
Abstract. – A paradox exists in the relation-
ship between nutrition and cancer. Excessive di-
etary intake of nutrients and decreased physical
activity represent two modifiable factors responsi-
ble for cancer development, namely for cancers of
the gastrointestinal (GI) tract, and the present epi-
demics of obesity and diabetes is likely to increase
the incidence of GI and metabolically-derived liver
in the next few years. At the same time, in subjects
diagnosed with cancer, malnutrition represents a
risk factor of poor outcome following surgical re-
section, as well as of increased toxicity following
chemo- and radiotherapy. Any effort should be
made to modify the current trend of obesity for
cancer prevention, as well as to provide enteral or
parenteral nutritional support in cancer patients, to
cope with nutritional needs and prevent cancer-re-
lated cachexia.
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Introduction

The role of nutrition in cancer development, as
well as in cancer prevention, has long been rec-
ognized, but the evidence has been expanded by
recent data based on careful analysis of time
trends of cancer epidemiology, coupled with
analysis of nutritional status and obesity in West-
ern countries. At present there is no doubt that
dietary intake of nutrients and energy expendi-
ture represent two of the most important modifi-

European Review for Medical and Pharmacological Sciences 2010; 14: 277-284

Role of nutrition in gastrointestinal
oncological patients*

R. DI LUZIO, S. MOSCATIELLO, G. MARCHESINI

Clinical Dietetics, “Alma Mater Studiorum” University, Bologna (Italy)

––––––––––––––––––––––––––––
*Based on a lecture presented at the “EAGE Potgradu-
ate Course on Gastrointestinal and Liver Oncology”,
February 13 2009, Rome. Italy.

Corresponding Author: Giulio Marchesini, MD; e-mail: giulio.marchesini@unibo.it 277

able factors responsible for several cancers, and
namely for cancers of the gastrointestinal (GI)
tract. 

Aim of the present review is to revise the liter-
ature on the association of nutrition and GI can-
cer, on the role of individual nutrients in cancer
development and prevention, and on the nutri-
tional approach to GI oncological patients.

Nutrition and Cancer Risk
Over nutrition is a leading cause of disease

(obesity, type 2 diabetes) and is increasingly be-
ing recognized as a major nutritional risk factor
for cancer, and especially for many of those
types of cancer that have a high incidence rate in
affluent industrialized parts of the world, includ-
ing cancers of the breast, endometrium, ovary,
prostate, kidney and GI cancers1. From a nutri-
tional perspective, the “Western” lifestyle is char-
acterized by low levels of physical activity and a
diet rich in energy-dense foods, containing a high
percentage of saturated fats, sugars and other
refined carbohydrates and a high proportion of
proteins of animal origin. On the contrary, fruit
and vegetables reduce the risk of cancers of the
oral cavity, esophagus, stomach and colorectum,
and dietary recommendations suggest including
at least 400g/d of total fruit and vegetables and
low-to-moderate salt consumption. 

Dietary factors have been thought to account
for about 30% of cancers in Western countries –
the diet being second only to tobacco as a pre-
ventable cause of cancer – and lower, perhaps
around 20%, in developing countries. Dietary
recommendations to reduce cancer development
are summarized in Table I.

The main problem in relating cancer risk to
specific nutrients derives from the strong correla-
tion between different foods and nutrients, mak-
ing it hard to attribute associations to particular
dietary factors. Also the chronic energy balance
per se may play a role. The body mass index
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(BMI, the weight in kilograms divided by the
square of the height in meters: kg/m2) is deter-
mined by the balance of energy intake and ener-
gy expenditure, and can be measured much more
accurately and precisely in epidemiological stud-
ies than dietary factors. The WHO/IARC work-
ing group on weight control and physical activity
estimated that in countries with high rates of can-
cers related to overweight, excess body weight
(BMI over 25 kg/m2) accounts for approximately
39% of endometrial cancer incidence, and lower
values for kidney (25%), colon (11%), post-
menopausal breast cancer (9%) and total cancer
incidence (5%)2. 

The adipose tissue is not merely an organ for
storage of energy. It also expresses important en-
docrine functions as the production of
‘adipokines’ involved in the regulation of many
metabolic pathways3, including the metabolism
of sex steroids, inflammatory mechanisms, and
insulin signaling. The adipose tissue is a complex
endocrine organ through the release of a number
of important endocrine signaling factors, includ-
ing leptin, tumour necrosis factor-α (TNF-α), re-
sistin, visfatin, adiponectin, omentin, and other
hormonal factors. In addition, the macrophages
of the obese adipose tissue promote the secretion
of various cytokines, including the interleukins
1b and 6 (IL-1b, IL-6), and macrophage-inhibit-
ing factor (MIF) affecting insulin sensitivity4.

Several prospective cohort studies examined
the relationship of endocrine and metabolic
serum markers with cancer risks. While initial
studies focused mostly on sex-steroid hormones
(androgens, estrogens, progesterone), which play
a role in the regulation of cell differentiation, mi-

tosis and apoptosis, and promote the growth of
cancer cells, more recent studies have devoted
special attention to the role of insulin and glu-
cose metabolism, as well as of insulin growth
factor-1 (IGF-I)5. On the other hand, physical ac-
tivity was shown to improve insulin sensitivity
and to reduce chronic inflammation, as well as
affecting the circulating levels of IGF-I and sex
steroids6.

In the mid ‘90s, several investigators indepen-
dently hypothesized that chronically elevated
fasting and non-fasting plasma insulin levels
could be a metabolic link between nutrition-relat-
ed lifestyle factors and the development of can-
cers of the colorectum, breast or endometrium.
These hypotheses were based on two sets of ob-
servations. First, many established or suspected
nutritional risk factors for cancer were associated
with reduced insulin sensitivity and/or increased
pancreatic insulin secretion. Secondly, there is
experimental evidence that insulin may favor tu-
mor development, either directly through its cog-
nate receptor on the pre-tumour target tissue, or
indirectly by increasing the biological activity of
other hormones and growth factors.

Since the formulation of the “insulin hypothe-
sis”, many prospective studies have addressed the
possible relationship of blood insulin concentra-
tions with cancer risk7. Cancers of the colorec-
tum and pancreas have been clearly associated
with high insulin or C-peptide levels, in line with
studies relating type-2 diabetes mellitus with in-
creased risks of cancers of the pancreas, en-
dometrium, colon, liver and kidney (renal cell tu-
mors)8,9 and, more recently, of B-cell
lymphomas10. Interestingly, among diabetic pa-
tients the use of the glucose- and insulin-lower-
ing drug metformin has been associated with up
to 30% reductions in overall cancer incidence,
compared with insulin or sulphonylurea users11,12. 

Hyperglycemia can further induce inflammato-
ry processes through the formation of advanced
glycation end products (AGE) and oxidative
stress (glucose toxicity), thereby establishing a
vicious cycle. In epidemiological studies, chronic
inflammatory states have been associated with
increased risks of several types of cancer, includ-
ing cancer of the lung, cervix, bladder, prostate
and GI cancers (colorectum, esophagus, stomach
and pancreas), but the role of obesity cannot be
ruled out. The association of obesity with nearly
all types of cancer is well established on an epi-
demiological basis13, and might be a further
cause of cancer development in type 2 diabetes.
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1. Be as lean as possible, within the normal range of
body weight

2. Be physically active as part of everyday life
3. Limit consumption of energy-dense foods. Avoid

sugary drinks
4. Eat mostly food of plant origin
5. Limit intake of red meat and avoid processed meat
6. Limit alcoholic drinks
7. Limit consumption of salt. Avoid mouldy cereals

(grains) and pulses (legumes)
8. Aim to meet nutritional needs by diet alone
9. Mothers to breastfeed: children to be breastfed

10. For cancer survivors: follow the recommendations
for cancer prevention

Table I. Dietary recommendations in cancer prevention.

Summarized from1.



Finally, both diabetes and obesity contribute to
non-alcoholic fatty liver disease, potentially pro-
gressing from pure fatty liver to steatohepatitis
(NASH), fibrosis, cirrhosis and finally to hepato-
cellular carcinoma14. The occurrence of carcino-
ma remains a relatively rare event considering
the cardiovascular and liver-related mortality of
these patients, but the obesity epidemics might
remarkably increase the burden of liver cancer in
the next few years.

Cancer and Weight Loss
Although overnutrition is a risk for cancer,

cancer cachexia is common in GI oncological
patients. Cancer has a profound impact on pa-
tients’ physical function, and nutrient and ener-
gy metabolism are altered. Lean body mass and
fat tissue are lost because of accelerated prote-
olysis and lipolysis, while muscle protein syn-
thesis is depressed. Additionally, carbohydrate
metabolism is modified by tumor growth, result-
ing in increased hepatic glucose production be-
cause of reduced hepatic and peripheral insulin
sensitivity, favored by systemic proinflammato-
ry processes. These alterations contribute to in-
crease energy expenditure and may result in
progressive muscle and fat tissue wasting, since
hypermetabolism is not compensated by in-
creased food intake15. 

There are no internationally accepted criteria
for the diagnosis of cancer malnutrition. A
weight loss (>10% in 6 months) was proven to be
a good predictive parameter, and is part of most
published nutritional scores (Table II)16-20. 

The guidelines of the American Society for
Parenteral and Enteral Nutrition define malnutri-
tion as an involuntary loss >10% of usual body
weight in 6 months or >5% of usual body weight
in 1 month21. The recent European guidelines for
surgical patients22 suggest a systematic screening
of malnourished patients on additional criteria:
severe nutritional risk is defined by a weight loss
greater than 10-15% in 6 months, BMI less than
18.5 kg/m2, a subjective global assessment
(SGA) grade C16, or a serum albumin concentra-
tion <30 g/L. In addition to these criteria, the Nu-
tritional Ratio Index, based on serum albumin
and the ratio of current weight to usual weight19,
predicts morbidity in perioperative patients.

Cancer-related malnutrition can evolve to can-
cer cachexia due to complex interactions be-
tween pro-inflammatory cytokines (e.g., inter-
leukin-1, interleukin-6) and host metabolism23.
Cachexia, representing the immediate cause of

death in 10-22% of all cancer deaths, is a bipha-
sic syndrome. In the “preclinical period”, the
molecular mechanisms responsible for proteoly-
sis and lipolysis are hyperexpressed; abnormali-
ties of nutrition intake might be already present,
but both body weight and the nutritional status
are normal. The detrimental effects of proteoly-
sis, lipolysis and disturbed food intake on the nu-
tritional status become clinically apparent in the
‘‘cachexia phase’’, characterized by weight loss,
reduction of fat and lean body masses, anorexia
with reduced food intake, early satiety, fatigue,
anemia, hypoalbuminemia, progressive debilita-
tion24. 

Cancer itself does not have a relevant effect on
resting energy expenditure. Oncological treat-
ment, however, may modulate energy expendi-
ture. Old studies on resting energy expenditure
(REE) showed that mean values in cancer pa-
tients do not differ in comparison to values mea-
sured in healthy subjects. In about 25% of pa-
tients with active cancer REE, measured by indi-
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Subjective Global Assessment (SGA)16 – Based on:
• Medical history (weight change, dietary intake, gas-

trointestinal symptoms, functional impairment) 
• Physical examination (muscle wasting, subcutaneous

fat loss, edema)
Malnutrition Universal Screening Tool (MUST) for 
adults17 – Based on:
• Body Mass Index 
• Weight loss in 3-6 months
• Nutritional intake in the last few days
Nutritional Risk Screening (NRS 2002)18 – Based on:
• Body Mass Index
• Weight loss in the last 3 months
• Dietary intake in the last week
• Severity of disease (e.g., intensive therapy)
• Age
Mini Nutritional Assessment (MNA)20 – Based on:
• Food intake in the last 3 months
• Weight loss in the last 3 months
• Mobility
• Psychological stress or acute disease in the last 3

months
• Neuropsychological problems
• Body Mass Index or calf circumference
Nutritional Risk Index (NRI)19 – Based on:
• Serum albumin
• Ratio of current weight to usual weight

Table II. Most commonly used tests for the assessment of the
nutritional status in oncological patients.

Note that the majority of test were not specifically developed
for oncological patients, and may be confidently used in any
patient at risk of malnutrition.
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rect calorimetry, is more than 10% higher, and in
another 25% it is more than 10% lower than cal-
culated by formulae, but the extent or direction
of the error cannot be predicted in individual cas-
es. The energy requirements of cancer patients
should therefore be assumed to be normal. This
is also the case of subjects with different types
GI tumors (gastric or colorectal cancers), where-
as higher than expected REE was reported in
subjects with pancreatic or lung cancers25. In
general, if REE cannot be measured in individual
cases, then it is acceptable to calculate total ener-
gy expenditure (TEE) calculated from standard
equations for non-obese patients (ambulant pa-
tients, 30-35 kcal/kgBW/d; bedridden patients :
20-25 kcal/kgBW/d).

There are very few and inconsistent data re-
garding the effects of cancer treatments on en-
ergy expenditure. Fredrix et al25 compared REE
in healthy controls and 104 patients with gas-
tric or colorectal cancer and 40 patients with
non-small cell lung cancer before and 1 year
after surgery. Subjects with gastrointestinal
cancer had normal REE, which rose slightly af-
ter surgery, while lung cancer patients had ele-
vated REE, which fell after curative resection,
and returned to high values in the presence of
tumor recurrence.

Malnutrition is a well-recognized and signifi-
cant source of postoperative morbidity and high
rate toxicity during chemotherapy or radiothera-
py, resulting in increased length of hospital stay,
increased treatment costs, decreased performance
status, and altered quality of life.

For patients undergoing surgery, Malone et al26

reported that malnutrition (defined as weight loss
exceeding 10% of body weight over 6 months)
was a significant preoperative risk factor of noso-
comial infections. In GI cancer patients, malnu-
trition is also associated with a poor prognosis.
In a randomized control study of localized
esophageal cancers, Kelsen et al27 reported a neg-
ative role of weight loss >10% of body weight on
outcome (p=0.03). Alves et al28 reported similar
data in a prospective multicenter study of 1421
patients undergoing colon surgery (colorectal
cancers and diverticular disease), where weight
loss >10% was an independent preoperative risk
factor of mortality.

For patients undergoing chemotherapy and/or
radiotherapy, minor malnutrition (weight loss
<10%) is also a significant source of toxicity and
poor prognosis. In a multicenter cooperative
study of 3047 patients prior to chemotherapy29,

weight loss was associated with a poor median
survival for colorectal cancer patients. In a retro-
spective review of 1555 patients undergoing
chemotherapy for GI malignancies, weight loss
at presentation was an independent prognostic
variable of developing more severe dose-limiting
toxicity, decreased response, and shorter overall
survival (gastric and colorectal neoplasms, p
<0.0001)30. Similarly, weight loss <5% was asso-
ciated with a poor prognosis (p=0.006) in 350
patients with advanced oesophageal cancer who
were treated in six consecutive prospective tri-
als31.

Nutritional Support
Several recent publications and guidelines

have pointed out the benefits of nutritional sup-
port for patients suffering from GI cancer. Nutri-
tional support should be started at the time of di-
agnosis and maintained during the whole period
of treatment and afterwards, until no further risk
of malnutrition is present32, along the lines pre-
sented in Table III. Depending on the type of
cancer treatment (either curative or palliative), on
patients’ clinical conditions and nutritional sta-
tus, adequate and patient-tailored nutritional in-
tervention (diet counseling, oral supplementa-
tion, enteral or total parenteral nutrition) should
be started as early as possible, to maintain neu-
tral or positive energy and protein balance, as
well as adequate vitamin, mineral, trace element
and electrolyte levels23, to improve performance
status and quality of life. Although nutritional in-
tervention is not part of any specific cancer treat-
ment, it is necessary at all stages of the disease
and of the therapeutic strategy to help control
cancer-related symptoms, to reduce postoperative
complication and infection rate, to shorten length
of hospital stay, to improve treatment tolerance,
and to enhance the immuno-metabolic host re-
sponse33-38. 

This is mainly the case of GI oncological pa-
tients. Depending on tumor entity, weight loss is
reported in 85% of patients with pancreatic or
stomach cancer at diagnosis, and is severe (>10%
of initial b.w.) in some 30% of patients with pan-
creatic or stomach cancer39. Under these condi-
tions nutritional support is expected to improve
quality of life at all stages of patients’ history, ir-
respective of curative or palliative intervention.
Recommendations to improve oral feeding in the
presence of specific symptoms may also be pro-
vided to reduce the need of enteral or parenteral
supplementation (Table IV).
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Table III. Summary of recommendations of nutritional support in gastrointestinal oncological patients.

Derived from42,46, with simplifications.

Item Action Enteral nutrition Parenteral nutrition

Nutritional • Assess nutritional status at
assessment diagnosis (see Table II) and

periodically during treatment
Nutritional • Provide nutritional support • Prefer oral feeding • Only in patients with 
support if malnourished (body • Consider dietary advice/ severe cachexia who do 

weight loss >10% or SGA counseling during radio- not tolerate enteral 
grade C) or it is anticipated and chemo-therapy feeding
unable to eat in the 2 weeks • Use tube feeding if local • Only in patients with 
before intervention. conditions prevent oral severe cachexia who do

• Use pre-operative (5-7d) feeding not tolerate enteral
immuno-nutrition (arginine, • In incurable patients feeding
w-3 fatty acids, nucleotides) minimum energy intake • Whenever prolonged
in all subjects undergoing and water supply should periods of inadequate 
major abdominal surgery, be considered oral or enteral nutrient
independently of their supply are expected
nutritional status • High lipid supply (up to

• Total energy intake is assumed 50% of total energy) 
to be similar to that in may be beneficial in
non-cancer patients (25-30 subjects with severe 
kcak/kg/d in ambulatory cachexia
patients; 20-25 in bedridden) • Consider ethical

problems in incurable 
patients

Table IV. Specific recommendations nutritional advice in gastrointestinal oncological patients.

Symptom Action

Dysphagia • Eat soft food
• Consume small frequent meals 
• Chew foods thoroughly 
• Sip liquid slowly with meals 
• Blenderize puree foods

Gastro-esophageal reflux • Sit upright while eating
• Avoid caffeine, alcohol, tobacco, chocolate and peppermint
• Use PPI, H2-blockers and antacids

Early satiety • Eat small, frequent meals
• Avoid carbonated beverages
• Limit intake of high fat foods

Dumping syndrome • Gradually increase meal size and liberalize diet
• Alternate solids and liquids
• Limit simple carbohydrates

Gastric stasis • Incorporated semi solid foods
• Limit intake of high fat foods
• Use medication that stimulate peristalsis and gastric emptying

Diarrhea • Increase fluid intake
• Increase foods containing soluble fiber
• Use antidiarrheal medication

Nausea and vomiting • Consume foods without odor
• Avoid hot and cold foods
• Limit physical activity before meals
• Avoid lying down after meals
• Increase fluid intake
• Use antiemetic medications
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Oral Nutrition Supplementation
The administration of oral nutritional supple-

ments is a simple and non-invasive strategy to in-
crease patients’ nutrient intake, to be used when-
ever the required nutritional needs cannot be met
by nutritional counseling32. Malnutrition can be
improved by oral supplements, but they can only
mitigate the cachexia syndrome, not prevent its
development40. In patients with chronic illnesses,
oral nutritional supplementation was shown to be
beneficial in terms of physical function and
weight gain, and these effects are more pro-
nounced in severly undernourished patients with
BMI <20 kg/m2. The use of oral nutritional sup-
plements containing immunomodulating nutrients
[n-3 polyunsaturated fatty acids (eicosapentanoic
acid, docosahexanoic acid), arginine and nu-
cleotides (RNA, DNA)], yielded encouraging re-
sults in terms of improved immune function38, re-
duced inflammatory response, improved gut func-
tion, as well as improved nutritional status41. This
type of nutrition is also indicated in non-malnour-
ished patients (weight loss <10% or SGA grade A
and B) 5 days prior to major GI cancer surgery. 

There is no cancer-specific formula, but lipids
might be the favorite substrate for cancer pa-
tients, since glucose oxidation may be impaired
while lipid oxidation is normal or increased. The
recommended protein allowance ranges between
a minimum protein supply of 1 g/kgBW/d and a
target supply of 1.2-2 g/kgBW/d. 

In patients undergoing radiotheraphy oral nu-
trition supplementation should increase energy
intake by 381 kcal/d. Patients with nutritional
support had significantly greater radiotherapy
completion rates (92% vs. 50%), fewer hospital
admissions (46 vs. 75%) and shorter hospital
stays (3.2 vs. 13.5 days)37.

Enteral Nutrition
Enteral nutrition (EN) formulas are adminis-

trated by gastric or intestinal feeding tubes to
those patients who cannot meet their nutritional
needs by oral intake42,43. Standard polymeric for-
mulas are generally adequate and allow the cor-
rection of the nutritional status while preserving
gut function. Due to the use of the gastrointesti-
nal tract, EN contributes to maintain the immune
response32,35, reduces the costs and also lowers
the risk of infection when compared to total par-
enteral nutrition (TPN)44. 

In malnourished gastrointestinal cancer patients
and candidates to major elective surgery, the com-
plication rate and the duration of postoperative

hospital stay was significantly reduced by early
postoperative EN compared to TPN33. However,
patients on TPN had less gastrointestinal symp-
toms than EN patients. In esophageal cancer pa-
tients eligible to curative surgery, EN is associated
with improved nutritional status and reduced post-
operative respiratory complications45.

Parenteral Nutrition
EN remains the standard of care for cancer pa-

tients who need artificial nutrition, and TPN
should only be used when EN is not possible46,
because of lack of access to the gastrointestinal
tract or unavoidable dysfunctions47, including se-
vere malabsorption, high output fıstulas, dys-
motility, abdominal pain. It is an efficient nutri-
tional technique accompanied by specific risks
and high costs44. In patients with cancer of the
upper gastrointestinal tract47,48, TPN may be prof-
itable also in patients with advanced cancer,
when used selectively. Its use remains nonethe-
less controversial in patients with incurable can-
cer and metastatic diseases49, but it becomes
mandatory when advanced digestive cancers are
accompanied by obstructions of the intestinal
tract and survival is only dependent on nutrition-
al support50.

Conclusions

At present there is a lot of interest in having
practical tools for nutritional evaluation (involun-
tary weight loss, SGA), easily applicable at the
time of the patient’s first consultation with the
surgeon, anesthetist, or oncologist. This evalua-
tion may provide the rationale for intervention in
GI malnourished cancer patients undergoing ab-
dominal surgery, chemotherapy or radiotherapy. 

Nutritional support accompanying curative
treatments has a specific role in order to increase
the response to treatment, decrease the rate of
complications and possibly reduce morbidity by
maintaining the balance between energy expendi-
ture and food intake or minimizing the imbalance
between them51. In palliative care, nutritional
support only aims at improving patients’ quality
of life by reducing the burden of clinical symp-
toms (nausea, vomiting, pain related to food in-
take etc.), at maintaining an adequate hydration
status, at preserving as much as possible body
weight and composition and postponing loss of
autonomy52. 
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