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Summary

Large claims have been made for the effectiveness of par-
ticular diets in preventing cancer or inhibiting its progres-
sion. However, more recent clinical studies have not con-
firmed this. Instead it seems that rather than specific dietary
constituents, total calories influence cancer incidence and
progression. In this review article, we summarise and inter-
pret the available evidence for links between diet and can-
cer.
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Introduction

Thirty years ago, Doll and Peto wrote an influential paper
emphasising the contribution of lifestyle, diet in particular,
on cancer incidence [1]. They estimated that one third of
all cancer cases could be prevented by a healthier diet; a
statement which was widely accepted in the scientific liter-
ature. Since then, a large number of studies and meta-stud-
ies have been published with varying and often contradict-
ing results. Nonetheless, there is a general consensus that a
“prudent” diet composed of mainly vegetables, fruit, whole
grain and fish and a reduced intake of red meat, animal fat
and refined sugar should be recommended, and that over-
nutrition should be avoided.

In this review on the relationship between diet and cancer,
we will, after a discussion of the molecular background
and the methodological difficulties confronted by research
in the field, present an overview about the effect of particu-
lar macro- and micronutrients on cancer incidence and con-
sider the possible contribution of calorie reduction. We will
conclude by presenting our view of what should and should
not be recommended in order to reduce tumour incidence
in the general population.

This review will be restricted to human studies, except
when discussing calorie reduction. The physiological diets
of laboratory animals, especially of mice and rats, are too
different from human needs to justify the translation of
results obtained in these studies into recommendations for

people. Calorie reduction, on the other hand, seems to have
comparable effects on all kinds of mammals.

Molecular mechanisms

For a long time, somatic mutagenesis stood at the centre of
interest in the field of carcinogenesis. As a consequence,
mutagenic dietary factors and nutrients that impair gene
repair were investigated in detail (reviewed by [2, 3]).
Among those identified are natural compounds consumed
directly (e.g., in herbal teas) or indirectly via herbivores
feeding on bracken fern for example. Food might also be
contaminated with mutagenic molecules, with the best
known example being aflatoxin produced by Aspergillus
flavus growing on peanuts and cereals. Finally, heterocyc-
lic amines, polycyclic aromatic hydrocarbons, N-nitroso-
compounds or acrylamide can be formed by the process of
cooking, particularly of meat [4]. The picture is complic-
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Figure 1

mTOR and AMPK oppose each other. Tumour enhancing pathways
are coloured red, inhibitory interactions are represented by dashed
lines. See text for details. AMPK: AMP-dependent kinase; IGF:
insulin-like growth factor; LKB1: Serine/threonine-protein kinase 11;
mTOR: mammalian target of rapamycin; PI3K: phosphoinositide
3-kinase; PTEN: phosphatase and tensin homologue; TSC:
tuberous sclerosis complex.
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ated, however, by dietary factors that oppose the action of
mutagens.

More recently, the emphasis has shifted towards cancer-fa-
vouring and -inhibiting effects of the metabolic status of an
individual. This shift of focus coincides with the rediscov-
ery of the Warburg effect. In 1924, Warburg found that can-
cer cells mainly rely on aerobic glycolysis: they produce a
large proportion of the adenosine triphosphate (ATP) they
need by metabolising glucose to lactate which they secrete,
even in the presence of sufficient oxygen [5]. Compared
to normal cells, the aerobic, oxidative breakdown of pyr-
uvate (from glucose) and fatty acids in mitochondria is
reduced. Warburg originally thought that defective mito-
chondria were the cause of both aerobic glycolysis and car-
cinogenesis. However, while mitochondrial defects have
been observed in some tumours, most harbour fully func-
tional mitochondria.

In the last few years, our understanding of what affects
the balance between the glycolytic phenotype distinctive of
proliferating cells and the aerobic, oxidative phenotype of
most normal cells has evolved considerably. At the same
time, we are beginning to understand how an anabolic,
glycolytic cellular mode might increase the probability of
tumorigenesis. In the following, we will provide a broad
overview that will serve as a framework for evaluating the
possible effects of different diets.

In figure 1, we have placed two opposing hubs of the meta-
bolic signalling network at the centre of events: the “mam-
malian Target of Rapamycin” (mTOR), a serine protein
kinase which stimulates anabolic, ATP-consuming pro-
cesses such as protein synthesis, lipid synthesis and cell
growth (the “red block™ in fig. 1); and the adenosine mono-
phosphate (AMP)-dependent kinase (AMPK) which stim-
ulates catabolic, ATP-generating processes, particularly in
the mitochondrion (the “grey block™” in fig. 1). Both are
“energy sensors” with mTOR responding to high levels
of energy carriers, glucose and amino acids, as well as to
growth factors (insulin, insulin-like growth factor 1 etc.),
and with AMPK responding to an increase of the
AMP:ATP ratio (i.e. a slight depletion of the intracellular
energy source ATP). The two pathways are not only activ-
ated by opposite metabolic situations, but they also inhibit
each other.

It is clear that merely shifting the balance in favour of
mTOR is not enough to cause cancer. However, it should
be noted that four of the signalling intermediates are tu-
mour suppressors that, directly or indirectly, inhibit mTOR:
PTEN (phosphatase and tensin homologue), LKB1 (serine/
threonine-protein kinase 11), TSC (tuberous sclerosis com-
plex) and p53. It might, therefore, be expected that, in the
long run, excessive mTOR activity will increase the prob-
ability of carcinogenesis.

High fasting blood glucose, insulin and insulin-like growth
factor (IGF) concentrations stimulate the mTOR pathway
and are also features of metabolic syndrome. The latter is
known to positively correlate with cancer incidence, and
we might expect that a diet preventing obesity and meta-
bolic syndrome reduces the likelihood of developing can-
cer. But what appears to be straightforward in theory is of-
ten either hard to prove or not true. In the following, we
will have a look at the evidence, after a discussion about

the methodological difficulties of epidemiological studies
on diet.

Although we have emphasised the role of mTOR pathways
in carcinogenesis, we don't want to imply that this is the
only mechanism explaining increased cancer incidence in
obesity and the metabolic syndrome. There is, for example,
abundant evidence that inflammatory adipokines released
by visceral adipose tissue may favour tumourigenesis [6].

Methodological aspects

Establishing a causal relationship between a particular diet
and cancer is difficult. Cancer is a chronic disease surfa-
cing after many years of (possibly) harmful eating beha-
viour. This practically excludes the kind of controlled ex-
periments demanded in science and leaves us with mainly
observational studies.

Observational studies come in two flavours: In case-con-
trol studies, two groups are compared — one suffering from
a disease (the “case”) and a matched control group. Eating
habits are recorded with the help of questionnaires, but ob-
viously suffer from recall bias, difficulties in remembering
past behaviour and changes in that behaviour with time.
Cohort studies are prospective. The diet of disease-free in-
dividuals is recorded, and their fate is followed over the
years.

Both types of observational studies are flawed. Besides
the fact that a correlation does at best suggest, but never
prove a causal relationship, the groups are self-chosen and
therefore most likely hide numerous additional differences
in diet and lifestyle such as health-consciousness, physical
activity and smoking. Those eating large amounts of red
meat might represent the quintessential “steak and potato
guys”. If a correlation is found, what causes it? Is it the red
meat? Or the potatoes? Or maybe the combination of the
two? Would a hypothetical group eating red meat and cab-
bage also be at risk? To a certain extent, these factors can
be corrected for, but only when the observer is aware of
their existence.

Often, case-control studies come up with a significant cor-
relation between a given macro- or micronutrient and can-
cer incidence, but cohort studies fail to confirm the result.
The reason for this is not clear, but the difficulty of recall-
ing past eating behaviour may play a role [7, §&].

Not properly appreciated is the fact that many epidemi-
ological studies which come up with a “significant” (p
<0.05) relationship are wrong. In a paper provocatively en-
titled “Why Most Published Research Findings Are False”,
lIoannidis explains why this is so. The likelihood of false
positive results increases not only with small study sizes,
small effects (many nutritional studies operate with relative
risks of 1.1-1.5) and the prejudices of the investigators,
but also with the number of possible correlational combin-
ations typical for hypothesis-generating experiments [9].
Interventional studies (randomised controlled trials =
RCTs) are more reliable because individuals are randomly
assigned to treatment groups, excluding hidden biases in-
troduced by self-choice (but see Martinez et al. [7] for a
discussion of the pitfalls). However, participants have to
stick to their assigned diet which limits the time-span of the
trials.
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What?

It is a very old and very common idea that by eating healthy
food, cancer can be kept at bay. Many scientific and pop-
ular guidelines have been published that offer advice on
what to eat, and worldwide, nutritional supplements worth
27 billion dollars are being sold every year. This stands in
sharp contrast to the paucity of evidence, most of which is
derived from epidemiological data. Controlled trials, on the
other hand, are mostly missing. In this section, we discuss
the evidence for pro- and anti-cancerogenic effects of dif-
ferent kinds of food.

Fat

A diet high in fat has been suspected to contribute to car-
cinogenesis and a poor outcome in cancer patients since
the late 1950s. Lipids and lipid metabolites play a role in
oncogenic signalling, and two preclinical examples are: (i)
oxidised low density lipoprotein (LDL) promotes cellular
transformation through NF«B signalling [10]; (ii) overex-
pression of monoacylglycerol lipase does increase migra-
tion, invasion and survival of cancer cells [11]. However,
lipids and lipid metabolism in the body don’t directly re-
flect lipids in the diet — they are the result of a complex
interplay between all dietary components, other lifestyle
factors and genetics. Whether eating a high fat diet in-
creases cancer incidence and mortality or not needs to be
established by large, adequately powered, randomised and
controlled interventional trials. No such study has yet been
performed [12]. Nonetheless, case-control and cohort stud-
ies have shed some light on the question.

Colorectal cancer

Studies investigating the effect of total fat intake on colon
cancer incidence have been inconsistent. Usually, case-
control studies have been more likely to find a positive cor-
relation than cohort studies. The Women’s Health Initiat-
ive randomised controlled trial found no such association.
In most observational studies, the association between total
fat intake and colorectal cancer incidence disappeared after
an adjustment for total calories [12]. This may be due to
the strong correlation between calorie and total fat intake
in industrialised countries [13]. Interestingly, one cohort
study even found a reduced incidence of colorectal cancer
in women with a high consumption of high-fat dairy food
[14]. The benefit might be mediated by conjugated linoleic
acids, but there are many other compounds in milk whose
influence on carcinogenesis is unaccounted for. In addition,
there are some limited data that consumption of fish and
-3 long chain polyunsaturated fatty acids may be benefi-
cial [12].

Prostate cancer

Several case-control and cohort studies have not been able
to establish a link between total fat uptake and prostate can-
cer risk. There are not enough data to draw a conclusion re-
garding the effect of specific classes of fatty acids on pro-
state cancer incidence [15-20].

Breast cancer
The Women’s Health Initative study showed a risk reduc-
tion with a low fat diet, which was borderline significant

[21]. However, other case-control and cohort studies have
produced conflicting results [22, 23]. Again, it is total en-
ergy rather than total fat uptake that has an impact on the
frequency of breast cancer [24].

Prompted by animal data, many case-control and cohort
studies investigating the effect of specific fatty acids on
breast cancer development have been performed. The res-
ults of these studies are prone to confounding effects due to
the different possible sources of fatty acids [12]. Based on
the current data, no firm conclusion can be drawn regard-
ing the contribution of specific fatty acids to breast cancer
incidence.

Taken together, in as much as fat uptake contributes to
obesity, it may be correlated with a higher cancer risk.
However, there is no convincing evidence that fat uptake
per se (i.e. independent from total energy uptake and
obesity) is a risk factor for malignant disease [12, 25].

Meat

Besides fat, meat (especially when red or processed) is
counted among the "usual suspects" contributing to carci-
nogenesis [26]. However, current systematic reviews and
meta-analyses do not support a causal role in colorectal or
prostate cancer [27, 28]. In a recent meta-analysis of work
on breast cancer, most case-control studies came up with
a correlation between meat consumption and cancer, while
the majority of cohort studies failed to confirm the link
[29]. More recently, attention has shifted to meat fat as a
potential detrimental factor. Freedman, for example, found
a positive correlation with the development of hepatocellu-
lar carcinoma [30]. However, these data are also hampered
by the correlation of fat and total energy. Randomised and
controlled trials that could settle the issue are not available.

Fruits, vegetables and dietary fibre

Many case-control and cohort studies are dealing with the
effect of fruits and vegetables on cancer incidence. Early
data indicated a beneficial effect (summarised by Block et
al. [31]) and, as recently as 2008, Freedman et al. found
a reduced occurrence of head and neck cancers with in-
creased fruit and vegetable consumption [32]. On the other
hand, a Cochrane study came up empty when correlating
the amount of dietary fibre with the occurrence of
colorectal cancer [33]. Similarly, an Food and Drug Ad-
ministration (FDA) review found little evidence to support
an association between tomato consumption and cancer
risk [34]. Lifestyle issues are powerful confounding factors
when investigating the effect of fruits, vegetables and diet-
ary fibre on health. Even after carefully adjusting for these
factors, residual uncertainties remain [35].

Four large prospective trials have assessed the correlation
between fruit and vegetable intake and overall cancer risk.
In a European study, after 8.7 years of follow-up a higher
intake of 200 g of vegetable and fruit resulted in a slightly
reduced cancer risk (hazard ratio = 0.97, [36]). The result
was significant, but not when subjected to a more stringent
Bayesian analysis [37]. These results are in line with two
earlier cohort trials that reported no correlation between
fruit and vegetable uptake and cancer risk [38, 39]. In the
NIH-AARP study, fruits or vegetables were not associated
with cancer incidence, except for a small inverse associ-
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ation between vegetable consumption and cancer in men
[40].

The inverse correlation between the uptake of fruits and ve-
getables and the consumption of alcohol and tobacco is a
potent confounding factor. At this point, it has to be con-
cluded that fruits, vegetables and dietary fibre have a very
marginal, if any, effect on cancer incidence.

Vitamins, antioxidants and other micronutrients

Many trials have investigated the correlation between the
consumption of vitamins and antioxidants and the incid-
ence of cancer. In contrast to most other studies on diet
and cancer, which rely heavily on a cohort or case-control
design, some randomised controlled trials are available in
the case of vitamins and antioxidants. In the Women’s Anti-
oxidants Cardiovascular Trial, vitamin C, E and B-carotene
were supplemented [41]. After a median follow up of 9.4
years, no difference in cancer incidence was noted. At the
level of individual cancer types, a Cochrane review found
no decrease in gastrointestinal cancers when vitamins and
antioxidants were added to the diet [42]. In addition, mul-
tivitamins were not effective in preventing recurrence or in-
creasing overall survival in colorectal cancer patients [43].
B-carotene did not prevent cancer, and on the contrary, it in-
creased the risk of lung and gastric cancer in smokers and
in asbestos workers (systematic review by Druesne-Pecollo
[44]).

Based on a number of case-control and cohort studies, it
was claimed that supplementing the diet with folic acid
or natural folates may reduce the risk of colorectal cancer
[45-47]. However, an effect was only seen in persons who
took supplements for at least 15 years, whereas the number
of polyps was not reduced. Heavy smokers and people who
consume large quantities of alcohol, conditions known to
deplete folate reserves, might benefit from folate supple-
ments. In contrast, circulating folate was positively asso-
ciated with the risk of prostate cancer in a meta-analysis
of prospective studies showing an odds ratio of 1.18 (95%
confidence interval 1.0-1.4 per 10 nmol/L increase) [48].
This suggests that there must be an ideal range of folate in
the body, below and above which the cancer risk increases.
Selenium 1is another micronutrient studied for its cancer
preventing potential. However, the SELECT trial has
provided no evidence that selenium prevents cancer in the
selenium replete population [49].

While in general, supplementation with vitamins, antioxid-
ants or other micronutrients does neither reduce the risk of
carcinogenesis nor improve the outcome in patients suffer-
ing from cancer, there is one possible exception: vitamin D
was found to reduce the risk of colorectal cancer [50], re-
viewed in [51, 52]. In an unplanned subgroup analysis of
the Women’s Health Initative, supplementation with calci-
um and vitamin D reduced the risk of melanoma in women
with previous non-melanoma skin cancer [53]. However,
with regard to breast cancer, prospective cohort trials
showed a much smaller benefit than retrospective case-
control studies [54]. In addition, most of the laboratory
work which forms the rationale for studies on vitamin D
was done with 1,25-dihydroxy-cholecalciferol, whereas in
nutritional studies 25-hydroxy-cholecalciferol was supple-
mented. This complicates the interpretation of the results.

In summary, supplementation with vitamins, antioxidants
or other micronutrients offers no relevant benefit in the
primary prevention of cancer incidence and mortality. The
potential benefits of vitamin D and folate have to be con-
firmed or disproved by additional studies, preferentially

with interventional trials.

Alcohol

Although seldom fully appreciated, the relationship
between alcohol consumption and cancer risk is firmly es-
tablished [55]. Alcohol is the most frequent cause of hep-
atocellular carcinoma (HCC), accounting for about 40% of
all cases. Regular consumption of more than 80 grams of
alcohol per day for more than 10 years increases the risk for
HCC approximately 5-fold, approaching an absolute risk of
about 1% per year in alcoholic liver cirrhosis [56]. When
adjusted for tobacco use and other potential confounding
factors, alcohol consumption of more than 60 grams per
day increases the relative risk for oral or hypopharyngeal
squamous cell cancer 3.2 to 9.2 fold (reviewed by Gold-
stein et al. [57]). Drinking moderate quantities of alcohol
(up to 12.5 g/day) results in a relative risk of 1.4 for eso-
phageal cancer. The relative risk is 2.6 for intermediate-
level (>12.5 to 50 g/day) and 5.5 for high-level (>50 g
per day) alcohol consumption [58]. In colorectal cancer,
there is a strong correlation with alcohol consumption as
well. The relative risk is 1.21 (95% confidence interval
1.13-1.28) for moderate and 1.52 (95% confidence interval
1.27-1.81) for heavy (>4 drinks per day) drinking [59]. Al-
cohol consumption also significantly increases the risk for
breast cancer. The association is stronger for the hormone-
sensitive form of breast cancer than for the insensitive form
[60]. Consuming 3 or more alcoholic drinks per week also
augments the risk of recurrence and cancer-related death
upon diagnosis of breast cancer [61], but these results still
await confirmation in other large, prospective studies of
breast cancer survivors with long-term follow-ups. There
also seems to be a modest increase in the incidence of pro-
state cancer if 7 or more drinks per day are consumed (re-
viewed by [62]).

Although the studies mentioned are case-control studies —
for obvious reasons, controlled randomised trials are not
feasable — the very high risk values and the consistency of
the results allow us to conclude that confounding factors
introduced by self-selection will not modify the interpret-
ation substantially. Thus, ethanol and its metabolite acetal-
dehyde are carcinogens.

Tea and coffee

Green (unfermented) tea, Camellia sinensis, has a reputa-
tion for being healthy and reducing cancer risk. Limited
preclinical and clinical data seem to support this belief
[63]. In particular, a positive effect on the incidence of hep-
atocellular cancer was reported [64]. However, a recent Co-
chrane Review found no evidence for a cancer-prevention
effect of green tea [65]. Interestingly, green tea consump-
tion may contribute to weight loss or weight stabilisation
[66]. Therefore, an indirect effect of green tea on cancer in-
cidence, mediated by its supposed weight-lowering prop-
erty, cannot be excluded.
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Like green tea consumption, regularly drinking coffee has
been associated with a reduced risk for hepatocellular can-
cer. These findings are supported by two meta-analyses
of several recent case-control and cohort studies [67, 68].
Intriguingly, consumption of more than 3 cups of coffee
per day was also associated with an improved virologic
response to peginterferon and ribavirin in patients with
hepatitis C [69]. This finding might provide a causal link
between coffee and reduced hepatocellular cancer risk.
However, there are no randomised controlled data on this
issue. A meta-analysis of 13 cohort studies found no cor-
relation between coffee consumption (more than 6 cups
per day) and colorectal cancer risk [70]. The same analysis
found a small positive correlation (relative risk = 1.28)
between tea consumption (more than 4 cups per day) and
colorectal cancer incidence. However, relatively few parti-
cipants of the study consumed that much tea, and the type
of tea consumed (black versus green) was not assessed. If
there is a real effect of coffee or tea on cancer risk, it must
be small and would be difficult to detect in epidemiological
studies.

How much?

Obesity and other symptoms of metabolic syndrome are
risk factors for cancer [6, 71-73]. Obesity increases the
risk of colorectal cancer, particularly of the microsatellite-
stable form [74]. In a nested, case-control study, obesity
also correlated with a poor prognosis for prostate cancer
patients, and preliminary data suggest that fatty acid syn-
thase polymorphism might link obesity to mechanisms of
tumour progression [75]. Obese breast cancer patients have
a higher risk of tumour progression [76], and diabetes mel-
litus and hyperglycemia increase the hazard ratio for death
in breast cancer patients [77, 78]. In summary, there is solid
evidence that obesity has a limited but real influence on
cancer incidence and mortality [79, 80].

As what, how often and how much an individual eats has
a lot to do with whether he or she will become obese, diet-
ary interventions that prevent people from becoming over-
weight will also reduce cancer incidence. However, rather
than digress into the topic of how obesity may be pre-
vented, we will discuss three dietary interventions that af-
fect cancer incidence or progression favourably, at least in
laboratory animals: calorie restriction, intermittent fasting
and the ketogenic diet.

Calorie reduction

Calorie (or energy) restriction (CR) is defined as a reduc-
tion of calorie intake while maintaining sufficient levels of
protein, essential fatty acids and micronutrients. CR is eas-
ily implemented in laboratory animals where baseline (ad
libitum) intake is reduced by 20—40%. It should be noted
that mice and rats kept round the clock with access to an
unlimited food supply are overfed and “metabolically mor-
bid” [81]. Energy-restricted animals resemble the wild state
more closely.

Calorie restriction reduces the exposure of cells to high
glucose levels, insulin and other growth factors, favouring
a metabolic state dominated by AMPK, while at the same
time inhibiting mTOR activity (fig. 1). It is no surprise,

therefore, that calorie reduction does lower the frequency
of spontaneous and induced tumours in laboratory animals
(for references see [82—84]).

For obvious reasons, there is only circumstantial evidence
that drastic calorie reduction has the same effect in humans.
The example most often cited is a study of the population
of Okinawa with a total energy intake 20% below the
Japanese (and 40% below the US) average. They live
longer, and death rates due to cancer are 30% lower than in
the rest of Japan [85]. Another example is provided by indi-
viduals who experienced the “Dutch Hunger Winter” dur-
ing World War II (1944-1945) and who had a lower risk of
developing colorectal cancer later in life. In this case, un-
voluntary severe CR, although of short duration, led to epi-
genetic changes that might explain the outcome [86].

It is impossible to impose substantial (20-40%) energy
reduction regimes on human populations for a prolonged
period of time. Healthy people subjected to this kind of ex-
periment do not get used to feeling hungry, become apathic,
cold-sensitive and sometimes depressive, as Benedict et al.
described in a careful, book-length study published in 1919
[87]. It might even be dangerous, as discussed by Dirks et
al. [88] and by Mattson who speculated, based on single
observations and some animal experiments, that a causal
link between a negative energy balance and the motor neur-
on disease Amyotrophic Lateral Sclerosis (ALS) might ex-
ist [89].

Diets calorie-reduced only by about 10% should be feasible
and have been shown to improve certain risk factors [88].
However, no large long-term study on the effect of such a
diet on cancer incidence has been published.

Intermittent fasting

Effects comparable to the ones observed when subjecting
laboratory animals to calorie reduction have been obtained
by “intermittent fasting”, that is increasing the intervals
between meals. In the laboratory, feeding animals on al-
ternate days (the “Every Other Day” diet or EOD) im-
proves risk factors to the same extent as substantial calorie
reduction, even though energy consumption is considerably
higher [90]. Intermittent fasting also reduces chemically in-
duced hepatocarcinogenesis [91] and delays spontaneous
tumorigenesis in p53-deficient mice [92].

In the Western world, the three daily meals of the Seventies
gradually gave way to today's herbivore-type pattern of al-
most continuous grazing [93]. In view of the results ob-
tained with laboratory animals, careful prospective studies
on the effect of reducing the number of meals on cancer in-
cidence should be undertaken [94].

Ketogenic diet

Fasting (including intermittent fasting) induces ketogenes-
is, the production of the ketone bodies B-hydroxy-butyrate
and acetoacetate from fatty acids in the liver. Another way
of achieving high blood concentrations of ketone bodies is
by eating a ketogenic diet: Diets low in carbohydrates and
high in fat (>50% of the energy intake) are called ketogen-
ic. They share a number of biochemical and biological ef-
fects with calorie reduction schemes [95], and it has been
suggested that, like calorie reduction, they might have anti-
tumour activity.
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Ketogenic diets have been employed as adjuvant therapy
in a few cases of patients with brain tumours. The reports
were positive, but anectdotal [96, 97]. Although, at this
time, it is not known whether the method is applicable
to other kinds of tumours [98], we think that physicians
should be aware of the results obtained so far and keep
track of future developments.

Conclusions

If by changing our eating behaviour we can reduce the
number of cancer patients, information on what is harmful
and what might help will interest both individuals and so-
ciety. However, we should beware of the cavalier attitude
of “If it doesn’t help, at least it doesn’t do any harm” and
not recommend diets with no proven benefit. Changing the
eating behaviour of whole populations might have unfore-
seen effects when, for example, people replace something
supposedly unhealthy with something equally bad or worse
[99]. It may affect the economy, it may tempt legislators to
introduce “incentives” or taxes that have no scientific basis,
and last but not least, cancer patients might unnecessarily
reproach themselves their past behaviour.

We have therefore subjected the often sanguine claims
made in the past, mostly based on case-control studies, to a
critical analysis comparing them to more recent and larger
cohort studies and, if available, controlled randomised tri-
als. These are our conclusions:

— Obesity leads to a limited but real increase of cancer
risk and mortality, possibly due to an over-stimulation of
mTOR-related pathways. Minimising those stimuli by lim-
iting calorie-intake and the number of meals eaten per day
is recommended.

— Alcohol is a carcinogen and increases cancer incidence
and mortality.

— Consumption of fat or meat per se (independent of total
calorie intake) probably does not increase the risk.

— Increasing the consumption of tea, coffee, fruits or ve-
getables is not expected to impact significantly on cancer
rates, at least not in well-nourished populations.

— There is currently no compelling evidence that supple-
menting vitamins, antioxidants or other micronutrients re-
duces cancer incidence.
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