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ABSTRACT

OBJECTIVE To summarize the evidence linking dietary habits to the incidence of several types of cancer with
special emphasis on the chemoprotective properties of foods that originate from plants.

QUALITY OF EVIDENCE A large body of epidemiologic, animal, and laboratory literature indicates that as many
as 30% of all cancer cases are linked to poor dietary habits. The proportion reaches 70% for cancers of the
gastrointestinal tract.
MAIN MESSAGE Studies have consistently linked abundant consumption of plant-based food to a substantial
reduction in risk of developing various cancers. Laboratory studies show that this chemopreventive effect is
related to the high levels of numerous phytochemicals in this food. These phytochemicals interfere with several
cellular processes involved in the progression of cancer and also with inflammatory processes that foster
development of cancer.
CONCLUSION Dietary factors play an important role in the high incidence of several types of cancer in Canada.
Modification of dietary habits to include daily intake of plant-based food containing anticancer and antiinflammatory phytochemicals thus represents a promising approach to preventing the development of cancer.
Résumé

OBJECTIF Faire le point sur les données qui indiquent que l’incidence de plusieurs types de cancers est reliée
aux habitudes alimentaires, en insistant particulièrement sur les propriétés chimioprotectrices de certains
aliments d’origine végétale.
QUALITÉ DES PREUVES Les résultats d’un grand nombre d’études épidémiologiques et d’expériences chez
l’animal ou en laboratoire indiquent que jusqu’à 30% de tous les cas de cancer sont liés à de mauvaises
habitudes alimentaires. Pour les cancers du tube digestif, cette proportion atteint 70%.
PRINCIPAL MESSAGE Les études ont régulièrement montré que la consommation d’une bonne quantité
d’aliments d’origine végétale est associée à un risque considérablement moindre de développer certains
types de cancers. Les études en laboratoire révèlent que cet effet chimioprotecteur est dû aux niveaux élevés
de plusieurs phytochimiques contenus dans ces aliments. Ces phytochimiques interfèrent avec plusieurs des
processus cellulaires nécessaires à la progression du cancer et ralentissent les processus inflammatoires qui
favorisent son développement.

CONCLUSION Divers facteurs alimentaires jouent un rôle important dans l’incidence élevée de plusieurs
types de cancer au Canada. Un changement dans les habitudes alimentaires favorisant un apport quotidien
d’aliments d’origine végétale riches en phytochimiques anticancéreux et anti-inflammatoires représente donc
une stratégie prometteuse pour prévenir le cancer.
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I

n their landmark study, Doll and Peto showed that
75% to 80% of all cancers diagnosed in the United
States in 1970 might have been prevented by altering
lifestyle factors, such as smoking and diet.1 Subsequently,
their conclusions were confirmed by a large number of
studies. Researchers currently estimate that diet could
account for approximately 30% of cancer deaths, similar
to the number accounted for by smoking.2
The close relationship between diet and cancer is suggested by the large variation in rates of specific cancers
in different countries and by the spectacular changes
observed in the incidence of cancer in migrating populations.1-3 For example, studies have shown that Asians
have a 25-fold lower incidence of prostate cancer and
a 10-fold lower incidence of breast cancer than inhabitants of Western countries do, but that rates of these
cancers dramatically increase following migration to the
West.2 The importance of lifestyle factors in the development of cancer was also shown in studies of monozygotic twins (who share all genes). Inherited genetic
factors were shown to be responsible for only about
15% of all cancer cases.4 These observations indicate
that most cancers are not of hereditary origin and that
lifestyle factors, such as dietary habits, have a profound
influence on their development.

Quality of evidence
Relevant papers were identified by searching PubMed
from January 1980 to December 2006 using the key
words cancer, diet, prevention, angiogenesis, inflammation,
and phytochemicals. Articles on the chemopreventive
potential of specific foods or food groups were sought
using the key words for these groups (eg, cruciferous,
allium, soy, citrus, tomato, turmeric, berries, and green
tea) or the key words for the anticancer molecules found
in these foods (eg, isothiocyanates, sulforaphane, sulfides,
resveratrol, curcumin, and epigallocatechin-3-gallate).
Evidence of the chemopreventive effects of various
components of food comes from several hundred casecontrol and prospective epidemiologic studies, and this

Levels of evidence
Level I: At least one properly conducted randomized
controlled trial, systematic review, or meta-analysis

Level II: Other comparison trials, non-randomized,
cohort, case-control, or epidemiologic studies, and
preferably more than one study
Level III: Expert opinion or consensus statements
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relationship is strengthened by a large body of evidence
derived from animal and laboratory studies.
Many epidemiologic studies have consistently linked
abundant consumption of foods of plant origin, such
as fruit, vegetables, whole grains, legumes, nuts, seeds,
and tea, with decreased risk of developing various of
cancers.2,5 When results of studies on all types of cancer are taken together, as many as 80% show a substantial decrease in risk with higher intake of at least 1
vegetable or fruit category examined2 (Table 12). This
is particularly true for cancers of the upper gastrointestinal tract (Table 22); for example, studies indicate
that as many as 75% of colorectal cancers, the second
leading cause of death due to cancer in Canada, could
be prevented by increasing the amount of plant-based
food in the diet.6
These observations suggest that food of vegetable
origin is an essential source of molecules with chemopreventive properties. This hypothesis is strengthened
by many experimental data obtained from studies using
cellular and animal models in which molecules isolated

Table 1. Summary of results of case-control and
cohort studies of all types of cancer showing an
inverse association between consumption of various
categories of fruit and vegetables and risk of cancer:
Overall level of evidence is I.
NO. OF STUDIES
SHOWING
DECREASED RISK

TOTAL NUMBER
OF STUDIES

% OF TOTAL
STUDIES
SHOWING
DECREASED RISK

All vegetables

59

74

80

All fruit

36

56

64

Raw
vegetables

40

46

87

Cruciferous
vegetables

38

55

69

Allium
vegetables

27

35

77

Green
vegetables

68

88

77

Tomatoes

36

51

71

Citrus fruit

27

41

66

FRUIT OR
VEGETABLE
CATEGORIES

Adapted from American Institute for Cancer Research.2

Table 2. Levels of evidence for decreased risk of
various types of cancer with consumption of fruit and
vegetables
TYPE OF CANCER

LEVEL OF EVIDENCE

Stomach, esophagus, mouth and
pharynx, colon, rectum, lung

I

Larynx, pancreas, breast, bladder

II

Ovary, endometrium, cervix, thyroid,
prostate, kidney, liver

III

Adapted from American Institute for Cancer Research.2
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from various food sources were found to interfere with
development of several cancers.7,8

Interfering with the
development of precancerous tumours
Carcinogenesis is generally a slow process during which
precancerous cells must accumulate several mutations
in the genes involved in growth control, resistance to
apoptosis, and induction of angiogenesis in order to
grow and invade the host tissues9 (Figure 110). This process, which might take place over several years (even
several decades), offers a large therapeutic window for
blocking the development of cancer. The low genetic
diversity of precancerous cells and the absence of an
appropriate blood supply render the cells much more
vulnerable to anticancer molecules than mature tumour
cells would be.
Preventing cancer by blocking development of these
precancerous cells is extremely important because
even healthy people have a certain number of latent
tumours in their tissues. Studies of people who died
from causes unrelated to cancer have shown that 30%
to 50% of women aged 40 to 50 years had premalignant microscopic breast tumours, and 40% of similarly
aged men had precancerous cells in the prostate.11 Even
more striking, virtually every person (98%) had small
latent tumours in the thyroid, although these tumours
are only very rarely observed in the clinic (Table 311).
It thus seems that the spontaneous formation of small
tumours happens frequently over a lifetime, but that
in most cases the growth of these small tumours is
tightly controlled by our natural defence mechanisms,
and they remain in a microscopic and harmless state.12
The appearance of clinically detectable cancer thus
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implies that precancerous cells have overwhelmed these
defences and acquired the ability to grow and invade
the host tissues.

Anticancer properties of plant-based food:
the importance of phytochemicals
There is now considerable evidence that the chemopreventive properties of plant-based food are related
to their ability to block the progression of latent microtumours. These properties arise from the high content
of phytochemicals, molecules that target several key
events in the development of cancer. Intensive research
conducted over the last few years has shown that phytochemicals derived from the diet interfere with tumour
progression by acting directly on tumour cells as well as
by modifying the tumour’s microenvironment (stroma)
and creating physiologic conditions that are hostile to
tumour growth.
Direct inhibitory actions on tumour cells.
Reduction of damage to DNA: Free radicals,
environmental or diet-associated chemicals, and some

Table 3. Proportion of tumours detected at autopsy and
clinically: Tumours had formed spontaneously.
% OF PATIENTS with
TUMOURS DETECTED AT
AUTOPSY

% OF PATIENTS with
TUMOURS DETECTED
CLINICALLY

Breast (40- to 50year-old women)

33

1

Prostate (40- to
50-year-old men)

40

2

98

0.1

ORGAN

Thyroid
Adapted from Black and Welch.

11

Figure 1. Steps in carcinogenesis: For many years, or even decades, cancerous cells remain very vulnerable;
only a few will succeed in reaching the malignant stage. This vulnerability makes it possible to intervene and
interfere at several stages of tumour development and thus prevent onset of disease.

Adapted from Béliveau and Gingras.10
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metabolites all have the capacity to severely damage cell
DNA, which might ultimately lead to cancer.13 Several
chemopreventive phytochemicals elicit their anticancer
effects by modulating the enzymatic systems responsible for neutralizing these carcinogens, either by reducing
their carcinogenic potential or by increasing their excretion.14-16 For example, isothiocyanates, compounds found
in abundance in cruciferous vegetables, inhibit tumourigenesis by reducing genetic damage induced by a wide
variety of chemical carcinogens. 17,18 Phytochemicals,
which modulate the host’s defence mechanism against
DNA-damaging molecules, are also found in several
other types of fruit and vegetables, including members
of the genus Allium (such as garlic)19 and citrus fruit.20
The ability of these molecules to reduce the oncogenic
potential of carcinogens thus makes them an efficient
first-line defence against cancer.16-19
Cytotoxicity against tumour cells: Several phytochemicals also inhibit tumour growth by directly inducing
cancer cell death by apoptosis. For example, phenethyl
isothiocyanate from cruciferous vegetables, curcumin
from turmeric, and resveratrol from grapes have all been
shown to possess strong pro-apoptotic activity against
cells isolated from a variety of tumours.21-23 This activity
correlates with inhibition of tumour growth in animals.
Recent work has shown that some phytochemicals also
sensitize tumour cells to apoptotic cues derived from
natural pro-apoptotic stimuli, such as tumour necrosis
factor–related apoptosis-inducing ligand.24,25 Overall, the
cytotoxic properties of diet-derived phytochemicals contribute to the chemopreventive effects associated with
intake of plant-derived foods and could play an essential role in preventing growth of cells that have already
acquired an initiated phenotype (precancerous cells).
Effects on tumour microenvironment.
Antiangiogenic properties: Angiogenesis is the process by which tumour cells stimulate formation of new
blood vessel networks that sustain the development of
cancer by providing oxygen and nutrients to tumour
cells.26 Work from our laboratory has shown that several
phytochemicals possess strong antiangiogenic activity and that this effect likely plays an important role
in their chemopreventive properties.27,28 For example,
epigallocatechin-3-gallate (EGCG), an abundant polyphenol found in green tea, potently inhibits vascular
endothelial growth factor receptor-2, a key receptor
involved in tumour angiogenesis.29 The inhibitory effect
occurs with low concentrations of EGCG (concentrations
achievable through diet), suggesting that this antiangiogenic effect is relevant in vivo.28 Accordingly, oral infusion of a polyphenolic fraction isolated from green tea at
a human achievable dose (equivalent to 6 cups of green
tea per day) strongly inhibits development of prostate
cancer and increases the survival of transgenic mice
that spontaneously develop this cancer.30 Interestingly,
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moderate consumption of green tea by humans was
also recently associated with clear clinical benefits for
some patients with chronic lymphocytic leukemia.31
In a similar manner, ellagic acid,32 a phenolic acid
found in high quantities in some fruit, such as raspberries and strawberries, and delphinidin,33 an anthocyanidin abundant in blueberries, also block vascular
endothelial growth factor receptor-2 activity and also
strongly inhibit the activity of another receptor found in
perivascular cells, platelet-derived growth factor receptor. 32,33 This combined inhibitory effect of 2 receptor
tyrosine kinases that are both essential for angiogenesis
leads to inhibition of this process in both in vitro and
in vivo assays29,33 in a manner similar to the synergistic
anticancer effects observed with pharmacologic inhibition of these receptors.34 There is growing evidence that
the antiangiogenic effects of these phytochemicals play
a crucial role in their chemopreventive activity by preventing latent tumours from acquiring the blood vessel
network necessary to sustain their growth and permit
them to invade host tissues.
Anti-inflammatory effects: It is becoming increasingly clear that inflammatory stimuli participate in the
progression of several cancers, including those of the
colorectum, breast, and lung.35 The close relationship
between inflammation and cancer is suggested by the
identification of a number of inflammatory conditions
that predispose patients to cancer (Table 436) as well as
by the chemopreventive effects that anti-inflammatory
cyclooxygenase-2 (COX-2) inhibitors, such as celecoxib,
have on risk of colorectal cancer.37 Although the severe
cardiovascular side effects associated with these drugs
preclude their use as prophylactic agents,38 these effects
nevertheless indicate that reducing inflammation represents a promising approach to preventing cancer.

Table 4. Some inflammatory conditions that predispose
patients to cancer
INFLAMMATORY STIMULUS

MALIGNANCY

Inflammatory bowel disease

Colorectal cancer

Helicobacter pylori-induced
gastritis

Gastric cancer

Prostatitis

Prostate cancer

Salpingitis, endometriosis

Ovarian cancer

Barrett syndrome

Esophageal cancer

Asbestos inhalation

Bronchial carcinoma,
mesothelioma

Adapted from Balkwill et al.36

There is now considerable evidence that Western
diets rich in refined starches, sugar, and saturated and
trans fatty acids and poor in fruit, vegetables, fibre, ω-3
fatty acids, and whole grains promote inflammation.39
Inflammatory and immune cells from those consuming typical Western diets contain a high proportion
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of the pro-inflammatory ω-6 polyunsaturated fatty
acid (PUFA) arachidonic acid and a low proportion of
anti-inflammatory ω-3 PUFAs eicosapentenoic acid and
docosahexenoic acid.40 As arachidonic acid is the precursor of 2-series prostaglandins and 4-series leukotrienes, which are highly active mediators of inflammation,
a high dietary ω-6–to–ω-3 ratio results in generation of
a pro-inflammatory state that could sustain the onset of
several diseases, including cardiovascular disease, diabetes, and certain types of cancer.39,41
In addition to the important role of dietary PUFAs,
there is also growing evidence that several phytochemicals from dietary sources reduce inflammatory processes,
and that this anti-inflammatory effect contributes to
their anticancer properties.42 For example, curcumin (the
yellow pigment of turmeric), the green tea polyphenol
EGCG, and resveratrol from grapes have all been shown
to markedly reduce the expression of COX-2, an effect
related to blockading the activity of the nuclear factorκB transcription factor.7,42,43 This effect is likely to occur
in humans, as reflected by the decrease in serum levels
of the inflammatory prostaglandin PGE2 following oral
administration of curcumin.44

Clinical Review

Figure 2. Including foods with chemopreventive
properties in a daily diet

Conclusion
A large number of epidemiologic, animal, and laboratory
studies indicate that abundant consumption of food of
plant origin reduces the risk of several types of cancer.
The chemopreventive effect is related to the high content
in these foods of phytochemicals with potent anticancer
and anti-inflammatory properties. These properties block
precancerous cells from developing into malignant cells
by interfering directly with tumour cells and by preventing generation of an inflammatory microenvironment
that would sustain the progression of the tumours. In
many cases, these anticancer phytochemicals interfere

Adapted from Béliveau and Gingras.10

Table 5. Pharmacologic targets of diet-derived phytochemicals
TARGET

EXAMPLES

BEST FOOD SOURCES

Tumour invasion and metastasis

Epigallocatechin gallate

Green tea

Growth factor receptor–mediated signal transduction

Delphinidin, ellagic acid

Blueberries, raspberries, nuts

Inflammatory enzymes (eg, cyclooxygenase-2)

Curcumin, resveratrol

Turmeric, grapes

Transcription factor activity (eg, nuclear factor-κB,
activator protein-1)

Curcumin, resveratrol

Turmeric, grapes

Multidrug resistance

Diallyl disulfide

Garlic

Angiogenesis

Epigallocatechin gallate

Green tea

Estrogenic actions

Genistein

Soy

Metabolic activation of carcinogens via phase I enzymes

Indole-3-carbinol

Cabbage

Tumour cell apoptosis

Phenethyl isothiocyanate

Cabbage, watercress

Immune system function

Lentinan

Shiitake mushrooms

Detoxification via phase II enzymes

Sulforaphane

Broccoli

Inhibition

Activation
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with tumour promotion and progression by mechanisms
identical to those through which synthetic molecularly
targeted chemotherapeutic agents exert their activity
(Table 5).7,42,45
Unlike synthetic molecules, however, whose inherent
toxicity limits their use for prevention (eg, COX-2 inhibitors), the anticancer molecules present naturally in food
are selected by evolution to be beneficial for health and,
therefore, do not have secondary harmful effects. Daily
intake of food rich in anticancer molecules could thus
be compared to a preventive, non-toxic version of chemotherapy that is harmless to the physiology of normal
tissue and stops microtumours from attaining a stage
that would allow them to have pathologic consequences.
Based on these considerations, there is no doubt that all
patients, particularly those who have family history of
cancer, should be strongly encouraged to change their
dietary habits to include at least 5 to 10 servings daily
of plant-based food, especially food with the highest
content of anticancer phytochemicals (Figure 210). Such
a change, coupled with a reduction in consumption of
red meat (which is associated with an increased risk of
colorectal46 and some types of breast47 cancer), maintenance of physical activity and appropriate body mass,
and not smoking could substantially reduce the burden
of cancer in Canada.
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