When the science of nutrition and cancer
matures, it will be possible to redraft table 12 as a list
of important protective factors and causes instead of as
the present list of possibly important mechanisms. In-
deed, there are already some dietary factors, such as
fiber or B-carotene, where the hypothesis that they are
protective is being studied directly in humans (either
by uncontrolled epidemiology or by randomized inter-
vention) while more than one mechanism whereby
they might act is entertained in the laboratory. Con-
versely, there are some other dietary factors, such as
overnutrition {which can greatly affect cancer risks in
laboratory animals and may also affect human cancer
risks), for which no mechanisms have been convinc-
ingly established. Such factors do not fit naturally into
the classification scheme of mechanisms in table 12,
despite their possible importance to humans. This
underlines certain drawbacks of a mechanistic ap-
proach to the avoidable causes of disease. However,
because the science of diet and cancer is lmmature, we
shall adopt, as a framework of paragraph headings
within which to review current and future research
directions, the list of mechanisms in table 12, present-
ing the relevant epidemiology within this framework
even though epidemiology always points to agents
rather than to mechanisms,

1. Ingestion of Powerful, Direct-Acting
Carcinogens or Their Precursors

1 (a) Carcinogens in natural foodstuffs.—The sim-
plest and most obvious, although perhaps not the most
important, dietary mechanism is the ingestion of small
amounts of subsitances that are themselves powerful
direct-acting carcinogens®’ in laboratory animals or
which are converted into such carcinogens by metab-
olismn in the body. Such substances include cycasin in
the cycad nut, pyrrolizidine alkaloids in Senecio and
some other plant genera, safrole in sassalras, and
extracts of coltsfoot and bracken fern. Only the last has

¥ Committees of experts have argued [or so many hours over the
precise definition of a “carcinogen” that we shall merely adopt
Humpty Dumpty's strategy. What we mean by it is anything which,
given under suitable experimental cenditions in smafl quantities,
causes a substantial risk of cancer, e.g., powerful initiators, powerful
promoters, or anything that is efficiently converted into them in
vivo, Our terminology is loose but may suffice until much more is
known about mechanisms of carcinogenesis, With our definition,
nitrosamines are “carcinogens,”’ but nitrites are not.

Avoidable Risks of Cancer in the U.S,

been related to cancer in humans, Japanese who eat
bracken fern daily appearing to have three times as
great a risk of developing cancer of the esophagus as
have Japanese who avoid it (Hirayama, 1979). The
consumption of bracken fern is common only in
Japan, and the naturally occurring carcinogens thus
far recognized cannot be regarded as a significant cause
of cancer in the United States. This may, however, be
because a thorough search of foodstuffs for naturally
occurring carcinogens is not yet complete, while the
search for “co-carcinogens'’ and “‘promoters’” is even
less advanced. Dozens of natural foodstuffs can be
tested one by one for their influence on animal cancer
rates (e.g., uncooked soya flour predisposes rats to
pancreatic cancer: McGuinness et al.,, 1980), but such
experiments are laborious and may be insensitive, and
any observed effects may be due to the gross distur-
bance of the diet (see helow) rather than to trace
carcinogens, The use of short-term tests may help by
drawing atiention to candidate substances, e.g., quer-
cetin, a mutagenic (Tamura et al., 1980) natural
substance which may cause cancer in animals (Pamukcu
et al., 1980), the precursors of which are present in tea,
red wine, bracken fern, and particularly, onions (Sugi-
mura and Nagao, 1979). Although current short-
term tests may overlook some carcinogens, particularly
those that do not bind directly to the genetic material
of the cells at risk {see section 4.2), laboratory dis-
coveries of active agents may provide hypotheses specific
enough for fruitful epidemiological inquiry. However,
it is not yet clear whether any powerfully active
substances are present in significant quantities in the
natural components of the modern American diet,

1 (b) Carcinogens produced on cooking.—Another
possible source of such substances is the production of
carcinogens by cocking, Humans are the only animals
that cook their food, and it has been known for many
years that benzo[a]pyrene and other polyeyclic hydro-
carbons can be produced by pyrolysis when meat or
fish is broiled or smoked or when any food is fried in
fat that is used repeatedly. More recently, Sugimura et
al. (1977) have demonstrated that pyrolysis of food
(e.g., in charcoal-broiling steaks) also produces power-
ful mutagens that cannot be accounted for by the
production of benzo[alpyrene alone. Good cooks, how-
ever, do not usually pyrolyze much of the food they are
cooking, although they may caramelize it. The chemical
changes occurring during this more normal cooking
procedure (which involves temperatures of only 100-
200° C) have been insufficientdy studied, but there is
already evidence {Stich et al., in press; Spingarn et al.,
1980) that various completely different chemicals are
thereby produced that can damage or fragment cellular
genetic material, both in cultured cells and in the
intestinal tract {(at least ol mice).

Many epidemiologists have sought to relate the
consumption of various cooked foods to the develop-
ment of gastric cancer, but none have succeeded in
doing so convincingly., Only Dungal and Sigurjonsson
(1967) have obtained any human evidence that is even
suggestive, and that is extremely weak. Few people eat
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more broiled food than Americans, and gastric cancer
is rapidly diminishing in incidence in the United
States. The method of cooking could be important,
perhaps to some type of cancer other than gastric
cancer, but at present this is unproven.

1 (¢) Carcinogens produced in stored foods by micro-
organisms.—A less obvious souree, and indeed one that
was overlooked altogether until the early 1960's, is the
production of carcinogens in stored food by the action
of microorganisms. There is now good reason to
believe that aflatoxin, a product of the fungus Asper-
gillus flavus that commonly contaminates peanuts and
other staple carbohydrate foods stored in hot and
humid climates, is a major factor in the production of
liver cancer in certain tropical countries. Experimen-
tally, it is among the most powerful liver carcinogens
known for some animal species, and it is likely also to
be carcinogenic for humans because human liver cells
contain the enzymes needed to produce the particular
metabolic products that appear to be responsible for its
activity. It is, moreover, now clear that the incidence of
primary liver cancer, which is the commonest type of
cancer in inhabitants of large parts of Africa, is in
those parts approximately proportional to the amount
of dietary aflatoxin (see, for example, Linsell and
Peers, 1977). In all countries the disease occurs more
commonly in people whose livers are chronically
infected with the hepatitis B virus than among their
uninfected compatriots, and it seems probable that,
where aflatoxin is present in substantial quantities in
the diet, both aflatoxin and hepatitis B virus contribute
to the risk of liver cancer, each multiplying the other’s
effects.

The vagaries of daily diet and the short half-life of
aflatoxin within the body make it unlikely that we
shall ever be able to establish the relationship in
individuals in the same way as a relationship was
established between lung cancer and cigarette smoking,
and it is difficult to see what further evidence could be
obtained short of trying to reduce aflatoxin contamina-
tion of various foods in tropical areas to see il the
disease would begin to disappear within one or two
decades.

In the United States, primary cancer of the liver is a
rare disease accounting for less than 1% of cancer
deaths in people under 65 years of age. At older ages
the diagnosis is often inaccurate (fatal cancers of other
sites which have spread to the liver being miscertified
as primary Yiver cancers), and the statistics are, there-
fore, unreliable, The amount of aflatoxin in the U.5,
diet is minute, and it is only one among several
possible causes of those few cases that do occur. It may,
therefore, be questionable whether the return to be
anticipated from rigorous attempts to eliminate all
aflatoxin from the diet would justily the effort, al-
though it would certainly be prudent to make reduc-
tions (particularly in retail nuts and nut products and
in dairy products that have been affected via con-
taminated catile feed: MAFF, 1980) if these could be
achieved without disproportionate expense. In an Amer-
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ican context, however, the chiefl importance of the
discovery of the dangers of aflatoxin may be that it
raises the possibility that other mycotoxins in food
may be carcinogenic. None have yet been clearly
demonstrated to be so in any country, but fusarial
infection of stored food may contribute to the high
incidence of esophageal cancer in parts of China,
which reemphasizes the need to seek such agents else-
where. (Miller and Miller, 1979, in a wide-ranging
review of naturally occurring chemical carcinogens
that may be present in food, particularly emphasize the
possible dangers of fungal contamination by asper-
gillus, penicillium, or fusarium.)

2. Affecting the Formation of Carcinogens in the Body

2 (a) Providing substrates for the formation of
carcinogens in the body.—Another possible mechanism
that has aroused particular interest is the formation of
N-nitroso compounds in the body, These are among
the most powerful chemical carcinogens in the labora-
tory, and the production of even small amounts in the
human body could be important. They are present in
small amounts in the resting gastric juice and may be
formed in the digestive tract or possibly in the infected
bladder by a reaction between nitrites and various
nitrosable compounds {secondary amines or N-substi-
tuted amides). The reaction is assisted by formaldehyde
or by thiocyanate ions {perhaps [rom tobacco smoke),
but it requires either a mildly acid medium or bacterial
assistance and is inhibited by the presence of anti-
oxidants (e.g., vitamin C) in the stomach.

This way of synthesizing carcinogens in vivo is of
particular interest because neither nitrites nor nitrosable
compounds can easily be avoided. Nitrosable com-
pounds occur naturally in many foods, particularly in
fish and meat; they may be ingested as pesticide
residues or drugs, and they may be formed in the colon
from amino acids. Nitrite may be derived directly from
food, to which it has been added as a preservative or
color and flavor enhancer, or in which it has been
formed by bacterial action on nitrates, or it may be
formed in the body by bacterial action on nitrales in
the salivary ducts, the hypoacid stomach, and the
infected bladder, and possibly on nitrates or nitrogen
in the gut. The most important source of nitrite
appears to be its production in vivo from nitrate,
which is ingested in vegetables and, to a lesser extent,
in drinking water and in foods to which nitrate has been
added as a preservative. The relative importance of
these different sources of nitrite are reviewed by Fraser
et al., 1980. The possible role of meat and vegetables
as dietary precursors of N-nitroso compounds was
illustrated by the observation (Fine et al., 1977) that
after a meal that included both bacon and spinach,
hlood levels of N-nitroso compounds rose sharply.
There are, therefore, many ways in which carcinogenic
N-nitroso compounds might be formed and many
factors by which their [ormation might be modified.
The questions that now must be answered are whether




the amounts produced correlate with the incidence of
any type of cancer in whole populations and, much
more importantly, whether within populations they
correlate with the risk to the individual.

The fragmentary evidence from epidemiology, which
is reviewed by Fraser et al. (1980), chiefly relates to
cancer of the esophagus and cancer of the stomach, but
in neither case have clear positive findings emerged.
Drinks and foodstuffs associated with cancer of the
esophagus have been examined minutely for nitros-
amines, with no clear positive results. Some relation-
ship between gastric cancer and the nitrate content of
the diet has been suggested, particularly in Latin
America, but the relationship is not consistent. The
much-cited example of the high mortality from gastric
cancer in a British town where the water supply
contained an unusually high concentration of nitrate
(Hill et al., 1973) can be explained on the grounds that
coal miners, whose gastric cancer rales aré anyway
likely to be high, constitute a high proportion of the
resident population (Davies, 1980). It is notable that
vegetables, which are wusually the main source of
dietary nitrates, appear if anything to protect against
the development of gastric cancer (and of various other
types of cancer, e.g., MacLennan et al., 1977, and many
other studies). There is thus little evidence that dietary
nitrates, nitrites, or nitrosable compounds contribute to
the production of gastric cancer or any other type of
cancer, but this may merely be because there is in-
adequate evidence on the whole subject.

2 (b) Altering intake or excretion of cholesterol and
bile acids—One way in which certain fats might
contribute to the production of carcinogens in the body
is by increasing the amount of bile acids and cholesterol
metabolites in the feces, The evidence to support this
suggestion has been reviewed by Reddy et al. (1980a}
and is mow substantial, In brief, larger amounts of
these substances, and particularly of deoxycholic and
lithocholic acids, are found in the stools of popula-
tions on a Western-type diet in whom colorectal cancer
is common than in populations on characteristic
African or Asian diets in whom it is rare. Larger
amounts are also found in the stools of patients with
cancer or adenomatous polyps in the colon than in the
stools of patients with other diseases or of healthy
controls. Moreover, the amounts in the stools can be
increased experimentally in humans by high-fat, high-
meat diets. In laboratory experiments on rats, high-fat
diets (with various different fats) increase the fecal
excretion of the same group of bile acids and increase
the incidence of colon cancer induced by a variety
of carcinogens, including 1,2-dimethylhydrazine and
methylnitrosourea, and the same effects on cancer
incidence can be obtained by feeding cholestyramine, a
nonabsorbable resin that increases the excretion of bile
calts.?® Also, dietary cholesterol (Cruse et al,, 1978) or

% Analogously perhaps, in a sandomized trial of the prolonged
wuman use of clofibrate, a drug which removes cholesterol from the
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bile acids fed or administered intrarectally for a pro-
longed period to animals have a synergistic effect with
the effects of small doses of carcinogens on the inci-
dence of tumors of the large intestine.

Despite these observations and experiments, however,
the relevance to human cancer of fecal cholesterol
remains uncertain, for although dietary cholesterol
uliimately reaches both the blood and the feces, there is
no evidence that the levels of any form of cholesterol in
the blood are correlated with the risk of developing
cancer. On the contrary, there is some evidence to
suggest that people with a low blood level of choles-
terol suffer a higher mortality from cancer in a variety
of sites. ‘This finding has only recently been reported,
and it is uncertain whether the association is an
artifact, due to the effect of an undiagnosed cancer on
the body’s metabolism, as Rose and Shipley (1980}
suggest, or whether it is real, as is suggested by the
larger body of data collected by Feinleib et al. (1980).
Fven if the association is real, it may be coincidental
and not causal. One way in which a coincidental
association might be produced is through an association
between the blood levels of cholesterol and of vitamin
A (Young, 1976; Kark et al., 1980), the possible
protective effects of which are discussed later on in this
section. Conversely, one way in which a real associa-
ton in either direction might in theory be produced is
through the fact that some biologically active fat-
soluble substances share with cholesterol a common
vehicle of transport in the blood and of uptake by
many types of peripheral tissue cell (i.e., the complex
and specific system of fatty “low density lipoprotein”
particles that contain much of the extra-cellular blood
cholesterol, vitamin E, B-carotenc, and other tvpes of

- provitamin A.)

2 (c) Altering the bacterial flova of the bowel.-—1If
cholesterol and bile acids are relevant, it may be
hecause they are acted on by the bacteria in the colon
to produce carcinogens that either act locally or diffuse
elsewhere in the body. Likewise, many other chemical
reactions can be effected by these bacteria, and &
variety of diseases may perhaps be affected by any
factor that determines which bacteria flourish in the
large intestine and in what reladve proportions. Un-
fortunately, the extrinsic determinants of the intestinal
flora are poorly understood.

bloodstream via the bile duct, a significant excess of cancer deaths
among the clofibrate-treated patients was reported (Committee of
Principal Investigators, 1978). However, a) although the excess of the
aggregate of all types ol cancer was statistically significantly higher
in the teated than in the contrel group, none of the differences in
any of the separate Lypes of cancer were clearly significant and )
clofibrate itsell is carcinogenic in animals, but it appears to act by a
mechanism which has no direct connection with its effects on
cholesterol (Reddy et al, 1980Db). Thus even if clofibrate really isa
human carcinogen, this may tell us nothing about the relevance to
human cancer of cholesterol,
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3. Affecting Transport, Activation, or
Deactivation of Carcinogens

3 (a) Altering concentration in, or duration of
contact with, feces—One factor that may affect the
bacterial flora which has recently received considerable
attention is dietary fiber. Burkitt {1969) observed that
several intestinal diseases that are common in devel-
oped countries are rare in rural Africa and India, where
unprocessed food is consumed and the stools tend to be
soft, bulky, and frequent, and suggested that dietary
fiber might be important. This hypothesis was niot at
first supported, so far as colorectal cancer was con-
cerned, by international statistics correlating food sup-
plies with cancer deaths, but the figures that were
available for fiber related only to crude fiber.?’ Since
then, however, much work has been done tc charac-
terize the various components of dietary “fiber” as
defined in Trowell’s (1972) sense, which is remnants of
the cell wall not hydrolyzed by human alimentary
enzymes. Fiber in Trowell’s sense is about five times as
plentiful as crude fiber in, for example, whole wheat
and contains lignins that pass through the bowel
unchanged, cellulose that is partially degraded (50%) by
bacteria in the large bowel, and hexose, pentose, and
uronic acid polymers that are largely degraded (85%).
All these, it now appears, have different effects. The
pentose polymers in particular are mainly responsible
for the production of soft, bulky stools, not so much
because of their water-binding capacity, as was at first
thought, but by increasing the population of certain
intestinal bacteria. (A surprisingly large part of the
bulk of a typical stool consists of intestinal bacteria.)

Food tables have now heen prepared specifying
separate amounts of the various different components
of fiber in certain foods, and Bingham et al. (1979)
have used these tables to correlate the mortality from
colon and rectum cancer in the different regions of
Great Britain with each fiber component, The results
show a close inverse correlation between the pentose
fiber content of the diet and mortality from cancer
of the colon (but not of the rectum) which persists
when each of the other dietary constituents studied is
taken into account, and no correlation with any of the
other types of fiber when the pentose fiber content is
allowed {for. {No good correlation is observed with
dictary fiber as a whole, nor with vitamin C, fat, or
beel.) As with all geographic correlations, however, the
interpretation of these findings will remain uncertain
until the relevance of the separate components of
dietary fiber has been assessed directly in case-control
or other studies on individuals rather than on whole
populations.

Pentose polymers are particularly abundant in unre-

» Defined by the Analytical Methods Committee (1948) as the
residue of carbohydrate feod that resists extraction by boiling with
0.255 N sulfuric acid and subsequently with 0.313 N sodium
hydroxide.
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fined cereal fiber and to a lesser extent in various other
vegetables (although not in potatoes), and case-control
studies suggest that patients with cancer of the large
bowel tend to have had a below average consumption
of certain such vegetables (Modan et al., 1975; Bjelke,
1978). It could also be that the pentose polymer content
of cereals will account for the correlation observed in
Scandinavia between bulky stools and low colorectal
cancer incidence. (In rural Finland, where large amounts
of unrefined rye bread are eaten, the stools are bulky
and the incidence of colorectal cancer is low, whereas
the opposite is true in Copenhagen where the chief
difference from the Finnish diet seems to be a much
smaller consumption of unrefined cereals: IARC Intes-
tinal Microecology Group, 1977.)

If some particular component of dietary fiber does
reduce the risk of colorectal cancer, it might do so by
decreasing the length of time stools remain in the
bowel, by decreasing the concentration of carcinogens
in the stools (through increasing their bulk), or per-
haps by altering the total numbers or proportions of
different bacterial species in the bowel, some of which
may produce or destroy carcinogenic metabolites,

3 (b) Altering transport of carcinogens to stem
cells.—Alcohol (see section 5.2) has been suspected of
acting by affecting the transport of carcinogens, and
presumably other dietary factors might likewise do so.

3 (¢} Induction or inhibition of enzymes.—In labora-
tory animals, carcinogens that depend on enzymatic
activation, or that can be deactivated by particular
enzymes, may have their potency greatly affected by
apparently innocuous agents that simply induce or
inhibit the relevant enzymes in the target tissue, (For
example, Wattenberg and Loub, 1978, suggested such a
role for indoles in Brassica and other vegetables; see
also Wattenberg, 1980, for a review of these and various
other putative inhibitors of carcinogenesis,) Although
innumerable instances will emerge where such mech-
anisms might theoretically be of relevance in humans,
none have been demonstrated to be so. The most
promising populations in which to seek such effects
might be those where a single chemical carcinogen
(e.g., aflatoxin in Mozambique) dominates the list of
preventable causes of cancer, so only a few enzymes are
of great importance.

3 (d) Deactivation or prevention of formation of
short-lived intracellular active species.—Belore they
can damage the cells of the body, many carcinogens
must be oxidized, yielding “metabolically activated”
intermediates. (Indeed, most carcinogens detected by
the Ames test, as described in section 4.2, are active
only because the standard Ames test includes oxidative
enzymes.) As well as “simple” addition of ordinary
oxygen, in vivo mechanisms of oxidation and peroxi-
dation include the generation of short-lived intermedi-
ates such as (i) oxidative free radicals or (i7) excited
molecular oxygen. (For review, see the chapter by
Foote, 1976, and the chapters that accompany it.)
Consequently, the dangers from certain carcinogens
might be reduced if appropriate parts of the body were
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permeated with antioxidants, free radical traps, or
guenchers of molecular excitation® {Ames et al., 1981).

(i) Free radicalss One of the chief intracellular
systems (but not the only important one: Bize et al,,
1980) for trapping free radicals and peroxides involves
collaboration between vitamin E and a selenium-
containing enzyme (which accounts, incidentally, for
much of the selenium in people’s bodies). Both sele-
nium (as sodium selenide) and vitamin E can certainly
protect laboratory animals against carcinogens under
suitable experimental circumstances (Shamberger, 19703,
although in other circumstances selenium may even
enhance animal cancer onset rates; Griffin (1979) re-
views both the dangers and the promise of selenium as
a prophylactic against cancer, Selenium levels have
been found by various authors to be lower in cancer
patients than in controls, but untl such studies are
done prospectively, or in patients with tumors too
small to disturb their appetite or general metabolism,
this finding might as easily reflect the effects of the
cancer on selenium as of selenium on carcinogenesis,
Geographically, selenium intake varies widely from
place to place within the United States and Canada,
and inverse correlations with cancer risk have been
reported (Schrauzer et al., 1976; Shamberger and Frost,
1969). But geographic correlations are, of course, not
strong evidence for a true protective effect. High levels
of selenium are, moreover, toxic, so its role should be
evaluated with caution. Turning to vitamin E, clinical
deficiency of it is so rare (and so easy to treat when
diagnosed) that epidemiological study of vitamin E
deficiency is difficult. However, people who habimally
self-medicate with vitamin E or with muliivitamin
pills that contain vitamin E absorb from their gut
more than ten times as much vitamin E as people who
do not, and large prospective studies of cancer onset
rates in relation to vitamin E self-medication have been
started but are not yet informative. The potential
importance of dietary selenium and vitamin E (and
B-carotene, which can also trap free radicals: Packer
et al.,, 1981) would justify considerably greater epi-
demiological efforts than have thus far been directed
toward them,

(i1} Excited molecules: B-Carotene and various other
carotenoids are also among the most efficient mole-
cules discovered for quenching the energy of (“singlet’)
excited oxygen. B-Carotene is found in high concentra-
tion in carrots and in certain dark green leafy vege-
tables, and it and other carotenoids are also found in
many other plant products in the American diet. 8-
Carotene is of nutritional interest as the precursor,

*® Short-lived oxidative intermediates inciude the hydroxyl radical
OH:, the superoxide radical O3, and the singlet excited state 'O of
oxygen. Peroxides can be reduced by the Se-dependent enzyme
glutathione peroxidase (GSH), and superoxides can be deactivated
te oxygen by various enzymes, each dependent on a different tace
element {Bize et al., 1980), the most important of which may be the
Mn-dependent enzyme manganese superoxide dismutase (MnSOD).
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especially in poor countries, of much of the vitamin A
in the normal human diet. (One molecule of g-
carotene can be converted in the intestine into two
molecules of vitamin A, although much of the §-
carotene in the diet is absorbed directly from the gut
and circulates unchanged around the body.) Perhaps
because of this provitamin A activity, there have been
many epidemiologic studies of the f-carctene levels in
the blood or diet of cancer patients or of healthy
people who subsequently develop cancer (for review, see
Peto et al., 1981}, Most such studies have indicated a
reasonably consistent but not very extreme protective
effect, and the results of the 20 available dietary studies
are abstracted in table 13. These data are of interest for
four reasons.

First, although the data in table 18 are consistent
with the hypothesis that B-carotene has a protective
effect, they clearly do not constitute strong evidence
that it does so. The observed associations could easily
have arisen merely because B-carotene intake is corre-
lated with the intake of some truly protective (plant
product?} component of diet or because B-carotene-
containing vegetable intake is inversely correlated with
some truly harmful (animal product?) component of
diet. Further evidence should emerge from current
studies of Brazilian populations where f-carotene is
used heavily and regularly by some but not all of the
population; but, even if B-carotene is really protective,
sufficient evidence to justify advocacy of widespread
dietary modification may not be obtainable except by
long-term randomized intervention with B-carotene
among apparently healthy people.

Second, the data in table 138 provide strong evidence
that whether or not S-carotene itself is truly protective,
some dietary factors that modify cancer risk are likely
to exist; otherwise no material correlations, true or
false, with B-carotene consumption should be evident,
Moreover, since people already differ with respect to
these factors, the factors should, once discovered, be
modifiable in acceptable ways, {This may, however, be
more true of insertion of protective agents into the diet
than of removal of harmful factors from the diet.)

Third, even important real effects may not show up
very clearly in epidemiologic studies of dietary factors,
Let us imagine dividing the populaton into thirds
with respect to their long-term average B-carotene
intake, and let us for the moment suppose that,
because of their lack of B-carotene, the bottom third
have double the total cancer risk of the top third,
Supplementing the diet of the bottom two groups with
enough f-carotene to raise their intake to the level of
the top group would then eliminate one-third of the
total cancer rate, a hypothetical effect equivalent to
that of abolishing tobacco! If real, such an effect would
be of great importance, yet, due to the classification
errors that would inevitably arise in the assessment of
people’s relative B-carotene intake by questionnaire,
correlations no larger than those seen taking table 13
as a whole might be expected. This reemphasizes the
need for unbiased randomized evaluation of such
hypotheses whenever practicable.
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TABLE - 18.—Resulis of 20 questionnaire studies™ of camcer in populafions subdivided by some estimate of “witamin A" intake
(chiefly in fact, in many of these studies, the f-carolene in certain vegetables)

Relative risks, Cancers studied

Country (lower:higher
dietary intake) No. Type

Norway 2.6 1 36 Lung®

L7 1 208 Stomach?

L4 1 278 Colorecta]
United States, Minnesota. 1.5: 1 83 Stomach*

14 1 373 Colorectal®
United States, Buffalo, N.Y. 1.7: 1.56:1 262 Lung®

2.1 1.9:1.7:1.2: 1.4 121 569 Bladder®

1.9 16:1 122 Esophagus®

3.00 1.9:21:1 421 Larynx®
Singapore 221 233 Lung
United Kingdom 0.7:°18:1.4: 1.1 1 104 Lung®
Israel 11 111 406 Gastrointestinal”
France 1.0 1 200 Esophagus’
United Kingdom 1.7 111 514 Gastrointestinal?
United States: vegetarians 2.2 09:1 41 Colon”
Iran 17 1 344 Esophagus"
Japan 1.3 1 811 Lung, 3%

1.5: 1 196 Lung, 9¢

2 1 63 Prostate?

1.15:1 1,823 Stomach®

? Some of these studies were prospeciive and some were retrospective.

For references, see Peto ef al. (1981).

* Subdivision of individuals was hased on a “vitamin A index,” the major contributor to which is p-carotene.
Subdivision based on a “vegetable index,” including the major sources of S-carotene.

‘ Based on only 7 cancers.
Subdivision based on a “B-carotene index.”

# Bubdivision based on a “frequency index” for vegetables that are carotene-rich (defined as >10 IU/g).

Fourth and {inally, the B-carotene hypothesis under-
lines the need, for public health purposes, to identify
causes rather than mechanisms, Even if, by means of a
large, long-term, strictly randomized intervention study,
B-carotene were proved to reduce cancer risks among
apparently healthy people, this would still not be good
evidence that the quenching of singlet oxygen is an
important protective mechanism, for it is at least as
plausible that B-carotene should act by virtue of being
a precursor of vitamin A (albeit perhaps not in the
gut), and it is also possible that it might act by some
direct hormone-like mechanism, by affecting certain
immune functions, or by trapping free radicals.

—

{
4. Affecting "Promotion” of Cells

4 (a) Vitamin A deficiency.—In experimental ani-
mals and in cell cultures, vitamin A (retinol) and its
esters and analogs (retinoids) can reduce the proba-
bility that partially altered cells will become fully
transformed and will successfully proliferate into a
pathologic tumor, although in some experimental
systems retinoids can have apparently opposite eflects.
Irr humans, two small studies {Kark et al., 1981; Wald
et al., 1980a) of stored blood samples from apparently
healthy people have both reported that among people
of similar sex and age there is a significant inverse
correlation between blood vitamin A levels and risk of
subsequent cancer. This does not add up to proof of a
cause-and-effect relationship and will not do so even if
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confirmed by much larger studies, but it certainly
suggests that circulating vitamin A per se protects
against cancer, Consequently, if only the dietary or
other factors that affect blood vitamin A were known,
then these might offer a means of reducing cancer
risks. Unfortunately, the body controls the level of
vitamin A in the blood rather precisely by mechanisms
that remain poorly understood (but seem chiefly hor-
monal). Except in frank vitamin A deficiency, which is
rare in developed countries, the simple expedient of
adding much more vitamin A than normal to the diet
has little effect on the level of vitamin A in the blood,
and so the observation that blood vitamin A levels are
inversely correlated with cancer does not automatically
suggest that dietary supplementation with vitamin A
will materially atfect cancer risks in developed countries
such as the United States (Peto et al., 1981). It does,
however, suggest that in poor countries a further
consequence of chronic vitamin A deficiency may be an
increased risk of cancer, especially since the normal
source of vitamin A in poor countries is intestinal
oxidation of B-carotene, a molecule that may alterna-
tively reduce cancer risks in other ways.

4 {b) Retinol binding protein.—'T'his protein seems
to have no function other than to transport vitamin A
{retinol} in the bloodstream, and it seerms to be the
chief avenue of control of blood vitamin A levels.
Consequently, any factors that affect its rate of syn-
thesis or degradation might affect blood vitamin A
levels and, in turn, cancer risks. Estrogens are one of




the few things known to affect blood vitamin A levels
substantially in adequately nourished animals, and
women who use oral contraceptives have elevated
blood vitamin A levels. {We do not know whether
postmenopausal  hormone replacement therapy also
affects blood vitamin A levels.) However (see section
5.9), there is little evidence for cancer avoldance (except
perhaps of the ovary) resulting from oral contracep-
tives, while both postmenopausal and diet-derived
. estrogens may enhance the risk of endometrial cancer.

4 (c) Otherwise affecting stem cell differentiation.—
The retinoids are of interest both in themselves and
because they show that stem cell differentiation can be
modified to an animal’s advantage. Among dietary
factors that might eventually be found to have impor-
tant effects on stem cell differentiation, the three most
promising (or, at least, fashionablel) categories seem (o
be protease inhibitors (which, if eaten, may diffuse
throughout the bedy), hormonal factors (among which
one should perhaps include retinol), and their endocrine
determinants. Almost all hormonal factors could in
principle be affected by diet and almost all could in
principle affect the risk of one or another type of
cancer, but such wide generalizations are of little
interest until they can be supported by specitic correla-
tions in humans between effect and putative cause.
(The particular case of diet-derived estrogens and
endometrial cancer will be discussed below.) Turming
to the phospholipids that comprise the outer walls of
cells, their “profile’ in terms of degree of saturation
and exact chemical structure may have a large effect on
the various prostaglandins of which they are precursors
(which may in turn profoundly affect cellular behavior),
and their “profile” is determined fairly directly by the
exact nature of the components of dietary fat. The key
to real progress in the study of dictary fat (as in the
study of dietary fiber) may therefore be precise sub-
division of the types of dietary fat and separate
consideration of the particular subtypes {Carroll, 1980).
Among hormonal factors, A. [. McMichael (personal
communication) has emphasized the potential impor-
tance of those specifically secreted into the bloodstream
by the cells of the digestive tract.

&, Overnutrition

5 {a), 5 (b), 5 (¢) Variation of gross aspects of the diet
of laboratory animals can have such profound effects
on their risks of spontaneous or induced tumors that
the role of overnutrition should perhaps come first
rather than last on a list of aspects of diet which may
affect the incidence of cancer, even though the relevant
mechanisms remain obscure. The importance of gross
aspects of nutrition was suggested 40 years ago by
Tannenbaum'’s (1940) experiments on mice, which
showed that restricting the intake of food without
modifying the proportion of the individual constitu-
ents could halve the incidence of spontaneous tumors
of the breast and lung and of a variety of cancers
produced experimentally by known carcinogens. The
underfed mice grew to one-half the size of those fully
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fed, but they were active and sleek, appeared perfectly
healthy, and lived on average longer than the others.
Since then, these and similar experiments have been
repeated many times, and the protective effects of
various types and degrees of dietary restrictions have
been repeatedly demonstrated, sometimes with much
more striking results than in Tannenbaum'’s original
work. (For a list of striking examples, see Jose, 1979.)
Roe and Tucker (1974), for example, randomized mice
having a high spontaneous incidence of mammary
tumors between continuous ad libitum feeding, in
which the mice chose to eat 6 grams of food per day in
frequent small amounts, and intermittent feeding, in
which every mouse was given 5 grams of food once per
day, which was generally all eaten immediately. No
clear difference in longevity ensued, but non-fatal spon-
taneous mammary tumors arose in 64% of the continu-
ously fed mice and in only 8% of those intermittently
fed. (See also Tucker, 1979; Convybeare, 1980; and Roe,
1981.)

That Tannenbaum’s experiments made little impact
on cancer research is, perhaps, not surprising, because
it would hardly be practicable to prescribe Tannen-
baum’s severe dietary restrictions for normal people,
and we still have no clear idea of the mechanisms
whereby dietary restriction protects laboratory animals.
(More interest might have been aroused, however, if the
freely fed mice had been described as obese instead of
the mice on the restricted diet being described as smalll)

‘That being overweight is associated to some degree
with the risk of death from certain types of human
cancer has long been suspected, and this has recently
been confirmed (for several anatomic sites other than
the lung) by the massive ACS study, to which we
referred previously, The data obtained from observing
750,000 American men and women for 13 years (Lew
and Garfinkel, 1979} are summarized in table 14.
However, in view of the striking effects that nutri-
tional factors can have on overall animal cancer
rates, the association of obesity with the aggregate of
all types of [fatal human cancer is not particularly
impressive. Indeed, although there is a consistent trend
toward increasing total risk with increasing body
weight ameng women, the trend among men is domi-
nated by the irregular trend with respect to lung cancer,
thin men and women having the greatest lung cancer
risks.

These data are not likely to be biased by the effects of
preexisting cancer on initial weight, because people
who were sick, had a history of cancer, heart discase, or
stroke, or had lost 10 pounds or more in weight over
the preceding year were omitted from this analysis.
Even so the results are not easy to interpret because
weight is associated with a variety of social and
behavioral characteristics not precisely standardized for
and that affect the risk of cancer in other ways,
including smoking habits and socioeconomic status
{(both, as it happens, inversely). The possibility also
has to be considered that the diagnosis of cancer—and
particularly cancer of the breast—may be delayed in
the very obese, causing some increase in fatality. But
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TABLE 14—Moriality ratios from various types of cancer, by weight wndex”

Mortality ratio for weight index” in ranges:

Type of Patients’
cancer sex <0.80 0.80- (.90~ 1.10- 1,20~ 1,30~ =140
(Thin) 0.89 1.09 1,19 1.29 1.39 (Large)
Endometrium Q 0.89 1.04 1.00 1.36 1.85 2.50¢ 5,42
Gallbladder, plus ¢ 0.68° 0.74 1.00 1,59 1,74 1.80 3,568
biliary passages

Cervix Q 0.76 0.77 1.00 1.24 1,51 1,424 2,39
Kidney Q 1,12 0.70 1.00 1.09 1.30 1.85 2.03°
Stomach a 1.34 0.81 1.00 1.22 0.97 0.73¢ 1.88¢
2 0.74 0.95 1.00 1.07 1,28 1.26 1.087

Colen, rectum a 0.90 0.86 1,00 1.26 1.23 1.53 1.78

0 0.93 0.84 1,00 0.96 L1 1.80 1.22

Lymphoma g 0.83 1.14 1.00 1.06 1.00 0.92 1,13
Brain G 0.86 0.89 1.00 0.95 152 0.69* 1,01°

Leukemia ¢ 0.73 1.00 1.00 1.01 0.88 0.85 1.24

Breast ] 0.82 0.86 1,00 1.19 1.18 i22 1.68
Prostate a 1.02 0.92 1.00 0.90 1.87 1.33 1.29¢

Lung a 1.78 1.38 1.00 0.85 1,04 1.00 1.27

0 1.49 1.20 1.00 1.10 1.08 1.06 1.22

Ovary Q 0.86 0.98 1,00 1.16 0.99 0.88 1.68
Pancreas a 1.20 0.82 1.00 0.91 0.28 0.76" 1.62¢
2 1.17 1.06 1.00 1.36 1.43 1.18 0.61°

All cancers G 0.6 0.92 1,00 1.10 119 1.23 1.65

a 1,33 1.13 1.00 1.02 1.09 1.14 1.33

? Based on report by Lew and Garfinkel (1979) of data from ACS study of one million U.S. men and women during the 1960's, The
tabulated mortality ratios, all of which are standardized for age and sex and a few crude categories of tobacco usage, compare cancer
degath rates with cancer death rate among people whose weight index® was 0.90-1.09.

Actual weight divided by the average weight for people of similar height and sex. Values in the range 0.90-1.09 are close to average

weight.

¢ Cancers were omitted for which some mortality ratios were based on <5 desths,

4 Ratio based on only 5-9 deaths.

even with these qualifications the ACS results, which
are fully in accord with other clinical and epidemio-
logical evidence, strongly suggest that those forms of
overnutrition which lead to obesity may play a major
part in the development of cancer of the endometrium
and gallbladder in women and possibly a lesser part in
causing several other types of cancer in both sexes.

It is easy to understand that overnutrition should be
a major factor in the development of cancer of the
endometrium (Armstrong, 1977), because the disease
can be produced by excessive exposure to estrogen and
the only natural estrogens to which women are ex-
posed after the menopause are made from adrenal
hormones in adipose tissue, After the menopause, the
level of estrogens in the blood (if they are not prescribed
medically) is directly proportional to the degree of
adiposity. Apart from cancer of the endemetrium, no
other type of cancer has been related so definitely to
overnutrition or to a specific component of the com-
mon American or European diet, except insofar as a
high standard of nutrition in childhood also advances
the age at menarche, which, in view of the association
that exists between early menarche and breast cancer
risk, will presumably increase the subsequent risk of
breast cancer. There are, however, several findings that
encourage the belief that the incidence of many of the
common types of cancer is determined in large part by
individual components of diet or by their general
balance. :

-
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For example, colorectal and breast cancer are gener-
ally associated with a high standard of living in adult
life and have been suspected of being due to diets
containing a high proportion of fat or possibly (in the
case of colorectal cancer) of meat. Correlations (text-fig.
| on page 1205) between the national consumption of
fat and meat per head of population and the incidence
of these types of cancer are strong (Armstrong and
Doll, 1975a)—nearly as strong as the correlation be-
tween the consumption of fat and the incidence of
endometrial cancer. However, these cancers are not
uniformly uncommon in vegetarians, and -the low
incidence in Seventh-day Adventists (who are largely
vegetarian) is matched by a similarly low incidence in
Mormons {who are not vegetarians and who do not
avoid fat in their diet) {West et al., 1980; Lyon et al.,
1980; Phillips et al., 1980; Enstrom, 1980). Gaskill et al.
(1979 have pointed out that the mortality from breast
cancer within different national and racial groups
correlates with the proportion of the population that
continués in adult life to secrete substantial amounts of
lactase {an enzyme produced to aid the digestion of
milk), and they find that within the United States
breast cancer mortality correlates more strongly with
the consumption of milk fat than of other types of fat.
This offers an interesting line for [urther inquiry, but
for the wume being the real reasons for the strong
international correlations in text-figure 1 must still be
considered obscure.




Conclusion

Our discussion of the ways and means whereby
dietary factors may importantly affect cancer onset rates
has inevitably omitted many interesting possibilities.
Particularly, some of the many vitamins, trace elements,
other micronuirients, enzyme inducers, and protease
inhibitors that we have not mentioned could be im-
portant, as may the particular subtypes of fat, fiber,
and digestible carbohydrates that we have not discussed
in separate detail. This is not to say that everything is
important; when more is understood, a few factors will
presumably be of much greater importance than the
many others, and the ultimate aim of research must be
to identfy reliably these few important modifiable
factors. Three general points are suggested by our
review. First, even though dietary intake of powerful
carcinogens or precarcinogens as components of natural,
stored, or cooked foods may not be an avoidable cause
of a large proportion of U.S. cancers, dietary factors
may influence cancer risks in a variety of indirect ways.
Second, among these indirect ways, both enhancing
and protective mechanisms may be discovered. But,
since prescription of dietary additives may prové more
acceptable than proscription of harmful dietary habits,
any protective mechanisms may be of more immediate
public health significance. Third, the role of labora-
tory research and observational epidemiologic research
should perhaps be seen as generation of about a dozen
“most promising” hypotheses. Although any single
one of these may be more likely to be false than true, it
is more likely than not that at least one or two of these
dozen hypotheses will be true and really important. It
may be that for some particular dietary hypothesis
observational epidemiological evidence of its truth
will be adduced that is as wholly convincing as the
epidemiological evidence proving beyond reasonable
doubt that cigarette smoking causes lung cancer. For
most dietary factors, however, even if they are among
the few really important truly causal or truly protective
factors, such clear-cut evidence may not be possible
either from epidemiological observations or from labo-
ratory studies, These will be the chief methods by
which the “top twelve” hypotheses are devised, but
they may not be the methods whereby these hypotheses
can be tested, particularly because {even despite the
interestingly bizarre behavior of many people!) it may
be impossible to find two reasonably similar popula-
tions whose diet has differed for decades only in the
one factor of interest. Consequently, ‘wherever this is
practicable, apparently promising hypotheses should
be tested rigorously by randomized intervention in
large populatons.

The number of people that putatively preventive
measures may be relevant to is so large that the
methodological rigor appropriate for determining what
really prevents cancer should, if anything, be greater
than for evaluating cancer therapy, and not (as now)
much less. There is no reason [or large intervention
trials to be impracticable or to be as expensive as they
have been in vascular disease. Any of the putatively
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protective non-toxic vitamins, trace elements, micro-
nutrients, protease inhibitors, or antioxidants that
finish up in the top twelve hypotheses might be thus
testable, as might intake of various putatively protec-
tive types of fat or fiber. If several®' such randomized
interventions are undertaken {(in the expectation that
only one or two should work}, progress toward reliable
knowledge of what is really important may be greatly
accelerated.

The outcome of future controlled laboratory research
and of the epidemiologic observation of human risks
may well be, in our view, that diet will be shown to be
a factor in determining the occurrence of a high
proportion of all cancers of the stomach and large
bowel as well as of the body of the uterus (endo-
metrium), gallbladder, and (in tropical countries} of
the liver. Diet may also prove to have a material effect
on the incidence of cancers of the breast and pancreas
and, perhaps through the anti-carcinogenic eflects of
various micronutrients, on the incidence of cancers in
many other tissues. If this is so, it may be possible to
reduce U.S. cancer death rates by practicable dietary
means by as much as 35% (“guestimated” as stomach
and large bowel, 90%; endometrium, gallbladder, pan-
creas, and breast, 50%; lung, larynx, bladder, CETVIX,
mouth, pharynx, and esophagus, 20%; other types of
cancer, 10%). Although this figure of 35% is a plausible
total, the parts that contribute to it are uncertain in the
extreme, so the degree of uncertainty of the total
should be obvious, and we make no pretense of its
reliability. It is still possible (though rather unlikely)
that no practicable modifications of diet will be dis-
covered that can reduce total U.S. cancer death rates by
more than 10%, but it is equally possible that reduc-
tions of perhaps even double our suggested total of 35%
might ultimately be achievable, although this certainly
cannot be expected in the near future.

5.4 Food Additlves

Chemicals are added to food o preserve it and to
give it color, flavor, and consistency. Preservation of
food is essential in modern society because food is
grown in one part of the world and consumed in
another part weeks, months, or even years later. The
justification for the addition of chemicals to food to
give it color, flavor, and consistency is less obvious but
not always altogether negligible. Artificial sweeteners,
for example, help some people consume less sugar and
so {perhaps) avoid undesirable obesity. With rare ex-
ceptions, the individual consumer has no useful knowl-
edge of what chemicals are consumed, and it may be
extremely difficult for the comsumer to obtain any

1 More than one interventien could be evaluated in a single such
trial by the use of “factorial trial" designs (Peto, 1978). Nole that,
because ol the typical delay of decades between initiation and cancer
onset, it is practicable to evaluate randomly only factors that affect
the later stages ol neoplastic transformation,
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direct evidence of their effect on humans. Food additives
have therefore been subject to extremely careful labora-
tory screening before they are used. Some definitely
carcinogenic chemicals were used for a time before
their carcinogenicity in animals was discovered and
have now been withdrawn. These included butter
yellow (DAB), thiourea, and {in Japan only) the food
preservative AF2. Whether they have produced appreci-
able numbers of cancers in humans is unknown. Of
the many additives now used, three require special
consideration: (i) saccharin, (#) bulylated hydroxy-
toluene, and (##7) nitrites.

(i) Saccharin.—This has been shown to cause cancer
of the bladder in rats {more clearly in males than in
females) in two circumstance: 1) when given in straight-
forward feeding studies, especially when given over two
generations and 2) when given alter a single instilla-
tion into the bladder of a powerful carcinogen (N-
methyl-N-nitrosourea). In both cases the quantities of
saccharin that had to be given were large (constituting
a few percent of the feed). No convincing evidence
has been obtained of the production of cancer in other
organs nor in other animals (mice, hamsters, and
monkeys), but many of these experiments have involved
only small numbers of animals and have been, in other
ways, imperfect (Office of Technology Assessment,
1977). Three short-term tests have produced evidence of
activity {including the production of sister chromatid
exchange), whereas seven others (including the standard
Ames test and a test for the twransformation of mam-
malian cells) have not (Office of Technology Assess-
ment, 1977).

In sum, there is no doubt that saccharin (even
without the small proportion of impurities that are
always present in the commercial preparations} is
capable of causing cancer in defined conditions, but its
mechanisms of action are obscure and it is certainly
not a powerful animal carcinogen. It is therefore a
matter of judgment, on which opinions may reason-
ably differ, what effects doses between two and three
orders of magnitude lower (in mg/kg/day) are likely to
have on humans. The human evidence collected over
the last few years fails to distinguish clearly between
saccharin and cyclamates, but it is more relevant to the
former as the use of saccharin began earlier (in 1902)
and has continued longer. First, but very crudely, there
is no suggestion of an increase in the mortality from
bladder cancer that could be attributed to the introduc-
tion: of saccharin (Armstrong and Doll, 1974). Second,
diabetics, who use more saccharin than do most other
people, tend to have a lower, rather than a higher,
incidence of the disease (Kessler, 1970; Armstrong and
Doll, 1975b; Armstrong et al., 1976}, This should not be
interpreted to mean that saccharin prevents cancer but
may be explained either by some physiological effect of
diahetes or, more probably, by a tendency for diabetics
to smoke less heavily than average (perhaps because
many of the diabetics who do smoke are killed by heart
disease before they reach old age). Third, case-control
studies show almost identical use of artificial sweeteners
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by individuals, irrespective of whether they have devel-
oped bladder cancer or not.

The overall results of the five largest and best
controlled studies are summarized in table 15. One of
the estimated relative risks for male users of saccharin
is just statistically significant, but the rest range neatly
on either side of 1.0. Division of the patients into
groups by amount and duration of use and adjustment
to allow for the effects on bladder cancer of cigarette
smoking and of occupation (both of which effects are
demonstrated by all the studies that examined them)
provides no evidence of a consistent biological relation-
ship with saccharin. As would be expected if saccharin
were irrelevant to bladder cancer, in some subgroups of
certain studies apparently positive relationships between
saccharin and disease appear, while in other subgroups
of those studies negative relationships appear, and the
sum of the human evidence could hardly be more null,
at least for cancer of the bladder, which was the
anatomic site affected by saccharin in rats. Equally
careful studies of saccharin use in relation to other
types of human cancer are not available, but the lack
of any unexpected excesses of any type of cancer
among diabetics is moderately reassuring.

Disparity between the results of tests in different
animal species is common, and the apparent disparity
between some animal and in vitro tests and the human
evidence is no cause for surprise, However, human
exposure to a weak carcinogen may need to be pro-
longed for several decades before any positive eifect can
be detected, and no assurance can be given that an
effect will not be produced by a lifetime of exposure to
the unusually large amounts that are consumed in diet
drinks by some children and young adults. For our
present purpose, however, we can conclude that the

TABLE 15 —Risk of bladder cancer with wuse of
artificial swesteners

Patients  Relative risk with use of:
Authors T?CI: 1= Diet A;xiﬁ_al
No, Sex P jever-
sweet- ages eners,
eners any form
Howe et al. (1977) 408 & 1.6 0.8 —
Kessier and Clark 366 & 0.88 0.95 0.97
(1978) — — 1.08°
Hoover et al. (1980) 2226 & 1.04 095 099
Morrison and 469 & 0.8 0.8 -—
Buring (1980)
Wynder and Stellman 302 & 0.93 0.85 e
{1980)
Howe et al. (1977) 152 ¢ 0.6 0.9
Kessler and Clark 164 @ 0.91 1.00 1.00
(1978 — — 0.87°
Hoover et al. (1980) 744 Q 1,04 0.97 1.01
Morrison and 197 Q@ 1.5 1.6
Buring (1980}
Wynder and Stellman 66 @ 0.62 (.60 —

(1980) ' '

* Qpecifically saccharin.




proportion of human bladder cancers now attributable
to the use of artificial sweeteners is negligible.

(ii) Butylated hydroxytoluene.— This has been used
extensively as an antioxidant for many years. It is not
carcinogenic by itself, but it has been reported to
enhance the production of lung tumors by urethan in
mice (Witschi et al., 1977). Conversely, its antioxidant
effect has been found to inhibit the formation of active
carcinogens in the laboratory (Wattenberg, 1978), and a
similar effect might be expected to occur in vivo.
Conceivably, its use—and perhaps that of the more
common butylated hydroxyanisole—has contributed to
the decline in mortality from stomach cancer, but no
reliable human evidence for or against this hypothesis
is known to us.

(i4i) Nitrites—These have been used to preserve
meat since the last century and have already been
discussed in company with the natural components of
food in section 5.3. According to Shubik (1980), the
nitrite added to food constitutes only 10% of the total
nitrite reaching the stomach in vegetables and saliva.
If, however, the formation of nitrosamines and nitros-
amides in the intestinal tract proves to be of practical
importance, dietary nitrite, of which nitrite used as a
food additive is a part, must be held responsible for
some cases of cancer. Nitrite used as a food additive
may, moreover, be disproportionately important because
it reaches the stomach in concentrated packets and
reacts chemically in proportion to the square of its
concentration, The National Research Council’s (1978)
Panel on Nitrates was unable to reach any conclusions
about the quantitative effect of nitrates, but the council
advised that reasonable measures be taken to minimize
human exposure to N-nitroso compounds, including
the restriction of the amounts of nitrate and nitrite
added to meat products.

Because of the uncertainty regarding the position of
nitrites and the possibility that other additives might
have unsuspected effects, we have not excluded food
additives as a source of risk but have attributed to them
a token proportion of less than 1%.

5.5 Reproductive and Sexual Behavior

Changes in the body resulting from sexual inter-
course, pregnancy, childbirth, and lactation are in a
different class from those produced by exposure to
chemicals in the ambient atmosphere. They are, how-
ever, environmental in origin, insofar as they are not
solely the product of the individual's own genetic
material, and they were certainly regarded as “extrinsic
factors” by the WHO (1964) expert committee on the
prevention of cancer, which defined extrinsic factors as
including “modifying factors” that favor neoplasia of
apparently intrinsic origin (e.g., hormone imbalances).
The impact of these factors varies greatly from com-
munity to community, and study of the way the
processes of reproduction affect the incidence of cancer
may well throw light on the mechanism of carcino-
genesis in the relevant organs, perhaps indicating ways
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(short of encouraging or discouraging reproduction!)
in which an important group of cancers can be
prevented.

The most obvious relationship is that observed
between sexual intercourse and the development of
cancer of the cervix uteri. This disease occurs in
virgins, but only with extreme rarity, It is more common
in women who have had several children than in
women who have had only one, and it was for a long
time thought to be due to the trauma of childbirth,
Now, however, it appears that the number of children
is not directly relevant and that the risk of developing
the disease is chiefly related to the number of sexual
partners. Whether the risk for women who have had
only one sexual partner is also increased if that partner
had previously had multple partners remains to be
proved, but the present evidence strongly suggests that
one of the primary causes of the disease is an agent
passed between partners in intercourse, quite possibly a
virus. If this is indeed so, it may eventually be possible
to protect against the disease by immunization, by
treatment of the infection, by closer attention to
personal hygiene, or by the use of obstructive methods
of contraception. Meanwhile, of course, the impact of
the disease can be greatly reduced by regular vaginal
examination and the treatment of women in whom a
smear shows evidence of pre-malignant change.

Pregnancy and childbirth, for their part, seem (o
play a significant role in the prevention of cancers of
the endometrium, ovary, and breast, all these condi-
tions being somewhat less common in women who
have borne children early than in women who have
had no children. The relationship with cancer of the
breast, which has been reviewed by MacMahon et al,
(1978), is particularly striking, breast cancer in parous
women becoming progressively less likely to develop as
the age of first pregnancy decreases. A pregnancy
leading to abortion does not have the same protective
elfect as one that goes to term, and it is probable that
the effect is produced by the first stimulus to lactation
which somehow diminishes the risk of the subsequent
initiation of a cancer. Lactation itself, however, seems
to have no material effect, irrespective of whether it is
suppressed or prolonged. Finally, the risk of cancer of
the breast is diminished by a late onset of menstruation
(made more likely by undernutrition) and by an early
menopause,

Cancer of the cervix currently accounts for some 1.5%
of all U.S. cancer deaths, but the number is decreasing
due at least in part to the more widespread use of
cervical screening and to the increasing proportion of
women who, having had a hysterectomy some time
previously, have no uterus and so no risk of uterine
cancer. Comparison of the total number of deaths from
cancer of the uterine cervix with the small number that
would have been expected if the low rates typical of
nuns had prevailed throughout the United States
suggests that the large majority of cases of cancer of
the uterine cervix are due to the (presumably infective)
processes reviewed above, prevention or treatment of
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which might, therefore, reduce total cancer mortality
by 1%.

It is not clear how far it will be possible to reduce
the incidence rates of cancers of the breast, ovary, and
endometrium {which together account for 29% of all
U.S. female cancer deaths) when we understand the
mechanisms whereby reproductive factors influence
them. It is difficult to believe that no preventive
strategies will be discovered for these cancers, since re-
productive activity affects them so profoundly. Whether
practicable preventive strategies will emerge within the
next decade or two is, however, so uncertain that
neither pessimism nor optimism can yet be refuied.
These cancers collectively account for 13% of all U.S.
cancer deaths, and estimates of the percentage that will
be avoidable by mechanisms related to the mechanisms
whereby reproduction exerts its effects might range
between 0 and 12%. We have arbitrarily taken a middle
figure ol 6% and have added to it the definite 1% of
deaths that would be avoidable by control of the causes
of cervical cancer, to get an estimate of 7% thus
avoidable. Note, however, that reproductive and dietary
factors might well interact muluplicatively (see section
4.4) in the production of these cancers, unless diet
affects them by a hormonal mechanism, and in either

situation, this estimate of 7% and the percentage
preventable by dietary modilication will overlap.

§.6 Occupation

The observation that led to the discovery of the first
pure chemical carcinogen and a year later to the
isolation of the powerful carcinogen benzo[a]pyrene
from a natural product (Cook et al., 1932, 1933) derived
directly from the observation of a British surgeon at
the end of the 18th century that cancer of the scrotum
occurred characteristically in people who had been
chimney sweeps in whom, to quote his words, “the
disease . . . seems to derive from a lodgment of soot in
the rugae [folds] of the scrotum’ {Pott, 1775). In the
vears that followed Pott’s observation, many other
groups of workers have been found to suffer from
specific hazards of cancer. The search for such occupa-
tional hazards (some affecting large and some affecting
small groups of workers) has unearthed more sub-
stances known to cause cancer in humans than any
other method has done.

That this should be so is not surprising, as indus-
trial chemicals have been used freely in the past unless
a few simple tests on animals or a brief experience of

TABLE 16, —ZEstablished oceupational eauses of cancer

Occupation”

Dye manufaeturers, rubber workers, coal gas manufacturers

Copper and cobalt smelters, arsenical pesticide manufac-

turers, some gold miners

Asbestos miners, asbestos textile manufacturers, asbestos insulation
workers, certain shipyard workers

Agent Site of cancer
Aromatic amines Bladder
{4-aminodiphenyl,
benzidine, 2-naph-
thylamine)
Arsenie Skin, lung
Asbestos, Lung, pleura, peri-
toneum (also prob-
ably* stomach,
large bowel, esoph-
agus})
Benzene Marrow, especially

Bischloromethyl ether
Cadmium
Chromium®
lonizing radiations
Ionizing radiations
Ionizing radiations
Isopropy] oil
Mustard gas
Nickel”
Polyeyelic hydroecar-

bons in soot, tar, oil
UV-light
Vinyl chlorigle

d

erythroleukemia
Lung
Prostate
Lung
Lung
Bone
Marrow, all sites
Nasal sinuses
Larynx, lung
Nasal sinuses, lung
Skin, scrotum, lung

Skin

Liver (angiosarcoma)
Nasal sinuses

Nasal ginuses

Workers with glues and varnishes

Makers of ion-exchange resins

Cadmium workers

Manufacturers of chromates from ehrome ore, pigment manufacturers

Uranium and some other miners

Luminizers

Radiologists, radiographers

Isopropyl aleohol manufacturers

Poison gas manufacturers

Nickel refiners

Ccal gas manufaeturers, roofers, asphalters, aluminum refiners,
many groups selectively exposed to certain tars and oils

Farmers, seamen

PVC manufacturers

Hardwood furniture manufacturers

Leather workers

* Typical oceupations in which exposure to the listed agents has been proved to confer a hazard of cancer of one or more of these
sitfs. (Some of these broad cccupational categories also include, of course, many people whe have never worked with the listed agents.)

Certain compounds or oxidation states only.

¢ Studies of American asbestos workers have reperted a significant excess of deaths certified as being due to cancers of the digestive
tract, but various studies elsewhere have not. Although probably real (rather than representing miscertified mesotheliomas or respira-
tory tract cancers), there is not yet general agreement on this point [Acheson (1980)].

Causative agent not known,
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their use had shown them to be acutely poisonous.
Table 16 lists the substances that have been shown by
epidemiology to be carcinogenic, the occupational
carcinogens that were first shown to be carcinogenic in
the laboratory, and the occupations that are known to
produce a risk of cancer even though the specific
substances responsible have not yet been identified.
The hazards that have been recognized thus far tend to
be those which increase the relatve risk of some
particular type(s) of cancer very substantially, and
important occupational harzards may quite possibly
exist that have not vet been detected because the added
risk is small compared with that due to other causes, or
because only a few people have been exposed, or
simply because a hazard has not been suspected and so
not looked for. It must also be borne in mind that
cancer in humans seldom develops until one or more
decades after beginning exposure to a carcinogen, and
it is too soon o be sure whether agents are human
carcinogens if they were introduced into industry only
during the last 20 years. Consequently, we do not yet
know whether the decrease of certain occupations over
the past quarter century and the increase in others will
on balance increase or decrease the number of occupa-
tional cancers arising at around the end of the century,
nor do we know what the net effects by then will be
of the discontinuation of use of a few chemicals and of
the introduction of many more, sometimes on an
enormous scale (text-fig. 8; however, increases in plant
automation and allied practices may mean less total
worker exposure now than in earlier years for some but
not for all major products, at least during primary
manulacture).

Total Effects of Occupational Factors:
Limitations of Current Data

On present knowledge, therefore, it is impossible to
make any precise estimate of the proportion of the
cancers of today that are attributable to hazards at work
(let alone how many future cancers may arise from past
occupational exposure during the years before 1980),
and none of the estimates that have heen made are
claimed to be anything more than informed guesses. It
is, therefore, odd that despite the passionate debates
that have taken place about the likely magnitude of the
number of U.S. cancer deaths that are or will be
attributable to occupation, no routine system has been
adopted in the United States for generating reliable
information. The efforts of Milham (1976) in Washing-
ton State to relate the certified cause of death to the
crude information about occupation that should be
recorded on all death certificates have pointed to some
real industrial hazards, and this inexpensive but demon-
strably practical method of screenting for gross hazards
could be extended to many other States in the United
States, although it might overlook some widespread
but moderate hazards. Information on particular occu-
pations or factories could be obtained either by rou-
tinely monitoring, perhaps by the newly established
National Death Index, cancer mortality among all past
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TEXT-FIGURE 8,—Examples of the rapidity of the growth of the in-
dustrial production of certain chemicals during the mid-20th
century (Davis and Magee, 1979; reprinted with permission of
Science and D. L. Davis).

A) Annual production of chemicals as a whole, 1920-present (ex-
cludes tar and primary products from petroleum and natural gas).
B} Annual production of four animal or human carcinogens.

and present employees of particular factories (from
employers’ and/or union records where possible, since
Social Security and Internal Revenue Service records
may be unavailable’? or imprecise). Information on the
totality of cancer could in principle be obtained by
establishing an ongoing case-control study (see below)
of a representative sample of all cancer cases (weighted

2 Restrictions exist on Lhe transfer of information on where
people have been cmployed from the Internal Revenue Service to
research workers in NIOSH and other parts of the National Institutes
of Health. These restrictions make it unnecessarily difficull to
determine which occupations may affect the health of the workers
who pursue them, and we would strongly endorse the recommenda-
tion (Subcommittee on Oversight and Investigations, 1980) that they
be telaxed. We know of no instance in any country in the world
where the provision of information for epidemiclogical research has
led to any abuse of privacy and many instances where the lack of
such information has led to unnecessary disease.
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perhaps in favor of cancer in younger adults and of
cancers of the bladder and respiratory tract in persons
of all ages) in relation to occupation and smoking, but
since the chief uncertainty in the effects of occupational
factors relates (see below) to cancer of the lung, such a
study should in practice be restricted chiefly or wholly
to this disease.

In the absence of direct information from a nationally
representative case-control study such as this, the most
usual approach has been to consider separately each
type of cancer, to attribute a proportion of each type of
cancer to occupation on the basis of a few geo-
graphically restricted case-control studies, or, in the
complete absence of any such data, on the basis of
clinical impressions and then to combine the figures in
proportion to the frequency with which each type of
cancer occurs. Perhaps use of such methods led Hig-
ginson (1979), Higginson and Muir (1977 and 1979),
and Wynder and Gori (1977) to suggesi ligures of less
than 5% for the percentage of all cases of cancer due to
occupational hazards and Cole (1977) to suggest a
figure less than 10%. In no case, however, were the
methods used characterized, so detailed criticism of
these estimates is impossible.

The “OSHA” Paper (NCI/NIEHS/NIOSH) of 1978

More recently, another approach has been used in a
paper “‘contributed to” by 10 research workers of the
National Cancer Institute, the National Institute of
Environmental Health Sciences, and the National In-
stitute  for Occupational Safety and Health, (It is
sometimes referred to as “Bridbord et al., 1978,” but in
ignorance of the responsible author(s) we shall refer to
it subsequently as the “OSHA paper,” as it was filed
at the Occupational Safety and Health Administration
in a post-hearing record on September 15, 1978.) It has
been widely cited from the moment in 1978 when Mr.
Califano, then Secretary of Health, Education, and
Welfare, publicly accepted its conclusions. In it, an
attempt was made to calculate the proportion of
cancers attributable to occupation using quantitative
estimates of the effects of six known carcinogens and of
the numbers of workers exposed to them, which led to
the conclusion {OSHA, 1978) that

Reasonable projections of the future consequences of past
exposure to established carcinogens suggest that . .. oc-
cupationally related cancers may comprise as much as 20%
or more of total cancer mortality. Asbestos alone will
probably contribute up to 13-18%, and the data (relating to
five other carcinogens) suggest al least 10-20% wmore.

Added together, this makes 25-38% of the total, to
which we would still have to add the effects of ionizing
radiations, other known carcinogens excluded from the
calculations, and other occupational hazards that have
not yet been detected but which, in all probability,
exist.

If these estimates were reliable, it would be extremely
encouraging, in the sense that they would indicate a
simple way in which a large proportion of all cancers
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could be prevented. We have, therefore, examined the
calculations that led to these estimates in detail (see
appendix F). They involve three main steps.

First, the proportion of cancer deaths that are, or
will be over the next few decades, caused by ever
having been employed (in or before the 1970's) in
industries which use asbestos was estimated to be
13-18%, a figure substantially higher than that proposed
by certain other commentators (e.g., Hogan and Hoel,
1981, from the National Institute of Environmental
Health Sciences). ‘

Second, six “‘established’’ industrial carcinogens were
considered, one being ashestos, and projected numbers
were estimated of excess cases of cancer to be expected
in the future among people currently (1972/4) employed
in industries using those six agents.

Third, it was noted that the total cancer risks
projected for current employees in the other five of
these six industries was if anything greater than the
total projected for current employees in asbestos-using
industries.”” Since the proportion of cancer deaths that
are, or will be over the next few decades, due to ever-
exposure to asbestos had already been estimated as
18-18%, it was assumed without formal explanation
that the proportion due to ever-exposure to the other
five agents should be “at least 10% to 20%" (ie., about
double® the total risk projected for current exposure to
these five agents). Simple addition then yielded a total
of 23-38%, to which it was suggested the effects of
many other occupational carcinogens must also be
added.

This third part of the OSHA argument obviously
depended on the at least approximate validity of the
estimates of total risk in the first and second part of it,
However, these estimates of total risk were so grossly in
error that no arguments based even loosely on them
should be taken seriously. The method used for pro-
jection of the future annual risks among current
employees in each of the six industries was to multiply
the number of millions of workers currently employed
there, irrespective of their actual duration or degree of
exposure {which will be negligible in many cases), by
the percentage excess risks of cancer that have been
observed by special epidemiological study in the United
States or elsewhere among a few hundred or a few
thousand workers who have been heavily exposed for
many years to the agent of interest. 'This disregard of
both dose and duration of exposure is indefensible and
produces risk estimates which are more than ten times

3 Actually, the former was more than double the latter,

¥ The suggestion elscwhete in the OSHA document that the total
risk among current employees should be multiplied by a factor of
“4-5" to allow for the fact that there may be four or five times as
many ever-employees as current employees was not implemented;
otherwise, the proportion due to ever-exposure to the other five
agents would have been about 80%, and twice as many lung cancers
as currently occur in the whole United States would have been
ascribed to these six particular agents alone




too large (appendix F). The error involved is quite as
gross as to suppose that a non-smoker who works in a
factory where other people smoke cigarettes will have a
20% risk of lung cancer because he is passively exposed
to some cigarette smoke and 20% of heavy cgarette
smokers get lung cancer.

In the first part of the OSHA paper, a similarly
defective method was applied to the estimation of the
total (lifelong) hazard to be expected among the 8-11
million or so living or dead Americans with some
history of industrial exposure to asbestos. These are
divided into 4 million “heavily exposed,” 1.25 or 1.6
million (see appendix F) of whom are to be killed by
asbestos, and 4-7 million “less heavily exposed,” 0.4-0.7
million of whom are to be killed by asbestos. There is
no reason to accept either of these sets of risk estimates,
and there is good evidence that in total they are at least
ten times too large (appendix F),

It seems likely that whoever wrote the OSHA paper
(it has a list of “contributors,” but no listed authors)
did so for political rather than scientific purposes, and
it will undoubtedly continue in the future as in the
past to be used for political purposes by those who
wish to emphasize the importance of occupational
factors, including the Toxic Substances Strategy Com-
mittee in their 1980 report to the U.S. President as well
as many newspaper articles and much scientific jour-
nalism. However, although its conclusions continue to
be widely cited the crucial parts of the arguments for
these conclusions have, perhaps advisedly, never been
published in a scientific journal nor in any of the
regular series of government publications. Unless they
are, with proper attribution of responsible authorship,
we would suggest that the OSHA paper should not be
regarded as a serious contribution to scientific thought
and should not be cited or used as if it were, (Further-
more, any suggestions which derive directly or in-
directly from it that 20, 23, 38, or 40% of cancer deaths
are, or will be, due to occupational factors should be
dismissed.}

If estimates of the current proportion of cancers
attributable to occupational factors are to be made, it
seems unwise to try to make them by estimating the
number of workers that have been exposed to some
agent and ‘‘estimating” their excess relative risk of
cancer. Even if deliberate bias is avoided (as, for
example, by Hogan and Hoel, 1981, for asbestos), the
data bearing on the likely magnitude of the excess risk
are in most instances so unreliable (especially for the
large numbers of less heavily exposed people) that
substantial errors are probable, unless the estimate of
relative risk derives from direct epidemiological obser-
vation of a strictly representative random sample of the
workers to whose future it will be applied.

Practical Studies That Would Estimate Reliably the
Current Effects of Occupational Factors

We do not, ourselves, consider particularly reliable
any explicit numerical estimates of the proportion of
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cancers currently ascribable to occupation, since al-
though the available data do indicate the order of
magnitude of this proportion (see below), they do not
permit its direct estimation. Data could, however, be
collected in the course of only 2 or 8 years that would
lead to a reasonably reliable estimate if a case-control
study were commissioned comparable to but on a
larger scale than that recently done by Hoover et al.
(1980) for the National Cancer Institute which examined
the possibility of a relationship between cancer of the
bladder and the consumption of saccharin. (Although
the case-control study by Williams et al, 1977, of
occupational factors may seem to have been on a larger
scale inasmuch as 7,518 patients were interviewed,
fewer than one-tenth of these had cancer of the lung.)

Any such study of lung cancer should attempt to
record occupational histories in as much detail as
memory and knowledge of the processes on which the
subject worked will permit; this would facilitate esti-
mation of which agents or circumstances people have
actually been exposed to. For discussion of theoretical
and practical details, see Siemiatycki et al, 1981;
perhaps surprisingly, the total costs of a typical case-
control study are not increased by a large percentage,
even if the length of the interview is doubled. However,
although there is considerable merit in the suggestion
by Siemiatycki et al, 1981, that patients with non-
respiratory cancer could serve as “controls” lor lung
cancer patients {and vice versa), some cancer-free con-
trols should also be included if the total effects of oc-
cupational factors are to be assessed convincingly. Also,
of course, fine attention to the detail of individual case
histories must not divert attention from the absolute
requirement that large numbers of cases be studied.

Detailed occupational histories would have to be
taken from 10,000 or so patients suffering from lung
cancer (plus, if the contribution of occupation to other
cancers is to be assessed, at least as many patients
suffering from other selected cancers), and a compar-
able number of other men and women not affected by
cancer would serve as controls. If, as we hope, the
recent study by Hoover et al. (1980) proves to have
adequate information on bladder cancer, it would not
be necessary to include a further sample of patients
with cancer of this particular type. Further inquiries
would then have to be focused on the industries and
occupations that were reported more often in the
histories given by the cancer patients than in those
reported by the control subjects. Many of these indus-
tries and occupations would have been reported more
often by chance alone, and a second inquiry might be
needed to see which of them were reported more
frequently by the cancer patients on each occasion
(although the use of James-Stein estimators may help
avoid some of the statistical pitfalls in the testing of
multiple data-derived hypotheses; Efron and Morris,
1977, discuss the principles involved). Consideration
must then be given to the possibility that men and
women engaged in the occupations reported more
often by the cancer patients might tend to have other
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personal characteristics that affect the risk of cancer.
Two characteristics in particular must be taken into
account: smoking habits and socioeconomic status.
The first has become of major importance as the
prevalence of cigarette smoking varies with a host of
social factors, ranging from education to alcoholism,
some of which might determine (or be determined by)
a person's occupation. It must, therefore, be expected
that the incidence of lung cancer will tend to be higher
in people employed in occupations in which the
prevalence of cigarette smoking, and particularly long-
term cigarette smoking, is high. The second, socio-
economic status, has long been known to be a major
determinant of the incidence of cancers of the stomach
and cervix uteri, which have consistently been found to
be higher in unskiiled and heavy manual workers (or
their wives) irrespective of the nature of their occupa-
tion, than in more skilled manual workers, clerical
workers, and men and women occupied in professions.

The imporiance of taking into account the general
socioeconomic factors that affect the incidence of cancer
across a wide range of occupations is illustrated by Fox
and Adelstein’s (1978} analysis of the occupational
mortality statistics reported by the Registrar General
for England and Wales (1978) for 1970-72. Standardiza-
tion for “socioeconomic class” of the rmortality ratios

factor that Fox and Adelstein (1978) could allow for in
part was smoking habits, They knew, from the results
of the British General Household Survey (1978), ‘that
the proportion of men who smoked in each of the 25
occupational orders varied from 65% to over 130% of
the national average, and they were able to show that
these 25 percentages correlated fairly closely with the
corresponding mortality ratios for cancer of the lung
(text-fig. 9). They were not, however, able to allow for
other important aspects of the smoking habit. (For
example, Wynder, by personal communication, reports
higher than average mean tar levels among the ciga-
rettes smoked by blue-collar workers.)

Finally, special inquiries would have to be made to
see whether the risk of cancer varied with the length
and intensity of exposure to any specific environmental
features of the occupations that had heen picked out by
the above methods.

Stop-Gap Methods of Estimating the Approximate Current
Effects of Occupation

Until objective, nationally representative studies are
undertaken, a more realistic assessment of the role of
occupational hazards can probably be obtained by
considering each type of cancer separately and esti-

for cancer in 25 main occupational orders suggested
that some 88% of the total variation could be accounted
for by social differences of one sort or another, This
estimate is, of course, extremely crude and is affected
by many factors that may exaggerate or reduce the
residual differences among occupations, but it provides
a warning against incautious interpretation of differ-
ences in the risks of lung cancer seen in different
occupations (as in Menck and Henderson, 1976). One

mating for each type the possible contribution of
occupation. This may be a more reliable procedure in
pur present state of ignorance than trying to make a
quantitative estimate of the hazards associated with
broad groups of occupations without any reliable
knowledge of the quantity of carcinogens to which
men and women emploved in them were actually
exposed. We will, therefore, use our preferred method,
realizing that those who disagree with our interpreta-

200- ) Order Lung cancer  Smoking
Stundrrdised moriality 1ziio SMR core” -
180 e e e e e e s e

180 i Farmers, loresiers, lishermen B4 k]
1 Miners and guarsymen 118 137
170 111 Gas, coke and chemicats makers 123 117
160 1V Glass and ceramics makers 128 o4
150 * ¥ Furnace, forge, fourciry, rolling mill workers 155 116
1104 . . V1 Electricai and ¢lecironic workers 10} 102
* V1l Engihcering and allied trades workers in.e.c. 113 m
1304 N . . VIl Woodwarkers b3 91
120 . . 1% Leather workers 154 R
o . . . o ¥ Textile workers 88 2z
.s X1 Clothing workers 104 91
100- . . X1 Feod, drink and tobaceo workers 12% ind
804 . X1 Paper and printing workers 86 107
504 . . * * NIV Makers of other products 9% 1nz
XV Construction workets 144 13
70 XV1 Painters and decorniors 139 1o
60 [ XVl Drivers of stationéry engines, cranes, elc. 11 128
50 . XVIIl Labourers n.e.c. 146 133
“© XIX Transport and communications workers 128 115
. XX Warchousemen, storckeepers, packers, botuers 15 0%
30, Carrelition coellicient (1) XX Clerical workers 9 a7
20 XXM Sales workers 8% 9l
10 KXW Service, sporl and recreation workers 120 100
XXIV Administrators and managers &0 76
UU_N 50 To 80 0 w0 410 20 180 1Mo 180 w0 XXV Professional, technical workers, artists 51 &6

*  Observed proportion curranily smoking clgarciies w1 peicentoge of expected proportion, siandardised for age.

TEXT-FIGURE 9.— Relationship between the average smoking habits in the 25 British occupational orders and the lung cancer mortality ratios
ol men at ages 15-64 in those occupations. (Fox, 1978; reprinted with permission of Her Majesty's Stationery Office and A. J. Fox.}

This correlaiton suggests that allowance for the effects of smoking is necessary before specific occupational lung cancer hazards can be
assessed wunbiasedly.
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tion of the available information can easily substitute
different proportions and perhaps arrive at a more
corréct conclusion on the basis of freshly accumulated
data.

First we have to decide how to classily cancers such
as the lip and skin cancers produced by exposure (o
UV light associated with work in the open air, cancers
of the upper respiratory and digestive tract due to the
consumption of alcohol associated with work in bars,
restaurants, and (in some circumstances) the manufac-
ture of alcoholic drink, cancer of the cervix uteri in
prostitutes due to intercourse with many men, and
cancer of the breast in nuns due to the avoldance of
pregnancy. As these are not the sort of cancers that are
commonly termed “occupational,” we should perhaps
omit them, although we do so reluctantly. Secondly,
we must decide what proportion of cancers to attribute
to the occupational use of ionizing radiations. The
experience accumulating from observation of the sur-
vivors of the atomic bomb explosions at Hiroshima
and Nagasaki and of patients treated by radiotherapy
strongly suggests that ionizing radiations can cause
cancer in nearly all organs of the body and that some
small effect is produced even by small doses and by
doses given at low dose rates (see below for references).
A figure based on the total incidence of cancer must,
therefore, be added to the sum of the site-specific
cancers due to occupational causes to allow for occu-
pational exposure to these radiations.

Turning to other factors, we begin by classifying
some types of cancer as never having been proved to he
due to occupational causes at all. These are listed in
wable 17 with the numbers recorded nationally in 1977.

TABLE 17—Cancers that are mot known fo be produced
by cocupational hazards”®

No. of deaths
recorded in 1978
(United States)

Male Female

Type of cancer

Lip 130 28
Tongue 1,338 583
Pharynx 2,764 985
Small intestine 362 261
Gallbladder and bile ducts 1,612 2,877
Melanoma’ 2,476 1,758
Breast 280 34,329
Cervix uteri — 5,099
Other uterine cancers . — 5,773
Ovary — 10,808
Other female genital organs® — 1,095
Male genital organs other than 806 —
prostate
BEye 164 1568
Thyroid 351 672
Myeloma 3,123 2,978
Sub-total, above sites 13,386 67,499

7 Bixeluding UV light and ionizing radiations (see fext).
Assumed to be 70% of all deaths due to skin cancer. Oceupa-
tions involving regular outdoor work are associated with lower
melanoma risks [Lee and Strickland (1880)].
¢ Malignant, benign, or unspecified.
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TasLE 18—Cancers that possibly moy be produced by
occupational hazords

No. of deaths
recorded in 1978
(United States)

Male Female

Type of cancer

Mouth 1,699 924
Esophagus 5,652 2,030
Stomach 8,529 5,923
Colon and rectum 25,696 27,673
Pancreas 11,010 9,767
Connective tissue 816 243
Kidney” 4,809 2,916
Brain 6,737 5,996
Hodgkin’s disease 1,249 916
Non-Hodgkins lymphoma* 7,088 6,324

Sub-total, above sites 73,084 63,212

Postulated due to cccupational 731 316

hazards

“ Includes ureter and urethra.

Benign, unspecified, or malignant tumors of brain or other
nerves.
¢ Excluding myeloma,

Another group of cancers may include a small propor-
tion due to occupational exposure, but the evidence is
wealk or inconclusive. These types are listed in table 18,
and in the absence of definite evidence we have allowed
token proportions of 1% of male cases and 0.5% of
fermale cases as due to occupational exposure. Finally,
many types of cancer can certainly or almost certainly
be produced by occupational hazards under defined
conditions. These types are listed in table 19.

Attribution of particular proportions can be made
with some confidence only in the case of cancer of the
bladder, which has been the subject of several special
studies because some occupations have engendered a
very large risk of bladder cancer. These studies have
provided estimates of the proportions of cases due to
occupational exposure in men and women, respectively,
of 18 and 6% (Cole et al., 1972}, of b and 2% (Davies et
al,, 1976), and in the study most representative of the
whole United States (Hoover et al,, 1980), of 8% for
both sexes combined. For bladder cancer, figures of 10%
in men and 5% in women may seem large but are not
likely to be far out,

A large percentage of cancers of the lung is also
attributable to occupational factors, as several major
occupations are known (o involve or to have involved
causes of the disease. Asbestos is the most outstanding
example known, and the data discussed in appendix F
suggest that it may cause some 5% of all present-day
lung cancers. Occupational exposure (o the combus-
tion products of fossil fuels is also common {see table
16), and even though the relative risks involved are
seldom high, the numbers of workers exposed are so
large that it may be responsible for another 5% of all
male cases. It cannot, however, have been responsible
for many cases in women, as the exposed jobs have
been heavy and dirty {e.g., in coal gasification or steel
foundries), and few women have been emploved o do
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' TaBLE 19.—Cancers that definitely con be produced by occupational hazards

No. of deaths
recorded in 1978

Cancer deaths ascribed fo occupational
hazards in 1978 (United States)

Type of cancer Male Female
Male Female No. W No.
ascribed ascribed ascribed asceribed
Mesentery and peritoneum” 8562 697 98 15 35 5%
Liver® and intrahepatic bile ducts 1,812 984 72 4 10 1
Larynx 2,909 550 B8 2 6 1
Lung™® 71,006 24,080 10,661 156 1,204 b
Pleura, nasal sinuses, and re- 867 496 214 25 26 5
maining respiratory sites
Bone 997 740 40 4 7 1
Skin other than melanoma 1,061 753 106 10 16 2
Prostate 21,674 —_ 217 1 — —
Bladder 6,771 3,078 877 10 154 5
Leukemia 8,683 6,708 868 io 335 3
Other and unspecifiedd cancers 15,445 14,821 1,045 6.8 185 1.2
Sub-total,” above sites 181,867 52,907 14,046 e 1,976 —

¢ Includes peritoneal mesotheliomas, but also cancer of “unspecified digestive sites.”

® Ineludes many misdiagnosed secondary cancers from other sites.

¢ Assumed to include some miscertified cases of pleural mesothelioma. ‘ .

4 Chiefly unspecified, so the percentages have been chosen to maich the percentages (3, 13,732/202,892; @, 2,107/168,797) in the
aggregate of all specified sites in tables 17-19 that we have attributed o oceupational factors. {Includes all remaining tumors of malig-

nant, benign, or unspecified histology.)

® Our estimate of the total effects of oceupational factors is the sum of the subtotals in tables 17-19, ie., 14,777/218,337 & and

2,202/183,618 Q.

thern, Other recognized hazards have affected only
small groups and we have, therefore, attributed to
occupational factors total propertions of 15% of male
and 5% of female cases of lung cancer.

This proportion for male cases is intermediate be-
tween the figures estimated for Los Angeles County by
Pike et al. (1979; see also Menck and Henderson, 1976)
and those obtained by Hammond and Garfinkel {1980)
for the million Americans in the ACS prospective
study. The former authors estimated that the proportion
of lung cancers attributable to blue-collar occupations
might be as high as 36%, but they gave this figure
tentatively, qualifying it with the statement that the
occupational differences “are likely to be partly due to
unmeasured differences in patterns of cigarette use such
as tar content, inhalation, and butt length.” We have
discounted it altogether, partly because differences in
smoking habits were allowed for by subdivision into
only three broad groups, but mainly’ because the
information about individuals was obtained in differ-
ent and potentially non-comparable ways (from the
spouses, children, and siblings of the cases, but from
the controls themselves), The ACS data lead to a much
lower estimate based on the assumption that major
occupational hazards have occurred only in the pres-
ence of recognizable fumes, mists, or dust. After stan-
dardization for smoking, the mortality from lung
cancer was only 14% greater in men who gave a history
of such exposure at work {including exposure to
asbestos) than in men who did not. Since only 38% of
lung cancer deaths occurred in men who gave a positive
history, the total contribution of these factors to the
production of the disease appears to have been 4.6%.
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An estimate derived in this way may he too low for
three reasons: the diluting effect of random errors, the
possibility that the ACS population was biased against
the inclusion of blue-collar workers, and the possibility
that some undiscovered carcinogenic effects may exist
in industries in which there are no recognized dusts,
mists, or fumes. We have, therefore, adhered to the
proportions previously suggested, but we suspect that
they are a little high.

Several of the remaining types of cancer listed in
table 19 are likely to include only a small proportion
of occupational cases, as the hazards are either small or
affect only a minute proportion of the total population
(e.g., cancer of the prostate in cadmium workers,
cancer of the bone In luminizers, and cancer of the
larynx in mustard gas manufacturers and perhaps in
nickel refiners). No firm evidence exists on which exact
estimates can be made, and we have allocated propor-
tions of between 1 and 10% of cases of the remaining
types of cancer on the crude and unreliable basis of our
interpretation of the literature and clinical impression.

Finally, we have added 58 deaths as a result of
occupational exposure to ionizing radiations on the
same basis as that recently adopted by Jablon and
Bailar (1980): that is, on the assumption that the effect
of ionizing radiations is proportional to the dose
received, that the life-time risk of fatal cancer per rem
whole-body dose is about 250 per million people, and
that the total dose received by all men and women
occupationally exposed to 1onizing radiations is about
235,000 rems/year. In making these assumptions we
have accepted the estimate of the effect of ionizing
radiations that was made by the United Nations
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Scientific Committee on the Effects of Atomic Radiation
{UNSCEAR) (1977) and the estimate of the number of
persons occupationally exposed and the doses they
received that was made by the Interagency Task Force
on the Health Effects of Ionizing Radiation (1979)
under the chairmanship of Dr, Libassi. The UNSCEAR
estimate of the number of cancers produced per rem is
within the range of the effects estimated by the
Advisory Committee on the Biological Effect of Ionizing
Radiations (1979) of the National Academy of Sciences
and the National Research Council (that is, 70-353
fatalities/million/rem) and is very close to the inde-
pendent estimate of one of us (R. D.) who has
conducted research into the effects of ionizing radia-
tions on humans since 1955. The much larger effects
recently suggested by some investigators do not stand
up to critical examination and derive chiefly from an
analysis by inappropriate statistical methods of the
data on the workers at the Hanford Nuclear plant.
When these data are analyzed according to standard
efficient epidemiological methods (Darby and Reiss-
land, 1981), there is nothing in them to suggest that
the estimates of total cancer risk made by the com-
mittees referred to above need to be revised. The only
unusual feature was that the excess risk was chiefly of
myelomatosis, possibly because some particular source(s)
or type(s) of radiation may have a specific effect on the
risk of myelomatosis (see Cuzick, 1981). This sugges-
tion should, however, be regarded as no more than a
hypothesis that requires testing by further inquiry.

The proportion of cancer deaths ‘that we have
tentatively attributed to occupational causes is, there-
fore, about 17,000 out of 400,000, i.e., about 4% of all
U.S. cancer deaths. In developing this argument we
have given precise numbers not because we believe that
they are individually accurate—though we believe that
the final conclusion is unlikely to be out in either
direction by more than a factor of about two—but s0
that our numbers may be corrected as further informa-
tion is ohtained from reasonably representative studies
of individual types of cancer, like the information
which has recently been obtained for cancer of the
bladder. Since by far the largest contribution to our
estimate is 11,000-0dd lung cancers, the chief need is
for a nationally representative case-control study of
lung cancer in relation to smoking and occupation.’®
Such a study might reveal unsuspected occupational
hazards, and until it is done something like twofold
uncertainty about the true magnitude of the occupa-

** One of us performed such a study on 1,465 matched pairs with a
special emphasis on occupational causes in five English cities more
than 30 years ago. The recognized hazard of work in coal-gas retort
houses was confirmed, but no new occupational hazards were
discovered, Such studies are generally not difficult to conduct as long
as bias is not introduced into the data by asking leading questions
(Doll and Hill, 1952; Doll, 1953}, or into the analysis by failing to
standardize for smoking, eic., or by placing undue {see text) trust in
data-derived hypotheses.
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tional cancer problem is likely to persist. However,
since in the late 1970’s some hundreds of mesotheliomas
a year were due to asbestos, at least a few thousand
other cancers must have been attributable 1o asbestos
(see appendix F), so asbestos must account for 1 or 2%
of all cancer deaths. Although different figures may, of
course, apply to other countries, the minimum propor-
tion of all current U.S. cancer deaths attributable to
occupation can hardly be less than 2 or 3%. This
proportion is small, but cancer is so common and the
U.S. population so large that even 2% of cancer deaths
amounts to more than 8,000 deaths in the United States
every year. Occupational cancer, moreover, tends to be
concentrated among relatively small groups of people
among whom the risk of developing the disease may be
quite large, and such risks can usually be reduced, or
even eliminated, once they have been identified. The
detection of occupational hazards should therefore have
a higher priority in any program of cancer prevention
than their proportional importance might suggest.

5.7 Pollution

The air that we breathe, the water we drink, the food
we eat, and the earth on which we live are all polluted
to some extent with the products of human activity,
and we shall discuss the first three of these problems
separately. Air pollution has, in certain circumstances,
been so intense that it reduced visibility in towns to a
lew yards and caused the deaths of some thousands of
Londoners in December 1952, and a substantial epi-
demic of poisoning was caused in Japan by the
industrial discharge of mercury into the sea (where it
was ingested by shellfish that were subsequently eaten).
Such gross pollution is now largely, if not entirely,
eliminated from the American environment, except in
the immediate vicinity of old chemical waste dumps,
but we are left with lesser degrees of pollution that
may, perhaps, produce ill effects, especially if human
exposure is prolonged throughout a large part of the
life-span.

The effects of low levels of pollutants on the
incidence of chronic diseases such as cancer are pecu-
liarly difficult to observe directly since many different
pollutants are likely to be present in each geographic
area, the absolute risks from each are likely to be low
(and not evident for some decades), and although
different areas are exposed to different pollutants there
may be little variation in the degrees of exposure of
different individuals within particular areas. Conse-
quently, one generally has to rely on two indirect
sources of data. First, have high levels of chronic
exposure to a particular pollutant or group of pollu-
tants (usually in an industrial context) ever been
studied? If so, we may be able to extrapolate downward
from the known risks of high chronic exposure (or, in
the case where high chronic exposure produced no
apparent effect, to exwapolate downward from the
known upper limit to its risks) to say something useful
about the approximate effects of chronic exposure
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levels 100 or 1,000 times lower.*® Second, are particular
pollutants, mutagenic or otherwise, active in any short-
term laboratory tests or in long-term animal cancer
tests, and, if so, how potent do they seem (o bef As
discussed in section 4.2, although it is not at present
justifiable to jump from any such potency estimates to
a quantitative assessment of human risk, they may
nevertheless help reduce the list of pollutants to worry
about from a few thousand to a few dozen. Indeed, the
chief difficulty in discussing the whole area of poltu-
tion 1s that the variety of possible routes and forms of
pollution is so enormous that no one can pretend to
have serious expertise about all of them. In this section
more than any other we must therefore touch on areas
in which others have studied the available evidence
more carefully than we ever have (at which points we
have tried to draw attention to National Academy of
Science or other reviews) and on areas which are so
much at the margins of scientific knowledge that no
one is reliably informed. In both circumstances the
general perspectives discussed in section 4 (on the lack
of general epidemic increases in U.8. non-respiratory
cancer rates and on the use of laboratory tests for
priority setting rather than for risk assessment) may
help to achieve a reasonable balance between com-
placency and hysteria, neither of which seems to be
currently indicated.

Air Pollution

Many of the agents listed in table 16 escape into the
ambient atmosphere in the course of industrial activity
and constitute a potential source of carcinogenicity.
Those that escape in largest amounts are polycyclic
hydrocarbons {formed by the combustion of fossil fuel
and the refining of petroleum), arsenic, asbestos, and
radicactive elements. That these (or other) substances
in urban air might be responsible for some cases of
lung cancer was first suggested when it was realized
that the mortality from lung cancer was almost invari-
ably greater in large towns than in the countryside, It
is clear, however, that these substances acting by
themselves can be responsible for only a small propor-
tion of all cases of the disease, since the mortality rate
among non-smokers is extrermely low, irrespective of
the area in which they live (reviewed by Doll, 1978). It
is possible however (though by no means certain) that
some pollutant(s) of urban air may interact with
cigarette smoke to increase the incidence of cancer gver

* This procedure is ohvicusly very uncertain, but it seems
reasonable o expect that for most carcinogens a reduction of the
dose rate by 1,000 should reduce the attributable risks by a factor of
about 1,000 in many cases and by a factor of more than 1,000 in
many others, often without any absolule threshold of risk and
without materially increasing the average age at which any at-
tributable cancers will arise (Guess et al., 1977), However, it is
difficult to make due zllowance for the difference in effect between
perhaps 20 years of industrial exposure and perhaps 70 years of
envircnmental exposure, and the later might be as much as one or
two orders of magnilude more dangerous per unit of daily dose.
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and above that which would be expected by the action
of tobacco alone, as was noted in section 4.4,

Some investigators have attempted to estimate the
effect of pollutants by comparing the lung cancer
mortality rates in different areas and “making allow-
ance” for differences in smoking habits by retrospective
mquiry of the amount smoked by representative resi-
dents. We doubt, however, whether it is possible in this
way to disentangle the effects of smoking and environ-
mental pollution, especially in those studies that have
examined cancer rates only within categories of men
with such broadly similar smoking habits as non-
smokers (including ex-smokers), current smokers smok-
ing 20 cigarettes a day or less, and current smokers
smoeking more. Such broad classes are hardly likely to
take account of differences in a habit which may affect
the incidence of lung cancer by up to fortyfold suf-
ficiently accurately for a twofold urban-rural difference
to be estimated with certainty,

Etffects of Past Cigarette Use on Current Urban-Rural
Lung Cancer Differences

The reasons for uncertainty deserve some detailed
discussion, for if they are overlooked a misleading
impression of the hazards of air pollution may be
engendered. The key observation is that lung cancer
risks among cigarette smokers in middle and old age
depend wvery strongly on the exact age at which
cigarette smoking began. For example, delay of the
onset of cigarette smoking in the late teens or early
twenties by just a couple of vears may reduce the
risk of lung cancer at age 60 or 70 by as much as 20%
(see text-fig, E]1 on page 1292). Therefore, lung cancer
risks in cities and in rural areas depend strongly not
only on what old people now smoke, but also on what
they smoked in early adult life half a century or so
ago. If cigarette smoking by young adults was some-
what more prevalent {in terms ol percentages of serious
cigarette smokers or numbers of cigarettes per smoker)
in cities than in rural areas during the first half of this
century, this alone would engender a substantial excess
of lung cancer today when cigaretie-smoking city
dwellers are compared with cigarette-smoking country
dwellers. The smoking of substantial numbers of
cigarettes was an extremely uncommon habit in all
countries in about 1900, while by 1950 it had become
common throughout the developed world.

While any new habit is in the process of becoming
adopted by society (e.g., the use of various drugs
today), it is likely that its prevalence among voung
adults will be greater in cities than in rural areas.” In

" In conlirmation of this, a survey conducted by Fortune magazine
in 1935 found the respeclive percentages of men and women who
smoked any form of tobacco to be 61 and 31% in large cides, as
against 44 and 9% in rural areas. 8ince many rural men smoked only
pipes and/or cigars (which have relatively much less effect on lung
cancer than cigareties), the urban-rural differences between the
percentages who smoked cigareties between World Wars I and 11 were
probably very marked among the young of both sexes,




appendix E we discuss in detail the effecis of differ-
ences in cigarette usage in early adult life on the lung
cancer risks many decades later among men who would
all, in later life, describe themselves as “long-term
regular cigarette smokers of one pack of cigarettes per
day.” Because of such effects, one must anticipate, even
if air pollution were completely irrelevant to the
carcinogenicity of cigarettes, to find that urban smokers
now have greater lung cancer risks than do apparently
similar rural smokers, at least in studies of populations
who still live in the type of area (urban or rural) where
they grew up. This should, of course, also hold in
countries other than the United States, and it is
noteworthy that urban-rural differences in countries
such as Finland and Norway where the cities have not
been heavily polluted are of a similar size to the
urban-rural differences in Britain and the United
States. Given these likely sources of substantial bias,
however, it is remarkable how small urban-rural dif-
ferences in lung cancer are among current smokers
with similar current habits. For example, Hammond
and Garfinkel (1980) report a prospective study in
which, among men who in 1959 reported having lived
in the same neighborhood for at least 10 years, 1,510
died of lung cancer between 1959 and 1972. From these
data three roughly equal groups can be compared: a)
city dwellers in metropolitan areas (likely to be most
heavily exposed), b) people living in rural parts of
non-metropolitan areas (likely to be least heavily ex-
posed), and ¢} all others, standardizing for age and for
six categories of current smoking. If the risk ratio of g
is made to be 100%, the risk ratios of the others are 85%
for & and 94% for ¢. These differences do not allow for
differences attributable to occupational hazards but
even so are not large, and much or all of them might
be due to the expected effects of early cigarette usage.
The authors allowed for occupation by examining
separately men exposed and not exposed to dust,
fumes, etc. and concluded that their data offer “litiie or
no support to the hypothesis that urban air gpollution
has an important effect on lung cancer.””

In Britain, we have monitored the smoking habits
and mortality of male doctors (Doll and Peto, 1576)
and can relate their place of residence {as adulis) in
1951 to their subsequent lung cancer mortality. No
relationship whatsoever was observed,” but it should

* 1t is uncertain whether these differences would be much reduced
by inquiring about early cigarette usage and standardizing for the
replies, as they would be subject to such large random errors as
indicators of actual exposure of the lungs to smoke in early adulc life
as to prevent complete elimination of the confounding cffects of
interest (see appendix B.14 Two properties of multiple regression
analysis in Flewcher et al, 1976).

* Unpublished data. After standardizing for smoking and age, we
would have expecied 153.65, 88.04, 10946, and 78.85 deaths in
conurbations, large towns (50,000-100,000), small towns {<Z50,000),
and rural arcas, respectively. We observed 152, 94, 108, and 76
lung cancer deaths {respective ratios: 0.99, 1.07, 0.99, and 0.96).
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be noted that all were educated in big cities and may
have lived as children in areas different from those they
inhabited in 1951,

All such comparisons, especially in the United States,
are rendered difficult because people move about so
much. Since emigration is a much less common
activity than moving house, this difficulty may be
reduced by comparing different countries which differ
markedly in air pollution but in which the men have
smoked cigarettes for a very long time. The obvious
comparison for this purpose is between Britain, which
was ont average more polluted than the United States,
and Finland, which has never been heavily polluted,
Between the two World Wars, the average sales of
manufactured cigareties per adult were similar in
Finland and in Britain (and so cigarette usage per
young man may also have been similar), and British
and Finnish lung cancer mortality among people who
had been young men between the two wars has been
almost identical in recent years (and has exceeded U.S.
rates; see appendix E),

This international comparison is crude in that past
and present exposure of Finnish and English lungs to
cigarette smoke is not exactly known, but it is reas-
suring in that purely statistical errors are negligible
and that the populations being compared have been
exposed throughout life to very different mean levels of
air pollution without apparent effect.

Direct epidemiological comparison of countries or of
urban and rural residents thus shows, as long as the
unavoidable biases are borne in mind when comment-
ing on the results, little or no effect of air pollution.
To distinguish between ‘“little’ and “no’ from such
direct comparisons is not of course possible, as any
real elfects will probably be undetectably small, while
even if there are no real effects it is impossible to prove
a negative,

Extrapolation From Known Effects of Heavy Exposure

An indirect method is to extrapolate from occupa-
tional studies in which the mortality from lung cancer
has been found to be abnormally high, and measure-
ments have been made of the concentration of certain
carcinogens in the respired air. This method was used
by Pike et al. (1975} to estimate the effect of urban
pollution with polycyclic hydrocarhons from the ex-
perience of men who made coal gas in Britain (and
similar deductions can be made from the experience of
roofers working with pitch and asphalt in the United
States: Hammond et al., 1976). Pike and his colleagues
concluded that the pollution characterized by 1 ng
benzo[alpyrene/m® of city air might result in the
annual production of 4 cases/million men 40-74 years
of age with average British smoking habits. This
calculation does not assume that benzo[a]pyrene is the
only relevant carcinogen, but rather that the important
carcinogenic agents in air polluted by the combustion
products of fuel are qualitatively similar in the retort
houses of gasworks and in city streets and that the
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quantity of carcinogenic agents varies, in both situa-
tions, in approximate proportion to the amount of
benzo[a}pyrene. As much as 30 or 40 ng of benzo[a]py-
rene/m’ was commonly present in the air of big cides,
and the estimate of Pike et al. would lead to the
conclusion that aunospheric pollution, in conjunction
with cigarette smoke, might have contributed to some
10% of all cases of lung cancer in big cities {and so a
few percent of lung cancer in the country as a whole,
i.e., about 1% of all cancer). A symposium at the
Karolinska Institute in Stockholm in 1977 reached a
less precise conclusion that, however, indicated an
effect of much the same size: that is, that “Combustion
products of fossil fuels in ambient air, probably
acting together with cigarette smoke, have been re-
sponsible for cases of lung cancer in large urban areas,
the numbers produced being of the order of 5-10 cases
per 100,000 males per vear” (Cederlof et al., 1978),
which would again account for about 10% of lung
cancer in big cities or 1% of all cancer. These crude
estimates probably provide the best basis for the
formation of policy. It should be noted, however, that
the concentration of benzo[a]pyrene in town air in
Britain and the United States is now comtmonly an
order of magnitude less than it used to be (Lawther
and Waller, 1978) and that on this basis the recent
contribution of atmospheric benzo[e]pyrene and associ-
ated combustion products (including both gas-phase
and particulate matter) to the production of lung
cancer is unlikely to account for more than 1% of cases
of cancer of the lung in the future, and so will then
account for only a fraction of 1% of all cancer.

Alr Pollutants Other Than Combustion Products

Similar calculations f[or arsenic (Albert, 1978) and
ashestos (Doll, 1977) suggest that the current and future
contribution from atmospheric pollution by these agents
should be minute, although there may be exceptions
where the atmosphere around a particular factory is
abnormally contaminated (Blot and Fraumeni, 1975),
For asbesios, it appears that sufficient amounts can be
carried home on the clothes of asbestos workers to
create a hazard of mesothelioma for household con-
tacts, 37 of whom have been reported to develop this
normally very rare disease (Anderson et al., 1976). The
amount commonly present in town air is, however,
three or four orders of magnitude less than the most
stringent regulations currently permit at work, and the
risk to the general public from this source is unlikely
to increase apptreciably the total number of cancers
attributable to other forms of air pollution.

Under the heading of atmospheric pollution, we may
also include the effect on the general population of the
mining and milling of uranium and other radioactive
ores, the pollution caused by the nuclear energy
industry {(although not all of it is atmospheric), and
the radiocactive fallout due to past testing of nuclear
weapons. On the assumptions that we made in relation
to occupational hazards (section 5.6), we estimate this
to be the production of about 590 fatal cancers/year.
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No other air pollutants seem likely to produce more
cancer than arsenic, asbestos, and radioactivity, except
perhaps for the chlorofluorocarbons that have been
used extensively as refrigerants and aerosol propellants.
These persist in the atmosphere and, it is thought,
will eventually reach the stratosphere where they will
react with ozone, reduce its concentration, and hence
permit more UV light to reach the surface of the earth.
If this happens, the incidence of skin cancer, including
the relatively fatal melanoma of the skin, must be
expected to rise. The arguments, which are complex
and based on a number of unproved assumptions
about physical and chemical processes, have been
reviewed by a panel of the National Research Council
{1976), and we are not in a position to comment on
their conclusion. We would note only that oxides of
nitrogen released as a result of the cultivation of the
soil and the extensive use of nitrate fertilizers may have
a similar but smaller effect (National Research Council,
1978) or an opposite one (Turco et al,, 1978) and that
much more research is needed before the sum of the
effects of all pollutants on the ozone layer can be
predicted with confidence, An increase of up to 20% in
the mortality from skin cancer might be produced by
these agents in the future (0.3% of all cancer deaths),
but the present coniribution is likely to be at least one
order of magnitude less.

Drinking Water

The situation with regard to pollution of drinking
water is rather more obscure. Analytical techmniques
now permit the detection of chemicals at concentra-
tions well below 1 ppb (and further rapid improve-
ments in sensitivity must be anticipated), and conse-
quently, many chemicals have been found to con-
taminate drinking water supplies. Some of these may
be classed on the basis of laboratory tests as carcinogens
or mutagens (or suspected carcinogens or mutagens),
and the possibility that they may constitute a material
hazard to health has been examined by the National
Academy of Sciences {1977). As a result of its report,
the EPA has promulgated a regulation establishing a
“maximum contaminait level” of 100 ug total tri-
halomethanes/liter for all community water systems
serving 10,000 persons or more and adding a disinfec-
tant in the treatment of their water supplies.

The EPA did not claim that drinking water, as now
supplied in the United States, had been proved to cause
cancer. However, human exposure to water pollutants
may be prolonged over so many decades that even weak
carcinogenic stimuli might in principle have material
effects, and the evidence that they might do so includes:

a) There is activity in short-term carcinogenicity tests
or animal cancer tests of certain pollutants (or, equiva-
lently, there is an excess of tumors in marine animals
that live in polluted waters).

b) Some pollutants are present that are known or
believed to cause cancer in humans if large amounts
are ingested (e.g., ashbestos [rom industrial activity,
from asbestos cement water pipes, or from the passage




of groundwater through -natwral asbestos-rich rock
formations; radionuclides from industrial activity or
natural sources; arsenic; and vinyl chloride from PVC
water pipes).

¢) There are human population studies that report
positive correlations hetween the amounts of certain
contaminants and mortality frotn certain cancers (for
review, see Crump and Guess, 1980),

We have already discussed earlier in this section and
in section 4.2 possible ways in which laboratory data
may be used for priority setting (if not for quantitative
risk estimation), and we shall therefore pass over a.
Under &, with the possible exception of asbestos in a
few water supplies, we know of no established human
carcinogen that is ever present in sufficient quantities
in large U.S. public water supplies to account for any
material percentage of the total risk of cancer. The
observations on .S, asbestos workers reported by
Selikoff et al. {1379} suggest that occupational exposure
to asbestos dust leads to an increased risk of cancer of
the gastrointestinal tract, presumably through inges-
tion of mucus containing most of the asbestos dust
from the respiratory passages. If, due to some local
industrial or natural geoclogical circumstances, the
numbers of asbestos fibers per liter are within a few
orders of magnitude of the daily numbers ingested by
Selikoff’s workers (and especially if these numbers
include some with comparable physical characteristics),
then the likely benefits from filtering them out or
otherwise avoiding them may be estimated reasonably
sensibly by assuming approximate proportionality of
risk to dose rate, despite the disparity in the number of
decades of exposure at work and to water. However, it
is again not plausible that any material percentage of
the total number of cancers in the whole United States
derives from this source.

Turning finally to ¢ (epidemioclogy}, the interpreta-
tion of the correlation® studies is at present open Lo
question. Similar studies have been carried out over the
years in many other fields (for example, showing that
“contamination” of drinking water by calcium appears
to decrease the risk of heart disease: Crawford et al.,
1968) but have rarely been regarded as constituting
anything more than hypotheses to be tested by more
specific work, because of the difficulty of obtaining
truly relevant data (relating to long-past exposure of
the actual individuals concerned) and of eliminating
the eflects of concomitant variation. (The specific
difficulties inherent in correlation studies of cancer and

“ By “correlation” studies we mean studies in which estimated
cancer morlality rates in particular populations are correlated with
the estimated composition of the drinking water in those entire
populations. Misleadingly extreme significance levels {e.g., Kanarek
et al., 1980} may arise in such studies if all sources of variation other
than Poisson variation in the number of cases of cancer are ignored,
but these will be moderated or eliminated if proper account is taken
of the variation in estimated cancer onset rates hetween communities
and of the likely similarities between neighboring communities in
both cancer rates and water composition.
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drinking water composition have been emphasized by
Hogan et al., 1979.) Analyses that took account of
other important variables and were consistent from one
region to another in pointing to specific effects on one
or other specific type of cancer would carry some
weight, but most of the analyses have not met these
criteria.

Suggestive Evidence of Possible Effects of Chiorination

The chief exceptions are the studies by Cantor et al.
{(1978) and various others suggesting a relationship
between the concentrations of halogenated organic
matter in water and mortality from cancers of the
bladder and, possibly, the large intestine. When water
is chlorinated to kill germs, much of the plant debris
and other organic matter naturally present in it is also
halogenated, resulting in a complex mixture of halo-
genated compounds at levels of up to some parts per
million (depending principally on the concentration of
organic matter that was originally present). Many
specific halogenated compounds have been found to
cause tumors in laboratory animals and some have
also done so in man. It is therefore reasonable to
inquire whether lifelong exposure to the non-specific
mixture present in water that has been chlorinated has
any material effect on the risks from any type of mumor.
If the large NCI case-control study of bladder cancer
that is currently being analyzed indicates any substan-
tial relationship among individuals with the concentra-
tion of such compounds in drinking water {(or if any
really well-controlled*' studies of cancer of the large
intestine do so), then this will lend urgency to similar
studies of many other types of tumor, However, in
view of our previous estimate of some thousands of
cancers which urban air pollution may cause by
enhancing the carcinogenicity of cigarettes, it seems on
present evidence that any effects of drinking water
pollution will probably be relatively less important. If
this is so, then they will not materially affect the total
percentage of cancer deaths to be attributed to “pollu-
tion.” But it has to be borne in mind that the long
duration of exposure to any traces of carcinogens that
drinking water may contain will enhance any effects
they might have.

Lack of Evidence for Effects of Fiucridation

We have not, it will be noted, paid any attention in
this assessment to the claim that fluoridation of water
increases the risk of cancer. The evidence that has been

' In view of the relevance of environmental and life-style factors

to many diseases other than cancer {and especially the possibility that
contamination of drinking water by magnesium or, as Crawford
et al., 1968, suggest, calcium may protect against vascular disease),
the use of deaths from non-neoplastic causes as ‘‘controls” in case-
control studies of cancer {Alavanja et al., 1978) may lead to
unceriainiies of interpretation of any apparent positive, null, or
inverse associations.

JNCI, VOL. 66, NO. 6, JUNL 1981

1249



0 Doill and Peto

advanced for this claim has been examined in detail by
the National Cancer Institute, the Roval Statistical
Society in Britain, and one of us (R. D.) as well as by
many other individual scientists and has no scientific
basis whatsoever. The appearance of an above-average
increase in the crude death rates from cancer that has
been observed in some U.S. cities following fluorida-
tion is entirely accounted for by the demographic
changes in the sex, age, and ethnic composition of the
populations of the cities, In New Zealand, fluoridation
happens to have been [ollowed by a relative decrease in
age-standardized cancer mortality (Goodall et al., 1980},
but nobody seems to have claimed that fluoridation
prevents cancer,

Pollution of Food

Contamination of food by bacterial, fungal, and
other natural products has been dealt with under
“Diet” {section 5.3). Food can also be contaminated by
a wide variety of industrial products ranging from
heavy metals through pesticide residues to substances
that leach out of packaging and the combustion
products of fossil fuels that precipitate from the atmos-
phere, while fish that will be eaten can be contaminated
by various types of marine pollution including indus-
trial effluents, precipitates from the atmosphere, and
spills of oil.

Polycyclic hydrocarbons are found widely in all sorts
of food, sometimes even in the same amounts as in
charcoal-broiled meats and smoked ham (i.e., up to 15
pg benzo[a]pyrene/kg net weight) (GESAMP, 1977,
Dunn and Fee, 1979; King, 1977). The extreme amounts
that have occasionally been reported in shellfish and
finfish from relatively polluted waters (up to 1,000 ug
benzolajpyrene/kg) might be a cause for concern if
they constituted a regular item of diet, Tt is, however,
difficult to produce cancer experimentally by feeding
animals polycyclic hydrocarbons by mouth, and the
cancers that can be produced (in the forestomach of the
mouse and, with very large doses of DMBA, in the
breast) cither affect organs that are not represented in
humans or seem to be produced by mechanisms that
would not be brought into play by much smaller doses
{such as disturbances of immune or hormonal status).
More importantly, men who made coal gas or worked
as roofers (see section 5.6) and swallowed large amounts
of rar with their respiratory mucus did not develep any
excess of gastrointestinal cancer.

The average amount of vinyl chloride absorbed by
the general population via food wrapped in PVC is
several million times less per day than that inspired by
the early manufacturers of PVC (Barnes, 1976; MAFF,
1978) and so will have produced few or no cases of
angiosarcoma of the liver in the entire United States.

Some pesticides are long lasting, are (or were) found
in food, and have accumulated in substantial amounis
in human fat*? (e.g., DDT and dieldrin). It is notable,
however, that there has been no general increase in the
incidence of liver tumors in developed countries since
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the long-lasting pesticides were introduced, despite the
fact that hepatomas are the principal type of cancer to
have been reported in laboratory animals under experi-
mental conditions. (Data on U.S, trends in liver cancer
mortality are discussed in appendix D. At ages under
65, at which death certification is most reliable, there
was during 1968-78 a non-significant increase in fe-
male mortality and a non-significant decrease in male
mortality, although liver cancer remains virtually in-
curable.) According to the International Agency for
Research on Cancer Working Group (1980), the evi-
dence of animal carcinogenesis of those that have been
reviewed is at most “limited,” and the extent to which
they should be regarded as potential human carcino-
gens is uncertain, Some pesticides which leave residues
in the form of secondary amines could perhaps consti-
tute a hazard if the formaton of nitrosamine in the
stomach proves to be a cause of cancer, as discussed in
section 5.8. Others, according to recent Swedish reports
(see Hardell et al., 1981), might be responsible for some
lymphemas and sarcomas, but the epidemiology is not
compelling.

For our present limited purpose (of estimating the
proportion of current cancer mortality avoidable in
various ways), the occurrence of pesticides as distary
pollutants seems unimportant. However, this does not
imply that no modification of current practices is
advisable. Obviously, where human exposure can be
avoided without undue cost, perhaps by different or
more limited pesticide practices or by the use of some
alternative methods of control, it would seem prudent
to do so. [The recent NAS report {CPEAF, 1980) on the
Environmental Protection Agency’s pesticide regula-
tion program provides a thoughtful and balanced
account of how, with the limited information that will
in practice be available, pesticide regulation might he
approached.]

Total Effects of Air, Water, and Food Pollution

We have tried in this review to take account of the
main industrial pollutants of air, water, and food of
which we have any personal knowledge. Many others
must exist, and it is not impossible that they interact
with one another even though present in only minute
amounts, some perhaps acting as promoters rather
than initiators. We prefer, however, not to speculate
about their harmiul effects in the absence of evidence
and have therefore limited our estimate of the cancer

“* Certain subslances are stored much more readily in the adipose
tissue of “yellow-fat” animals such as man than of “white-fat”
animals such as laboratory rodents, Whether, for substances that are
hazardous to both mice and men, the more comparable index of
exposure is generally the amount ingested per kilogram of body
weight or the amount stored per gram of fat is unclear; if the former,
then human exposure o some substances may be relatively lower
than comparison of adipose tissue concentrations in mouse and man
would suggest. However, there is no guarantee that this wili be so.




hazards from pollution to a token figure of 2%,
accounted for chiefly by the uncertain effect of the
combustion products of fossil fuels in urban air. An
upper limit is difficult to select until the role, if any, of
halogenated compounds in drinking water is clarified,
and the upper limit of 5% which we shall suggest in
table 20 (on page 1256) is therefore rather arbitrary.

5.8 industrial Products

Industrial products (excluding asbestos-containing
products which we deal with elsewhere) such as deter-
gents and other surfactants, hair dyes and other cos-
metics, solid or foam plastics, paints, dyes, polishes,
solvents, fabrics, and even the processed paper and the
printer’s ink in the present volume are a class of agents
which are so numerous that we can only echo the
uncertainty with which we discussed many pollutants
in the previous section. It is possible that some such
products are already causing, unnoticed, a number of
today's cancers, and it is quite possible that, after
prolonged exposure to them, some substantial risks
will be detected in the future. For example, in mouse
skin carcinogenesis surfactants (e.g., Tween 60) are
potent promoting agents; permanent hair dyes cur-
rently contain as essential components substances such
as 2,4-diaminoanisole which can damage DNA, and
some of these components are also carcinogenic to
laboratory rodents, as are many of the monomers of
which plastics are made and by which the finished
products are inevitably slightly contaminated; many of
the halogenated solvents in common domestic, office,
or industrial use {e.g., as degreasers) can cause mouse
liver tumors, and so on. In general, for each product
there is inadequate laboratory evidence and inadequate
human evidence to know whether it is a health hazard
or whether it is harmless. Rather than provide an
inconclusive (and therefore tedious) review of each of
several dozen products, we shall instead discuss what
general sort of evidence it would be reasenable to seek.

First, as many different defined occupational groups
as possible might routinely be monitored, for it often
happens that if a product {e.g., ashestos) is significantly
but undetectably hazardous to the general pepulation,
it will be detectably hazardous to those who manufac-
ture it or work with it or with related agents,

Second, a large sample of young adults who develop
various cancers might routinely be interviewed, along
with suitable control subjects, in a permanent ongoing
study into which the general scientific community
could feed suggestions for possible questions to check,
and which might be built into the ongoing SEER
program. The reasons for including large numbers of
cases of lung cancer in such a study have already been
reviewed {(comparison of effects of different types of
cigarettes, estimation of lung cancer rate and effects of
* passive smoking among non-smokers, identification of
new occupational hazards, and direct estimation of the
much-disputed percentage of cancers due to occupa-
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tional factors), and because of their theoretical im-
portance or their close linkage with certain occupa-
tional factors, primary tumors of the bladder, liver,
nasal sinuses, peritoneum, pleura, and scrotum should
probably also be included.

Third, as discussed at some length in section 4.2, a
very large number of substances could be subjected to
various short-term tests to see which stand out clearly.
(This may be a useful mechanism for reducing’ the
number of substances to worry about from 10,000 to
100 and is already under way at the National Institute
of Environmental Health Sciences under Dr. J. Drake.)

Fourth, when particular hypotheses are generated
(for example, that hair dye may be carcinogenic),
careful epidemiologic studies should be undertaken, es-
pecially if people can be found who have been exposed
to the substance regularly for many years. There is at
present such a gross lack of reliable human data on the
relevance to humans of positive findings in short-term
tests or animal feeding studies that even negative
findings in careful, unbiased human studies are of
considerable scientific interest. (Of course, any positive
findings that may emerge are of even more interest.)
However, there is a need for considerable care if such
studies are to seek evidence concerning moderate risks,
for the biases that are particularly inherent in poorly
controlled epidemiology may considerably exceed the
magnitude of the effects which one could plausibly
hope to observe. This may be the case with hair dye
use. Various components of “permanent” hair dyes are
mutagenic in “Ames test” bacteria and can cause
cancer when fed to laboratory animals. However, few
people drink hair dyes, and if used in the normal way,
only a fraction of 1% of the applied dose is absorbed
systemically, which suggests that if there are any
human risks from a few decades of normal use, they
are likely to be small. The large epidemiological
studies in which bias is least likely to obtrude have in
our opinion not provided evidence of any material
cancer risk arising, at least during the first 20 vears of
hair dye use (Kinlen et al.,, 1977; Hennekens et al.,
1979). If no excess risk is ohservable even with more
prolonged use, then this will give a somewhat reas-
suring perspective on any substantially smaller expo-
sures to agents with comparable laboratory activity,
while if any clearly measurable hazard does materialize,
this will be a useful step toward a better perspective on
such agents and might, of course, help people avoid
that particular hazard,

Current trends in cancer incidence give no urgent
cause for alarm, but many industrial products have
been introduced so recently (and on such a large scale:
see text-fig. 8 on page 1239) that even if they do prove
hazardous or if they replace a previous hazard with a
less hazardous product, their effects would not yet be
apparent. Although we can attribute only a nominal
“less than 1% of all current cancer deaths to such
products, we must reiterate our conclusion from some
previous sections: There is too much ignorance for
complacency to be justified,
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5.9 Medicines and Medical Procedures

Among the few dozen agents and conditions listed as
established human carcinogens in table 6 on page 1203,
about a third have been used in the course of medical
practice {cyclophosphamide, melphalan, arsenic, busul-
fan, chlornaphazine, immunosuppressive drugs, ion-
izing radiations, estrogens, phenacetin, polycyclic hy-
drocarbons, oxymetholone, steroid contraceptives, and
UV light), and most of these 18 have been shown to
cause cancer in humans only when used in this way
(that is, all but arsenic, ionizing radiations, polycyclic
hydrocarbons, and UV light). That so many carcino-
genic agents should have been prescribed medically is
not surprising when it is borne in mind that treatment
often requires some modification of the metabolism of
human cells and that sometimes it is intended to
interfere with the DNA itself. (For this reason, it may
well be that many more of the cytotoxic agents that
have been or will be introduced to treat cancer are
themselves carcinogens: see review by Harris, 1979).
However, the possible production of cancer, although
always an undesirable side effect, is not necessarily a
bar to the use of a drug if the risk of loss of life due to
the possible development of iatrogenic cancer is ma-
terially less than the chance of saving a life that is
brought about by the treatment—as, for example, by
the use of busulfan,® Immunosuppressive drugs, and
radiotherapy. This, of course, has not always been the
case, and the medical use of two of the drugs (inor-
ganic trivalent arsenic and chlornaphazine) has been
abandoned.” In other cases the balance of risk and
benefit has yet to be fully assessed, and the use of the
agent is continued under controlled conditions in the
hope that the benefit will prove to outweigh the long-
term harm. (This is more acceptable with medicines
than with many other putative carcinogens, for the
risks and benefits of particular medical practices usually
affect the same individual.)

Some of the agents listed above that continue to be
used are used in the treatment of relatively uncommon
conditions, and the sum of the cancers caused can
amount to no more than a few hundred throughout
the entire country each year. Three, however, are used
extensively: a) ionizing radiations, &) estrogens, and c)
steroid contraceptives.

a} Ionizing radiations.~~These are sometimes essen-
tial for treatrment and are often essential for diagnosis,
the latter use probably accounting for about 85% of the

“ The excess risk of leukemia due to busulfan seemed to be
restricted to overdosed patients who developed pancytopenia.

* As has been the specific use of a) one particular estrogen to
improve the outcome of pregnancy (diethylsiilbesirol), which led to
the development of vaginal adenocarcinoma in several hundred
young women who were exposed to the drug when a fetus in their
mother's abdomen and b) twe radiocactive materials {thorium and
thorotrast) that were used, respectively, in the treatment of skeletal
disease and as a contrast medium in radiology.
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total dose given-in the United States. The Interagency
Task Force on the Health Effects of Ionizing Radidtion
(1979) estimated that the dose of radiation currently
received by the U.S. population for medical purposes
amounts to about 18 million rems/year. On the as-
sumptions that we have made previously (section 5.6},
the continuation of present exposure levels would
imply the eventual production of about 4,500 fatal
cancers a year. Much of the irradiation is, however,
received by people with an expectation of life that is
too short for any significant chance of developing
radiation-induced cancer (because of illness or age),
and the total future effect may be no more than half
this amount. Past patterns of use of X-rays differ from
present usage in many ways, diagnostic examinations
in previous decades being less frequent but involving
higher doses than is usual today, so the total number
of current cancers due to past irradiation may differ
from the 2,000 or so per vear that will arise from
current irradiation. However, an estimate of similar
magnitude still seems plausible. To this we must add a
small proportion (perhaps 5% or less) of all childhood
cancers produced by exposure of the fetus from radio-
logical examination of the mother’s abdomen during
pregnancy (and perhaps by the liberal use of X-rays in
certain intensive care units for premature babies), so
that the total proportion of cancers attributable to the
medical use of ionizing radiations is probably about
one-half of 1%. This number is distressingly large, and
any reduction in the frequency of use or the dosage of
diagnostic irradiation, especially for fetuses {and per-
haps children), might eventually prevent a few hundred
cancer deaths per vyear.

&) Estrogens.—These have been given extensively for
the relief of postmenopausal symptoms and the preven-
tion of osteoporosis. The extent to which their use
causes cancer is still disputed, but in our view the case
for believing that they have been responsible for the
recent increase in incidence of endometrial cancer is
strong (Jick et al, 1980). How many cases they are
continuing to produce throughout the country is
difficult to estimate. In some areas they may have been
responsible for one-half the cases of endometrial cancer,
which in turn accounts for 1% of all cancer deaths. It
should be noted, however, that endometrial cancer has
a relatively good prognosis, and those cases associated
with the use of estrogen a particularly good prognosis,
so that the proportion of deaths attributable to the use
of the drug must have been a small fraction of 1%, a
conclusion reinforced by the continuing steady decline
in endometrial cancer death certification rates (but see
discussion in appendix D of the biases affecting these
apparent downward trends). The major uncertainty,
however, concerns the role of estrogens in the produc-
tion of cancer of the breast (Hoover et al., 1976). They
are certainly not responsible for more than a small
proportion of such cases, but the disease is so common
and the fatality rate so high (breast cancer accounts for
a total of 9% of all cancer deaths) that the production
of even 5% of cases would be important. Whether they




are responsible for any at all is, in our opinion, still
awaiting judgment.

¢) Oral contraceptives—Finally, we must consider
the steroid contraceptives, known colloquially as “the
pill,” and taken daily by millions of young women.
Since pregnancy at an early age reduces the risk of
cancer of the breast in middle and old age, any effective
form of contraception (male or female) must increase
these risks, We have discussed this effect in our section
on reproductive factors and shall not attribute such
cancers specifically to the pill. Components of the pill
given in much larger doses to laboratory animals have
caused cancers of the breast and liver, and there is no
doubt of their carcinogenic potential. Hormonal car-
cinogens are, however, in a class which is different
from most other chemical carcinogens, and there is a
good case for believing that some of the effects are not
proportional to the size of the dose but may be very
much less or even non-existent at the low levels that
are used to produce contraception. Many studies of
-women on the pill have been conducted and many are
still continuing, and precise quantitative estimates of
the risks associated with the use of the different
varieties should be available in the course of the next 5
or 10 years. A review of the evidence available up to
1977 was undertaken by an expert committee of the
World Health Organization (WHO, 1978), which con-
cluded that there was no certain evidence of an effect
on the incidence of cancers of the breast or cervix uteri,
but that one type of the pill, the use of which is now
abandoned, had probably caused some cases of cancer
of the endometrium, and that other types of the pill
which are still in use did occasionally cause benign
tumors of the liver. These last, though not cancers in
the ordinary sense of the word, can cause fatal internal
hemorrhage and on very rare occasions indeed give rise
to true malignant disease, Conversely, there is some
evidence to suggest that the pill may reduce the risk of
cancer of the ovary, a common cause of death which
may be related to the cyclic activity of the ovary which
the pill suppresses. On balance, we have assumed that
the total number of cancers currently arising each year
from the use of the pill is too small to be taken into
account in our calculations, but the evidence needs to
be kept under regular review.

Sum of Effects of All Medical Agents or Procedures

In sum, our best estimate of the proportion of cancer
attributable to medical practice is about 1%, one-half of
which is auributable to irradiation. However, the
number of ways in which drugs, especially the chronic
use of drugs, might in principle increase or decrease
cancer incidence rates is almost limitless, for drugs are
used precisely because, in the doses actually given, they
cause substantial physiological changes. Consequently,
the fact that the known hazards may not add up to
more than 1% does not imply that no greater unknown
hazards exist. No effective drug can be guaranteed to be
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safe (a message reinforced by the recent clofibrate trial
results: Committee of Principal Investigators, 1978) and
routine monitoring of the history of prolonged medi-
cation of newly diagnosed cancer patients remains
essential. The upper confidence limit suggested by
early data trom the Boston Collaborative Drug Surveil-
lance Program suggests that the percentage of current
cancers attributable to long-term drug use, excluding
radiation, is 2% {Jick and Smith, 1977), but as more
data accumulate this statistical upper limit is likely to
decrease,

5.10 Geophysical Factors

Two physical agents present everywhere in the na-
tural world, ionizing radiations and UV light, were
among the first factors to be recognized as carcinogenic
to humans. UV sunlight is the principal cause of basal
cell carcinoma (the so-called “rodent ulcer’) of the face
and neck in white-skinned people and also causes a
high proportion of the squamous carcinomas that
occur on parts ol the skin that are exposed to the sun.
It also contributes to the production of cancer of the
lip and melanoma of the skin. Cancer of the lip is
becoming much less common as it is also associated
with pipe smoking, which has declined in popularity,
and those cases that continue to occur seldom cause
death if treated soon after the lump appears. Melanoma
of the skin, in contrast, is one of those cancers that is
increasing most rapidly in white-skinned populations
and causes a substantial number of deaths. The in-
cidence of melanoma in different parts of the world
correlates fairly closely with the flux of UV light, and
xeroderma pigmentosum patients, who cannot repair
the damage that UV light does to the DNA of their
skin, are at grossly elevated risk of melanoma (Robbins
et al., 1974). Although the dose-response relationship is
odd, perhaps because regular exposure to sunlight
produces a protective suntan, it seems that most cases
of melanoma are produced by sunlight. 1t also seems
plausible that the worldwide increase in melanoma
among white-skinned people is due, in some part, to
the changes in clothing and greater exposure of the
skin to sunlight than was customary half a century
ago. The relationship is, however, less clear-cut than
for basal cell and squamous carcinomas in that the
distribution of cases on the surface of the body does
not correspond neatly to the degree of exposure. Nor
does the increase seem to be limited to melanomas on
the exposed areas, although it is greater on these than
elsewhere. One explanation could be that sunlight
affects the incidence of the disease at sites distant from
the irradiated area through hormonal stimulation of
melanocytes; another that other and so far unsuspected
agents are involved. At this stage we may, perhaps,
attribute 90% of lip cancers and 50% or more of
melanomas as well as 80% of other skin cancers to UV
light (lip cancer in conjunction with smoking), in
which case sunlight (especially strong sunlight on
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white skins} would account for between 1 and 2% of alt
cancer deaths,

The relationship between cancer and ionizing radia-
tions has been the cause of much debate. Until 30 years
ago it was commonly assumed that ionizing radiations
of whatever sort (whether X-rays, y-rays, or «- or B-
particles} did not cause cancer unless they were intense
enough to cause obvious damage to the irradiated
tissue. This, it is mow known, is not true and,

- although there continues to be debate about the exact
nature of the dose-response relationship at low doses
and about whether e-particles cause relatively more
damage for a given amount of ionization than X-rays
{because the effects are so much more localized—the
so-called “hot spot” effect), most research workers
accept that, for the practical purpose of preventing
cancer, it may be assumed that at low doses and low
dose rates the effect is approximately proportional to
the dose. We have elsewhere included estimates of the
effect of ionizing radiations in the production of
occupational cancer, cancers due to radioactive pollu-

" tants, and those due to the use of ionizing radiations
for medical purposes. There remains (o make an
estimate of the effect of cosmic rays and the minute
amounts of radon and other radionuclides that occur
in the air, in our bodies, and in all natural materials
and accumulate inside houses with restricted air ex-
.change. If we assume that each individual receives a
whole-body dose of about 100 millirems, the total
-annual dose received by the whole population will
amount to about 22 million rems, [By comparison, the
Interagency Task Force on the Health Effects of
Jonizing Radiation (1979) estimated that the dose of
radiation received by the population from background
sources amounts te about 20 million rems/year.] On
.the assumptions we have made previously (section 5.6),
this would imply the production of about 5,600 cancer
deaths a year, or 1.4% of the total

In sum, geophysical factors may account for about
3% of all cancer deaths, and we regard this figure as
quite reliably known. However, although 3% are at-
tributable to geophysical factors, almost none of the
14% attributable to background ionizing radiation are
avoidable, nor (given the ubiquity of sunlight) are
some of those attributable to UV light. The proportion
that might reasonably be described as avoidable by
practicable means depends on the way in which
melanoma risk depends on the exact pattern of ex-
posure to sunlight but is proebably only about 1%, and
certainly not more than 2%.

5.11 Infection

Infection has often been suspected of being a cause
of cancer, but the statistical evidence establishes beyond
doubt that cancer is not, in general, an infectious
disease in the sense that people who come into cloge
contact with a patient (such as nurses, doctors, and
spouses of patients) do not have a higher risk of
developing the disease than do others. Reports have
occasionally been published of the occurrence of an
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unusually large number of cases of some rare type of
cancer in a small community within a year or so, but
such “clusters” must be expected to occur periodically
by chance alone in a population as large as that of the
United States. Detailed investigation does not suggest
that any type of cancer tends to occur in this way,
except perhaps for acute lymphocytic leukemia in
childhood and Burkitt’s lymphoma, and even in these
two types of cancer the evidence of clustering is weak.

Viruses

It is possible that viruses capable of transmission
from one person to another are important in the
development of some types of cancer, but, if they are, it
seems likely that they are widespread in the community
and that a variety of other factors determine whether or
not exposure to the virus leads to the development of
disease, If viral infection does produce cancer, it may
do so in a variety of ways., One that has been inten-
sively investigated in the last two decades is by be-
coming integrated into the genetic material of a human
stem cell and modifying its behavior in such a way
that the cell becomes the parent of a malignant clone.
One virus that seems able to do this is the Epstein-Barr
virus, which occurs ubiquitously and is the specific
cause of glandular fever (infectious mononucleosis). In
special circumstances {which are apparently more com-
mon in tropical Africa and South China than else-
where}, the virus may insert inself into the DNA of a
reticuloendothelial cell or of an epithelial cell in the
nasopharynx and perhaps in consequence give rise,
respectively, to a Burkitt’s lymphoma or a nasopharyn-
geal carcinoma, all the cells of which are characterized
by containing some of the viral DNA in combination
with their own. Final proof of the viral etiology of
these two types of tumors, however, remains elusive,

No other human cancers have been shown to be
characterized by the presence of viral DNA in the
genetic material of the cells, but this may be because
the methods of detecting the presence of the virus are
not sufficiently sensitive. It would not be surprising if
viral infection were eventually shown to be an essential
factor in the production of various other types ol
cancer, including cancer of the cervix uteri (on the
grounds referred to in section 5.5), cancer of the penis
(since the wives of men who develop it have an
abnormally high risk of developing cancer of the cervix
uteri but not of any other cancer; Graham et al., 1979;
Smith et al.,, 1980), acute lymphatic leukemia in
childhood (partly because the disease may recur, af-
fecting the donated cells, after an affected patient has
received a marrow transplant from a relative who
remains healthy), and reticulosarcoma (because of its
occasional appearance shortly after an individual has
begun to receive, for the treatment of some other
condition, immunosuppressive drugs in doses that are
large enough to diminish the body’s resistance to
viruses).

It all these cancers depended on viral infection, the
proportion of cancer deaths attributable to infection




would be about 4%. The proportion may, however, be
much higher as infection, like diet, may contribute to
the production of cancer in a variety of indirect ways.
It may, for example, promote the development of
cancer by causing tissue necrosis or otherwise stimu-
lating the division of stem cells and so sensitizing them
to the action of chemical carcinogens. It is possibly in
this way that the hepatitis B virus comes to be
associated so often with the development of cancer of
the liver and that an attack of infectious mononu-
cleosis may bring about a slight increase in the risk of
developing Hodgkin's disease.

Bacteria or Parasites

Infection with bacteria or parasites may contribute to
the production of the disease in other ways, We have
referred in section 5.3 to the possible role of intestinal
bacteria in producing {or destroying) carcinogenic
metabolites in the large bowel and of salivary duct
bacteria in converting nitrates into nitrites and hence
facilitating the formation of N-nitroso compounds in
vivo, and bacteria could also contribute directly to the
formation of N-nitroso compounds in the stomach and
bladder. Bacterial infection associated with the develop-
ment of chronic bronchitis has been thought to in-
crease the risk of lung cancer in cigarette smokers
{(Rimington, 1971), possibly by impairing the efficiency
of the mechanisms for clearing the bronchi and hence
permitting more prolonged contact between inspired
carcinogens and the bronchial stem cells. Similarly

infection could be one link in the chain that results in
the association between ulcerative colitis and colorectal
cancer, between schistosomiasis (a parasitic infection
that commonly affects the bladder in parts of Africa)
and bladder cancer, and between clonorchiasis (a para-
sitic infection of the liver that is common in parts of
China) and cholangiocarcinoma,

Conclusions

The examples we have cited are unlikely to be the
only ways in which infection affects the risk of
developing cancer, but even if they were, the range of
acceptable estimates for its contribution would be
large. We would, therefore, suggest a figure of about
10% as a very uncertain best estimate of the proportion
of cancer deaths somehow attributable to infection (5%
perhaps attributable to the action of viruses and a
token figure of 5% to allow for the possible role of
other infective agents in determining the conditions
under which cancer is produced in vivo). The likely
role of infectious agents in the etiology of cancer of the
uterine cervix provides a lower limit of at least 1%, but
we can at present make no useful guess at the upper

limit,
5.12 Unknown Causes

From this review it is evident that the specific causes
of many of the common cancers have not been iden-

Avoldable Risks of Cancer In the U.S.

tified. For several of these, and particularly for cancers
of the colon, rectum, stomach, and breast, the evidence
suggests that dietary factors are likely to play an
important part, and we have made an allowance for
such factors in assessing the relative importance of
different sources of risk. There are, however, several
other cancers which, we suspect, are partly due to
extrinsic factors (in the broad sense of the term) but
which have not been allocated to any particular group
of causes. Two types that we have not taken into
account are reported to have increased materially in
incidence and mortality: namely, myelomatosis and
non-Hodgkin's lymphoma. New diagnostic tools (mar-
row puncture and serum electrophoresis) have trans-
formed the ease of recognition of the former, and it is
difficult to be sure how much (if any) of the recorded
increase is real. There are, however, other reasons for
thinking that environmental factors are important. In
addition to marked international differences, differences
have been observed within countries. Within Finland,
for example, the incidence rates of myelomatosis in
different areas correlate positively and strikingly with
various indices of prosperity in those areas {Teppo et
al., 1980), Both myelomatosis and non-Hodgkin's lym-
phoma-——which together account for about 5% of all
cancer deaths—may be largely due to extrinsic causes
that have been omiited. Prostate cancer, which accounts
for about 10% of cancer deaths in men, must also be
regarded as largely extrinsic in origin because of the
gross variation in incidence among different com-
munities {(e.g., members of the same ethnic groups
living in different countries). Confusion between “latent
cancer,” diagnosed after pathological examination of
the prostate, and clinical cancer, which, if untreated,
causes death from spread to other organs, has compl-
cated interpretation of the trends in incidence, and it is
uncertain how far the high incidence in the United
States {and, in particular, in the black population)
should be regarded as due to newly introduced agents.
The prostate itself is an accessory sex gland under
hormonal control, and hormonal secretions, influenced
perhaps to some extent by sexual behavior, may be
major determinants of the disease. Cancer of another
sex organ (the testis, accounting for 0.4% of cancer
deaths in men) has also become more common during
the past half century. The increase, which was first
evident in Denmark (Clemmesen, 1968), now appears
to have ceased, and no acceptable explanation for it
has been suggested.

Two categories of environmental factors that we
have ignored (and may therefore be classed with
“unknown factors”) are that of psychological stress and
that of some form of breakdown of immunological
control, both of which have been suggested at intervals
throughout this century to play some part in the
production of cancer. It is possible, of course, that
psychological factors could have some effect, e.g., by
modulating hormonal secretions, but we know of no
good evidence that they do nor that they affect the
incidence of cancer in any other way, except insofar as
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they lead people to smoke, drink, overeat, or enjoy
some other harmful habit. In this respect it is perhaps
relevant that studies of patients in mental hospitals
provide no evidence of unexpected risks (Clemmesen
and Hjalgrim-Jensen, 1977; Baldwin, 1979). Likewise,
it might perhaps be that some form of immunological
surveillance normally controls the development of
certain types of cancer so that failure of such control
would affect the onset rate of such cancers and that
environmental factors affect the likelihood of such
failure, but for the present this is all too speculative to
quantify, as is the suggestion that some non-specific
generalized effects of “aging” may be relevant.

8. SUMMARY AND CONCLUSIONS
Trends

Examination of the trends in American mortality
from cancer over the last decade provides no reason to
suppose that any major new hazards were introduced
in the preceding decades, other than the well-recognized
hazard of cigarette smoking, which has extended from
men to women, and the cause (whatever it may be) of
the increase in melanoma. Among people over 65 years
of age there are increases in recorded mortality (es-
pecially among the very old) from brain tumors and
from some other types of tumor which are not mainly
due to smoking, but these apparent increases among
the old may chiefly reflect progressive improvements in
the accuracy with which the causes of death of old
people are recorded (appendix C) due not only to
better medical technology but also, in large part, to
better medical care for the elderly. Among people
under 65 years of age, most of the trends in recorded
mortality are downward, those for adults under the age
of 45 being particularly favorable, which bodes well for
the future. Some decreases are due to improved treat-
ment {for example, in the case of Hodgkin's disease)
while some are for unknown reasons (as in the case of
cancer of the stomach) but cannot be accounted for by
improvements in the outcome of treatment.

Trends in recorded incidence rates {(in which both
fatal and non-fatal cases of cancer are counted) are
difficult to interpret because of the difficulty of allow-
ing for the effects of more complete registration and of
more screening. The latter is liable to create spurious
increases due to the classification as cancer of border-
line cases, some of which would never have presented
as clinical cancer within the subject’s lifetime (as, for
example, has probably happened in the case of cancer
of the prostate or breast). These difficulties are sub-
stantial when we compare recorded cancer incidence
rates now with those a quarter of a century ago in
particular registries, and other difficulties of noncom-
parability appear to affect the comparison of the
Second National Cancer Survey {1947/8) and Third
National Cancer Survey (1969-71) with each other or
particularly with the SEER program which has suc-
ceeded them. For a few of the less common types of
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TABLE 20.—Proportions of cancer deaths aitributed to
various different factors

Percent of all

Text cancer deaths
se;ii)on Factor or class of factors Best Rang;e g]f
- . acceptable
estimate estimates
8.1  Tobacco 30 2640
5.2  Alcohot 3 2-4
5.3  Diet : 35 10-70
5.4  Food additives <1 52
5.5  Reproductive’ and sexual be- 7 1-13
haviour
5.6  Occupation 4 2-8
5.7  Pollution 2 <1-5
5.8  Industrial products <1 <1-2
59  Medicines and medical procedures 1 0.6-3
5.10 Geophysical factors® 3 2-4
5.11 Infection 107 1-1
5,12 Unknown 7 ?

“ Allowing for a possibly protective effect of antioxidants and

other preservatives,
See section 5.6 for intended meaning.

¢ Only sbout 1%, not 3%, could reasonably be described as
“gvoidable” (see texi). Geophysical factors alse cause a much
greater proportion of non-fatal eancers {up to 30% of all cancers,
depending on ethnic mix and latitude) because of the importance
of UV light in causing the relatively non-fatal basal cell and
squarous cell carcinomas of sunlight-exposed skin.

cancer, large improvements in curability have occurred,
and it is reasonable to hope that improvements will be
demonstrated for breast cancer and perhaps for certain
other common types of cancer as well. However, the
apparent moderate improvements in 5-year relative
survival rates over the past quarter of a century are, of
course, themselves in part an artifact due to the same
changes (in the completeness of case registration and in
the nature of the lesions that are diagnosed) that have
affected recorded incidence data. Consequently, as we
are not convinced that changes in treatment have
materially affected the outcome of most of the major
types of potentially fatal cancer, it seems to us wiser for
most types of cancer to estimate the real trends in
disease onset rates chiefly from the recorded trends in
mortality since 1950 among people under the age of 65.
However, we look forward to the time when the SEER
program will provide a sufficiently long and uniform
series of data for trends in incidence to be assessed
independently of mortality.

The fact that lung cancer rates in the United States,
in comparison with those in other countries, are, if
anything, somewhat lower than might be expected
simply on the basis of the number of cigarettes
Americans consume (appendix E) and the lack of any
apparent overall upward trends in cancer other than
those due to tobacco do not, of course, guarantee
that apart from tobacco all is well. Indeed, although
some thousands of Americans every year are now dying
ol ashestos-induced cancer, this public health disaster
cannot be clearly seen in the national trends (except




perhaps for the stll rare asbestos-induced mesothelio-
mas}, s0 an analysis of trends is clearly a crude tool.
We have dwelt on it at length merely because so many
people mistakenly believe most cancer onset rates to be
rising rapidly and because that belief may in turn be a
cause of mistaken priorities in cancer prevention.

Current Calises

The estimates of risk attributable to different classes
of environmental agents that we made in section 5 are
brought together in table 20. The sum of the estimates
is less than 100% despite the fact that some agents
interact with one another to produce the disease in the
way described in section 4.4. When this happens, the
removal of either factor may have almost as much
effect as the removal of both so that a few avoidable
cancers are counted twice. The sum would, however,
have been a good deal more than 100% if it had been
possible to characterize the unknown factors referred to
in section 5.12. The firmest estimates in table 20 relate
to the effects of tobacco, alcohol, and geophysical
factors, while by far the largest estimates relate to
tobacco and diet,

Similar but less detailed sets of estimates which have
been made previously by Wynder and Gori (1977) and
by Higginson and Muir (1979) are summarized in tahle
21.* Both sets refer to cases rather than to deaths and
hence attribute larger proportions to sunlight than does
table 20, and Higginson and Muir refer to “life-style”
rather than to diet, meaning by it, however, factors
“such as lack of dietary fiber, excess fat and caloric
intake, and possibly hormone carcinogenesis.”” Despite
‘these differences, the patterns described in the three sets
of estimates resemble one another reasonahly closely,
except that we have preferred not to try to force the
total to add up to 100%.

Tobacco

Returning to our table 20, the only cause whose
effects are both large and reliably known is tobacco,
which in 1978 accounted for about 120,000 cancer
deaths and which will probably account for between
130,000 and 140,000 U.S. cancer deaths in 1981. Al-
though it appears inevitable that the percentage of U.S.
cancer deaths due to tobacco will continue to rise for at

" We know of no other explicit sets of estimates with which our
table 20 can be compared directly. In particular, we know of no
formal attempt to make quantitative estimates of the contribution of
different causes which embodies the common belief that the majority
of cases of cancer could be prevented by the stringent control of
chemical pollution of air, food, water, and of occupational ekposure.
Epstein's popularization of this belief (1978, 1979, 1981b) has been
dealc with elsewhere (section 4.1 and Peto, 1980). Finally, although
the review of epidemiological knowledge by Maclure and MacMahon
{1880) overlaps considerably with our subject maiter (and with our
conclusions), it does not contain explicit numerical estimates.
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TABLE 21.—Proportions of cancer cases attributed to
vartous different factors by other authors

Percent of all cancer cases in:

England, Birming-

ham region, based United States,

Factor or class based an Wynder

of factors on %\—I&Lgigl?f§$9?nd and Gori (1977)°
Male Female Male Female

Tobaceo 30 7 28 8
Tobaceo/aleohol b 3 4 1
Diet — —_— 40 57
Life-style 30 63 e —
Occeupation 6 2 4 2
Sunlight 10 10 } 8 8
Tonizing radiations 1 1
Iatrogenic 1 1 — —
Exogenous hormones - — —
Congenital 2 2 }
Unknown 15 11 16 20

“ Deduced from histograms. Non-envirenmental factors equated
with congenital and unknown.

least a few more years, reaching about 33% by the mid-
1980°s, non-prohibitive legislation (and the other sources
of changes in public awareness discussed in section 5.1)
may materially reduce national cigarette usage, while
changes to lower tar cigarettes can materially reduce
the risk per cigarette. Because the likelihood of such
changes cannot be foreseen, longer term prediction of
the percentage of U.S. cancer deaths ascribable to
tobacco is not reliable. These estimates of the effects of
smoking are subject to some small uncertainty because
there may be some misdiagnosis of lung cancers as
other cancers and vice versa and also because of the
need to generalize from the experience of samples of
the non-smoking population (whose diet, occupation,
and socioeconomic status may not be typical of the
country as a whole) in order to estimate the small
number (=12,000) of lung cancers not due to tobacco
which must be subtracted from the large number
(==100,000) of U.S. deaths attributed each year to cancer
of the lung. Both qualifications are well recognized.
Neither affects the wvalidity of the conclusion that
smoking is a cause of a large proportion of all cancer
deaths, which is based on massive evidence from many
sources. They do mean that it is impossible to be sure
of the exact attributable risk. However, the current
figure cannot be less than 25% or more than 40%.
Cigarette smoking also causes many deaths from causes
other than cancer, so there are unlikely to be any
substantial hidden dangers in its avoidance. The most
important area of uncertainty, which could be ad-
dressed by the large case-control study of lung cancer
which we have recommended, concerns the relative
effects of the various low-tar and other types of
cigarette, If, as we suspect, the hazards of long-term use
of low-tar cigarettes are smaller relative to high-tar
cigarettes than is suggested by the report of the
Surgeon General (1981), this might be of great public
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health significance, yet reliable information remains
elusive.

Diet

We have attributed the largest risk to dietary factors
for reasons that are discussed in detail in section 5.3. It
must be emphasized that the figure chosen is highly
speculative and chiefly refers to dietary factors which
are not yet reliably identified. Experimental findings
and human observation alike provide many indications
that dietary factors are of major importance in deter-
mining the risk of cancers of the gastrointestinal tract,
some cancers of the female sex organs, and epithelial
cancers in general, but there is as vet little decisive
evidence on which firm conclusions can be based.
From our review in section 5.3 of various current lines
of research into dietary factors, it is probable that the
most important would turn out to be not the ingestion
of traces of powerful carcinogens or precarcinogens
{although these should certainly be guarded against)
but rather nutritional factors, ranging from gross
aspects of diet to vitamins, trace elements, and other
micronrutrients which may either enhance or inhibit
carcinogenesis, {If any minor compenents of diet do
indeed materially reduce cancer risks, then their dis-
covery might be of more immediate practical value
than the discovery of harmful factors, for prescription
may be rmore rapidly acceptable than proscription.)
Several promising hypotheses have been developed
sufficiently clearly for them to be tested in practice,
and more definite evidence should be obtained within
the next decade or two, especially if large, randomly
controlled evaluations of certain of the more promising
methods of intervention are undertaken, [Bailar's (1979)

plea that preventive measures be evaluated by scientific

criteria as strict as those for laboratory science has our
full support.]

Other Factors

None of the other factors in table 20 can approach
the importance of tobacco or the probable importance
of diet. One of the larger remaining percentages,
however, relates to those aspects of sexual and repro-
ductive behavior that affect the incidence of cancers of
the breast, reproductive, and genital organs. The figure
cited allows only for the known effects of sexual
experience and the favorable effects of pregnancy on
the incidence of cancer in women, but it is not
impossible that some aspects of sexual behavior also
affect the risk of cancer of the prostate and perhaps of
the testis in men by, for example, infection or modifi-
cation of hormonal secretion. For males, however,
other determinants of hormonal status may be more
important, and in the absence of clear leads the
reasons for the vanation in the incidence of specifically
male cancers have been classed here as “unknown.” It
cannot, of course, be expected that sexual behavior-and
reproduction will be much influenced by knowledge
that they are likely to atfect the incidence of cancer
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decades hence. When, however, we have more detailed
knowledge of the ways in which the various diseases
are produced, it may prove possible to diminish the
risks by preventing infection, stimulating or inhibiting
hormonal secretion, or modifying its effects.

The proportion of cancers that we have attributed to
the specific hazards of occupation, pollution, the use of
industrial products, medicines, and medical procedures
are individually small. That does not, of course, imply
that some of them are not of immense importance to
sections of the population on whom the risks are
concentrated, but it s mean that their control will
have relatively little effect on the total incidence of
cancer in the whole couritry. The uncertainties in our
estimates have been emphasized, and a large case-con-
trol study of lung cancer could greatly reduce the
uncertainty in the proportion of cancers currently
ascribable to occupational factors in particular as well
as perhaps identifying and therefore controlling more
rapidly than might otherwise be the case some hitherio
unrecognized occupational hazards. Once recognized,
occupational hazards can usually be reduced or elimi-
nated by immediately practicable means, which makes
their identification particularly valuable, It is odd that
despite the resources that are currently being devoted to
laboratory tests of chemicals and regulation of occupa-
tional factors so little effort is being made to observe
in a systematic way what is actually happening to the
large numbers of people who might be at risk,

Future Causes

Our estimates of the small proportions of current
cancer mortality dve to occupation, poliution, etc,
relate, of course, chiefly to those factors for which it
has heen possible to secure some direct evidence of an
effect on humans., Many substances have begun to be
used in recent years that are mutagenic to bacteria and
carcinogenic in one or more species of laboratory
animals. How far exposure to these substances will
contribute to the production of cancer in humans in the
future is a matter for speculation. On general bio-
logical principles, which we have discussed in section
4.2, it must be assumed that some {though not all) of
these substances will involve a risk of cancer and, even
though the doses to which humans are exposed are
commaonly minute in comparison with those used in
lahoratory experiments, this is not always the case and
some harmiul effects must be anticipated.

Cancer in humans is seldom produced until 10 to 20
vears after exposure to the carcinogenic agent begins,
and even then the risk may be extremely small in
comparison with what it would be if exposure were to
continue for several more decades, The human evi-
dence that is currently available does not allow us to
express any confident opinion about the extent of the
harm that the introduction of these substances may or
may not do in the future. The trends that are being
recorded do not, however, suggest that the United
States (or Britain: see Doll, 1979b) is bheginning to
experience an epidemic of cancer due to new factors,




Indeed, were it not for the effects of tobacco, total U,S,
death rates would be decreasing substantially more
rapidly than they alreadv are, and we are more en-
couraged by the benefits that are already being demon-
strated from the control of known causes of cancer and
other disease than we are dismayed by the appearance
of new ones,

The intelligent use of laboratory tests should provide
a powerful means for the prevention of new hazards in
the future, It will, however, be difficult to use them
confidently until we have more exact knowledge of the
mechanisms of human carcinogenesis and of the vari-
ous different classes of factors which can accelerate or
retard these mechanisms. Reliable quantitative predic-
tion of human risks from animal or other tests is not
yet practicable and may not become so [or several years
yet. However, the use of particular tests to establish
approximate priorities for action on the few agents
which by that test seemn most dangerous (as discussed
in section 4.2) may already be practicable, as should
the establishment of a routine large-scale ongoing case-
control study (presumably through the SEER program)
on lung and perhaps some other type(s) of cancer.
Such a study would provide objective data on new and
old occupational hazards, on the relative effects of
various supposedly less hazardous cigarettes, on ‘‘pas-
sive” smoking, and on trends in lung cancer among
non-smokers.

Future Role of Epldemiology

The one trouble with any such studies is that the
questions they answer are only those already posited. It
may be no bad thing to answer these, but it should be
ohvious from our review of current lines of research
(especially, perhaps, with respect to dietary factors)
how far current cancer research may be from even
knowing the right questions to ask, The present need,
therefore, is for circumstances that will favor inquiry
into all sorts of future questions without present
knowledge of what these questions will be.

One useful recent development has been the establish-
ment of a U.S. National Death Index, which greatly
facilitates the task of the epidemiclogist who wishes to
ascertain the dates and causes of death of particular
groups of people. Such a facility should be con-
veniently available to all bona fide medical research
workers (both in clinical trials and in epidemiology),
should not be dependent on financial support from
each separate state, and, if possible, should be extended
back o at least 1968 to allow assessment of the rele-
vance of smoking, dietary, reproductive or, especially,
occupational circumstances that have been recorded in
earlier decades. Safeguards for citizens’ privacy are
understandably becoming increasingly stringent, but in
any legislation or discussions of ethical matters special
provision should be considered to exempt from restric-
tion the legitimate needs of bona fide medical research
workers for confidential access to causes of death (and
medical records of non-fatal illnesses) of named in-
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dividuals, and {or confidential access to data on oc-
cupation, residence, and exposure to medical agents,
(See, for example, the report of the Subcommittee on
Oversight and Investigations, 1980.} Such facilities
have long been in use in Britain and Scandinavia, and
we know of no example of any serious abuse resulting
from this provision of data for epidemiological pur-
poses.

Another large step toward facilitating the quick
epiderniological testing of novel hypotheses would be
the establishment for public use by bona fide medical
research workers of a “bank” of blood and perhaps
other biological samples® (and open-ended question-
naires*’) from at least a few hundred thousand ap-
parently healthy people whose names would be linked
to the Natonal Death Index. Small aliquots of the
blood of pecple dead from one particular cause could
then be sold off to research workers (together with
aliquots of control samples) for quick case-control
studies. The freedom of speculative epidemiologic in-
quiry that this facility could confer might well trans-
form the epidemiologic study of both neoplastic and
non-neoplastic causes of death. Many such banks of
specimens already exist, some of which are too small,
some of which have been underexploited, and some of
which have already been very fruitful in totally un-
expected directions; however, no large bank of such
samples is publicly available for use by all bona fide
epidemiclogists with the funds to buy small aliguots
from it

We have noted elsewhere (section 4.3} why a chiefly
epidemiological approach is necessary for our present
limited aim of a quantitative perspective. Mote gen-
erally, however, if we want to identify ways of pre-
venting substantial proportions of cancer, then two
main strategies are possible.

* The ideal would be to obtain (and store, identified but not
analyzed) a sample of blood taken from each subject on two
occasions separated by perhaps 1 year, so that the within-person
variability of any measured quantity can be estimated, for without
this any null results of analyses might be difficult to interpret. Fach
of these samples should be stored in small subsamples that can be
individually retrieved without disturbing the remainder of that
sample. The number of biologically significant factors that can, with
present or future technology, be estimated in stored blood is large. {1t
already includes smoking, many dietary factors, many medicaments,
many latent or clinical diseases, and certain genetic factors, and may
soon include several measures of DNA damage.) If practicable
without undue extra cost, simultaneous storage of fecal samples
might well be of great additional value.

‘" A practicable scheme might be to ask each subject to self-
complete an exhaustive questionnaire reiating to their normal
dietary, smoking and drinking habits, their present and past main
occupations and places ol residence, reproductive history, all long-
term medicaments they are on ot have been on, and a few specific
extra questions, and then a 7-day dietary diary, the whole question-
naire to be posted back and microfiched {(uncoded). As with the
blood, so with the microfiches: Small but unpredictable parts would
be of greal interest in fulure years to epidemiclogists with novel
hypotheses to test.
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The “mechanistic’’ strategy tries to understand the
biclogy of cancer and exhaustively tests masses of the
chemical, infective, or physical agents to which people
are likely to be exposed to determine which are likely
to be the causes of the cancers of today or of the future.
The “black box’ strategy, which has vielded the most
important findings thus far, looks at the cancers that
people chiefly die of and then looks for populations
(defined by country or county of residence, by dietary,
drinking, or smoking habits, by religion, occupation,
or reproduction, and by many other aspects of people’s
life-style or environment} which differ in their death
rates from these cancers to determine what seem to be
the chief manipulable determinants of today’s cancers.
Both approaches are needed, but it is perhaps clear
from this report where our sympathies chiefly lie. The
epidemiological approach should, of course, be influ-
enced by laboratory discoveries, but the dangers of too
great a commitent to a mechanistic approach are
obvious, especially since the mechanisms underlying
the international and other differences between popula-
tions in today's common cancers may not yet be under-
stood. A “black box" approach, although it may be
less attractive to a pure scientist, may turn out to be
the quickest way to learn how to avoid a significant
proportion of those major cancers whose causes still
elude us.
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APPENDIX A: AGE STANDARDIZATION
PROCEDURES

The age-standardized cancer death certification rates
we have utilized are chiefly rates per 100 million
standardized directly to the age distribution of the U.S.
1970 census respondents aged under 63, rates per I0
million standardized to the age distribution of respon-
dents aged 65 or over, or rates standardized to the age
distribution of all 1970 census respondents. The age
standardization procedure is described in detail, with
an example, as are our reasons for using these unusual
denominators, i.e., 100 or 10 million. We have every-
where used age-standardized rates rather than either
crude rates or such potentially misleading concepts as
“mean latency” or “mean age at diagnosis.”

Crude Rates, Age-Speclfic Rates, and
Age-Standardized Rates

Throughout this century in the United States, the
total probability of death before age 65 years has heen
decreasing fairly steadily, and it is now less than half
what it was only 50 vears ago. Consequently, the
percentage of the U.S. population that is over 65 years
old has been increasing fairly steadily, and the per-
centage thal is over 75 years old is more than double
what is was half a century age. Throughout the world,
old people have probably always been several dozen
times more likely to develop cancer in the near future
than are young people, and so the increase (due chiefly
to the decreases in other causes of death) in the
percentage of old people tends to increase the annual
percentage of the whole population that will get cancer
(i.e., the so-called crude total cancer onset rate). This
phenomenon is not in itself any cause for alarm-—
rather the reverse, in fact—but it does mean that we
must allow for the steady increase in the proportion of
old survivors at high risk of cancer if we wish to use
trends in the onset rate of cancer to determine whether
the external causes of cancer are more active now than
long ago. When we turn our attention from the
aggregate of all cancer and examine the many different
types of cancer separately, exactly the same applies, of
course. The crude death rate from each particular type
of cancer {total cases in one year divided by total
population) not only depends on the onset rate of such
cancers arnong people of a given age, but also depends
very strongly on the proportions of the population
who are young, middle aged, and old.

Two generally accepted methods of calculating in-
dices of cancer mortality {or, instead, cancer incidence')
that are not in expectation materially affected by the
age distribution of the population as a whole are to

' Cancer martality, or cancer death, raies count only those cancers
that cause death {or that directly cause some other disease, such as
pneumonia, perhaps, which then causes death), whereas cancer
incidence, or cancer onset, rates count all cases, fatal or not,
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calculate either age-specific or age-standardized rates,
and we have chiefly adopted the latter,

The age-specific death rate from some particular type
of cancer (e.g., stomach cancer) among some particular
population {e.g., U.S. males) is the death rate among
the males in some particular narrow range of ages. By
convention, the 18 five-year age ranges (-4, 5-9, 10-14,
etc. up to 75-79, 80-84, and finally 85 and over, are
usually adopted for the calculation of age-specific
death rates” For any one particular type of cancer,
separate examination of the variation with time of
many of the separate age-specific rates may yield much
more understanding than any less detailed analysis
would have done. {See the discussion of trends in 1.8,
lung cancer mortality in appendix E for an example of
this.) However, we wish to characterize, at least ap-
proximately, the current trends in each of several
different types of cancer, and tabulation of all the
trends in the age-specific rates for each of them would
produce such an overwhelming mass of numbers that
they would be difficult to grasp, and we have chosen to
fall back on the use of age-standardized rates instead.

The age-standardized cancer rates that we, together
with most other commentators on U.S, national data,
have used are then simply defined as a weighted
average® of the 18 separate age-specific rates. Obviously,
the age-standardized rate that we actually calculate by
such a procedure depends strongly on which weights
we choose to adopt. For example, if we gave positive
weights to the first 13 age-specific male stomach cancer
death rates (i.e., those for ages 0-4, 5-9, etc. up to
60-64), and zero weights to the last five such rates
{65~69, etc.), then we would effectively be ignoring all
cancers in people aged 65 or over, and the result might
be referred to as ‘‘an age-standardized stomach cancer
death rate among men aged under 65.” Conversely, we
might do the opposite, giving zero weights to the first
13 age-specific stomach cancer death rates and calculat-
ing the age-standardized stomach cancer death rate
among men aged 65 and over. As a final alternative, we
could have done what most other commentators have
done and give posilive weights to all 18 age-specific

* Some authors have subdivided the human life-span into decades,
or into even longer periods of time, when they calculate age-specific
death rates. However, il within some of these large age ranges both
the numbers of people at risk and the disease onset rate vary rapidly
with age, then the use of such long subdivisions of the human life-
span may lead to slight uncertaintes of interpretation, especially for
those types of cancer such as lung cancer or prostate cancer whose
onset rates vary most rapidly with age. By contrast, caleulations of
the effects of even quite sharp dependencies of both population and
disease on age suggest that such difficulties will have no material
effects (except, perhaps, in the age range =83) if the life-span is
subdivided into the 18 standard five-year age groups.

* A weighted average of 18 rates is obtained by first choosing 18
muliiplying factors, or “weights”; multiplying each observed cancer
rate by its corresponding weight; adding up all these 18 products;
and, finally, dividing this wotal by the total of the 18 weights to
obtain the weighied average or age-standarcdized cancer rate. This
procedure is also called “direct age standardization.”




rates, vielding an age-standardized cancer death rate
that depends to some extent on each of the 18 separate
rates.

There are important reasons for examining separately
trends in age-standardized mortality at ages above and
below 65, because the population estimates are less
reliable at older ages, and for many types of cancer
errors of death certification at ages over 65 may be so
numerous, especially earlier this century, as to distort
the apparent trends in the all-ages age-standardized
death certification rates quite seriously.

Obviously, age-standardized rates calculated by dif-
ferent authors can be compared directly with each
other only if the weights that the different authors have
chosen to use are the same, and since most other recent
commentators on U.S. cancer onset or death rates seem
to have used weights that are proportional to the age
distribution of respondents to the U.S. 1970 census
(table Al), we have done likewise when we wanted an
all-ages standardized death rate. Moreover, when we
wanted to calculate age-standardized rates among people
aged 65 and over, we have used the last five weights in
table Al for the 5 age groups 65-69, 70-74, 75-79,
80-84, and over 85 (and, of course, zero weights for the
first 13 age groups). Likewise, of course, to calculate
age-standardized rates among people under age 65, we
have used only the first 13 weights in table Al

In table A2 we give a detailed example of the
calculation of our three age-standardized lung cancer
death certification rates for U.S. males in 1977. Obvi-
ously, the age-standardized rate of 0.31796/thousand
males under age 65 could equally well be expressed as
817.96/million or 81,796/100 million. Since there are
currently about 100 million American males {and
about 100 million females) under age 65, if annual
rates for people under 65 are expressed per 100 million,
they are numerically of a similar order of magnitude to
the annual numbers of cancer. We have therefore
presented all our age-standardized cancer rates under
age 65 as rates per 100 million, so that they suggest to
the reader the approximate annual numbers of cancer
deaths involved. Likewise, since there are currently
only about 10 million American men (and about 10
million women) aged 65 or over, we have presented all
rates among such people as rates per 10 million. Thus
we would describe the respective age-standardized rates
among men under 65 and among men over 65 that
were calculated in table A2 not as 0.51796 and 4.0497/
thousand (which misleadingly suggests far fewer cancers
among the young), but rather as 31,796/100 million
and 40,497/10 million, which correctly suggest the
approximate numbers of deaths involved.” Readers who

* Moreover, if these different units are used below age 65 and
above age 65, then the all-ages age-standardized rate per 100 million
happens to be roughly equal to the sum of the two separate rates,
which is a convenient approximation to hear in mind. (Strictly, the
all-ages rate per 100 million is 0.901258 times the standardized rate
per 100 million at ages 0-64 plus 0.98742 times the standardized rate
per 10 million at ages >65.)

Avoidabie Risks of Cancer in the U.S.

would prefer the more usual rates {per thousand or per
million) can easily recover them, of course, merely by
adjusting the decimal point.

One cannot make valid inferences about increases or
decreases in the underlying causes of cancer from
examination of trends in the percentage of all deaths
attributed to cancer {since this is affected by changes in
mortality rates from other diseases), nor from examina-
tion of trends in the total number of cancers per year
or in the crude cancer rates (hecause both are affected
by purely demographic changes). These propositions
are generally accepted by all competent epidemiologists
(though not by all propagandists}, and we would like
to see it equally widely accepted that it is also
dangerous 1o make inferences from trends in overall
age-standardized cancer rates if these trends are due
chiefly to trends among older people and are not also
evident upon examination of the trends in the age-
standardized rates among peeple under age 65. This is
not because the deaths of old people are less important,
nor because trends among them may be determined by
social changes which took place half a century or more
ago, but simply because the data on cancer trends
among old people are often less reliable. This assertion
is documented in subsequent appendices.

Time to Tumor

We have deliberately chosen not to express any of
our serious analyses in terms of “latency,” “‘reduced
latency,” “mean age at onset of tumor,” or similar
indices, because such concepts and the statistical meth-

TABLE Al —Weights used for caleulating age-standardized
cancer onset rates or death rates (as “weighted averages”
of age-specific rates)

These weights are based on the age distribution of a typical
million respondents to the U.B. 1970 census, and so the age-
standardized cancer rates that are calculated using these weights
are described as “rates standardized to U.8. 1970,” or some

equivalent phrase.

Agerange Weighting  Sub-total of Grand tota) of

No, Years factor  weighting factors weighting factors
1 04 84,416W \

2 59 98,204

3 10-14 102,304

4 15-19 93,846

5 20-24 80,661

6 2529 66,320

7 30-34 56,249 L 901,268 (<65

8 B856-89 54,656 vears of age)

9 4044 58,958

10 45-49 59,622 1,000,000 (all ages)
11 50-b4 ° 54,643
12 5559 49,077

13 60-64 42,403

14 6669 34,406

16 7074 26,789

16 75-79 18871 ¢ 8.742=65

17 80-84 11,241 years of age)

18 =85 7.485
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TABLE A2 —Example: Calewlation of age-standardized lung® cancer death certification rates dmong males in 1877

Annual age-

No. of 1977 male  Estimated’ male o . Annual age-
Age range deaths certified population in ?pemaﬁc male "Xg%hg (tl)g%%d Product: age- standardized
as being due to indicated age lﬁr:agat}fﬂffr n' :cs' specific rate death cer-
¥ lung” cancer at range in mid- 8 et cte bslu Aslee X weight tification
No. ears indicated ages® 1977 (thousands) ral,t:es?l&l)lo able Al} rate/1000
1 04 2 8,090 0.0002 84416 21 —_—
2 59 b 9,061 0.0006 98204 54 —_—
3 10-14 2 9,922 0.0002 102304 21 —_—
4 15-12 10 10,896 0.0009 938456 86 —
B 20-24 24 10,404 0,0023 80561 186 —
6 25-29 bb 9,378 0.0069 66320 389 —
7 30-34 147 8,016 0.0183 56249 1032 —_—
8 35-39 428 6,397 0.0661 54656 3614 —
9 4044 1,119 b,740 0.1949 58958 11494 o
10 45-49 2,921 5,879 0.4969 59622 29623 -—
11 50-64 B, 780 5,863 0.9868 54643 53869 -
12 55-59 3,607 5,425 1.5865 49077 77863 ———
18 60-64 11,495 4,500 2.55644 42403 108316 — iy
14 6569 12,987 3,704 3.5062 34406 120636 — o
15 T0-74 11,479 2,592 4.4286 26789 118638 — b
16 75-79 7,972 1,648 4.8374 18871 91286 —
17 80-84 4,241 1,018 4.1660 11241 46830 —
18 =85 2,088 674 3.0237 7435 22481 —
1-13 0-64 30,690 99,661 —_ 901268 286568 0.31796¢
14-18 =65 88,717 9,636 — 98742 309871 4,0497¢
1-18 All ages 69,307° 109,197°¢ — 1600000 686439 0.6864¢

™ In this example, we have included not only lung but also all other respiratory tract eancers except larynx,

® Txeludes 5 men certified as dying of such eancers (see footnote a) but with their age at death not known, and probably also
excludes well over 5,000 who actually died of lung eancer but were certified as having died of some other type of cancer, of “cancer,
site not known,” or even of some cause other than eancer. Conversely, various other fatal diseages (especially other cancers that spread
to the lungs) may be miscertified as lung cancer. The likelihood of both types of error is greater among men aged =65 yr than among
younger mern,

“ The populatien estimates that we used differ from those used by most other authors, in that we have included members of the
armed forces serving overseas (because we thought that those developing fatal cancer were likely to return home and be numbered
among American deaths) and, more importantly, in that we have used population estimates which have been corrected for census
undercount (Bureau of the Census, personal communication; see appendix B). In most decennial censuses, a few percent of American
whites and ten fo twenly percent of American non-whites either do not appear at all on census returns or appear with misreported age.
1f such people were to die of lung cancer their deaths would be included in the numeraiors of the age-speeifie rates, so they should also
appear in the denominators. Correcied population estimates, however, were available to us only from 1950, o from 1933-43 we have,
perforce, used the standard (uncorrected) population estimates. .

¢ Total of products divided by total of weights.

¢ The erude death rate is 69,307/109,197, or 0.63/1,000.

ods that they engender often vield conclusions that are
seriously misleading and rarely (if ever) yield important
insights which are not available from examination of
the age-specific and age-standardized rates. The reasons
for this are discussed in some detail in Appendix 3 to
the statistical annex to IARC (1980). Note particularly
that although arguments based on the supposed effects
of carcinogens on tumor latency may suggest that the
determinants of particular types of cancer in middle
and old age may be very different, we see no good
reason to believe this (once temporary cohort effects
have been ironed out by the passage of time, in the
manner described for lung cancer in appendix E).

APPENDIX B: POPULATION ESTIMATION FOR
CALCULATICN OF AGE-SPECIFIC RATES

Even in the United States as a whole, the available
population estimates {(whether or not corrected for
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census undercount) seem surprisingly unreliable, es-
pecially at age 65 and over or especially for non-whites.
In the particular areas covered by cancer registries, the
uncertainties in estimates of the population at risk may
perhaps be even larger. The population estimates we
have used for 1950-78 include, wherever possible, both
members of the armed forces stationed overseas and
people who did not complete their previous decennial
census. (Published corrections for “census undercount”
require some ad hoc modification for 1950-59.)
Ideally, one would like to use as a denominator for
the calculation of age-specific rates all the people who

if they had developed cancer would have been counted -

in the numerator of our rates. For mortality, this ideal
denominator includes all people abroad (such as Amer-
icans on vacation or business, or members of the armed
forces abroad) who would return home and die in the
United States if they were to develop cancer. It excludes

visitors or legal or illegal immigrants in the United .



States who would leave America if they were dying, but
it includes those of them who would not and who
would get into the National Center for Health Statis-
tics publications if they died. Clearly, the decennial
census is a crude tool for estimation of appropriate
denominators, especially since a few percent of whites
and 10 or 20% of non-whites are unregistered in any
given census. Also, many people (especially non-whites)
scem to have their age described incorrectly by the
person who completes the census return for the house-
hold they live in, so that the U.S. Bureau of the
Census’ own estimates of the percentage undercount
vary markedly with age and color in a manmer that is
not even constant from census to census (text-fig. Bl).
“Adjustment” of the crude census figures for the
“estimated” degree of undercount is necessary, but the
available estimates of census undercount are so large,
especially for non-whites, and depend so erratically on
age that it is difficult to trust either the unadjusted or
the adjusted data for non-whites (especially since various
different methods of estimation of the degree of under-
count considered by the Bureau of the Census, 1974,
vielded discrepant results). Also, the “‘adjusted” esti-
mates for the 1950’s that have been published by the
Bureau of the Census are strikingly inconsistent with
the unpublished adjusted estimates for the 1960’s which
the Burean of the Census provided for us (unless there
really was a sudden 50% increase in the number of

COMPARISCN DY RACE AND SEX OF PERCENT NET UNDERCOUNTS, BY AGE: 1970
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race, showing marked differences (Bureau of the Census, 1974).
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males aged 85 and over between 1959 and 19601).

Moreover, there is no reason to suppose that the
dividing line between white and non-white on death
certificates used by physicians or state officials when
they complete the forms corresponds exactly with the
self-completed dividing line between white and non-
white on census returns. If there are systematic dis-
crepancies, these will cause systematic errors in the
death rates for whites and, particularly, for non-whites
If there are time trends in these discrepancies, they will
cause artifactual trends in death rates (especially for
non-whites) which can be avoided only by pooling
both “white” and “‘non-white” numbers of deaths and
population estimates, the ratio of which yields the
all-races death rates that we have chiefly used,

We thus require population estimates in each calen-
dar year from 1933 to 1978 (subdivided by sex and age)
which include members of the armed forces stationed
overseas, which are corrected as accurately as possible
for estimated census undercount, and which cover the
same states as the annual publication of numbers of
deaths (i.e., including Alaska from 1959 and Hawaii
from 1960). Such estimates have been constructed (but
not published).by the Bureau of the Census for 1960-78
and, by non-comparable methodology, for 1950-59, but
not for earlier years. This is unsatisfactory because it
means that the absolute numbers of deaths that were
tabulated at considerable U.S. government expense
each year from 1933 to 1959 cannot be converted easily
into death rates that can be compared with modern
rates. We therefore relied on the following ad hoc
estimates for 1933-59.

1933-39,—We had available to us only estimates that
excluded the (then few) members of the armed forces
stationed overseas, '

1933-49.—We had available to us only estimates that
were not corrected for census undercount, which will
result in death rates that are a few percent high before
1950.

1959.—Of the available estimates for 1959 that are
corrected for census undercount, none include Alaska.
Since Alaska contributes only 0.8% of all U.S. deaths,
the error can be adequately rectified for 1959 by the use
of the corrected population estimates for the contiguous
United States in 1959 plus the uncorrected estimate for
Alaska in 1960,

1950-59.—Population estimates, corrected for census
undercount, have been made available to us by L.
Miller, Bureau of the Census, but are increasingly
clearly erroneous at ages 75~79, 80-84, and =85. On the
advice of J. G. Robinson, Bureau of the Census, we
took estimates of census undercount on April 1, 1950
and April 1, 1960 among white males age >75,

! For white males, Robinson estimated 5.31% overcount in 1950
and 0.1% overcount in 1960. For white females, the corresponding
figures were 0.90% undercount in 1950 and 4.1% undercount in 1960.
For non-white males, they were 13.21% overcount in 1950 and 15.9%
overcount in 1960, For non-while females, they were 22.89% under-
count in 1850 (1) and 1.0% overcount in 1960,
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TABLE Bl —Population estimates (person-years) used in principal- analyses of rates and trends
Thousands of person-years, corrected for census undercount, including armed forces overseas.

Estimated person-years (thousands) for ages:
10-14 15-19 20-24 25-29 30-84 35-39 40-44 45-49 50-54 55659 60-64 65-69
White male

27081 25347 23235
28267 26583 24698
27166 27821 2B8L5
25386 26970 27154
26337 25183 26337
5885 5026 506T

White female

26726 25186 23343
28180 26671 24981
26985 28195 26396
25043 27048 27944
26139 25062 26767
58290 5019 5101

Non-white male

3626 3270 2736
37256 3326 2991
3781 3522 3062
3818 3696 8380
4032 3797 3667
895 772 741

Non-white female

3328 3008 2653
3669 3262 3001
3852 3608 3172
3028 3824 3533
4238 3966 18763 2910 2537 2069 1407 1069 766 658

944 818 783 656 510 463 319 217 159 173

T A=years 1953-57, B~1958-62, C=1963-67, D=1968-72, E=1973-77, F=mid-1978 only. The estimated person-years for each
S.year period is the sum of the mid-year populations for the b separate years that it spans, and so equals five times the average
population in those years

Years”

04 5-8 70-74 T5-79 B0-84 <8b

41991
45062
43390
38133
34474

6620

38118
42226
45397
43714
38290

7312

31047
38328
42502
456719
43906

7993

25647
31260
38619
42742
45837

9148

24888
26887
31596
38703
42726

9026

27485
26291
26236
31764
38760

8204

28443
27892
253906
26404
31837

7224

20230
22322
23644
24877
26218

5182

17987
18788
20819
22104
23317

4933

16904
16064
16758
18723
20001

4106

12488
13523
13556
14192
15986

3388

8709
9260
10691
10672
11205
2438

5240
6213
7070
7619
7449
1641

2558
3098
3722
4207
4668

914

1138
1481
1860
2287
2817

632

ol o e leadig

39989
42984
41388
36317
32745

6279

36316
40250
43347
41729
36508

6961

20660
36540
405653
43692
41949

7635

245569
29945
36910
40904
43917

8762

23965
25120
30590
37369
41142

8694

26608
24541
25735
31099
37644

7965

27925
26852
24837
26062
31292

7061

20579
23026
24556
26007
27510

5411

18823
19889
22383
23842
25197

5329

17118
17807
18871
21417
22819

4665

139356
15762
16412
17437
19891

4202

10445
12250
13914
14497
16549

3386

6855
8306
9892
11336
11929
2504

3749
4625
B775
7072
8312
1738

1880
2600
3367
4511
6107
1459

HEg oW

6826
7906
8166
7669
7653
1536

55678
6877
7939
8161
7778
1684

4494
5666
6946
7993
8304
1607

3866
4557
b716
6970
8108
1697

3636
3911
4680
5698
7089
1576

3649
3725
39338
4694
5795
1336

3832
3717
3810
3969
4707
1062

2410
2562
2760
2892
3232

664

1931
2124
2326
2469
2619

589

1432
1673
1808
2053
2191

431

991
1199
1368
1452
1699

376

619
771
922
1028
1098
242

3564
445
541

180
221
288
645 342 217
706 422 294
148 86 73

102
128
166

Sl ] wieleshog

6759
7804
8047
7550
7482
1499

6515
6812
7848
8047
7674
1557

4444
5607
6885
7900
8170
1583

b841
4609
5666
6938
8042
1677

3603
3014
4588
5782
7188
1693

3610
3739
4008
4730
6085
1406

3666
3780
3864
4117
4951
1130

2392
2608
2897
3077
3476

721

2013
2211
2488
2700

1689
1836
1980
2312

1180
1420
1607
1687

816
974
1197
1348

503
608
749
964

322
328
4156
565

269
271
272
425

Sl lwielr g

interpolated linearly between them for July 1, 1950,

increase (e.g., lung cancer or melanoma) or decrease
July 1, 1951, etc. to July 1, 1959, and adjusted the

(e.g., stomach cancer or cervical cancer) are so large

uncorrected  1950-59 census-derived population  esti-
mates for white males age 75-79, 80-84 and =85 by
these interpolated factors. This was repeated separately
for white females, for non-white males, and for non-
white females.

The population estimates described above are listed
in table Bl for 1953-78. Scrutiny of them revealed none
of the large-scale resurrection of the dead that is
suggested by the uncorrected census-based population
estimates that many other analyses of U.S. cancer death
rates have utilized.

APPENDIX C: SOURCES OF BIAS IN ESTIMATING
TRENDS IN CANCER MORTALITY, INCIDENCE,
AND CURABILITY

When assessing either past or current age-standard-
ized rates of cancer incidence or mortality, and particu-
larly when assessing the trends in those rates as we
move from the past to the present, certain sources of
error must be recognized. For a few cancers, the rates of
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and have continued for so long that it is easy to be sure
of their direction and approximate magnitude. How-
ever, for most other types of cancer the wends of
increase or decrease in their age-specific onset rates
over the past decade or two seem much less marked,
and it is therefore difficult to estimate these trends
reliably. If trends are assessed incautiously, biases in
the data may be more important determinants of the
apparent trend than the real underlying trends in onset
rates will be, which is clearly unsatisfactory. Apart

from possible errors in population estimation, which

have been discussed in appendix B, there are three
main categories of error,

Errors of death certification.—For various reasoms,
the number of American deaths certified as being due
to a particular type of cancer may be substantially in
error, especially at age 66 and over or in the years
before 1950. For certain types of cancer, however, the
best available estimate of the trend in onset rates may
be the trend in mortality rates since 1950 among people
under age 65




Errors of incidence tegistration.—Although inci-
dence data discriminate more reliably between the
different types of cancer and are not affected by trends
in the curability of particular types, they are affected by
the large trends over the last 30 years in the readiness
of medical services to register all new cases and
(especially recently) by the registration of more and
more lumps that are histologically cancer but bio-
logically benign.

Errors of estimation of cure rates.—Estimates of
case-fatality rates are subject to many of the same
biases that affect estimation of incidence rates, so
atternpts to correct trends in mortality for trends in
curability may in some cases vield less accurate esti-
mates of the trends in real onset rates than the
uncorrected trends in mortality might have done.

The origins and effects of these three sources of error
are discussed separately below.

Errors of Death Cerlification

First, cancer patients may die of their cancer without
this fact being recognized and may even be certified as
having died of some totally different cause, such as
pneumonia (for primary or metastatic lung cancer),
stroke, senility {for primary or metastatic brain cancer),
kidney failure (for myeloma), or some infective disease
{for various leukemias or lymphomas). Conversely,
patients who did not really die of cancer may be
miscertified as having done so. In a special enquiry by
the British Registrar General into the true causes of
some 14,000 deaths in British hospitals in 1959, one-
filth of the deaths thought by the clinician to have
been due to cancer were probably due to other causes,
whereas a similar number of deaths that the clinicians
had not attributed to cancer were probably due to
cancer (Heasman and Lipworth, 1966). Many of these
clinical errors would not have appeared on death
certificates, but many of them would have, and deaths
not in hospital might be even less reliably certified
than deaths in hospital.

A missed diagnosis of cancer in a dying patient is
presumably more likely to occur among old cancer
patients than among young ones, if only because the
old ones are less likely to be hospitalized. Such errors
are likely to have been progressively reduced over the
past few decades, particularly in old people since (he
introduction of Medicare in 1965, We note, for example,
that the operation rate in the 10 years after 1965 rose
by 45% in men and women age 65 years or over
compared with increases of 11 and 17%, respectively, at
ages 15-44 vears and 45-54 years (National Center for
Health Statisticss Unpublished data, and Weiss R:
Personal communication). If, as seems likely, fewer
diagnoses of fatal cancer are missed nowadays, these
changes in medical practice are likely to have caused
an artifactual increase in total cancer death certifica-
tion rates, especially among older people, and the
relationship of cancer death certification rates to age
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should have been less steep half a century ago:than it
is today. 7

Text-figures Cl and C2 show that this is indeed the
case, although the effect seems marked only among
octogenarians, among whom, if one judges by the
shape of the age-incidence graphs in these text-figures,
about half of the cancer deaths during the 1930’s may
have been missed. Alternatively, the population esti-
mates for octogenarians may have been particularly in
error, but whatever the reasons artifactual trends in
cancer death certification rates are probably more
extreme in old age than in middle age. We have
therefore examined separately the trends in mortality at
ages under 65 (standardized to the age distribution of
the U.8. 1970 census respondents under age 65: See
appendix A) and at older ages (standardized to the
older 1970 census respondents).

Second, patients known to be dying with widespread
cancer may never have the site of primary origin of
their cancer determined, and 6-8% of American cancer
death certificates are for “cancer of an unspecified
primary site.”” ‘This percentage is a little lower among
whites than among non-whites, and among middle-
aged than among older people, but it has not materially
changed for decades. Therefore, it may not seriously
bias the assessment of trends in cancers of specified
sites. However, the 20-odd thousand cancer deaths of
an unspecified site each vear do represent an uncom-
fortably large amount of missing information, especially
since we do not know, of course, which particular sites
have their true death rates most distorted by these
exclusions.

Third, patients dying of cancer of one primary site
{e.g., lung) may be misdiagnosed as having a cancer
originating from another site {e.g., pancreas or brain)
if the cancer has either extended itself to other nearby
organs or metastasized to distant organs. For example,
Boyd et al. (1969), in a special investigation of bone
tumor death certificates, concluded that at ages over 6b
most so-called “bone tumors” were in fact misdiag-
nosed secondaries from other sites, and the same may
well have been true in the past for liver cancer because
bone and liver are not sites where cancers commonly
arise, but, along with brain and lung, they are sites to
which cancers commonly spread. For Britain in 1959,
Heasman and Lipworth (1966) concluded that about
one-fifth of the clinical diagnoses of cancer in hos-
pitalized patients specified the wrong site for the
primary, and there is no reason to believe that American
hospitals were much better (although again it must be
noted that not all of these clinical errors would have
resulted in incorrect death certificates). Likewise, can-
cers of one particular cell type may be misdiagnosed as
cancers of another cell type; for example, pleural
mesotheliomas may be misdiagnosed as ordinary lung
cancer or vice versa and myeloid and lymphoid leu-
kemia may be confused with each other, especially in
previous decades; all of the different non-Hodgkin's
lymphomas may be confused with each other; and
malignant and benign fatal brain tumors may be
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TEXT-FIGURE C1,—Non-respiratory cancer death rates in U.8. males by age, 1985 and 1975 (all races).

confused. There have certainly been substantial changes
in the differential diagnosis of the various leukemias
and lymphomas, and there may also have been ap-
preciable trends in the differential diagnosis of the
various solid tumors, to judge by the fact that in the
Second and Third National Cancer Surveys (in 1947/48

and 1069-71) the respective percentages of cancers that
were not microscopically confirmed were 26.5 and 9.9%.

Fourth, even if a cancer is correctly diagnosed while
the patient is still alive, the correct information may
never reach the death ceriificate. Percy et al. (1981)
have tabulated the correspondence between the primary
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TEXT-FIGURE (2.— Non-respiratory cancer death rates in U.S. fernales by age, 1935 and 1975 (all races).
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site of origin of the cancer, as diagnosed in hospital,
and the primary site of origin of cancer, as it eventually
appeared on the death certificate, for 82,000 patients in
the TNCS. Many discrepancies emerged. Half the cases
of rectal cancer were eventually miscertified (chiefly as
colon cancer, of course), as were about 20% of all cases
of cancer of the lymphoid tissues, buccal cavity, thyroid
gland, liver, gallbladder, larynx, cervix and other
uterus (the latter two not only as each other), and
about 10% of the cases of most other types of cancer,
The effects of misdiagnosis and/or miscertification can
be circumvented to some extent by adding together into
groups the rates for cancers (e.g., all intestinal tumors,
all non-Hodgkin's lymphomas, all benign or malig-
nant brain tumors, all leukemias, all lung tumeors) that
are particularly often confused with each other and
also by restricting attention to patients under age 65.

Fifth, treatment may improve sufficiently to have a
noticeable effect on total national mortality rates, as has
happened over the past decade or two for Hodgkin’s
disease and for various tumors of uncommon em-
bryomal tissues. (The recent decrease in Hodgkin’s
disease death rates is, of course, largely or wholly real,
and we consider it as a source of “‘bias” only because
we wish to use trends in death rates to indicate trends
in onset rates.) The End Results Program {1976, 1980)
has estimated the b-year relative survival rates for
various categories of patient, but their method (surveil-
lance of all registered new cancers in one area and of
all patients admitted with cancer to certain hospitals in
other areas) may be subject to appreciable distortion
due to artifactual trends in hospital referral or in the
completeness of incidence registration of the nonfatal
cases (see below). There are thus no wholly reliable
data on cancer cure rates, However, it seems safe to
conclude that there have been no large increases in the
cure rates for the common cancers, so for these the
trends in death certification rates may approximate
reasonably well (o the real trends in real disease onset
rates, We shall rerurn to the question of trends in cure
rates when we have discussed the artifacts that may
affect trends in incidence rates.

Errors of Incidence Registration

Many of the biases listed above that affect cancer
death certification rates also affect registered incidence
rates, but six additional biases are peculiar to incidence
data. '

First, population estimation may be more difficult,
Our uncertain estimates of the ages and numbers of
people in the whole United States were reviewed in
appendix B. The uncertainties must presurnably be
even worse for registry data, where the aim is to count
deaths and cases in a defined area {e.g., Detroit, Mich.}
with no legal constraints on migration. When is a
resident not a resident? The difficulties in estirnating
the population at risk of getting a cancer that would
get registered seem almost as formidable as the prob-
lem of registering the cancers. We do not know how
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well the population estimates for the SNCS and
TNCS really corresponded with the population from
whom the registered cases were drawn or whether some
of the unexplained discrepancies that we shall discuss
between the incidence rates calculated in the 1969-71
TNCS and in the 1973-77 SEER Program derive in
part from errors of population estimation.

Second, people only die once and do so at a
reasonably well recorded time. By contrast, the symp-
toms of a cancer may develop gradually, and the
patient may attend several medical institutions for
diagnostic investigations and treatment, with the age
and the spelling of the name varying from one place to
another. When all these visits are monitored, it is
difficult to arrange a system of record linkage which
ensures that this patient gets counted exactly once.
Perhaps the problems of mistakenly including the
same case twice, or of mistakenly including cases that
were first diagnosed before the beginning of the official
study period, were worse in earlier years, inflating the
cancer onset rates recorded in the 1947/8 SNCS.

Third, standards of diagnosis may improve. A de-
creasing percentage of cancers (7.3% in the SNCS and
only 4.6% in the TNCS} were of liver, bones, or an
unspecified site, (This is, of course, a bias that will
affect mortality data as well as incidence data.)

Fourth, biases in regisiration rates may be caused by
a progressive improvement in the readiness of physi-
cians in the area to collaborate with a cancer registry.
For example, Connecticut has maintained one of the
best cancer registries in the United States for 45 years,
vet table Cl suggests that throughout this period the
completeness of their coverage of non-fatal cancers may
have been improving so rapidly as to introduce very
substantial upward biases into any estimates of trends
or of survival rates' in those very cancers for which
{because an appreciable proportion are curable) regis-
tration rates might differ significantly from death
certification rates. Likewise, in the Second and Third
National Cancer Surveys (in 1947/48 and in 1969-71)
the respective proportions of cases that were ascertained
by death certificate only, and for which no clinical
record was ever found, were 11.2 and 2.2%, suggesting
that the earlier survey may have underestimated total
incidence rates by about 10%. {See footnotes to table Cl.)

Fifth, the definition of what constitutes a cancer may
change. For example, all salivary gland tumors, whether
malignant or of mixed cellularity, were counted up to
1967, but the mixed tumors were dropped thereafter
{because their histologic nature was uncertain, but their
biologic behavior was usually benign). Likewise, all
brain tumors were included in the SNGS, whereas only
those specified as malignant were included in the
TNCS. This procedure caused a substantial artifactual

! The cases listed by the Comnecticut Cancer Registry comprise
nearly half of the material on which the End Results Program {1976,
1980) have estimated trends in cancer cure rates.
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TABLE (Cl—Percentages of pafients whose cancers were
ascertained by death certificate only and for whom no medical
detoils subsequently could be found:“bCG%mcticut Concer Registry,

1835-74

Cancer

Pros-
tate

Male Female Female Male Male Female Male Female

1935-390 32 38 24 a3 33 35 46 b4
1940-44 28 36 15 23 24 32 30 45
1945-49 24 19 10 15 17 19 32 29
1950-b4 17 21 12 13 14 24 25
1966~59 16 13 11 11 21 24
196064 8 6 4 6 9 9
1965-68 2 3 1 2 4 5
1970-74 2 2 1 1 2 B

Years Lung Breast Colon Pancreas

[l ol ¥R =R |
— b O D

“ The percentages that would not have been registered but for
the death ecertificate are higher than the percentages cited in
this table. (This is because in some ingtances finding the death
certificate may have directed attention to a medical record that
would otherwise have been overlooked.) The cited percentages,
moreover, are percentages of all tumors, fatal or non-fatal, that
were agcertained by death certificate only, and so are not as high
ag the percentage of fatal tumors that would not have been
registered but for the death certificate. The percentages of non-
fatal tumors that were not registered is, of course, not known
directly but may also have been large in the earlier years.

" Data in tables C1 and C4, and in text-figures C3 to C6, are
by courtesy of the Connecticut Cancer Epidemiclogy Unit (see
legend to text-fig, C4).

decrease in brain tumor incidence between the two
surveys {Devesa and Silverman, 1978). (The distinction
between benign brain tumors, brain tumors of unspe-
cified histology, and malignant brain tumors is par-
ticularly difficult on death certification data as well
because all types may cause death.) Another important
change in the opposite direction seems to be an
increasing tendency for what would have been called
“bladder papillomas” to be termed ‘“‘carcinomas.”
Sixth, one of the most serious sources of error in
comparing cancer registration rates in different years
stems from the increasingly vigorous search for lumps,
because by old age the human body may contain various
lumps that, if examined histologically, would be
classified as cancer, yet that are biologically so benign
that they will not cause any serious symptoms in what
life-span remains. For example, by age 70 2.5% of males
in the areas covered by the TNCS can expect to have
been diagnosed as having had prostate cancer {and the
annual incidence rate of new cases is only (.4%, some of
which remain quiescent even if treated conservatively),
whereas 26% of the prostate glands of 70-year-cld males
who die of unrelated causes would, if examined by
standard methods, be found to contain ‘“‘cancer’” (Bres-
low et al., 1977). Likewise, among women undergoing
mastectomy for cancer of one breast, and in whom
cancer is not already clinically evident in the opposite
breast, for many subsequent years 0.5% per year can
expect cancer to become clinically evident in the
opposite breast; whereas il the opposite breast is
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sampled and examined histologically at the time of the
original operation, 15-20% will already contain “cancer”
(Fox, 1979). The scope for biased trends in “incidence"
which are due to either more complete registration of
what cancers are found or to the finding of “cancers”
that would never have caused serious disease is disturb-
ingly large. (A high prevalence of such “incidental”
neoplasms is also found in many strains of experi-
mental animals; and even after standardized laboratory
autopsy and tissue preparation procedures, animal
pathologists often have difficulty agreeing which 1o
call malignant, benign, or merely hyperplastic.)

Comparison of Incidence and Mortality

Trends in total cancer mortality are dominated by
the rapid increases in lung cancer, for which {at least
since 1950) the differences between incidence and mor-
tality are not important because the case fatality has
remained very high. Cancer incidence is dominated hy
skin cancer, which is in almost all cases so easily cured
that many registries do not even atterpt to register it.
Excluding lung and skin, and excluding people over
age 65, we have plotted total U.S. cancer mortality
rates 1933-77 against calendar year and compared these
with the corresponding total incidence rates in Connec-
ticut (text-fig. C3). The divergence between the two
trends is substantial for each sex, and is unlikely to be
accounted for by replacement of some fatal type of

1800

1600 |~

Female Incidence
1400 |

1200 -

1000 |~ Male Incidence

hnnual Rate per Million

Female lortality

—
_‘—'—-——-o——o_.\.____.

Mala Mortality

600 |~

200

! | ! ] 1 | 1 1 .
19135 1940 1945 1950 1955 1960 1855 1970 3875

YTear
(centre of 5-year period)

TEXT-FIGURE C3.~—Age-standardized certified death rates for entire
U.S. population, 1933-77, contrasted with Connecticut regiseered
incidence radtes, 1935-74; all cancers except lung and skin.
Rates per million, standardized to the age disiribution of all
respondents under 65 yr to the U.S. 1970 census, as described in
appendix A.




tumor by a non-fatal type of tumor, by biases in death
certification at ages under 65, or by any systematic
differences between Connecticut and the United States
as a whole. If so, it can be accounted for plausibly only
by @) improvements in therapy or b) biases in incidence
registration rates. It seems most unlikely that treat-
ments for the common tumors have improved suf-
ficiently to account for more than a small fraction of
the divergences apparent in text-figure C3. (Certainly,
the large irregularities in the female incidence data
must be artifactual.) The most plausible explanation,
therefore, seems that errors in these registered incidence
data produce errors in the apparent trends that are
much larger than the real underlying trends.
Before accepting this conclusion, however, we shall
examine in more detail the trends in mortality and in
registered incidence for three particular types of cancer
(intestines, breast, and prostate). These three types have
been chosen for two reasons: g} They are sufficiently
common as causes of death to be of substantial public
health importance, and &} the proportion of diagnosed
cases that do not cause death is large enough for
differences between incidence and mortality rates to be
of substantial interest. (Three other types of cancer—
lung, stomach, and pancreas—are also among the six
most important causes of death listed in table 1 on
page 1197, but for each of these the large majority of
diagnosed cases are so rapidly fatal that the differences
between incidence and mortality are of less interest.}
Cancer of the intestines,—To render comparable the
data on the incidence and mortality of intestinal
cancer, we have pooled all intestinal sites, including

-

00 —

Avolidable Risks of Cancer In the U.S.

rectum. {On death certificates, cancers are often de-
scribed as "intestines, site unspecified,” or 'large
intestine, site unspecified,” or “colon, subsite unspe-
cified,” a practice that is much less common in the
incidence data collected by a good cancer registry.
Moreover, there is an increasing tendency not to specify
the intestinal subsite on death certificates, and there is
substantial nosologic confusion between colon and
rectum: See appendix D.)

Cancer of the intestines is not difficult to diagnose,
even without modern aids, and the surgical treatment
of intestinal cancer has not undergone major changes
since 1950, To our regret, however, such large dis-
crepancies between the trends in the incidence and in
the mortality data were still evident (text-fig. C4) as to
suggest the paradoxical conclusion that the rates of
change of death certification yield more reliable infor-
mation about trends in incidence during the 1960’s and
1970"s than can trends in registered incidence in New
York or Connecticut. (Similar discrepancies berween
trends in registered incidence and trends in certified
mortality are, of course, evident among the data for
cancer of the female intestines, for which during the
past quarter of a century the certified mortality has
Leen decreasing while the registered incidence has been
rising. Such discrepancies are also present for cancers
of many other sites.)

We have also plotted (text-fig. C4) the data on
intestinal cancer incidence provided by the Second
National Cancer Survey in 1947/48 (SNCS), by the
Third National Cancer Survey in 1969-71 (TNCS), and
by the ongoing Surveillance, Epidemiology and FEnd

”® National Cancer Surveys (NCS]),
1947/8 and 1%69-71 .
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TexT-FIGURE C4.—Cancer of the intestines (small and large, including rectum): Incidence and mortatity in males in the U.8., 1947-77.
FPre-publication access to 1973-77 SEER data (including 1973-77 Connecticut deta) to appear in Young et al., 1981, was by courtesy of the
Biometry Branch, NCI (E. S. Pollack, Directar). Pre-publication access to 1935-74 Connecticut data (April 1978 tape) to appear in Heston
et al,, 1981, was by courlesy of the Connecticut Cancer Epidemiology Unit (], W, Meigs, Dirvector), Our other sources of incidence data are
New York State Department of Health, 1976, Dorn and Cubler, 1955, and Cutler and Young, 1975,
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Results (SEER} Program in 1973-77, each of which
covered about 10% of the U.S. population. Comparison
of SNCS with TNCS suggests the same sort of constant
incidence as is suggested by the mortality data, and if
attention is restricted to ages below 65, a gentle
decrease in both mortality (0.4%/yr) and incidence
(0.8%/yr) is suggested. By contrast, comparison of the
TNCS data with the SEER data suggests a very rapid
increase that is even steeper than the one suggested by the
longer-term Connecticut and New York data and that
is completely incompatible with the gentle and steady
long-term decreases in mortality. We are, therefore,
unwilling to trust these particular short-term changes
in apparent incidence as useful evidence about trends
in real cancer onset rates in the 1970°s. They may be
due in part to more frequent screening for the presence
of an intestinal tumor by -examination of the feces for
small amounts of blood, to the development of colonos-
copy as a method of examining the colon, and to the
classification of borderline polyps as ‘“‘malignant”
tumors,

Breast cancer.—The trends in age-standardized fe-
male breast cancer mortality are almost constant, though
very slightly upward. It is likely that these trends are a
reasonably accurate reflection of the underlying onset
rates of serious breast cancer because the primary
treatment of breast cancer (by surgery and/or radio-
therapy) did not alter much between the 1950’s and
the 1970’s, while the chemotherapy of early breast
cancer was not in common use, and fatal breast cancer
is, again, not a difficult disease to diagnose. (During
1968-78 the apparent trends in age-standardized breast
cancer mortality have been 0.1% per annum downward

TEXT-FIGURE Cb.—Cancer of the breast in fe-
males in the U.S.: Incidence and mortality, s50
1947-77. B

For date sources, see text-fig, C4,
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among women under age 65 and 0.7% per annum
upward among older women, vielding an average of
0.2% per annum upward for all women. See appendix
D for discussion of possible causes of these small trends
in terms of age at first pregnancy, following Blot, 1980.)

By contrast, with the sole exception of the SNCS-
TNCS comparison, the available data on breast cancer
incidence exhibit bizarre fluctuations from year to year,
which are far too large to be ascribable to chance
(text-fig. C5). In upstate New York, where a cancer
registry has been in operation since 1940, there has
been an average increase of about 1% per annum over
the past quarter century, a substantial increase which is
hardly reflected at all in the mortality data. When the
data from the TNCS are compared with those from the
SEER Program, wild fluctuations are evident in regis-
tered incidence rates during the 1970’s that are likewise
not reflected at all in the mortality data. These
fluctuations can have little or no biclogical reality and
must, in part at least, be determined by fluctuations in
public and professional interest, causing many lumps
that would not otherwise have been diagnosed as breast
cancer to be removed, classified as “locally invasive,”
and counted among the incidence data. Fox (1979) has
already argued that there are numerous breast lumps
that are “histologically cancer but biologically benign.”
To support this argument, Fox noted that although
15-20% of women with cancer in one breast would be
found to have “cancer” in the opposite breast if the
opposite breast were immediately biopsied, the rate of
clinical appearance of cancer in the opposite breast if
no biopsy is taken is only 0.5% per year over many
subsequent years.

¥ HNational Cancer Surveys (NCS), 7 »
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® bational Cancex Surveys (NCS), JTEXT-FIGURE C6.— Cancer of the prostate in males
800 |- 1947/8 and 1569-71 in the U.S.: Incidence and mortality, 1947-77,
O S.E.E,R. program, 1973=77 INCIDENCE, For data sources, see texi-fig, C4.
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The erratic pattern of variation of the eight data
points from TNCS and the SEER Program in text-
figure Cb {1969-77) is not explicable by any other
obvious source of errors. Although many of the 10
TNCS geographic areas differed from the 10 SEER
areas, 4 geographic areas were common to the two
studies, and the erratic pattern of the 1969-77 data is
virtually unchanged if attention is restricted to these 4
common areas (Pollack and Horm, 1980). Finally, the
standard errors on each of these eight points are
negligible (=1.1%) compared with the 25% rise in
“incidence” recorded between 1971 and 1974.

The same sudden large increases in “‘incidence,”
unmatched by any concomitant increases in mortality,
were seen in Finland as nationwide breast cancer
screening was introduced {Gastrin, 1980). For breast
even more than for intestinal cancer, trends in mor-
tality seemn much more reliable than trends in inci-
dence, unless the trends in incidence are assessed by
comparison of the SNCS and TNCS. Comparison of
SNCS and TNGS suggests (either by good luck or good
management) trends in incidence that are reasonably
compatible with the wends in mortality,

Prostate cancer.—Here again, the scope for bias is
large, especially since prostate cancer affects the old
more than the young to a greater extent than any other
cancer. Therefore, prostate cancer incidence (and mor-
tality) trends are especially dependent on the age
groups in which both the number of cancers and the
estimates of the population at risk are least reliable, A
possible great source of difficulty may be that if the
prostate glands of men aged 70 who have died of
completely unrelated causes, with no clinical history of

1370 1875

prostate cancer, are examined post mortem, 1 in 4
(25%) will be found to have “'‘prostate carcinoma’
(Breslow et al., 1977). By contrast, by the age of 70 only
about 3% of men, even at the SEER incidence rates,
will have been diagnosed as having developed clinically
evident prostate cancer. (If someone ever invents a
method of screening apparently healthy men for pros-
tate cancer, the apparent incidence rates may be ex-
pected to rise quickly by several hundred percent!)

Text-figure €6 contrasts the trends in the available
incidence data with those in the national mortality
data for prostate cancer. It differs from text-figures C4
and Cb in that the mortality data for under age 65 are
presented twice, both as they actually are and also
multiplied by a factor of 10 merely to make the pattern
discernible, because cancer of the prostate gland is an
uncommon cause of death before age 65, It also differs
from the earlier figures in that, because one-half of all
cases of prostate cancer affect men over 75, the uncer-
tainties in the population estimates for the older male
age groups in the 1950's cause appreciable irregu-
larities in the all-ages age-standardized rates.

As before, however, the mortality data at ages under
65 suggest no material increase in prostate cancer onset
rates; whereas the incidence data collected in Connecti-
cut and New York suggest marked upward trends, and
the trend suggested by comparison of the TNCS and
SEER data with each other is absurdly incompatible
with the mortality data, For prostate cancer, the com-
parison of the SNCS and TNCS data also suggests
some Increase in incidence, though an increase that is
much more moderate. A moderate increase such as this
is compatible with a fairly constant true disease onset
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rate, slightly biased by progressively more detection as
“carcinomas” of biologically benign prostatic neo-
plasms,

" A repeat publication of the SNCS-TNCS compari-
sons already reported by Devesa and Silverman (1978)
but with the data standardized 10 ¢) U.S. 1970 0-64, &)
1970 65+, and ¢) all U.S. 1970 would be uvseful for
many purposes, as would similarly standardized publi-
cation of other registry data. (Alternatively, the trun-
cated rates for ages 35-64 recommended in IARC, 1976
would do, and might be better for international pur-
poses.) The age-specific, site-specific data have been
published for the total of all areas surveyed in the
SNCS and TNCS, and, although they do not allow a
comparison to be restricted o the seven areas common
to both surveys (or separate examination of melanoma
and non-melanoma skin}, we have examined the ap-
parent trends among people below 65 years of age in
appendix D, table Db, on page 1286,

Errors in Estimation of Cure Rates

We are not chiefly concerned in this report with
trends in the treatment of cancer, but rather with
trends in the causes of cancer and hence in cancer onset
rates. However, since we intend to use trends in cancer
mortality as an indication of trends in cancer onset
rates, we shall review some of the evidence on trends in
cure rates. The most widely accepted data are those
reported by the End Results Program (1976, 1980),
reviewing the survival of all 169,000 cancer patients
registered in Connecticut during 1950-78 and of 284,000
cancer patients seen at a few dozen particular hospitals
{(mostly in California) over the same period. Despite
these large aggregate numbers, some particular types of
cancer are so rare that only a few dozen or a few
hundred cases are available for study in each period of
a few vears (e.g., 1950-54 or 1970-73). Omitting all of
these rare types except Hodgkin's disease and leukemia,
for hoth of which decreases in the case-fatality rate are
so large that random errors are relatively unimportant,
we list in table C2 the B-year relative survival rates
observed in certain time periods. There is a general
tendency for these survival rates to be slightly better in
the 1970°s than in the 1950’s (e.g., the b-year relative
survival rate recorded for cancer of the fernale breast
has risen from 60% in 1950-54 to 68% in 1970-73),
Before this increase can be accepted as evidence for an
important improvement in therapy, however, one must
ask: What substantial biases might affect the recorded
relative survival rates?

First and foremost, many of the biases that we have
previously discussed in relation to incidence data
might bias the recorded survival rates. In the 1950’
many cases were discovered only via the death certifi-
cate, with some earlier medical record then being
traced as a result of inquiries initiated because of the
death. Such methods clearly underestimate the normal
duration of survival in earlier periods. Likewise, in the
more recent periods there may have been more breast
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TABLE C2.—Fstimated S-year relative” survival percentages
among whites: United States, 1950-73

Relative survival percentages for

Type of Patients’ patients diagnosed in years:
b,e
cancer SeX  1950- 1955~ 1960- 1965~ 1970-
b4 59 64 69 73
Stomach a 12 12 10 12 12
Q n 13 14 14 14
Colon a 40 41 42 46 47
Q 42 47 45 47 50
Rectum 3 38 39 86 41 43
Q@ 43 40 41 45 48
Pancreas & 1 1 1 1 2
Q 2 2 2 2 2
Larynx sd 652 b6 bb 63 63
@
Lung 38 51 7 & 8 9
@ i 9 11 13 14
Breast Q@ 60 62 64 66 68
ac :
Cervix uteri Q 69 60 59 57 64
Endometrium o] 72 71 73 75 81
Ovary Q 30 29 34 34 36
Prostate 8 43 49 52 b7 65
Bladder a 54 55 58 62 61/
9 51 66 58 62 607
Kidney a3 83 36 38 41 44
@ 34 39 39 43 b0
Brain 3 19 21 20 26 &
Q 22 25 29 33 g
Hodgkin’s’ a 28 36 36 58 66
disease °] 34 39 48 57 69
Leukemia — — s — — —

" A relative B-yr survival of 100% would indicate a risk of
death no worse than that of the U.8 population as a whole in
the relevant time period (matched, of course, for age and sex).

These are the sites for which the End Results Program
{1976, 1980) reported on the survival of about 1,000 or more
cases/time period, together with Hodgkin’s disease and leukemia.

¢ The data refer to all patients diagnosed as having malignant
disease of the type specified, irrespective of pathologic stage.

Inadequate data on cancer of the ¢ larynx.

¢ Inadequate data on cancer of the & breast.

Any progressive tendency to class biadder papillomas as
bladder carcinomas will produce a progressive but artifactual
inerease in the relative 5-yr survival rates for bladder “cancer.”
(See also footnote g.)

£ Changes in the histologie definition of “brain tumor,” ex-
cluding certain categories of non-malignant tumor, make the
reported B-yr relative survival rates in 1970-73 (3, 18%; @, 229%)
difficult to compare with the rates for earlier periods.

Because of recent advances in the treatment of childhood
leukemia, it is preferable to examine trends in survival sepa-
rately for leukemia patients aged <35 yr (=~25% of all leukemia
patients).

Year of Leukemia <3b yr: Leukemia =35 yr:
diag- 3-yr relative 3-yr relative
nosis survival percentage survival percentage

1950-59 5 22

196066 10 22

1967-73 24 20

or prostate lumps or bladder papillomas discovered
that were considered histologically cancer though being
biolpgically benign, accentuating any upward biases in
the trends in curability. Finally, if incurable breast
lesions are diagnosed earlier nowadays than in the
1950's, then the b-year survival may seem better, even if




no deaths have actually been delayed. (This last bias
may particularly affect breast cancer, but it should not
have much effect on most other common cancers which
are either completely cured or rapidly fatal.)

Second, patterns of referral to the hospitals collabor-
ating with the End Results Program might alter
significantly over a period of a quarter of a century,
although it is difficult to predict what the effects of
this might be. That this may be so is suggested by the
l-year relative survival rate of 86% for patients with
“localized” prostate cancer in 1950-54; surely, 14% of
such patients cannot have been killed within a year
merely by a localized cancer of the prostate gland, so
was their localized prostate cancer diagnosed because of
investigation for some life-threatening disease? By
1970-73, the 1-year relative survival for localized pros-
tate cancer had increased to 93%, though the standard
therapy (excision and irradiation) had not changed. It
is difficult to explain this and to explain the peculiarly
large change in 5-year relative survival rates for cancer
of the prostate gland as a whole, except in terms of
trends in biasing factors.

Because of these various uncertainties, it is a matter
of judgment which of the improvements in reported
cure rates in table C2 are to be accepted as largely real.
The increases over the past quarter century of 5-10% in
the bB-vear rvelative survival rates for most of the
common cancers (table C2) are very much an extreme
upper limit on the amount of improvement which it is
plausible to accept, rather than a direct estimate of the
actual amount of improvement. The corresponding
lower limit on the amount of improvement that it is
plausible to accept is zero, and the truth lies some-
where in between. Our view is that the sevenfold
improvement in reported leukemia cure rates among
people under age 36 must be largely or wholly real
(and will probably continue in the late 1970°s), as
must the twofold improvements in Hodgkin’s disease
(from one-third relative survival in the 1960’s to two-
thirds in the early 1970’s). However, for many of the
common cancers the improvements do not seem to us
to be materially larger than bias alone would suggest,
and as we do not have evidence for any large improve-
ments N curative treatment,” we suspect that there has

* Even if cancer patients are subdivided into “stages” (e.g., Stage
I=r0 regional or distant spread of the disease, Stage I1=regional hut
not distant, Stage IV=distant spread), no direct assessment of
whether therapy has improved can be based on trends in 5-yr survival
of patients of a given stage. This is because the steady improvements
in the care or technoiogy with which regional or distant disease is
sought will, perhaps surprisingly, produce artifactual improvements
in prognosis in each stage. In Stages I and II this improvement is
due to removal of those having micrometastases, whereas in Stage IV
it is due to dilution of those having gross metastases by those having
micrometastases. Despite these tendencies, the percentage of prostate
cancers recorded as “localized” has been increasing over the past
quarter century, presumably indicating an increase in the detection
as Stage I tumors of lesions that are of borderline significance
biologically.

Avcidabie Risks of Cancer In the U.S.

been substantially less change in case fatality rates than
even the 5 or 10% improvements in reported case
fatality rates would suggest. Therefore, for most types of
cancer the changes in mortality over the past quarter
century should certainly be within a few percent, or
even less, of the fractional changes in real onset rates.

Conclusion: Which Indicators of Reai Trends in
Cancer Onset Rates are Most Rellable?

We have compared trends in mortality with trends in
incidence for the few major sites and have found that
for those particular sites there are discrepancies too
large to be explained plausibly without postulating the
existence of serious upward biases in the trends in age-
standardization cancer registration rates in both Con-
necticut and New York since 1950, Similar conclusions
would have emerged had we chosen to study certain
other sites, and this remains true whether rates of
change of incidence and mortality both derive from the
same geographic area (table C3) or not (table C4).

By contrast, the trends in onset rates suggested by

TABLE C3.~Difference between percentage annual rates of change
of registered incidence® in upstate New York® ond of
certified mortality” in upstate New York®

When the differance between these two percentages is positive,
which it almost always is, it indicates that registered incidence
has been increasing relatively faster than the certified mortality,
due perhaps to improvements in therapy during 1960-72 (e.g.,
for Hodgkin's disease), perhaps to more rapid rectification of
biases in registration than of death certification (e.g., for in-
testines), or perhaps to decreases in overcertification (e.g., liver).

Annual percentage
rate of change of
ineidence (1950-72)
minus annual per-
_ centage rate of
change of mor-
tality (1860-72)

Type of eancer

Male Female
Mouth, pharynx, larynx, or esophagus 0.5 17
Lung 1.2 -1.2
Stomach -0.2 0.0
Intestines 0.9 1.0
Liver 3.2 2.3
Galibladder 0.5 0.7
Pancreas 13 12
Melanoma 1.3 0.3
Breast —_ 06
Bladder 2.4 25
Kidney 1.9 1.8
Cervix uteri — 0.9
Endometrium — 14
Ovary — 0.9
Prostate 1.6 —
Testis 1.5 —
Brain (malignant only) 1.9 1.5
Lenkemia 1.6 14
Hodgkin’s disease 3.1 1.9

“ Standardized to U.S. 1970 census, as in apperdix A.
Data in this table are from the publication by the Bureau of
Cancer Control (1976) of the New York State Department of
Health.
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TABLE Cd.—Incidence trends wminus mortality trends

Annual percentage increase of registered incidence in Con-
necticut (comparing 1960-54 with 1970-74) minus annual per-
centage increase in certified mortality in the United States as a
whole (comparing 1968-57 with 1973-77). Two comparisons are
made, one between trends in incidence and trends in all-ages
mortality, the second between trends in incidence and trends in
under-age-66 mortality.

Trend in Connecticut
minus trends in the rest
of United States:
Difference” between
annual percentage
rates” of change

Type of cancer, males among males

Mortality, Mortality,
sll ages, ages <65,
vs. inci- vs, inei-

dence, dence,

all ages all ages
Mouth, pharynx, larynx, esophagus —0.4 -1.3
Remaining respiratory {chiefly lung) -0.1 0.9
Stomach 1.1 0.8
Intestines, including rectum 1.2 1.3
Liver, gallbladder, and bile ducts 0.8 0.8
Pancreas 0.4 0.7
Bladder 2.9 41
Kidney 1.1 1.8
Prostate 1.6 1.6
Brain and other partg of the nervous 0.1 2.0

gystem

Leukemia 1.8 2.1
Hodgkin's disease 3.3 3.6
Non-Hodgkin's lymphomas -0.5 1.3

“ As in table C8, a positive difference indicates that the annual
percentage increase in incidence exceeds that in mortality.
All rates are standardized to the U.S. 1970 census popula-
tion, as described in appendix A.

comparison of the Second and Third National Cancer
Surveys {(SNCS and TNCS) with each other do seem
more consistent with the concurrent trends in mortality,
and so although the registration rate, especially for
tumors that are not uniformly fatal, may be subject to
various moderate biases,’ comparison of these two
surveys seems a reasonable basis for estimation of the
approximate irends in incidence for most solid tumors,
except those of the brain and perhaps bladder and

? Certain such biases might be expected to produce discrepancies
between the SNCS-TNCS trends in incidence and the national trends
in mortality for those cancers {for which neither diagnostic procedures
nor cure rates have undergone material change since 1947, Reas-
suringly, after standardization for age and sex, the 63% decrease in
the stomach cancer death rate between 1947 and 1970 was exactly
matched by a 64% decrease in the registered incidence rate of stomach
cancer between: the SNCS and the TNCS. Despite this reassurance, of
course, net biases of about 0.5%/yr in either direction could easily
exist, with some types of tumor affected differently from others.
Unfortunately, the magnitude of this uncertzinty is as great as the
magnitude of changes which, if real, would be scientifically
important.
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salivary gland. The comparison of these two surveys .
has been well presented by Devesa and Silverman
(1978; see also Devesa and Silverman, 1980}, in parallel
with a discussion of the concurrent trends in mortality,
and we shall not reproduce their detailed tabulations,
though a graphic presentation of some of their SNCS-
TNCS comparisons appears in text-figs. 5 and 6 on
page 1211, Since comparison of the SNCS and 'TNCS
might be slightly more reliable if attention were
restricted to ages under 65, and also if “‘all races” were
presented, this comparison is provided in table Db on
page 1286,

The cone comparison of incidence rates that seems
completely unreliable is that based on the Third
National Cancer Survey, 1969-71 (TNCS) and the
Surveillance, Fpidemiology and End Results (SEER)
Program, 1973~77. Quite fantastic and irregular varia-
tions in incidence are suggested by such comparisons
{either between the two studies or within SEER), ten
times greater than could plausibly be attributed to
chance, and a hundred times greater than the corre-
sponding annual changes in mortality over the past
few decades. Perhaps because some other commentators
have not examined the TNCS-SEER trends on the
same graphs as the SNCS data and the long-term
trends in mortality, our conclusion that the TNCS-
SEER (rends are unreliable is not widely accepted.
Various commentators, among them the Toxic Sub-
stances Strategy Committee (TSSC, 1980), in their
recent report to the President of the United States, have
concluded, chiefly on the basis of Pollack and Horm’s
(1980) comparison between TNCS and SEER, that real
cancer incidence rates are increasing raptdly (at 1.3%/yr
in males and 2.0%/yr in females). We have given good
reasons for distrusting this method for determining
incidence trends for the common cancers and see no
reason to trust it for the less common cancers. Pollack
and Horm (1980) at least express a reasonable degree of
caution in their conclusions, but the TSSC does not,
and in its main text it generates a firm (and ill-
founded, in our view) impression that epidemic in-
creases in cancer are now in progress over and above
those attributable to tobacco (appendix E). Anyone
who, examining the data in text-figures C4, Ch, and
C6, can conclude that the most reliable estimate of
trends in cancer onset rates is that provided by the
TNCS-SEER comparisons deserves a medal for bravery.
We have instead preferred to estimate current trends in
U.S. cancer onset rates approximately by comparison
of the Second and Third National Cancer Surveys, and,
more reliably (at least for many of the common
cancers), by examination of the trends since 1950 in the
age-standardized death rates among people of all races
under age 65.

Our argument that ‘‘the SNCS-TNCS comparison
may be reasonably accurate because it is reasonably
consistent with the mortality trends among people
under age 65" is, of course, rather circular. After all,
if we allow only incidence data that indicate trends
exactly identical with the trends in mortality, we might




as well not waste time with anything but the mortality
data. However, it may be advisable at least to examine
both incidence and mortality data, even though the
mortality data seem generally more trustworthy, Our
tabulations of both, therefore, appear in appendix D.

APPENDIX D: U.S. AGE-STANDARDIZED CANCER
DEATH RATES DURING THE PAST
FEW DECADES

This appendix presents the detailed data on which
the rather general assertions in section 4.1 about wends

in cancer mortality during the past few decades were
based.

Trends in Total Cancer Mortality Since 1933

After the long list in appendix C of possible biases
and difficulties of interpretation, the actual mortality
data seem (either refreshingly or deceptivelyl) simple
and straightforward. Table D1 gives trends in age-
standardized death certification rates since 1983 (the
first year for which all states had to notify the causes of
all deaths centrally) for people under 65, and table D2
gives the same trends for older people. The cancer
death rates are subdivided into ‘respiratory” cancer'
and “non-respiratory” cancer, since the respiratory can-
cers are dominated by lung cancer and are available as
a reasonably consistently defined category throughout
1933-77.

Overall, there are clearly no epidemic increases in
mortality from the aggregate of all non-respiratory
types of cancer—rather the reverse, in fact—and we
discuss the trends in lung cancer mortality in more
detail in appendix E. On the basis of appendix E, we
conclude that among people under age 65 the increases
{and decreases, among younger males) in respiratory
cancer death certification rates are mostly real, at least
since 19560, and can be largely or wholly® accounted for
by the effects of cigarette smoking, as long as proper
allowance is made for the many decadés that elapse
between the onset of regular cigarette smoking and its
full effects on lung cancer. Contrary to common belief,
age-specific total death rates are still improving, and
were it not for the substantial ill effects of cigarette
smoking {both on respiratory cancer and on the aggre-
gate of all causes of death except neoplasms), Americans
would be living in a time of even more rapidiy

! Chiefly lung {and related tissues) but also including the larynx
and nasal area but not the pharynx or mouth.

? Although the trends in mortality from lung and other respiratory
tract canceis do not of themselves suggest the existence of any new
causes of lung cancer other than cigarettes (and suggest if anything a
diminution in the causes other than tobacco of cancer of the larynx
and of the aggregale of the remaining respiratory sites apart from the
lung), this fact may merely be due to lesser, yet important, etfects of
other factors being difficult to pick out reliably because of the large
effects of cigarettes. For discussion, see appendix E.
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'decreasing age-specific death rates, both in middle age

and in old age, than is already the case.

Trends in Site-Speclfic Cancer Mortality Since the
Middle of the Century

It is uncertain how far back trends in American:
cancer death certification rates can be relied on (and
the reliability is different for old and young and for
different types of cancer, of course), but 1950 seems a
sensible starting point for the estimation of modern
trends, at least for the solid tumors. In 1950 there were
new rules for coding death certificates, there was a new
census {(and population estimates corrected for esti-
mated census undercount are available from the Bureau
of the Census only from 1950 onward), the classifica-
tion of cancer had just begun to he based on a
reasonably modern International Classification of Dis-
eases (the 6th ICD), so that, for example, Hodgkin’s
disease was classified as a neoplasm (rather than as an
infective diseasel), and the lymphomas were listed
sepdrately, and the important distinction between cancer
of the cervix and other uterine cancers had recently
begun. Moreover, by 1950 fairly modernt standards of
diagnostic radiology already existed, and non-toxic
anesthesia and the chemotherapy of infective diseases
had just developed, allowing large aseptic operations
to help cure abdominal or thoracic cancers that had
not already metastasized {(and making it less likely that
pneumonia or tuberculosis caused by unrecognized
primary or secondary cancer in the lung would cause
the death of a patient and therefore be miscertified as
the underlying cause of death). Finally, although there
have been some notable recent advances in the cure
of certain leukemias, lymphomas, and tumors of em-
bryomal tissues, there have been no corresponding
advances in the cure of the common cancers since 1950
{(see appendix C). Therefore, for many cancers the
trends since 1950 in death certification rates among
people under age 65 are probably a useful indicator of
the real trends in disease onset rates in recent decades.

The data for the period since 1950 for the aggregate
of all non-respiratory cancers are subdivided (in table
D3 for people under 65 and in table D4 for alder
people) into as much detail as routine Government
publications will allow. A more detailed breakdown,
covering mortality during 1950-67, is given in the
excellent National Gancer Institute Monograph No. 83
(Burbank, 1970) another more detailed breakdown,
covering both mortality (1985-74) and incidence
(1947-71, comparing the Second and Third National
Cancer Surveys, SNCS and TNCS) is given by Devesa
and Silverman (1978, 1980). Because Devesa and Silver-
man did not examine incidence rates separately among
people over and under age 65, we have calculated these
(table D5),

If attention is restricted to people aged under 65,
then for almost all types of cancer except for those
strongly affected by smoking {that is, the cancers of the
respiratory and upper digestive tracts), the most recent
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TaBLE D1.—U.S. age-standardized rates® of death .certification®/100 million people aged under 65 years, 1938-77 '
There are at present =100 million # and 100 million  under 65 years old in the United States, so the cited rates are roughly similar

in magnitude to the actual annual numbers of such deaths.

The 18 age-specific death rates from non-respiratory cancer for 193377 and for 197377 are compared in text-figures C1 and C2 on

page 1272,

Rates?/100 million people, aged under 86 yr, for:

1 ]
Type of cancer Earlier years

More recent years

1983-37 1938-42 194347 194852 1953-57 195862 1963467 1968-72 1978-77 1978
(=1986) (~1040) (~1945) (=~1950) (~1956) (~1960) (=1965) (=~1970) (~1975) only
Males
All causes except neoplasms® 784,512 675,406 598,171 505,815 448,428 435,853 433,092 423,715 870,013 338,899
All neoplagsms excepti res- BB,T09 60,226 60,800 59,609 57,938 57,176 57,390 50,282 53,356 52,b38
piratory cancers (see text-
fig. C1)
P Resg)iratory cancers 5,812 8,517 11,3818 15,498 19,495 23,230 26,766 30,683 32,748 33,816
emales
All eauses except neoplasms® 564,676 455,657 372,001 283,429 233,621 219,565 211,012 201,097 171,834 157,607
All neoplasms exeept res- $0,108 87,716 84,401 77,197 71,893 68,765 66,863 63,719 60,674 58,618
piratory cancers (see text-
fig. C2)
Respiratory cancers 2,102 2,450 2,889 2,785 2,820 3,689 4,922 7,568 10,266 12,064

4 There are moderate uncertainties in the Census Bureau estimates of the age/sex-specific numbers of people at risk of death in each
year, egpecially prior to 1950. (See appendix A for standardization methods and appendix B for the population estimates we have used,
which differ from those used by other authors.) Also, we are so uncertain as to how well, in the past or in the present, the distinction
between “white” and “nonwhite” on death ecertifieates corresponds unbiasedly with that on census returns that only “proportional
mortality” analyses of race-specific data seem justifiable, We have therefore presented our analysis of absolute death rates only for

all races combined, ignoring estimates of skin color.

b There are large uncertainties in the correctness of the certified causes of death, especially in the earlier years. Patients dying of
cancer of one site might be miscertified as dying of cancer of some other site, or perhaps as dying of a non-cancerous cause (if, for
example, the cancer caused or triggered fatal pneumonia, tuberculosis or cerebral disease). For example, in the earlier periods,
gecondary deposits in the lung from cancers elsewhere were sometimes miscertified as lung cancers; conversely, true primary lung can-
cers were often not certified as respiratory cancer. Such errors will, of course, be more common among older people, but even among
people under 65 years old, the development by the early 1950's of radiology and of aseptic techniques for reasonably safe open-chest and
other diagnostic and curative operations would biag the mortality trends in the early years. (It is uncertain whether there has been
material progress during the past quarter century in the cure rates among people under 66 years old for the common cancers.) People
whose age at death was unspecified are ignored in all tables of age-standardized or age-specific mortality.

¢ Benign or malignant, sclid or diffuse. Age-apecific death rates for Hoedgkin’s disease, which is nowadays considered to be a
neoplasm, were estimated for the period 1939-48 a5 91% (the appropriate percentage if the all-ages data for 193948 are aggregated) of

those for all “other infectious” causes of death.

trends in mortality are downward (last column in table
D3) rather than upward. The chiet exceptions are
pancreatic cancer in women and melanoma in both
sexes.

The recent trends (expressed as the percent change
per annum in the two separate age-standardized rates
hoth under and over age 65} in the more common
cancers are summarized in text-figure D1. There is a
general tendency for the rates of change under age 65
to be slightly more favorable than those in old age.
The tumeor types that stand out most clearly from this
general relationship are skin cancer in males (where
the increases are much more rapid among people
under age 65, unfortunately suggesting that the in-
creases in melanoma will continue for at least the rest
of this century and probably beyond) and brain turnors
in both sexes (where despite falling death rates in
middle age there are large increases in old age, perhaps
because of progressive rectification of diagnostic errors;
see below). Separate discussion of each of the major
trends in mortality follows, Because of the methodo-

}NCL VOL. 66, NO. 6, JUNE 1981

logical uncertainty (amounting to perhaps +0.5%/yr) in
the incidence trends, we do not discuss them as [ully.

Mouth, pharynx, larynx, and esophagus.-—"These are
the sites at which cancers can be caused by alcohol and
by tobacco (including pipe tobacco, which men have
used since the last century). Few women previously
smoked pipes, which may explain why marked upward
trends are evident for such cancers only in women. The
combination of both alcohol and tobacco exposure
seems to cause an increase in the risk of these cancers
which greatly exceeds the sum of the two separate risks
(see section 5.2). The incidence data are distorted by the
inclusion in the SNCS but not in the TNCS of salivary
gland tumors of “mixed” histology (which are easily
cured in most cases).

Other respiratory,—Since 1968, this category has
included mesothelioma of the pleura and carcinoma of
the nasal sinuses, two types of cancer that can be
caused by certain occupational hazards. The absolute
risk is low (under 900 males and 500 females in 1978
were certified as dying of “other respiratory’’ cancers),




Avoidable Risks of Cancer in the WU.S.

Tapte D2—U.8. age-standardized rates” of death cefmﬁcationb/w million people aged 65 years or over, 1938-77

There are at present ~10 million # and 10 million @ 65 years old or over in the United States, so the cited rates are roughly similar
in magnitude to the actual annual numbers of such deaths.

Because this table relates wholly to people over 65 years old, all the cancer rates in it are likelybto be somewhat unraliable, but the
rates for the earlier years are even more unreliable than those for the meore recent years,

See table D1 for explanations of footnote letters.

Rates®/10 million people, aged 65 yr ar over, for:

Earlier years® More recent years

1933-87 198842 1948-47 194852 1953-57 195862 1963-67 1968-72 1973-77 1978
(=1985) (~1940) (~1945) (=~1950) (~1955) (=~1960) (=~1965) (~1970) (=1976) only

Type of cancer

Males
All causes except neoplasms® 815,136 771,843 722,222 682,546 655,477 661,668 657,897 626,788 564,631 528,501
All neoplasms except res- 89921 92710 92995 93,837 94,639 91,907 91,708 91,726 94,071 96,436
piratery cancers (see text-
fig. C1)
Respiratory cancers 3,382 4,966 6,899 11,0956 15,766 20471 26296 33,676 89,511 43,024
Females
All causes except neoplasms® 691,566 640,736 587,619 524,603 486,660 464,038 435,145 398,603 345,983 319,529
All neoplasms except res- 84834 83,139 80,563 76,162 72,575 67,776 65,031 63,745 63,517 64,281
piratory cancers (see text-
fig. C2)
Respiratory cancers 1,473 1,872 2,354 3,050 3,078 3,090 3,651 5,020 6,894 8,672

Footnotes for tables D3, D4, and D6

@b Cpe footnotes to table DI,

? The standard error of a 1978 single-year rate, by the Poisson approximation, is roughly its square root {e.g., a rate of 900 would
have a standard error of about +30).

¢ These are the cancers that are strongly affected both by alcohol and by all forms of tobaceo, including the pipes which men smoked
m the last century (see sections 5.1 and 5.2). The trends in all four cancers are, not surprlsmgly, rather similar.

Lung' (mcludmg trachea and bronchus) cancer rates are affected more strongly by cigarette than by pipe smoking (see section 5. 1),
and the increases in respiratory cancer among people under 85 yr old during the past quarter century can be chiefly ascribed to prior
widespread adoption of cigarette smoking. (See appendix E. There is no good evidence of any substantial increases in lung cancer
death certification rates among non-smokers under 65 yr old during this period.)

8 Cancer of the intestines may arise in the small intestine, in the ascending, transverse, descending or sigmoid colon, or in the
rectum, U.8. mortality data do not seem to be sufficiently precise to allow unbiased examination of the trends for any of the separate
parts of the intestines (see text), not even for “colon” and “reetum.”

k Liver, excluding cases where cancer was merely stated to be in the liver, but including cases specified as primary cancer of the
lwer or of the bile duets inside the liver.

Gallbladder including the bile ducts outside the liver.

/ Mesentery, peritoneum, and unspecitied digestive sites (the latter comprising the minority in 1948, when separate totals were last
publlshed)

* In middle age there are now so few deaths from non-melanoma slkin cancers that the data for “total skin® represent the melanoma
death rates reasonably accurately, but in old age the continuing decrease in the death rates from non-melanoma skin cancers still
dilutes the progresswe mcrease in melanoma death rates [see Burbank (1971)].

“Other urinary organs” (ureter and urethra, in which cancers are rare) were included with “bladder” up to 1967, and were then
transferred to “kidney” from 1968 onwards.

" Endometrium, including all cancers of unspecified parts of the uterus and hence some incompletely described eancers of the uterine
cervix, especially in the earlier years.

" The distinction between “malignant” and “benign” is less clear-cut for brain tumers than for most other neoplasms, and so the most
meaningful analysis seems to be of all fatal tumors of the central nervous system, irrespective of histology. Even here, however, large
biases are possible, for in older people, symptoms due teo brain tumors may be misdiagnosed as due to senility or vascular disease. Such
errors, of course, are less likely for brain tumors that develop in middle age, which may account for the marked upward trend in brain
tumor death certification rates for the old being entirely absent for people in middle age.

° There is considerable diagnoestic uncertainty among lymphosarcoma, reficulum cell sarcoma, and various other lymphomas, so we
have not attempted to examine them separately. Myeloma was also included because data on myeloma were published separately only
from 1968. (Since 1968, the myeloma death certification rates for each sex have been increasing at 1.2%/annum ameng people under 85
vears old and at 3.2%/annum among older people)

7 On many death certificates, the anatomic site of origin of the cancerous cells that killed the patient is not recorded. This means
that for the various specified sites which we have listed separately, the true rates may be a few percent higher than the listed rates.
In years when any distinction between “other specified” and “unspecified” sites can be made from U.S. government publications, the
unspecified site death certificates greatly outnumber the specified site certificates, although the distinetion between them seems
surprigingly erratic (e.g., when the rates for 1957 and 1958 are compared).
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TABLE D8 —U.S. age-standardized rates” of death certification®/100 million people aged wnder 65 years, 1958-78, from various

cancers or groups of cancers’

There are currently =100 million people of each sex under 65 years old, so the cited rates are roughly similar in magnitude to the
actyal annual numbers of such deaths. Consequently, the 1978 single-year rates that are under 1,000 are rather unreliable.

See table D1 and page 1283 for explanation of footnote letters.

Rates®/100 million people, aged under 65 yr, for;

Current (1968-78)
rate of change

Type of cancer Fatients Absolute Percent
sex 1953-57 1958-82 1963-67 196872 1978-77 1978 po o paool
(~1955) (~1960) (=~1965) (~1970) (~1976) only o e
Mouth, pharynx, larynx, or eosphagus® & 5,936 6,485 6,868 7,059 7,123 7,200 +8 +0.1
o] 1,213 1,478 1,700 2,000 2,143 2,111 +25 +1.2
Trachea, bronchus, and lung’ & —_— . — 28,799 30,911 32,080 +418 +1.4
@ — — — 7,133 9,803 11,598 +564 +6.3
Other respiratory sites (including 3 - — — 476 447 408 -8 -1.8
pleura and nasal sinus) Q — — - 215 192 178 -5 -2.6
Sub-total: all respiratory sites a3 18,275 21,290 25,390 29,274 31,358 32,488 — —
except larynx ? 2,714 3,378 4,734 7,348 9,896 11,776 — —
Stomach 15 6,808 5,639 4,478 3,763 3,270 2,983 —08 —2.8
o) 3,293 2,717 2,216 1,815 1,661 1,408 -55 -3.3
Intestines, chiefly large intestine (colon a 8,954 8,739 8,624 8,521 8,208 8,276 -31 -0.4
and rectum)? Q 9,014 8,576 7,977 7,486 7,130 6,807 —86 -1.2
Liver & — — —— 807 795 789 0 0.0
Q —_— — — 3b4 347 383 +2 +0.4
Gallbladder and duets’ 3 — —_ — 535 488 487 -9 -1.7
¢ — — — 712 644 625 -16 —2.4
Sub-total: liver, gallbladder, and & 1,203 1,396 1,362 1,342 1,283 1,277 - —
bile ducts & 1,520 1,425 1,219 1,066 991 1,008 — —
Pancreas a 3,984 4,336 4,536 4,464 4,267 4,148 -40 -0.9
Q 2,210 2,363 2,459 2,482 2,698 2,618 +13 +0.5
Remaining digestive sites, chiefly 3 466 427 404 351 283 256 —-13 -4.3
peritoneum’ Q 414 370 330 265 212 193 -10 —4.3
Bone & 936 795 747 680 600 B75 -14 -21
Q 6b6 552 483 444 380 360 =11 ~2.8
Connective and soft tissue sarcomas & 355 419 492 b16 464 473 -8 -1.6
o] 276 338 373 421 414 426 -1 -0.3
Skin, chiefly melanoma® a3 1,325 1,410 1,669 1,647 1,828 1,996 +52 +3.1
¢ 916 935 1,040 1,022 1,086 1,161 +15 +1.4
Breast & 138 127 121 130 123 110 -2 -1.2
Q 15,880 16,168 17,063 17,3568 17,260 17,229 16 -0.1
Bladder! & 2,066 1,919 1,810 1,658 1,638 1,386 =30 —1.9
Q 760 676 655 b47 600 455 =10 —2.0
Kidney' a 2,012 2,051 2,184 2,208 2,236 2,300 +6 +0.3
@ 1,008 1,006 991 1,018 1,016 1,011 0 0.0
Cervix uteri Q 7,650 6,651 5,673 4,423 8,365 2911 —206 —5.4
Endometrium™ Q 4,218 3,282 2,660 2,193 1,966 1,816 —46 2.2
Ovary Q 5,692 5,736 5,680 5,621 5,304 5,042 —68 -1.2
Prostate & 2,185 2,602 2,649 2,666 2,612 2,690 +7 +0.3
Other genital sites
Malignant é 864 852 837 811 729 540 ~-23 -3.0
Q 356 326 291 274 246 224 ] —-2.4
Possibly benign @ 8356 444 302 173 95 53 ~16 -12.2
Brain or nerves, malignant or benign” Fe) 4,908 4,822 4,831 4,693 4,475 4,293 —47 -1.0
Q@ 3,676 3,663 3,663 3,620 3,864 3,246 —36 -1.0
Eye a 127 120 102 92 1 70 -3 -3.4
Q 116 106 100 82 66 b8 -3 —4.2
Thyroid 3 236 207 186 182 163 146 -b -3.2
Q@ 340 304 2656 210 177 181 -6 -3.0
Leukemia & 4,754 4,843 4,705 4,344 4,036 3,845 —64 -1.5
@ 3,062 3,477 8,338 5,049 2,763 2622 —b9 —2.0
Hodgkin's disease a8 1,775 1,770 1,770 1,573 1,065 830 -95 ~T7.4
Q 992 999 1,026 918 620 486 ~b4 -7.2
All other lymphomas® a3 3,603 3,862 4,070 4,429 4,254 4,267 -24 —0.6
Q 2,260 2,648 2,720 2,884 2,876 2,876 +1 0.0
Cther specified and unspecified” sites & 5,935 5,775 8,490 5,805 6,029 6,304 +57 +1.0
Q 5,244 4,800 4,868 4,669 4,734 4,613 -2 —0.,1
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TABLE D4.—U.8. age-standardized rates” of death certification®/10 million people aged 65 years or over, 1953-78,
from various cancers or groups of cancers

There are currently ~10 million Amerieans of each sex aged 65 years or over, %o the cited values are roughly similar in magnitud%
to the annual numbers of such deaths. Consequently, those 1978 single-year rates that are under 1,000 are rather unreliable,

See table D1 and page 1283 for explanation of footnote letters.

3 . . Current (1968-78)
. Rates’/10 million people, aged 65 or over, for: rate of change
Patients

sex

Type of cancer
1963-57 1958-62 1963-67 196872 197377 1g7g -Absolute Percent

(~1955) (~1960) (~1968) (~1970) (~1976) oniy ~CMAn8Y/ change/

Mouth, pharynx, larynx, or esophagus® & 8,027 7,580 7,214 7,324 7.478 7,487 +24 +0.3

Q 1,786 1,654 1,661 1,643 1,787 1,983 +80 +1.7

Trachea, bronchus, and lung’ 3 -_— — — 31,689 37,424 40,888 +1197 +3.4

Q — — — 4,692 6,550 8,296 +403 +6.9

Other respiratory sites (including 8 — — — 483 492 468 +2 +0.3

pleura and nasal sinus) Q —_ — - 206 195 203 -1 -0.7

Sub-total: all respiratory sites & 14,277 19,016 24,328 32,022 37016 41,356 —_ —

except larynx @ 2,937 2,981 3,442 4,897 6,745 8,499 e —_

Stomach 3 14,368 11,827 9,662 7,708 6,519 5,892 —241 -8.4

? 7,547 5,930 4,636 3,667 3,047 2870 117 -3.6

! Intestines, chiefly large intestine & 17,916 17,749 17,761 17,9568 18,265 18,839 +83 +0.5

: (colon and rectum)® s 15,602 14,672 14,024 13,497 13,266 13,437 -85 -0.3

d Liver a8 — e — 926 957 1,067 +18 +1.8

‘ Q — — — 364 376 395 +4 +1.0

Gallbladder and ducts’ 3 — — — 1,267 1,193 1,192 -14 -1.1

? — — — 1,749 1,479 1,459 —48 —-3.0

P Sub-total: liver, gailbladder, & 1,921 2,106 2,208 2,193 2,150 2,259 — —

: and bile duets Q 2,651 2,661 2,367 2,113 1,855 1,854 — -

i Pancreas 38 5,816 6,426 6,809 7,090 7.169 7,247 +9 +0.1

‘ Q 3,842 4,074 4,226 4,390 4,468 4,637 +24 +0.5

Remaining digestive sites, chiefly & 729 668 628 500 483 417 -7 -1.4

peritoneum o] 649 610 540 431 365 317 -13 —34

: Bone ] 837 617 521 502 465 436 -8 -17

@ 468 369 308 286 261 244 —6 —2.2

" Connective and soft tissue sarcomas a8 228 273 323 367 353 355 +0.4 +0.1

i Q 156 184 209 243 244 278 +3 +11

: 8kin, chiefly melanoma® a 1,867 1,739 1,679 1,448 1,627 1,608 +15 +1.0

. Q 1,118 961 863 780 789 840 +7 +0.9

! Breast 3 201 166 176 192 188 181 -1 -04

i Q 11,366 10,633 10,361 10,603 11,087 11,070 +76 +0.7

! Bladder' 3 5,416 5,496 5,601 5,626 5,781 5,782 +23 +0.4

‘ Q 2,258 2,042 1,876 1,673 1,615 1,628 ~10 ~0.6

’ Kidney' & 1,735 1,969 2,168 2,488 2,643 2,670 +28 +0.9

_ 2 1,047 1,066 1,105 1,160 1,222 1,252 +11 +0.9

Cervix uteri 2 3,127 2,884 2,513 2.021 1,642 1,403 -78 —4.1

1 Endometrium™ Q 4,068 3,512 3,175 2,861 2,662 2,693 —38 —1.4

g Ovary Q 3,195 3,844 3,460 3,680 3,743 3,796 +20 +0.5

Prostate & 19,300 18,584 18,488 18,591 19,465 20,392 +183 +1.0
: Other genital sites

: Malignant 8 435 3569 820 296 252 224 -9 -3.3

| o] 646 604 54b 514 496 470 -5 -1.0

h Possibly benign ? 240 147 115 72 51 3% -5 -7

; Brain or nerves, malignant or benign” & 985 1,068 1,375 1,731 2,168 2,681 +98 +4.9

i Q 596 692 857 1,187 1,682 1,862 +75 +5.4

i Eye 38 131 123 106 112 99 102 -1 -1.2

- Q 106 91 79 79 70 64 -8 2.5

R Thyroid a8 276 251 234 232 210 219 -1 —0.6

i Q 524 450 417 872 338 310 —6 -1.7

: Leukemia a 8,924 4,612 4,855 5,016 5,068 5,142 +12 +0.2

| 9] 2,273 2474 2,612 2,704 2,609 2,627 ~12 -0.4

Hodgkin's disease & 626 600 626 592 468 384 —24 4.6

Q 388 374 897 385 296 261 -16 -49

All other lymphomas® a 2,701 3,803 3,900 5,126 5,787 6,266  +133 +24

Q 1,849 2,227 2,634 3,470 3,894 4,184 +90 +2.4

Other specified and unspecified” siies & 8,637 7,945 8,650 8,198 9,248 9,666 +194 +2.2

2 7,324 6,341 6,294 6,038 6,354 6,502 +62 +1.0
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TasrLe D5—U.8. age-standardized rates of cancer registration/160 million :oeo;g&e under 65 years, 1847-71, from the SNCS, 1947/48,
and the TNCS, 1969-71%

The trends among “whites only” and the trends among “all races” are both presented (because there has been dispute as to which
should be more reliable), although the trends suggested by both are virtually identical.

Whites only, All races, Long-term (1947-70)
) aged <65 yr aged <65 yr rate of change, all races
Type of eancer Patients
sex SNCS,  TNCS,  SNCS,  TNcs,  Absolute  Percent
1947/48 196971  1047/48 196971 Ch;‘;ge/ change/
Mouth, esophagus, pharynx, and larynx a8 21,865 17,795 21,164 18,710 -109 -5
@ 5,389 5,309 5,628 5,609 -1 —(.01
Trachea, bronchus, lung, and other & 22,022 37,485 21,966 89,038 +7569 +2.6
respiratory sites except larynx Q 4,996 10,223 5,070 10,209 +228 +3.1
Stomach a8 16,083 4,795 17,303 5,290 —584 ~5.3
@ 7,757 2,279 8,277 2,446 -269 b4
Intestines, chiefly colon and rectum & 25,446 20,261 24,446 20,353 ~182 ~-0.8
Q 24 871 17,092 24,434 17,195 ~322 -1.6
Liver® & 2,969 1,321 3,120 1,618 -67 -2.9
@ 2,048 653 2,009 666 —64 -5.1
Gallbladder and bile ducts a 1,100 967 1,097 966 -8 -06
e 2,485 991 2,376 1,015 ~60 ~3.8
Pancreas a 4,137 4,828 4,770 5,100 +16 +0.3
2 2,976 2,761 3,066 2,933 -6 -0.2
Remaining digestive sites a 1,376 981 1,328 1,001 -15 -13
Q 1,174 953 1,146 944 -9 -0.9
Bones® 3 1,959 805 2,029 822 —b4 —4.0
@ 1,687 596 1,583 579 —45 —4.5
Connective and soft tissue a 1,646 1,506 1,708 1,550 -7 -04
@ 1,581 1,346 1,620 1,385 —6 -0.4
Skin’/ — — — — — —
Breast a 436 849 413 344 —8 ~0.8
- 52,343 54,132 50,982 53,367 +106 +0.2
Bladder only & 8,626 8,784 8,134 8,448 +i4 +0.2
e 3410 2,507 3,667 2,399 —56 -1.9
Kidney only & 3,906 4,716 3,837 4,747 +40 +0.9
Q 1,955 2,367 1,879 2,379 +22 +1.0
Cervix uteri @ 27,751 12,740 31,231 14,245 -756b6 -3.5
Endometrium and uterus, site un- Q 17,712 16,974 17,614 16,336 —b57 -0.3
specified
Qvary Q 12,361 10,365 11,984 10,105 —83 08
Prostate 3 7,178 10,249 8,182 11,275 +187 +14
QOther genital sites a8 2,770 4,026 2,774 3,787 +45 +14
Q@ 2,139 1,596 2,167 1,728 ~20 ~1,0
Brain® 3 6,820 4,950 6,487 4,767 —76¢ —14%
Q 4,885 3710 4,766 3,663 —49¢ -1.2¢%
Eye" — — — — — —
Thyroid 3 957 1,818 838 1,716 +39 +3.2
Q 2,799 4,795 2,720 4,532 +81 +2.3
Leukemia & 6,206 6,316 6,143 6,181 +2 +0.03
Q 5,156 4,001 4,791 3,952 —37 -0.9
Hodgkin's disease 3 2,976 3,549 2,907 3,440 +24 +0.7
Q 2,267 2,302 2,149 2,145 0 0.0
All other lymphomas & 5,350 6,475 5,429 6,675 +51 +0.9
‘ Q 3,726 4,249 3,774 4414 +28 +0.7
Other specified and unspecified’ sites, a 8,618 6,835 8,687 6,636 -91 -12
including eye” Q 9,394 4,675 9,326 4,874 -198 -29
Sub-total, all respiratory sites, & 26,910 42 501 26,712 44,167 +776 +2.2
including larynx *) 5,430 10,968 5,611 10,976 +248 +3.1
Sub-total, non-respiratory and un- & 125,624 106,757 126,087 108,173 —794 0.7
specified sites, excluding skin o] 195,481 155,676 196,738 156,144 -1804 -1.0

* Data and populaticn estimates from PHS monograph 29 (1955) and NCI monograph 41 (1975).

" For details of age standardization procedure, see sppendix A,

¢ Estimated as difference in rates divided by 225 yr.

4 Estimated as 100% X difference in log. rate(s) divided by 225 yr.

“ The downward trends in liver and bone cancer registration rates may be largely attributable to a progressive reduction in mis-
diagnosis, because these are sites to which other types of cancer commonly metastasize. (Note that in the TNCS, but not in the SNCS,
“joints” were explicitly included with “bones.”

/ 8NCS included all skin cancers while TNCS included only melanomas, so trends in skin cancer incidence cannot be estimated from
a comparison of these two surveys,

f Non-malignant brain tumors were counted in the Second but not in the Third Survey, so the apparent decrease in brain tumors is
uninformative.

® Pumors of the eye were not listed separately in SNCS.

' The decrease in this category is chiefly due to a decrease in the number of tumors of an unspecified site. This artifactual decrease
{and the similar decreases in secondary tumors mis-specified as liver or bone) must imply corresponding artifactual increases (of the
order of 0,1%/yr) in many of the specified sites.
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TaBLE D6.—U.8. death certification rates/10 million people aged 25-44 years,? 1968-78, from various cancers or groups of cancers™>4
There are currently =10 million Americans of each sex aged 85-44 years.

See table D1 and page 1283 for explanation of footnote letters.

Rates/10 million Americans, all races, aged 35-44 yr?

Patients’ _
Type of cancer sex 1968-72 1973-77 1978 Change,lm'f()_ 78,
(~1970) (~1975) rate and signifi-
+ SE’ cance level”
Mouth, pharynx, larynx or esophagus® a 296 281 271+15 —25
? 114 103 9519 —19*
Trachea, bronchus, and lung” 3 1,446 1,347 1,282+32 =g
e 601 676 6981424 GTEE*
Other respiratory sites & 38 34 3545 -8
g 21 16 17+4 —4
Stomach & 260 188 159411 —41*¥
@ 160 122 128:+10 S U
Intestines, chiefly colon and rectum?® a 437 422 426419 -1
L @ 473 433 377418 gk
Liver™ a 43 42 50+6 +7!
Q 31 27 31+b 0
Gallbladder and ducts’ a 27 21 21+4 -6
? 30 30 26:£5 —4
Pancreas & 224 196 167+12 o T i
. o] 128 122 1099 —19*
Remaining digestive sites, chiefly & 24 19 18+4 —6
~ peritoneum/ ¢ 23 14 2014 -3
Bone a 34 36 32+5 -2
? 29 21 19+4 ~10*
Connective and soft tissue sarcomas 8 49 49 48+6 -1
Q 42 39 3816 —4
Skin, chiefly melanoma* a 222 240 284115 R Pk
Q 175 172 169+12 -6
Breast & 9 9 8+3 -1
: @ 1,969 1,807 1,716£37 —2n3He*
Bladder 3 42 35 2516 —17*=
; Q 22 20 1243 —10%*
Kidney a 128 129 18010 +2
) ) @ 68 61 607 —8&
Cervix uteri Q 717 530 461+19 —2bgH*
Endometrium™ 2 146 108 110+£10 —BpRokk
lg)vary Q@ 481 400 328+16 — 15854+
rostate & 16 15 1013 —g*
Other genital sites
Malignant a3 115 98 80+8 —3h%*¥
——— S T D -
0ssibly benign s =
Brain or nerves, malignant or benign” & 440 412 887+18 —p3*
@ 348 311 280+15 —GGHE*
Eye a b 5 342 -2
Q B 4 2+1 -3
Thyroid a 14 11 1243 -2
Q 15 12 0+3 —g*
Leukemia 38 824 292 299+18 ~25
Y] 267 245 251414 -16
Hodgkin’s disease & 226 154 125410 —107]%#*
Q@ 126 83 68%7 —pTERE
All other lymphomas” & 329 286 305116 —24
Q 207 190 177x12 --30%
_} Other specified and unspecified” sites & 367 348 328+16 —89%
¥ Q 379 356 350+17 —29
Total, all sites, all histologies a 5,064 4,670 4 454160 —GOO*H*
. o) 6,638 5,942 5,671+68 —1,067%%*

; 7 Rates estimated as average of rates at 35-89 and at ages 40-44 yr.
' " 8E denotes the standard error of the 1978 rate. The standard errors of the other two rates (196872 and 1978-77) are both ~0.5 SE,
while the standard error of the change (196872 {o 1978) is =~1.1 SE,

T Rk ek denote P<0.1, P<<0.01, P<<0.001, respectively (two-tailed test). The change was estimated by subtraction of the 1978 rate
from the 1968-72 rate,

* The inerease in liver cancer death among males aged 35-44 yr in 1978 would be of interest if real, but it is not statistically signifi-
cant (62 deaths observed in 1978 vs. 52.3 expected on the basis of the 1968-77 death rates), and corresponding increases are not seen

among males aged 15-34 yr nor among males aged 456-64 yr. The slightly high rate among men aged 3544 yr in 1978 is, therefore,
L probably largely or wholly an artifact of chance.
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TEXT-FIGURE DI,.—Trends in U.S. cancer death
certification rates for cancers that are common
in middle or old age: Relationship between
trends above and below age 65 years.
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and it is striking that it shows no upward trend. This
may be partly because the trends in pleural and nasal
sinus cancers are opposite in direction and cancel each
other out {Burbank, 1970) and partly because of a
progressive tendency for doctors to avoid such imprecise
terms as cancer of the “mediastinum” or “thoracic
organs’’ in death certification. {In Britain, where a
more detailed subdivision of these ‘'other respiratory”
cancers is published, the percentage of the small
number of male “other respiratory” cancers that were
pleural increased from 36% in 1968-72 to 56% in 1978,
whereas the percentage that were mediastinal decreased
from 12 to 5%.)

Stomach . —Stomach cancer 15 now decreasing
throughout the developed world {table 5 on page 1202),
even though the case fatality rate is still about 90%. None
of the dietary explanations invelving reductions in con-
tamination by micro-organisms of food due to modern
food processing or storage have been either accepted or
rejected, possibly because it is the diet during child-
hood or early adult life that largely determines the risk
in middle or old age, an association that would be
difficult to study epidemiologically. The enormously
encouraging feature of the U.S. stomach cancer trends
is that they are continuing downward in each age
group throughout middle age, which strongly suggesis
that the decreases occurring in old age will continue
throughout this century and perhaps beyvond., The
United States, which used to have very high stomach
cancer rates, already has incidence rates that are among
the lowest recorded in any country in the world, and
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-8 6B = gallbladder

K = kidney

LK = leukaemia

hopefully the decreases in the United States will be a
model that other countries will continue to follow,

Intestines.— On death certificates, intestinal cancer
may be of either a specified or an unspecified part of
the intestines. In 1958, about two-thirds of male
intestinal cancer deaths were certified as being of some
specified’ intestinal site, and one-third were of an
unspecified intestinal site, whereas by 1977 the converse
was true. Overall, little change occurred in total male
intestinal cancer mortality during this period. Clearly,
although the male death certification rates for each
specific intestinal site have been approximately halved,
these decreases cannot be accepted as real because the
unspecified site rates have doubled. However, it has
been traditional to present the data [or one particular
specific site (“rectum,” comprising the last foot or so
of the large intestine) separately and to describe the
remainder, including unspecified intestinal sites, as
“colon,” This approach gives the misleading impres-
sion that rectal cancer rates are really decreasing and
colon cancer rates are really increasing, whereas in fact
the decreases in the death certification rates for rectum
are, if anything, slightly less extreme than for many of
the other (colonic) specified parts of the intestines. In
view of the fact that half of all fatal cancers diagnosed
in hospital as “rectum” in the TNCS were eventually

7 8mall intestine, ascending colen, transverse colon, descending
colon, sigmoid colon, or rectum.




certified as ‘“colon,” the most plausible interpretation
of the data is that there have been no material trends in
either colon or tectal cancer mortality during the past
quarter of a century among males, though both the
mortality and some incidence data do suggest a slight
decrease in onset rates below age 65. Similar difficulties
of classification affect females, and when all intestinal
sites are combined total fernale intestinal cancer death
rates have been decreasing steadily since 1950,

Liver—The human liver is a large organ, intimately
exposed to much of what is ingested and composed of
cells that are capable of rapid proliferation when
necessary. Moreover, most of the chemicals that have
thus far been found to be carcinogenic in animal
feeding experiments cause liver cancer in animals (and
one in particular, aflatoxin B, seems capable of doing
likewise in humans). It is therefore of interest to note
that among Americans under age 65 liver cancer
currently accounts for only 0.8% of cancer death certifi-
cates, and that no statistically significant trends in liver
cancer mortality are evident during the past decade.
(Human liver cancer is still rapidly fatal in almost all
cases, so neither the absolute mortality rates nor the
trends can have been materially affected by improve-
ments in therapy.) The decreases in incidence (table
D5) are presumably chiefly artifactual due to the
improving differential diagnosis between primary and
secondary liver cancer.

Gallbladder and bile ducts.—Cancers of these two
sites have different causes, gallstones being an im-
portant risk factor for the gallbladder, The two sites
are unfortunately not reported separately either in
mortality data or in the published incidence data from
the SNCS in 1947/48. They are, however, reported
separately in the TNCS (1969-71), in which the sex
ratios are opposite, females developing cancer of the
gallbladder rather than of the. bile ducts.’

Tables D%, D4, and Db indicate that decreases have
occurred and are continuing to occur in the aggregate
of these two types of cancers and that these decreases
are larger among females than among males. This
finding suggests that it is probably cancer of the
gallbladder that is chiefly decreasing, rather than
cancer of the bile ducts. However, since, like liver
cancer, both diseases are comumonly fatal (with b-yr
relative survival rates <{10%), the real trends in inci-
dence and mortality must be similar. As this is not
what the available data indicate, the true size of the
trends remains unknown. If reliable site-specific data
were available, the relative decrease in cancer of the
gallbladder might be as striking as that in cancer of the
stomach, We do not know whether whatever decrease
does exist is partly due to a decrease of the biologic
causes of the disease or whether it is due simply to

4 At ages <<65 in 1969-71, the all-races age-standardized incidernce
rates per 100 million for cancer of the gallbladder were 573 for
females and 305 for males, whereas for cancer of the extrahepatic bile
ducts they were 442 [or females and 661 for males,
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progressively more surgical treatment of gallstones and
to removal of more and more of those few gallbladders
at greatest risk of gallstone formation.
Pancreas.—It is encouraging that, after increasing
for decades, the trend in male pancreatic cancer at ages
under 65 is now downward, the decreases in early
middle age being particularly rapid. Pancreatic cancer
is again so uniformly fatal that treatment cannot have

.affected these trends. If the correlation of smoking with

pancreatic cancer represents a cause-and-effect relation-
ship, one might expect the ratio of rates among
smokers and non-smokers to be increasing, as has been
true in recent years for lung cancer. If this ratio is
indeed increasing, then among middle-aged male non-
smokers the trend in pancreatic cancer mortality must

‘be even more steeply downward than these national

data suggest (as might the female non-smoker rates).
This prediction, and a similar prediction ol steeper-
than-average downward bladder cancer trends among
non-smokers, could easily be checked in the data from
the two large prospective studies of U.S, non-smokers.

Remaining digestive—The decreases in this may be
chiefly artifactual, due to transfer of some cancers of an
unspecified digestive site either to a wholly unspecified
site or to some specified site. Since 1968 “remaining
digestive” has included peritoneal mesothelioma, a
type of tumor that can be caused by asbestos, but these
are so rare (only a few dozen per year in each sex out
of a few hundred per year “remaining digestive” in
each sex: Cutler and Young, 1975) that their trends
cannot be estimated from the trends in “remaining
digestive.”

Bone.—The apparent decreases in ‘'bone” cancer
death certification rates {and incidence rates) may be
due chiefly to the progressive elimination of misdiag-
nosed secondaries (Boyd et al.,, 1969), though the
similar magnitudes of the wends in young and old does
not support this,

Skin.—The upward trends in skin cancer mortality
during 1950-67 were the sum of an increasing death
rate from melanomas, together with a decreasing death
rate from other skin tumors (Burbank, 1970). The
increases are most rapid in middle age, and so the rates
in old age will probably increase even more rapidly in
future decades than is already the case. The causes of
melanoma are not well understood; exposure to sun-
light scems to be involved, and patients with xero-
derma pigmentosum, which involves a genetic de-
ficiency in their ability to repair the damage done to
their DNA by sunlight, are at extraordinarily high risk
of melanoma (Robbins et al., 1974). However, people
whose work involves regular outdoor exposure seem
paradoxically to be at lower risk of melanoma than
otherwise similar people who work indoors (Lee and
Strickland, 1980), perhaps because a permanent suntan
is protective. Therefore, the conditions that maximize
risk may be those that involve sudden exposure of
untanned skin to sunlight. It is possible that the
worldwide increases in melanoma are due merely to
some change in the pattern of human exposure to
sunlight (e.g., changes in clothing or increases in
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sunbathing), particularly since the chief increases seem
{o be in melanoma of the trunk and legs rather than of
the face (Magnus, 1980). However, melanocytes are also
subject to hormonal influences, and it could yet be that
other, undiscovered, causes are also important.

Breast.—The lack of any substantial trends in breast
cancer incidence or mortality at ages under 65 is
deceptive and conceals various smaller fluctuations in
morality in particular age groups, with women born
in different decades having differing risks in later life.
Delay of first pregnancy is known to he a determinant
of breast cancer risk in later life (MacMahon et al.,
1973), and Blot (1980) has argued that the reproductive
patterns ol different cohorts of American women can
account for some or all of the small fluctuations in
breast cancer death rates in particular cohorts of
women. (Women who were young during the Great
Depression of the 1930°s had their children at a
somewhat delayed time, and their breast cancer mor-
tality nowadays is slightly increased, while women
who were young in the postwar baby boom now have,
in early middle age, substantially decreased breast
cancer rates because of their early pregnancies.)

Bladder.—The steady decrease in bladder cancer
death rates in both sexes is encouraging, since bladder
cancer can be caused by occupational exposure to
various carcinogens, [Blot and Fraument (1975) report
similar decreases in the industrial Northeast of the
United States, despite a heavy concentration of chemical
manufacturing industries there.] However, the discrep-
ancy between rising incidence and falling mortality is
more marked for bladder than for any other type of
cancer except thyroid cancer {see below). This diver-
gence may be contributed to by improvements in
treatment, but the reason why it is peculiarly extreme
is probably because there is no sharp distinction
between bladder ‘“‘papillomas” and bladder “carci-
nomas,” and by now a substantial proportion of the
bladder “‘cancers’ counted by certain registries are what
clinicians or histologists in the past might have clas-
sified as “papillomas’” (Muir, 1976).

Kidney.— At ages under 65, small increases in male
(but, until recently, not female) kidney cancer death
certification rates have been continuing for 25 years,
together with slightly larger increases in incidence in
both sexes. Men who smoke cigarettes have mutagenic
urine (Yamasaki and Ames, 1977), a marked excess of
bladder cancer (see section 5,1), and about a 40% excess
of kidney cancer in both of the large American
prospective studies. It is not known whether this excess
is an ariifact of the epidemiologic method, but if not
then it could account for the small upward trend in
mortality from cancer of the kidney.

Cervix, endometrium, and ovary—~-Large decreases
in mortality from cancer of the uterine cervix have
continued throughout the past half century at least,
were apparent long before screening for cancer of the
cervix became widespread, and are the chief reason for
the larpe, steady decrease in female non-respiratory
death rates over the past 40 vears, The causes of this
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substantial improvement are not fully understood,
though effects of improved personal hygiene may be
relevant. It is not known what the current trends in
cervix cancer mortality would be were it not for the
benefits of cervical cancer screening programs. Also, if
all of the deaths between 1933 and 1978 from cancer of
the cervix that were certified merely as being due to
“cancer of the uterus” {with the exact site not otherwise
specified) could be transierred from ‘“‘endomertrium,”
where they now are, to “cervix,” the downward trend
in cancer of the cervix would presumably be much
steeper and that from cancer of the endometrium much
shallower. This suggestion is supported by the trends
in recorded incidence in table DA, Finally, an increas-
ing percentage of American women in middle and cld
age, when cancer is most common, have already
undergone hysterectomy for various reasons, thereby
removing both cervix uteri and endometrium (and,
sometimes, both ovaries) from risk. A better statistic
might be the death rate from such cancers per uterus,
not per woman (and, likewise, in ovarian cancer per
ovary), and the recent trends in these rates would
presumably seem somewhat less encouraging. They
might well indicate no material decrease in cancer of
the endometrium, though the decreases in cancer of the
cervix seem far too large to be accounted for by any
combination of the above sources of error.

Brain.—The distinction between malignant brain
tumors, benign brain tumors, and brain tumors of
unspecified malignancy is not reliable, and so all three
must be pooled if meaningful analyses, especially of
trends, are to emerge. Because of the possibility of
diagnostic confusion between brain tumors and other
brain diseases in old people, separate examination of
the death rates among people under age 65 and those
among older people is perhaps more important for
brain tumors than for any other category of neoplasm
{text-fig. D1}. Under age 65, we see a 1% per annum
decrease in brain tumor death certification rates. Over
age 65 the opposite is true, and a very rapid increase in
death certification rates exists, possibly due to a steady
improvement of diagnostic standards. Future death
certification and, particularly, registered incidence rates
may be further increased as the diagnostic accuracy
conferred by computerized transaxial tomograms {""EMI-
scans’'} and other special investigations becomes more
and more widely available.

Thyroid.—The contrast between steadily falling death
certification rates and the outstandingly rapid increase
in incidence suggested by table D5 is greater for
thyroid cancer than for any other type of tumor and
may in part be explained by the epidemic of non-fatal
thyroid cancers induced by medical use of X-rays.

Hodghin's disease and certain forms of leukemia.—
These diseases are much more treatable now than they
were a decade or two ago. This alone will produce
substantial downward trends in mortality, especially
among younger people {see table C2), and may perhaps
have encouraged more thorough efforts at correct
diagnosis, especially among older people. Reliable
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cestimation of separate trends in the various different

types of leukemia is, unfortunately, not possible from
the available data due to lack of consistent classifica-
tion and terminology. The lack of any net trend in
either direction in leukemia mortality among older
people may represent a balance between increasingly
thorough diagnosis among elderly patients who are
dying of leukemia and slightly better treatment of the
disease. It is not possible in this situation to know
whether the underlying age-specific leukemia onset
rates are changing, but the incidence data do suggest
that some decreases in real onset rates are in progress,
at least among females.

All other tumors of the reticuloendothelial system.—
These tumors comprise several different diseases, none
of which {except possibly myeloma)} can be studied
separately, again because of a lack of consistent diag-
nostic criteria. Among people under age 65, for whom
no net trends in mortality are evident, rising incidence
may be balanced by better treatment; or perhaps no
material trends exist in lymphoma onset rates, but (as
for leukemia) better case ascertainment is being balanced
by better treatment,

Death certification rates from myelomatosis have
been rising steadily during 1968-78 (1.2+0.3%/year
among people under age 65 and 3.2+0.2%/year among
older people). This difference between the rates of
increase in middle and in old age might be the tail end
of the sort of “"successive generation effect’”’ described
for smoking and lung cancer in appendix FE. Alterna-
tively, it might simply mean that the apparent increase
in myelomatosis is largely or wholly due merely to
improved case finding rather than to increased inci-
dence, because improved case finding must have oc-
curred during 1968-78 and might be expected to have
its greatest effect among the old, (Recent improvements
in diagnostic technology could cause particularly large
upward bhiases in myeloma death certification rates,
because the disease may present acutely as terminal
renal failure or bone marrow failure, and the correct
diagnosis could easily be missed if electrophoretic
blood protein analyses are not undertaken.)

Other and unspecified sites.—Of all cancers at ages
under 65, 6~-8% are of an unspecified site, the exact
percentage varying irregularly since 1950, with, rather
surprisingly, slght increases during the past decade.

“Early” and “Late”-Acting Determinants of Cancer:
The Crucial Importance of Trends in Cancer in
Early Middle Age

The different trends in the death certification rates
for each separate type of cancer have a variety of
different causes, and each must therefore be discussed
separately. Some general points can, however, be made
about the surprisingly long delays that typically seem
to exist between cause and effect in carcinogenesis. For
many types of cancer the cancerous alteration of a
normal cell is thought to involve the accumulation,
over several decades, of at least two different sorts of
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permanent, or semi-permanent, change in particular
cells, such that it is only a cell that has suffered the
“early”’ change(s) that is at risk of the “late” change(s)
that will finally convert it into the seed of a growing
cancer. (For review, see Peto, 1977.) If this theory, or
anything roughly equivalent to it, is true, then the
determinants of cancer can perhaps be divided into
three main classes: a) those that principally affect only
the “early” stages, ) those that principally atfect only
the “late” stages, and ¢) those that have a substantial
effect on both early and late stages. Theoretically,
tripling the likelihood of the early stages occurring
triples the risk of cancer, as does tripling (among cells
that have already undergone their “early” changes) the
likelihood of the late stages occurring, whereas doing
both might increase the final risk of cancer ninefold.

Again, whether or not this is exactly true, the risk of
cancer in old age is strongly dependent both on the
rate of occurrence of the “‘early’”’ changes in one’s cells
during childhood or early adult life, and on the rate of
occurrence, among cells that have undergone the early
change(s), of the “late” change(s) in middle or old age.
Clearly, if the early changes are increased or decreased
then it may be 50 vears or more before the full effects
of this on national mortality data are evident, whereas
if the later stages are increased (e.g., by post-meno-
pausal hormones) or decreased {e.g., by stopping smok-
ing, since smoking seems to affect both the early and
the late stages of lung carcinogenesis—see appendix E)
then measurable effects may be seen within a decade.

If there were no general upward trend in current
cancer onset rates, this would suggest that recent
changes in the American life-style or environment have
not grossly affected the “later’” processes of induction
of most cancers, but it would not offer any guarantee
against significant increases or decreases during the
past quarter of a century in the rates of occurrence of
the “early” stages. However, separate examination of
the trends in mortality among adults in early middle
age might reveal more clearly any adverse or beneficial
tendencies in exposure to early-stage carcinogens. We
have therefore tabulated separately the trends in cancer
death rates observed during the 1970’s among Americans
aged 35-44 (table D). The absolute numbers of deaths
involved are very small, which introduces difficulties of
statistical significance that did not affect the earlier
tables. However, where statistically significant trends
in one or another direction can be demonstrated
among people currently aged 385-44, the directions of
these significant trends are of crucial importance,
because they offer some of the best clues there are as to
the likely direction of the trends in cancer mortality
that will be seen in the 1980’s among people aged
45-54, in the 1990°s among people aged 55-6G4, and
among old people early in the next century.

The significant patterns in table D6 seem to be:

a) Continuation at ages 35-44 of the upward trends
already noted above among older people in cancer of
the lung (females only) and skin {(males only).

by Continuation at ages 35-44 of the downward
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trends already noted above among older people in
cancer of the stomach (both sexes), intestines {females
only), ovary, endometrium, cervix uteri and other parts
of the female reproductive system, brain (both sexes),
bladder (both sexes), and in Hodgkin’s disease {both
sexes). The decrease in Hodgkin’s disease is largely or
wholly ascribable to effective treatment, but this seems
unlikely to be true on the whole of these other
significant decreases,

¢} Recent emergence of very marked decreases in
mortality at ages 35-44 from cancer of the male lung,
female breast, and pancreas (chiefly in men, but
perhaps also in women), At least two of these three
trends are very encouraging. The decrease in male lung
cancer is encouraging because it suggests that a peak in
the still-evolving epidemic of male lung cancer can
now be foreseen. (See text-fig. E3 on paié'é{fﬂ()ﬂ’" for
more detail; in appendix E the decrease in lung cancer
mortality ameong younger men is attributed more to
decreasing tar yields than to decreasing cigarette con-
sumption.) The decrease in male (and perhaps female)
pancreatic cancer might also be at least in part due to
decreases in exposure to the affects of tobacco (see
section 5.1) if smoking effects chiefly the later stages of
pancreatic cancer induction. Pancreatic cancer remains
almost wholly incurable, yet peak rates for cancer of
the pancreas among middle-aged males were reached in
the mid-1960's. Since then, decreases have occurred
throughout middle age, but most especially in early
middle age for which unexplained decreases of about
%0% have already been recorded. The marked decrease
in mortality at ages 35-44 from cancer of the fernale
breast is perhaps less encouraging, for it may merely
indicate a protective effect of early pregnancy only on
the mothers of the postwar baby boom (Blot, 1980), in
which case the decreases seen in table D& will pre-
sumably be replaced in a decade or two by increases in
breast cancer in early middle age due to the delayed
fertility of the 1960°s and 1970

When one considers the aggregate of all types of

cancer at ages 35-44, male death rates decreased by 12%
hetween 1970 and 1978, whereas female rates decreased
by 16%. These decreases are produced by the sum of
many factors, but even if the effects of any “one-off”
improvements in cancer therapy (and any temporary
effects of the postwar baby boom) are allowed for,
the net trends would still seem favorable. It is therefore

reasonable to hope that the overall decreases seen

during the 1970’s in cancer death rates among Amer-
icans aged 35-44 will be seen at older ages around the
turn of the century. The (rends in lung cancer are
discussed more fully in appendix E.

APPENDIX E: TRENDS !N LUNG CANCER DEATH
RATES IN RELATION TO CIGARETTE USAGE
AND TAR YIELDS

Effects of Smoking in Early and Recent Adult Life

As would be expected, lung cancer risks at 60 years
of age depend strongly on the degree of exposure of the
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lungs to cigarette smoke over the previous decade or so.
The chief evidence for this assertion is that a} people
aged 60 who have given up smoking 10 years previ-
ously have lung cancer risks that are well under half
the risks among continuing cigarette smokers (Rogot
and Murray, 1980; Doll and Peto, 1976; Hammond,
1966) and that b) people who have switched to low-tar
or to filter cigarettes seem to have, as a consequence,
lower lung cancer risks per cigarette (Hammond et al.,
1977; Wynder et al., 1976).

Perhaps more surprisingly, lung cancer risks at 60
years of age also depend strongly on the degree of
exposure of the lungs to cigarette smoke during the
first decade or so of adult life (text-fig. El). The
strength of the dependence (among continuing cigarette
smokers) of lung cancer risks in old age on cigarette
smoking habits in early adult life means that lung
cancer rates among people in their sixties during the
1970’s are strongly influenced by the smoking habits in
about 1980 of the teenagers and people in their early
twenties, a delay of about half a century. It also means
that the trends of half a century ago in cigarette usage
by young adults will be important determinants of
current trends in lung cancer among old people.
Analogous large effects of exposure in early “adult”
life on cancer risks in later life are also seen in

- controlled experiments involving the regular appli-

cation of one of the cancer-causing components of
cigarette smoke to laboratory mice (Peto et al., 1375),

21-30 /day (V)

Annual Death Rate

10-20 /day (1}

0.0% 1 ) L
Before 15 15-19 20-24

] 1
25 or Never(?!
over
Age (years) when Started to 8moke Cilgarettes
TeXT-FIGURE El.—Data on U.S. veterans (Kahn, 1966), Lung cancer
mortality at ages 35-64 among current smokers of cigarettes only,
in relation to the age when cigarette smoking first began (though
this was perhaps not when regular consumption of substantial
numbers of cigarettes first began).

U The figures 10-20 and 21-39/day refer lo the maximum rate
at which the subject ever normally smoked cigaveites; the lifelong
average wmay, of course, be much less than this.

2 Subject may previously have smoked “once in a while but not
every day.”




so there is no reason to distrust the importance of early
exposure which is apparent in the uncontrolled human
data. The human data in text-figure El deserve careful
examination, because it is impossible to interpret
properly the recent lung cancer trends in any developed
country unless one appreciates the crucial importance
of cigarette smoking in early life (as well as the
importance of more recent exposure, of course),

Thus lung cancer risks at age 60 years certainly
depend very strongly on cigarette usage both at ages
15-25 and at ages over 45. Presumably, they also
depend to some extent on cigarette usage at ages 26-45,
though the strength of this dependence is not known.
Therefore, o interpret in any detail the lung cancer
rates among people of a particular age, we ideally need
to know not only what they have been smoking in the
recent past but also what they smoked decades ago in
their teens or twenties, Moreover, to interpret recent
lung cancer irends among people of a given age, we
ideally need to know not only the recent trends in
adult cigarette consumption but also the trends in
cigarette consumption by teenagers or young adults in
the distant past.

Trends in U.S. Smoking and Lung Cancer

Unfortunately, of course, the exact sioking habits of
the young in the distant past are not known. Estimates
of varying degrees of reliability have been made, but
none can be accepted with confidence, and we prefer to
base our inferences chiefly on the total sales of manu-
factured cigarettes, which should be reasonably reliably
known,' together with the observation (Surgeon General,
1980} that female cigarette usage seemed to lag about
25 or 30 years behind male cigarette usage.

The major changes in American smoking habits in
this century have been the rise in cigarette usage (text-
fig. E2) in the first half of the century and the
subsequent halving of tar yields per cigarette (Owen,
1976). One cannot, of course, predict from these crude
total sales data the exact relative risks of different
generations, because neither the ages of the people who
smoked the cigarettes sold in past years nor the * sLy]e
in which they smoked their cigarettes is known.’

! Questionnaires seeking recall of quantitative smoking habits in
the distant past are notoriously unreliable, and even questionnaires
about current habits may be subject to large errors. For example,
data from four large guestionnaire-based surveys (1964, 1966, 1970,
1975) suggest about a 15% reduction between 1964 and 1975 in the
number of cigarettes smoked per U.S. adult, but this reduction is
probably chiefly due to progressive increases in underreporting
(Warner, 1978), because no such large trends are evident in the more
reliable data on the numbers of cigarettes actually manufactured. By
1975, 0% more cigarcttes were being sold than the questionnaire
surveys indicated were being smoked.

* The “style' includes stub length, puff frequency, puff size, depth
of inhalation, and possibly even speed of inhalation, since this may
affect the net exposure of the walls of the large upper airways {which
are the part of the lung at greatest risk of cancer) to the carcinogen-
carrying droplets or gases in cigarette smoke.
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TEXT-FIGURE E2,—Mean daily sales of manufactured cigarettes per
U.5. adult over 18 years of age (Surgeon General, 1980), together
with a crude estimate of tar yield per adult, based on Owen, 1976.
The estimate of tar vield allows approximately for decreases since
1954 in tar yield per cigarette smoked in o standard manner (but
not for any hypothetical compensatory increases in number of
puffs per low-nicofine cigareile).

Moreover, if dietary factors affect lung cancer (see
section 5.3) these too may change with time. Therefore,
there seems litele point in trying to devise complex
mathematical predictive formulas based on detailed
models, Instead, we shall exemplify the qualitative
ways in which trends in tobacco exposure might be the
chief determinants of the lung cancer trends by a
detailed discussion of one particular comparison— that
between the lung cancer rates of men aged 45-49 in
1637, 1957, and 1977.

Example: Trends in lung cancer mortality among
U8, males aged 4549, as we go from 1937, to 1957, to
1977.—Men aged 45~49 in 1987: These men were born
in about 1890, and because thev grew up before World
War I (which ended in 1918) very few of them smoked
substantial numbers of manufactured cigarettes regu-
larly from early adult life (text-fig. E2). However, many
will have smoked pipes and/or cigars (which both
confer some risk of lung cancer, though not nearly as
large a risk as do cigarettes), and a few may have
smoked hand-rolled cigarettes,

Men aged 45-49 in 1957: These men were born in
about 1910, and because they grew up between the two
wars, when the average usage of manufactured ciga-
rettes was 5 or 4/adult/day (text-fig. E2), some of them
smoked substantial numbers of cigarettes regularly
from early adult life, whereas some then smoked pipes
and/or cigars. However, compared with the cigarettes
already being used by young men between the wars,
these other forms of tobacco may, by the 1930’s, have
had a relatively unimportant added effect on the young
men's future lung cancer risks. (When a new habit,
such as the use of marijuana in recent years, is in the
process of being adopted by a country, it tends to be
the young adults who adopt it most vigorously.)

Men aged 45-49 in 1977 These men were born in
about 1930, and because thiey grew up after World War
I (which ended in 1945), when the average cigarette
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usage was about 10/adult/day (text-lig. E2), many of
thermn smoked substantial numbers of cigarettes regu-
larly from early adult life, while probably by then
relatively few of them smoked much pipe or cigar
tobacco; for the inevitable tendency of the young to be
in the forefront of new drug usage seems likely to he
accentuated by the disruption of their habits and values
that follows a long war with widespread military
conscription. {A possible analogy might be with the
recent Vietnam War, which may have particularly
affected the use of marijuana and other drugs by
young adults.)

If these three successive generations of men (born
1890, 1910, and 1930) had subsequently all smoked
similarly from the age of 25 or 30 onward, one might
have expected excess lung cancer risks at ages 45-49 in
approximate proportion to the exposure of their lungs
to the carcinogenic agents in tobacco smoke in early
adult life (texi-fig, E1), but, of course, they were not
similarly exposed in later life. The men born in 1890
had their ‘later life’” between the wars (when the
national average was still only 3 or 4 cigarettes/adult/
day plus still some pipe and cigar tobacco), the men
born in 1910 had their later life after World War 11
{when the average was 10 cigarettes/adult/day), and the
men born in 1930 had their later life in the 1960’s and
1970’s [when the average cigarette consumption per
adult had not changed much further but the tar yield
per cigarette smoked under standard laboratory condi-
tions had decreased by about half (Owen, 1976), which
presumably reduces the human tar yield per cigarette
by some worthwhile amount (Wald et al.,, 1980b} and
seerns to reduce the lung cancer risk per cigarette
(Wynder et al., 1976; Hammond et al., 1977)].

From these data on consumption, one might expect
approximately a doubling of risk at ages 45-49 between
the successive generations born in 1910 and 1930,
because @) between the times when they were both
young adults there was about a threefold increase in
cigarette usage per adult with no large change in tar
delivery per cigarette, bul &) between the times when
they were hoth aged about 40 years there was a large
decrease (perhaps by about one-third} in the human tar
vield per cigarette with no large change in cigarette
usage.

The magnitude of the increase in risk between the
generations born in 1890 and in 1910 is more difficult
to predict because of uncertainty as to how much
young adults smoked as well as the uncertainty in the
relative contributions of pipes, cigars, and cigarettes. If
hypothetical effects of hypothetical improvements in
nutritional status are ignored, one might approxi-
mately expect a fourfold increase due to perhaps a
doubling of net exposure of the lungs to carcinogens
in early life and perhaps a doubling of net exposure in
later life.

Having discussed at length what lung cancer changes
we might expect to see, we shall now discuss what we
do see. Among American non-smokers aged 456-49, the
annual lung cancer death rate per milllon men is
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about B0 (Hammond, 1966). Among all U.S. males
aged 45-49, the lung cancer death rates per million
were 150 in 1937, 300 in 1957, and 500 in 1977, in
round numbers.) Therefore, the excess risks ascribable
to tobacco were probably about 100, 250 and 450.
These figures are reasonably compatible with our crude
predictions (of a fourfold increase and then a twofold
increase) based on the cigarette consumption data.
Note particularly that, comparing 1957 with 1977, the
net increase in lung cancer is composed of an increase
in young people’s smoking long ago, between 1930 and
1950, and a more recent decrease in tar yields, between
the 1950’s and the 1970’s, (Looking further ahead,
during the 1980’s there should be a worthwhile decrease
in the U.8. lung cancer death rates among men aged
45-49. This predicted decrease involves comparison of
men born about 1930 with men born about 1940, and
the ones born around 1940 should have been exposed
to substantially lower net tar deliveries either at ages
15-830, or at ages $0-45, or both.)

Terminology: The “successive generation effect.”’-—
Because we were examining a middle-aged group of
men (aged 45-49 yr), there was a delay of some 30 years
between cause (in the form of trends in teenage
cigarette use) and full effect, but if we had been
examining older men (e.g., aged 65-69 years), there
would have been an even longer delay (=50 wyr)
between cause and full effect. These long delays are
sometimes described in terms of a “latent period,” but
this terminology may misleadingly suggest a fixed
delay {e.g., of 30 vyr) between cause and effect. The
reality is more complex, of course, and it is perhaps
preferable to speak of a “successive generation effect,”
whereby the risks among successive generations of men
are directly dependent not only on their recent smoking
habits (i.e., over the past decade or so) but also on the
predisposition to lung cancer which has been imprinted
on them by their smoking habits in the distant past.
The “successive generation effect” and recent smoking
habits together determine current lung cancer risks,
and neither should be ignored. (For example, if the
“successive generation effect” were ignored, one might
mistakenly predict a decrease in male lung cancer at
ages 45-49 between 1957 and 1977 due to the decrease
in tar vields, whereas in fact an Increase should be
expected.)

Note that although we have emphasized chiefly the
importance of cigarette smoking in very early life (i.e,,
at ages 15-25 or so), in imprinting various different
predispositions to subsequent lung cancer on successive
generations of men, the amounts smoked at 25-35 (and
possibly even at 35-45) must also be of some im-
portance. It is obvicusly very wrong to ignore exposure

* The death certification rates were 127, 805, and 497 (table EI on
page 1286), and in table E2 {see below) we shall suggest that the 1687
lung cancer death certification rate for people aged 45-49 may have
been between 71 and 87% of the true 1937 lung cancer death rate




in early adult life, but conversely it is an over-
simplification to imagine that what happens in the age
range 15-25 is the sole determinant of the predisposi-
tions that are imprinted on successive generations.

The midcentury peak in tar intake per young male.—
Lacking objective data, we shall assume that the net
exposure of young men to cigarette smoke during
1900-50 was, very roughly, proportional to the cigarette
consumption per adult indicated by the left half of
text-figure E2 and that after 1950 it was roughly
proportional to the tar yield per adult indicated by the
broken line in the right half of this graph. There are
many possible sources of bias in this approximation,*
but some may cancel each other out.

Qur main conclusion, however, is that among young
American men there must have been a fairly sharp
peak in net exposure to cigarette smoke around the
middle of the century (probably occurring at some time
between 1946 and 1955, depending on trends in con-
sumption by the young and on exactly when tar yields
first began to drop rapidly) with a substantial decrease
thereafter from the mid-century peak wvalues.

Steady tncrease in tar intake per young female,—The
Surgeon General (1980) has suggested that female
smoking has lagged about 25 or 30 years behind male
cigarette smoking. If the left half of textfigure E2 is
shifted to the right by a quarter of a century, it suggests
negligible cigarette usage by females in the 1920’s, with
steady increases thereafter, at least to the mid-1960's.
(This is borne out by estimates of the percentages of
women who smoked cigarettes, which continue to
increase rapidly up to the 1960's.) The tar intake per
young female must therefore have risen rapidly up to
the 1950’s,” and although it may have continued to rise
thereafter {or may have flattened out thereafter), it can
hardly have decreased much, at least during 1955-75,
(For example, the proportion of females aged 15-16

% One large source of bias is that, if they have enough money 10
indulge their inclinations, young men are more inclined than other
adults are to be at the forefront of adoption of a habit such as
cigarette smoking while it is spreading, especially in or after
prolonged wars. This tendency would increase the consumption per
young male in the early vears relative to lext-fig. E2 {(except that
America was not very heavily involved in World War 1, and that
before 1945 the voung did not have much spare money}. Another
large source of bias is that between 1920 and 1970 female smoking
has been increasing fairly steadily, which again would increase the
consumption per young male in the early years relative to text-fig.
E2 and would make the decrease in exposure per young male since
1950 even steeper than it seems in the broken line in the text-figure.
Finally, changes in the style of smoking (e.g., stub length, puft
frequency, puff size, and speed and depth of inhalation) may bias
rrends in tar exposure among young men quite substantially, but in
ways that are impossible to document (except that some compen-
sation for the recent decreases in nicotine and tar seems likely),

* The rise will be even larger than might be anticipated just from
changes in the composition and numbers of cigarettes that women
smoke if American women resemble British women in having alsa
increased the vigor with which they smoke individual cigareites (Doll
el al., 1980)
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who smoked cigarettes rose from 10% in 1968 to 20% in
1974: Surgeon General, 1980.)

Decreasing tar intake per mature adult in recent
decades.—To make sense of the post-1950 lung cancer
trends, we needed some estimate of the tar intake per
young adult throughout the century (see above), to-
gether with some estimate of the tar intake per mature
adult since World War II ended in 1945, For mature
males, tar intake must have been roughly constant for
a time and then decreased with decreasing tar levels.
For mature females, tar intake must have risen to a
maximum at some time between 1945 and 1965 and
then likewise decreased.

Male lung cancer data.—From the foregoing crude
estimates of trends over previous decades in tar intake
by young and by mature males, one might expect lung
cancer rates among older males still to be rising, since
the increases in smoking by young males before World
War II outweigh the decreases in tar yields among
mature males in recent decades. Although the genera-
tions of men born in 1910, 1920, and 1930 all passed
through the sharp “mid-century peak” of tar intake
(the generation of 1930 doing so at ages 15-25), the
generations born in 1940 and 1950 missed it. Therefore,
although one cannot predict from the tobacco data
alone whether the male generation of 1920 or the male
generation of 1930 will be at greatest risk, the male
generations born after 1930 should be at successively
lower risk, This is indeed so {table El, text-fig. E3), and
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TEXT-FIGURE E3.— Trends since 1950 in lung cancer mortality in
U.S. males at young ages; recent decreases are shown for the age
groups 30-834, 35-39, 40-44, and 45-49 years.

]NCI. VOL. 66, NO. 6 JUNE 1981

1295




5§ Doll and Peto

TABLE El——Annucl death certification rates/million people for all races in the United States, from cancer of the lung”

The more reliable figures are in boldfaced type.b’c

Annual death certification rates/million people, for:

Apge,
fr Sex  1993-37  1938-42  1948-47  1948-52 196357  1958-62  1963-67  1968-72  1973-77 1978
(~1935)"  (~1940)" (~1945)" (=1950)" (=~1966) (~1960) (~1965) (~1970) (=1976) only
30-34 a 12 15 17 17 19 24 24 21 18 17
Q 8 8 8 8 8 8 10 11 10 11
35-39 3 26 31 39 44 46 60 73 78 71 62
¢ 14 13 18 16 17 22 28 37 36 35
40-44 3 56 73 94 107 128 151 188 219 206 192
Q 25 27 29 29 34 46 64 87 102 108
45-49 a 101 153 187 246 297 333 392 465 502 480
¢ 37 45 52 52 58 79 114 161 212 235
B50-54 a 159 243 353 467 578 669 767 871 948 1,021
Q 56 68 81 81 84 109 164 269 333 408
55-59 3 211 347 542 739 960 1,142 1,279 1,505 1,683 1,647
o 84 100 126 116 116 145 206 349 490 571
60-64 a8 237 408 641 969 1,320 1,665 1,975 2,247 2486 2,625
¢ 105 131 159 164 159 184 247 389 617 767
0-64% & 47 73 105 143 183 219 254 293 314 325
Q 19 23 27 27 27 84 47 73 100 118
65-69° 8 244 417 630 1,062 1,582 2,064 2,571 3,110 3,380 3,557
Q 124 164 194 218 220 231 294 460 671 876
70-74° a 235 378 588 1,082 1,551 2,113 2,740 8,551 4,186 4,522
Q 148 179 239 286 279 282 332 483 691 871
76-79° 3 238 370 530 928 1,355 1,804 2,572 3,453 4,358 4,760
Q 189 187 255 364 361 344 372 498 683 864
80-84° & 170 295 421 770 1,148 1,523 2,046 2,913 3,814 4,580
o 113 166 215 357 391 394 411 537 646 202
85+° a 153 223 319 676 876 . 1,209 1,574 2,173 2,754 3,165
Q 72 118 161 353 370 402 451 557 652 686
655 a 294 369 552 963 1,428 1,902 2,482 3,202 3,792 4,136
Q 128 169 218 290 294 298 344 490 875 850

¢ Fatimated as “all respiratory sites except larynx.”

Rates in or before 1950 become progressively less reliable the farther back one goes, and are affected by minor errors of population
undercount and by the exclusion of cancers of the nose, nasal sinuses, and other sites. (See tables E2 and E3 for corrected estimates.)
° Rates at ages >80 yr are progressively less reliable with increasing age.
v gtandardized to the age distribution of respondents o the U.8. 1970 census (see appendix A)
¢ Standardization to ages 0-64 yr conceals the differences in direction between the recent trends above and below the age of b0 yr.

these decreases should continue through the 1980's
(and during the 1980°s should spread to the age groups
50-h4 and 55-b9, of course). Text-figure E3 presents
the vates only from 1950 onward, for reasons which
have already been discussed at length in appendixes B,
C, and D, but some of these reasons probably apply
with greater force to lung cancer® than to any other

¢ In 1900, most people dying of lung cancer would never have
been diagnosed as having lung cancer, either while still alive or
(since only a minority of people would have been examined post
mortem) after having died of lung cancer. Over the subsequent 30
years the techniques for diagnosing lung cancer were enormously
improved by the introduction of X-rays, bronchoscopy, intrathoracic
surgery, and sputum cytology, by increasingly reliable distinction
between primary and secondary cancer in the lung, and by the
introduction of sulfa drugs and antibiotics which cured potentially
fatal chest infections due to unrecognized cancers and so permitted

those cancers to be recognized. Moreover, medical coverage of the

population improved. In 1900 many lung cancer patients would
never have been admitted to hospital, but by _the middle of the
century Americans of working age who developed lung cancer would
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typically be investigated in hospital, with postmortem examinations
of many who died before a definitive diagnosis had been established.
By 1950 most people dying in middle age of lung cancer would
probably have been correctly diagnosed, either before or after death,
and no great improvements in diagnostic technology for lung cancer
have been introduced since then. This improved diagnosis may have
been of littie value for the patient (since ~90% of all cases of lung
cancer are still incurable when diagnosed), but it improved the
accuracy of death certification, producing large artifactual upward
trends in lung cancer death certification rates throughout the first
half of this century. These artifactual trends were so large in the
early period (Enstrom, 1979) that we shall present the data only from
1938, the year in which nationwide collection of causes of death in
America began. Even between 1933 and 1950, however, some fairly
large artifactual trends must also have occurred, chiefly upward. (As
the correct diagnosis of lung cancer became less and less of a medical
rarity between 1900 and 1933, an increasing tendency to misdiagnose
other causes of death as “cancer of the lung’ may have developed,
accentuating the artifactual upward trends. Progressive elimination
of such errors around the middle of the century may then have
diluted slightly the real upward postwar trends. This slight dilution
could, of course, be important only where the absolute rates are low
and the real upward wends are not large, as, for example, among
American females between 1940 and 1960.)
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TABLE R2.—Approwimate undercertification faclors
during 1833-62"°

Avoidable Risks of Cancer in the U.S.

TapLE B3 —ZEstimated true male U.S. lung cancer death rates in
years 1933-52°

Estimated undercertification for:

Age, yr
193337 1938-42 1943-47 1948-52

40-44 {and 0.86 0,93 1.00 1.00

younger)
45-49 0.71 0.87 1.00 1.00
5054 0.69 0.84 1.00 1.00
55-b9 072 0.86 1.00 1.00
60-64 0.64 0.80 0.97 1.00
6569 0.57 0.7 0.89 1.00
T0-74 0.562 0.63 0.84 1.00

2 The undercertification factor is here defined a3 the ratio of
the recorded to the frue lung cancer death rate. This table lists
the undercertification factors indicated in years 1933-37, 1988-42,
and 1943-47 if @ death certification rates in 1948-52 were about
right, and ¢ rates in earlier quinguennia differed from the
1948-52 rates because of undercertification.

¥ What would ideally be required would be separate estimates
of the probabilities that @ lung cancer will be correctly certified,
and that ¢ non-lung cancer will be miscertified as lung cancer.
These two ideal probabilities might carry over more accurately
to the & data than the above single undercertification factors do.

¢ The contemporary degree of undereertification in England
and Wales might be roughly similar, so in correcting British
rates for 1041-45 we have used the simple average of these U.5.
correction factors for 1938-42 and 1943-47.

Estimated true U.8. mortality rates/

Age, yr million people, for:
1933-37 1938-42 194347 1948-52"

30-34 14 16 17 17
35-39 30 33 39 44
40-44 66 78 94 107
4549 142 176 187 246
50-64 230 289 363 467
56-59 293 408 542 739
60-64 370 510 661 969
85-69° 428 bbb 708 1,052
70-74°¢ 452 600 700 1,082
75-79* — — — —
80-84¢ — — — —
85+ — — — —

@ Thege are the & mortality rates that would be obtained if the
undercertification factors indicated by the 2 trends during this
period (table E2) are applied to the & lung cancer death certifi-
cation rates/millien people.

Actual & rates, because correction factors for 1948-52 are all
1.00,

© Less reliable than rates in middle age.

Too unreliable for any useful estimation to be possible.

TasLE B4 —Mortality in England and Wales from cancer of the lung, estimated as all respiratory, excluding Eaxrym“’b

Annual death certification rates/million people, for:

Age, yr Sex

1042-45° 1946-50° 1951-55 1956-60 1961-65 1966-70 1971-75 1976-79
(=1943) (~1948) {(~1958) (=1958) (~1963) {~1968) (==1973) (1/1/1978)
30-34 & 39 (40) 41 (41 38 87 23 25 24 17
) 14 (15) 15 (15) 16 15 11 12 9 8
35-39 a &7 (90) 97 (97) 101 95 92 7 58 56
g 25 (26) 27 (27 30 33 33 32 26 23
40-44 a 203 (210) 242 (242) 253 256 228 220 177 137
9Q 39 (40) 51 (51) 54 63 71 84 68 62
4549 a 404 (432) 555 (B55) 589 597 570 537 506 400
Q 63 (67) 77 (7T 92 108 140 161 183 163
50-54 3 626 (630) 972 (972) 1,242 1,260 1,234 1,172 1,075 1,019
9 102 (111) 123 (128) 144 175 224 290 831 359
55-59 & 924 (994) 1,375 (1,375) 2,088 2,338 2,299 2,219 2,086 1,891
) 135 (145) 176 (176) 214 248 315 409 500 551
60-64 a 1,073 (1,212) 1,749 (1,776} 2,591 3,347 1,687 8,719 8,661 3,349
2 186 (210) 235 (239 295 342 432 527 678 833
65-69° a 1,081 (1.257) 1,798 (1,903) 2,964 3,965 4,879 5,304 5,215 4,986
o 289 (271) 315 (339) 369 296 532 673 819 992
70-74° a 799 (1,087) 1,442 (1,667 2678 3,024 5,020 6,252 6,899 6,694
Q 251 (341) 327 (366) 408 470 560 748 900 © 1,082
75-79¢ 8 685° 1,180° 2,087 3,845 4,530 5,931 7 A25 8,083
Q 288° 328° 436 494 582 741 923 1,117
80-847 3 — 791° 1,444 2,271 5,423 4,58 8,160 7,664
Q - 297°¢ 402 461 566 661 906 1,008
g5+ a — 497° 927 1,438 2,062 3,490 4,457 5,484
Q — 201° 316 399 480 629 795 809

" Wstimates corrected for undercertification (vy the same factors as in the U.8. data; see table E2) appear in brackets after the data
for 1941-45 and 1946-50. The more reliable figures are given in boldface type.

b T match the corresponding U.B. data in table E1, eancers of the nose and nasal sinuses start to be included after 1950, at which

time they account for only 1% of respiratory cancer deaths.
¢ Moderately unreliable.
4 Yery unreliable, especially in early years.

¢ Correction not attempted for early years; true rates cannot be estimated directly.

! Published data not subdivided above 80.
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common type of cancer, and some self-explanatory
corrected estimates for the male rates in the early years
are suggested in tables E2 and E3. Readers who are
unhappy with these particular corrections may devise
alternative corrections, or they may ignore the data
prior to 1950 as being whelly untrustworthy,” It would
not, however, be advisable to infer from the trends in
uncorrected lung cancer death certification rates before
1950 that any large upward trends in real lung cancer
onset rates were taking place among American females
or that the trends among males were as steep as the
uncotrected data suggest. (Likewise, the trends since
1950 among very old Americans of either sex may be
seriously in error.)

Examination of the top right-hand corner of table El
shows that all the male lung cancer rates above the age
of 50 have risen steadily from 1950 to 1978. Probably,
however, for the reasons already discussed the rate
among men aged 50-54 will reach a maximum by
about 1980, the rate among men aged 60-64 will reach

.a maximum by about 1990 (or a little earlier, especially
if tar yields continue to fall), and the rates for men in
their 70’s will reach a maximum by the turn of the
century or earlier, after which male lung cancer rates as
a whole should, other things being equal, be de-
creasing.

Female lung cancer data.—It is not surprising that
nearly all the female rates in table El are still rising;
indeed, it is slightly surprising, and rather encourag-
ing, that the female rates at ages 30-39 seem to have
stopped rising recently. A reasonable hope is that in
view of the continuing decreases in tar yields, these
particular female rates will not start to rise again.
However, in view of the increase in female usage of
cigarettes right up to the mid-1970's it is too soon to be
certain. If this halt in the increase of lung cancer
mortality for women in their thirties continues, then
presumably it will gradually spread to older age
groups of women. For example, since there has been
no upward trend in lung cancer among women who
were in their thirties during the 1970’s, there should be
no upward trend in lung cancer among these same
women as they reach their fifties during the 1990's.
This would suggest that by the turn of the century
lung cancer rates among middle-aged women will no
longer be rising. However, rates among older women
will probably (depending on trends in tar yields and
female cigarette usage in the intervening period) still
be increasing due to the successive increases in tobacco
exposure during early adult life of the successive
generations of women born in 1920, 1930, and 1940,

7 Qur view is that absolute mortality trends in the early years are
difficult to estimate directly, but that trends in the ratio of male-to-
female death certification rates at some particular age {e.g., 50-b4} are
not plausibly accounted for by artifacts of diagnosis, certification, or
population estimation and are, therefore, informative. For further
discussion of the biases and trends in the pre-1959 lung cancer data,
see Dorn (1954).
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Comparison of British and American Trends

Well over 90% of lung cancer deaths occur over the
age of 50 where uniform upward trends in U.5, lung
cancer mortality have been observed for decades. Yet,
our interpretation of current trends in lung cancer
mortality and our predictions of future lung cancer
mortality depend chiefly on the small decreases that
have been observed in recent years in the death rates
among men aged under 50, This situation looks a bit
like the “tail wagging the dog,” and although we
intended to avoid theoretical models, there is obviously
a sense in which any predictions for 1980-2000+ are
theoretical. However, the pattern of rapid increases in
all age groups of men for a few decades, followed by
gentle decreases first among men in early middle age,
then among men in later middle age, and finally by
older men, that we have predicted is not only what
might theoretically be expected but also, more im-
portantly, what has actually been ohserved in Britain
and Finland, two countries where cigarettes have been
used for many decades. It is therefore of interest to
compare the American experience to date with the
British and Finnish experience.

Cigavette usage by young British men.—Cigarette
usage per adult in Britain and the United States is
compared in text-figure E4. As has already been noted,
the low usage per adult in the early period does not
necessarily indicate a correspondingly low intake per
young man. In both countries, to estimate the general
shape of a graph of cigarette usage per young man in
the early period, it might be reasonable to take the
shapes of the graphs of U.8. and U.K. smoking before
1950 that are suggested by text-figure E4 and roughly
double the figures for 1900-20. (World War I, which
ended in 1918, would, of course, accentuate the dif-
ference in attitudes, values, and habits between young
and old.} This procedure would suggest that during
the 1920’s and 1980's the cigarette smoking habits of
young men in both countries either increased by a
small amount or were approximately constant and that
the increase in cigarette usage per adult between the
wars was due chiefly to the spread of the habit to
middle-aged and older men, and to women, Detailed
data for the smoking habits of young men during
1900-40 do not exist in either country,® and we justify
our rough suggestions partly by their intrinsic plausi-
bility and partly by the unpleasantly circular argument
that they do predict something like the observed lung
cancer trends.

In Britain, cigarette usage per man has been constant
since 1950 (the increases in text-figure E4 being due to

® Detailed estimates of the exact age-specific cigarette usage by
British men have been suggested by the Tobacco Research Gouncil
and appear in various of their publications {e.g., Lee, 1976}, but
these estimates are based on the unsupported assumption that the age
distribution of cigarette usage did not change between the 1890's and
the 1940's, This assumption does not appear to us to be plausible,
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TEXT-FIGURE Ed.—Mean daily sales of manufactured cigarettes per
U.5. adult over 18 years of age conirasted with the corresponding
mean per U.K. adult over 15 years of age {Surgeon General, 1980;
Lee, 1976).
Since 1948 there have been annusl surveys of British smoking
habits {Lee, 1976), and although consumption per woman has
risen steadily, consumption per male has remained constant,
Broken lines provide a very crude and approximate estimate of tar
intake per adult, expressed in “constant tay cigarettes” (Cwen,
1976; Wald et al., 1981). British tar yields per cigaretle were down
9% by the mid-1950's, down a further I4% by the mid-1960's, and
down a further 27% by the mid-1970's; thus tar inicke per British
male has progressively decreased since 1948,

increases in fermale smoking), but tar yields per cigarette
have been decreasing ever since World War II, so tar
intake per young British man may have been roughly
constant from the 1920°s to 1950, with progressive de-
creases thereafter—a pattern very different from the
sudden American midcentury peak in tar intake. Be-
cause of this, the “successive gencration effect” (whereby
differences between successive generations in smoking
in early adult life imprint on those generations dif-
“ferences in predisposition to lung cancer in later life)
may have roughly ended in Britain with the generation
born early in this century., Consequently, the eftects of
the large decreases in tar yields per cigarette should be
seen more easily in Britain than in the United States,
for in Britain they are superimposed for many age
groups on a gently rising or roughly constant {we
cannot tell which) “successive generation effect”; whereas
in the United States they are, initially at least, super-
imposed on, and therefore concealed by, the large
“successive generation effect” increases due to the large
mid-century peak in American tar intake, which Britain
did not share.

British lung cancer.—The British lung cancer moz-
tality data are conveniently available (Office of Popula-
tion Censuses and Surveys, 1975) only from 1941 and
are presented in table E4. (As with the American data,
the British lung cancer data prior to 1950 become
progressively less reliable; and the estimates in table F4,
which are corrected approximately for under-cestifica-
tion, may be preferred for 1941-45 and 1946-50.) During
the 1950°s British male lung cancer death rates were
decreasing only in the youngest age groups, during the
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1960’s these decreases had managed to spread through-
out middle age (because they did not have to compete
with a strong “successive generation effect”’), and now
they have spread to old age. Among British women,
who (like American women) lagged about a quarter of
a century behind men in their adoption of cigarettes,
the ‘“successive generation effect” is still strong in
many age groups, and as yet only below the age of 50
can actual reductions in British female lung cancer
rates be seen.

The British and American male mortality data for
three particular age groups are contrasted in text-figure
E5. Among British men born after the early years of
the century, the “successive generation cffect” should
have moderated, and worthwhile decreases are indeed

clearly evident, as should be expected from the postwar -

decreases in tar yields. (To display rates of 100/million
and 5,000/million legibly on one graph, we have used
a “log” scale in text-figure E5, on which an increase
from 100 to 200 looks as large as an increase from 1,000
to 2,000. This log scale may misleadingly suggest that
the decreases are mot importamt, whereas in fact the
decrease at ages 40-44 from 256/million to 146/million
represents nearly a 50% risk reduction, and even the
“slight” decrease at 50-54 represents silent prevention
of one-sixth of the lung cancer deaths at these ages.)

The only odd feature of text-figure E5, in view of the
similarity of the cigarette sales per adult in Britain and
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TEXT-FiGURE Eb.—Comparison of lung cancer trends in the U.S.
{USA, round symbols) in selected age groups with corresponding
trends in England and Wales (E&W, square symbols).

Data from tables EI-E%; points jor 1940 to 1950 are gsitmates
corrected for under-certification (open symbols), points for subse-
quent years are observed rates (solid symbols).
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the United States during 1925-40 (text-fig. E4), is that
the American death rates for men born in about 1910
are only half the corresponding British rates. It seems
probable, however, that the tar intake per young
British man between the wars considerably exceeded
that per young American man (because of differences
in tar intake per cigarette,” and possibly also because of
differences in the number of cigarettes smoked per
young man'®), and this phenomenon may be the whole
explanation for the previous excess British risk. Since
1945, American cigarete usage suddenly began greatly
to exceed that in Britain {and the spending power of
American youths increased rapidly). Presumably as a
result of this, among men aged 40-44 there has been a
crossover in about 1970 between British and American
lung cancer mortality (text-fig. E5) which is likely to
be repeated in about 1980 at ages 50-54 and in about
1990 at ages 60-64. The British data are of interest
because, especially in the youngest age groups, they
may provide a better indication of the benelits to be
expected from changes in cigarette composition, for
these benefits are not as completely swamped as they
are in most of the American data by the “successive
generation effect.” Table Eb documents the magnitudes
of the risk reductions that have already been observed
in England and the United States. Of course, there is
no guarantee that cigarette usage has been exactly
constant among young adults over the relevant periods,
so the true benefits from changes in cigarette composi-
tion may be a little less or, more probably, a little
more, than is suggested by the comparisons in table
E5. However, this table strongly suggests that sub-
stantial benefits have already accrued, and it seems

 In the 1950's, before the advent of filter tips, Americans habitually
left much longer “stubs’ unburned when they finished each cigarette
than did British men (Doll et al., 1959: differences in siub length
between American and non-American cigarettes were also cbvious 1o
one of us who, in his carly teens, habitually scavenged the roads
around Southampton docks for smokeable stubs discarded by sailors
of various nations), The tar yield from the last few puffs from a short
hot stub exceeds that from the [irst few puffs from a cigarette. In
recent decades, however, the advent of {ilter tips has prevented British
men from smoking their cigarettes down to tiny stubs,

1% 4) The ratio of young men to adults between the wars was larger
in the United States than in Britain, and young men were the
principal consumers of cigarettes. ‘The ratio of the number of
cigareties sold Lo the number of young men would be larger for
Britain than for the United States.

») World War I lasted longer and killed far more young men in
Britain than in the United States and so may have produced a larger
divergence in attitudes and habits between young and old in Britain.
{(Although the Vietnam War killed only 1% as large a proportion of
young American men as the 1914-18 war killed of British men, it t0o
produced a divergence of attitudes and drug use between young and
old.)

¢) Any slight differences in average age al starling to smoke
substantial numbers of cigarettes regularly could have a large effect
on subsequent risks, but there is no evidence bearing on British oy
American practice on this in earlier decades.
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: reasonable to expect further substantial decreases during

the next decade or two.

Comparison With Finnish Data

Among countries with good data on recent lung
cancer and on cigarette usage (Lee, 1973) half a century
ago, the only country outside the British Isles and
North America where people already smoked sub-
stantial numbers of cigarettes between the two World
Wars is Finland. In Finland, average cigarette con-
sumption between 1920 and 1940 was 3.7/adult/day,
which was then very similar to that in Britain and the
United States (text-fig. E4), but Finland, like Britain,
did not have the large increase in cigarette usage
between 1940 and 1945 that was seen in the United
States. Consequently, Finnish lung cancer rates through-
out middle age have, like the British rates, already
stabilized and begun to fall (table E6).

Table E6 presents lung cancer incidence data and
therefore includes both fatal and non-fatal cases. How-
ever, if the Finnish rates in the late 1960’s are multi-
plied by about 0.9 to “remove” the non-fatal cases, we
get rates in middle age very similar to the corre-
sponding British rates and much higher than the
corresponding U.S. rates. Air pollution in rural Fin-
land is negligible (except perhaps in sauna baths!), and
even the Finnish cities have never been highly polluted
in comparison with British standards. In section 5.7 we
did not ascribe any large fraction of lung cancer to air
pollution, either acting alone or synergistically with
cigarettes, Comparison of the British and Finnish data
confirms that a) there is no need to assume any large
effects of air pollution to get the high levels of lung
cancer per cigarette observed in Britain, and that &)
there is no need to invoke decreases in air pollution to
explain the recent decreases in British and American
lung cancer mortality.

Qther Countries

There are, of course, many countries other than the
United States, Britain, and Finland where the relation-
ship between cigarette stnoking and lung cancer could
have been examined. Although each has its special
peculiarities, we know of no country where causes of
death are reasonably accurately certified vet the cer-
tified lung cancer death rates in middle age are grossly
discrepant with what is known of the smoking habits
in that country in previous decades. The greatest
apparent discrepancy at present is perhaps Japan,
where there is less lung cancer than might have been
predicted; however, the current rate of increase of
Japanese lung cancer death certification rates is so
rapid {see table 5 on page 1202) that during the 1980’s
this anomaly may disappear. Because of the strong
influence of cigarette consumption in early adult life
on lung cancer risks in later life (text-fig. El), a close
correlation between current cigarette consumption and
current lung cancer rates should not exist, especially if
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TABLE E5.—Decreases in lung cancer, comparing 1978 data with data for the worst-affected” generations of men in England and Wales
and in the United States

England and Wales United States

Rates for 1978 compared

Rates for 1978 compared
with those for worst-

a .
Worst-affected® generation writh those for Worst-

Worst-affected” generation

Age, yr (born ca. 1910-11) affected generation (born ca. 1927-28) affected generation
Mortality/ . Mortality/ Mortality/ : Mortality/
million 05::;3: t(i)(fn million Decrease” million E erlodtfaf million Decrease’
men men in 1978 men observation men in 1978
30-34 40 194145 17 58%/3b6 yr 24 196862 17 30%/18 yr
3639 98 194650 63 36%/30 yr 73 196367 62 16%/18 yr
40-44 263 1951-66 138 45%/25 yr 219 1968-72 192 12%/8 yr
45-49 597 1966-60 38b 36%/20 yr 502 1973-77 480 4%/3 ¥yr
50-54 1,234° 1961-656 1,047 15%/15 yr ? 1980 1,021 —
55-59 2,219¢ 196670 1,912 14%/10 yr ? 1985 1,647 —f
60-64 35774 1971-75 3,316 T%/6 yr ? 1990 2,626 —£
6569 5,0187 1978 5,018 — 7 1995 8,557 —F

% These sre the generations with the highest death rates at ages 5544, when substantial effects of smoking first became evident.
However, if in the future the number of cigareites smoled/individual will decrease, or the effective dose of noxious chemicals/cigarette
will decrease, the benefits at some particular attained age to these two worst-affected generations may be greater than to the
immediately previous generations. The maximum American lung ¢ancer rates in 0ld age may therefore be seen, at around the turn of
the century, in the gemeration born in a few years before this “worst-affected” generation. _

Percentage decreate, comparing age-specific mortality in 1978 with that for the worst-affected generation (born 1910-11 in
England and Wales, born 1927-28 in United States).

¢ Might have been materially larger but for changes in cigarette composition,

4 Would have been materially larger but for changes in cigarette composition.

¢ 7.9, mortality at ages 50-54 should reach a maximum by ~=1980.

1 11.8. mortality at ages BB6-59 Is still rising.

£ 1J.8. mortality at ages 60-64 and 6569 is still rising rapidly.

“current” lung cancer rates are an (age-standardized)
average of the lung cancer rates among several different
generations of people, each with very different degrees
of exposure to cigarette smoke in early adult life. If,
however, attention is restricted to people of a given age
(e.g., 35-44) whose adult lives have been passed under
the reasonably stable social conditions that have on the
whole prevailed since the end of World War II (and
after the end of the immediate postwar austerity period
in Europe), there is a reasonable correlation between
national cigarette consumption rates per adult when
those people were young and their lung cancer risks as
they enter middle age (text-fig. E6). This correlation is
rather better than we would have expected in view of

TaBLE E6.—Annual lung concer netdence/million men, Finland®

Annual incidence/million men, for:

Age, yr
Be ¥ 1967-71 1972-76
30-84 gt . 11°
35-39 56 43
40-44 207 186
4549 630 518
50-54 1,369 1,340
56-59 2,783 2514
6064 4,332 5,028

¢ Average of the 5 most recent available incidence rates
(1972-76) and the 5 previows incidence rates {1967-71).
Based on only 6 cases.
“ Based on only 9 cases,

the possible international differences in cigarette com-
position, puff frequency, style of inhalation, butt
length, additional use of non-manufactured cigarettes
(and other forms of tobacco), and national consump-
tion of cigarettes in the intervening years between 1950
and 1975." However, even if the apparent closeness of
the correlation in textfigure E6 is partly due to
chance, it does emphasize that the “poor” international
correlations that are sometimes used as arguments
against the overwhelming importance of tobacco may
be “poor” chiefly because they were effectively seeking
a correlation between the smoking habits of one
generation and the lung cancer risks of their parents or
grandparents,

Recapituiation

Current increases in male U.S. lung cancer mortality
are following the qualitative pattern that one should
expect from the large mid-century peak in cigarette tar
intake per U.S. male. Because of this mid-century peak,
there have been during recent decades large lung cancer
increases due to the ‘“successive generation effect”
having imprinted successively increasing predisposi-

U The effects of the imperfect correlation between the smoking
habits of all adults and of young adults in 1950 may be somewhat
offset by the presumably opposite effects of this correlation in the
intervening years.
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TEXT-FIGURE E6.—International correlation between manufactured cigarette consumption per adult in 1950 while one particular generation
was entering adult life {in 1950) and lung cancer rates in that generation as it enters middle age {in the mid-1970’s).
Comparison has been restricted to developed countries (i.e., excluding Africa, all of dsia except Japan, and all except North America) with
populations 1 million, o improve the accuracy of the observed death certification rates as indicators of the underlying rishs of lung cancer
among people aged 35-44.

Y T ung cancer death certification rates per million adults aged 35-44 ave from WHO (1977, 1980). These rates are the means of the male
and female rates for all years (1973, 1974, or 1975) reported in WHO (1977), except for Greece [which was not reported in WHO (1977) and
thus was taken from WHO (1980)] and Norway, for which the rates in WHO (1977) and WHO (1980} were based on only 11 and 14 cases,
res?ectiuely; for statistical stebility, these were averaged.

@ Manufactured cigarettes per adult ave from Lee (1975) for the year 1950 (except for aly, where consumption data ave avatlable in 5-yr
groups only; to avoid the temporary postwar shortages, data for 1951-55 have been used). This excludes handrolled cigarettes, which in mos!
countries accounted for only a small fraction of all cigarette tobacco in 1950,

017 8. non-smoker rales were estimated by fitting sivaight lines {on o double logarithmic seale) to the relationships between lung cancer
mortality and age reported for male and for female lifelong non-smokers by Garfinkel (1980) and averaging the predicted values at age 40,
fAlthough the average of the male and female rates actually observed at these ages is similar to this estimaled value, these observed rates

are each based on fewer than 5 cases (Garfinkel, 1980) and so might have been Inaccurate.]

tions to subsequent lung cancer on the successive
generations of American men bom up to 1930. These
increases in lung cancer mortality will probably con-
tinue at leasi up to the turn of the century among
older American males,

Quantitatively, the American increases are not quite
as large as comparison with Britain and Finland would
have led one to expect, possibly because of some
relatively less noxious aspect of American cigarette
composition and probably because Americans took
fewer puffs from each cigarette or in some other way
exposed the key target areas in the lungs to less
chemical damage per cigarette.

Worthwhile decreases, probably due to the switch to
less hazardous cigarettes, are evident in those U.S. age
groups {born since 1930) in which the rapid increases
due to the “successive generation effect” have abated.
Although worthwhile risk reductions may also have
been conferred on older age groups by the switch to
less hazardous cigarettes, these are not sufficient to
override the rapid upward trends still occurring in
older age groups due to the ‘‘successive generation
effect.”
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In lung cancer, as for most other types of cancer, the
key piece of evidence that should be examined to
determine the net effects on adults of any new factors
that have recently begun to operate is the trend among
the youngest age groups (e.g., 3b-44) in which any
material effects of the causative agent could be expected
(see table D6 on page 1287). If the trend in these
youngest age groups is downward, as for stomach
cancer, temale genital cancer, male lung cancer, and
pancreatic cancer, any recent net changes are likely to
have been for the better, and the effects of these
changes will probably spread to older age groups in
the future. If the trend in these youngest age groups is
upward (as for melanoma among males), then the
opposite is true. The trends in the older age groups
{e.g., 65-74) may chiefly reflect, via the "successive
generation effect,” the delayed effects of changes in
exposure that occurred many decades ago. Conse-
quently, in the trends among older people, the effects
of even quite large recent changes in exposure may be
difficult to discern (even though complete cessation of
smoking leads to very substantial avoidance of risk
within less than a decade).




. Comparison With Other Interpretations ot Trends In
U.5. Lung Cancer

The interpretation that we have offered of the U.S.
lung cancer trends differs sharply from that put for-
ward by the Council on Environmental Quality in the
1980 inter-agency report to the President of the United
States by the Toxic Substances Strategy Committee
(entitled ‘“Toxic Chemicals and Public Protection”).
The 'TSSC report, which closely followed an un-
published analysis by Schneiderman (1979), obtained
considerable publicity when it was released, both in the
lay and scientific press [e.g., the long report in the
influential journal Science (209:998-1002) entitled
“Government says cancer rate is increasing”}]. The
TSSC concluded that large increases in lung cancer
were occurring over and above those attributable to
smoking, but their analysis was based on the absurd
assumption that if American smoking habits (and any
other relevant exposures) had been constant from the
1960’s to the 1970's there would have been no large
trends in Jung cancer over this periodl This extra-
ordinary failure to expect any large increases due to the
“successive generation effect’” is a simple scientific
error to be corrected, rather than a new scientific
hypothesis to be considered, because massive ‘‘succes-
sive generation effects” have been seen or are being
seen in every country that has adopted cigarette smoking
on a large scale before the middle of this century. If
new (e.g., since 1950) toxic chemicals or occupational
carcinogens were now having any really substantial
effects on U.S. lung cancer trends, then their per-
centage effect would be expected to be largest among
men in their %0’s, 40's, and perhaps 50’s rather than
among men in their 60’s and 70's, whereas in fact we
observe rapid increases among men in their 70's and
decreases among men under 50.

Any analysis is bound to be misleading if, as the
TSSC did in its Council on Environmental Quality
report, it averages together (by age standardization) the
upward trends in old age due to the pre-1945 increases
in cigarette usage by young adults and the downward
trends in early middle age where the pre-1945 increases
have had their full effect and so have ceased to
dominate the trends. The essence of any reliable
interpretation of trends in cancer incidence is separate
examination of the trends among each separate age
group, as was already being undertaken for US. lung
cancer mortality more than a quarter, of a century ago
by Do (1954), with conclusions rather similar to our
own. Only if no important differences in (at least the
directions of) these separate trends is evident should
they be averaged together by “age standardization,”
and even then it is wise not to combine the data for
people over 65 with that for people under 65,

Failure to comply with this basic principle of cancer
epidemiology (together with various other serious errors
of judgment in matters of epiderniu:)logy12 has led the
Toxic Substances Strategy Committee to suggest that a
large group of cancers are increasing extremely rapidly
due to presumably occupational factors. Had they
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examined, in a standard way, trends in mortality data
in middle age or among people aged 35-44 (see
appendix D), no such conclusion would have emerged.

However, this very fact emphasizes the weakness of
any analysis of national trends as a means for detecting
the effects of causes of cancer like asbestos which,
though important, probably only increase the inci-
dence of some common type of cancer by a few percent
{see section 5.6). We have scrutinized the U.S. lung
cancer trends spanning the postwar period, during
which period occupational exposure to asbestos has
increased substantially, probably by now causing some
thousands of lung cancer deaths a year. However (like
the avoidance of some risk in the older age groups due
to lowered tar yiclds), this is not clearly evident from
the trends alone. Moreover, it might not have been
unequivocally evident even if the large increases due to
cigarettes had roughly stabilized long ago. Clearly, the
effects of some other cause of cancer as important as
asbestos could also lie unnoticed in these trends,
especially if, like asbestos, its effect is to multiply up
the effects of tobacco.

We have shown that the most important parts of the
pattern of trends in age-specific lung cancer death
certification rates can be explained by plausible as-
sumptions about the effects of smoking, but this does
not mean that those plausible assumptions are exactly
true. Thus we do not claim to have shown that no
important causes lie buried in the lung cancer trends,
but merely to have shown that the trends themselves do
not provide any strong evidence for the existence of
any such causes. Despite this reservation, however, the
downward lung cancer trends among males in early
adult life remain moderately reassuring.

Trends in Lung Cancer Among U.S. Mon-Smokers

This conclusion might in principle be tested in
another way by examination of the trend in non-
smokers. Enstrom (1979a) has shown that, from 1900 to
the present, lung cancer death certification rates among
non-smokers have risen, the largest relative increase
being between 1900 and 1950, which he {and we)
dismiss as being largely or wholly an artifact of death
certification practice, with both “largely” and “wholly”
being possible, and little chance of rendering either
implausible, Since 1950 there have also been artifactual

2 The most important other error (apart from implicitly assum-
ing that no “successive generation effects” should exist} was to use,
instead of mortality data, the trends in incidence suggested by
comparison of the 1969-71 TNCS incidence data with the 1973-76
SEER incidence data. (See appendix C for criticism of this procedure.)
Lesser errors inctude the use of “all-ages™ rates instead of “under 65"
rates (or, preferably, age-specific rates for some middle-aged age
groups) and the construction of a category of cancers that were
supposed to be those “‘most likely” to be related to occupational
factors, but that included tumor types, such as kidney, melanoma,
and myeloma, for which there is little independent evidence to sug-
gest any unusually close relation to occupational factors.
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increases in lung cancer death certification rates in old
age, but the guestion that we want to address now is
whether since 1950 there has been any material upward
trend in the real lung cancer death rate among middle-
aged non-smokers. "’

Enstrom (1979a) tried to answer this question in two
ways, but both may be seriously biased by confusion of
ex-smokers with lifelong non-smokers. In his first
method, the numbers of non-smokers in a sample of
the U.S. population were estimated directly by gques-
tioning the people concerned, so those who described
themselves as lifelong non-smokers presumably were.
In contrast, to estimate the annual numbers of deaths
among lifelong non-smokers, he used data from the
national mortality surveys of 1958/59 and 1966/68, in
which the smoking habits of some thousands of people
who had died of lung cancer were estimated by writing
to the “informant’” listed on the death certificate (i.e.,
the person who had informed the U.S. Government of
the fact of death) asking varlous questions about the
dead person, one question being whether the dead
person had smoked. This method inevitably leads to
misclassification of some ex-smokers as being “lifelong
non-smokers,”’ and so inevitably leads to an overesu-
mation of the number of lung cancer deaths among
“lifelong non-smokers.” The magnitude of this over-
estimation will presumably increase as the lung cancer
epidemic increases among smokers. Some estimate of
its magnitude in the mid-1960’s may be obtained by
comparing lung cancer death rates in the American
Cancer Society's prospective study of self-described
non-smokers (Garfinkel, 1980) during 1960-72 with the
rates estimated as above from the 1966/68 national
mortality survey. Standardized [or age,14 the annual
male death rate was 14%]1 per 100,000 self-described
non-smokers versus 25 per 100,000 estimated as de-
scribed above. This difference suggests that a) the
percentage of lung cancer patients who have never
smoked may be substantially smaller than is suggested
by the national mortality surveys, and b) trends in lung
cancer mortality suggested by comparison of these
surveys cannot be trusted, especially since the propor-
tion of relatively recent ex-smokers may have altered
substantially over the past quarter century, and since
the question asked of the informants in the two surveys
defined “non-smokers” differently.

> One might expect such a trend merely from the effects of
“passive’’ smoking on non-smokers {Hirayama, 1981; Trichopoulos
et al.,, 1981), although &) the use of pipes and cigars which preceded
use of cigarettes must have created some effects of passive smoking
early this century, and &) any effect might take about 20 yr longer
than the effects on smokers to show up, since presumably if any
material effect of passive smoking really exists then heavy exposure
in childhood will ultimately lead to the greatest risk. Also, to judge
by the sales of manufactured cigarettes {text-fig. E1), children have
been really heavily exposed only since 1945.

" Standardized in 10-yr age groups lo the population of re-
spondents aged 35-84 (o the 1970 U.S. census, laking death rates at
ages 75 and over to apply to 75-84.
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Enstrom’s (1979a) second argument involves the lung
cancer death rates observed during the first few years of
the two largest American prospective studies of mor-
tality among people who at the beginning of those
studies (in the 1950’s) said that they had never smoked
regularly. These non-smoker lung cancer death rates,
relating to about 1960, are then compared with the
lung cancer death rates estimated {with some methodo-
logical difficulties) during 1968-75 among active Mor-
mons, almost none of whom are current smokers,
However, about one-third of active Mormons in Cali-
fornia are ex-smokers (Enstrom, 1975, 1978), so although
the lung cancer death rates of active Mormons in
California and Utah in about 1972 were estimated to be
about double those of the self-described lifelong non-
smokers in about 1960, this is not evidence that non-
smoker death rates increased at all between 1960 and
the early 1970's,

"A more natural comparison would be of the lung
cancer death rates among the self-described non-smokers
in the early years of these two prospective studies of
self-described non-smekers with their death rates in the
later years of those same studies, preferably excluding
(or examining separately) the first year or two after
recruitment because there may well be a shortage of
lung cancer deaths in the first year if people who
already have lung cancer are not enrolled.

First, in the ACS study, Hammaond (1977) determined
the smoking habits of one million men and women in
1959 and monitored all causes of death among most of
them until mid-1972. Some of the men and many of
the women claimed that they had never smoked reg-
utarly, and 189 male and 503 female lung cancer deaths
accumulated during 1960-1972 among these 1,959 non-
smokers (Garfinkel, 1980), but no material trend in
lung cancer mortality among middle-aged non-smokers
of either sex was evident {(Garfinkel L: Personal com-
munication; see also Garfinkel L, 1981), a conclusion
likely to be strengthened rather than weakened if the
first year after recruitment {mid-1960 to mid-1961} were
excluded.

Second, Dorn determined the smoking habits of
more than a quarter of a million U.S. veterans in 1954
or 1957, and any deaths among them before mid-1970
have been traced (Rogot and Murray, 1980). Detailed
data for the non-smokers among these veterans have
been made available to us by E. Rogot of the National
Heart, Lung, and Blood Institute, and again no evi-
dence of any upward trend in lung cancer among non-
smokers is apparent (table ET). Pending further dara,
we remain unconvinced that any material trends in
true lung cancer death rates among American non-
smokers have occurred in recent decades (although
some such increases should be expected if the effects of
“passive’ smoking reported by Hirayama {1981) and
Trichopoulos et al. (1981) are confirmed). A fortiori,
we are even less convinced that any such trends not
attributable to passive smoking among non-smokers
have occurred. We note that two incidental by-products
of the large case-control study of lung cancer in
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TaBLE ET.—Lack of apparent upward trend in concer of the lung, and in other smoking-related lypes of cancer, -
amony male U.S. non-smokers®

Years since entry to study

Type of cancer

1 2, 3,4 5,6, 7 8,9, 10 11,12, 13 14. 15, 16 All study years
Lung, observed 6 24 31 40 41 ab 177
Lung, expected® 6.5 236 309 39.2 489 33.0 177.0
Ratic:observed/expected 0.9 1.0 1.0 1.0 09 1.1 1
Other smoking-related cancers
MEPL,* observed 4 9 9 11 10 6 49
MEPL,“ expected 2.3 7.4 8.9 10.3 11.6 86 49.0
Bladder, observed 9 16 22 17 81 29 124
Bladder, expected 4.0 12.3 16.9 24.4 33.6 32.9 1240
Pancreas, observed 8 30 42 31 50 34 195
Pancreas, expected 7.9 28.7 6.4 40.5 436 37.9 195.0
Total,® all above smoking-
related cancers
Total, observed 27 79 104 99 132 104 b4b
Total, expected 20.6 72.0 932 114.3 1326 1124 545.0
Ratic:observed/expected 1.8 11 11 0.9 1.0 0.9 1

@ Mortality among the 2 samples of male U.8. veterans who, in early 1954 (sample 1) or early 1957 (sample 2), had “never

smoked regularly,” monitored from mid-1954/67 to mid-1970.

® We are greatly indebted to Dr. Eugene Rogot, of the National Heart, Lung, and Blood Institute, who devised and performed these

analyses and provided us with the results of them.

¢ Numbers of deaths observed are compared with the (indirectly standardized) numbers expected if, among men of a given single
year of age in a given sample, death rates were unrelated to calendar year.

4 MEPL denoctes mouth, esophagus, pharynx, and larynx.

“ Total of all the above smoking-related cancers (lung, mouth, esophagus, pharynx, larynx, bladder, and pancreas)

relation to smoking habits and occupational factors
which we have recommended (in sections 5.1, 5.6, and
elsewhere) will be a) to provide a direct estimate of the
effects on non-smokers of passive smoking by their
parents or spouses, and ) to provide a direct estimate
of the absolute lung cancer death rate among non-
smokers, for comparison with the past rates recorded in
the above two studies and with any future estimates
that may become available later this century.

APPENDIX F: EXAMINATION OF THE ARGU-
MENTS AND CONCLUSIONS IN “ESTIMATES OF
THE FRACTION OF CANCER iN THE UNITED
STATES RELATED TO OCCUPATIONAL
FACTORS” (OSHA, SEPT. 15, 1978)

In the main text (pages 1240-1241}, we stated our
opinion that the estimates made in the OSHA docu-
ment could not be regarded as having any validity,

primarily because the implicit assumption was made .

that the industrial conditions that had been recognized
as giving rise to gross hazards of occupational cancer
were typical of the conditions to which 11.9 million
workers in the United States were currently exposed.
We examine here in detail the reasons for our con-
clusion.

For example, a total of 7,300 excess respiratory
cancers (other than nasal sinus cancer) was “‘projected”’
(OSHA, 1978) to occur each year in workers exposed to
nickel as follows:

A WNorwegian study of Pedersen et al. in 1973 observed
an overall excess respiratory cancer incidence of 5.6-fold

among neatly 2,000 men exposed to nickel. The highest

risk (risk ratio of 14.0) was observed in men first employed

before 1930 and followed for at least 40 years. Assessing )
that an overall risk ratio of about 5 for all respiratory !
cancers can he applied o the approximaiely 1,400,000

[U.S.] workers estimated to be exposed to nickel [in 1972],

it is projected that about 7,300 excess respiratory cancers,

excluding nasal cancer, will occur each year.

Arithmetically, this calculation is correct: The age-
adjusted annual risk of lung cancer among males more
than 20 years old in the United States was 0.00131, so a
fivefold risk ratio would correspond to an excess
annual risk of (5-1) X 0.00131, or 0.00524, the multi-
plication of which by 1.4 million does indeed yield a
figure ol 7,300. This calculation, however, might fairly
be described as a confidence trick. It takes an estimate
of risk from Norway and assumes that the same relative
risk of respiratory cancer would apply to the United
States where the normal incidence of the disease was
much higher, It further assumes that the 1,400,000
workers currently “exposed to nickel” in the United
States have been exposed to the same amounts as men
employed in a nickel refinery, most of whom began
employment under very dusty conditions [as is made
clear in the publication by Pedersen et al. {1973)],
despite the fact that many less than 1% of all American
nickel workers are employed in refineries, that no
hazard from exposure o nickel has been demonstrated
outside a refinery, and that it is uncertain which
specific nickel compound is carcinogenic to humans
(IARC Working Group, 1980). This projected number
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of incident cases is then approximately doubled, to
vield an estimate of about 15,000 lung cancer deaths
per year over the next few decades due to exposure to
nickel in or before 1972-74.

The impropriety of the whole calculation is under-
lined by the fact that the risk of respiratory cancer that
used to be observed in nickel refineries included a risk
of nasal sinus cancer that caused about a third as many
excess deaths being certified as due to cancer of this
type as were certified as being due o cancer of the
lung, so that the above 15,000 lung cancers suggest that
nickel should be responsible over the next few decades
for about 5,000 nasal sinus cancer death certificates a
year (unless, with the increase in national lung cancer
death rates, the ratio of nasal sinus to lung cancer
among nickel refiners has greatly decreased). Nickel
has been widely used for decades, so if such a total is
ever to be attained we should already be a fair way
toward it. In fact, in the entire United States during
1978-77 there were on the average only 274 male deaths
each year certified as being due to nasal sinus cancer,
and it is unlikely that more than about half of these
are due to all occupational causes of nasal sinus cancer
put together, as an average of 158 such deaths also
occurred each year in women. Moreover, no epidemic
increases seem likely this century as even these small
numbers are decreasing with the passage of time in
both sexes. Nasal sinus cancers were not considered in
the OSHA report. Had they been, the paradox of
predicting that occupational exposure to nickel would
cause more than ten times as many deaths to be at-
tributed to nasal sinus cancer as could possibly be the
case might have alerted the authors to the unsoundness
of their methodology.

The argument that led to the projection of a further
7,300 excess lung cancers each year from current
(1972-74) occupational exposure to inorganic arsenic
(and therefore again to some 15,000 fatal lung cancers
per year from ever-exposure to this agent) was along
similar lines. To avoid any risk of misrepresentation, it
too is reproduced verbatim from OSHA (1978):

In 1969 Lee and Fraumeni evaluated the mortality
experience of 8,047 white male smelter workers exposed 1o
arsenic trioxide during 1938 to 1963, Smelier workers were
found to have a three-feld excess in mortality from all
respiratory cancer compared to a statewide population
control group. About half of those in the study population
were exposed to arsenic less than 10 years. Of those
exposed for at least 15 years and followed another 25 years,
the relative risk for respiratory cancer was 4.7, IF this excess
can be applied to the approximately 1,500,000 workers
exposed 10 arsenic, it is projected that about 7,300 excess
lung cancers each year may occur.

! The projected total of 33,000 incident cases ol cancer per year
ascribed to eurrent {1972-74) exposure to nickel, arsenic, chromium,
benzene, or other petrochemicals is assumed in the OSHA paper to
correspond to 10-20% of 400,000-450,000 cancer deaths per year (ie.,
about 64,000 deaths/yr) due to ever-exposure to those five agents. See
section 5.6 for a more detailed description of this aspect of the
arguments in the OSHA paper.
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Similar risks have been reported for several other
groups of copper smelters and for men engaged in the
manufacture of pesticides in the United States and
elsewhere, all of whom had been heavily exposed to
inorganic arsenic in the course of their work. Only one
study provides any basis for deriving a relationship
between dose and effect and that on a most tenuous
basis (Pinto et al., 1977), The World Health Organiza-
tion (1980) recently used the results of this study to
deduce that exposure to 25 ug of inorganic arsenic/m’
of air at work for 26 years would double the normal
risk of lung cancer, but this must be regarded as an
overestimate of the effect because the measurements of
pollution were made in 1973 at a time when, according
to the authors, exposure had already been substantially
reduced. Even without this qualification, however, it
follows that the population of workers that was studied
epidemiologically must have been regularly exposed to
concentrations of the order of 100 ug/m?®, and it is
impossible to believe that the 1.b million workers who
were said to be “currently exposed” to arsenic could be
exposed to anything like that amount. These workers
included electroplaters, farmers, jewelers, and plumbers
in a list of 78 occupations with potential arsenic
exposure published by the Department of Health,
Education, and Welfare and include many who are
exposed only to organic arsenicals, which have never
been shown to cause cancer at all. The Occupational
Safety and Health Administration (1976) had, in fact,
already lowered its estimate of men and women po-
tentially exposed to inorganic arsenic to about 900,000
of whom "a large number ... work in areas where
exposure to inorganic arsenicals are very low or non-
existent,” and added that estimates of the number of
directly exposed workers at any one time currently
ranges from 1,500 to 1,700 for exposure levels of 100
pg/m’ and above to 7,000 for exposure levels of
4 pg/m® and above. Using these dose estimates, one
might finish up with an estimate rather similar to that
of the American Industrial Health Council (1978), an
organ of the chemical industry, which estimated that
the maximum number of lung cancers induced by
occupational exposure to arsenic that would occur over
the next quarter of a century would be 15 a year: that
is, about 0.2% of the figure of 7,300 ascribed to recent
exposure (or 0.1% of the 15,000 or so ascribed to ever-
exposure) in the statement filed at OSHA, In World
War II it was possible to arrive at almost exactly the
correct number of planes lost by enemy action on
either side by calculating the geometric mean of the
figures claimed by the British and German authorities.
A similar technique would lead to an estimate of 331
lung cancer deaths from occupational exposure to
arsenic each vear. On the available evidence, however,
this figure seems rather high.

For asbestos the authors used two assumptions: a)
that 4 million American workers have had “heavy
exposure (o asbestos” since the beginning of World
War IT and that the proportion who have died or will
die of lung cancer, pleural or peritoneal mesothelioma,




or gastrointestinal cancer is indicated Dby Selikoff's
studies of various groups of insulation workers and
adds up “to a total of 85-44%,” as against a proportion
of 8-9% who would have been expected to die of cancer
of these sites in the absence of exposure to ashestos;
and b) that a further 4-7 million workers who have
been less heavily exposed experience an excess risk of
“one-quarter of that to the heavily exposed workers.”
It is then deduced from the first assumption that “at
least 1.6 million” of the heavily exposed workers “are
thus expected to die of the asbestos-related cancers
listed above” and from the two assumptions (OSHA,
1978) combined that

... the total number of cancers attributable to asbestos in
the less heavily exposed group would be expected to be in
the range of 0.4 to 0.7 million, raising the total to 2.0 1o
9.3 million. Since most of these cancers will be manifesied
over a period of 30-35 years, the expected average number
of cancer deaths associated with asbestos per year in that
pericd will be between 58,000 to 75,000. Such numbers
would comprise 18-18% of all cancer deaths expected in the
United States in the for[e]seeable future {(assuming that
total cancer deaths increase to 400,000 to 450,000 per year).

Their argument is impossible to follow in detail,
because of the inconsistencies in the allowance that
is made for the normal background incidence of
cancers of the lung and gastrointestinal tract,” the
terms ‘‘asbestos related,” ““attributable to asbestos,” and
“gssociated with asbestos” being inappropriately inter-
changed in places. Rectification of these inconsistencies
would, however, alier the predictions of the total effects
of asbestos by only about, one-fifth, which is relatively
unimportant. The more important question is whether
the large estimates of risk, which the OSHA paper
carries over from Selikoff’s studies of people who have
been occupationally exposed as shipyard insulation
workers for decades, really are applicable to about 10%
of the men in the whole United States® (half of whom
are less than 40 years of age). We have no means of
testing this directly, but the internal evidence of
Selikoff’s own studies makes it extremely unlikely. We

* There appecar to be two inconsistencies. &) If, as is assumed,
35-44% of heavily exposed tnen and 8-9% of unexposed men get
certain types of cancer, and if, as is assumed, the excess risk among
the less heavily exposed is one-quarter that among the more heavily
exposed, then it should be 7-9%, not 10%, among the 4-7 million less
heavily exposed. b) It is not stated in uneguivocal terminology
exactly what the figures 2.0 to 2.3 million are supposed to be. I, as
the context in subsequent pages makes probable, they refer to the
number of deaths that could have been prevented by avoidance of
asbestos, then it was an oversight not to have subtracted the 0.35
million background cancers expected anyway among the heavily
exposed workers,

* OSHA (1978) estimated thal approximately 1 million of the 8-11
million American workers who had been exposed to asbestos in the
United States since the beginning of World War I had already died,
leaving 7-10 million {most of whom would have been male) still
alive, which amounts o about 10% of the 1978 U.S. adult male
population of 73 million (table Bl})
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note, for example, that the estimate of 8-11 million
American workers who had been exposed to asbestos in
the United States since the beginning of World War 11
included 4.5 million who had worked in shipyards
during the 1940’s and that this work force was ex-
tremely mobile with a labor turnover each year that
averaged more than 100/100 employees between 1941
and 1945 (Selikoff et al., 1979). The average duration of
exposure per man in such a transient work force
would, of course, be fairly brief, and of course while
they were employed not all of them would be heavily
involved with asbestos insulation. In contrast to this,
the men that had been studied by Selikoff (42% of the
recent deaths among whom were attributed to asbestos-
related cancers) were men employed as shipyard insula-
tion workers in 1967 and whose first employment as
such had been 20 vears or more previously (Selikoff et
al., 1979), These were, therefore, for the most part
long-term -employees with a prolonged and specific
exposure to the hazards of insulation, quite different
from short-term employees in other shipyard trades.

Another check on the validity of the estimates can he
obtained by comparing the estimated numbers of
mesothelioma deaths with the numbers that actually
occur. Since the authors’ figures require 7-10% of
heavily exposed workers to die of pleural or peritoneal
mesothelioma, it follows from their argument that
there should be between 350,000 and 575,000 deaths
from asbestos-related mesothelioma over the postulated
period of 80-35 years (7-10% of 4 million and one-
quarter of 7-10% of 4-7 million; here, the authors’
arithmetic inconsistencies in allowing for normal back-
ground have a negligible effect, because the spon-
taneous incidence of mesotheliomas is so small). The
claim that these caleulations refer mainly to future
effects and that “an estimate of the present-day numbers
of cancers attributable to ashestos would undoubtediy
be smaller” does not make much sense, as the large
proportion of asbestos-exposed workers whose exposure
was in the shipyards during the war (41-56% of the
total) must already be suffering near peak absolute
rates, if indeed their peak is not already past due to the
normal attenuation of the number at risk through
death in old age and the specific attenuation of
cigarette smokers due to the multiplicauive eftect of
exposure to the two agents.

If, therefore, the OSHA calculations are correct, and
850,000-575,000 mesotheliomas will really occur over
30-85 years, at least 10,000 per year should be occurring
already, and they are not.

Cancer registry data suggest that approximately 500
cases were diagnosed each year in the early 1970's
(Hinds, 1978), giving an annual incidence of approxi-
mately 7 per million in men and Z per million in
women. A detailed study of 188 cases diagnosed in Los
Angeles county between 1972 and 1979, where the
incidence in each sex was close to the estimated
national rate, suggests that about 70-80% of the male
patients and 10-20% of the female patients had been
specifically exposed to asbestos (Henderson and Peto,
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1981). If these results are applicable nationally (and the
similarity of the incidence rates suggests that they are),
it follows that some 500-600 mesotheliomas were
caused by asbestos each year between 1970 and 1975,

Even though mesotheliomas are probably underdiag-
nosed, and even though the incidence of mesothe-
liomas among men is increasing, it seems most un-
likely that as many as 1,000 per vear could be currently
caused by ashestos.* In other words, there is at least a
tenfold exaggeration in the OSHA estimates of the
numbers of mesotheliomas due to asbestos and, con-
sequently, in their estimates of the other cancer hazards
of asbestos.” Errors by at least a factor of 10 were also
present in the OSHA estimates of the effects of arsenic
and nickel, and no reasons are given for supposing
that the errors in their treatment of chromium, henzene,
or other petrochemicals were any less extreme,

4 That some mesotheliomas are miscertified as other types of
cancer [68% in Selikoff and Seidman's (1980} detailed study] is
evident. It is notable, however, that in the recent study of mesothe-
liomas in residents of a coastal town in Virginia where there were
several large shipyards (Tagnon et al., 1980), the incidence of
mesothelioma determined from discharge diagnoses, pathology files,
tumor registries, and the records of local physicians was not elevated
above the nationally recorded rate (Hinds, 1978) for black males and
black and white females and was increased only four times for white
males among whom (to judge by the control group) 28% at the ages
studied had been employed in shipbuilding. It is, therefore, probably
generous to double the national figure,
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These straightforward arguments are not accepted by
people who wish to emphasize the Importance of
occupational factors {e.g., the Toxic Substances Strategy
Committee in its 1980 report to the U.S, President, or
Epstein, 1981a, 1981b), although it would be more
accurate to say that these arguments are not addressed
by such people. The arguments have, however, been
discussed with many epidemiologists and have been
accepted by most. They are reinforced, as far as
asbestos is concerned, by the experience of chest physi-
cians whose clinical practice demonstrates the falsity of
the proposition that half their patients with respiratory
cancer have had occupational exposure to significant
amountis of ashestos which, in three-quarters, could be
described as heavy.

REFERENCES
See pages 1260-1265.

% At the 1981 Cold Spring Harbor Laboratory meeting on the
Quantification of Occupational Cancer, the speakers in the session
devoted to asbestos came from a range of backgrounds (including Dr.
Selikoff's department at New York, the Natonal Cancer Institute,
and various industries and universities), Using some quite different
epidemiological approaches, several of these speakers devised numeri-
cal estimates of the proportion of U.S, cancer deaths currently due to
asbestos, all of which were around 1 or 2% {rather than 13-18%!}, and
no speaker or participant dissented from this consensus.
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Announcements

The Journal will publish notices of major meetings dealing with
cancer. Submission of notices 6 months in advance is requested to
permit timely publication,

Gordon Research Coﬁferences

The Gordon Research Conferences for the summer of 1981 wiltl be
held at various locations in New Hampshire and California from
June § to August 22, 1981, For additional information contact Dr.
Alexander M, Cruickshank, Director, Gordon Research Conferences,
Pastore Chemical Laboratory, University of Rhode Island, Kingston,
Rhode Island 02881 (telephone: 401-783-4011 or 401-783-3372).

Oral Complications of Cancer Chemotherapy

This continuing education course, jointly sponsored by the Sidney
Farber Cancer Institute, Brigham and Women’s Hospital, the Balu-
more Cancer Research Program, and the Baltimore College of
Dental Surgery, will be held on September 21-22, 1981, in Baltimore,
Maryland.

Additional information may be obtained from the Program of
Continuing Education, University of Maryland School of Medicine,
10 S. Pine Sireet, Baltimore, Maryland 21201 (telephone: 301-528-
8956).

Sixth European Symposlum on Hormones and
Cell Regulation

The Institut National des Sciences et de la Recherche Médicale will
sponsor this symposium to be held on October 5-8, 1981, in Le
Bischenberg, Bischoffsheim (near Strasbourg), France. The goal of
this symposium is to present reviews of recent advances in general
lectures and communications of recent, unpublished results in
posters, This data will be analyzed at length in general discussions,

Topies will include neuroendocrine controls; calcdum- and cyclic
nucleotide-regulated sysiems; adrenergic, nicotinic, and muscarinic
cholinergic and insulin receptors and actions; the cytoskeleton and
hormone action, and the control of gene expression. Participants can
present posters related to the topics of the conference,

Additional information may be obtained from Dr. Gimnter Schultz,
Pharmakologisches Insdtut der Universitat Heidelberg, im Neuen-
heimer Feld 366, D-6900 Heidelberg, Federal Republic of Germany,

Latest NC| Monographs Published

Monograph No. b4 The Qccurrence of Tumors in Domestic
Animals, This volume was assembled primarily as a source of
information on spontaneous neoplasms for oncologists, veterinarians,
and other scientists allied to the medical specialiies. The data on
41,569 microscopically confirmed neoplasms were retrieved from the
records registered in the Veterinary Medical Data Program from 15
veterinary schools in the United States and Canada. Price: $8.50 in
the United States, Canada, or Mexico; $10.65 elsewhere (includes
mailing charges). GPO Stock No.r 017-042-00145-5.

Monograph Ne. 556: Experimental Evaluation of Antitumor Drugs
in the U.5.4. and U.S.S.R. and Clinical Correlations. As a sequel to
Monograph No. 45, this publication presents another bank of
infor.nation evolving from the Cooperative Agreement of 1972, Data
are presented on the testing of 30 American and 28 Soviet drugs in
diverse experimental tumor types comprehensively and mathemati-
cally analyzed as they pertain to possible therapeutic effects on
human tumors. Price: $11.00 in the United States, Canada, and
Mexico; $13.75 elsewhere (includes mailing charges), GPO Stock No.:
017-042-00144-7.

A limited supply of Monographs No. 41-47 and 49-53 are also
available from the U.S. Government Printing Office.

Send orders to Superintendent of Documents, U.S, Government
Printing Office, Washington, D.C. 20402, Include the title and stock
number of the volume desired, Payment is required in advance; make
check or money order (foreign or domestic) payable to Superintendent
of Documents. Do not send orders to the JNCI Editorial Office or to
the National Cancer Institute.

Forthcoming NCI Monographs

Sarcomas of Soft Tissue and Bome in Childhoed

Surveillance, Epidemiology, and End Results Program: Incidence
and Mortality Data: 1973-77

Conference on Carcinogenic and Mutagenic N-Substituted Aryl
Compounds

Research Frontiers in Aging and Cancer: International Symposium
for the 1980's

Third International Symposium: Cancer Therapy by Hyperthermia,
Drugs, and Radiation
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