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Preface

The XIth International Expert Meeting of the Dr. Mildred Scheel
Foundation for Cancer Research was held in Bonn, Germany, on
16~17 November 1997. Thirty-two invited speakers from 10
countries, together with 80 additional participants, discussed the
topic “Genes and Environment in Cancer”, a field of research
that has developed rapidly in recent years.

The homeostatic balance of an organism is the result of a deli-
cate network of interactions between genes and environment.
This balance may be suspended if genes are structurally or func-
tionally aberrant, either due to an endogenous genetic condition
or to external genotropic influences.

The historical hypothesis “Cancer is a genetic disease” has
convincingly been supported by a wealth of recent information.
On the one hand, a hereditary genetic condition may predispose
to cancer development, as evident from pedigree studies and
molecular genetic analyses. Various genes have been found to be
related to an individual hereditary cancer predisposition, for ex-
ample, hereditary TP53 or RBI defects in several types of familial
cancer, loss of mismatch repair genes in hereditary nonpolyposis
colon cancer (HNPCC), BRCA-1 or -2 germline mutations in a
subgroup of breast carcinomas, or a well-defined mutation spec-
trum in tumors of multiple endocrine neoplasia syndromes. On
the other hand, identical, similar and many other genetic aberra-
tions may arise spontaneously or can be induced by endogenous
factors formed during pathological and even physiological pro-
cesses and also as a result of interaction with external environ-
mental factors. When Percival Pott described scrotal cancer of
chimney-sweeps in England 200 years ago, he opened up the
search for an ever-increasing number of cancer risk factors in
our environment. The list of putative or confirmed human car-
cinogenic factors is long and far from complete. Among them,
most chemical carcinogens have to be metabolically converted
into short-living, highly reactive electrophiles which form DNA



Vi Preface

adducts. Recently observed polymorphisms of both activating
and detoxifying enzymes contribute to individual cancer predis-
position after carcinogen exposure.

Determination of promutagenic DNA adducts in surrogate
cells may help to evaluate the personal cancer risk. However, the
persistence and biological effects of promutagenic DNA adducts
or structural changes that are induced by chemical carcinogens
or physical carcinogenic factors, ionizing radiation and UV in
particular, may be influenced by DNA repair. The individual’s ge-
netically predetermined or adaptive DNA repair capacity is criti-
cal to the probability of cancer development. In patients suffering
from hereditary or acquired DNA repair disorders, the risk of
cancer is increased. The final result of interaction with a carcino-
genic factor appears to also be dependent on the particular con-
ditions of the genomic target. Genome instability or chromoso-
mal fragile sites are important determinants at the genomic level.

In recent years, molecular epidemiology has become a most
effective tool in bridging the gap between a typical genetic lesion
(be it a mutation hotspot or a specific form of mutation), a puta-
tively involved class of physical or chemical carcinogen and the
actual cancer incidence. Although early enthusiasm for the hy-
pothesis “Carcinogens leave fingerprints,” a very attractive term
indeed, has quieted down, the information obtained by combin-
ing molecular and population genetics, biochemistry and classi-
cal epidemiology is of utmost importance for elucidating rela-
tionships between risk factors and actual human cancer inci-
dence. Molecular epidemiology may provide insights into mecha-
nisms of initiation and progression of human cancer and may
have a considerable impact on cancer prevention.

Despite sophisticated analyses of genetic aberrations and the
effects of carcinogenic factors, it should not be overlooked that
the mysteries of the latency period between the initiating event
at the start of the carcinogenic process and the clinical manifes-
tation of a malignant tumor have not yet been unravelled. Re-
search on the role of genetic and environmental factors that
modify the susceptibility to spontaneous and hereditary carcino-
genesis is a very important issue.

Last, but not least, environmental exposure to viruses may
serve as a paradigm of the contribution of transmissible carcino-
genic factors to the development of human cancer. The pathway
from epidemiological facts to the elucidation of molecular mech-
anisms and, further, to practical tumor prevention by appropriate
vaccination illustrates a promising and successful line of cancer
research for which hepatitis B virus is prototypic.

The idea of the XIth International Expert Meeting was to
bring together recognized scientists who are familiar with the
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multifaceted interplay between genes and environment in cancer.
Recent achievements and promising trends in different disciplines
of cancer research are presented in this volume. Apart from the
pure heuristic value, we hope that advances in the assessment of
cancer risk and the involved hereditary, genetic and environmental
parameters, as reported here, will improve the chances for devel-
oping new strategies for cancer detection and prevention.

H. M. Rabes, Chairman, Scientific
Committee, Dr. Mildred Scheel
Foundation for Cancer Research
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Epidemiological Evidence of the Effects of Behaviour
and the Environment on the Risk of Human Cancer

R. Doll

ICRF Clinical Trial Service Unit and Epidemiological Studies Unit,
Harkness Building, Radcliffe Infirmary, Oxford OX2 6HE, UK

Abstract

The incidence of cancer in middle and old age can, in principle, be reduced
by 80%-90% and the risks worldwide could be halved, although the methods
required are not always socially acceptable. The proportions of fatal cancers
attributable to different causes are examined under 17 headings: smoking, al-
cohol, pharmaceutical products, infection (parasites, bacteria, viruses) elec-
tromagnetic radiation (ionizing, ultraviolet, lower frequency) occupation, in-
dustrial products, pollution (air, water, food), physical inactivity, reproduc-
tive hormones, and diet.

Smoking is the most important factor. It contributes to the production of
seven types of cancer in addition to the eight that were recognized by the In-
ternational Agency for Research on Cancer in 1986 and is estimated to have
been responsible for 38% of cancers in men and 6% in women in Germany
in 1985. Firm estimates can also be made of the proportions of fatal cancers
attributable to alcohol and ionizing radiation, and reasonable guesses can be
made at the maximum effect of some of the other categories.

Many of the factors act synergistically with one another, so that the risk of
developing specific cancers can be modified in different ways. When all the
avoidable causes are known, the sum of the proportions avoidable in differ-
ent ways may add up to several hundred per cent.

Introduction

Knowledge of the environmental and behavioural causes of cancer grew rap-
idly in the first few decades of the second half of this century. By 1980 we
were able to assert that, in principle, it should be possible to reduce the inci-
dence of the disease in middle and early old age by 80%-90%. It was not
known precisely how such a large reduction could be brought about, but it
was known how the risk could be approximately halved, though the methods
required were not always socially acceptable. Since then the rate of accumu-
lating knowledge of the means of avoiding cancer has slowed, while knowl-

Recent Results in Cancer Research, Vol. 154
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4 R. Doll

edge of the mechanisms by which cancer is produced at the cellular level has
increased dramatically. This increase has facilitated the discovery of viral
causes of cancer, but it remains to be seen how far it will help in identifying
the nature of other avoidable causes that are as yet unknown. Here, I de-
scribe the causes that are now known and draw attention to the areas where
the gaps that should be capable of being filled are most glaring. I have, of
necessity, had to use British data for some of my examples, as these were the
only ones available to me, but I have used German data whenever I could.

Avoidable Causes
Smoking

The most important known avoidable cause continues to be smoking. This,
it is now known, contributes to the production of cancer of many different
types. Eight forms of cancer were recognized to be largely attributable to
smoking by the International Agency for Research on Cancer (IARC) in
1986. These are listed in Table 1. For these eight cancers prolonged consump-
tion of about 20 cigarettes per day increases the risk between 2 and 20 times.
With further research since the IARC’s report it has become clear that sev-
eral other types of cancer are also somewhat more common in cigarette smo-
kers than in non-smokers. These are listed in Table 2. For some, the mortal-
ity in smokers is only slightly greater than in non-smokers, but the consis-
tency of the findings in different countries, the evidence for a dose-response
relationship, the lower mortality in ex-smokers than in continuing smokers,
the presence of many different carcinogens in tobacco smoke, and the lack of
evidence of confounding provide grounds for believing that most of the ob-
served relationships are causal. For one, cancer of the liver, the association in
developed countries has generally been attributed to confounding with the
consumption of alcohol and cirrhosis of the liver, but evidence from parts of
China, where little alcohol is consumed, confirm the finding by Trichopoulos
et al. (1980) that smoking plays an independent part in its causation (Liu et
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al. 1997). For two (cancers of the large bowel and cervix uteri) the associa-
tions may be wholly due to confounding with, respectively, diet and some
particular sexually transmitted infection(s); but smoking may still play a
part in the former indirectly by causing dietary modification, and, in the lat-
ter, by causing excretion of tobacco specific mutagens in the cervical mucus.

Recently childhood cancers have been added to the list, as a small propor-
tion appear to be produced by parental smoking; not by causing exposure to
environmental smoke after birth or to smoke products in maternal blood in
utero, but as a result of genetic mutations caused by paternal smoking before
the child’s conception. This, to me, surprising finding is strongly suggested
by the massive data from the Oxford Childhood Cancer Study reported in
two papers by Sorahan et al. (1995, 1997) and by the sum of the findings in
13 smaller studies, as is shown in Table 3. It is made plausible by the finding
of oxidative damage to the sperm of smokers (Fraga et al. 1996).

Altogether Peto et al. (1994; Peto, personal communication) have esti-
mated that smoking has been responsible for about 38% of all deaths from
cancer in men in Germany since 1985 and that the proportion in women has
gone up from 3% in 1985 to 6%-still a long way to go to catch up with the
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proportions of 52% in men in the UK in 1975 (now down to 40%) and the
current 20% in women.

In general, smoking interacts synergistically with other agents and,
although the cessation of smoking, or better still the avoidance of smoking
altogether, is the most effective way of reducing the risk, there are other
ways in which the risk of smoking associated cancers might be influenced -
for example, by increasing the consumption of green and yellow vegetables
in the case of cancer of the lung. For some types of cancer these other agents
may have substantial effects, as is illustrated by the change in mortality from
cancers closely related to smoking in England and Wales since the early
1970s that are shown in Table 4. The sex-specific trends in the mortality
from lung cancer, which closely reflect the trends in incidence, because the
fatality continues to be so high, parallel the trends in the prevalence of cigar-
ette smoking adjusted for tar yield, after appropriate allowance has been
made for latent period and cohort effects (Doll et al. 1997), but the same is
not true for several of the other cancers that are caused in large part by
smoking. Clearly there have been other factors, some of which will have in-
teracted with smoking, while others may have acted independently. One that
will have interacted to affect the risk of cancer of the upper digestive tract in
men and cancer of the mouth in young women will have been the increased
consumption of alcohol and another may be an increased prevalence of
infection with carcinogenic varieties of the human papilloma virus. There
must, however, have been other factors that have caused the reduction in
mortality from cancers of the pharynx in women and from cancer of the
bladder in older women, the last being perhaps the elimination of carcino-
genic dyes. ‘
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Alcohol

Alcohol is another well established, but far less important, cause, responsible
for perhaps 5% of all fatal cancers. Its contribution has been recognized by
the International Agency for Research on Cancer (1988) which has accepted
that alcohol, largely, but not wholly, in conjunction with smoking, increases
the risk of cancers of the mouth, pharynx (other than the nasopharynx), lar-
ynx, and oesophagus and increases the risk of cancer of the liver if drunk in
sufficient amounts to cause cirrhosis. But, as with smoking, further evidence
since the Agency’s review suggests that other types of cancer may have to be
added to the list. One is cancer of the breast which many cohort studies
show is related to alcohol, the mortality being increased by about 10% for
each unit of consumption per day (Longnecker 1994). Observations on some
250000 women with known drinking habits followed for 9 years in the
American Cancer Society’s most recent study are shown in Table 5. Maternal
consumption during pregnancy may also increase the risk of myeloid leukae-
mia with characteristic abnormalities of the MLL gene at chromosome 11 q
23 in infants under 18 months of age (Shu et al. 1996). Whether it does have
this effect should become clear next year with the report of two large studies
of infant leukaemia that are now under way.

Pharmaceutical Products

As for other drugs, the more they are studied the more they seem to be ben-
eficial rather than the reverse. If we leave aside those used to treat cancer,
some of which cause a small risk of second cancers in patients otherwise ap-
parently cured, and the immunosuppressive drugs used principally with or-
gan transplants that cause a small risk of non-Hodgkin’s lymphomas and
skin cancers, the only important ones that may cause cancer are the com-
bined steroid contraceptives and the oestrogens used as hormone replace-
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ment therapy for menopausal and postmenopausal women The steroid con-
traceptives we now know, from the results of a collaborative reanalysis of
their data by epidemiologists who have studied the relationship of the drugs
to breast cancer (Collaborative Group on Hormonal Factors in Breast Cancer
1996), do cause a small increase in the incidence of the disease of about
20%, but only during their use and up to 10 years after it is stopped, as is
shown in Table 6. The excess was, however, limited to tumours that were lo-
calized to the breast and tumours that had spread were, if anything, less
likely to occur in users than in non-users, so that breast cancer mortality
cannot have been increased much, if at all. Any increased risk is certainly
small, and in absolute terms less than the reduction of about 50% in the inci-
dence of ovarian cancer from long term use, to which may possibly be added
a small reduction in the risk of endometrial cancer.

Hormone replacement therapy also causes a small risk of breast cancer
during and for up to 5 years after its use has been stopped, the increase in
relative risk being about 2.3% for each year of use (Collaborative Group on
Hormonal Factors in Breast Cancer 1997). Again, however, the increase ap-
pears to be limited to localised tumours and it is unclear whether mortality
is affected and whether a similar effect is obtained with the combined oestro-
gen/progesterone pill as with oestrogen alone. Oestrogen therapy also causes
an increase in the risk of endometrial cancer which may, however, be more
than compensated for by a decrease in the risk of large bowel cancer. Three
large cohort studies have reported reductions in the incidence of colorectal
cancer of 18%, 20% and 48% in current users (Bostick et al. 1994; Chute
et al. 1991; Calle et al. 1995). The largest also reported some reduction in ex-
users (27%)and an increasing reduction with increasing duration of use
(Calle et al. 1995)

Medicinal treatment aimed at reducing the risk of cancer is a new con-
cept, but several drugs promise to be useful for the purpose. One is tamoxi-
fen, which mimics oestrogen in some respects but also acts as an anti-oestro-
gen by blocking some oestrogen receptors. It reduces the risk of developing a
new cancer in the second breast when given for the treatment of cancer in
the first and controlled trials are under way to see whether it can reduce the
risk of a first breast cancer in women at high risk of developing the disease,
despite the fact that it can certainly increase the risk of endometrial cancer.



Epidemiological Evidence of the Effects of Behaviour and the Environment 9

Aspirin, surprisingly, is another; for there is now evidence from six studies
that it may approximately halve the risk of colorectal neoplasms and con-
tradictory evidence from only one study (Logan et al. 1993). That it might
have such an effect is supported by the experimental evidence that Sulindac
(a similar non-steroidal anti-inflammatory drug) can reduce the number of
both sporadic polyps (Matsuhashi et al. 1997) and polyps in patients with
familial adenomatous polyposis (Giardello et al. 1993) possibly by blocking
the production of prostaglandins which, among other things, can inhibit pro-
gression from the G to the S phase of the cell cycle in vitro.

Other pharmaceutical products may serve as dietary supplements, to
which I will refer later, or to cure infections, an increasing number of which
are being found to contribute to the production of many different cancers.
These include infections with parasites and bacteria as well as with viruses.

Infection

Parasites

Infection with parasites does not affect us directly in Western Europe, as the
parasites responsible for many cancers of the bladder, large bowel, liver and
bile ducts in parts of Africa and Asia are not found here. Where they do
occur they could be eliminated by a combination of hygienic and therapeutic
measures, if sufficient public collaboration could be secured.

Bacteria

The most important bacterial infection appears to be infection of the gastric
mucosa with Helicobacter pylori. Infection commonly occurs in youth, when
colonisation of the gastric mucosa may cause antral gastritis. This can lead
to duodenal ulceration, atrophic gastritis, intestinal metaplasia, and even-
tually gastric carcinoma, the last of which is moderately associated with Heli-
cobacter infection in both case-control and cohort studies. The increased risk
is not large, about twofold (Danesh 1998). Whether it will be possible to re-
duce the risk by antibiotic therapy, which can eliminate the infection and
heal duodenal ulcers, remains to be shown. It would almost certainly elimi-
nate some gastric lymphomas as they regress, and may even disappear, when
Helicobacter infection is treated after the tumour is diagnosed (Bayerdorffer
et al. 1995).

Other forms of bacterial infection do not appear to contribute much to
carcinogenesis, except perhaps in the bladder, where chronic infection may
be accompanied by the formation of carcinogenic nitrosamines. Precisely
what role bacteria play in the large bowel is still a matter for debate.
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Viruses

Viral infection is not as important as Nixon was advised when he ordered
the National Cancer Institute’s research programme in the United States to be
focused on the discovery of “the cancer virus”; but it may yet prove to be
important in the production of many cancers, which may become avoidable
by appropriate immunization.

The hepatitis B virus is partly responsible for most cases of hepatocarci-
noma in Africa and Asia, where the disease is so common that liver cancer
ranks eight in the list of common cancers worldwide. Immunization in child-
hood prevents lifelong chronic infection and there is reason to hope that the
mass immunization of children now being carried out in some tropical and
semi-tropical countries will lead to a large reduction in the incidence of the
disease. Some hepatocarcinomas, however, are attributable to hepatitis C
virus, which is an RNA virus, and infection with this cannot be prevented in
the same way, although it can sometimes be cured by interferon.

In Europe, the principal carcinogenic viruses thus far identified are cer-
tain specific types of the human papilloma virus. These, International
Agency for Research on Cancer, 1995, are responsible for the great majority
of cancers of the cervix and probably also for most cancers of the vulva, va-
gina, and penis and for some cancers of the anus, and they may be responsi-
ble for some cancers of the mouth, larynx, and skin. Genital cancers due to
infection can be avoided if both sexes have only a very small number of sex-
ual partners and, less effectively, if the male partner uses condoms; but at
present the best hope for a major reduction in their incidence is by screen-
ing for and treating premalignant lesions. In the future, immunization
against the carcinogenic types of the human papilloma virus may be possi-
ble. Immunization with gene segments of specific papilloma types has been
shown to be effective in animals and the use of a similar type of vaccine has
begun to be tested in humans in the UK.

Four other viruses that contribute to the production of other cancers are
listed in Table 7. The roles of the Epstein-Barr (EB) virus, now known as
herpes virus type 4, and the human T cell leukaemia virus are firmly estab-
lished and there is strong evidence to relate the Kaposi-associated herpes
virus (herpes virus type 8) to all types of Kaposi’s sarcoma, the classical East
European type, the tropical type, and the type associated with AIDS. The as-
sociation of simian virus 40-like viruses with four mostly rare types of can-
cer is, however, still tentative.

As with nearly all other causes, the viruses are not associated with every
case of any of the cancers that they cause and they often require other fac-
tors to be present as well, such as intensive infection with malaria parasites
to produce Burkitt’s lymphomas, amphibole asbestos to produce pleural me-
sotheliomas, and aflatoxin to produce a high incidence of liver cancer. With
so many newly discovered virus-associated cancers it would be surprising if
there were not still more to be discovered.
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Electromagnetic radiation

A group of causes whose effects can be better quantified than those of infec-
tion are the various categories of electromagnetic radiation.

fonizing Radiation

Tonizing radiation is estimated to cause some 4%-5% of all cancers, mostly
due to the natural radiation to which everyone is exposed from radon in air,
cosmic rays from outer space, external radiation from the radionuclides in
rocks, soils, and building materials, and internal radiation from radioactive
traces of potassium, lead, and polonium in food. Of this natural radiation
only some of that from radon, which worldwide provides about half the total
dose, can be avoided. In Germany, as in many other countries, the dose var-
ies more than 100-fold from one part of the country to another. Where the
dose is high, it can be reduced by ventilation or, in the future, by building
regulations that would ensure that relatively little radon enters homes. Pre-
cisely how much lung cancer in the general population is caused by radon is
still uncertain, as the effect has had to be extrapolated from observations on
heavily exposed miners. For the former West Germany, Steindorf et al. (1995)
estimated that it might account for about 7%, mostly in conjunction with
smoking, and this would fit in with the early results of the few direct obser-
vations that have yet been reported. Action to reduce the risk is, however, a
reasonable precaution for the relatively few people who are very heavily
exposed. Some further reduction in exposure to medical uses of radiation,
which, in the UK, now accounts for 97% of the exposure from man-made
sources and 14% of the total exposure, is doubtless possible; but the total
benefit to be gained is likely to be small, as much of the medical exposure is
of people who are already near the end of their lives.
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Ultraviolet Light

More benefit could be expected from a reduction in exposure of the skin to
strong sunlight; for sunlight, and presumably the ultraviolet component, is
responsible for nearly all melanomas and basal cell carcinomas of the skin
and, now that occupational exposure to coal tar and pitch has been effec-
tively eliminated, for nearly all squamous carcinomas of the skin as well. Of
the three, squamous carcinoma is the most closely related to cumulative ex-
posure, while melanoma is specially related to intermittent exposure and the
frequency of sunburn, particularly in youth (Elwood and Jopson 1997). The
incidence of melanoma has been increasing steadily in all white skinned
populations for many years. In England and Wales the mortality more than
doubled in men aged 50-69 years between 1970-1974 and 1991-1992 and in-
creased by 53% in women. This can be attributed to the increased exposure
from changes in clothing, exposure of the skin, and travel to hot countries.
The obvious way to avoid these cancers is to avoid prolonged and intensive
exposure to sunlight, but such advice is socially unattractive in many coun-
tries, where a tan is regarded as an indication of health, and there has been
a tendency to emphasise the alternative use of sun-screen ointments. Now,
however, there is accumulating evidence that such ointments, particularly if
they contain psoralen, may actually increase the risk of the most serious type
of skin cancer: namely, melanoma. Several studies have pointed in the same
direction, the results of the latest of which are summarized in Table 8. It may
be that all that this is telling us is that sun-screens increase risk in so far as
they allow people to be exposed for longer without getting sunburn; but that
would not explain the specific risk associated with the use of psoralen. At
present we can suggest only the avoidance of unnecessary exposure, particu-
larly when the sun is high in the sky. Whether any other type of cancer can
be caused by ultraviolet light is uncertain, but there is some evidence to sug-
gest that increased exposure may be responsible for some of the increase in
non-Hodgkin’s lymphoma (Adami et al. 1995), which is too large and began
too soon to be explained as a diagnostic artefact or as attributable to the in-
creased risks associated with AIDS and with the use of immunosuppressive
drugs.
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Low and Extremely Low Frequency Radiation

Whether the radiation from other parts of the electromagnetic spectrum, or
the separate electric and magnetic fields, can cause any risk of cancer is un-
certain. Experimentally there was no reason to think that they could, unless
perhaps the radiation was heavy enough to produce local heating, until Repa-
choli et al. produced an excess of lymphomas in mice that had been geneti-
cally modified to be highly susceptible to the development of the disease
(Repacholi et al. 1997). But whether such a finding is relevant is open to
doubt. Despite the heightened public concern, there is no epidemiological
evidence of harm from cellular telephones, the claim for the production of
brain cancer being based on single cases. There is, however, some evidence
of risk for extremely low frequency magnetic fields. Occupational studies, in
which exposures have been measured, have suggested - but certainly not
proved - that exposures above 0.2 pT might increase the risk of adult leukae-
mia and brain cancer, and good quality epidemiological evidence from Fen-
no-Scandinavia suggests that residence near high power electricity cables
producing similar fields may approximately double the risk of childhood leu-
kaemia. This is supported by findings in Germany, based, however, on very
small numbers (Michaelis et al. 1997), and something similar was observed
in the largest and best US study, the results of which are summarized in Ta-
ble 9. It was, however, reported by the authors as essentially negative (Linet
et al. 1997). The national study of children’s cancer that is now being carried
out in the UK will, I hope, settle the issue by the end of next year.

Occupation, Industrial Products, and Pollution
Three potential sources of hazard cause much public concern: namely, occu-

pation, industrial products, and pollution. In total, however, they are unlikely
to be responsible for more than 3% or 4% of all fatal cancers, most of which
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were caused by uncontrolled exposure in the distant past. With one possible
exception, I see little opportunity for benefit from further control.

Occupation

Occupational hazards have been substantial, causing, in the extreme case, all
the most heavily exposed men to develop cancer, as occurred with some
groups of manufacturers of 2-naphthylamine and benzidene, while coal tar
fumes and asbestos have been so widespread that tens of thousands of skin
and lung cancers have been produced. All such hazards have, however, now
been eliminated or controlled for so long that few attributable cases continue
to occur. Mesotheliomas due to exposure to amosite and crocidolite asbestos
are an exception. The trend in the incidence of the disease continues up-
wards and, if Peto et al’s prediction is correct, mesotheliomas attributable to
asbestos may alone constitute 2% of all cancer deaths in 25 years time (Peto
et al. 1995), instead of the 0.3% that they constitute now.

Industrial Products

Industrial products have never been a significant cause of cancer for the gen-
eral public, apart perhaps from the dyes that used to be contaminated with
aromatic amines and the asbestos materials that were used by the do-it-your-
self home builder.

Pollution

Pollution, which was a significant hazard in the days when coal was burnt in
every house, though never as great a cancer hazard as was commonly
thought, is now so reduced that the risks that can be quantified - those of
polycyclic aromatic hydrocarbons, trace metals, and benzene from the use of
fossil fuels in industry and transport, dioxins from the combustion of waste,
pesticide residues in food, and discharges from the nuclear industry - all ap-
pear to be so minute in the UK, the combustion of fossil fuels causing less
than 0.1% of fatal cancers and nuclear waste less than 0.01% (National Aca-
demies Advisory Group 1995), that the social cost of trying to reduce them
further may well outweigh any medical benefit. One possible exception is the
pollution of drinking water with halomethanes caused by the action of chlor-
ine on organic waste. From an overview of ten studies in the US, Morris et
al. (1992) estimated that 8% of rectal cancers and 15% of bladder cancers
might be attributable to chlorinated by-products in drinking water. The evi-
dence is not compelling, but does point to the need for further study.
Pollution is often suggested as a cause of an increase in the incidence of
any cancer that cannot be firmly ascribed to any other cause and pollution
with pesticides has been suggested as a possible explanation for the in-
creased incidence of non-Hodgkin’s lymphoma, not attributable to the causes
to which I have already referred, and for the increase of testis cancer in
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young men, which has continued in all developed countries for several dec-
ades - at least since 1940 in Denmark and for even longer in the UK. There
is, however, no good evidence to suggest that pollution is a cause of either.

Physical Inaétivity

There remains one factor that has only recently been appreciated (physical
inactivity) and two important groups of causes that have been recognized for
many years (namely, reproductive hormones and diet) which I have left to
the end, because there is little new to say about them and little clear evi-
dence to relate specific agents quantitatively to specific risks.

The first, physical inactivity, or rather a sedentary lifestyle without vigor-
ous activity in leisure hours or at work, has been related to the risk of can-
cers of the colon and the breast. Intensive activity, such as jogging for an
hour 5 days a week, may halve the risk of both diseases and smaller benefits
may be obtained with moderate activity, such as brisk walking for 3h a
week. Physical activity is, however, difficult to quantity and the nature of the
dose-response relationships is uncertain, as is the duration required and its
temporal relationship to the incidence of the disease. A recent cohort study
of 25000 Norwegian women suggested that any reduction in the incidence of
breast cancer was largely limited to the premenopausal period (Thune et al.
1997) as is shown in Table 10; but the number of cases was small and the
confidence limits consequently wide.
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Reproductive Hormones

That reproduction affects the risk of breast cancer has been known for 250
years, since Ramazzini (1743) drew attention to the high risk of the disease
in nuns. Now we know that pregnancy increases the risk temporarily, but
that multiparity, early first birth, late age at menarche, and early menopause
all reduce it in the long run and do so incrementally. None has a large effect
alone, but in combination they could account for a reduction in risk of some
90% under the conditions of life of women in hunter-gatherer societies. Pre-
cisely what the mechanisms are is unknown, but oestrogen must play a large
part and a high blood oestradiol has now been shown to predict a high risk
of developing the disease (Thomas et al. 1997). Multiparity, late age at me-
narche, and early menopause similarly reduce the risk of endometrial cancer,
by reducing exposure to unopposed oestrogen, and the same factors plus
prolonged lactation reduce the risk of ovarian cancer by reducing the num-
ber of ovulations and consequently the repeated trauma to the surface epithe-
lium of the ovary.

Hormonal factors also seem likely to play a part in the development of
cancers of the testis and prostate, but apart from early maturity causing an
increase of the former and vasectomy possibly causing an increase of the
latter no direct relationships have yet been established.

Diet

Last, but certainly not least in importance, is diet. Its effect on the incidence
of cancer has been the subject of intensive research for many years, but the
extent to which such major components as fat, meat, and fibre contribute to
the effect is still uncertain. A high content of fat, and particularly of satu-
rated fat, was long thought to be a probable cause of breast cancer; but the
evidence from cohort studies, which are less likely to be influenced by recall
bias than case-control studies, suggest that it is not (Hunter et al. 1996). One
type of fat, olive oil, may indeed be protective (Cohen and Wynder 1990;
Willett 1997). Meat has often been associated with an increased risk of colo-
rectal cancer, but again the evidence is conflicting. No evident reduction in
risk has been found in a pooled analysis of five cohort studies of vegetarians
(Key, personal communication), and the International Agency for Research
on Cancer (1993) could not find any human evidence of a harmful effect of
cooking meat, despite the production of many products that were carcino-
genic in the laboratory.

Five relationships have, however, been established sufficiently clearly to
justify intervention. Two have no relation to life in the developed world:
namely, that of liver cancer with aflatoxin, a metabolic product of fungal con-
tamination of oily foods under hot and humid conditions which interacts
with hepatitis B infection, and that of nasopharyngeal cancer with a peculiar
type of salted fish typically consumed in south China which interacts with
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infection with the EB virus. 