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Many types of cancer vary in incidence by
more than an order of magnitude
between different populations, and every
type is rare in some part of the world1.
The convergence towards local cancer

rates seen among immigrants (Fig. 1) excludes a genetic
explanation of these differences. By the 1960s, cancer
epidemiologists had therefore concluded that most
cancers are in principle preventable and many could be
avoided by a suitable choice of lifestyle and environment2.
Many specific causes of cancer are now known, the most
important being smoking, obesity and a few oncogenic
viruses, but a large proportion of global variation for
common cancers such as breast, prostate, colon and
rectum remains unexplained. 

Environmental and lifestyle causes of cancer
Carcinogenic effects of tobacco
The most important discovery in the history of cancer 
epidemiology is the carcinogenic effect of tobacco. Lung
cancer incidence increases rapidly among continuing
smokers3, so the risk is greatest in those who begin to smoke
when young and continue throughout life. The large
increase in male cigarette smoking in Britain during and
after the First World War therefore caused an unprecedent-
ed epidemic among men born around 1900, and by 1955 the
rate in British men aged under 55 was the highest in the
world4. Over the five decades since British5 and American6

epidemiologists reported that ‘cigarette smoking is a factor,
and an important factor, in the production of carcinoma of
the lung’5, there has been a marked reduction in tar levels of
British cigarettes7 and in smoking among British men8. As a
result, their lung cancer rate below age 55 has fallen by more
than two-thirds since 1955; it is now among the lowest in the
developed world and is still declining8. Similar changes
occurred 20 years later in America, where cigarette smoking
increased rapidly during the Second World War1. Women in
most Western countries began smoking later than men and
fewer have stopped, so their lung cancer rates are either still
increasing or falling less rapidly4. Male lung cancer rates are
still increasing in most developing countries and in Eastern
Europe, where consumption of cigarettes remains high and
in some areas is still increasing4.

For many years the carcinogenic effects of tobacco were
thought to be restricted largely to the lung, pancreas, bladder
and kidney, and (synergistically with alcohol) the larynx,

mouth, pharynx (except nasopharynx) and oesophagus1.
More recent evidence indicates that several other types of 
cancer, of which the most important worldwide are stomach,
liver and (probably) cervix, are also increased by smoking9–11.
The relative importance of different smoking-related diseases
varies widely between populations, as smoking usually multi-
plies the background rate due to other factors. In China, where
liver cancer is common, smoking causes more premature
deaths from liver cancer than from heart disease (ref. 11 and
Fig. 2). The overall proportion of male cancer deaths caused
by smoking in China in 1990 was 22% and rising11, whereas
that in Britain fell from 44% in 1990 to about 36% by 20004,12.

The effect of diet and overweight
Dietary epidemiology is notoriously complex owing to the
variety of foods and their many constituents and to 
intercorrelations and temporal changes in their patterns of
use. Cancer risks in old age may also depend as much on diet
in early life as on current habits13. Apart from drinking 
alcohol, consumption of various foods contaminated with
aflatoxin14, and a few local customs (such as feeding 
Chinese-style salted fish to infants, which causes nasopha-
ryngeal cancer14), no single dietary factor shows a strong
and consistent enough effect to establish it unequivocally as
an important carcinogen or anti-carcinogen13. Extensive
research during the past two decades has shown that rates
for various cancers correlate fairly consistently with certain
aspects of diet, but opinions still differ on the strength of the
evidence. Doll and Peto10 conclude that about a third of
British cancer deaths might eventually prove to be avoidable
by dietary change but only those due to obesity are 
definitely avoidable. In contrast, an American expert
panel15 recently concluded that about a third of cancers
worldwide would probably be prevented by adoption of
their quantitative recommendations on daily consumption
of various foods. Another British report made qualitatively
similar recommendations but stated that current evidence
is insufficient to determine optimal quantities13.

There is now a consensus that cancer is commoner in
those who are overweight16. The evidence on weight is
strongest for post-menopausal breast cancer and cancers of
the endometrium, gall-bladder and kidney, but several other
sites contribute to the overall cancer risk16,17. About 5% (3%
in men, 6% in women) of all incident cancers in the Euro-
pean Union might be prevented if no-one’s body-mass index
(BMI; weight divided by the square of height) exceeded 
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25 kg m–2 (ref. 17). Exclusion of smoking-related cancers would
increase this estimate to about 7%. A large prospective cohort of non-
smokers in America, where obesity is more prevalent, provides the
strongest evidence on BMI and cancer mortality18. The authors did
not calculate an attributable fraction, but their data suggest that about
10% of all cancer deaths among American non-smokers (7% in men
and 12% in women) are caused by overweight18. It is, however, not
clear how much the risk can be reduced by weight reduction in those
who are already overweight. Mortality from non-malignant diseases
is increased in those who are either too thin or too fat18. 

Radical changes in national dietary habits would not be easy to
achieve even if there were a consensus on which foods are relevant.
Dietary supplements such as vitamins or other micronutrients seem an
attractive alternative, but they may not have the same effects as the foods
that contain them, and some may even be harmful13. The only reliable
way to assess their effectiveness is in large randomized trials that contin-
ue for many years. For example, there is substantial epidemiological evi-
dence that consumption of foods containing beta-carotene correlates
with reduced risk of lung cancer13,15, but 12 years’ treatment in a large
randomized trial showed no benefit19, and in two shorter trials the lung
cancer risk was higher in those who received beta-carotene supple-
ments20,21. Aspirin and folate supplements probably reduce colorectal
cancer incidence but may take a decade or more to do so22. The Ameri-
can panel15 concluded that various cancers were likely to be reduced by
foods containing adequate amounts of carotenoids, vitamins C and E
and selenium, but neither they nor the British panel13 recommended
that these micronutrients should be taken as supplements.

Reproductive and hormonal factors
The effects of reproductive factors on breast and ovarian cancer have
long been assumed to reflect underlying hormonal processes1, and
this is confirmed by the effects of both endogenous23,24 and exoge-
nous25 hormones. Breast cancer incidence is transiently increased by
pregnancy and while oestrogens are administered as oral contracep-
tives or hormone replacement therapy, and is permanently lowered
by late menarche, early menopause, early first childbirth and high
parity25. Endometrial cancer incidence is also increased by hormone
replacement therapy25. Ovarian cancer incidence declines with
increasing parity26, and both endometrial and ovarian cancers are
less common in oral contraceptive users25.

The Western diet is associated both with earlier age at menarche and
with post-menopausal obesity, which increases endogenous oestrogen

production and hence breast cancer risk15. Breast cancer incidence is
much higher in most Western countries than in many developing
countries, and this is partly (and perhaps largely) accounted for by
these dietary effects combined with later first childbirth, lower parity
and shorter breastfeeding27,28. The development of cancers of the testis
and prostate may also depend on hormonal effects, but apart from the
increased risk in an undescended testis, no behavioural or reproductive
correlate is strongly predictive of these diseases29.

Viruses, bacteria and parasites
The most important discoveries of the past two decades in cancer epi-
demiology relate to the carcinogenic effects of infectious pathogens
that had not been characterized 20 years ago. Helicobacter pylori, a
chronic gastric bacterial infection that can cause gastric ulcers, is a
major factor in the development of stomach cancer30. More than 100
human papillomaviruses (HPVs) have been sequenced, and DNA
from a phylogenetic subgroup of sexually transmitted HPVs that
includes HPV16, HPV18 and HPV45 is detectable in virtually all 
cervical cancers worldwide31. These and other HPVs are also found in
other anogenital cancers and may also cause cancers of other sites
(head and neck, oesophagus and skin)32. The contribution of hepati-
tis-B virus (HBV) to liver cancer in high-incidence regions has long
been recognized33, although the synergistic effect of smoking is a
more recent discovery11. The hepatitis-C virus (HCV) is similarly
carcinogenic33. About one-fifth of all human cancers worldwide arise
in the stomach (9%), liver (6%) or cervix (5%), and most of these
would be prevented if these infections could be eradicated34.

Other pathogens that cause a substantial cancer risk in certain 
populations include Epstein–Barr virus (EBV; associated with various
B-cell malignancies and nasopharyngeal cancer), malaria (the major
cofactor with EBV for Burkitt’s lymphoma in Africa), human T-cell
lymphotropic virus type 1 (some T-cell leukaemias and lymphomas),
HIV (non-Hodgkin’s lymphoma), human herpesvirus 8 (Kaposi’s sar-
coma, with HIV), schistosomiasis (bladder and colon cancer) and liver
flukes (cholangiosarcoma)30,35,36. There is also strong epidemiological
evidence for an infective aetiology in childhood leukaemia37, but no
specific pathogen has been implicated. The incidence of several virally
induced cancers is further increased by specific cofactors such as
dietary aflatoxin (liver), salted fish (nasopharynx) and smoking (liver
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Figure 1 Cancer rates in migrants become similar to those in the local population.
Cancer rates in 1990 among Japanese migrants to Hawaii, and around 1970 and
1990 in Japan (Osaka) and in Hawaiian Caucasians. Local rates for prostate, colon
and breast cancer increased over time (due partly to increased completeness of
diagnosis and registration, particularly for prostate cancer in Hawaiian Caucasians)
and stomach cancer decreased; but the effects of migration were larger.
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Figure 2 Smoking kills different populations in different ways. Deaths below age 70
in 1990 caused by smoking in China11 and the United States4. ‘Other cancers’ are
mouth, pharynx, larynx, bladder and pancreas.

© 2001 Macmillan Magazines Ltd



and cervix), and if SV-40 is an important cause of mesothelioma,
asbestos must also be classed as a cofactor38.

Therapeutic immunosuppression causes a marked increase in the
incidence of non-melanoma skin cancer and some virally induced
cancers39. The discovery that many other epithelial cancers, notably
lung, colon, rectum, bladder and prostate (but not breast), are also
increased by immunosuppression (Table 1 and ref. 40) suggests that
unidentified viruses may be important in these cancers as well. The
alternative is the long-standing but equally speculative theory that
many non-viral cancers are normally kept in check by immunosur-
veillance (see article in this issue by Rosenberg, pages 380-384). 

Occupational and environmental carcinogens
About a dozen specific occupational exposures and several complex
mixtures, particularly the combustion products of coal, have caused
high risks of certain cancers (predominantly lung cancer) in heavily
exposed workers10. Exposure levels for many industrial hazards have
been progressively reduced in many Western countries since the 1930s,
and by the late 1970s it was assumed, probably correctly, that the occu-
pational exposure levels then current would contribute a very small
proportion of future cancer incidence1. But uncontrolled asbestos use
had been widespread in the European construction industry from the
1950s to the mid-1970s, when public concern led to a rapid reduction.
The resulting epidemic of mesothelioma in building and other workers
born after 1940 did not become apparent until the 1990s owing to the
long latency of the disease. Incidence rates are still rising, and asbestos
exposure prior to 1980 may eventually cause 250,000 mesotheliomas
and a similar number of lung cancers in Western Europe41.

This tragic episode was largely avoidable, as the carcinogenic
effects of asbestos were known by 196042,43; but it illustrates the major
weakness of epidemiology as an early warning system. The increase in
cancer incidence caused by increased exposure to a carcinogen might
not be detectable for several decades, and laboratory testing must
remain the first line of defence against potentially dangerous new
agents, particularly those affecting endocrine or paracrine signalling
that could be biologically active at very low levels. The unexplained
increase in testicular cancer in many Western countries could be due
to such compounds, although a dietary or viral explanation would
also be plausible. The possibility of germ-cell damage is of particular
concern, as environmental mutagens must cause some heritable
changes, but the effect is so small that no known or suspected 
mutagen, including ionizing radiation, has measurably increased the
frequency of germ-line mutation in humans44. Epidemiological
studies of markers such as DNA adducts in the lung or chromosomal
aberrations in lymphocytes might also provide early warning of a
potential hazard. But such direct or indirect measures of mutagenic
or transforming potency have never detected an important carcino-
gen and even today cannot provide quantitative estimates of risk.

Epidemiological data on human cancer rates still provide the only
reliable evidence that the cancer risks caused by long-established
activities such as working in an oil refinery or living near a high-
voltage power line are not large. Apart from skin cancers due to 
sunlight, the only substantial and widespread cancer risk known to be
caused by an avoidable environmental factor in developed countries is
the further increase in lung cancer among smokers caused by indoor
radon escaping from the ground or from building materials, although
both indoor and outdoor air pollution from fossil fuels may also 
contribute to the risk in smokers45. The risk to non-smokers is relative-
ly trivial in developed countries, but burning fossil fuels indoors 
without adequate ventilation certainly contributes to the high lung
cancer rates even in non-smokers seen in parts of China11.

Genetic epidemiology of cancer
Polymorphisms in candidate genes
There have been many studies comparing the prevalence in cancer
patients and unaffected controls of common polymorphisms in genes
involved in the metabolism of external or endogenous mutagens or in

the production or processing of sex hormones or their analogues. A few
polymorphisms in such genes seem to alter the risk substantially, such
as the N-acetyltransferase 2 (NAT2) slow acetylator phenotype, which
increases the risk of bladder cancer46, particularly in workers heavily
exposed to certain aromatic amines47. (Fast acetylators are not
immune, however, as in one factory all 19 men who distilled b-naph-
thylamine developed bladder cancer48.) But systematic meta-analysis
reveals little or no effect for most such polymorphisms, and the pooled
data for the minority that are statistically significant usually suggest
odds ratios of less than two, and often much less46,49–51. Thus, for 
example, early reports suggested a more than doubled lung cancer risk
associated with glutathione S-transferase m1 (GSTM1) deficiency, but
the pooled results of subsequent genotyping studies give an odds ratio
of only 1.14 (95% confidence interval, 1.03–1.25)50.

Polymorphisms in oncogenes or tumour-suppressor genes may also
confer a moderately increased cancer risk. An example is the I1307K 
single nucleotide polymorphism (SNP) in the APC gene, which is 
carried by about 1 in 20 Ashkenazi Jews and almost doubles their colon
cancer risk52. To estimate the individual effects of rare polymorphisms
will require very large studies, but their average effect can be observed.
The increased cancer risk associated with rare alleles of the HRAS1-
associated minisatellite was among the first such associations reported.
Such alleles, which are carried by about 5% of the population, increase
the risk of several common cancers by a factor of 1.5 to 2 (ref. 53).

There have been various reports of statistically significant
gene–environment interactions, such as a much larger lung cancer
risk due to passive smoking in women who were GSTM1-deficient54,
or an increased breast cancer risk due to smoking in post-
menopausal women that was confined to NAT2 slow acetylators55. In
these examples, however, the estimates of the risk in susceptibles
(although not their lower confidence limits) were inconsistent with
the much lower overall effect of passive smoking on lung cancer56 or
of smoking on breast cancer (which is nil) in larger studies57. Many
apparently significant gene–gene or gene–exposure interactions will
arise by chance, but some will be real. The interaction between 
methylenetetrahydrofolate reductase and plasma folate in colorectal
cancer is a plausible candidate58. The effects of such polymorphisms
in combination with each other and with environmental risk factors
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Figure 3 Age has no effect on susceptibility to some carcinogens. Left panel,
cumulative mesothelioma risk in US insulation workers. Right panel, cumulative skin
tumour risk in mice treated weekly with benzo(a)pyrene. Mesothelioma rates in
humans65 and skin tumour rates in mice64 depend on time since first carcinogenic
exposure but not on age, suggesting an initiating effect of these carcinogens. Lung
cancer incidence in smokers depends on duration of smoking but not on age, and
stops increasing when smoking stops67, indicating both early- and late-stage effects.
Radiation-induced cancer incidence increases with age at exposure above age 20,
suggesting predominantly late-stage effects3, although the large effect of childhood
irradiation also indicates an early-stage effect.
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could be substantial, but their total contribution to cancer incidence
will not be known until data on risk factors and extensive genotyping
are available for very large numbers of patients and controls.

Familial risks for common cancers
Highly penetrant hereditary conditions such as polyposis coli, Li-
Fraumeni syndrome and familial retinoblastoma cause at most a few
per cent of the majority of cancers, and from an epidemiological per-
spective the genetic basis of the roughly twofold increase in incidence
of the same type of cancer in first-degree relatives of patients with
most common cancers (ref. 59 and article in this issue by Ponder, pages
336-341) is a more important question. A mendelian gene must confer
a risk an order of magnitude greater than that in non-carriers for the
risk in patients’ relatives to be twice that in the general population60.
The individual effects of the common polymorphisms described
above are thus far too small to account for much of this familial risk,
although synergistic combinations could do so.

An important first step is to estimate the proportion of cancers of
each type that arise in susceptible individuals and the contribution to
this overall familial effect that can be accounted for by known genes.
Breast cancer is so common that twin and sibling risks can be estimated
fairly precisely. The high risk in patients’ identical twins indicates that
susceptible women contribute a high proportion, and perhaps even the
majority, of overall breast cancer incidence61. This must be due mainly
to ‘low-penetrance’ genes. Most multiple-case families62, but only about
2% of all cases63, are due to mutations in BRCA1 or BRCA2. The genetic
epidemiology of colon cancer is quantitatively similar, although there
has been less extensive sequencing of known genes in unselected cases.
The quantitative contribution of penetrant genes to overall cancer inci-
dence for common cancers such as prostate, melanoma and stomach
has not yet been determined. ‘Low-penetrance’ susceptibility confer-
ring a site-specific lifetime risk of the order of 30–50% may underlie
many cancers, but it would almost never cause large numbers of cases in
a family. If many genes contribute to the large genetic effects that seem to
underlie many common cancers, they may be discoverable only
through advances in our understanding of carcinogenic mechanisms. 

Mechanisms of carcinogenesis
Age-incidence patterns for non-hormone-dependent carcinomas,
and the effects of timing and dose-level of various agents alone and in
combination (particularly smoking, alcohol, ionizing radiation and

some occupational carcinogens), are parsimoniously explained by the
‘multi-stage’ model of carcinogenesis. The evidence underlying this
early work, which preceded the identification of any of the hypothe-
sized sequence of heritable events in human carcinogenesis3, seems
sometimes to be rather neglected. For example, the epidemiological
and experimental evidence that somatic ageing processes per se play
little or no role in carcinogenesis (Fig. 3 and refs 3, 64, 65) was not 
discussed in a recent review on cancer and ageing that argued exactly
the opposite66.

The incidence rate of cancer is presumably proportional both to
the rate of the final rate-limiting step in carcinogenesis and to the
number of premalignant cells that have undergone all but this final
step. The rapid increase in the lung cancer incidence rate among con-
tinuing smokers ceases when they stop smoking, the rate remaining
roughly constant for many years in ex-smokers67. The fact that the
rate does not fall abruptly when smoking stops indicates that the
mysterious final event that triggers the clonal expansion of a fully
malignant bronchial cell is unaffected by smoking, suggesting a
mechanism involving signalling rather than mutagenesis. Such data
are still generating new mechanistic hypotheses61,68.

The future of cancer epidemiology
Over the next decade, cancer epidemiologists will be increasingly
preoccupied with genetically susceptible subgroups. Comparison of
the DNA in cancerous and normal cells from the same patient may
lead directly to the identification of most of the genes that are 
commonly mutated in carcinogenesis. Candidate genes are also
being identified on the basis of structural homologies from the
human genome sequence. Extensive sequence or SNP comparisons
between affected relatives and between cancer patients and 
controls may define combinations of polymorphisms or inherited
defects in such genes that identify a few percent of the population
whose average lifetime risk may be as high as 50% for a particular 
cancer. An alternative possibility is that susceptibility genes underly-
ing phenotypic characteristics such as mammographic density69 or 
chromosomal instability70 that correlate with cancer risk and 
exhibit mendelian segregation will be found by linkage. Genes
involved in DNA repair are likely to prove particularly important.
Assays for defective DNA repair correlate consistently with 
substantially increased susceptibility71, and chromosomal 
aberrations predict increased cancer risk irrespective of carcinogenic
exposure72. 

Once they are identified, susceptible people might benefit dispro-
portionately from screening or prophylaxis, while those at low risk
would be reassured. But there will also be penalties. A different 
susceptible minority will be identified for each disease, and a high
proportion of the population may eventually suffer the consequences
of being classed as genetically susceptible to some major risk. The
hazards of screening for cancer susceptibility are illustrated by the
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Table 1 Cancer incidence in immunosuppressed transplant patients*

Cancer site No. of cases Expected no. Ratio

Non-melanoma skin 127 5.1 24.7

Thyroid and other endocrine 30 2.1 14.3

Mouth, tongue and lip 22 1.6 13.8

Cervix, vulva and vagina 39 3.6 10.8

Non-Hodgkin’s lymphoma 25 2.4 10.3

Kidney and ureter 32 3.5 9.1

Bladder 26 4.7 5.5

Colorectal 38 10.5 3.6

Lung 30 12.5 2.4

Brain 10 4.1 2.4

Prostate 11 5.2 2.1

Melanoma 7 4.1 1.7

Breast 15 13.6 1.1

*Source: ref. 40.
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widespread introduction of testing for prostate-specific antigen in
the United States, which has reduced prostate cancer mortality only
marginally but has led to a sharp increase in recorded incidence and
considerable post-operative psychosexual and physical morbidity.
Striking gene–environment interactions may be discovered, but
most causes of cancer are likely to increase the risk by a smaller
amount but a similar factor in those who are less susceptible. If 
smokers are less likely to stop smoking on discovering that their 
lifetime lung cancer risk is ‘only’ 10%, the population death rate
might even be increased by such knowledge.

Advances in genetic and molecular understanding will 
increasingly enable epidemiologists to quantify the relationships
between risk factors and specific events in carcinogenesis. Direct
monitoring of changes in the genes that underlie carcinogenesis or
their products is likely to provide sensitive and specific measures that
can be correlated both with cancer incidence and with exposure to
carcinogenic agents or activities. Characteristic mutations in DNA
from subclinical cancers73 or their precursor lesions74,75 can already
be quantified, and serum levels of hormones such as oestrogen23 and
prolactin24, or growth factors such as insulin-like growth factor-I, as
well as chromosomal damage itself72, are predictive of increased risk
for certain cancers.

The most significant developments in cancer epidemiology may
result from discoveries in virology and tumour immunology. The
speculation that unidentified viruses (perhaps including some ani-
mal viruses76) are associated with many human cancers is consistent
with the large increase in overall cancer rates seen in immunosup-
pressed patients40. The difficulty is that an unknown virus might
mimic the epidemiological effects of dietary or genetic mechanisms.
Thus, for example, the migrant patterns for prostate cancer (Fig. 1)
might be due partly to an endemic infection, as they are for stomach
cancer30. Viruses usually act synergistically with other carcinogens
and therefore provide alternative approaches to risk reduction. 
Perhaps the best way to prevent mesothelioma following heavy
asbestos exposure will be by targeting SV-40 (ref. 38). The crucial
issue is which of the increased risks in Table 1 reflect an unknown
viral aetiology and which reflect immunosurveillance targeted at
non-viral tumour markers. Some cancers may well be preventable by
vaccination with tumour-specific antigens or by some less specific
immunostimulation (see articles in this issue by Rosenberg, pages
380-384, and Appelbaum, pages 385-389).

Current priorities in cancer prevention
The large differences in the pattern of cancer incidence between
developed and developing countries (Fig. 4)77 imply different 
priorities for prevention, but at an individual level the most impor-
tant difference is between smokers and non-smokers, particularly in
developed countries. Table 2 shows approximate percentages of
future cancer deaths in the United States that would be avoided by
successively removing the effects of smoking, known infections, 
alcohol, sunlight, current occupational and environmental 
pollution, inactivity and obesity. The additional effect of specific
dietary recommendations such as those of the American panel15 is
much more speculative. Avoidance of overweight and prevention or
treatment of oncogenic infections are the most important aims for
non-smokers; but it is absurd for smokers in the West to worry about
anything except stopping smoking.

Tobacco causes one-third of all cancer deaths in developed 
countries. About 15% of cancers worldwide are caused by known
infectious agents34. HBV alone causes almost as many cancers as
smoking in China, and can be prevented by vaccination. HPV 
vaccines that are already being tested may be able to prevent almost all
cervical cancers78, and if the prevalence of Helicobacter pylori can be
reduced, many stomach cancers would be avoided. The belated 
elimination of asbestos by many Western countries will eventually
prevent the great majority of mesotheliomas and many lung cancers.
(Whether almost all mesotheliomas are caused by crocidolite,

amosite or tremolite is still contentious79,80, but all forms of asbestos
cause lung cancer.) Various cancer screening tests are partially 
effective, and cervical screening is very effective.

The threat to epidemiology of the new ethics
Government action is essential to protect epidemiological research
from the increasing burden of ‘ethical’ laws or conventions that bear
no relation to patients’ physical or psychological well-being. Exam-
ples in Britain include the recent directive by the General Medical
Council that doctors who notify their patients to cancer registries
without obtaining fully informed consent may face disciplinary
action, and the earlier delay in introducing anonymous HIV testing
of discarded blood samples on the grounds that ‘screening must 
confer some benefit on the patient’81. Under the Data Protection Act
it may even be illegal to use historical personnel records to study the
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Table 2  US Cancer deaths that would be avoided by eliminating known risks

Cause Deaths (%) avoided after removing preceding causes
Current smokers* Non-smokers

Smoking 60 —

Known infections† 2 5

Alcohol‡ 0.4 1

Sunlight 0.4 1

Air pollution§ 0.4 1

Occupation|| 0.4 1

Lack of exercise¶ 0.4 1

Diet#
Overweight (BMI>25 kg m–2) 4 10
Other dietary factors 4–12? 10–30?

Presently unavoidable✩ About a quarter At least half

Approximate percentages of future cancer deaths among smokers and non-smokers in the
United States that would be prevented by successive elimination of smoking, known infections,
alcohol, sun exposure, current levels of workplace and air pollution, lack of exercise, and obesity.
The estimates for the residual effect of specific dietary factors in people of normal weight are
much less certain.

*For causes other than smoking, the table shows the additional reductions that could be
achieved after smoking has been eliminated, so synergism with smoking is ignored. About 60%
of cancers among smokers are due to smoking4, so all other percentages for smokers are 40%
of those for non-smokers. The percentages for smokers relate to cancer risks during a smoker’s
lifetime and ignore risks during the 15 years of extra life gained on average when a smoking-
related death is prevented by stopping smoking.

†All cervical cancers (HPV) plus half of all stomach cancers (H. pylori) gives 4% for non-smokers.
A further 1% is added for all other infections. These two cancers and those caused by EBV, HBV
and HCV are much more common in many developing countries. HBV alone, which can be
prevented by vaccination, causes almost as many cancers as smoking in China. About 15% of
cancers worldwide would be prevented if all known carcinogenic infections were eliminated34. 

‡Alcohol contributes about 0.5% due to upper aerodigestive cancers in non-smokers and a
similar number due to breast cancer, although the reduction in heart disease among moderate
drinkers outweighs their increased cancer risk.

§The lung cancer risks caused by radon and smoke from fossil fuels are largely confined to
smokers. But lung cancer accounts for 2% of all cancer deaths in non-smokers, and a
substantial proportion may be due to indoor and outdoor air pollution, including indoor radon.
Mesotheliomas caused by non-occupational asbestos exposure contribute less than 0.1% of
cancer mortality.

||Construction and maintenance workers are still sometimes exposed to asbestos and some
workers are quite heavily exposed to dusts containing crystalline silica. Occupational exposure
to chemicals causes some bladder and other cancers. Current exposures to asbestos and other
known occupational carcinogens are much less than they were 40 years ago in most developed
countries, and occupational lung cancer risks are much lower in non-smokers. Heavy exposure
to occupational carcinogens still occurs in many developing countries.

¶As well as preventing heart disease, regular exercise reduces the risk of colon cancer and
probably also of breast cancer, although the quantitative effect is uncertain10,15.

#Mortality from various cancers and other causes increases progressively with increasing body-
mass index (BMI) above 25 kg m–2, and overall mortality also increases as BMI falls below about
22 kg m–2 (refs 17, 18). The additional benefits of dietary recommendations for those with BMI
between 22 and 25 kg m–2 are very uncertain.

✩A few per cent of cancers are avoidable by the combined effects of measures that most people
would not consider, such as having many children at an early age, followed by oophorectomy
(surgical removal of one or both ovaries). Modern chemotherapy, radiotherapy and radiography
usually do more good than harm, and cosmic radiation is unavoidable. The presumably
environmental causes of the increased incidence of testicular cancer and non-Hodgkin’s
lymphoma are unavoidable because they are not yet known.
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mortality of factory workers, as it is impractical to obtain informed
consent from all former workers. Legislation is urgently needed to
restore the long-established principle that consent is not mandatory
for access to medical or civil records for bona fide medical research
that has no effect on the individuals concerned and has been
approved by a competent ethics committee. ■■
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