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Information on cancer causation has come from investigation
of the patterns of cancer in human populations and the
induction of tumours in experimental animals following treat-
ment with cancer-causing agents. The most important human
carcinogens include tobacco, asbestos, aflatoxins and ultra-
violet light. Almost 20% of cancers are associated with chron-
ic infections, the most significant ones being hepatitis virus-
es (HBV, HCV), papillomaviruses (HPV) and Helicobacter
pylori. There is increasing recognition of the causative role of
lifestyle factors, including diet, physical activity, and alcohol
consumption. Genetic susceptibility may significantly alter the
risk from environmental exposures. 
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Use of tobacco has been identified by
WHO as the major preventable cause of
death of humankind. The topic is
addressed here only in relation to cancer,

although tobacco smoking causes a range
of cardiovascular and respiratory diseases
[1]. Tobacco smoking causes cancer of
the lung and other organs and is the most
intensively investigated environmental
cause of cancer. Most information avail-
able involves the burden of smoking-relat-
ed disease in more developed countries;
far less is known in relation to less devel-
oped countries, though predictions can be
made with confidence.

Preparation and use of tobacco
The main tobacco plant in the world is
Nicotiana tabacum, although some vari-
eties of N. rustica are also cultivated and
used. Tobacco was imported from North
America to Europe, Asia and Africa in the
second half of the 16th century. By the
mid-17th century, tobacco was being
grown for commercial purposes not only
in the American colonies, but also in
Europe and East Asia. Industrial produc-
tion of cigarettes started in the second
half of the 19th century.
Tobacco needs to be cured before con-
sumption. Two main curing processes are
used. In flue-curing, the ripe leaves are cut
and dried by artificial heat. Common
names of flue-cured tobacco include
“blond” and “Virginia”. In air-curing, the
entire plant is harvested and no artificial
heat is used. Air-cured tobacco includes
“Maryland” and “black”. Cigars are also
made of air-cured tobacco. Less impor-
tant methods include sun-curing, fire-cur-
ing and various local adaptations. For “ori-
ental” tobacco, sun- and air-curing are
combined.
Cigarettes represent the most important
tobacco product worldwide [2]. They are
made from fine-cut tobacco wrapped in
paper or maize leaf. The weight is between
0.5 and 1.2 g. Tobacco may be sprayed
with sugar and other flavouring or aromat-
ic agents. Other smoking tobacco prod-
ucts include cigars and cigarillos (which
vary greatly in size, weight and flavour and
have many local names, e.g. cheroots,
chuttas, stumpen), tobacco for pipes and

water pipes, bidis (flaked tobacco rolled in
a piece of dried temburni leaf), as well as
many other local products. Tobacco is also
chewed, alone or with lime, betel nut or
other compounds [3]. The habit is preva-
lent in the Indian region and South
America, but also in North America and
Northern Europe. 
Tobacco snuff is taken in many countries,
notably in Scandinavia, India and neigh-
bouring countries, the Mediterranean and
Southern Africa. The composition of chew-
ing tobacco and snuff greatly varies geo-
graphically. In addition, other smokeless
products are used in various parts of the
world (e.g. “nass”, a mixture of tobacco,
lime, ash, and other ingredients,  in
Central Asia). 
World production of tobacco is approxi-
mately seven million tonnes annually,
China accounting for almost a third of this
total [4]. Global trade in tobacco repre-
sents a major economic enterprise;
although the USA and Europe lead the
field, India and various nations of Africa
are also major exporters (Table 2.1).

Exposure
The people most immediately exposed to
the products of tobacco combustion are the

TOBACCO

SUMMARY

> In addition to lung cancer, tobacco
consumption causes tumours of the lar-
ynx, pancreas, kidney, bladder and, in
conjunction with alcohol drinking, a high
incidence of carcinomas of the oral cav-
ity and the oesophagus. In most devel-
oped countries, tobacco accounts for as
much as 30% of all malignant tumours.

> Lung cancer risk is determined by the
amount of daily consumption of tobac-
co, duration of smoking and the depth of
inhalation. For regular smokers, the rela-
tive risk for the development of lung can-
cer is more than 20 times higher than for
non-smokers. Environmental tobacco
smoke (passive smoking) is also carcino-
genic but the risk is much smaller (rela-
tive risk 1.15-1.2). 

> Tobacco smoke contains a great number
of chemical carcinogens. The pattern of
mutations in the p53 tumour suppressor
gene in smoking-associated lung
tumours suggests that benzo(a)pyrene
metabolites play a major role in the
development of lung cancer. 

> Cessation of smoking significantly
reduces the risk of lung and other tobac-
co-associated cancers, even after many
years of addiction. However, even ten or
more years after stopping smoking, the
risk is somewhat greater than that of
never-smokers. 

> Tobacco smoking is also the cause of
various non-neoplastic ailments, includ-
ing cardiovascular and obstructive lung
diseases. The life expectancy of regular
smokers is six to eight years less than
that of people who have never smoked. 

Fig. 2.1 Tobacco market in Zimbabwe. In the
developing world, tobacco consumption is
increasing rapidly. 
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users, that is, active smokers. The preva-
lence of smoking varies throughout the
world and is subject to change (Fig. 2.8). The
proportion of smokers is decreasing among
men in industrialized countries. More than

70% of men born in Europe and North
America during the first decades of the 20th
century smoked during some time of their
life, but this proportion has decreased in
more recent times. There is an increasing

proportion of ex-smokers in many countries,
particularly within older age groups. 
A different pattern is seen in women. In
contrast to male smoking rates, smoking
by women only became prevalent in the
second half of the 20th century. While in
some countries, such as the United
Kingdom, the proportion of women who
smoke has started to decrease in recent
years, in most industrialized countries this
proportion is still increasing [4]. 
In developing countries, less comprehen-
sive data are available. It is clear, however,
that a great increase in smoking has taken
place during the last decade in many coun-
tries. The increase is particularly dramatic
in China, where more than 60% of adult
men are estimated to smoke, representing
almost one-third of the total number of
smokers worldwide. The prevalence of
smoking among women in most develop-
ing countries is still low, although in many
countries young women are taking up the
habit. In India and its neighbouring coun-
tries, smokeless tobacco is widely used
and “bidi” smoking is also common, this
being the cheapest form of smoking avail-
able.
Non-smokers are exposed to environmen-
tal tobacco smoke, the extent of exposure
being determined primarily by whether
family members smoke and by workplace
conditions. The amount of tobacco smoke
inhaled as a consequence of atmospheric
pollution is much less than that inhaled by
an active smokers [5].

Cancer risk
Tobacco smoking is the main known
cause of human cancer-related death
worldwide. Smoking most commonly
causes lung cancer [6]. For a smoker, lung
cancer risk is related to the parameters of
tobacco smoking in accordance with the
basic principles of chemical carcinogene-
sis: risk is determined by the dose of car-
cinogen, the duration of administration
and the intensity of exposure. In respect
of these determinants of lung cancer risk,
women are at least as susceptible as men.
An increase in risk of lung cancer (relative
to a non-smoker) is consistently evident at
the lowest level of daily consumption, and
is at least linearly related to increasingFig. 2.2 Magazine advertising in the1970s directed towards women in the USA.   

Table 2.1 Tobacco production, imports and exports. In some regions, such as Africa and India, the export
of tobacco is a major source of income. 

Production Import Export
Location (tonnes/annum) (tonnes) (tonnes)

USA 890,240 234,910 266,104

Europe 760,086 772,675 319,568

Russia 290,000 86,000 2,200

Africa 274,624 85,989 187,208

China 2,000,000 80,000 10,000

India 525,000 100 104,862

Global 6,660,000 1,512,638 1,484,144
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consumption (Fig. 2.6). The risk is also
proportional to the duration of smoking.
Hence, the annual death rate from lung
cancer among 55-64 year-olds who
smoked 21-39 cigarettes daily is about
three times higher for those who started
smoking at age 15 than for those who
started at age 25. 
Intensity of exposure to tobacco smoke is
determined by the smoking device used
(cigarette, cigar, pipe, hookah, etc.) and, for
any one method, may be determined by the
“depth” of inhalation. Smoking of black
tobacco cigarettes represents a greater
risk for most tobacco-related cancers than
smoking of blond cigarettes. Similarly, fil-
tered and low-tar cigarettes entail a lower
risk for most tobacco-related cancers than
unfiltered and high-tar cigarettes. However,
a “safe” cigarette does not exist; all smok-
ing tobacco products entail a carcinogenic
risk. Taken together, the epidemiological
data summarized above establish “causa-
tion” because of the consistency of results,
the strength of the relationship, its speci-
ficity, the temporal sequence between
exposure and disease and the dose—
response relationship.

Within many communities, smoking, and
hence lung cancer, are sharply related to
social class [7]. Between communities
worldwide, incidence of lung cancer varies
dramatically. High rates are observed in
parts of North America, while developing
countries have the lowest rates (Fig. 2.7).
In the USA, Europe and Japan, 83-92% of
lung cancer in men and 57-80% of lung can-
cer in women is tobacco-related. A maximal
impact of lung cancer occurs when the
population has attained a maximal preva-
lence of smoking that has continued
throughout most of the life span of the
smokers. As the prevalence of smoking
increases, it is likely that an epidemic of

lung cancer will sweep the developing
world in the coming decades [8].
In addition to lung cancer, smoking causes
cancers of the larynx, oral cavity, pharynx,
oesophagus, pancreas, kidney and bladder
[2] (Table 2.3). Dose-response relationships
between number of cigarettes smoked and
risks for developing these cancers have
been found consistently. Most data involve
cigarette smoking but, for example, cigar
and pipe smoking present a greater risk for
cancer of the oral cavity than does ciga-
rette smoking. For cancer of the bladder
and kidney, risks vary with the duration and
intensity of smoking, but are lower than
those for lung cancer. In non-alcohol drink-

Fig. 2.5 Mortality due to lung cancer is decreasing in men in most industrialized countries, an exception
being Hungary, which now has the highest rates of lung cancer mortality in the world.

Fig. 2.4 A young man smoking a hookah
(Bangladesh).

Fig. 2.3 Smoking by children is increasing world-
wide.

24 The causes of cancer

WCR-S2.Q (composition)  27/01/03  8:47  Page 24



ing male smokers, risk of developing can-
cer of the oral cavity is about double that
for non-drinking non-smokers. Elevations of
ten-fold or more are evident for cancer of
the larynx and five-fold or more for
oesophageal cancer. The proportion of
these cancers attributable to smoking
varies with the tumour site and across com-
munities, but is consistently high (80% or
more) for laryngeal cancer specifically.
A common feature of lung and other smok-
ing-induced cancers is the pattern of
decreased risk which follows smoking ces-
sation (“quitting”) relative to continuing
smoking [2]. The relative risk of cancer at
most sites is markedly lower than that of

current smokers after five years’ cessation,
although risks for bladder cancer and ade-
nocarcinoma of the kidney appear to per-
sist for longer before falling. Despite the
clearly established benefit of cessation, the
risk for ex-smokers does not decrease to
that for “never smokers”. Overall,
decreased risk of lung and other cancers
consequent upon quitting is further evi-
dence (if any were needed) that smoking is
causes the diseases in question (Tobacco
control, p128).
Other cancer types may be a conse-
quence of smoking [9]. These include can-
cer of the stomach, liver, nose and
myeloid leukaemia. In contrast, some of

the increased incidence of bowel and cer-
vical cancer in smokers may be due to
confounding. Exposure to environmental
tobacco smoke causes lung cancer and
possibly laryngeal cancer, although the
burden of disease is much less than in
active smokers; the relative risk has been
estimated at about 1.15-1.2. Association
of increased risk of breast cancer with
exposure to environmental tobacco
smoke is controversial [5]. 
Tobacco smoking has been estimated to
cause approximately 25% of all cancers in
men and 4% in women, and, in both gen-
ders, approximately 16% of cancer in more
developed countries and 10% in less devel-
oped countries [11], although some esti-
mates are as high as 30% [12]. The low
attributable risk in women (and, to a lesser
extent, in developing countries) is due to
the low consumption of tobacco in past
decades. A recent upward trend in smok-
ing prevalence among women in many
developing countries will result in a much
greater number of attributable cancers in
the future. Use of smokeless tobacco
products has been associated with
increased risk of head and neck cancer
[10]. Since chewing of tobacco-containing
products is particularly prevalent in
Southern Asia, it represents a major car-
cinogenic hazard in that region.

Table 2.2 Carcinogenic agents in tobacco smoke and smokeless tobacco. + = present, - = absent

Substances Tobacco smoke Smokeless tobacco 
(per cigarette) (ng/g)

Volatile aldehydes
Formaldehyde 20-105 µg 2,200-7,400
Acetaldehyde 18-1,400 µg 1,400-27,400
Crotonaldehyde 10-20 µg 200-2,400

N-Nitrosamines
N-Nitrosodimethylamine 0.1-180 ng 0-220
N-Nitrosodiethylamine 0-36 ng 40-6,800
N-Nitropyrolidine 1.5-110 ng 0-337

Tobacco-specific nitrosamines
N'-Nitrosonornicotine (NNN) 3-3,700 ng 400-154,000
4-(Methylnitrosamino)-1-(3-pyridyl)- 0-770 ng 0-13,600 
1-butanone (NNK)

4-(Methylnitrosamino)-1-(3-pyridyl)- + +
1-butanol (NNAL)

N'-Nitrosoanabasine (NAB) 14-46 ng 0-560

Metals
Nickel 0-600 ng 180-2,700
Cadmium 41-62 ng 700-790
Polonium 210 1-10 mBq 0.3-0.64 pci/g
Uranium 235 and 238 - 2.4-19.1 pci/g
Arsenic 40-120 ng

Polycyclic aromatic hydrocarbons
Benzo[a]pyrene 20-40 ng >0.1-90
Benzo[a]anthracene 20-70 ng -
Benzo[b]fluoranthene 4-22 ng -
Chrysene 40-60 ng -
Dibenzo[a,l]pyrene 1.7-3.2 ng -
Dibenzo[a,h]anthracene + -

Fig. 2.6 Risk of lung cancer is determined by num-
ber of cigarettes smoked.
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Interaction with other hazards
Alcohol consumption, exposure to
asbestos and exposure to ionizing radia-
tion interact with smoking in determining
risk of some cancers [13]. For alcohol
drinking and smoking, risks for cancer of
the larynx, oesophagus and oral cavity
increase multiplicatively in relation to the
respective risks generated by either expo-

sure in the absence of the other. For indi-
viduals exposed to both asbestos and
tobacco smoke (for example, insulation
workers who smoke), risk of lung cancer is
also increased multiplicatively, although
smoking does not affect risk of mesothe-
lioma (a tumour type specifically caused
by asbestos). Quitting smoking can con-
siderably lower the risk for lung cancer

among people who were exposed to
asbestos in the past.

Mechanisms of carcinogenesis
As tobacco is the most important human
carcinogen, elucidation of mechanisms
which result in cancer among humans
exposed to tobacco smoke provides an
important means for assessing some pre-

Fig. 2.7 The five highest and the five lowest recorded lung cancer incidence rates in males and females.

Table 2.3 Smoking increases the risk of many human cancers.

Cancers positively Sex Standardized mortality per 100,000/year Relative Absolute excess risk Attributable
associated with smoking risk per 100,000/year proportion (%)*

Life-long non-smoker Current cigarette 
smoker 

Lung cancer M 24 537 22.4 513 87 
F 18 21 3 11.9 195 77 

Cancer of the upper  M 1 27 24.5 26 89
respiratory sites F 2 10 5.6 8 58 

Cancer of the bladder and  M 18 53 2.9 35 36
other urinary organs F 8 21 2.6 13 32

Pancreatic cancer M 18 38 2.1 20 25 
F 16 37 2.3 21 29 

Oesophageal cancer M 9 68 7.6 59 66 
F 4 41 10.3 37 74 

Kidney cancer M 8 23 3 15 37 
F 6 8 1.4 2 11

American Cancer Study. Men and women aged 35 yrs and more. *Attributable proportion is the proportion of all deaths from the specified disease which are attributable to cancer, assuming that
30% of the population are current smokers and that all the excess risk in smokers is due to smoking.
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ventive options, and may be relevant to
the prevention of other environmentally-
induced cancer.
Mainstream smoke (the material inhaled
by smokers) is an aerosol including
approximately 4,000 specific chemicals
and containing 1010 particles per ml. The
particulate matter (tar) is made up of
some 3,500 compounds, the most abun-
dant being nicotine (0.1-2.0 mg per ciga-
rette) and also including most of the poly-
cyclic aromatic hydrocarbons occurring in
the smoke [14]. Another class of carcino-
gens represented in tobacco smoke is 
N-nitroso compounds, particularly includ-
ing the nitroso derivatives of nicotine and
nornicotine [15]. Chemicals such as aro-
matic amines, benzene and heavy metals,
independently established as carcino-
genic for humans, are present in tobacco
smoke (Table 2.2). Use of smokeless
tobacco results in exposure to tobacco-
related nitroso compounds, but not to
polycyclic aromatic hydrocarbons, which
are products of combustion.
Cancer causation by tobacco smoke is not
attributable to any one chemical compo-
nent, or any one class of chemicals pres-
ent, but to an overall effect of the complex
mixture of chemicals in smoke.
Mechanistic inferences which can be
made from epidemiological studies,
together with relevant experimental data,
indicate a scenario compatible with “mul-
tistage carcinogenesis” as understood at
the cellular and molecular level
(Multistage carcinogenesis, p84) [16].
Epidemiological studies indicate that for
cancers of the lung, bladder and head and
neck (data for other cancers are inade-
quate for such evaluation), the various
carcinogens in tobacco smoke exert an
effect on both early and late steps in the
process of carcinogenesis. Evidence for
early effects comes from the higher risk
associated with early age at starting
smoking and with increasing time since
beginning smoking, while the continued
elevated risk, albeit at decreasing levels
over time, following quitting smoking is a
strong argument for late effects.
Most chemical carcinogens in tobacco
smoke require metabolic activation in
order to exert a carcinogenic effect [17].

The requisite enzymes are present in lung
and other “target” organs. Individual risk
may be affected by the activity and levels
of enzymes such as glutathione-S-trans-
ferase, cytochrome P450 and N-acetyl
transferases. In the course of metabolism,
reactive forms of polycyclic aromatic
hydrocarbons, nitrosamines and aromatic
amines are generated and become cova-
lently bound to DNA in relevant tissues.
Such DNA adducts, and the products of
their repair, have been detected in tissues,
bodily fluids and urine from smokers and
from persons exposed to environmental
tobacco smoke.
The molecular genetics of tobacco smoke-
induced lung and other cancers are being
progressively elucidated. An increasing
number of genes are implicated as being

relevant to a carcinogenic outcome [18].
The degree of current understanding is
exemplified by studies of the pattern of
mutation in the p53 gene. When compari-
son is made of particular mutation fre-
quencies in lung cancers from smokers
and non-smokers, differences are evident.
Using relevant experimental systems,
mutations evident in smokers are attribut-
able, at least in part, to the miscoding
caused by the binding of some polycyclic
aromatic hydrocarbons to DNA [19].

Fig. 2.9 A model describing stages of the tobacco epidemic based on data from developed countries.
Note the time lag between increase in consumption and the manifestation of lung cancer

Fig. 2.8 Estimated prevalence of smoking among adults by region, in the early 1990s.
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Quitting smoking is very difficult. Surveys
show that 74% of smokers report a desire
to quit and 70% of smokers have made
previous attempts to quit smoking, yet
success rates remain low (US Department
of Health and Human Services, Healthy
People 2000 Review, 1994). The difficulty
that most smokers encounter reflects
both a habit and a physiological addiction.
In addition, cessation involves discontinu-
ing a dependency that smokers acquired
at a vulnerable period in their lives
(Tobacco control, p128).
The low success rates associated with
unaided attempts to quit suggest that

pharmacological treatment be offered
unless there is a medical contraindication.
Treatments for smoking addiction include
nicotine replacement therapies and non-
nicotine therapy (Okuyemi KS et al., Arch
Family Med, 9: 270-281, 2000; The Tobacco
Use and Dependence Clinical Practice
Guideline Panel, JAMA, 283: 3244-3254,
2000). Nicotine replacement therapies
include nicotine polacrilex gum, transder-
mal nicotine patch, nicotine nasal spray,
nicotine sublingual tablet, and nicotine
inhaler but only about 25% of attempts
involve the use of any nicotine replacement
therapy. 
The only approved non-nicotine therapy is
the antidepressant bupropion hydrochlo-
ride. Other antidepressants such as nor-
triptyline and moclobemide have shown

some promise but are not generally
approved for use. 
Combination of two nicotine replacement
therapies (patch plus gum, spray, or
inhaler) or a nicotine replacement therapy
plus a non-nicotine drug (bupropion) may
work better than single agents. 
In summary, treatments help fewer than
one in five smokers and are not being
used by the majority of smokers trying to
quit. Recent progress in the understand-
ing of the neuropharmacological basis of
nicotine addiction holds promise for the
development of new treatments.

PHARMACOLOGICAL
APPROACHES TO SMOKING
ADDICTION
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Beverages containing alcohol (the com-
mon name for ethanol) as the product of
the fermentation of carbohydrates have
been produced in most human societies
since ancient times. Despite great variety,
most alcoholic beverages can be grouped
as either beers (brewed by fermenting
malted barley and typically containing 5%
volume of alcohol), wines (made by fer-
menting grape juice or crushed grapes,
containing 12% alcohol) or spirits (made
by distilling fermented products of a vari-
ety of cereals, vegetables and fruits, con-
taining 40% alcohol). Beverages that are
less common and which are often limited
to particular regions include cider, forti-
fied wines and flavoured wines. 
On a global scale, the consumption of
alcoholic beverages by adults as calculat-
ed from official figures is equivalent to 4 L
of alcohol per year (or 9 g/day), corre-
sponding to approximately 3% of the aver-
age total intake of calories [1]. Unofficial
consumption, however, is estimated to
account for an additional amount corre-
sponding to 20-100% of the official 
figures, depending on the country. Most
“unofficial” alcohol is either sold illegally

on the black market (usually to avoid tax-
ation) or produced for private consump-
tion. There is strong regional variability in
consumption levels, with a minimum 
(<1 L/year) in Western and Southern Asia
and Northern Africa and maximum 
(>12 L/year) in Central and Southern
Europe. The distribution between each
major type of beverage is also country-
specific (Fig. 2.10). Official figures show a
decrease in alcohol consumption in more
developed countries and, over recent
years, an increase in consumption in less
developed countries.

Cancers caused 
Through analytical epidemiological stud-
ies of cohort and case-control type con-
ducted in many populations with different
levels of consumption, the causal associa-
tion of drinking alcohol has been definite-
ly established in respect of oral,
oesophageal, liver and other cancers [2].
In particular, studies of cancer risk in
brewery workers and in alcoholic patients
have provided important evidence on the
carcinogenic role of alcohol. A causal
association is also established in the case
of breast cancer and is probable for colon
and rectal cancer [2,3]. There have been
suggestions of a possible carcinogenic
effect of alcohol drinking on other organs,

such as the lung, but the evidence is still
inconclusive [4]. An association between
alcohol intake and risk of head and neck
cancer is indicated by the geographical
pattern of these neoplasms; countries
(and regions within countries) with heavy
alcohol consumption are among those
with the highest incidence of these neo-
plasms. 
For all cancers caused by drinking alcohol,
the risk of cancer is a linear function of
the level of consumption, up to an intake
of about 80 g/day (one litre of wine, a
quarter of a litre of spirits), above which

ALCOHOL DRINKING

SUMMARY

> Heavy alcohol drinking causes cancer of
the oral cavity, pharynx, larynx, oesoph-
agus, and liver, and may increase the
risk of breast and colorectal cancer.

> Risk is linearly related to the mean daily
consumption.

> Low levels of consumption appear to
exert a protective effect against cardio-
vascular disease.

> In the oral cavity, pharynx, larynx and
oesophagus, the risk is greatly
increased by concurrent smoking.

Table 2.4 Consumption of alcohol increases the
risk of cancer of the upper gastrointestinal tract.

Mean alcohol   Relative risk 
consumption  (95% confidence)

No alcohol 1 

> 0 to 30 g/day 1.2 (0.4–3.4)

> 30 to 60 g/day 3.2 (1.0–10.1)

> 60 g/day 9.2 (2.8–31.0)

*Adjusted for follow-up time, sex, education, body mass
index (BMI), vegetable and fruit consumption, tobacco
smoking and energy intake

Fig. 2.10 Patterns of alcohol drinking, expressed as mean equivalent volumes of pure ethanol, in select-
ed countries, 1996.
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level the dose—response relationship is
less clearly defined. The magnitude of
increased risk associated with a particular
rate of alcohol consumption varies for
each tumour type. The risk of head and
neck cancer is 5-10 times higher in heavy
drinkers than in abstainers, the carcino-
genic effect of alcohol appearing to be
more potent in the oral cavity, pharynx
and oesophagus and weaker in the larynx.
The relative risk of breast cancer in
women with a high consumption of alco-
hol is approximately two-fold.
Most available data concerning the car-
cinogenic role of alcohol in humans are
derived from epidemiological studies

based on interviews or similar approach-
es. Since alcohol drinking carries a strong
social stigma in many populations, it is
likely that individuals underestimate and
under-report their intake of alcohol, par-
ticularly in the case of heavy consump-
tion. Under-reporting of alcohol drinking,
resulting in the classification of heavy
drinkers as light- or non-drinkers, would
result in underestimation of the actual
carcinogenic effect of the habit. It is pos-
sible therefore that the role of alcohol in
human cancer is greater than commonly
perceived.
Alcohol drinking and tobacco smoking
show a synergistic interaction in the etiol-

ogy of cancers of the oral cavity, pharynx,
larynx and oesophagus; the risk of cancer
for heavy consumers of both products rel-
ative to that for subjects who neither
smoke nor drink is higher than the product
of the risks attributable respectively to
heavy drinking and heavy smoking sepa-
rately (Fig. 2.14) [5]. Very heavy drinkers
(e.g. alcoholics), among whom alcohol can
be the source of up to 30% of total calorie
intake, tend to have a diet poor in fruit and
vegetables, which may further enhance
their risk of developing these cancers.
Relatively few studies have examined pos-
sible variations in risk attributable to dif-
ferent alcoholic beverages: evidence on
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Table 2.6 Percentage and number of cancer cases worldwide attributable to alcohol consumption, 1990.  

Cancer Men Women

% No. of cases % No. of cases

Oral cavity & pharynx 23 51,000 15 12,700

Oesophagus 24 51,800 14 14,500

Liver 10 30,100 6 7,300

Larynx 22 26,500 14 2,500

Breast - - 3 26,800

Total 4 159,400 2 63,800

Table 2.5 Percentage of the population dying from alcohol-associated diseases in different world regions,
and the respective years of life lost .

Years Disability-
Region % of deaths of life lost adjusted years

life lost

Latin America 4.5 5.9 9.7

Sub-Saharan Africa 2.1 2.0 2.6

Other Asian countries 1.8 1.6 2.8

Former socialist countries 1.4 5.7 8.3

China 1.3 1.8 2.3

Industrialized countries 1.2 5.1 10.3

India 1.2 1.4 1.6

Middle East 0.1 0.2 0.4

Overall 1.5 2.1 3.5

Fig. 2.11 Computed tomography (CT) scan of an
oesophageal tumour (T). Heavy alcohol drinking is
a major risk factor.

T

Fig. 2.12 The major pathway of alcohol metabo-
lism in humans.
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this issue is inconclusive at present.
Similarly, there is no clear evidence as to
whether the key factor in alcohol carcino-
genesis is level of alcohol intake, or
whether the pattern of drinking (e.g. regu-
lar intake of moderate quantities, typically
at meals, versus intermittent intake of
large quantities (“binge drinking”) also
plays a role.
Alcohol drinking is estimated to be
involved in the etiology of 3% of all can-
cers (that is, 4% in men, 2% in women,
Table 2.6). In women, approximately half
of the neoplasms attributed to alcohol
drinking are breast cancers. However, the
actual burden of cancers attributable to
alcohol consumption may be greater than
these estimates, given that alcohol drink-
ing may be a causative factor in cancers
other than those presented, as well as the
likely underestimation of the risk.

Mechanism of carcinogenesis and rele-
vant model systems
The mechanism(s) of cancer causation by
alcoholic beverages is not known. Ethanol
has not been established as being car-
cinogenic to experimental animals. The
compound does not appear to react with
DNA in mammalian tissue. Among
hypotheses proposed to explain the
increased cancer risk are (i) a carcino-
genic effect of chemicals other than
ethanol present in alcoholic beverages
(such as N-nitrosamines); (ii) a solvent

action which facilitates absorption of
other carcinogens (e.g. those in tobacco
smoke); (iii) a carcinogenic role for
acetaldehyde, the major metabolite of
ethanol (Fig. 2.12). This last hypothesis is
supported by evidence that acetaldehyde
is carcinogenic in experimental animals,
as well as by results of recent studies in
populations exhibiting polymorphisms in
genes encoding enzymes which are
involved in the metabolism of alcohol.
Genetic polymorphisms lead to variations
in the level of activity of these enzymes
between individuals (Genetic susceptibili-
ty, p71) such that varying quantities of
acetaldehyde are found from the same
intake of ethanol. Studies in Japan, where
such polymorphisms are frequent, have
shown an increased risk of cancer in sub-
jects with a genetic profile that is associ-
ated with higher acetaldehyde levels fol-
lowing alcohol drinking [6]. Results from
Western populations, however, are less
clear-cut.
Apart from being associated with an
increased risk of several types of cancer,
overconsumption of alcohol causes alco-
holism (alcohol addiction), alcohol psy-
chosis, chronic pancreatitis, liver cirrho-
sis, hypertension, haemorrhagic stroke
and low birth weight in babies born to
alcoholic mothers. Furthermore, inebria-
tion associated with alcohol drinking is
responsible for a high proportion of all
accidents and injuries (15-40%, according

to the type of injury) and, in particular,
traffic accidents. In global terms, immod-
erate consumption of alcohol is responsi-
ble for 1.5% of all deaths and 3.5% of dis-
ability-adjusted years of life lost (Table
2.5) [7]. In contrast, the regular consump-
tion of a single alcoholic beverage per day
has been clearly associated with a
decreased risk of ischaemic heart disease
[8]. This effect is likely to be due to an
alcohol-induced increase in high-density
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Fig. 2.15 An advertisement in the Tamil language
targeted at Indian labourers in Malaysia. 

Fig. 2.14 Multiplicative increase in relative risk of laryngeal cancer as a con-
sequence of both alcohol drinking and active smoking (colour coding approx-
imates progressive doubling of risk as exposure increases). A.J. Tuyns et al.
(1988) Int J Cancer, 41:483-91.

Fig. 2.13 Some advertising of alcohol (such as this poster from Malaysia) is
directed specifically towards women. The liquor concerned is advertised as
containing herbs traditionally taken by Chinese women after delivery of their
baby. D. Jernigan 
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lipoprotein-associated cholesterol, which
exerts a protective effect against athero-
sclerosis. Protection is not evident for
high levels of alcohol since the beneficial
effect on cholesterol levels is probably
offset by the alcohol-related increase in
blood pressure, which increases the risk
of ischaemic heart disease. Among British
men in middle or old age, the consump-
tion of an average of one or two units of

alcohol per day is associated with signifi-
cantly lower levels of risk of all causes of
mortality, compared with consumption of
no alcohol or with consumption of sub-
stantial amounts [8]. Cholelithiasis (gall-
stones) is another disease prevented by
moderate alcohol consumption. 
The global effect of alcohol on health in a
given population depends therefore on the
level of consumption. The health impact

may be considered with reference to the
increased risk of cancer, other diseases,
and injuries, and also any decreased risk
of ischaemic heart disease. Avoidance of
excessive consumption of alcoholic bever-
ages would prevent a range of cancers.
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The first reports of associations between
risk of cancer and employment in partic-
ular occupations appeared during the
18th century (scrotal cancer among
chimney sweeps [1]) and 19th century
(bladder cancer in workers exposed to
dyes [2]). However, the majority of stud-
ies establishing a link between an
increased risk of cancer and a particular
working environment were published
between 1950 and 1975 [3]. Relatively
few occupational carcinogens have been
identified in the last 25 years. 

Identifying hazardous materials 
The IARC Monographs on the Evaluation
of Carcinogenic Risks to Humans evalu-
ate data relevant to the carcinogenic haz-
ard to humans as a consequence of
exposure to particular chemical, physical
and biological agents and mixtures [4].
Accordingly, evidence of carcinogenicity
for most known or suspected occupa-
tional carcinogens has been evaluated in
the IARC Monographs programme. At
present, 25 chemicals, groups of chemi-

cals or mixtures for which exposures are
mostly occupational, have been estab-
lished as human carcinogens (Table 2.7).
While some of these agents, such as
asbestos, crystalline silica and heavy
metals, are currently encountered in the
workplaces of many countries, other
agents have been phased out and are
mainly of historical interest (e.g. mustard
gas and 2-naphthylamine).
An additional 25 agents presenting a
hazard on the basis of workplace expo-
sure are classified as probably carcino-
genic to humans. Most of these agents
have been shown to be carcinogenic in
experimental animals, and less than con-
clusive evidence of carcinogenicity in
humans from epidemiological studies is
available. They include chemicals and
consequent exposures that are com-
monly in many countries, such as those
associated with the use of formaldehyde
and 1,3-butadiene (Table 2.8). In many
instances, it is possible to associate

increased risk of cancer with a group of
agents or a particular work environment
rather than with a single compound. The
hazard posed by polycyclic aromatic
hydrocarbons is of particular interest.
Although several individual polycyclic
aromatic hydrocarbons are experimental
carcinogens (three of them are listed in
Table 2.8), human exposure always
involves complex mixtures of these
chemicals, often in variable proportions
(e.g. soots, coal tars). Therefore, the
determination of a hazard to humans
must involve consideration of such mix-
tures and not the individual compounds.
A large number of agents primarily
encountered in an occupational context
are classified as possibly carcinogenic to

OCCUPATIONAL EXPOSURES
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SUMMARY

> Many occupations and some specific
chemicals encountered at work are asso-
ciated with increased risk of cancer.

> Occupational cancer most often involves
the lung; other sites affected include the
skin, urinary tract, nasal cavity and pleura.

> Most occupational carcinogens have
been eliminated from the workplace.
However, in newly-industrialized coun-
tries, relevant exposures still pose a sig-
nificant health risk.

> Some past exposures still carry a signi-
ficant cancer burden; in most European
countries, use of asbestos was banned
in the 1990s, but the peak mesothe-
lioma incidence will occur around 2020.

Fig. 2.16 The first cases of occupational cancer
identified were scrotal cancers in chimney
sweeps, in the late 18th century.

Fig. 2.17 Asbestos insulation is common in build-
ings and presents a hazard when disturbed during
demolition. (A) Protective clothing must be worn
to avoid contact with (B) asbestos fibres .

A

B
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humans, e.g. acetaldehyde, dichloro-
methane, inorganic lead compounds. For
the majority of these chemicals, evi-
dence of carcinogenicity comes from
studies in experimental animals, and evi-

dence of a carcinogenic outcome in
humans is often lacking because human
exposure occurs at the same time as
exposure to many other agents, or for
some other reason.
A number of industries and occupations
have been subject to evaluation within
the Monographs programme (Table 2.9).
In some instances (e.g. wood dust in the
wood industry), the agent(s) responsible
for an increased risk of cancer is (are)
well established, while in other cases
(e.g. employment as a painter or in the
rubber industry), an increased risk of
cancer has been established, but no
precise carcinogen has been identified.
Furthermore, there are several agents
known or suspected to cause cancer in
humans to which humans are incidental-
ly exposed in an occupational context
(Table 2.10). Occupational exposure to

pharmaceutical drugs known or sus-
pected to be carcinogenic can occur in
pharmacies and during the administra-
tion of these drugs to patients by nurs-
ing staff (Medicinal drugs, p48).
Hospital workers can be exposed to
hepatitis B virus, food processors
exposed to aflatoxins from contaminat-
ed foodstuff, outdoor workers exposed
to ultraviolet radiation or diesel engine
exhaust fumes and bar staff or waiters
exposed to environmental tobacco
smoke.
Current understanding of the relation-
ship between occupational exposures
and cancer is far from complete. For
many chemicals known to cause cancer
in experimental animals, no definitive
evidence is available concerning route
or extent of workplace exposure.
Constructing and interpreting lists of
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Table 2.7 Chemicals classified as human carcinogens (IARC Group 1) for which exposures are mostly occupational. 

Agent Cancer site/cancer Main industry/use

4-Aminobiphenyl Bladder Rubber manufacture 
Arsenic and arsenic compounds* Lung, skin Glass, metals, pesticides 
Asbestos Lung, pleura, peritoneum Insulation, filter material, textiles 
Benzene Leukaemia Solvent, fuel 
Benzidine Bladder Dye/pigment manufacture
Beryllium and beryllium compounds Lung Aerospace industry/metals 
Bis(chloromethyl) ether Lung Chemical intermediate/by-product 
Cadmium and cadmium compounds Lung Dye/pigment manufacture 
Chloromethyl methyl ether Lung Chemical intermediate/by-product 
Chromium[VI] compounds Nasal cavity, lung Metal plating, dye/pigment manufacture 
Coal-tar pitches Skin, lung, bladder Building material, electrodes 
Coal-tars Skin, lung Fuel 
Ethylene oxide Leukaemia Chemical intermediate, sterilising agent
Mineral oils, untreated and mildly-treated Skin Lubricants 
Mustard gas (sulfur mustard) Pharynx, lung War gas 
2-Naphthylamine Bladder Dye/pigment manufacture 
Nickel compounds Nasal cavity, lung Metallurgy, alloys, catalyst 
Shale-oils Skin Lubricants, fuels 
Silica, crystalline Lung Stone cutting, mining, foundries 
Soots Skin, lung Pigments 
Strong-inorganic-acid mists containing sulfuric acid Larynx, lung Metal, batteries 
Talc containing asbestiform fibres Lung Paper, paints 
2,3,7,8-Tetrachlorodibenzo-para-dioxin (TCDD) Several organs Contaminant 
Vinyl chloride Liver Plastics monomer 
Wood dust Nasal cavity Wood industry 

* This evaluation applies to the group of chemicals as a whole 
and not necessarily to all individual chemicals within the group.

Fig. 2.18 Angiosarcoma of the liver caused by
occupational exposure to vinyl chloride. The
tumour is characterized by proliferation of vessel-
like structures, lined by malignant, highly atypical
endothelial cells.
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chemical or physical carcinogenic
agents and associating these agents
with specific occupations and industries
is complicated by a number of factors:
- Information on industrial processes
and consequent exposures is frequently
poor, and does not allow a complete
evaluation of the impact of specific
exposures in different occupations or
industries;
- Exposure to chemicals known to pres-
ent a carcinogenic hazard, such as vinyl
chloride monomer and benzene, may
occur at markedly different levels in dif-
ferent occupational situations;
- Changes in work practice occur over
time, either because identified carcino-
genic agents are replaced by other
agents or (more frequently) because

new industrial processes or materials
are introduced;
- Any list of occupations involving pre-
sumed exposure to an agent is likely to
include only some of the situations in
which a particular carcinogen may
occur;
- Finally, the presence of a carcinogenic
chemical in an occupational situation
does not necessarily mean that workers
are exposed to it. Conversely, the
absence of identified carcinogens from
a particular workplace does not exclude
the possibility of a hazard and/or an as
yet unidentified cause of cancer.

Particular chemicals and exposures
It is not possible to review here the car-
cinogenicity data for all recognized

occupational carcinogens. Limited infor-
mation on certain of these hazards is
summarized below [4,5].

Aromatic amines
Many members of this class of com-
pounds are established or implicated as
causing occupational cancer. By the mid-
1950s, studies of workers in the chemi-
cal industry revealed that benzidine and
2-naphthylamine caused bladder cancer.
It was also recognized about this time
that rubber workers were subject to this
malignancy, attributable to aromatic
amines and 4-aminobiphenyl in particu-
lar. Later studies on occupational expo-
sure to aromatic amines have not defini-
tively established single compounds as
carcinogenic, in many cases because
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Table 2.8 Chemicals classified as probably carcinogenic to humans (IARC Group 2A) for which exposures are mostly occupational..

Agent Cancer site/cancer Main industry/use  

Acrylonitrile Lung, prostate, lymphoma Plastics, rubber, textiles, monomer 
Benz[a]anthracene Lung, skin Combustion fumes 
Benzidine-based dyes Bladder Paper, leather, textile dyes 
Benzo[a]pyrene Lung, skin Combustion fumes 
1,3-Butadiene Leukaemia, lymphoma Plastics, rubber, monomer 
Captafol - Pesticide 
Chlorinated toluenes (trichlorobenzene, Lung Chemical intermediates 
benzal chloride, benzyl chloride, benzoyl chloride) 

para-Chloro-ortho-toluidine(and its strong acid salts) Bladder Dye/pigment manufacture, textiles 
4-Chloro-ortho-toluidine Bladder Dye/pigment manufacture, insecticide 
Creosotes Skin Wood preservation 
Dibenz[a,h]anthracene Lung, skin Combustion fumes 
Diethyl sulfate - Chemical intermediate 
Dimethylcarbamoyl chloride - Chemical intermediate 
Dimethyl sulfate - Chemical intermediate 
Epichlorohydrin - Plastics/resins monomer 
Ethylene dibromide - Chemical intermediate, fumigant, fuels 
Formaldehyde Nasopharynx Plastics, textiles, laboratory agent 
Glycidol - Chemical intermediate, sterilising agent 
4,4'-Methylenebis(2-chloroaniline) (MOCA) Bladder Rubber manufacture 
Methyl methanesulfonate - Laboratory research 
ortho-Toluidine Bladder Dye/pigment manufacture 
Polychlorinated biphenyls Liver, bile ducts, leukaemia, lymphoma Electrical components 
Styrene oxide - Plastics, chemical intermediate 
Tetrachloroethylene Oesophagus, lymphoma Solvent, dry cleaning 
Trichloroethylene Liver, lymphoma Solvent, dry cleaning, metal 
Tris(2,3-dibromopropyl) phosphate - Plastics, textiles, flame retardant 
Vinyl bromide - Plastics, textiles, monomer 
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workers were exposed to more than one
such agent. Nonetheless, benzidine-
based dyes and 4,4’-methylenebis
(2-chloroaniline) (known as MOCA, a
curing agent for plastics) are implicated.
The manufacture of auramine has been
shown to cause bladder cancer, but the
causative agent is not known.

Benzene
Occupational exposure to benzene may
occur in the chemical and petroleum
industries; it is used as a solvent and inter-
mediate. The compound is known to cause
leukaemia, most relevant studies implicat-
ing non-lymphocytic leukaemia, and myel-
ogenous leukaemia in particular [6].

Asbestos and other fibres
Cancer caused by inhalation of asbestos
dust has been recognized since the
1950s. All forms of asbestos, including
chrysotile and the amphibole, crocido-
lite, cause lung cancer and mesothe-
lioma, an otherwise rare tumour derived
from the lining of the peritoneum, peri-
cardium or pleura. Apart from asbestos
miners, those exposed include construc-
tion, demolition, shipbuilding, insulation
and brake workers. Fibre size is a crucial
factor determining the carcinogenicity of
asbestos. Evidence suggests that insula-
tion glass wool, rock wool and slag wool,
which are used as replacements for
asbestos in some applications, do not

cause increased risk of lung cancer or
mesothelioma, although ceramic fibres
and certain special-purpose glass wools
are possible carcinogens [7]. 

Metals
Cancer of the lung can be caused by
exposure to inorganic arsenic in mining
and copper smelting. An increased inci-
dence of lung cancer has also been
recorded among workers in chromate-
producing industries and among chromi-
um platers and chromium alloy workers.
Increased risk is predominantly associ-
ated with hexavalent chromium com-
pounds. Nickel refining carries a car-
cinogenic risk in processes involving
nickel (sub)sulfides, oxides and soluble
nickel salts.

Coal tar, coal gas production and iron
founding
Coal tar pitches and coal tar vapour are
encountered in a variety of occupations
including coke production, coal gasifica-
tion and roofing. These mixtures pro-
duce cancers of the skin and at other
sites including the urinary and respirato-
ry systems. Work in iron and steel found-
ing is also associated with an elevated
risk of lung cancer; in addition to coal-
related emissions, such work may
involve exposure to silica, metal fumes
and formaldehyde.

Wood work
Nasal adenocarcinomas are caused by
exposures in the furniture- and cabinet-
making industry, mainly among people
exposed to wood dust.

Painting
Approximately 200,000 workers world-
wide are employed in paint manufacture,
and several million are believed to work
as painters, including in specialist paint-
ing such as in vehicle production and
repair. Painters are exposed to hydrocar-
bon and chlorinated solvents, dyes, poly-
esters, phenol-formaldehyde and
polyurethane resins. A 40% excess risk of
lung cancer has been consistently
recorded, and cannot be explained by
smoking alone. 
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Table 2.9 Industries and occupations classified as carcinogenic to humans (IARC Group 1), probably car-
cinogenic to humans (IARC Group 2A) or possibly carcinogenic to humans (IARC Group 2B). 

Industry, occupation Cancer site/cancer 
(suspected cancer sites
in parentheses)

IARC Group 1
Aluminium production Lung, bladder 
Auramine, manufacture of Bladder 
Boot and shoe manufacture and repair Nasal cavity, leukaemia 
Coal gasification Skin, lung, bladder 
Coke production Skin, lung, kidney 
Furniture and cabinet making Nasal cavity 
Haematite mining (underground) with exposure Lung 
to radon 
Iron and steel founding Lung 
Isopropanol manufacture (strong-acid process) Nasal cavity 
Magenta, manufacture of Bladder 
Painter (mainly in the construction industry) Lung 
Rubber industry (certain occupations) Bladder, leukaemia 

IARC Group 2A 
Art glass, glass containers and pressed ware (Lung, stomach) 
(manufacture of)
Hairdresser or barber (occupational exposure as a) (Bladder, lung) 
Non-arsenical insecticides (occupational exposures (Lung, myeloma) 
in spraying and application of) 
Petroleum refining (occupational exposures in) (Leukaemia, skin) 

IARC Group 2B 
Carpentry and joinery (Nasal cavity) 
Dry cleaning (occupational exposures in) (Bladder, oesophagus) 
Textile manufacturing industry (work in) (Nasal cavity, bladder) 
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A worldwide problem
Evidence on occupational cancer has
been obtained mainly in developed coun-
tries. To a large extent, the critical data
concern the effects of high exposure lev-
els as a consequence of industrial prac-
tice during the first half of the 20th cen-
tury. Few studies have been conducted in
developing countries, other than some in
China. Since the period, twenty to thirty
years ago, to which most studies pertain,
there have been major changes in the
geographical distribution of industrial
production. These have involved exten-
sive transfer of technology, sometimes
obsolete, from highly-industrialized coun-
tries to developing countries in South
America and in Asia. For example, the
manufacture of asbestos-based products
is relocating to countries such as Brazil,
India, Pakistan and the Republic of Korea,
where health and safety standards and
requirements may not be so stringent
(Reduction of occupational and environ-
mental exposures, p135). Occupational
exposures to carcinogenic environments
are increasing in developing countries as
a result of transfers of hazardous indus-
tries and the establishment of new local

industries as part of a rapid global
process of industrialization [8].
A particular problem in developing coun-
tries is that much industrial activity takes
place in multiple small-scale operations.
These small industries are often charac-
terized by old machinery, unsafe build-
ings, employees with minimal training and
education and employers with limited
financial resources. Protective clothing,
respirators, gloves and other safety
equipment are seldom available or used.
The small operations tend to be geo-
graphically scattered and inaccessible to
inspections by health and safety enforce-
ment agencies. Although precise data are
lacking, the greatest impact of occupa-
tional carcinogens in developing coun-
tries is likely to be in the less organized
sectors of the relevant industries.
Examples include the use of asbestos in
building construction, exposure to crys-
talline silica in mining and mining con-
struction, and the occurrence of poly-
cyclic aromatic hydrocarbons and heavy
metals in small-scale metal workshops
and in mechanical repair shops.
The most generally accepted estimates
of the proportion of cancers attributable
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Fig. 2.19 Asphalt road-workers (shown here in
India) are exposed to polycyclic aromatic hydro-
carbons.

Fig. 2.20 In modern mines (such as those of
Charbonnages de France), the prevention of occu-
pational risk is a major concern, which is being
addressed on both collective (reduction of dust,
organization of transport) and individual (use of
suitable protection equipment) levels.

Table 2.10 Agents and mixtures which occur mainly in the general environment but to which exposure
may also occur in an occupational context.

Agent Cancer site/cancer

IARC Group 1 

Aflatoxins Liver 
Chronic infection with hepatitis B virus Liver 
Chronic infection with hepatitis C virus Liver 
Erionite Lung, pleura 
Radon and its decay products Lung 
Solar radiation Skin 
Environmental tobacco smoke Lung

IARC Group 2A 

Diesel engine exhaust Lung, bladder 
Ultraviolet radiation A Skin 
Ultraviolet radiation B Skin 
Ultraviolet radiation C Skin 

Fig. 2.21 Textile dyeing in Ahmedabad, India.
Protection against occupational exposures is
often suboptimal in developing countries.
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to occupational exposures in developed
countries are in the range of 4-5% [9,10].
Lung cancer is probably the most fre-
quent of these cancers. However, the

estimates do not apply uniformly to both
sexes or to the different social classes.
Among those actually exposed to occu-
pational carcinogens (those doing manu-

al work in mining, agriculture and indus-
try, for example), the proportion of can-
cer attributable to such exposure is esti-
mated to be about 20%.
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In a broad sense, “environmental factors”
are implicated in the causation of the
majority of human cancers [1]. In respect
of many such environmental factors, such
as active smoking, alcohol intake, sun
exposure and dietary make-up, individuals
exercise a degree of control over their
level of exposure. However in the present
context, “environmental pollution” refers
to a specific subset of cancer-causing
environmental factors; namely, contami-
nants of air, water and soil. One charac-
teristic of environmental pollutants is that
individuals lack control over their level of
exposure. The carcinogenic pollutants for
which most information is available
include asbestos (referring here to non-
occupational exposure), toxic agents in
urban air, indoor air pollutants and chlori-
nation by-products and other contami-
nants of drinking water. Relevant risk fac-

tors include place of residence: whether
rural or urban, and the relationship to
major industrial emission sources. Various
determinations suggest that environmen-
tal pollution accounts for 1-4% of the total
burden of cancer in developed countries
[2,3]. 

Asbestos
Asbestos is one of the best characterized
causes of human cancer in an occupation-
al context (Occupational exposures, p33);
the carcinogenic hazard associated with
inhalation of asbestos dust has been 
recognized since the 1950s [1]. Non-occu-
pational exposure to asbestos may occur
domestically and as a consequence of
localized pollution. Cohabitants of
asbestos workers may be exposed to dust
brought home on clothes. The installation,
degradation, removal and repair of
asbestos-containing products in the con-
text of household maintenance represents
another mode of domestic exposure.
Further afield, whole neighbourhoods may
be subject to outdoor pollution as a result
of local asbestos mining or manufacture.
The erosion of asbestos or asbestiform
rocks may constitute a natural source of
asbestos exposure in some parts of the
world. 
In common with occupational exposure,
exposure to asbestos under domestic cir-
cumstances results in an increased risk of
mesothelioma, a rare tumour derived from
the cells lining the peritoneum, pericardi-
um or pleura. Likewise, non-occupational
exposure to asbestos may cause lung can-
cer, particularly among smokers [4]. A
consequence of neighbourhood exposure,
namely a very high incidence of mesothe-
lioma, is evident among inhabitants of vil-
lages in Turkey where houses are built
from erionite (a zeolite mineral). 

Outdoor air pollution
Ambient air pollution has been implicated
as a cause of various health problems,
including cancer, and in particular as a
cause of lung cancer. Air may be polluted

by a complex mixture of different gaseous
and particulate components. The concen-
trations of specific components vary
greatly with locality and time. A critical
exposure scenario is therefore hard to
define, particularly as relevant biological
mechanisms are largely unknown. It is,
however, possible to attribute at least
some carcinogenic risk to particular
atmospheric pollutants, including
benzo[a]pyrene, benzene, some metals,
particulate matter (especially fine parti-
cles) in general, and possibly ozone.
Over recent decades, emission levels have
been tending to decrease in developed
countries, so that concentrations of tradi-
tional industrial air pollutants such as sul-
fur dioxide and particulate matter have
fallen. However, vehicular exhaust
remains a continuing or even increasing
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SUMMARY

> Pollution of air, water and soil is esti-
mated to account for 1-4% of all cancers.

> A small proportion of lung cancer (<5%)
is attributable to outdoor air pollution by
industrial effluent, engine exhaust prod-
ucts and other toxins.

> Carcinogenic indoor air pollutants
include tobacco smoke, and cooking
fumes in particular regions, including
parts of Asia.

> Chlorofluorocarbons cause destruction
of the ozone layer and enhance the risk
of skin cancer through increased ultravi-
olet radiation.

> Contamination of drinking water is not a
general carcinogenic hazard, but high
levels of arsenic and chlorination by-
products in some communities carry a
risk.

Fig. 2.23 Air pollution is common to many large
cities throughout the world.

Fig. 2.22 Fuel used for heating and cooking, and
high levels of cooking oil vapours are responsible
for the high incidence of lung cancer among
women in some parts of Asia.
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problem. Engine combustion products
include volatile organic compounds (ben-
zene, toluene, xylenes and acetylene),
oxides of nitrogen (NOx) and fine particu-
lates (carbon, adsorbed organic material
and traces of metallic compounds). In
developing countries, outdoor air pollution
is likely to represent a greater public
health problem than in more developed
countries, because of poorly regulated
use of coal, wood and biomass (e.g. ani-
mal dung, crop residues) for electricity
production and heating, in addition to
vehicle emissions in urban areas.
Although the proportion of global energy
derived from biomass fuels decreased
from 50% in 1900 to about 13% in 2000,
use of such fuels is now increasing in
some impoverished regions [5]. 
Human exposure to air pollution is never-
theless hard to estimate. In a study based
on air monitoring and population data for

100 Western European urban areas, the
proportion of the population exposed
ranged from 14% to 52%, depending on
the indicator pollutant used (Table 2.11)
[6].
Numerous studies have compared resi-
dence in urban areas, where air is consid-
ered to be more polluted, to residence in
rural areas as a risk factor for lung cancer
[7]. In general, lung cancer rates were
higher in urban areas and, in some stud-
ies, were correlated with levels of specific
pollutants such as benzo[a]pyrene, metals
and particulate matter, or with mutagenic-
ity of particulate extracts in bacterial
assay systems. Other studies have
attempted to address exposure to specific
components of outdoor air, providing risk
estimates in relation to quantitative or
semi-quantitative exposure to pollutants.
In general, these studies have provided
evidence for an increased risk of lung

cancer among residents in areas with
higher levels of air pollution. Table 2.12
summarizes the results of three of the
best designed studies (in particular these
studies controlled for the possible con-
comitant effect of smoking): no matter
which pollutant is considered, the results
suggest a moderate increase in the risk of
lung cancer.
Localized air pollution may be a hazard in
relation to residence near to specific
sources of pollution, such as petroleum
refineries, metal manufacturing plants,
iron foundries, incinerator plants and
smelters. In general, an increased risk of
lung cancer in the proximity of pollution
sources has been demonstrated. In three
Scottish towns, for example, increased
lung cancer mortality occurred in the
vicinity of foundries from the mid-1960s to
the mid-1970s and later subsided in paral-
lel with emission reductions [8]. Similar
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Table 2.12 Studies indicating an increased risk of lung cancer associated with exposure to atmospheric pollutants. FP = fine particles.

Study Population, follow-up Number Exposure range Contrast / Controls Relative risk  of 
of subjects lung cancer (95% CI)

Dockery et al. 6 Cities, USA, 8,111 FP 11-30 µg/m3 Highest vs. lowest city FP: 1.37 (1.11 - 1.68)
1993 1974-91

Pope et al. 151 Areas, USA, 552,138 FP 9-33 µg/m3 Highest vs. lowest FP: 1.03 (0.80 - 1.33)
1995 1982-89 Sulfur dioxide: areas Sulfur dioxide: 1.36 

3.6-23 µg/m3 (1.11 - 1.66)

Beeson et al. California, male non- 2,278 FP 10-80 µg/m3 Increment based on FP: 5.21 (1.94 -13.99)
1998 smokers, 1977-82 Sulfur dioxide: 0.6-11 ppb interquartile range Sulfur dioxide: 2.66

Ozone 4-40 ppb (FP 24 µg/m3; (1.62 - 4.39)
Sulfur dioxide 3.7 ppb; Ozone: 2.23 (0.79 - 6.34)
Ozone 2.1 ppb)

Table 2.11 The proportion of the population in Western European cities exposed to air pollutants at levels above the WHO Air Quality Guidelines (AQG), 1995.

Air pollutant WHO Air Quality Guideline, Number of cities  Population in those % of population in 
annual average with data cities (millions) those cities exposed 

above the AQG 

Sulfur dioxide (SO2) 50 µg/m3 100 61 14%

Black smoke 50 µg/m3 81 52 19% 

Total suspended 60 µg/m3 75 25 52% 
particles
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results were obtained in studies focusing
on industrial emission of arsenic from coal
burning and non-ferrous metal smelting.
The evidence for an increased risk of can-
cers other than lung cancer from outdoor
air pollution is inconclusive at present. 
Air pollution by chlorofluorocarbons
(CFCs) is believed to be indirectly respon-
sible for increases in skin cancers around
the globe. These chemicals, including
halons, carbon tetrachloride, and methyl
chloroform, are emitted from home air
conditioners, foam cushions, and many
other products. Chlorofluorocarbons are
carried by winds into the stratosphere,
where the action of strong solar radiation
releases chlorine and bromine atoms that
react with, and thereby eliminate, mole-
cules of ozone. Depletion of the ozone
layer is believed to be responsible for
global increases in UVB radiation
(Radiation, p51) [9].

Indoor air pollution 
Very high lung cancer rates occur in some
regions of China and other Asian countries
among non-smoking women who spend
much of their time at home. Indoor air pol-
lution occurs as a result of combustion
sources used for heating and cooking, and
may also be a consequence of cooking oil
vapours. Three determinants of indoor air
pollution (“smokiness”) have been stud-
ied: (i) heating fuel (type of fuel, type of
stove or central heating, ventilation, living
area, subjective smokiness), (ii) cooking
fuel (type of fuel, type of stove or open pit,
ventilation of kitchen, location of cooking
area in residence, frequency of cooking,
smokiness) and (iii) fumes from frying oils
(type of oil, frequency of frying, eye irrita-

tion when cooking). The evidence of car-
cinogenic hazard is particularly strong for
cooking oil vapours from Chinese-style
cooking and is supported by experimental
data [10]. In circumstances of high expo-
sure, more than 50% of cases of lung can-
cer among women can be attributed to
indoor air pollution. 
Tobacco smoke is an important source of
indoor air pollution (Tobacco, p22). In
adult non-smokers, chronic exposure to
environmental tobacco smoke increases
mortality from lung cancer by between
20% and 30% [11]. Among adults, expo-
sure to environmental tobacco smoke has
been linked to lung cancer and heart dis-
ease, whilst environmental exposure to
tobacco smoke in children has been iden-
tified as a cause of respiratory disease,
middle ear disease, asthma attacks and
sudden infant death syndrome. 

Water and soil pollution 
Access to unpolluted water is one of the
basic requirements of human health. The
greatest concern relates to infectious dis-
ease. Water quality is influenced by sea-
sons, geology of the soil, and discharges of
agriculture and industry. Microbiological
contamination of water is controlled by
disinfection methods based on oxidants
like chlorine, hypochlorite, chloramine, and
ozone. In consequence, drinking water
may contain a variety of potentially car-
cinogenic agents, including chlorination
by-products and arsenic. It is desirable to
reduce such contamination without reduc-
ing the rigour of disinfection procedures.
Chlorination by-products result from the
interaction of chlorine with organic chem-
icals, the level of which determines the
concentration of by-products. Among the
many halogenated compounds that may
be formed, trihalomethanes and chloro-
form are those most commonly found.
Concentrations of trihalomethanes vary
widely, mainly due to the occurrence of
water contamination by organic chemicals
[12]. Studies on bladder cancer have sug-
gested an increased risk associated with
consumption of chlorinated drinking water
[13]. Doubts remain as to whether such
associations are causal because of the
way in which the studies measured expo-

sure [14]. Given the large number of peo-
ple exposed to chlorination by-products,
however, even a small increase in risk, if
real, would result in a substantial number
of cases attributable to this factor.
Arsenic causes cancer in the skin, lung
and other organs [15]. The main source of
environmental exposure to arsenic for the
general population is through ingestion of
contaminated water. High exposure to
arsenic from drinking water is found in
several areas of Alaska, Argentina,
Bangladesh, Chile, India, Mexico,
Mongolia, Taiwan and the USA. There is
strong evidence of an increased risk of
bladder, skin and lung cancers following
consumption of water with high arsenic
contamination [14]. The data on other
cancers, such as those of the liver, colon
and kidney, are less clear but suggestive
of a systemic effect. The studies have
been conducted in areas of high arsenic
content (typically above 200 µg/L). The
risk at lower arsenic concentrations (e.g.
above 5 µg/L, a level to which 5% of the
Finnish population is exposed, [16]) is not
established, but an increased risk of blad-
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Fig. 2.24 Automobile emissions are a major
source of atmospheric pollution.

Fig. 2.25 Industrial atmospheric emissions may
include carcinogens.

Fig. 2.26 Adequate supplies of clean water are
essential for public health, including cancer pre-
vention.
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der cancer of the order of 50% is plausible.
Several other groups of pollutants of
drinking water have been investigated as
possible sources of cancer risk in humans
[14,17]. They include organic compounds
derived from industrial, commercial and
agricultural activities and in particular
from waste sites, as well as nitrites,
nitrates, radionuclides and asbestos. For
most pollutants, the results are inconclu-
sive. However, an increased risk of stom-
ach cancer has been repeatedly reported
in areas with high nitrate levels in drinking
water, and an increased risk of leukaemia

has been observed among residents in
areas with elevated levels of radium in
drinking water.
The atmosphere, and more particularly
water and soil, may be polluted by a range
of toxic organic compounds specifically
including persistent pesticides, by-prod-
ucts of combustion, such as polychorinat-
ed dibenzo-p-dioxins (2,3,7,8-tetra-
chlorodibenzodioxin, TCDD, being of
greatest concern) and dibenzofurans, and
industrial products, such as polychlorinat-
ed biphenyls (PCBs) and polybrominated
biphenyls (PBBs). These compounds are

chemically stable, are often passed along
the food chain and may accumulate in
fatty tissue.  In most case, they were rec-
ognized as a carcinogenic hazard to
humans on the basis of increased cancer
risk in small but relatively heavily exposed
groups who were occupationally exposed,
in some cases as a result of industrial
breakdowns or malfunctions (Occupa-
tional exposures, p33). Therefore the haz-
ard posed to the general population can
only be determined on the basis of extra-
polation using mathematical models. 
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Differences between diets eaten by
diverse communities, in terms of amount
and relative proportion of the major food
groupings (vegetable content, fat content
etc) exert a major influence on the distri-
bution of cancers of the digestive tract and
some other organs (Diet and nutrition,
p62). By comparison, only a very minor
part of the worldwide burden of cancer is
attributable to contamination of foodstuffs
by toxins recognized to be chemical car-
cinogens. Despite this global perspective,
the issue warrants close attention because
it may be a serious concern for particular
communities and, irrespective of demon-
strated cancer causation, food contamina-
tion can be rectified. Removal of carcino-
genic contaminants requires that such

contaminants are identified, and that ways
are found to avoid their inclusion, or gen-
eration, in food. Such public health aims
are amenable to regulation. Contamination
of water is not included in the present dis-
cussion, but is considered elsewhere
(Environmental pollution, p39).
Contamination of food may occur directly
during its production, storage and prepara-
tion. For example, grains and cereals are
subject to fungal growth and contamina-
tion by mycotoxins. Indirect contamination
of food can occur when animals have been
given contaminated feed or been other-
wise treated with various products. The
most contentious residues occurring in
meat, milk and eggs are antibacterial
drugs, hormonal growth promoters and
certain pesticides, heavy metals and
industrial chemicals. An additional catego-
ry of contaminants comprises those gener-
ated in the course of food preparation. 

Naturally occurring contaminants
Food may be contaminated by mycotox-
ins, the presence of one such agent being
indicative of the possibility that others are
also present. A single fungus can produce
several mycotoxins and food or feed can
be contaminated by several varieties of
mycotoxin-producing fungi. Only a small
number of mycotoxins have been catego-
rized as carcinogenic hazards.

Aflatoxins 
Aflatoxins are a family of related com-
pounds (designated B1, B2, G1, G2 and M)
which occur as food contaminants in hot,
humid parts of the world, with particularly
high levels in traditional diets based upon
maize and groundnuts (peanuts) of sub-
Saharan Africa, South-East Asia and South
America. Aflatoxins are products of the
Aspergillus fungi and particularly accumu-
late during storage of grains. In many
countries, including Europe and North
America, aflatoxin contamination is recog-
nized as a hazard and aflatoxin levels in
susceptible foods are subject to monitor-
ing and associated regulatory control.

The detection of aflatoxin adducts on
serum albumin is indicative of human
exposure and, in regions where aflatoxins
are a common food contaminant, such
adducts are detectable in up to 95% of
the population. In these regions, chronic
hepatitis virus infection (essentially
involving hepatitis B virus, HBV) occurs in
up to 20% of the population. Together,
aflatoxin exposure and HBV infection are
the main risk factors accounting for the
high incidence of hepatocellular carcino-
ma in some regions of Africa, Asia and
South America [1].
Aflatoxin B1 (the most common aflatoxin)
causes liver cancer in experimental ani-
mals. In liver cells, aflatoxin B1 is metabo-
lized to form an epoxide which binds to
the N7 position of specific guanines, lead-
ing to the formation of G to T transver-
sions [2] (Carcinogen activation and DNA
repair, p89). Mutations induced by afla-
toxin B1 are found in several genes
involved in hepatocellular carcinogenesis.
In particular, aflatoxin B1 induces a typical
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SUMMARY

> Food may be contaminated by natural or
man-made toxins, including substances
shown to be carcinogenic in experimen-
tal animals and, in some cases, in
humans.

> Naturally-occurring carcinogens include
mycotoxins, particularly aflatoxins,
which contribute to causation of liver
cancer in Africa and Asia.

>Food can be contaminated by residual
pesticides. Small quantities of hetero-
cyclic amines, which are mutagenic and
carcinogenic in experimental animals,
can be generated during food process-
ing and cooking.

> Means to reduce and, in some cases,
eliminate food contamination include
storage hygiene, appropriately enforced
by regulation.

> The burden of cancer attributable to
food contamination is difficult to quanti-
fy, except in some defined instances
(e.g. aflatoxin B1).

Fig. 2.27 Groundnuts (peanuts) are particularly
susceptible to contamination with aflatoxins in
some regions, such as West Africa.
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mutation at codon 249 in the p53 gene
(AGG to AGT, arginine to serine) (Fig. 2.28).
This mutation is rarely found in hepatocel-
lular carcinomas in areas of low aflatoxin
exposure, but occurs in up to 60% of hepa-
tocellular carcinomas in regions of very
high exposure to aflatoxins [3]. Naturally
occurring aflatoxins are categorized by
IARC as Group 1 carcinogens (causing can-
cer in humans). 

Fusarium
Fusarium verticillioides (previously F.
monoliforme), which is ubiquitous on
maize, produces the toxins fumonisin B1
and B2 and fusarin C, under warm dry con-
ditions. Incidence of oesophageal cancer
incidence has been related to the occur-
rence of F. verticillioides or its toxins in
maize. Fusarium sporotrichioides pro-
duces T-2 toxin, which may have played a
significant role in large-scale human poi-
sonings in Siberia in the last century and
may be carcinogenic [4].

Ochratoxin
Ochratoxin A, also a fungal metabolite (Fig.
2.29), has been classed as a possible
human carcinogen. This mycotoxin may
contaminate grain and pork products and
has been detected in human blood and
milk. Several studies have suggested cor-
relations between ochratoxin A and Balkan
endemic nephropathy and between geo-
graphical distribution of Balkan endemic
nephropathy and high incidence of urothe-
lial urinary tract tumours. In mice, admin-
istration of ochratoxin A causes increased
incidence of hepatocellular carcinomas
and other tumour types [4,5].

Pyrrolizidine alkaloids 
Pyrrolizidine alkaloids (including lasio-
carpine and monocrotaline) are naturally
occurring plant toxins which may be
ingested by animals, and by humans eat-

ing some medicinal plants (e.g. comfrey)
or honey, in some areas [6]. Several
pyrrolizidine alkaloids have been found to
cause DNA damage and show mutagenic
properties in vitro. Chronic consumption
of some pyrrolizidine alkaloids may cause
liver tumours in rodents, but has not been
associated with cancer in humans.

Bracken
Animals grazing on bracken (genus
Pteridium) may show various signs of tox-
icity, including tumours in the upper gas-
trointestinal tract and bladder, which are
attributable to the carcinogen ptaquilo-
side [7]. The corresponding glucoside may
be present in bracken at a concentration
of 13,000 ppm. Metabolism of this com-
pound gives rise to alkylation adducts in
DNA. Milk from cows fed on bracken fern
causes cancer in experimental animals.
Bracken may pose a carcinogenic hazard
for humans in population identified as
exposed in Japan, Costa Rica and the
United Kingdom.

Contamination by industrial chemicals
Certain organochlorines, including DDT
and other pesticides, are resistant to
degradation, are very lipid-soluble and
hence persist in the environment and
are bioconcentrated up the human food
chain. Related industrial chemicals such
as polychlorinated biphenyls are subject
to the same effect. DDT and a number of
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Fig. 2.28 Interaction between aflatoxin B1 and HBV infection in the pathogenesis of human hepatocellular carcinoma. 

AFLATOXIN B1
Metabolic host factor
(Cytochrome P450s) 

Electrophilic 
metabolite

Promutagenic 
DNA lesion 

p53 gene mutation
(G:T-T:A transversion)

Selective clonal
expansion and p53

allelic deletion

HEPATOCELLULAR
CARCINOMA

CELL PROLIFERATION
HBV-X protein - interacts with p53 or Rb protein 

- transcriptional activation of MYC oncogene 

Aflatoxin-glutathione conjugate

Detoxification 
(Glutathione transferase)

HEPATITIS VIRUS 
(chronic active hepatitis)

Fig. 2.29 The fungi Aspergillus and Penicillium
produce ochratoxins in humid conditions on com-
modities used for the production of human or ani-
mal food.
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other organochlorine pesticides cause
liver cancer in rats. DDT in particular
has been associated with increased risk
of pancreatic cancer, breast cancer,
lymphoma and leukaemia in humans.
Some organochlorines exhibit sex
steroid activity in relevant assay sys-
tems, and these pesticides are consid-

ered to have the potential to disrupt
endocrine-regulated homeostasis.
Attempts have been made to correlate
levels of organochlorines and polychlori-
nated biphenyls in breast tissue with
breast cancer risk in several communi-
ties, but without clear-cut results [8].
For the major pesticides, international

regulations exist with regard to permis-
sible amounts of residues in foods – the
ADI, or acceptable daily intake, being
the primary reference level for such
exposures. ADI levels are determined by
expert groups convened by WHO, and
published as the WHO Pesticide Residue
Series.
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In 1982, “molecular cancer epidemiology”
was defined as “an approach in which
advanced laboratory methods are used in
combination with analytic epidemiology to
identify at the biochemical or molecular
level specific exogenous and/or host fac-
tors that play a role in human cancer cau-
sation” (Perera FP, Weinstein IB, J Chron
Dis 35: 58l-600, 1982). Four categories of
biomarkers were described: internal dose,
biologically effective dose, response, and
susceptibility. The hope was that, by intro-
ducing biomarkers into epidemiology,
researchers “should be able to predict
human risks more precisely than hitherto
possible”. Since then, molecular cancer
epidemiology has evolved rapidly, with
special programmes in many schools of
public health. 

The stated goal of molecular cancer epi-
demiology is the prevention of cancer.
Considerable molecular epidemiologic
research has focused on environmental
causes because many lines of evidence
indicate that the factors that determine
the great majority of cancers incidence
are largely exogenous and hence prevent-
able (Lichenstein P et al., N Engl J Med
343: 78-85, 2000). These include expo-
sures related to lifestyle and occupation,
and pollutants in air, water, and the food
supply. This awareness has lent greater
urgency to the search for more powerful
tools in the form of early-warning systems
to identify causal environmental agents
and flag risks well before the malignant
process is entrenched. 

The potential contribution of molecular epi-
demiology includes: providing evidence
that environmental agents pose carcino-
genic risks, helping establish the causal
roles of environmental factors in cancer,
identifying environment-susceptibility
interactions and populations at greatest
risk and developing new intervention
strategies. A recent review of the field
(Perera F, J Natl Cancer Inst, 92: 602-612,
2000) critically evaluated the progress to
date using as illustration research on
tobacco smoke, polycyclic aromatic hydro-
carbons, aflatoxin B1, benzene and hepati-
tis B virus and their role in lung, breast,
liver cancer and leukaemia. It concluded

that molecular epidemiology has identi-
fied a number of carcinogenic hazards, in
some cases providing definitive etiologic
data, furthering our understanding of indi-
vidual genetic and acquired susceptibility
to environmental carcinogens. However,
molecular epidemiology has not yet led to
broad policy changes to prevent or to
reduce exposure to carcinogens. What is
now needed is timely translation of exist-
ing data into risk assessment and public
health policy as well as focused research
to fill gaps in scientific knowledge.

MOLECULAR EPIDEMIOLOGY

Potential molecular endpoints (specified in the lower section) that may serve as the basis for molecular epi-
demiological studies. These endpoints may be indicative of biological processes contributing to cancer devel-
opment as shown in the upper section.
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Polychlorinated dibenzo-para-dioxins
(which include 2,3,7,8-tetrachlorodibenzo-
para-dioxin, TCDD) are ubiquitous pollu-
tants in soil sediments and air
(Environmental pollution, p39). Human
exposure occurs through eating meat and
related foods. The burden of cancer attrib-
utable to such exposure is unknown [9].

Chemicals generated during food
preparation
Some chemicals formed during food
preparation may present a carcinogenic
hazard. The toxicity of these chemicals
generally warrants the adoption of means
to minimize their formation, particularly
during industrialized food preparation. It
has not been possible to attribute cancer
causation in humans to hazards of this
type specifically. 
A possible pragmatic approach to the pri-
oritization of chemical carcinogens occur-
ring as food contaminants has been pro-
posed. The highest priority category is
chemical carcinogens that are believed to
act by a genotoxic mechanism [10].

Heterocyclic amines
Certain heterocyclic amines are formed
by pyrolysis of two amino acids, creatine
and creatinine, during cooking of meat
and fish at high temperature. Hetero-
cyclic amines are carcinogenic in various
organs of mice, rats and non-human pri-
mates, although their carcinogenic poten-
tial in humans has not yet been estab-
lished [11]. Metabolism of heterocyclic
amines can vary between individuals due
to various genetic polymorphisms.

Polycyclic aromatic hydrocarbons 
Polycyclic aromatic hydrocarbons can be
generated in meat when it is fried, roast-
ed or cooked over an open flame, and
many members of this chemical class
are carcinogenic. These compounds can
also be formed during the curing and
processing of raw foods prior to cooking.
A number of polycyclic aromatic hydro-
carbons, such as benzo[a]pyrene and
benzanthracene, are present in smoke
from the burning of fuels, tobacco and
weeds.

N-Nitroso compounds 
N-Nitroso compounds are a wide class of
chemicals, many of which (particularly 
N-nitrosamines) are potent carcinogens in
several species of experimental animals,
and probably in humans [12]. Nitrosamines
may be formed by chemical reactions in
foods containing added nitrates and
nitrites, such as salt-preserved fish and
meat, and in foods processed by smoking
or direct fire drying. The use of fertilizers
may influence the level of nitrites in food,
which may be a factor in determining gen-
eration of nitrosamines during food prepa-
ration and storage. Some industrial proce-
dures, including brewing of beer, have
been modified to reduce nitrosamine for-
mation. Studies on volunteers consuming
supplements of nitrate, or large portions of
red meat, indicate that N-nitroso com-
pounds can also be produced endoge-
nously in the stomach and colon.
Endogenous formation of nitrosamines is
inhibited by several natural antioxidants,
such as vitamins C and E, present in fruit
and vegetables. 

Metals
The hazard presented by dietary metals,
whether regarded as essential nutrients or
contaminants, is difficult to assess [13].
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p53

Fig. 2.30 Correlation between regional incidence of hepatocellular carcinoma, dietary exposure to afla-
toxin B1, and prevalence of G>T mutations at codon 249 of the p53 tumour suppressor gene. 

Fig. 2.31 Nitrosamines are present in smoked
fish consumed in many parts of the world, includ-
ing the Gambia.
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Modern medicine has at its disposal
hundreds of drugs, many of which are
essential for the effective treatment of
an enormous range of human diseases.
A small fraction of such drugs has been
found to have carcinogenicity to humans
as a side-effect. This is most likely for
some drugs that must be given at high
doses or for prolonged periods. Where
safer, non-carcinogenic alternatives
exist, such drugs have been withdrawn
from medical use. In certain cases, as in
the treatment of otherwise fatal dis-
eases such as disseminated cancer, the
risk of using drugs that present a car-
cinogenic hazard is more than offset by
an immediate benefit to the patient.
Drugs that have been found to be car-
cinogenic to humans include some anti-
neoplastic drugs and drug combinations
[1], certain hormones and hormone
antagonists [2,3], some immune sup-
pressants and a small number of mis-
cellaneous agents [1,4].

Anti-cancer drugs
Some antineoplastic agents and com-
bined drug therapies have caused sec-
ondary cancers in patients (Table 2.13).

These agents have been evaluated by
the IARC Monographs on the Evaluation
of Carcinogenic Risks to Humans as car-
cinogenic to humans (IARC Group 1).
Some of them are no longer used in
medicine because more effective and
less hazardous drugs have become
available. Other agents have properties
similar to the known carcinogens, and
are likely to be carcinogenic to humans
(IARC Group 2A) (Table 2.14). These
agents all have in common the ability
either to react chemically with DNA to
produce genetic damage at the cellular
level (e.g. procarbazine), or to interfere
with DNA replication in ways that can
produce genetic damage (e.g. etopo-
side) (Medical oncology, p281). The
agents in Table 2.13 that have been
studied in animal experiments all cause
tumours. The potential of many effective
anti-tumour drugs to cause secondary
cancers in treated patients is well rec-
ognized. Medical oncologists have
devoted much effort to optimizing the
doses of these drugs, in order to maxi-
mize the anti-tumour effects while mini-
mizing risk of secondary cancers. 

Hormones
Hormones are potent regulators of bod-
ily functions and hormonal imbalances
can cause increased risk of certain can-
cers (Reproductive factors and hor-
mones, p76). This can occur when natu-
ral or synthetic hormones are used for

medical purposes, as in certain contra-
ceptive preparations and in post-
menopausal hormonal therapies.
Certain drugs have been developed that
counteract the effects of certain hor-
mones in specific tissues. Some of
these drugs have hormone-like effects
in other tissues, however, and can
increase risk of cancer at these sites.
Tamoxifen, for example, is an antiestro-
gen that may be given to women with
estrogen receptor-positive breast
tumours to block estrogen from enter-
ing the breast tissues. It is an effective
drug for prevention of contralateral
breast cancer in breast cancer patients,
but it also increases risk of cancer of
the endometrium [5]. Diethylstilbestrol
is a synthetic estrogen, originally pre-
scribed to prevent miscarriage, which
caused malformations of the reproduc-
tive organs and is associated with
increased risk of vaginal adenocarcino-
ma in daughters exposed to the drug in
utero (Fig. 2.32).

Other drugs and surgical implants
A small number of drugs that were used
in medicine for many years for a variety
of purposes other than antitumour, hor-
monal or immunosuppressive therapies
have been found to present a risk of
cancer in humans when used in very
large quantities (e.g. phenacetin, con-
tained in analgesic mixtures, Fig. 2.33)
or for prolonged periods (e.g. Fowler's

MEDICINAL DRUGS
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SUMMARY

> Certain drugs used to treat malig-
nant tumours, may rarely cause sec-
ond primary tumours.

> Drugs with hormonal activity or which
block hormonal effects may increase
risk of some hormonally-responsive can-
cers, while reducing the risk of others.

> Drugs like diethylstilbestrol, which caus-
es vaginal cancer following transplacen-
tal exposure, have been banned, while
use of others, like phenacetin (which
causes urothelial tumours), has been
restricted.

Fig. 2.32 Histopathology of a clear cell carcinoma
of the vagina resulting from prenatal exposure to
diethylstilbestrol.

Fig. 2.33 Histopathology of a transitional cell car-
cinoma of the urinary tract caused by long-term
abuse of phenacetin-based analgesics.
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solution, containing a 1% solution of
potassium arsenite in aqueous alcohol).
The no-longer used radioactive X-ray
contrast medium Thorotrast was associ-
ated with increased risk of angiosarco-
ma. Certain others have been found to
be carcinogenic in experimental animals
but have not been linked to cancers in
humans despite extensive study. Some
of these drugs have been withdrawn
from clinical use (e.g. phenolphthalein),
while others continue to be used
because the benefit to individual
patients is great and the risk of cancer is
considered very slight (e.g. iron dextran,
injectable; phenobarbital; phenytoin).
Some drugs that have been recently
introduced into human medicine, includ-
ing the antiretroviral drugs zidovudine
(AZT) and zalcitabine (ddC), are carcino-
genic in experimental animals and may
possibly be carcinogenic to humans
(IARC Group 2B), although there is as yet
no direct evidence of increased cancer
risk in treated patients [6].
Surgical implants of various kinds are
widely used for both therapeutic and
cosmetic purposes [7]. Foreign bodies of
many kinds cause development of malig-
nant tumours of connective tissue (sar-
comas) when implanted in tissues or
body cavities of experimental rodents
and left in place for long periods.
Foreign bodies include both metallic and
non-metallic solid objects, and non-
absorbable or very slowly absorbable 
liquid suspensions. Sarcomas develop in
rodents immediately adjacent to the for-
eign body, in the soft connective tissues
or in bone and/or cartilage. There have
been more than 60 published case
reports of sarcomas and other kinds of
cancers that have developed in humans
at the sites of surgical implants or other
foreign bodies. However, there are no
controlled studies that would allow a
conclusion that these cancers were
indeed caused by the pre-existing for-
eign body. Female breast implants have
been extensively studied, and for sili-
cone implants there is evidence suggest-
ing lack of carcinogenicity for breast car-
cinoma in women who have received
these implants.

Medicinal drugs 49

Drug or drug combination Cancer site/cancer

IARC Group 1

Analgesic mixtures containing phenacetin Kidney, bladder

Azathioprine Lymphoma, skin, liver 
and bile ducts, soft 
connective tissues

N,N-bis(2-chloroethyl)-2-naphthylamine (Chlornaphazine) Bladder

1,4-Butanediol dimethane-sulfonate (Myleran; Busulfan) Leukaemia

Chlorambucil Leukaemia 

1-(2-Chloroethyl)-3-(4-methyl-cyclohexyl)-1-nitrosourea Leukaemia 
(Methyl-CCNU)

Ciclosporin Lymphoma,
Kaposi sarcoma

Cyclophosphamide Leukaemia, bladder 

Diethylstilbestrol Cervix, vagina 

Etoposide in combination with cisplatin and bleomycin Leukaemia 

Fowler's solution (inorganic arsenic) Skin 

Melphalan Leukaemia 

8-Methoxypsoralen (Methoxsalen) plus ultraviolet radiation Skin 

MOPP and other combined [anticancer] chemotherapy Leukaemia 
including alkylating agents

Estrogen therapy, postmenopausal Breast, uterus 

Estrogens, non-steroidal Cervix/vagina 

Estrogens, steroidal Uterus, breast 

Oral contraceptives, combineda Liver 

Oral contraceptives, sequential Uterus 

Tamoxifenb Uterus 

Thiotepa Leukaemia 

Treosulfan Leukaemia

a There is also conclusive evidence that these agents have a protective effect against cancers of the ovary
and endometrium. 

b There is conclusive evidence that tamoxifen has a protective effect against second breast tumours in
patients with breast cancer.

Table 2.13 Medicinal drugs that are classified as being carcinogenic to humans (IARC Group 1).
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The recent past has not been marked by
major discoveries in relation to cancer cau-
sation by drugs. This situation is attributa-
ble, at least in part, to the vigilance
imposed by national authorities in relation
to preclinical and clinical drug testing.
Putative drugs exhibiting activity in relevant
carcinogen-screening tests are unlikely to
be carried forward to final development
and marketing. Consequently, the preven-
tion of cancer attributable to medical treat-
ment is not identified as a major public
health need.

50 The causes of cancer

REFERENCES

1. Selbey JV, Friedman GD, Herrinton LJ (1996)
Pharmaceuticals other than hormones. In: Schottenfeld D,
Fraumeni, JF eds, Cancer Epidemiology and Prevention,
New York, Oxford University Press, 489-501.

2. Bernstein JF, Henderson BE (1996) Exogenous hor-
mones. In: Schottenfeld D, Fraumeni, JF eds, Cancer
Epidemiology and Prevention, New York, Oxford University
Press, 462-488.

3. IARC (1998) Hormonal Contraception and Post-
Menopausal Hormonal Therapy (IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans, Vol. 72),
Lyon, IARCPress.

4. IARC (1996) Some Pharmaceutical Drugs (IARC
Monographs on the Evaluation of Carcinogenic Risks to
Humans, Vol. 66), Lyon, IARCPress.

5. White IN (2001) Anti-oestrogenic drugs and endometri-
al cancers. Toxicol Lett, 120: 21-29.

6. IARC (2000) Some Antiviral and Antineoplastic Drugs
and Other Pharmaceutical Agents (IARC Monographs on
the Evaluation of Carcinogenic Risks to Humans, Vol. 76),
Lyon, IARCPress.

7. IARC (1999) Surgical Implants and Other Foreign
Bodies (IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans, Vol. 74), Lyon, IARCPress.

Drug or drug combination Cancer 

IARC Group 2A

Androgenic (anabolic) steroids Liver cancer

Bis(chloroethyl) nitrosourea (BCNU) Leukaemia

Chloramphenicol Leukaemia 

1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea (CCNU) Leukaemia 

Etoposide Leukaemia 

5-Methoxypsoralen Skin cancer

Nitrogen mustard Skin cancer

Procarbazine hydrochloride Leukaemia 

Teniposide Leukaemia 

Table 2.14 Medicinal drugs that are probably carcinogenic to humans (IARC Group 2A).

IARC Monographs programme, online search facility:
http://monographs.iarc.fr
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Natural and man-made sources generate
radiant energy in the form of electromag-
netic waves. Their interaction with biolog-
ical systems is principally understood at
the cellular level. Electromagnetic waves
are characterized by their wavelength, fre-
quency, or energy. Effects on biological
systems are determined by the intensity of
the radiation, the energy in each photon
and the amount of energy absorbed by the
exposed tissue. 
The electromagnetic spectrum extends
from waves at low frequency (low energy),
referred to as “electric and magnetic
fields”, to those at very high frequencies,
which are often called “electromagnetic
radiation” (Fig. 2.38). The highest-energy
electromagnetic radiation is X- and γ-radi-
ation, which have sufficient photon energy
to produce ionization (i.e. create positive
and negative electrically-charged atoms
or parts of molecules) and thereby break
chemical bonds. Other forms of ionizing
radiation are the sub-atomic particles
(neutrons, electrons (β-particles) and α−
particles) that make up cosmic rays and

are also emitted by radioactive atoms.
Non-ionizing radiation is a general term for
that part of the electromagnetic spectrum
which has photon energies too weak to
break chemical bonds, and includes ultra-
violet radiation, visible light, infrared radi-
ation, radiofrequency and microwave
fields, extremely low frequency (ELF)
fields, as well as static electric and mag-
netic fields.

Ionizing radiation
Exposure to ionizing radiation is unavoid-
able [1]. Humans are exposed both to X-
rays and γ−rays from natural sources
(including cosmic radiation and radioactivi-
ty present in rocks and soil) and, typically
to a much lower extent, from man-made
sources (Fig. 2.35). On average, for a mem-
ber of the general public, the greatest con-
tribution comes from medical X-rays and
the use of radiopharmaceuticals, with
lower doses from fallout from weapons
testing, nuclear accidents (such as
Chernobyl), and accidental and routine
releases from nuclear installations. Medical
exposures occur both in the diagnosis (e.g.
radiography) of diseases and injuries and in
the treatment (e.g. radiotherapy) of cancer
and of some benign diseases. Occupational

exposure to ionizing radiation occurs in a
number of jobs, including the nuclear
industry and medicine. Airline pilots and
crew are exposed to cosmic radiation.

Cancer causation
Ionizing radiation is one of the most
intensely studied carcinogens [2-4].

RADIATION

Radiation 51

SUMMARY

> Exposure to ionizing radiation from nat-
ural as well as from industrial, medical
and other sources, can cause a variety
of neoplasms, including leukaemia,
breast cancer and thyroid cancer.

> Sunlight is by far the most significant
source of ultraviolet irradiation and
causes several types of skin cancer, par-
ticularly in highly-exposed populations
with fair skin, e.g. Australians of
Caucasian origin.

> Extremely low frequency electromag-
netic fields generated by electrical
power transmission have been associat-
ed with an increased risk of childhood
leukaemia, but the findings are not con-
clusive.

Fig. 2.35 Estimated annual dose of ionizing radiation received by a member of the general public.

Fig. 2.34 Modern diagnostic radiology is no longer
a significant source of exposure to ionizing radia-
tion.
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Knowledge of associated health effects
comes from epidemiological study of hun-
dreds of thousands of exposed persons,
including the survivors of the atomic
bombings in Hiroshima and Nagasaki,
patients irradiated for therapeutic purpos-
es, populations with occupational expo-
sures and people exposed as a result of
accidents. These data are complemented
by findings from large-scale animal exper-
iments carried out to evaluate the effects
of different types of radiation, taking
account of variation in dose and exposure
pattern, and with reference to cellular and
molecular endpoints. Such experiments
are designed to characterize the mecha-
nisms of radiation damage, repair and car-
cinogenesis. 
Survivors of the atomic bombings in
Hiroshima and Nagasaki were exposed
primarily to γ-rays. Amongst these people,
dose-related increases in the risk of
leukaemia, breast cancer, thyroid cancer
and a number of other malignancies have
been observed. Increased frequency of
these same malignancies has also been
observed among cancer patients treated
with X-rays or γ-rays. The level of cancer
risk after exposure to X-rays or γ-rays is
modified by a number of factors in addi-
tion to radiation dose, and these include
the age at which exposure occurs, the
length of time over which radiation is
received and the sex of the exposed per-
son. Exposure to high-dose radiation
increases the risk of leukaemia by over
five-fold. Even higher relative risks have
been reported for thyroid cancer following
irradiation during childhood. 
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Table 2.16 Radiofrequency range: class and type of device or service.

Frequency Class Type of device or service 

30 - 300 kHz LF (low) LF broadcast and long-range radio 

300 - 3,000 kHz MF (medium) AM radio, radio navigation, ship-to-shore 

3 - 30 MHz HF (high) CB radio, amateurs, HF radio communi-
cations and broadcast 

30 - 300 MHz VHF (very high) FM radio, VHF TV, emergency services 

300 - 3,000 MHz UHF (ultra high) UHF TV, paging, mobile telephones, 
amateur radios 

3 - 30 GHz SHF (super high) Microwaves, satellite communications, 
radar, point to point microwave 
communications 

30 - 300 GHz EHF (extremely high) Radar, radioastronomy, short-link 
microwave communications 

Fig. 2.36 The Chernobyl nuclear power plant fol-
lowing the accident in 1986.

Table 2.15 Various forms and sources of radiation that are carcinogenic to humans (IARC Group 1) or prob-
ably carcinogenic to humans (IARC Group 2A).

Agent or substance  Cancer site/cancer

IARC Group 1:  Carcinogenic to humans

X-rays and gamma-radiation Various – all sites

Solar radiation Skin

Radon-222 and its decay products Lung

Radium-224, -226, -228 and their decay products Bone

Thorium-232 and its decay products Liver, including 
haemangiosarcoma; leukaemia

Radioiodines (including iodine-131) Thyroid

Plutonium-239 and its decay products (aerosols) Lung, liver, bone

Phosphorus-32 Leukaemia

Neutrons Various

Alpha (α) particle-emitting radionuclides Various

Beta (β) particle-emitting radionuclides Various

IARC Group 2A: Probably carcinogenic to humans

Sunlamps and sun beds, use of Skin

Ultraviolet radiation Skin
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Internalized radionuclides that emit α-par-
ticles and β-particles are carcinogenic to
humans. For most people, exposure to
ionizing radiation from inhaled and tissue-
deposited radionuclides is mainly from
naturally-occurring radon-222. Exposure
to thorium-232, which occurs in soil, is
less common. Cancers associated with
exposure to particular nuclides, usually
in an occupational context, include lung
cancer, bone sarcomas, liver cancer,
leukaemia and thyroid cancer. 
The United Nations Scientific Committee
on the Effects of Atomic Radiation [5] has
estimated the lifetime risk of solid can-
cers and of leukaemia following an acute

whole-body exposure to γ radiation,
together with the corresponding estimat-
ed numbers of years of life lost per radi-
ation-induced case (Table 2.17). The cur-
rent recommendations of the
International Commission for Radiological
Protection are to limit exposures to the
general public to 1 mSv per year, and
doses to workers to 100 mSv over 5
years [6] (1 Sievert equals 1 joule per
kilogram).

Ultraviolet radiation
The major source of human exposure to
ultraviolet radiation is sunlight.
Approximately 5% of the total solar radi-
ation received at the surface of the
earth is ultraviolet [7]. Intensity of solar
terrestrial radiation varies according to
geography, the time of day and other
factors. The level of skin exposure to
sunlight depends on many parameters
including cultural and social behaviour,
clothing, the position of the sun and the
position of the body. Few measure-
ments of personal exposure have been
reported. Artificial sources of ultravio-
let radiation are common and such
devices are used to treat a number of
diseases (e.g. psoriasis) as well as for
cosmetic purposes.

Cancer causation
Solar radiation, and specifically the ultra-
violet component of it, causes cutaneous
malignant melanoma and non-melanocyt-
ic skin cancer (Fig. 2.39). Exposure of skin
to ultraviolet radiation causes DNA dam-
age (Carcinogen activation and DNA
repair, p89) and also the conversion of
trans-urocanic acid to cis-urocanic acid,
which leads to cell injury and ultimately to
cancer. Incidence of skin cancer is
increasing rapidly among fair-skinned
populations [7] (Melanoma, p253). In
Canada, for example, occurrence of this
disease has doubled over the past 25
years. IARC has estimated that at least
80% of all melanomas are caused by expo-
sure to sunlight. Non-melanocytic skin
cancer, which includes basal cell carcino-
ma and squamous cell carcinoma, is the
most prevalent human malignancy: more
people are living with this cancer than any
other. In the USA and Australia, one of
every two new cancers diagnosed is a
non-melanocytic skin cancer. Use of sun-
lamps and sunbeds probably causes skin
melanomas in humans.

Electromagnetic fields
Recent years have seen an unprecedented
increase in the number and diversity of

Radiation 53

Fig. 2.37 Deliberate exposure to solar radiation in
order to achieve a sun-tan.

Fig. 2.38 The spectrum of electromagnetic fields and their use in daily life.
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sources of electromagnetic fields [8], prin-
cipally extremely low frequency and
radiofrequency fields. Such sources
include all equipment using electricity, tel-
evision, radio, computers, mobile tele-
phones, microwave ovens, anti-theft gates
in large shops, radars and equipment used
in industry, medicine and commerce.
Static fields and extremely low frequency
fields occur naturally, and also arise as a
consequence of the generation and trans-
mission of electrical power and through

the operation of a range of industrial
devices and domestic appliances, the lat-
ter often at a greater field intensity.
Exposure to extremely low frequency fields
is mainly from human-made sources for
the generation, transmission and use of
electricity. Occupational exposure occurs,
for example, in the electric and electronics
industry, in welding and in use and repair
of electrical motors. Environmental expo-
sure to extremely low frequency fields
occurs in residential settings due to prox-

imity to electricity transmission lines and
use of electric appliances. Levels of expo-
sure from many environmental sources are
typically low [9]. 
Exposure to radiofrequency radiation can
occur in a number of ways. The primary
natural source of radiofrequency fields
is the sun. Man-made sources, however,
are the main source of exposure.
Radiofrequency fields are generated as a
consequence of commercial radio and
television broadcasting and from
telecommunications facilities (Table
2.16). Radiofrequency fields in the home
are generated by microwave ovens and
burglar alarms. Mobile telephones are
now, however, the greatest source of
radiofrequency exposure for the general
public. 
In respect of the work environment,
employees working in close proximity to
radiofrequency-emitting systems may
receive high levels of exposure. This
includes workers in the broadcasting,
transport and communication industries,
and in antenna repair, military personnel
(e.g. radar operators) and police officers
(utilizing traffic control radars). There
are also industrial processes that use
radiofrequency fields and these include
dielectric heaters for wood lamination
and sealing of plastics, industrial induc-
tion heaters and microwave ovens, med-
ical diathermy equipment to treat pain
and inflammation of body tissues, and
electrosurgical devices for cutting and
welding tissues. 

Cancer causation
Several expert groups have recently
reviewed the scientific evidence concern-
ing the carcinogenicity of extremely low
frequency fields e.g. [9,10]. A number of
epidemiological studies on childhood
leukaemia indicate a possible relationship
between risk and exposure to extremely
low frequency fields. Studies of adult can-
cers following occupational or environ-
mental exposures to extremely low fre-
quency fields are much less clear. There is
little experimental evidence that these
fields can cause mutations in cells.
Mechanistic studies and animal experi-
ments do not show any consistent positive
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Fig. 2.39 Pathways implicated in the induction of non-melanoma skin cancer by ultraviolet radiation
(UCA = urocanic acid).
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Table 2.17 Estimated risk of cancer following acute whole-body exposure to gamma radiation at two
dose levels.

Lifetime risk Number of years of life lost
per case

0.2 Sv 1 Sv 0.2 Sv 1 Sv 

Solid cancers 2.4% 10.9% 11.2 11.6 

Leukaemia 0.14% 1.1% 31 31 

TUMORIGENESIS
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results, although sporadic findings con-
cerning biological effects (including
increased cancers in animals) have been
reported. IARC has classified extremely
low frequency fields as possibly causing
cancer in humans (Group 2B), based on
childhood leukaemia findings [10].
The evidence for the carcinogenicity of
radiofrequency fields is even less clear
[11-14]. A few epidemiological studies in
occupational settings have indicated a
possible increase in the risk of leukaemia
or brain tumours, while other studies indi-
cated decreases. These studies suffer
from a number of limitations. The experi-
mental evidence is also limited, but sug-
gests that radiofrequency fields cannot
cause DNA mutations. The lack of repro-
ducibility of findings limits the conclusions
that can be drawn.
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Fig. 2.40 Satellite-based analyses (1996) demonstrate increases in average annual levels of ultraviolet B
(UVB) radiation reaching the Earth’s surface over the past ten years. These changes are strongly depend-
ent on latitude.   
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Infectious agents can cause cancer
That cancer can be caused by infectious
agents has been known for more than 100
years. Early in the last century, Peyton
Rous demonstrated that sarcomas in
chickens were caused by an infectious
agent, later identified as a virus [1].
However, the identification of infectious
agents linked to human cancer has been
slow, in part because of difficulties in
detecting indicators of exposure. Progress
has accelerated since the 1980s when
advances in molecular biology made pos-
sible the detection of a very small quanti-
ty of infectious agent in biological speci-
mens. A further difficulty is the fact that
relevant infectious agents tend to persist
silently for many years, before causing
cancer in only a small proportion of chron-
ically infected individuals. 

Today, experimental and epidemiological
evidence indicates that a variety of infec-
tious agents constitute one of the main
causes of cancer worldwide [2]. Viruses
are  the principal ones, with at least eight
different viruses associated with particu-
lar tumour types, with varying degrees of
certainty. Other infectious agents involved
in carcinogenesis are four parasites and
one bacterium [3-7] (Table 2.18). 

Hepatitis B and C viruses
Worldwide, about 2,000 million people
have serological evidence of current or
past hepatitis B virus (HBV) infection and
about 350 million of them are chronic car-
riers of the virus. Infection can be trans-
mitted from mother to child (vertical
transmission), child to child (horizontal
transmission), through sexual transmis-
sion and by contact with infected blood.
Horizontal transmission is responsible for
the majority of infections in the world,
although the exact mechanisms of child to
child transmission remain unknown. Close
contact of young children is the primary
risk factor and exposure to skin lesions,
sharing food and utensils, tattooing and
scarification procedures, and transmis-
sion by insects are some of the postulated
mechanisms. The use of contaminated
needles for medically-related injections
may have played a role, probably via ther-
apeutic injections rather than vaccination.
Several case-control and cohort studies
have clearly and consistently demonstrat-

ed that chronic carriers of HBV, identified
by the presence of relevant antibodies in
the sera, have around a 20 times higher
risk of developing liver cancer than non-
carriers [3]. It has been estimated that
60% of cases of primary liver cancer
worldwide and 67% of cases in developing
countries can be attributed to chronic per-
sistent infection with HBV [2]. In many sit-
uations, exposure to aflatoxins is a related
risk factor (Food contaminants, p43).
Hepatitis C virus (HCV) is the major cause
of parenterally transmitted hepatitis
worldwide. Strong associations with rela-
tive risks around 20 have been reported in
several case-control studies. About 25% of
cases of liver cancer in the world are
attributable to HCV [3].

Human papillomavirus 
Over 100 human papillomavirus (HPV)
types have been identified and about 30
are known to infect the genital tract.
Genital HPV types are subdivided into
low-risk (e.g. 6 and 11) and high-risk or
oncogenic types (e.g. 16, 18, 31 and 45)
[5].   Dozens of molecular epidemiologi-
cal studies [5, 8, 9] have consistently
shown relative risks for invasive cervical
cancer ranging from 20 to over 100. In
fact, HPV DNA is found in virtually all
invasive cervical cancers, indicating that
HPV is a necessary cause [10] (Cancers
of the female reproductive tract, p215).
Moreover, about 80% of anal cancers and
30% of cancers of the vulva, vagina, penis

CHRONIC INFECTIONS
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SUMMARY

> Infectious agents are one of the main
causes of cancer, accounting for 18%
of cases worldwide, the majority
occurring in developing countries.

> The most frequently affected organ
sites are liver (hepatitis B and C, liver
flukes), cervix uteri (human papillo-
maviruses), lymphoid tissues (Epstein-
Barr virus), stomach (Helicobacter
pylori) and the urinary system
(Schistosoma haematobium).

> The mechanism of carcinogenicity by
infectious agents may be direct, e.g.
mediated by oncogenic proteins pro-
duced by the agent (e.g. human papil-
lomavirus) or indirect, through causat-
ing of chronic inflammation with tiss-
sue necrosis and regeneration.

>Strategies for prevention include vacci-
nation (hepatitis B virus), early detection
(cervical cancer) and eradication of the
infectious agent (Helicobacter pylori).

Fig. 2.42 The human immunodeficiency virus
finds refuge in T-lymphocytes, as shown by the
electron micrograph.

Fig. 2.41 Electron microscopy of hepatitis B virus
particles.
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and oro-pharynx can be attributed to
HPV. 

Epstein-Barr virus 
Epstein-Barr virus (EBV) infection is ubi-
quitous. In developing countries, infection
is acquired in childhood, while in devel-
oped countries infection is delayed until
adolescence [7]. Individuals with high
titres of antibodies to various early and
late EBV antigens have a higher risk of
developing Burkitt lymphoma and
Hodgkin disease (Lymphoma, p237).
Molecular evidence showing that EBV
DNA and viral products are regularly
detected (monoclonally) in cancer cells,
but not in normal cells, provides a strong
indication of a causal role for EBV in
nasopharyngeal carcinoma and sinonasal
angiocentric T-cell lymphoma. The associ-
ation of EBV is associated with non-
Hodgkin lymphoma  mainly in patients
with congenital or acquired immunodefi-
ciency [7].

Human immunodeficiency virus
The prevalence of human immunodeficien-
cy virus (HIV) infection is highest in  sub-
Saharan Africa (15-20%). High levels of
infection are also seen among homosexual
men, intravenous drug users and in sub-
jects transfused with HIV-infected blood.
An estimated 36 million people worldwide
are currently living with HIV, and some 20
million people have died as a result of HIV-
related disease [11]. HIV infection
enhances the risk of Kaposi sarcoma by
approximately 1,000-fold, of non-Hodgkin
lymphoma by 100-fold, and of Hodgkin dis-
ease by 10-fold [6] (Box: Tumours associ-
ated with HIV/AIDS, p60). Increased risk
of cancer of the anus, cervix and conjunc-
tiva has also been observed. In all these
cases, the role of HIV is probably as an
immunosuppressive agent (Immunosup-
pression, p68) and hence indirect, the
direct etiological agents being other can-
cer viruses (i.e. human herpesvirus 8
(HHV-8), EBV and HPV) [5-7].

Human T-cell lymphotropic virus 
Human T-cell lymphotropic virus (HTLV-
1) infection occurs in clusters in Japan,
Africa, the Caribbean, Colombia and
Melanesia [6]. As many as 20 million
people worldwide may be infected with
this virus. Spread of the virus is thought
to occur from mother to child (mainly
through breast-feeding beyond six
months), via sexual transmission and as
a result of transfusion of blood cell
products, as well as through intra-
venous drug use. A strong geographical
correlation suggests that HTLV-1 is the
main etiological factor in adult T-cell
leukaemia/lymphoma. This disease
occurs almost exclusively in areas
where HTLV-1 is endemic. In addition,
laboratory evidence shows that the
virus is clonally integrated into tumour
cells. An association with tumours of
the cervix, vagina and liver has been
reported, but effects of confounding
and bias cannot be excluded [6]. 

Chronic infections 57

Table 2.18 The burden of cancer caused by infectious agents worldwide.1Group 1= carcinogenic to humans, Group 2A= probably carcinogenic to humans. 
2Applies only to cervical cancer.

Infectious agent  IARC classification1 Cancer site/cancer Number of cancer cases  % of cancer cases
worldwide

H. pylori 1 Stomach 490,000 5.4 

HPV 1, 2A Cervix and other sites 550,000 6.1 

HBV, HCV  1 Liver 390,000 4.3 

EBV  1 Lymphomas and 99,000 1.1 
nasopharyngeal carcinoma

HHV-8  2A Kaposi sarcoma 54,000 0.6

Schistosoma 1 Bladder 9,000 0.1 
haematobium

HTLV-1  1 Leukaemia 2,700 0.1

Liver flukes  Cholangiocarcinoma 800
Opisthorchis viverrini 1 (biliary system)
Clonorchis sinensis 2A

Total infection-related 1,600,000 17.7 
cancers

Total cancers in1995 9,000,000 100
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Human herpes virus 8
Human herpesvirus 8 (HHV-8) infection
appears to be common in Africa and in
some Mediterranean countries but rare
elsewhere. HHV-8 DNA has been detected
in over 90% of Kaposi sarcomas and rarely
in control patients. Seropositivity rates
are also higher in cases than controls,
with relative risks over 10 in most studies.
Accordingly, the evidence linking HHV-8
to Kaposi sarcoma is strong [9]. Certain
lymphoproliferative diseases such as pri-
mary effusion lymphoma and Castleman
disease have also been linked to HHV-8,
but the evidence is very limited [7]. 

Helicobacter pylori 
Infection with Helicobacter pylori is one of
the most common bacterial infections
worldwide. In developing countries, the
prevalence of H. pylori among adults
ranges from 80 to 90% whilst in developed
areas it is around 50%. H. pylori is the
main cause of gastritis and peptic ulcer;
infection may be lifelong if not treated
with antibiotics [12]. The relationship
between gastric cancer and H. pylori has
been difficult to determine due to the very
high prevalence of H. pylori in most popu-
lations where the cancer is endemic and
the very low bacterial load usually found in
gastric cancer patients. It is clear that H.

pylori plays a role in gastric cancer, but
other cofactors (e.g. diet) are also contrib-
utory (Stomach cancer, p194). 

Parasites
Two liver flukes, Opisthorchis viverrini and
Clonorchis sinenesis, have been associated
with cholangiocarcinoma in parts of Asia
(Liver cancer, p203). Infection by these
flukes is acquired by eating raw or under-
cooked freshwater fish containing the
infective stage of the fluke; the fluke
matures and produces eggs in the small
intrahepatic ducts [4]. The evidence for
cancer causation by O. viverrini, a parasite
mainly prevalent in Thailand, is stronger
than for C. sinensis. The incidence of
cholangiocarcinoma in areas where these
liver flukes are non-endemic is very low.
Schistosomes are trematode worms. The
cercarial stage infects humans by skin pen-
etration. The worms mature and lay eggs in
the bladder or intestine of the host, pro-
voking symptoms of a disease known as
bilharzia. Schistosoma haematobium infec-
tion is prevalent in Africa and the Middle
East and has been identified as a cause of
bladder cancer. Schistosoma japonicum
infection is prevalent in Japan and China
and has been associated with cancers of
the liver, stomach and colorectum, but the
evidence is weak and inconsistent [4].

Mechanisms of carcinogenicity
Two main pathogenic mechanisms have
been invoked for infectious agents associ-
ated with cancer [13]. The first is a direct
effect, when agents act directly on the
cells which are ultimately transformed.
HPV-induced cancer of the cervix is the
best understood example of a “direct”
effect in humans. The E5 oncoprotein
expressed by high-risk HPV types may play
a role in the early growth stimulation of
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Fig. 2.44 Processing samples for HPV testing as
part of a study of HPV prevalence in Thailand.

Fig. 2.43 Proposed pathogenetic mechanism by which human papillomavirus infection causes cervical
cancer. Adapted from H zur Hausen, Virology 184, 9-13 (1991).
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Fig. 2.45 The Helicobacter pylori bacterium struc-
ture as revealed by scanning electron microscopy.  

Fig. 2.46 Chronic infection of the bladder with
Schistosoma haematobium causes an inflamma-
tory reaction with dense eosinophilic infiltrates
which may cause the development of a squamous
cell carcinoma.
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infected cells, whilst oncoproteins E6 and
E7 interfere with the functions of negative
cellular regulators, including p53 and pRb
(Oncogenes and tumour suppressor
genes, p96). Integration of the viral
genome, deregulation of oncogene expres-
sion and other cofactors may all contribute
to malignant progression (Fig. 2.43). 
A few other viruses are directly linked to
human cancer, including EBV, HTLV-1 and
HHV-8. EBV infects B lymphocytes and
expression of viral protein is believed to
induce what would otherwise be antigen-
driven lymphocyte activation. The immor-
talization-associated viral proteins regu-
late the maintenance of the episomal viral
DNA and the expression of viral genes, as

well as driving cellular proliferation and
blocking apoptosis. It is believed that a
crucial role in the transformation and
immortalization of infected cells is played
by the EBNA-2 protein. Malarial infection
may be a cofactor in the progression of
Burkitt lymphoma. HTLV-1 is able to
immortalize human T lymphocytes in vitro.
Central to this property is the HTLV-1 Tax
protein which, via interference with sever-
al classes of transcription factors, acti-
vates the expression of some cellular
genes involved in the control of cellular
proliferation. HHV-8 is the most recently-
identified tumour-causing virus and its
role in pathogenesis is still poorly under-
stood [7, 13].

The second, or indirect, mechanism is the
mode of action for some viruses (HBV, HCV,
HIV), bacteria (H. pylori) and parasites.
These agents provoke cancer by causing
chronic inflammation and/or production of
mutagenic compounds. The hepatitis virus-
es, for example, are unable to immortalize
human cells in vitro, but infection may lead
to cancer via induction of chronic liver injury
and hepatitis (Fig. 2.49). Chronic hepatitis
caused by an intermediate immune
response to HBV infection is characterized
by chronic liver cell necrosis which stimu-
lates a sustained regenerative response. The
inflammatory component includes activated
macrophages which are a rich source of free
radicals. The collaboration of these mito-
genic and mutagenic stimuli has the poten-
tial to cause cellular and viral DNA damage,
chromosomal abnormalities and genetic
mutations that deregulate cellular growth
control in a multistep process that eventual-
ly leads to hepatocellular carcinoma.
A prolonged process, lasting decades,
precedes emergence of most gastric can-
cers. H. pylori is the most frequent cause
of chronic gastritis. Gastritis and atrophy
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Fig. 2.49 Hepatitis B virus and the chronic injury
hypothesis. A  vigorous immune response to hep-
atitis B virus (+++) leads to viral clearance while
an absent immune response (-) leads to the
“healthy” carrier state and an intermediate
response (+) produces chronic hepatitis which, via
a multistep process, may eventually lead to hepa-
tocellular carcinoma.
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Fig. 2.47 The burden of cancer caused by infectious agents in women.

Fig. 2.48 The burden of cancer caused by infectious agents in men.
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alter gastric acid secretion, elevating gas-
tric pH, changing the gastric flora and
allowing anaerobic bacteria to colonize
the stomach. These bacteria produce

active reductase enzymes that transform
food nitrate into nitrite, an active molecule
capable of reacting with amines, amides
and ureas to produce carcinogenic 

N-nitroso compounds. H. pylori acts as a
gastric pathogen and thereby mediates a
carcinogenic outcome involving soluble
bacterial products and the inflammatory
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Approximately 30-40% of patients with
HIV infection are likely to develop malig-
nancies. 

Kaposi sarcoma is the most common
malignancy in patients with HIV infection.
Since no current therapies have proven
curative, both delivery of effective treat-
ment and maintenance of adequate con-
trol of HIV and other infections remain the
goals of current treatment. Several stud-
ies have shown benefits of highly active
anti-retroviral treatment (HAART) on
Kaposi sarcoma lesions. HAART might be
a useful alternative both to immune
response modifiers during less aggres-
sive stages of this disease and to sys-
temic cytotoxic drugs in the long term
maintenance therapy of advanced Kaposi
sarcoma (Tavio M et al., Ann Oncol, 9: 923,
1998; Tirelli U and Bernardi D, Eur J
Cancer, 37: 1320-24, 2001). Liposomal
anthracyclines are considered the stan-
dard treatment for patients with
advanced stages of AIDS-related Kaposi
sarcoma. Concomitant use of both HAART
and haematological growth factors is
needed, with the aim of reducing oppor-
tunistic infections and myelotoxicity. 

Non-Hodgkin lymphoma in patients with
HIV infection is about two hundred-fold
more frequent than expected. One feature
of AIDS-non-Hodgkin lymphoma is the
widespread extent of the disease at initial
presentation and the frequency of sys-
temic B-symptoms (general symptoms
such as night sweats, weight loss, tem-
perature change). Whether intensive or
conservative chemotherapy regimens are
appropriate is still a matter of controver-

sy. In fact, the poor bone marrow reserve
and underlying HIV immunodeficiency
make the management of systemic non-
Hodgkin lymphoma very difficult. Intensive
chemotherapy regimens may be given to
low or intermediate risk category patients
and conservative chemotherapy regimens
to high or poor risk patients (Spina M et al.,
Ann Oncol, 10: 1271-1286, 1999). The prog-
nosis of AIDS-non-Hodgkin lymphoma is
very poor. 

Hodgkin disease in patients with AIDS car-
ries a relative risk much lower than that for
non-Hodgkin lymphoma but the histological
subtypes tend to be those with
unfavourable prognosis and the response
rate remains poorer than that of the gener-
al population. Outcome may be improved
by an optimal combination of anti-neoplas-
tic and HAART to improve control of the
underlying HIV infection. The inclusion of
growth factors may allow the use of higher
doses of the drugs (Vaccher E et al., Eur J
Cancer, 37: 1306-15, 2001)

Cervical intraepithelial neoplasia (CIN) has
been increasingly diagnosed in HIV-infect-
ed women; invasive cervical cancer is cur-
rently an AIDS-defining condition. CIN in
HIV-infected women is associated with high
grade histology, more extensive and/or
multifocal disease and disseminated lower
genital tract HPV-related lesions
(Mandelblatt JS et al., AIDS, 6: 173-178,
1992; Robinson W 3rd, Semin Oncol, 27:
463-470, 2000). Therapeutic recommenda-
tions are the same as for non-HIV-infected
women, because most HIV-infected women
will die from cervical cancer rather than
other AIDS-related diseases. 

Testicular cancer appears to be more fre-
quent in HIV-seropositive homosexual men
but the risk is not directly related to the

level of immune deficiency. Patients with
HIV infection are offered the standard
chemotherapy, since the majority can be
cured of their tumour and have a good
quality of life (Bernardi D et al., J Clin
Oncol, 13, 2705-2711, 1995). 

The spectrum of cancers in patients with
HIV infection may further increase as
these patients survive longer. Based on
advances in current understanding of HIV
viral dynamics and the availability of
newer anti-retroviral therapies, continua-
tion of HAART with prophylaxis against
opportunistic infections in patients
receiving chemotherapy may significantly
improve treatment outcome.

TUMOURS ASSOCIATED WITH
HIV/AIDS 

Fig. 2.51 Kaposi sarcoma of the skin in a patient
with AIDS. The biopsy (below) reveals the pres-
ence of human herpes virus 8 (HHV-8) in  tumour
cell nuclei, demonstrated by immunohistochem-
istry (brown colour). Affected individuals are uni-
formly co-infected with HIV and HHV-8.
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response generated by the infection 
(Fig. 2.50).
Infection by the liver fluke O. viverrini caus-
es oedema, desquamation and acute
inflammatory responses in the bile ducts in
the early stages. Bile ducts of chronic carri-
ers may exhibit metaplasia and adenoma-
tous hyperplasia, which progress in some
cases to cholangiocarcinoma [4].
Alternatively, such indirect agents may
cause immunosuppression and the reacti-
vation of latent oncogenic viruses. In fact,
several virus-induced cancers occur almost
exclusively under severe immunosuppres-
sion (Immunosuppression, p68) [6].

Global burden of cancer attributed to
infectious agents 
Recent estimates are that at least 1.6 mil-
lion cases (18%) of the approximately 9
million new cases of cancer that occurred
in the world in 1995 can be attributed to
the infectious agents discussed (Table

2.18) [2]. The proportion of cancers attrib-
uted to infectious agents is higher in
developing countries (23%) than in devel-
oped countries (9%). This proportion is
greatest among women in Western,
Eastern and Central Africa, where 40% of
all cancers are associated with chronic
infections, followed by South-American
and Asian women in whom this proportion
is around 25% (Fig. 2.47). A similar picture
is seen among males but with lower
attributable proportions (Fig. 2.48). 
The realization that approximately one-
quarter of all cancers occurring in the
developing world can be attributed to
infectious agents opens great hopes for
prevention and treatment. This is particu-
larly true for cancers of the cervix, stom-
ach and liver (Chapter 4), which are very
common in developing countries, where
they represent 91% of the cancers associ-
ated with infectious agents. 
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Fig. 2.50 The proposed natural history of the
development of stomach cancer as a progressive
process associated with atrophy and intestinal
metaplasia with reduced acidity.
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The incidence of most cancers varies
worldwide and cancers of the breast, 
colorectum, prostate, endometrium, ovary
and lung are generally much more fre-
quent in the developed countries. These
cancers are a major burden in countries of
Europe, North America and in Australia.
They are markedly less frequent in devel-
oping countries of Asia and Africa. In con-
trast, some cancers of the digestive sys-
tem, including those of the stomach and
liver, are more frequent in developing
countries of Central and South America,
Africa and Asia than they are in the devel-
oped world.
These observations, which were made
more than 30 years ago with the publica-
tion of the first reliable data on cancer
incidence from population-based cancer
registries [1,2] are still substantially valid.
They constitute one of the basic argu-
ments for the hypothesis that environ-
mental factors play an important role in
cancer etiology. A principal environmental
factor, now generally recognized as major

determinant of cancer incidence, is diet.
Over the past 20 years, many epidemio-
logical studies, particularly case-control
studies and, more recently, large cohort
studies, have investigated the role of
habitual diet in relation to the risk of
developing different types of cancer. 

Vegetables and fruit
The most consistent finding on diet as a
determinant of cancer risk is the associ-
ation between consumption of vegeta-
bles and fruit and reduced risk of several
cancers. Consumption of vegetables and
fruit is associated with reduced risk of
cancers of the pharynx, larynx, lung,
oesophagus, stomach and cervix uteri,
while only vegetables, but not fruit, seem
to protect against cancers of the colon
and rectum. During the last 30 years,
over 250 epidemiological studies (case-
control, cohort or ecological correla-
tions) have been conducted around the
world to investigate the relationship
between fruit and vegetable consumption
and cancer risk. About 80% of these

studies found a significant protective
effect of overall consumption of vegeta-
bles and/or fruit, or at least of some
types of vegetables and fruits [3].
Preliminary results from the large
European Prospective Investigation into
Cancer and Nutrition (EPIC) study con-
firm these results, suggesting, for exam-
ple, that a daily consumption of 500 g of
fruit and vegetables can decrease inci-
dence of cancers of the digestive tract by
as much as 25% [4].
Fruit and vegetables do not represent a
major source of protein, fat, carbohy-
drates and therefore energy, but they can
be major contributors of fibre, several
vitamins, minerals and other biologically
active compounds. Current hypotheses
on mechanisms through which fruit and
vegetables may protect against cancer
invoke the interaction of micro-con-
stituents with the processes of carcino-
gen metabolism, protection of DNA
integrity and intercellular communica-
tion.  Such mechanisms have been stud-
ied extensively in experimental systems. 
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DIET AND NUTRITION

SUMMARY

> Up to 30% of human cancers are proba-
bly related to diet and nutrition.

> Excess salt intake causes arterial hyper-
tension and an elevated risk of stomach
cancer. Due to modern methods of food
preservation, the incidence of stomach
cancer is declining worldwide.

> A Western diet (highly caloric food rich in
animal fat and protein), often combined
with a sedentary lifestyle and hence ener-
gy imbalance, increases the risk of colon,
breast, prostate, endometrial and other
cancers.

> Physical activity, avoidance of obesity,
and frequent daily intake of fresh fruit
and vegetables reduce the risk of oral
cavity, lung, cervix uteri and other can-
cers.

Fig. 2.52 Dietary questionnaires used to assess the quantity of different food types consumed by the par-
ticipant in a nutritional study. 
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Salt and salt-preserved foods
Consumption of salt added to food and
salt-preserved foods has been investigat-
ed mainly in relation to cancers of the
stomach, colorectum and nasopharynx.
Several studies conducted in Europe,
South America and Eastern Asia have
reported increased relative risks of stom-
ach cancer in relation to the consumption
of salt and salt-preserved foods, particu-
larly in populations with high stomach
cancer incidence and high salt intake (Fig.
2.54). Salted, smoked, pickled and pre-
served food (rich in salt, nitrite and pre-
formed N-nitroso compounds) are associ-
ated with increased risk of gastric cancer.
Such high salt intake, together with
Helicobacter pylori infection, may con-
tribute to the development of atrophic
gastritis, and hence gastric cancer.
Domestic refrigeration and reduced salt
consumption are likely to have con-
tributed to the observed decreased stom-
ach cancer incidence in developed coun-
tries during the 20th century [5]. 
Consumption of Chinese-style salted fish
has been specifically associated with
increased risk of nasopharyngeal cancer
in South-East Asia [6], whereas European-

style salted fish (e.g. anchovies and
salmon) has not been found to be associ-
ated with any increase in cancer risk.
Several biological mechanisms have been
proposed to explain the association
between Chinese-style salted fish and
nasopharyngeal cancer, including partial
fermentation and nitrosamine formation.
The relationship of salt and salt-preserved
foods with colorectal cancer seems to be
of a different nature. Firstly, it has been
observed particularly in Western popula-
tions and secondly, it mainly involves
foods such as cooked and raw ham, vari-
ous types of salami, European-style char-
cuterie, bacon and other salt-preserved
pork (see next section).

Meat
Epidemiological studies on meat con-
sumption and cancer risk support the
existence of a specific association with
colorectal cancer risk (Figs. 2.57, 2.58).
This association, however, seems to have
been found more consistently for con-
sumption of red meat (beef, lamb and
pork) and processed meat (ham, salami,
bacon and other charcuterie) for which
consumption of 80 g per day may increase

colorectal cancer risk by 25 and 67%,
respectively [7].
Several biological mechanisms have been
investigated which could explain the pos-
sible effect of meat consumption on 
colorectal carcinogenesis. These include
the influence of meat and/or fat con-
sumption on the production and metabo-
lism of bile salts and bile acids by gut flora
[8]. Other hypotheses concern the poten-
tial carcinogenic effect of certain com-
pounds that can be formed in meat during
cooking, such as heterocyclic amines [9]
and polycyclic aromatic hydrocarbons or
as a consequence of preserved meat pro-
cessing (nitrates and nitrites) or endo-
intestinal metabolism (various N-nitroso
compounds) (Food contaminants, p43). 

Protein, carbohydrates and fat
The results of epidemiological studies on
macro-nutrients (for example, proportion
of total diet as protein) have so far been
much less consistent in establishing an
associated risk of cancer that those on
foods. No clear risk patterns have
emerged for consumption of protein.
Some studies on oesophageal cancer in
populations with high alcohol intake found

Diet and nutrition

Fig. 2.53 Fruit consumption is associated with reduced risk of cancer (according to results of meta-analyses). Findings are essentially similar for vegetable con-
sumption.
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a protective effect of animal protein (and
meat) while some studies on colorectal
cancer found an increased risk for animal
protein (and meat). 
Results on carbohydrates are difficult to
interpret because of inconsistencies in the
way different food composition tables
subdivide total carbohydrates into sub-
fractions that have very different physio-
logical and metabolic effects and which
may affect carcinogenesis in opposite
ways. The only pattern that seems to
emerge so far is that consumption of sim-
ple sugars (mono- and disaccharides) may
be associated with increased colorectal
cancer risk, while consumption of com-
plex polysaccharides, non-starch polysac-
charides and/or fibre (partially overlap-
ping categories based on different chemi-
cal and physiological definitions) is asso-
ciated with lower cancer risk. Other less
consistent findings suggest that a diet
excessively rich in starchy foods (mainly
beans, flour products or simple sugars)
but also poor in fruit and vegetables, may
be associated with increased gastric can-
cer risk.
The hypothesis that high fat intake is a
major cancer risk factor of the Western-
style diet has been at the centre of most

epidemiological and laboratory experi-
mental studies. The results are, however,
far from clear and definitive. The positive
association with breast cancer risk sug-
gested by international correlation studies
and supported by most case-control stud-
ies was not found in the majority of the
prospective cohort studies conducted so
far. Very few studies have investigated the
effect of the balance between different
types of fats, specifically as containing
poly-unsaturated, mono-unsaturated and
saturated fatty acids, on cancer risk in
humans. The only moderately consistent
result seems to be the positive associa-
tion between consumption of fats of ani-
mal origin (except for fish) and risk of 
colorectal cancer. Additionally, olive oil in
the context of the Mediterranean dietary
tradition is associated with a reduced risk
of cancer [10]. 

Food additives
Food additives are chemicals added to
food for the purpose of preservation or to
enhance flavour, texture or colour. Less
than comprehensive toxicological data are
available for most additives, although
some have been tested for mutagenic or
carcinogenic activity. In in vitro assay sys-

tems, some additives, such as dietary phe-
nolics, have both mutagenic and anti-
mutagenic effects [11]. In the past, some
chemicals were employed as food addi-
tives before their carcinogenicity in ani-
mals was discovered, e.g. the colouring
agent “butter yellow” (dimethylamino-
azobenzene) and, in Japan, the preserva-
tive AF2 (2-(2-furyl)-3-(5-nitro-2-furyl)
acrylamide). Saccharin and its salts have
been used as sweeteners for nearly a cen-
tury. Although some animal bioassays
have revealed an increased incidence of
urinary bladder cancer, there is inade-
quate evidence for carcinogenicity of sac-
charin in humans [12]. The proportion of
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Fig. 2.55 Consumption of salted fish (such as this
salted cod) is associated with an increased risk of
stomach cancer. 

Fig. 2.54 The age-adjusted mortality rate for gastric cancer increases with increasing salt consumption,
as measured by 24-hour urine sodium excretion, in selected regions of Japan.
S. Tsugane et al. (1991) Cancer Causes Control, 2:165-8.

Fig. 2.56 Saccharin with a warning label recogniz-
ing a possible role in cancer causation.
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dietary-related cancers considered attrib-
utable to food additives is very low [13].

Micronutrients
Research on vitamins and cancer in
humans has focused mainly on
carotenoids and vitamin A (retinol), vita-
min E, vitamin C and some of the group of
B vitamins (folic acid, B6). The biological
basis of the interest in these vitamins is
their involvement in either of two meta-
bolic mechanisms commonly called the
antioxidant effect (carotenoids, vitamins C
and E) and methyl donation (folic acid, B6)
(Chemoprevention, p151).
case-control studies based on dietary
questionnaires and several small prospec-
tive cohort studies based on blood meas-
urements have shown quite consistently
that individuals with lower carotenoid lev-
els have increased lung cancer risk. Less
consistent and weaker protective effects
of carotenoids have also been reported for
cancers of the oesophagus, stomach, 
colorectum, breast and cervix. Low
dietary intake of vitamin C has been found
to be associated with increased risk of
cancers of the stomach, mouth, pharynx,
oesophagus and, less consistently, with
cancers of the lung, pancreas and cervix.
Although results on vitamin E and cancer
are less strong and consistent than those
on carotenoids and vitamin C, several

studies have suggested that low vitamin E
intake is related to increased risk of can-
cers of the lung, cervix and colorectum.
Studies to investigate the effect of dietary
supplementation with vitamins on cancer
risk have had varying results (Chemopre-
vention, p151). Two large studies, ATBC
and CARET [14], observed increases in
lung cancer incidence of 18% and 28%
respectively in the group receiving β-
carotene (β-carotene plus vitamin A in
CARET). In the ATBC study, the group
receiving a vitamin E supplement had a
34% reduction in prostate cancer inci-
dence, but deaths from cerebrovascular
accidents doubled and there was no
decrease in total mortality.
There is rising interest in the possible can-
cer-preventive effect of folic acid; some
prospective studies have shown that high
dietary intakes and higher blood levels may
be associated with reduced risk of cancers
and adenomatous polyps of the colorec-
tum. Folates and vitamin B6 are involved in
the synthesis of methionine and choline as
methyl donors. Folate deficiency leads to
an accumulation of homocysteine. High
homocysteine levels have recently been
found to be strongly associated with death
from myocardial infarction, total mortality
and colon cancer risk [15]. 
Epidemiological studies conducted in 
populations with a high incidence of

oesophageal cancer in China found that
zinc deficiency was common in these pop-
ulations. Some experimental studies also
suggest that selenium deficiency may
increase cancer risk [16]. Several epi-
demiological studies have examined the
association between cancer risk and defi-
ciencies of one of these minerals, with
very variable results.

Fig. 2.57 Influence of the consumption of fish and
different types of meat on the relative risk of
developing colorectal cancer [7].

Fish
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Fig. 2.58 The global levels of (A) red meat consumption (beef, lamb and pork) and its relationship to (B) the incidence of colorectal cancer. The biological basis
of the correlation between these two variables is complex and not yet fully understood.
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Caloric intake and other dietary-relat-
ed factors
The results of animal experiments in
which dietary restriction decreases the
risk of cancer at some sites are not readi-
ly extrapolated to humans. While caloric
intake can be employed as a single param-
eter of diet, caloric intake considered in
isolation is an inadequate basis upon
which to address a broad spectrum of
studies concerning cancer risk. These
studies indicate inter-relationships
between caloric intake, body mass and
physical activity. Thus it is argued that
high energy intake per se is not a risk fac-
tor for cancer, but positive energy balance
(energy balance being the difference

between caloric intake and caloric expen-
diture) leading to obesity is a cancer risk
factor [17]. Data have accumulated sug-
gesting that some metabolic factors relat-
ed to nutritional status, such as obesity
and physical activity, may also play a role
by increasing the risk of certain cancers
(Box: Overweight, obesity and physical
activity, above).
Recently, several prospective studies have
lent strong support to the hypothesis for-
mulated decades ago regarding the promi-
nent role of endogenous hormone levels in
determining risk of cancer of the breast. It
is also proposed that the insulin-resist-
ance syndrome may underlie the relation-
ship between obesity and hormone-

dependent cancers. Variations in the pat-
tern of estrogens, androgens, insulin-like
growth factor and their binding proteins
are probably determined by both environ-
mental and lifestyle factors, as well as by
inherited genetic characteristics, as sug-
gested by recent studies on polymor-
phisms of genes encoding for enzymes
regulating steroid hormone metabolism
and hormone receptors (Reproductive fac-
tors and hormones, p76)
Accordingly, the relationship between diet
and cancer is proving to be more complex
than was previously thought. Research
based on a combination of laboratory
investigations on human subjects and
sound epidemiological projects of a
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The body mass is most usefully measured
as the body mass index (BMI), calculated
by dividing the body weight in kilograms
by the height in metres squared. The nor-
mal range is 18.5 to 25; overweight corre-
sponds to BMI > 25 and obesity to a value
greater than 30. In many developed coun-
tries, as much as half of the adult popula-
tion may be overweight and more than
25% obese. Epidemiological studies have
shown with varying degrees of consisten-
cy that excess body mass is associated
with an increased cancer risk.  

The strongest and most consistent asso-
ciation with body mass has so far been
seen for endometrial cancer, the risk of
which is increased two- to six-fold in
obese compared to lean women, both
before and after menopause. A possible
biological explanation for this association
is that adipose tissue is rich in aromatase,
which converts androstenedione to
estrone, thus increasing estrogenic stim-
ulation of the endometrial mucosa.
Several studies have investigated mark-
ers of fat distribution such as waist-to-hip
ratio or subscapular-to-tight-skinfold ratio

in relation to endometrial cancer risk, with
inconsistent results. Some studies found
increased risk for markers of abdominal or
android obesity (high waist-to-hip ratio or
subscapular-to-tight-skinfold ratio) after
adjustment for body mass index, while oth-
ers did not. 

The relationship between body mass index
and breast cancer is even more complex.
The majority of case-control and prospec-
tive studies found that high body mass
index increased breast cancer risk in post-
menopausal women, while it may slightly
reduce risk in premenopausal women. A
possible explanation for this apparent para-
dox is that overweight before menopause
could be related to anovulatory cycles and
fewer ovulatory cycles (as determined by
pregnancy and lactation) are generally
associated with lower breast cancer risk.
After menopause, obesity may act as for
endometrial cancer by enhancing the
peripheral (as opposed to gonadal and
adrenal) production of estrogens.

There is growing evidence that metabolic
factors related to diet, nutritional status,
anthropometry and physical activity have
an influence on the development and clini-
cal manifestation of various forms of can-

cer (Weight Control and Physical Activity,
IARC Handbooks of Cancer Prevention,
Vol. 6, 2001). Epidemiological studies
suggest certain different dietary patterns
may be specifically related to higher risk
of particular types of cancer. The Western
diet and lifestyle are generally associated
with high incidence of cancers of the col-
orectum, breast, prostate and endometri-
um, but with low incidence of cancers of
the stomach, oesophagus, liver and cervix
uteri (see Reproductive factors and hor-
mones, p76). 

OVERWEIGHT, OBESITY AND 
PHYSICAL ACTIVITY

Fig. 2.59 Regular physical exercise appears to be
correlated with decreased risk of cancer.
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prospective nature is likely to shed new
light on the link between nutritionally
related factors and cancer [18]. In the

meantime, public health recommenda-
tions should focus on the benefits that
can be expected from a diet rich in veg-

etables and fruit, the maintenance of a
healthy weight and a physically active
lifestyle.
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Immunosuppression is a reduction in the
capacity of the immune system to respond
effectively to foreign antigens, and can be
either transient or permanent.
Certain chemicals and drugs, ionizing radi-
ation, and infection with particular viruses
and parasites can cause immunosuppres-
sion. This phenomenon is observed in
humans and in experimental animals.
Immunosuppression after exposure to X-
rays or other ionizing radiation is most pro-
nounced when the entire body, rather than
a limited area, is irradiated.
Immunosuppression by chemicals or radia-
tion is dose-dependent, the intensity and
duration of the effect increasing with
increasing dose or continuing exposure,
and is generally reversible with cessation
of exposure. In contrast, infection with cer-
tain pathogens, such as human immuno-
deficiency virus, is persistent and the
immune deficiency that results is progres-
sive, unless the infection is effectively
treated.
Immunosuppression should be distin-
guished from various forms of immune
deficiency resulting from certain genetic
defects (e.g. ataxia telangiectasia, ATM;
Wiskott-Aldrich Syndrome, WASP; X-linked

severe combined immunodeficiency, γc).
Persistent immunosuppression, especially
when accompanied by continuing expo-
sure to foreign antigens such as organ
transplants, presents a risk for cancer,
though not all tumour types arise with
equal frequency. Ciclosporin and related
compounds are widely used to facilitate
organ transplantation by decreasing the
risk of rejection. Risk is especially high for
various forms of lymphoma and for certain
other cancers that are associated with viral
infections.

Immunosuppression mediated by
drugs
Immunosuppression achieved by adminis-
tration of drugs is used to treat autoim-
mune diseases (e.g. rheumatoid arthritis)
and, usually involving the relevant drugs at
much higher dosage, to maintain the func-
tional and anatomic integrity of foreign tis-
sues grafted to another individual. A graft
from any individual except oneself or an
identical twin will provoke an immune reac-
tion against the grafted tissues, the intensi-
ty of which varies with the degree of anti-
genic difference between graft and host. In

the absence of adequate immunosuppres-
sion, the host will destroy the graft. Whole
organs (e.g. kidney, heart, liver, lung) can
be transplanted with maintenance of func-
tion that may continue for a lifetime when
appropriate levels of immunosuppression
are maintained. The risk of cancer increas-
es with increasing intensity and duration of
immunosuppression [1]. 
Apart from deliberate suppression of the
immune response in the context of organ
transplantation, immunosuppression may
arise as a side-effect of some drugs, and
specifically many cytotoxic agents widely
used in cancer chemotherapy. This action
may contribute to the development of “sec-
ond cancers”, particularly in children. More
generally, patients receiving cancer
chemotherapy are vulnerable to infectious
disease as a result of their immune system
being compromised.
The suggested mechanisms of action of
immunosuppressive agents [2] include:
- Interference with antigen-presentation
mechanisms;
- Interference with T-cell function; inhibition
of signal transduction or receptor actions
(ciclosporin);
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IMMUNOSUPPRESSION

SUMMARY

>Persistent suppression of the immune
system results in an increased cancer
risk.

> An increased incidence of malignant
lymphomas, of which the majority con-
tain the Epstein-Barr virus, is caused by
immunosuppressive drugs used to pre-
vent the rejection of organ transplants.

> Infectious agents that cause severe
immune suppression, such as the
human immunodeficiency virus (HIV),
are associated with an increased inci-
dence of several tumours, including non-
Hodgkin lymphoma and Kaposi sarco-
ma.

Table 2.19 Immunosuppressive agents associated with development of cancer.

Drug or infectious agent Cancer site/cancer

Azathioprine Non-Hodgkin lymphoma, Kaposi sarcoma,
squamous cell carcinoma of the skin, hepatobiliary 
cancers, mesenchymal tumours.

Cyclophosphamide Bladder cancer

Ciclosporin Non-Hodgkin lymphoma, Kaposi sarcoma

Human immunodeficiency Non-Hodgkin (B-cell) lymphoma, Kaposi sarcoma
virus-1 (HIV-1) (increased risk by coinfection with herpesvirus 8)

Epstein-Barr virus Burkitt lymphoma (in conjunction with malaria 
infection), non-Hodgkin (B-cell) lymphoma in 
immunosuppressed patients, Hodgkin disease, 
smooth muscle tumours in immunosuppressed 
individuals

Human herpesvirus 8 Kaposi sarcoma

Human papillomaviruses Cancers of cervix, vulva and anus
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- Interference with B-cell function;
- Interference with proliferation; clonal
expansion (cyclophosphamide, methotrex-
ate).
Organ transplant recipients receiving
immunosuppressive drugs are at
increased risk of non-Hodgkin lymphoma
and some other cancers, especially non-
melanoma skin cancer and Kaposi sarco-
ma (Table 2.19). Some such tumour types
exemplify the manner in which immuno-
suppression has been otherwise linked to
malignancy. Thus, a factor in the develop-
ment of skin cancer is the ability of ultra-
violet B radiation to suppress the immune
response. Such immunomodulation may
be by multiple mechanisms but generally
manifests in an antigen-presenting cell
defect and an altered cytokine environ-
ment in the draining lymph nodes [3].
Consistent with a role of immunosuppres-
sion in the etiology of these tumours,
immunosuppression profoundly influ-
ences the prevalence of skin disorders in
transplant patients: skin tumours occur
with high incidence in such patients and
constitute a major part of transplanta-
tion-related morbidity and mortality. On
the other hand, evidence of immune sys-
tem abnormalities is lacking in most
patients with mature B-cell neoplasms.
Nonetheless, immunosuppressed
patients have a markedly increased inci-
dence of such non-Hodgkin lymphoma
[4].
More than 95% of all human beings are
infected with the oncogenic herpesvirus,
Epstein-Barr virus (EBV), which rarely
causes clinically apparent disease except
in immunocompromised individuals,
including organ transplant recipients.
Epstein-Barr virus-associated lymphopro-
liferative diseases in immunocompro-
mised patients include a spectrum of
mainly B-cell diseases that range from
polyclonal lymphoproliferative diseases,
which resolve when immunosuppression
is halted, to highly malignant lymphomas
[5]. EBV transforms lymphoid cells and the
neoplastic cells can survive and prolifer-
ate to produce lymphomas very rapidly in
an immunocompromised individual [6].
Because of the synergistic effects of EBV
and immunosuppressive drugs in the cau-

sation of these lymphomas, both EBV and
some of the drugs listed in Table 2.19 are
classified in Group 1 (carcinogenic to
humans) by the IARC Monographs on the
Evaluation of Carcinogenic Risks to
Humans. Cancers of the anogenital region
are caused by infections with human
papillomaviruses, and the incidence of
such cancers is greatly increased in organ
transplant recipients.
Autoimmune conditions for which
immunosuppressive therapy is indicated
include rheumatoid arthritis and lupus
erythematosis and others. Milder therapy
and, often, less potently immunosuppres-
sive drugs (e.g. steroids such as pred-
nisone) are generally used than for organ
transplant recipients. Generally there are
elevated risks for the same cancers as
occur in excess in organ transplant recip-
ients, but these risks are much lower in
patients without an organ transplant.
Prednisone and related immunosuppres-
sive steroid drugs have not been shown to
be carcinogenic.
Immunosuppression that will allow trans-
planted normal tissues to survive in a foreign
host can also allow occult tumours within
the transplanted tissues to survive and grow
in the transplant recipient. Such transplant-
ed cancers regress when immunosuppres-
sive therapy is withdrawn [7].

Immunosuppression by carcinogens
As implied by the number of malignancies
which emerge once the immune system is
compromised, growth of tumours gener-
ally may be perceived as requiring a
degree of failure by the immune
response. Generally, chemical carcino-
gens are not characterized as immunotox-
ic. However, particular substances may
exert some degree of immunosuppressive
activity that may thus affect tumour
growth in a manner comparable to that
exerted by ultraviolet light in the etiology
of skin cancer [2]. Thus TCDD (2,3,7,8-
tetrachlorodibenzo-para-dioxin) is
immunotoxic in primates, suggesting that
humans exposed to this pollutant may be
similarly affected, although no direct evi-
dence was found to support this in a
study of exposed residents living in a con-
taminated area in Seveso, Italy. 

Immunosuppression

Fig. 2.60 Transport of an organ for transplantation.
Immunosuppressed transplant patients exhibit an
increased incidence of tumours, particularly 
lymphomas.

Fig. 2.62 A liver biopsy showing partial replacement
of hepatocytes by diffuse large B-cell lymphoma of
the immunoblastic variant, a lymphoproliferative dis-
ease which arose after organ transplant.

Fig. 2.61 An Epstein-Barr virus-positive, diffuse large
B-cell lymphoma of soft tissue, arising in a patient
with rheumatoid arthritis treated with methotrexate.

Fig. 2.63 Bone marrow smear of an acute myeloid
leukaemia arising in a cancer patient treated with
alkylating agents. Note the increased numbers of
basophils.
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Immunosuppression caused by infec-
tious agents
Immunosuppression as a consequence of
infection is especially severe in individuals
infected with human immunodeficiency
virus (HIV), the cause of acquired immune
deficiency syndrome (AIDS).  Certain can-
cers are characteristic of AIDS and in fact
are AIDS-defining conditions in HIV-infect-
ed individuals [8]. These include non-
Hodgkin lymphoma, especially of the
brain, associated with EBV co-infection,
and Kaposi sarcoma, which is associated
with co-infection with another oncogenic
herpesvirus, human herpesvirus 8 (Box:
Tumours associated with HIV/AIDS, p60).
The incidence of such tumours is increas-
ing, partly as a result of the AIDS epidem-
ic (Fig. 2.64). Both EBV and HIV-1, the
principal cause of AIDS, are classified as
Group 1 - carcinogenic to humans - in the
IARC Monographs. 
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Fig. 2.64 Cancer following immunosuppression as a result of infection. The annual incidence of  Kaposi
sarcoma and non-Hodgkin lymphoma in San Francisco, USA, 1973-1998. Incidence increased dramati-
cally between 1982 and 1990 as a result of the AIDS/HIV epidemic. Recent declines are partly attribut-
able to the introduction of HAART therapy, although long-term risks remain unclear (Box: Tumours asso-
ciated with AIDS/HIV, p60). C. Clarke (2001) AIDS, 15: 1913-1914
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The genetic basis of cancer may be
understood at two levels. Firstly, malig-
nant cells differ from normal cells as a
consequence of the altered structure
and/or expression of oncogenes and
tumour suppressor genes, which are
found in all cancers. In this case, “the
genetic basis of cancer” refers to
acquired genetic differences (somatic)
between normal and malignant cells due
to mutation in the one individual.
Secondly, the same phrase, “the genetic
basis of cancer” may be used to refer to
an increased risk of cancer that may be
inherited from generation to generation.
This section is concerned with the latter
phenomenon. In many instances, the
genes concerned have been identified,
and have also sometimes been found to
play a role in sporadic cancers as well.

Interplay between genes and environ-
mental factors
The influence of lifestyle  factors (especial-
ly smoking), occupational exposures,
dietary habits and environmental expo-
sures (such as air pollution, sun exposure
or low levels of radiation) on the develop-
ment of cancer is clear; such factors
account for a specific fraction of cancers.
Another large fraction of cancers is caused
by viral and other infectious agents, this
being particularly relevant to the develop-
ing world. Carcinogenic agents, as diverse
as chemicals, radiation and viruses, act
primarily by damaging DNA in individual
cells. Such damage has broad ramifica-
tions when it involves disruption of genes
which control cell proliferation, repair of
further DNA damage, and ability of cells to
infiltrate (invade) surrounding tissue

(Chapter 3). Because each of these
changes is relatively rare, the chance that
the necessary combination of such events
occurs to allow a normal cell to progress
into a fully malignant tumour is small.
However, the risk to an individual over his
or her lifetime can be as large as 10% for
cancers of the breast or prostate (that is,
in some instances, 10% of the population
will suffer from one of these cancer types
in their lifetime). Genetic alterations accu-
mulate gradually either through random
events and/or by the action of specific
environmental carcinogens, and thus most
cancers in the population occur in middle-
aged and elderly individuals. Some individ-
ual cancers can be attributed to particular
environmental factors. In the absence of
apparent causative factors, a cancer is
described as “sporadic” or “spontaneous”.

GENETIC SUSCEPTIBILITY
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SUMMARY

> Inherited cancer syndromes, usually
involving germline mutations in tumour
suppressor or DNA repair genes, may
account for up to 4% of all cancers.

> Inherited mutations of the BRCA1 gene
account for a small proportion of all
breast cancers, but affected family
members have a greater than 70% life-
time risk of developing breast or ovarian
cancer.

> Identification of a germline mutation
allows for preventive measures, clinical
management and counselling.

> Environmental factors may modify the
cancer risk of individuals affected by
inherited cancer syndromes.

> Altered cancer susceptibility may be
mediated by genetic variations in genes
which, while not causing cancer, affect
metabolism of carcinogens such as
tobacco smoke.

Fig. 2.65 Knudson’s hypothesis, explaining the development of an inherited cancer caused by the inacti-
vation of a suppressor gene. Tumours of the eye (retinoblastoma) in individuals who have inherited a
mutation in one allele of the retinoblastoma gene on chromosome 13 (“mut” rather than the normal wild-
type “wt”), almost always occur in both eyes, due to inherited susceptibility. When this tumour type
occurs spontaneously in a single retinal cell (“sporadic”) by a somatic mutation, only one eye is affect-
ed. The mechanisms by which the tumour arises can be determined by analysing the genotypes produced
from normal (“N”) and tumour (“T”) tissues.
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Although most cancers arise through
somatically acquired mutations (which are
found uniformly only in relevant tumour
cells), about 5% of all cancers can be attrib-
uted to inherited gene alterations which are
common to every cell in an affected individ-
ual. Such a genetic change may be present
in, and hence inherited from, one parent or
may have occurred in a germ cell (egg or
sperm cell) before fertilization, and may, in

turn, be passed on to the next generation.
These alterations, in every cell, constitute a
partial commitment to cancer which may be
completed either by random processes or
as a result of environmental insults. This
theory of why tumour development prefer-
entially occurs in individuals with a genetic
predisposition was first proposed by Alfred
Knudson in 1971 in the context of a child-
hood eye tumour, familial retinoblastoma [1]

(Figs. 2.65, 2.66). In general, inherited
forms of cancer occur at an earlier age than
sporadic or environmentally-caused
tumours. Thus although only a relatively
small fraction of all cancers are attributable
to inherited mutations in cancer susceptibil-
ity genes, such “germline” alterations
account for a significant fraction of cancers
occurring at young ages. It is also likely that
individual differences in the ability to detox-
ify or metabolize carcinogens (Carcinogen
activation and DNA repair, p89) or regulate
levels of hormones (Reproductive factors
and hormones, p76) are under some degree
of genetic control. Both of these forms of
variation would modify the effects of envi-
ronmental exposures and the consequent
cancer risk.
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Fig. 2.66 Child with retinoblastoma, a malignant
tumour of the eye, which arises from retinal germ
cells. In the familial form it is caused by an auto-
somal dominant mutation of the retinoblastoma
gene. 

Table 2.20 Inherited cancer syndromes caused by a single genetic defect. The lifetime risk of cancer is
high. There are usually recognizable phenotypic features that make the syndromes easy to identify clini-
cally.

Syndrome Gene Location Cancer site/cancer

Familial retinoblastoma RB1 13q14 Retinoblastoma, 
osteosarcoma

Multiple endocrine neoplasia II RET 10q11 Medullary thyroid carci-
noma, phaeochromo- 
cytoma 

Multiple endocrine neoplasia I MEN1 11q13 Adrenal, pancreatic 
islet cells 

Neurofibromatosis type I NF1 17q11 Neurofibromas, 
optic gliomas, 
phaeochromocytoma

Neurofibromatosis type II NF2 22q2 Bilateral acoustic 
neuromas, meningiomas,
cerebral astrocytomas

Bloom syndrome BLM 15q26 Leukaemia, lymphoma

Familial adenomatous polyposis APC 5q21 Colorectal, thyroid

Von Hippel-Lindau VHL 3p25 Renal cell carcinoma, 
phaeochromocytoma

Familial Wilms tumour WT1 11q Wilms tumour (kidney)

Xeroderma pigmentosum XP(A-D) 9q, 3p, 19q, Basal cell carcinoma, 
15p squamous cell carcinoma,

melanoma (skin)

Fanconi anaemia FAC 16q, 9q, 3p Acute leukaemia

Li-Fraumeni syndrome p53 17p13, Breast and adrenocorti-
cal carcinomas, bone and
soft tissue sarcomas, 
brain tumours, leukaemia

Cowden syndrome PTEN 10q22 Breast, thyroid 

Gorlin syndrome PTCH 9q31 Basal cell carcinoma

X-linked proliferative disorder XLP Xq25 Lymphoma

Peutz-Jeghers syndrome LKB1 19p Breast, colon

Ataxia telangiectasia ATM 11q22 Leukaemia, lymphoma

Fig. 2.67 Patient with xeroderma pigmentosum, a
rare inherited (autosomal recessive) disease,
exhibiting spots of hyperpigmentation in sun-
exposed portions of the skin, which are prone to
develop into multiple skin cancers. The disease is
caused by mutations in genes involved in DNA
repair.
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Cancer genes
The fact that cancer can “run in families”
has been recognized for over a century.
Among the earliest recorded evidence for
inherited susceptibility is a description by a
Parisian physician, Paul Broca, of a family
with many cases of early onset breast can-
cer, liver cancer or other tumours [2]. Such
families have proven to be key resources in
establishing the inheritance of disease
from generation to generation. By analysing
DNA extracted from a blood or tumour
sample from members of these families,
the inheritance of cancer susceptibility
within a family can be tracked to determine
whether the disease is transmitted from
parent to child together with a “genetic
marker”, that is, a gene sequence which
may not have any clinical significance but
which is highly variable between individu-
als. If this is the case, and if this is also true
for a sufficient number of other families,
the approximate location of the gene caus-
ing the disease can be determined. From
there, it is a matter of using more molecu-
lar-based strategies to home in on and
identify the specific gene involved and
localize the predisposing gene to a small
region within the overall human genome.
This allows the identification of the specific
genes involved and of the alterations in
those genes predisposing an individual to
cancer [3].
Specific genes involved in susceptibility to
many forms of cancer, both rare tumours
such as retinoblastoma, and more common
cancers such as breast and colon, have
been identified and are designated as
“tumour suppressor genes” or “onco-
genes” (Oncogenes and tumour suppressor
genes, p96). For other forms of inherited
cancer, only the chromosomal location of a
putative susceptibility gene is known; the
specific gene involved has not yet been
identified. Many of the early successes
involved identifying the genetic defects,
and subsequently the genes responsible for
specific cancer-associated syndromes
such as neurofibromatosis, familial adeno-
matous polyposis and Li-Fraumeni syn-
drome. Neurofibromatosis types are
respectively associated with NF1 and NF2
genes: neurofibromatosis type 1 suffer
from particular skin pigmentation and risk

of phaeochromocytoma, neurofibroma,
gliomas and other tumours, while type 2
patients develop schwannomas and some
other brain tumours [4]. Individuals afflict-
ed with adenomatous polyposis, which is
attributable to alterations in the APC gene,
suffer from multiple premalignant lesions in
the colon [5] (Multistage carcinogenesis,
p84). In some, but not all such instances,
the genes in question are also involved in
sporadic cancers. Although the functions of
these genes are not completely character-
ized, many appear to be involved either in
key cellular processes such as control of
the cell cycle, programmed cell death, or in
repair and/or detection of DNA damage. In
the rarer inherited cancer syndromes for
which lifetime risks are very high, usually
there are recognizable phenotypic features
which make the syndrome easy to identify
clinically, and a single genetic defect
accounts for the majority of occurrences
(Table 2.20). Other genes are associated
with more common cancers, where there is
a predominant type of cancer without other
distinguishing clinical characteristics (Table
2.21). For some such genes, the actual
genetic defect is not known but convincing
evidence for a chromosomal localization
has been reported. It should be noted that
such distinction between the rarer inherit-
ed cancer syndromes and more common
cancers is sometimes arbitrary. 

Prevalence, risks and impact of inherited
cancer
The lifetime risks of cancer due to muta-
tions in cancer predisposition genes can be
very high; a woman who carries a mutated
BRCA1 gene has a lifetime risk of approxi-
mately 70% of developing either breast or
ovarian cancer, compared with women lack-
ing such mutations [6]. For some of the rare
syndromes, risks of cancer can be even
higher. Nonetheless, mutations in cancer
predisposition genes are relatively unusual,
ranging from 1/100,000 for very rare dis-
eases such as Cowden syndrome, to
1/10,000 for germline p53 gene mutations
involved in Li-Fraumeni syndrome to
1/1,000 for genes like BRCA1 and MLH1
(involved in DNA mismatch repair).
However, in some populations which have
arisen from a relatively small number of
founders, expanded rapidly and remained
genetically isolated, these genes can
achieve higher frequencies and therefore
account for a larger fraction of cancers. For
example, in the Jewish population, two spe-
cific mutations (one in BRCA1, one in
BRCA2 ) are present. One in a hundred
Jewish individuals carry one of these two
mutations and they may account for as
much as 40% of all ovarian cancer cases
and 20% of all breast cancer cases diag-
nosed under age 40 in this population. 
Identification of genetically susceptible indi-

Genetic susceptibility

Table 2.21 High-risk susceptibility genes and their chromosomal location. Inherited mutations in these
genes are associated with some common cancers. 

Gene Location Associated tumours 

BRCA1 17q Breast, ovary, colon, prostate
BRCA2 13q Breast, ovary, pancreas, prostate

p16 INK4A 9p Melanoma, pancreas
CDK4 6q Melanoma, other tumours (rarely)

hMLH1 3p Colorectal, endometrial, ovarian cancer
hMSH2 2p Colorectal, endometrial, ovarian cancer
hMSH6 2p Colorectal, endometrial, ovarian cancer
PMS1 2q Colorectal cancer, other tumours (rarely)
PMS2 7p Colorectal cancer, other tumours (rarely)

HPC2 17p Prostate (rarely)
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viduals, confirmation of a gene defect and
provision of appropriate clinical care has led
to development of specialist familial cancer
clinics within comprehensive cancer care
centres. Families now regularly seen in such
clinics include those with inherited cancer
due to the relatively common BRCA1 gene
alterations (Figs. 2.68, 2.69) and those
which have the syndrome of multiple
endocrine neoplasia type II (MEN2) [7]. As
genetic testing for mutations in cancer sus-
ceptibility genes becomes more widespread,
especially with regard to common, later-
onset types of cancer, there are an increas-
ing number of ethical, legal, and social
issues to consider [8] (Box: Ethics in cancer,
p322). Much of the discussion centres on
issues regarding genetic discrimination, that
is, the denial of health or life insurance or a
job, based on a person’s genetically-deter-
mined risk of developing a serious disease. 
Even for cancers where direct gene testing
is available, there are some difficulties in
interpreting the results. While in many
cases the sequence variants are clearly
deleterious, since they can lead, for exam-

ple, to truncated or absent protein products,
other variants which simply change one
amino acid in a complex protein cannot be
clearly associated with increased risk.
When no defect in a particular cancer gene
is found in a member of a high-risk family in
which the inherited defect has not been
identified, the risk of cancer may still be
high due to an undiscovered mutation in the
same or another gene. In contrast, if the
gene defect responsible for the cancer in an
affected family has been identified, any
member of that family who is found not to
carry this defect will simply face the overall
population risk of the cancer, which, for
example, may be very low for retinoblas-
toma but as high as 1 in 11 for breast can-
cer [9]. Even when an individual is identified
to carry a known deleterious mutation with
a high lifetime cancer risk, intervention
strategies may be limited. The psychological
and social consequences of genetic testing
for later-onset diseases, including breast
and colon cancer are under investigation.
Family members found to carry a predis-
posing mutation may suffer from increased

anxiety and depression from this knowl-
edge, and parents may experience guilt in
having transmitted the mutation to their
children. Even individuals  who are found
not to carry the mutation otherwise present
in their families sometimes suffer from
adverse psychological effects arising from
having been spared the misfortune. 

Gene-environment interactions 
Some recent information indicates that some
environmental factors may pose a particular
hazard to individuals who have inherited a
very high risk of cancer. For example, risk of
breast cancer in women who have BRCA1
mutations is influenced by certain environ-
mental factors, indicating that such tumours
are subject to hormonal influence, as are
sporadic breast cancers [10,11].
The role of genes known to confer high can-
cer risks cannot explain all the familial risk for
the relevant cancers and it is likely that there
are other loci which are involved but which
individually do not give rise to detectable
familial clustering. These loci will be difficult,
if not impossible to detect using traditional
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Fig. 2.68 Pedigree of a family with inherited cancers caused by a germline mutation in the BRCA1 gene.
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linkage studies in high-risk families. More
likely, these loci, which may be associated
with a two or three-fold increased risk of
cancer (or even less), are more amenable to
examination using either population-based or
family-based case-control studies. One alter-
native approach is to focus on the fact that
for any given environmental exposure, indi-
vidual differences in susceptibility may have
a genetic basis. Knowledge of the specific
genetic polymorphism conferring this sus-
ceptibility should provide more power for the
detection and characterization of the envi-
ronmental risk factors through stratification
of the sample according to the underlying
genetic make-up. Likewise, there may be
environmental factors that are associated
with cancer (e.g. smoking and bladder can-
cer) in all individuals, but with a much
stronger effect  in individuals who have a
reduced capacity to metabolize the relevant
carcinogens (e.g. N-acetyltransferase-2,
NAT2 slow acetylators [7] or glutathione S-
transferase, GSTM1-null individuals [12]).
Two cytochrome P450 enzymes, CYP2D6
and CYP2A6, are associated with nicotine

metabolism [13,14]. Persons with a genetic
deficiency in these enzymes smoke fewer
cigarettes and can quit smoking more easily
compared to individuals with normal activity
of these enzymes. Drugs that inhibit the
activity of these enzymes reduce a smoker’s
urge for cigarettes [15].
Genes relevant in this regard may be associ-
ated with a particular cancer or may be asso-
ciated with basic cellular or physiological
processes and include:
- genes coding for enzymes involved in the
metabolism and detoxification of carcino-
gens including the cytochrome P450[16] and
glutathione S-transferase (GST) [17] families;
- genes involved in the repair of DNA dam-
age;
- genes related to cell growth and differentia-
tion or steroid hormone pathways;
- known high-risk genes, such as p16 INK4A ,
BRCA1 or hMLHI.
It is hoped that a more unified approach to
cancer epidemiology and genetics will identi-
fy those combinations of genetic susceptibil-
ity and environmental exposures that lead to
significant increases in risk at the individual

and population level. This in turn could lead
to reduction of the cancer burden by lifestyle
modification and avoidance of specific expo-
sures in genetically susceptible individuals.

Fig. 2.69 Women carrying an inherited mutation
in the BRCA1 gene have a greatly increased risk of
developing breast cancer.
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There is overwhelming evidence that sex
steroids (androgens, estrogens, progesto-
gens) can have an important role in the
development of human tumours, especial-
ly of the female reproductive organs
(endometrium, ovary) and breast. 

Cancers of the breast, endometrium
and ovary
For breast cancer, incidence rates rise
more steeply with age before menopause
than after, when ovarian synthesis of
estrogens and progesterone ceases and
ovarian androgen production gradually
diminishes. Furthermore, breast cancer
risk is increased in women who have early
menarche, or who have late menopause,
whereas an early age at first full-term
pregnancy and high parity are associated
with reduced risk of the three forms of
cancer [1]. The rise in incidence rates of
endometrial cancer also appears to flatten
off at older age, but this change is related

less markedly to the menopausal transi-
tion than is the case with breast cancer.
Ovarian cancer risk does not show strong
relationships with menstrual history, but is
clearly and inversely related to parity [2].
Obesity (related to various alterations in
plasma levels of total and bioavailable sex
steroids) is a strong risk factor for
endometrial cancer, as well as for breast
cancer in postmenopausal women.
Circulating levels of sex steroids are regu-
lated by a range of factors, including
insulin and insulin-like growth factors
(IGFs), which thus provide a possible link
between many observations regarding
excessive energy intake and increased
risk of cancer (Box: IGF-1 and cancer,
p79). Together, these observations sug-
gest that alterations in endogenous sex
steroid metabolism, and notably the ovar-
ian synthesis of sex steroids, can be an
important determinant of risk for each of
the three forms of cancer in women. 
Breast cancer risk is increased in post-
menopausal women with a hyperandro-
genic (excess of androgens) plasma hor-
mone profile, characterized by increased
plasma levels of testosterone and ∆-4
androstenedione, reduced levels of sex
hormone-binding globulin and increased
levels of total estradiol, and bioavailable
estradiol not bound to sex hormone-bind-
ing globulin [e.g. 3-5]. Similarly, post-
menopausal women are at increased risk
from endometrial cancer. The situation for
breast cancer in premenopausal women is
less clear [6,7].

Oral contraceptives 
Oral contraceptives, in the form of estro-
gen-progestogen combinations, were
introduced in the early 1960s, and rapidly
found very widespread use in most devel-
oped countries. Over 200 million women
are estimated to have used oral contra-
ceptives since their introduction and
about 60 million women are currently
using them [8].
Preparations of oral contraceptives have
undergone substantial changes over time,

including reductions in the potency and
dosage of the estrogens, addition of dif-
ferent progestogens (progesterone ana-
logues), and introduction (in 1983) of
biphasic and triphasic pills that vary in
the amounts of estrogen and progestogen
throughout the month. A progestogen-
only pill (“minipill”) was first marketed in
the USA in 1973, but has never been used
widely. Sequential pills, with two weeks of
estrogen alone followed by a combination
of estrogen and progestogen for five days,
were removed from the consumer market
in the 1970s after concern about a possi-
ble association with endometrial cancer. 
There is a small increase in the risk of
breast cancer in current and recent users
of combined oral contraceptives contain-
ing both estrogen and progestogen [8].
This association, however, is unrelated to
duration of use or type and dose of
preparation and, 10 years after cessation
of use, is no longer present (Fig. 2.71).
The association of breast cancer with oral
contraceptive use may be a result of
detection bias, due to increased attention
to the occurrence of breast tumours in
women regularly visiting a physician for
contraceptive prescriptions. 
Risk of endometrial cancer is approxi-
mately halved in women using combina-
tion-type oral contraceptives, the reduc-
tion in risk being stronger the longer the
contraceptives are used [8]. The reduc-
tion in risk persists for at least ten years
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SUMMARY

> Female sex steroid hormone metabo-
lism, reproductive factors and meno-
pausal status affect the development of
endometrial, ovarian and breast cancer.

>Use of combined oral contraceptives
accounts for a slight increase in risk of
breast cancer, but is protective against
ovarian and endometrial cancers. 

> Hormone replacement therapy is associ-
ated with increases in risk of breast and
endometrial cancers, but may relieve
other health problems associated with
menopause.

> Energy imbalance due to a Western
lifestyle causes increased serum levels
of insulin-like growth factor I (IGF-I)
which is predictive of an elevated risk
for prostate cancer.

Fig. 2.70 Varieties of oral contraceptives. Use of
the contraceptive pill reduces the risk of cancers
of the ovary and endometrium, but is associated
with a slightly increased risk of breast cancer.
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after cessation of use. Interestingly, how-
ever, use of sequential oral contracep-
tives, containing progestogens only in the
first five days of a cycle, is associated
with an increased risk of endometrial can-
cer. For ovarian cancer, risk is reduced in
women using combined oral contracep-
tives, the reduction being about 50% for
women who have used the preparations
for at least five years (Table 2.22). Again,
this reduction in risk persists for at least
10-15 years after cessation of use. It has
also been suggested that long-term use of
oral contraceptives (more than five years)
could be a cofactor that increases risk of
cervical carcinoma in women who are
infected with human papillomavirus [9]. 

Postmenopausal hormone replacement
therapy 
Clinical use of estrogen to treat the symp-
toms of menopause (estrogen replacement
therapy or hormone replacement therapy)
began in the 1930s, and became wide-
spread in the 1960s. Nowadays, up to 35%
of menopausal women in the USA and
many European countries have used
replacement therapy at least for some peri-
od. The doses of oral estrogen prescribed
decreased over the period 1975-83 and the
use of injectable estrogens for estrogen
replacement therapy has also diminished.
On the other hand, the use of transdermal-
ly administered estrogens has increased
progressively to about 15% of all estrogen
replacement therapy prescriptions in some
countries. In the 1960s, some clinicians,
especially in Europe, started prescribing
combined estrogen-progestogen therapy,
primarily for better control of uterine bleed-
ing. The tendency to prescribe combined
estrogen-progestogen hormonal replace-
ment therapy was strengthened when first
epidemiological studies showed an
increase in endometrial cancer risk in
women using estrogens alone.
A small increase in breast cancer risk is
correlated with longer duration of estro-
gen replacement therapy use (five years
or more) in current and recent users [8].
The increase seems to cease several years
after use has stopped. There appears to
be no material difference in breast cancer
risk between long-term users of all hor-

mone replacement therapy and users of
estrogens alone. Nevertheless, one large
cohort study and a large case-control
study have provided strong evidence for a
greater increase in breast cancer risk in
women using hormone replacement ther-
apy than in women using estrogens alone
[10,11].
For endometrial cancer, there is an
increase in risk among women using estro-
gen replacement therapy, the risk increas-
ing further with longer duration of use [8].
In contrast, women using hormone
replacement therapy have only a mild
increase in risk compared to women who
have never used any postmenopausal hor-
mone replacement and this increase is
much smaller than that of women who
used estrogens alone. There seems to be
no relationship between risk of ovarian
cancer and postmenopausal estrogen use,
while data on ovarian cancer risk in rela-
tion to hormone replacement therapy use
are too scarce to evaluate.

Prostate cancer
Normal growth and functioning of prosta-
tic tissue is under the control of testos-
terone through conversion to dihydroxy-
testosterone [12]. Dihydroxytestosterone
is bound to the androgen receptor, which

translocates the hormone to the nucleus.
There have been conflicting findings as to
whether patients with prostate cancer
have higher levels of serum testosterone
than disease-free controls. Diminution of
testosterone production, either through
estrogen administration, orchidectomy or
treatment with luteinizing hormone-
releasing hormone agonists, is used to
manage disseminated prostate cancer. 

Mechanisms of tumorigenesis
Breast cancer 
The role of endogenous hormones in
breast cancer development suggests the
“estrogen excess” hypothesis, which stip-
ulates that risk depends directly on
breast tissue exposure to estrogens.
Estrogens increase breast cell prolifera-
tion and inhibit apoptosis in vitro, and in
experimental animals cause increased
rates of tumour development when estro-
gens are administered. Furthermore, this
theory is consistent with epidemiological
studies [4,15] showing an increase in
breast cancer risk in postmenopausal
women who have low circulating sex hor-
mone-binding globulin and elevated total
and bioavailable estradiol.
The “estrogen-plus-progestogen” hypo-
thesis [15,16] postulates that, compared

Reproductive factors and hormones

Fig. 2.71 Estimated risk of breast cancer by time since last use of combined oral contraceptives, relative
to never-users. Data adjusted by age at diagnosis, parity, age at first birth and age at which risk of con-
ception ceased. Vertical bars indicate 95% confidence interval.
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to an exposure to estrogens alone (as in
postmenopausal women not using any
exogenous hormones), risk of breast can-
cer is increased further in women who
have elevated plasma and tissue levels of
estrogens in combination with progesto-
gens. This theory is supported by obser-
vations that postmenopausal women
using estrogen-plus-progestogen prepa-
rations for hormone replacement therapy
have a greater increase in breast cancer
risk than women using estrogens alone
[10,11]. In premenopausal women, the
estrogen-plus-progestogen theory may
explain why obesity is associated with a
mild reduction in breast cancer risk [16],
because obesity may cause chronic
anovulation and decreases in luteal-
phase progesterone levels.

Endometrial cancer 
Most observations relating endometrial
cancer risk to endogenous and exogenous
sex steroids, as well as to other risk fac-
tors (obesity, ovarian hyperandrogenism
syndromes; see below) are explicable by
the “unopposed estrogen” hypothesis
[13,14]. This stipulates that risk is
increased among women who have high
plasma levels of bioavailable estrogens
and low plasma progesterone, so that the
effect of estrogens is insufficiently coun-
terbalanced by that of progesterone. The
hypothesis is supported by observations
that proliferation of endometrial cells, a
necessary condition for cells to accumu-
late genetic mutations and to expand clon-
ally with selective growth advantage,
occurs at greater rates during the follicu-

lar phase of the menstrual cycle (when the
ovary produces estrogens but very little
progesterone), than during the luteal
phase (when the ovaries produce both
estrogens and progesterone). Further-
more, there are frequent case reports of
ovarian hyperandrogenism (polycystic
ovary syndrome) in women developing
endometrial cancer before the age of 40
and other studies showing an increased
risk of endometrial cancer in polycystic
ovary syndrome patients [13]. Polycystic
ovary syndrome is a relatively frequent
endocrine disorder, with an estimated
prevalence of 4-8%, and in premenopausal
women is associated with frequent anovu-
latory menstrual cycles and hence with
impaired luteal-phase progesterone syn-
thesis. Finally, the theory explains why
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Plant foods contain phyto -estrogens, lig-
nans and isoflavones, which are struc-
turally similar to the mammalian estro-
gen, estradiol-17β. The significance of the
structural similarity of the lignans and
isoflavones to mammalian estrogens and
possible cancer preventive effects  were
first promulgated in the early 1980s
(Setchell KDR et al., Am J Clin Nutr,
40, 569, 1984; Adlercreutz H, Gastro-
enterology, 86, 761-6, 1984). The
isoflavones are diphenols and include
daidzein, equol and genistein, all of which
have been shown to bind to α- and espe-
cially β-estrogen receptors (Kuiper GG et
al., Endocrinology, 138, 863-870, 1997).
In common with many other weak estro-
gens, the isoflavones have been shown to
be anti-estrogens, competing for estradi-
ol at the receptor complex, yet failing to
stimulate a full estrogenic response after
binding to the nucleus. In animal models,
inclusion of soy in the feed, a rich source,
reduces mammary tumorigenicity. The
lignans enterolactone and enterodiol are
derived from microbial fermentation of
secoisolariciresinol and matairesinol in
foods, and excreted in urine. These have

also been shown to be weakly estrogenic
and anti-estrogenic, and supplements have
been shown to reduce tumorigenesis in a
rodent model of breast cancer. However,
proliferative effects of phytoestrogens on
the human breast have also been suggest-
ed (reviewed in Bingham SA et al., Br J Nutr,
79, 393-406, 1998).

The cancers most closely linked to plant
estrogens are the hormone-related carci-
nomas of breast and prostate, which
appear to be less common in soy-consum-
ing populations. However, in the most
recent and largest prospective study of
34,759 women in Hiroshima and Nagasaki,
there was no association between breast
cancer risk and soya foods (Key TJ et al., Br
J Cancer, 81, 1248-1256, 1999). Some
recent  epidemiological studies include
biomarkers of intake, e.g. urine excretion
of plant estrogens. One recent case-control
study showed that tumour patients excret-
ed significantly less equol and enterolac-
tone in 72 hour urine collections than
matched controls, but genistein was not
measured (Ingram D et al., Lancet, 350,
990-992, 1997). A second study showed
that overnight urine total isoflavonoid
excretion, especially of glycetein, was sig-
nificantly lower in cancer cases compared

with controls (Zheng W et al., Cancer
Epidemiol Biomarkers Prev, 8 35-40,
1999). Messina MJ et al. (Nutr Cancer 21,
113-131, 1994) reviewed the evidence
relating to the impact of soy on cancers
at sites other than the breast.

PHYTO-ESTROGENS AND 
CANCER PEVENTION

Fig. 2.72  A Nigerian woman boiling milk from
strained soya beans to make soy curd. This is
becoming a substitute for a cheese traditionally
made from more expensive cows’ milk.  
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endometrial cancer risk is increased in
women taking high-estrogen/low-
progestogen oral contraceptives or estro-
gen replacement medication without
progestogens, whereas combination-type
oral contraceptives containing estrogens
plus progestogens protect against
endometrial cancer, and hormonal
replacement therapy with estrogens plus
progestogens causes only a weak
increase risk.

Ovarian cancer
Ovarian cancer may develop in two
stages. In the first stage, ovarian surface
epithelium is entrapped into the stroma in

the form of inclusion cysts, that are
believed to form as a result of repeated
damage and remodelling of the ovarian
epithelial surface induced by regular ovu-
lations [16]. In the second stage, the
inclusion cysts gradually transform to
tumour cells, under the influence of hor-
monal factors. One hormonal factor
strongly implicated is excessive stimula-
tion by luteinizing hormone [2] which may
act either directly, through the activation
of luteinizing hormone-responsive genes,
or indirectly, through over-stimulation of
ovarian production of androgens. There is
at least one study showing an increased
ovarian cancer risk in women with poly-

cystic ovary syndrome, who generally
have increased pituitary luteinizing hor-
mone secretion. Oral contraceptive use,
pregnancies and lactation all cause a sup-
pression of pituitary luteinizing hormone
secretion, and are also related to reduced
ovarian androgen production, especially
in women with a tendency to become
hyperandrogenic. 

Prostate cancer
Risk of prostate cancer may be increased
in men with high intra-prostatic concentra-
tions of dihydrotestosterone. Dihydro-
testosterone is formed from testosterone
in the prostate and binds and activates the

Reproductive factors and hormones

Insulin-like growth factors (IGFs) are a
family of peptide hormones which have
been found to reflect excess energy intake
associated with the Western lifestyle and
an increased risk of several hormonally-
responsive tumours.

IGFs have direct effects on tumour devel-
opment. IGF-1 has been found to be
involved in the stimulation of cell prolif-
eration and differentiation and suppres-
sion of apoptosis in organs such as the
breast, prostate gland, colon and lung
(Yu H et al., J Natl Cancer Inst, 92: 1472-
1489, 2000). IGFs are overexpressed in
certain cancers, and cancer cells with a
strong tendency to metastasize have
higher expression of IGFs. Many mole-
cules known to be involved in cancer
interact with IGFs, for example, the
tumour suppressor p53, and the prod-
ucts of the WT1 and PTEN genes, and
also tumour viruses, e.g. HBV. Estrogens
increase the cell-proliferative effects of
IGF-1, induce IGF-1 expression and pro-
mote production of the IGF-1 receptor in
breast cancer cells. Conversely, IGF-1
can strongly stimulate expression of the
estrogen receptor in estrogen-receptor
positive breast cancer cell lines (Yee D et
al., J Mammary Gland Biol Neoplasia, 5:
107-15, 2000).

Blood and tissue concentrations of insulin,
IGF-1 and IGF-binding proteins are inti-
mately linked to energy balance and nutri-
tional status (Kaaks R et al., Proc Nutr Soc,
60: 91-106, 2001). The primary factor
influencing production of IGFs is growth
hormone, whilst insulin appears to regu-
late levels according to nutritional condi-
tions. Circulating IGFs in the blood are
mainly bound to IGF-binding proteins
(IGFBPs), in particular IGFBP-3, and are
subject to elaborate systems of regulation.
The bioactivity of IGF-1 is increased by
insulin, which both promotes its synthesis
and decreases production of certain IGF-
binding proteins. Prolonged fasting or
insulin-dependent diabetes mellitus (low
plasma insulin levels) decrease the syn-
thesis of IGF-1, whereas obesity and non-
insulin dependent diabetes mellitus (high
insulin levels) are characterized by
reduced levels of IGFBPs-1 and -2, and
increased levels of IGF-1. Brief periods of
physical exercise in adults appear to
increase levels of IGF-1 and IGFBP-1,
although activities such as marathon run-
ning can decrease levels of IGF-1 for sev-
eral days. IGF-1 and insulin are also direct-
ly involved in the regulation of circulating
levels of sex steroids. This is achieved by
the inhibition of synthesis of sex hormone-
binding globulin, as well as stimulation of
the production of sex steroids, especially
androgens. 

The role of IGFs may thus help to explain
associations between energy imbalance
and cancer risk discovered in epidemio-
logical studies. Some cancers, including
those of the endometrium and colon,
have been linked to a history of type 2
diabetes, characterized by insulin
resistance and chronic hyperinsuli-
naemia (excessive blood levels of
insulin). Increased risk of several can-
cers, including those of the breast,
prostate, endometrium and colon, is
associated with excessive energy intake
relative to expenditure (as a result of
low physical activity or a diet rich in fats
and carbohydrates. 

Studies to date suggest a link between
raised levels of IGF-1 and increased risk
of breast, colon, prostate and lung can-
cers and childhood leukaemia, and a
decreased risk associated with high lev-
els of another IGF binding protein,
IGFBP-3 (Yu H et al., J Natl Cancer Inst,
92: 1472-1489, 2000).

Further research is necessary to deter-
mine the influences of lifestyle factors
on IGF levels and how these interact
with genetic susceptibility. Such infor-
mation could be used in the develop-
ment and targeting of intervention pro-
grammes to prevent and control cancer.

IGF-1 AND CANCER
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androgen receptor with a four times higher
affinity than testosterone [18]. One deter-
minant of intra-prostatic dihydrotestos-
terone formation may be variation in the
activity of intraprostatic (type II) 5-α-reduc-
tase (SRD5A2), that catalyses the testos-
terone-dihydrotestosterone conversion.
Another possible determinant, which could
provide a physiological link between
prostate cancer risk and nutritional lifestyle
factors, is an increase in circulating levels
of bioavailable testosterone unbound to sex
hormone binding globulin, that can freely
diffuse into the prostatic cells. 
The androgen hypothesis originated from

observations that surgical or medical cas-
tration can often dramatically improve the
clinical course of advanced metastatic
prostate cancer patients. Furthermore,
Japanese and Chinese migrants to the USA
have lower incidence rates of prostate can-
cer than men of African or European
ancestry, and at the same time have been
found to have lower 5-α-reductase activity;
there are positive associations of prostate
cancer risk with specific genetic polymor-
phisms in the SRD5A2 gene. Finally, poly-
morphisms in the androgen receptor gene
causing increased receptor transactivation
have also been found associated with an

increase in prostate cancer risk [12,19]. 
On the basis of the above observations,
one can predict an increase in prostate
cancer risk in men with elevated blood lev-
els of bioavailable testosterone, as well as
with levels of androstanediol-glucuronide,
a major breakdown product of dihy-
drotestosterone and a possible marker of
intraprostatic androgen activity. These pre-
dictions, however, have received only very
limited support from epidemiological stud-
ies [20]. There is little evidence as yet for
any association between circulating estro-
gen levels and prostate cancer risk.
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Table 2.22 Estimated relative risk of ovarian cancer for women who have used oral contraceptives at any period in their lives, given for different ages and number
of births. S. Franceschi et al. (1991) Int J Cancer, 49: 61-65.

Indicator Number of oral contraceptive users among Relative risk (95% confidence interval)

Ovarian cancer cases Controls

Age (years)
< 45 48 221 0.6 (0.3-1.0)

45-54 30 92 0.5 (0.3-1.0)
55-64 2 11 0.6 (0.4-0.9) 

Parity
0 21 67 0.6 (0.4-0.8)
1 15 75 0.6 (0.4-0.9)

≥ 2 44 182 0.3 (0.1-1.4)
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