
Abstract. – Background: Nutritional sta-
tus assessment and support should be consid-
ered a valuable measure within the overall on-
cology strategy. Despite extensive research in
the field of clinical nutrition, definite guidelines
to base rational nutritional assessment and sup-
port in cancer patients are still debated. This re-
view examines different approaches to nutrition-
al status in cancer patients. 

Design: The assessment of nutritional status is
usually based on anthropometric measures, bio-
chemical or laboratory tests, clinical indicators and
dietary assessment. At present, body composition
(BC) is rarely measured in the clinical setting be-
cause it is thought to be too unmanageable and
time-consuming. However, using new technolo-
gies, the estimation of fat, lean and body fluids,
that is significant in the management of nutrition
therapies in oncology, has become easy. 

The present study evaluates the different meth-
ods of nutrition assessment today available, espe-
cially body composition (BC) measurements. Fur-
thermore, nutrition assessment, relevance of nutri-
tional support and choice of nutritional strategy, in
surgical patients, are discussed.

Discussion: Given the clinical relevance of
nutritional intervention in patients’ quality of life,
the nutritional status assessment has a key role
in oncological and surgical practice and should
include BC assessment in order to tailor nutri-
tional treatment to patients’ individual require-
ments. Furthermore, administration of the sup-
plemented diet before and after surgery seemed
to be the best strategy to reduce complications
and length of hospital stay.
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Introduction

The World Health Organization (WHO) de-
fined the “nutritional status” as the condition of

European Review for Medical and Pharmacological Sciences

New trends in nutritional status assessment of
cancer patients 

A. ANDREOLI1,2, A. DE LORENZO1, F. CADEDDU3, L. IACOPINO1, M. GRANDE3

1Human Nutrition and 2Physiology, 3Department of Surgery PTV, “Tor Vergata” University,
Rome (Italy)

Corresponding Author: Angela Andreoli, MD; e-mail: angela.andreoli@uniroma2.it 469

the body resulting from intake, absorption and
utilization of nutrient and the influence of partic-
ular physiological and pathological status1.

Cancer is one of the major causes of morbidity
and mortality throughout the world. It is the second
most frequent cause of death in Europe and it has
becoming the leading cause of death in old age2,3. 

Weight loss and nutritional problems are often
associated with cancer4. Extreme weight loss is
commonly seen in patients with incurable solid
cancer and, to date, it is hard to successfully man-
age it. 

Despite extensive research in the field of clini-
cal nutrition, certain guidelines to base rational
nutritional assessment and support in malnour-
ished patients are sparse.

Nutritional status is the balance between the
intake of nutrients by an organism and the expen-
diture of these in growth, reproduction, and
health maintenance process. 

Given that this balance is highly complex and
individualized, nutritional status assessment may
be directed to several nutrition features. These
aspects range from nutrient levels to products of
their metabolism or functional processes regulat-
ed by these nutrients.

Nutritional status can be measured for individ-
uals, as required in clinical practice, or for popu-
lations, as required in research field in order to
identify populations at risk for nutrition impair-
ment and to plan the interventions.

This review is focused on the techniques of
nutritional status assessment and on their appli-
cation in cancer patients both in medical and sur-
gical practice.

Definition of Malnutrition and Cachexia 

The definition of malnutrition and cachexia is
still debated. Recently, Soeters et al (4) defined
malnutrition as a subacute or chronic state of nu-
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accepted and, to date, there is no consensus on the
best system11. The deficiency of one gold standard
measure has led researchers to develop several nu-
tritional indices to stratify patients at increased
risk for poor outcomes12,13. 

Traditionally, scoring systems have been based
on objective measurements such as oral energy
intake, body weight, weight loss, anthropometric
data, total lymphocyte count, body composition
analysis, creatinine–height index, hepatic secre-
tory proteins and cell-mediated immunity. How-
ever, individual measurements of these objective
parameters are not powerful enough to detect
high risk malnourished patients11. 

The principal prognostic indices currently
used are the Nutritional Risk Index (NRI) and the
Maastricht Index (MI), which are based on math-
ematical equations; the Subjective Global As-
sessment (SGA) and Mini Nutritional Assess-
ment (MNA) which are based on clinical and
subjective assessments14-19.

Methods to Assess Nutritional Status

Nutritional status evaluation consists of baseline
nutritional assessment, which includes food intake,
anthropometric variables and laboratory parameters
(biochemistry and biochemical); subjective global
assessment; body composition measurements. 

The identification of prognostic factors in can-
cer is relevant for the clinical management of the
disease. Tumour stage remains the single most im-
portant prognostic factor in many advanced can-
cers. However, the assessment of nutritional status
could be significant in therapeutical strategy.

The choice of nutritional status assessment
method should take into account both the type of
information required and the method validity and
reliability.

The technique specificity refers to the ability to
correctly classify normal individuals as having nor-
mal nutritional status. Body mass index BMI
(wt/[ht]2) is a global measure of nutritional status;
nevertheless, there are several causes of low body
mass index, including genetics and diseases. Thus,
body mass index is not specific to nutritional status.

Clinical Assessment

Medical Record
Medical history discloses conditions resulting

in increased metabolic needs, altered gastroin-

trition in which a combination of varying degrees
of over- or undernutrition and inflammatory ac-
tivity have led to a change in body composition
and an impairment in function.

Malnutrition and weight loss are common and
may be due to several mechanisms including
cancer and host response to tumour and anti-
cancer therapies. Besides this, deficit of energy,
protein and/or other nutrients, in malnourished
patients, may cause measurable adverse effects
on tissue/body form, composition, function and
clinical outcome. Moreover, malnutrition has
been associated to several clinical consequences,
including quality of life impairment, decreased
treatment response, high risk of chemotherapy-
induced toxicity and survival reduction5-9. It may
affect performance of organ systems and even the
whole organism. Although many factors influ-
ence health status in cancer patients, nutrition
may influence tumor biology, comorbidities and
response to treatment. Besides, debilitating mor-
bidities such as depression, fatigue and malaise
may significantly impact on patient health.

In advanced cancer patients cachexia often oc-
curs. Recently, Evans et al10 has given a new defin-
ition of cachexia: a complex metabolic syndrome
associated with underlying illness and character-
ized by muscle loss with or without loss of fat
mass. This multifactorial condition is associated
with metabolic abnormalities, such as anorexia,
early satiety and reduced food intake, depletion of
lean body mass, muscle weakness, oedema, fa-
tigue, impaired immune function and, finally, im-
pairment of attention span and concentration. 

Although poor nutritional status may adverse-
ly affect both prognosis and treatment tolerance,
the evaluation of nutritional status in cancer pa-
tients has been often neglected. In spite of this, in
day-to-day oncology practice, a sensitive but
simply applied nutritional assessment is essential
to identify high risk patients. The implementa-
tion of both screening and assessment tools is es-
sential for effective nutritional intervention and
management of cancer patients. Nutritional sup-
plementation should be included in cancer thera-
peutical strategy, in order to improve both clini-
cal outcomes and quality of life. 

Several risk factors for malnutrition has been,
such as major trauma, burns, sepsis, recent
weight loss, gastrointestinal disorders and cancer.
Additional information from medical history can
also suggest further risk factors for malnutrition. 

Several methods for assessing the nutritional
status exist. However, none has been universally

470



New trends in nutritional status assessment of cancer patients 

471

vanced cachexia is usually evident at clinical
evaluation, but important metabolic alterations in
tumour-bearing patients with slight weight
changes are frequently overlooked. Considering
that several factors are involved in cancer-in-
duced malnutrition, simple laboratory tests
should added to medical/dietary history and
physical examination (dynamic weight loss, vita-
min/mineral deficiency). Minimal baseline test-
ing should include weight loss (>5%/month = se-
vere) and serum albumin (<24 g/l = severe). 

The Prognostic Nutritional Index (PNI)21,
which includes serum parameters, immunity com-
petence test and anthropometrics in absence of
further dietary parameters, i.e. dynamic weight
loss, has proved to be quite a reliable method to
predict postoperative morbidity/mortality and to
select cancer patients to aggressive preoperative
nutritional interventions

In addition, two potential tools have been used:
the Mini-Nutritional Assessment (MNA)20,22 and
the scored Patient Generated Subjective Global As-
sessment (PGSGA)22,23. The MNA is more simply
applied and does not require a trained dietitian; the
PGSGA has been previously validated in cancer
patients10. 

Two diffused scoring systems are the Nutri-
tional Risk Index (NRI)24,25 and the Maastricht
Index (MI)26. The NRI is scored as follows: >100
indicates patient well nourished; 97.5 to 100 in-
dicates mild malnourishment; 83.5 to 97.5 mod-
erate malnourishment and <83.5 severe malnour-
ishment. The usual weight is defined as the
weight during 6 months or more before admis-
sion or before illness. The present weight is de-
termined using a calibrated balance. The MI is
based on serum albumin and prealbumin concen-
trations, the blood lymphocyte count and the per-
centage of ideal weight, which are used in the
equation.

Cancer-Specific Screening and Assessment
Cancer cachexia requires specific methods of

screening and assessment, which should take into
account both the impact of the tumour and of the
anticancer treatments on nutritional status. The
patient-generated-subjective global assessment
(PG-SGA) was developed specifically for pa-
tients with cancer27,28 and has been recognized as
the standard for nutrition assessment for cancer
patients by the Oncology Nutrition Dietetic Prac-
tice Group of the American Dietetic Association. 

The functional capacity of the patient should
be evaluated in conjunction with nutritional as-

testinal function and absorptive capacity, chronic
diseases, organ failure, and physical activity lev-
el. An evaluation of current medications may fur-
ther elucidate risks of malnutrition. 

A detailed diet history provides insight into a
patient’s baseline nutritional status and may de-
tect subclinical nutrient deficiencies or toxicities.
Assessment includes questions regarding chew-
ing or swallowing problems, avoidance of eating
related to abdominal pain, changes in appetite,
taste, or intake, as well as use of a special diet or
nutritional supplements.

Dietary Assessment
Several methods of collecting dietary data ex-

ist in order to estimate nutritional status. First of
all, in the choice of a dietary assessment method,
the type of data requested should be considered:
is the research intended to document intake of
“foods” or of “nutrients”? The most accurate di-
etary method is the record of foods consumed
over the period of interest. This can be realized
by individuals themselves or by observers. Daily
phone interview, to record in detail previous
day’s intake (i.e. food type and amounts, prepara-
tion techniques, condiments) is the most effective
and common technique. The data reported are
converted from foods to nutrients using food
composition tables. Given that estimating fre-
quency of intake is thought to be based on cogni-
tive processes, research has examined how to
maximize reliability and validity of food fre-
quency data by focusing on the cognitive tasks
experienced completing a food frequency ques-
tionnaire. This food-frequency questionnaire has
been already used by several Authors to assess
the caloric intake20.

Physical Examination
Physical examination should be focused on as-

sessment of muscle mass and strength, evidence
of chronic liver disease and signs of vitamin or
mineral deficiency. 

A systematic bedside subjective global assess-
ment of nutritional status has been shown effec-
tive to classify patients in well nourished, moder-
ately malnourished and severely malnourished. 

Nutritional Index
Malnutrition includes two states: protein-ener-

gy undernutrition and protein undernutrition.
Protein undernutrition is characterized by low
serum albumin concentration, prevalence of ede-
ma and high frequency of acute infections. Ad-
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sessment to ensure that the nutritional interven-
tion is tailored to the patient. The Karnofsky Per-
formance Status Scale (KPS)29 is widely used to
measure physical functioning as well as medical
care requirements. However, it has been postulat-
ed that the KPS has some limitations in the as-
sessment of clinical change over time30. 

The assessment of patient quality of life pro-
vides important data regarding the patient per-
ception of health as well as information on the
impact of malnutrition and on the effectiveness
of nutritional support. The European Organisa-
tion for Research and Treatment of Cancer Core
Quality of Life Questionnaire (EORTC QLQ-30)
is a validated, reliable measure of quality of life
in patients with cancer31. This method includes
five functional scales (physical, role, emotional,
cognitive and social), three symptom scales (fa-
tigue, pain and emesis) and one global scale.
Overall, these three scales produce a score be-
tween 0 and 100. Quality of life questionnaires
cancer-specific have also been developed32,33. 

Anthropometric and 
Body Composition Measurements

Anthropometric approaches are, usually, rela-
tively non-invasive methods that assess the indi-
vidual size. For adults, body weight and height
are used to evaluate overall nutritional status and
to classify individuals as subjects with healthy or
non-healthy weights. According the most recent
classification, which is based on body mass in-
dex (BMI, kg/m2), a subject is normal at 18.5 to
25.0 kg/m2, overweight at 25.0 to 29.9 kg/m2,
obese at over 30.0; and severe obese over 40
kg/m2. Lower than 18.0 is undernourished. 

Nevertheless, anthropometric measures of nu-
tritional status can be compromised by several
factors, such as the oedema, which is present in
some forms of malnutrition and diseases and can
increase body weight. Besides, body weight
alone will often fail to demonstrate important
disease- or therapy-related changes in caloric in-
take or metabolic rate.

Thomas34 believes that the regulation of body
composition is dynamic over time. Minute-to-
minute composition is regulated by the individ-
ual metabolic state; further, day-to-day regulation
depends on insulin and glucagon. Month-to-
month regulation depends on hormones such as
estrogens and androgens, growth hormone, pro-
lactin, thyroid hormones, catecholamines, and
corticosteroids regulate body composition. Im-
mune mediators, such as interleukin-1 (IL-1), tu-

mour necrosis factor (TNF) and interleukin-2
(IL-2), can also affect body composition through
modulation of appetite and food intake and
through direct effects on skeletal muscle (35,36).

Actually, body composition is rarely measured
in the clinical setting because it is thought to be
too unwieldy and time-consuming. In spite of
this, given the technological advances in body
composition assessment (e.g., bioelectrical im-
pedance analysis [BIA], dual energy X-ray ab-
sorptiometry [DXA], postassium-40 [40K] count-
ing), body composition can be determined more
easily and its use in the clinical setting could en-
hance patient care.

The body can be divided into two or more com-
partments based on its anatomic, fluid, or chemical
components. The most commonly used body com-
position model is a two-component model, in
which the body is divided into fat mass and lean
body mass (LBM) or Fat-Free Mass (FFM) includ-
ing bone mass. The LBM compartment can be fur-
ther divided into the extracellular mass (ECM) and
body cell mass (BCM)37. Extracellular water
(ECW) and the structural bone matrix are the com-
ponents that make up the ECM. BCM encompass-
es the intracellular water (ICW) compartment38.

BCM includes fat-free mass portion of cells
within muscle, viscera and the immune system
and may be considered the functional most im-
portant compartment in determining energy ex-
penditure, protein needs and the metabolic re-
sponse to stress39. 

Body-fat mass is an important predictor of
morbidity and mortality. Further, assessment of
changes in body composition provide an objective
method of evaluating the efficacy of therapeutic
interventions designed to reduce health risks. In
addition, accurate monitoring of fluid balance af-
ter surgery is a difficult task. Bioelectrical imped-
ance analysis (BIA) is a safe and non-invasive
method to measure extracellular water (ECW)
and intracellular water (ICW) using a weak alter-
nating current through the body. BIA is useful to
detect small changes in body composition after
gastroenterological surgery providing a method to
assess perioperative water balance40. 

Bioelectrical Impedance Analysis (BIA)
Assessment of body composition (BC) plays

an important role in nutritional status evaluation;
bioelectrical impedance analysis (BIA), which
has been known for more than 50 years, has be-
come widely used in clinical settings during the
last 10 years.
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The utilize of BIA as a bedside method has
been increasing, given that the equipment is
portable and safe, the procedure is simple and
non-invasive, the results are reproducible, rapidly
obtained and accurate to assess BC41,42.

The method, as described by Kyle et al43, is
based on the bioelectrical principle of imped-
ance, i.e. the vector sum of resistance and reac-
tance. Resistance is defined as the opposition to
electrical current in relation to the length and di-
ameter of a cylinder. The human body is similar
to a set of serially connected cylinders (arms,
trunk, and legs) with a known height and rela-
tively constant diameter. As a result,
height2/resistance is proportional to the hydrated
part of the body, i.e. total body water plus lean
body mass. The fat mass (the nonhydrated por-
tion of the body) can be calculated subtracting
the lean body mass from the weight. 

Reactance reflects the impedance component
resulting from the presence of capacitive ele-
ments, such as cell membranes. Bioelectric resis-
tance is the opposition of a biological conductor
to the flow of an alternating electric current;
whereas capacitance is the resistive effect pro-
duced by tissue interfaces and cell membranes.

Capacitance causes a drop back of the current
voltage, creating a phase shift. This shift is quan-
tified geometrically as the angular transformation
of the capacitance/resistance ratio, or phase
angle44.

Multifrequency bioelectrical impedance analy-
sis is based on the principle that the body’s resis-
tance is dependent on the frequency of the ap-
plied alternating current. Total body water is dis-
tributed between intracellular compartment and
extracellular spaces, which are separated by cell
membranes. At a low frequency, cell membranes
act as capacitors and the amount of extracellular
water is predominantly measured. At a higher
frequency, cell membranes become permeable
and the total amount of body water can be mea-
sured. The ratio of extracellular water to total
body water (edema index) is related to the resis-
tance at a high frequency/ resistance at a low fre-
quency ratio45. Furthermore, the use of segmental
bioelectrical impedance of arms and limbs leads
to the precise evaluation of segmental body pro-
tein mass (muscle mass), as well as total body
protein42.

Is it possible to use BIA in the assessment of
cancer patients? And can phase angle be used as
a nutritional and prognostic indicator in patients
with other cancer types, such as breast, stomach,

and pancreatic and continue to be a predictor of
survival after patients undergo definitive treat-
ment for advanced cancer? 

Several studies46-47 have been conducted on
this way with good results. However, future trials
are warrented.

Prognostic factor assessment is important to
manage advanced cancer. Tumour stage remains
the most important prognostic factor; however,
other simply prognostic indexes are relevant. 

Recently, Toso et al46 stratified a patient cohort
affected by advanced lung cancer according to
BIA-derived phase angle score, a potential indi-
cator of nutritional status. They observed that pa-
tients with a mean phase angle score up to 4.5
had a significantly shorter survival than patients
with score higher than 4.546. 

Subsequenlty, Gupta48 investigated the efficacy
of BIA-derived phase angle as survival prognos-
tic factor in advanced colorectal cancer patients
and demonstrated that phase angle is a strong
survival predictor. Furthermore, Kiyama et al49

assessed that multifrequency bioelectrical imped-
ance analysis can be used to assess body compo-
sition and may be useful for performing nutri-
tional assessments in patients previously submit-
ted to gastrectomy. 

Dual-energy X-Ray Absorptiometry (DXA)
The body composition (BC) measurement is rel-

evant for clinicians, nutritionists and physiologists.
The most common methods are based on a two-
component model including FM and FFM, given
the nutritional interest of the body amount of fat.
For a long time, BC measurements have been re-
garded a gold standard of nutritional assessment in
undernourished subjects50 and several studies on
impairment of body composition, based on a sever-
al methods, have been published51-58.

Every technique has advantages and limita-
tions. Recently, the DXA technique has become
a gold standard due to its reproducibility and
simplicity, particularly in repeated follow-up
measurements. 

DXA is now one of the most frequently used
techniques for bone mineral density and body
composition measurement as a result of the in-
creasing worldwide availability of these scan-
ners. The technique is attractive because it is
non-invasive, easily applied for both healthy in-
dividuals and patients, and the radiation dose is
extremely small. Scanning times as well as radia-
tions have decreased substantially with new tech-
nologies. 
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A further attractive feature of the technique is
the possibility of regional-body composition
analysis. DXA is extremely precise for body fat,
fat-free mass and bone mineral measurement and
this has been well documented. Changes in the
regional soft-tissue composition have been asso-
ciated to different diseases. 

In addition, DXA both for total regional BC is
a more valid and precise method to assess BC.
DXA divides the body into three components:
bone, fat, fat-free and bone-free tissue59.

At present, DXA machines are available in a
large and increasing number of hospitals and re-
search centres. This makes it an important tool
not only for the assessment and management of
osteoporosis, but also for studying how soft-tis-
sue composition changes in health and disease. 

Evaluation of Nutritional Status
in Surgical Patients

Malnutrition in patients who are candidates for
major surgery is a considerable problem for the
surgeon because it represents a risk factor for
postoperative morbidity and mortality60,61

Moreover, cancer-bearing patients may have
additional protein energy malnutrition secondary
to cachexia. Thus, artificial nutritional support
has been increasingly recognised as an essential
part of perioperative care of malnourished surgi-
cal patients62.

Recently, the Consensus Conference of National
Institutes of Health, American Society for Parenter-
al and Enteral Nutrition and American Society for
Clinical Nutrition stated that malnourished patients
are candidates for preoperative artificial nutritional
support that could reduce the rate of postoperative
complicationsby approximately 10%63.

Despite extensive research in the field of clini-
cal nutrition, definite guidelines to base rational
preoperative nutritional assessment and support
in surgical patients are lacking. Thus, it is still
difficult for the clinician to decide which patients
might benefit from nutritional support and to
choose type and route of nutritional support60,62

Nutritional Assessment 
Quantifying mortality or morbidity related to

malnutrition at an early stage during the hospital
stay has a key role in surgical practice. There is
currently no consensus on the best method for as-
sessing the nutritional status of surgical pa-
tients60,61. 

De Jong et al15, in a randomized trial on 50
malnourished patients compared to a control
group of 38 surgical patients, found that a combi-
nation of albumin, prealbumin, total lymphocyte
count and the percentage of ideal weight was the
most useful combination of nutritional tests with
a sensitivity of 93% and a specificity of 94%.
Subsequently, Detsky et al64 evaluated five objec-
tive measurements (albumin, transferrin, delayed
cutaneous hypersensitivity, anthropometry, crea-
tinine-height index) together with the SGA and
the prognostic nutritional index, in predicting nu-
tritionally associated complications, in 59 surgi-
cal patients. The SGA was found to be the best
index, with a sensitivity of 0.82 and specificity of
0.72. Differently, the Veterans Study36, in a ran-
domized trial on 395 malnourished patients can-
didates to major surgery, investigated the impact
of perioperative total parenteral nutrition (PN)
and found that the NRI was better than the SGA
for determining which patients should receive pe-
rioperative total PN. Regarding elderly patients,
Christensson et al65 evaluated SGA e MNA to as-
sess protein-energy malnutrition in 261 patients
older than 65 years. The SGA was found to be a
more useful tool to detect patients with estab-
lished malnutrition, whereas the MNA was more
effective to find out patients who required pre-
ventive nutritional measures. Similarly, Van Nes
et al66 evaluated nutritional status using the MNA
in 1319 old patients and found that MNA poor
nutritional status was associated with increased
in-hospital mortality, longer hospital stay and
higher rate of discharge to nursing homes.

Recently, Kuzu et al67 prospectively assessed
the nutritional status of a cohort of 460 surgical
patients, using NRI, MI, SGA, and MNA scoring
systems, in order to determine postoperative
morbidity and mortality. Morbidity rates, espe-
cially severe infectious and non-infectious com-
plications, were significantly higher in malnour-
ished patients in all nutritional indices and the
likelihood ratio was well correlated with the risk
categories of every nutritional index. The Au-
thors concluded that all nutritional assessment
techniques are effective with no significant dif-
ference in predictive value; further, any of these
techniques should be used to improve the out-
come of surgical care.

Deterioration of Nutritional Status
and Surgical Outcome

The negative impact of malnutrition on surgi-
cal outcome was long ago demonstrated. 
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In 1936, Studley68 reported an increased postop-
erative mortality and morbidity in patients with a
20% weight loss. In eighties, Buzby et al21 found
that malnutrition increases postoperative complica-
tions up to 46%. Moreover, Shao60 observed that
when 30%-40% of body weight is lost, the patient
dies. Subsequently, in malnourished patients, Von
Meyenfeldt et al70 demonstrated a longer hospital
stay, while Robinson et al71 found a two fold in-
crease in costs. Recently, Correia and Waitzberg72,
analyzing a cohort of 709 patients by a multivariate
logistic regression model, found that malnutrition
is an independent risk factor impacting on higher
complications and increased mortality, length of
hospital stay and costs.

Over the past decades several trials have
shown that nutrition and immmunocompetence
are strictly related and malnutrition can impair
all the immune functions73.

Malnourished surgical patients have a greater
susceptibility to infectious complications which, in
combination with their illness, significantly in-
crease postoperative morbidity and mortality74.
Physiologic stressors such as infection and surgical
injury start a series of metabolic reactions that lead
to a negative nitrogen balance. Although the initial
metabolic event, mediated by cytokines, glucocor-
ticoids, catecholamines, insulin, and insulin-like
growth factors, is a protective response to injury, if
time prolonged, it may become harmful to patients
and lead to a catabolic state, if an adequate nutri-
tional support is not available. In addition, malnu-
trition has detrimental effects on both cellular and
humoral immunity74.

In a recent study on 100 colorectal cancer pa-
tients surgically treated, Hatada and Miki74

demonstrated that intense surgical stress is asso-
ciated with higher postoperative mortality and
morbidity rate in malnourished patients. They
found, in malnourished patients, an elevated acti-
vation of the pro-inflammatory cytokine network
associated with a decreased antagonistic reaction
and an increased consumption of IL-6sR. Thus, a
preoperative nutritional repletion and therapeutic
use of IL-1ra might be useful for malnourished
cancer patients74.

Nutritional Requirements
One difficulty with nutritional support is accu-

rately estimating the energy demands of the sur-
gical patient to provide adequate substrate reple-
tion. Approximately 40% to 80% of patients with
cancer are clinically malnourished; this is further
exacerbated by tumour biology and therapeutic

interventions. These patients require adequate
supplies of exogenous substrates to meet energy
and protein requirements and attenuate the catab-
olism of vital tissues. A minimum requirement of
25 to 30 kJ/kg per day is recommended for criti-
cally ill patients with carbohydrates comprising
60% to 70% of nonprotein calories and the re-
mainder supplied by dietary fats, including 18-
carbon precursors necessary for arachidonic acid
synthesis. Protein allowance of 1.0 to 2.0 g/kg
per day is also required and should include es-
sential amino acids such as arginine and methio-
nine. Finally, vitamin and electrolyte deficiencies
such as vitamins C and A, vitamin E, and zinc
should be corrected with supplementation, as
clinically indicated75,76. 

Choose of Nutritional Route
Another key aspect of surgical nutritional sup-

port is the choice of enteral or parenteral route. 
Enteral feeding is easily administered, well-

tolerated, preserves the barrier mechanism of the
gastrointestinal tract and promotes mucosal
growth74. Results of recent studies strongly sug-
gest that in malnourished patients, postoperative
enteral feeding should be preferred to parenteral
nutrition62,73. In fact, surgical patients fed enteral-
ly had an improved outcome compared with pa-
tients treated parenterally and the nutrition-relat-
ed sanitary costs are substantially reduced when
using the enteral route. In addition, immunonutri-
tion enhances the host response, induces a switch
from acute-phase to constitutive proteins and im-
proves surgical outcome73,77. 

Recently, Gianotti et al77, in a prospective ran-
domized trial on 260 patients candidates to pan-
creaticoduodenectomy or gastrectomy for cancer,
compared enteral, immunoenteral and total par-
enteral nutrition (TPN) and found that the im-
munonutrition group had a significantly better re-
covery of the immune postoperative parameters
compared with the other groups.

Subsequently, Bozzetti et al78 compared var-
ious types of nutritional support in a series of
1410 subjects submitted to surgery for gas-
trointestinal cancer and found that nutritional
support, particularly immune-enhancing enter-
al nutrition, significantly reduced postopera-
tive morbidity.

Nevertheless, it is not always safe to permit
bowel absorption and certain clinical situations
require an alternate access. In patients who can-
not receive enteral support due to mechanical
risks, like aspiration or functional deficits, and in
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patients with hemodynamic instability or vaso-
pressor therapy at risk of intestinal ischemia, the
parenteral route is an available option. 

Besides, an important factor in tolerance of
enteral feeding is an effective gastric and bowel
contractility. Abdominal bloating and distension,
nausea, vomiting or high residual volumes reflect
gastric contractility, while passage of flatus and
stool shows colon contractility.

Perioperative total parenteral nutrition (TPN) has
been associated to improvement of postoperative
outcome in severely malnourished surgical patients;
however, the available data do not support the use
of TPN in elective gastrointestinal surgery in ab-
sence of malnutrition or systemic inflammatory re-
sponse. Besides, its inappropriate use in unselected
patients can increase the risk of complications (sep-
tic, non septic and related to parenteral nutrition)
and incur unnecessary expenses79.

Klein et al63, in a recent review of 33 prospec-
tive, randomized, controlled trials including more
than 2500 surgical patients, found that unselected
use of early postoperative TPN in malnourished
patients, who did not receive TPN preoperatively,
increases postoperative complications by approx-
imately 10%; besides, postoperative support is
essential for patients unable to eat for extended
periods of time.

Similarly, Planas et al79 reported that the Nutri-
tional Support Unit of his University Hospital
adopted three criteria to start TPN in surgical
cancer patients: pre-existing malnutrition, more
than 7 days of postoperative fast, severely in-
flammatory response determined by fever, tachy-
cardia, tachypnea, hyperglycaemia, leukocytosis,
high level of C-reactive protein.

In a subsequent meta-analysis of 26 random-
ized trials (2211 patients) comparing TPN to
standard care in surgical and critically ill patients,
Heyland et al (80) detected that TPN had no ef-
fect on mortality (risk ratio (RR) 1.03; 95% con-
fidence interval (CI), 0.81-1.31). Besides, TPN
patients experienced less complications, but the
difference was not statistically significant (RR,
0.84; 95% CI, 0.64-1.09). Complication rates
were lower in studies that did not use lipids with-
out difference in mortality. Studies limited to
critically ill patients demonstrated a significant
increase in complication and mortality rates com-
pared with studies of surgical patients.

Immunonutrition in Surgical Patients
Several nutrients have been shown to influence

immunologic and inflammatory responses in hu-

mans. Results of recent studies strongly suggest
that administration of standard enteral diets sup-
plemented with arginine, ω-3 fatty acids, gluta-
mine, and other key nutritional substrates (im-
munonutrition) modulates immune and inflam-
matory responses and gut function and in elective
surgical patients, immunonutrition is associated
with a reduction in infectious complication rates
and a shorter length of hospital stay without any
adverse effect on mortality62. 

Two meta-analyses showed that in surgical pa-
tients, postoperative use of immunonutrition im-
proves the surgical outcome compared with stan-
dard formulas leading to reduction in hospital
stay and infections81,82. 

Similarly, in a randomized trial on 196 mal-
nourished surgical patients affected by gastroin-
testinal malignancy, Braga et al62 found that peri-
operative immunonutrition allows for shorter
hospital stay and less complication rate.

In a recent systematic review83 of twenty-two
randomized trials with a total of 2419 surgical pa-
tients comparing the use of immunonutrition with
standard enteral nutrition, immunonutrition was as-
sociated with lower infectious complications (RR,
0.66; 95% CI, 0.54-0.80). Moreover, nutrition with
high arginine content was associated with a signifi-
cant reduction in infectious complications and a
trend toward a lower mortality rate compared with
other immune-enhancing diets.

Psychological Distress and
Surgical Outcome

The prevalence of psychiatric disorders in can-
cer patients assessed with a variety of instru-
ments has been estimated to be between 25% and
60%84.

Recent reports suggest that major depressive
disorders occur quite frequently among patients
with cancer85.Unfortunately, the prevalence of
depression among cancer patients is often under-
estimated, partly because many symptoms of de-
pression, such as fatigue, weight loss, loss of ap-
petite, or sleep disruption, closely mirror the
physiological effects of cancer. 

Previous Authors have investigated the rela-
tionships between psychological factors and can-
cer disease. Von Essen et al.86 used the European
Organization for Research and Treatment of Can-
cer questionnaire (EORTC-C30) and the Hospital
Anxiety and Depression Scale (HADS) tests in a
population of stomach and colon cancer patients
to investigate the relationships between patient
satisfaction with medical care, health-related

A. Andreoli, A. De Lorenzo, F. Cadeddu, L. Iacopino, M. Grande



quality of life, and psychological function. The
Authors concluded that satisfaction with mental
care could affect psychological function. Kelsen
et al.87 investigated pain, depression, and QOL in
patients with primary pancreatic cancer and con-
cluded that pain and depression scores were low-
er than expected and that QOL negatively corre-
lated with subjective pain scores. Portenoy et
al.88 reported that symptom prevalence in cancer
patients was related to psychological state; thus,
psychological factors such as depression and
anxiety impact QOL must be carefully consid-
ered in the management of gastrointestinal can-
cer patients undergoing surgery.

Finally, Pasquini et al89 tested the feasibility of
a multiphasic screening protocol to detect and
treat mood and anxiety disorders among cancer
patients. In the initial screening phase an estab-
lished self-report measure was used, whereas in
the second phase the Structured Clinical Inter-
view for DSM-IV (SCID-I), the Beck Depression
Inventory (BDI), the Hamilton Anxiety Rating
Scale (HARS), and a validated scale for the rapid
dimensional assessment of psychopathology
(SVARAD) were used by psychiatrists. Most pa-
tients were prescribed psychotropic medications
and a significant reduction in both psychological
and physical symptoms ofdepression and anxiety
was observed.

Conclusions

In conclusion, the nutritional assessment,
which leads to detection of malnourished patients
or patients at risk of malnutrition, should be per-
formed in every cancer patient.

Nutritional treatment should be started imme-
diately after cancer diagnosis and continued dur-
ing the treatment period and subsequently, until
malnutrition signs or nutritional risk are present;
this seems the best strategy to reduce complica-
tions and length of hospital stay. The impact of
nutritional intervention is clinically relevant on
quality of life, thus the nutritional assessment
should be included in every anticancer strategy. 

Ideal nutritional assessment techniques should
have general applicability and should not neces-
sitate disease specific equations. In order to de-
termine the severity of malnutrition, an adequate
definition of individual nutritional needs is war-
ranted. Moreover, during nutritional therapy,
monitoring of the changes in nutritional state is

also important because the loss of body fat may
lead to functional alterations in health-related
quality of life, even though fat stores are general-
ly regarded only as energy reserves.

Accordingly, malnutrition in patients who are
candidates for major surgery has been recognised
a risk factor for both postoperative morbidity and
mortality. Perioperative nutrition support, partic-
ularly immunonutrition, seems to be the best ap-
proach to support malnourished surgical patients
and should be recognised an essential part of pe-
rioperative care.
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