
Abstract. Background/Aim: Colorectal Cancer is the
fourth most frequent cause of cancer death worldwide and
its incidence increases from 50 years of age. It is often
associated with protein-caloric malnutrition and 20% of
cancer deaths occur due to this event. The aim of this
study was to assess the prevalence of malnutrition and
inflammatory status in 78 patients undergoing surgery for
colorectal carcinoma. Patients and Methods: Nutritional
Status was assessed by Mini Nutritional Assessment
(MNA). Serum levels of interleukin-6 (IL-6) and tumor
necrosis factor-α (TNF-α) were measured by ELISA, while
albumin, C-reactive protein (CRP) and transferrin (TRF)
were tested using an immunometric assay. Results: The
mean MNA score in colorectal patients was 20.4±8.4,
while 23/78 patients (29.4%) were well nourished, 36/78
(46.1%) were at risk of malnutrition and 19/78 (24.3%)
were malnourished, reporting in the previous six months
from the date of diagnosis a significant weight loss (>10
kg), muscle mass loss and severe reduction of food intake
due to loss of appetite and altered taste perception. The
serum means of IL-6, TNF-α and CRP, were significantly
higher in colorectal patients compared to the control
group (p<0.001, p<0.0001, p<0.0001, respectively) while
lower TRF, albumin and HCT serum levels in cancer
patients vs. healthy subjects (p<0.0001; p<0.0001 and
p<0.0001) were found. Conclusion: more than 50% of
colorectal cancer patients were malnourished or at risk of
malnutrition and reported an imbalance between
nutritional and inflammatory status. They, therefore,

require a nutritional intervention before treatment in
order to have a more effective response and improve
quality of life. 

Colorectal cancer (CRC) is the fourth most frequent cause of
cancer-related death worldwide and its incidence increases
from 50 years of age. There is no significant difference
between the genders regarding the colic location, while for
rectal localization frequency is higher in men (1, 2).
Worldwide, the incidence rate of this cancer is the fourth
highest in men (after lung, prostate and stomach cancer) and
the third in women (after breast and cervical cancer). As for
mortality, CRC is in fourth place for men (after lung,
stomach and liver) and fifth for women (after breast, lung,
cervix and stomach). They are 678,000 new cases a year
worldwide, with 150,000 in Europe. The incidence in Italy
in 2015 was 257,100 new cases (29,100 men and 22,800
women) and the highest rates are recorded in central and
northern Italy (3). 

The term "colorectal" cancer includes cancers of the
colon, the sigmoid rect-junction and rectum that arise from
similar tissues. The site most frequently affected by the
pathology is the proximal colon (38.8%), followed by the
distal colon (29.6%) and the rectum (28.5%), while the
remaining tumors (about 1%) have multiple sites (4). The
histological type most frequently found is adenocarcinoma,
which accounts for 90-95% of all colorectal cancers (5).

CRC is the result of a complex interaction of genetic and
environmental factors; It most commonly occurs as a
sporadic form and only 5% as a hereditary form (6). Genetic
susceptibility to colon cancer has been attributed both to
polyposis and non-polyposis syndromes (7, 8). Among non-
genetic risk factors for the development of CRC, the most
important are a sedentary lifestyle and obesity. In fact, proper
diet (a low fat intake and consumption of red meat and a
high intake of vegetable fibers), along with frequent physical
activity seem to be the best prevention tools for this
malignant disease (9-11).
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Non-dietary risk factors for the onset of colorectal cancer
seem to be tobacco smoke (12), alcohol (more than 30 g/day)
(13) and the presence of inflammatory bowel diseases such
as ulcerative colitis or Crohn’s disease (14). 

Most early stage disease is detected following colonoscopy
screening, but patients found to have a colorectal cancer after
symptoms onset tend to have an advanced disease. Tumor
resection is the only curative modality for localized disease
while adjuvant chemotherapy regimens have demonstrated a
role in increasing cure rates and reducing changes of
recurrence among patients with stage III disease (15).

In patients who undergo surgical resection for colorectal
adenocarcinoma, an energy deficit-protein often arises
known as protein-energy malnutrition (PEM). This condition
is characterized by an alteration of the function, structure and
development of the organism resulting in an imbalance
between energy needs, revenues and utilization of nutrients,
leading to excess morbidity and mortality and impaired
quality of life. 

Energy-protein malnutrition has a negative impact on the
quality and duration of the life of cancer patients; it is
estimated that in 48-61% of colorectal tumors there is a
weight loss of at least 10%. (16). A correlation between the
extent of weight loss and survival of CRC patients, as well
as between increased energy consumption and weight loss,
has been demonstrated. (17). In fact, the increase in the
Basal Metabolic Rate (BMR) of cancer patients, is evaluated
to be between 14 and 41% compared to a healthy subject,
equivalent to a monthly loss of 1.2 kg of muscle mass and
0.5-1 kg of body fat. It is, therefore, necessary, for accurate
nutritional assessment of the patient undergoing surgical
resection for colorectal cancer to be carried out, in order to
avoid the risk of developing a state of malnutrition with
consequent recourse to artificial nutrition thus preventing
cancer cachexia and to strengthen the response to chemo or
radio treatments. In fact, in these patients a nutritional
assessment is required taking into account both the metabolic
changes due to tumor growth and protein depletion resulting
from surgery.

The nutritional status assessment can be approached by
simultaneous use of clinical, anthropometric and biochemical
markers that are necessary to make a comprehensive
diagnosis. Cytokines are important modulators of immune
response, and IL-6 and TNF-α are associated with several
disorders such as inflammation, or autoimmune or malignant
disease. IL-6 is a 26-kDa polypeptide released from
adipocytes (18); increased IL-6 and TNF-α levels leads to a
low appetite and reduce food intake in order to regulate body
weight (19), and stimulate lipolysis in the muscles increasing
fat oxidation and esterification of fatty acid (20). As widely
reported in the literature, the blood chemistry parameters that
represent the state of malnutrition related to both neoplastic
and non-neoplastic diseases are albumin, transferrin (TRF),

and the hematocrit value, which are found in lower
concentrations in malnourished patients based on the normal
range, and C-reactive protein (CRP) which tends to be higher
in line with the concentrations of IL-6 and TNF-α (21-25).

A first step is to make a multi-parameter assessment of
nutritional status and score that helps determine the degree
of malnutrition and identify patients at high or medium risk
of malnutrition; as a second step it is necessary to consider
the most appropriate nutritional strategies to meet the energy
demands of the patient with CRC. The aim of this study was
to assess the prevalence of malnutrition and inflammatory
status in patients undergoing surgery for colorectal
carcinoma in order to offer timely nutritional support and
thus avert the risk of cancer cachexia and ineffectiveness of
post-surgical treatment with chemo or radio-therapy.

Patients and Methods 

The study had a cross-sectional design and was approved by the
ethics committee of the National Cancer Research Centre (NCRC),
Istituto Tumori “Giovanni Paolo II” of Bari. Between November
2014 and September 2015, seventy-eight patients (39 women and
39 men) undergoing resection surgery for colorectal cancer and 30
healthy subjects were enrolled in this study. The control group was
constituted by healthy volunteers recruited within our institution.
Those willing to participate signed informed consent, and serum
sample was drawn into Eppendorf tubes and immediately frozen
at –20˚C until analysis. For each patient and healthy volunteer an
assessment of nutritional status was carried out using Mini
Nutritional Assessment (MNA).

Pathology. Histological type was assessed by the World Health
Organization (WHO) system, tumor staging was evaluated
according to the TNM-UICC system (26), and nuclear
cytohistological tumor grade was determined according to the
Elston-Ellis criteria. Information about age, histological diagnosis,
type of surgery, histological type (adenocarcinoma NAS or other
type), clinical pathology such as tumor size (T), lymph node status
(N), the presence of metastases (M) was collected for each patient
through clinical charts. 

Mini nutritional assessment. All the included CRC patients were
anthropometrically evaluated using common methods such as
weight, height, waist, calf and mid-upper-arm circumference and
Body Mass Index (BMI) calculated as weight divided by height
squared (kg/m2) (27). Nutritional status was defined according to
the Mini Nutritional Assessment (MNA) scale (28). The MNA is a
rapid method of nutrition assessment validated in three studies on
more than 600 subjects by the Centre of Internal Medicine and
Clinical Gerontology of Toulouse (France), the Clinical Program at
the University of new Mexico (USA) and the Nestlé Research
Centre In Lausanne (Switzerland) and comprises 18 items grouped
in four sections: anthropometric assessment (weight, height, weight
and appetite loss; general assessment (mobility, lifestyle, number of
drugs pro/die, presence of emotional stress or depression), dietary
assessment (number of daily full meals, variety of food and fluid
intake and autonomy of feeding), and subjective assessment (self-
perception of health, physical appearance and nutritional status).
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Each answer has a numeric value (between 0 and 3) that contributes
to the final score for a total of 30; a score from 24 to 30 indicates a
normal nutritional status; from 17 to 23.5 indicates a risk of
malnutrition and a score less than 17 indicate a protein energy
malnutrition (29-34). 

The assessment of fatty free mass (FFM) and fat mass (FM) was
carried out according to Durnin-Womersley scheme (Progeo s.r.l.
2012-2015-Italy), measuring 4 folds: biceps, triceps, subscapularis,
and suprailliac by plicometer FAT-1 (GIMA s.r.l.- Italy). The normal
range for FFM percentage was 8-25% for men and 8-34% for women.

Laboratory parameters detection. Inflammatory parameters such as
IL-6 and TNF-α were measured with enzyme–linked
immunosorbent assay (ELISA) according to the manufacturer’s
instructions (Human IL-6 Quantikine ELISA Kit and Human TNF-
alpha Quantikine ELISA Kit– R&D Systems, Italy). 

Briefly, standards and samples were added into each well of the
microplate on the bottom of which were bound specific monoclonal
antibodies; any amount of IL-6 and TNF-α present was bound by
the immobilized antibody. After washing away any unbound
substances, an enzyme-linked polyclonal antibody against IL-6 or
TNF-α conjugated to horseradish peroxidase was added to the wells.
Following a wash, a substrate solution was added to the wells and
color developed in proportion to the amount of IL-6 and TNF-α
bound in the initial step. The color development was stopped and
the intensity of the color was read at 540 nm for IL-6 and to 650
nm for TNF-α in a microtiter plate spectrophotometer (Multiskan
Ascent-Lab Systems, Milan, Italy). Values of IL-6 between 3.13 and
12.5 pg/ml. were considered normal, and TNF-α values between 0.5
and 5.5 pg/ml were considered normal. The determinations were
made in duplicate; the sensitivity of the ELISA tests for IL-6 and
TNF-α were <0.70 pg/ml and 0,191 pg/ml respectively.

Serum albumin, C-Reactive Protein (CRP), and Transferrin were
measured by COBAS c311/501 (Roche-Diagnostic Limited S.p.A-
Basel-Switzerland); the Hematocrit (HCT) level was measured by
the “Coulter Cellular Analysis System” (Unicell DX H800,
Beckman-Coulter S.r.l.-Milano, Italy). The normal range of each
analyte is reported in Table I. 

Statistical analysis. All statistical analyses were performed using
NCSS-PASS (statistical analysis and size power analysis and
graphics) 2007 software. The serum levels of laboratory parameters
are expressed as means±standard deviation. The correlation between
IL-6, TNF-α, CRP, transferrin albumin and HCT serum levels in
CRC patients vs. the control group were performed by the t-test; the
correlations between serum levels of laboratory parameters and
anthropometric measurements into 3 sub-groups of CRC patients
(malnourished, well-nourished and at risk of malnutrition) were
performed with analysis of variance (ANOVA). A p-value of less
than 0.05 was considered as statistically significant. For correlation
of anthropometric measurements with and between laboratory
parameter levels, we used Pearson’s r-test; a 0.3<r<0,7 value was
considered a good positive association. 

Results
Baseline characteristics for Colorectal Cancer patients are
shown in Table I. Between November 2014 and September
2015, seventy-eight patients (39 women and 39 men) aged
from 44 to 87 years (median: 78 yrs) undergoing resection

surgery for colorectal cancer were enrolled in this study
together with 30 healthy subjects. The control group was
constituted by healthy volunteers, aged from 40 to 70 years
(median: 50 years) recruited within our institution. A
statically significant correlation between serum levels of IL-
6, TNF-α, CRP, TRF, albumin and hematocrit level in CRC
patients vs. the control group was found. The mean serum
IL-6 and TNF-α levels of the 78 CRC patients were
14.5±12.8 pg/ml and 10.1±12.5 pg/ml respectively,
significantly higher than those of the 30 subjects in the 30
control group, 6.5±2.5 pg/ml for IL-6 (p=0.001, t-test), and
3.2±2.8 pg/ml for TNF- α (p<0.0001, t-test).

The mean CRP levels in CRC patients were higher than
in the control group (5.3±5,4 mg/dl vs. 0.2±2.5 mg/dl;
p<0.0001, t-test) while lower mean TRF levels were
observed in CRC patients vs. healthy subjects (184.2± 68.7
mg/dl vs. 350±57 mg/dl; p<0.0001, t-test). Furthermore, a
significant correlation between albumin serum levels and
hematocrit value in CRC patients and the control group was
observed; the means of albumin and HCT serum levels in
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Table I. Baseline clinical characteristic of 78 CRC patients.

Charateristics                                              n˚                           %

Gender 
   Male                                                        39                         50.0
   Female                                                    39                         50.0
Tumor Site
   Colon                                                      25                          32
   Sigma                                                      13                          17
   Rectum                                                    40                          51
Histological type
   Adenocarcinoma                                     75                          96
   Mucinous Carcinoma                              1                            3
   Tubular Carcinoma                                  2                            1
Stadio
   I                                                                2
   II                                                               4
   III                                                            15
   IV                                                            47                            
Grade
   G1                                                           4
   G2                                                           36
   G3                                                           38                            

Blood chemistry parameters                   Range              Median value

Albumin                                            (3.4-5.7) g/dL          2.77 g/dL
Transferrin                                      (260-460) mg/dL     118,7 mg/dL
CRP                                                 (0.0-0.5) mg/dL          4.0 U/L
Hematocrit value                                  (40-52)%               37.3 U/L
IL-6                                                (3.13-12.5) pg/ml       10.8 pg/dL
TNF-α                                              (0.5-5.5) pg/ml          5.2 pg/ml

CRP: C-reactive protein; IL-6: interleukin-6; TNF-α: tumor necrosis
factor-α.



CRC patients were significantly lower than in healthy
subjects (2.8±1.5 g/dl vs. 4.3±0.42g/dl; p<0.001, t-test) and
36.9±10.7% vs. 47.5±1.4%; p<0.001, t-test). 

According to the MNA score, CRC patients were divided
into three groups: 23/78 (29.4%) well nourished, 36/78
(46.1%) at risk of malnutrition and 19/78 (24.5%)
malnourished; the latter had suffered a weight loss greater than
10 kg in the previous six months associated with reduction of
food intake due to nausea, dysgeusia and early satiety. The
means±SD of nutritional and inflammatory parameters in the
three subgroups of CRC patients are listed in Table II.

The gender of malnourished patients was 58% male and
42% female while in the group at risk of malnutrition, 58%
was female and 42% male. The analysis of variance
(ANOVA) performed to analyze the means of anthropometric
and laboratory parameters between the three sub-groups of
patients showed a significant increase of IL-6, TNF-α, and
CRP serum levels in malnourished and at risk of malnutrition
patients (p<0.0001, p<0.0001 and p<0.0001 respectively);
(Table II). Concerning, albumin, TRF and HCT, lower means
were observed in malnourished and at risk of malnutrition
patients compared to the well-nourished group (p<0.0001,
p<0.0001, p=0.004 respectively).

The comparison of BMI in the three subgroups showed
that gender ratio was similar among the BMI group (data not
shown in table), while the mean ages were higher in higher
BMI levels. The percentage of malnourished and at risk of
malnutrition patients was significantly higher in the lower
BMI groups. IL-6 serum levels decrease as BMI increases,
while higher TRF, HCT and albumin serum levels were
found in the subgroup of well-nourished patients who also
had a higher BMI. 

According to Pearson’s correlation, the MNA score was
positively correlated to albumin (malnourished patients vs.

lower albumin serum levels r=0.459), IL-6 levels
(malnourished patients vs. higher IL-6 levels r=0.638) and
lower BMI (in malnourished patients r=0.492).

Table III show the results of the screening section of the
mini nutritional assessment that emphasize that most muscle
loss (more than 10% less than the normal range) it is found
among the malnourished patients compared to those at risk
of malnutrition and most malnourished subjects had
psychological distress (grief, anxiety, worry) a year prior to
the diagnosis of cancer.

The Box and Wisker plots in Figures 1 and 2, show the
comparison of the mean concentration of Albumin and IL-6
serum levels between the three subgroups of CRC patients.

Discussion

According to the WHO, malnutrition can be defined as the
cellular imbalance between intake of nutrients and energy
which results in altered metabolism, impaired function and
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Table II. Comparison between mean±standard deviation of nutritional and inflammatory parameters in three subgroup CRC patients.

                                                                     Well nourished                    At risk malnutrition                        Malnourished                            p-Value

Age (yrs)                                                          68.9±11.3                                  65.8±8.4                                      69.1±3.5                                      
Gender
    Male (%)                                                            57                                             42                                                58
    Female (%)                                                         43                                             58                                                42                                           
MNA score                                                        25.7±2.4                                   20.5±1.0                                      13.6±2.8                                      
BMI (Kg/m2)                                                    27.7±1.8                                  24.7±3.17                                      24±4.9                                 <0.0001
Waist Circumference (cm)                               97.5±5.6                                  92.3±12.7                                    87.2±14.1                                 0.019
Hematocrit (%)                                                40.4±9.6                                   37.1±1.2                                      34.7±2.2                                  0.004
Albumin (g/dl)                                                  3.4±0.31                                   2.7±0.29                                      2.5±0.74                                <0.0001
Transferrin (mg/dl)                                         233.6±33.2                               189.3±2.12                                   162.9±4.9                               <0.0001
CRP (mg/dl)                                                      3.9±1.08                                   4.8±0.88                                      7.8±1.25                                <0.0001
IL-6 (pg/ml)                                                      7.14±2.3                                   13.5±1.8                                      25.1±2.5                                <0.0001
TNF-α (pg/ml)                                                   5.0±5.9                                     9.4±1.0                                       19.1±1.3                                <0.0001

MNA: Mini nutritional assessment; BMI: body mass index; TNF-α: tumor necrosis factor-alpha.

Table III. Results related to "screening" section of MNA of CRC
patients.

                                                            At risk malnutrition  Malnourished 
                                                                    patients %            patients %

Body Mass Index                                      21<BMI<25         19<BMI<25
Weight loss >10% in past 6 months               30%                      35%
Psychological stress                                       15%                      28%
Muscle Mass Loss                                           20%                      35%
Reduction of Intake Food                               45%                      70%
(appetite loss or altered 
taste perception)                                                  



loss of body mass. Nutrients can be divided into
micronutrients such as vitamins, minerals, and trace elements,
and macronutrients such as carbohydrates, proteins and fats
(35). Marasmus and Kwashiokor represent the two major
classifications of macronutrient malnutrition. Marasmus is the
type of malnutrition observed in patients with prolonged
fasting or inadequate food intake in which, although the diet
may contain an acceptable protein to energy ratio, the
utilization of endogenous fat and muscle tissue reserves for
energy is present, Kwashiokor results from a deficit of protein
despite a relative adequacy of energy, and may develop over
a shorter period of time (36, 37). 

PEM is a syndrome frequently associated with cancer
patients and may have a significant impact on prognosis; in
fact, it is associated with a decrease of physical strength,
reduced tolerance to cancer treatment, reduced survival, and
longer hospitalization time. 

As widely reported in literature, the systemic effects of
PEM in the oncology patient are due to the synergism of the
action of circulating factors in part produced by cancer cells,
such as proteolysis inducing factor (PIF) and lipid mobilizing
factor (LMF) (38), and partly produced by macrophages (39,
40); a key role is played by inflammatory cytokines (IL-6
and TNF-a) produced by the tumor and activated by the
immune system. The catabolic effects of these cytokines
leads to deleterious effects in the patient, altering energy
metabolism, body composition, nutritional status and
immune function by activating the inflammatory acute phase
response with reduced synthesis of proteins (albumin and
transferrin) and an increase of the C-reactive protein (41).
Several authors have shown a good correlation between

malnutrition and inflammation in cancer patients (42-44),
particularly those suffering from gastro-intestinal tumors.
The problem in patients undergoing colon resection is that
very often the condition of malnutrition is overlooked
because the patients can maintain normal weight and
anthropometric measurements. Only a careful physical
evaluation and review of the haematological parameters can
diagnose this syndrome, which is often associated with a
large serum albumin loss, decrease in hematocrit and
transferrin levels, increased C-reactive protein (45), and not
least the rise of pro-inflammatory cytokines that play a key
role in the diagnosis of malnutrition. 

In CRC patients undergoing surgery secondary causes can
occur such as an altered integrity of the gastrointestinal tract,
or post-surgical syndromes such as intestinal bad absorption,
nausea, vomiting, appetite loss, and dysgeusia that can cause
significant weight loss (>10% in 6 months) (46); It is
therefore important to carry out a timely assessment of
nutritional status in order to avoid a decline in health of the
patient and the onset of cancer cachexia which causes 20%
of the deaths, as well as worsening prognosis due to
rendering chemo or radio treatments ineffective and leading
to interruption of therapy. 

The objective of this study was to evaluate early, in a case
series of 78 patients undergoing abdominal surgery those at
risk of malnutrition or malnourished. In agreement with the
mini nutritional assessment our results show that more than
50% of CRC patients do not have a normal nutritional profile
and about a quarter of cases are already classified as
malnourished. The most significant data of this study
demonstrate that there is correlation between nutritional
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Figure 2. “Comparison of the mean concentration IL-6 serum levels in
the three subgroups of CRC patients"

Figure 1. Comparison of the mean concentration albumin serum levels
in the three subgroups of CRC patients.



status and inflammation when comparing all CRC patients
with the healthy control group, both for nutritional and
inflammatory parameters in the 3 subgroups of CRC patients
(WN, UM, and M patients). 

According to results reported by Read et al. (47), weight
loss, fatigue and malnutrition are both related to higher
energy expenditure and higher inflammation status in CCR,
so patients at risk of malnutrition and malnourished have
lower albumin (48), transferrin, and value hematocrit serum
levels compared to those with normal nutritional status. In
contrast the results show an important inflammatory state
with higher serum levels of IL-6, TNF-alpha (49), and CRP
in cancer patients compared to healthy controls, and an
average concentration significantly higher in the
malnourished subgroup and in those at risk of malnutrition,
suggesting the importance of adequate nutritional
intervention in these patients before the start of cancer
treatment (chemotherapy or radiotherapy) in order to
maintain and improve response to treatment, nutritional
status and quality of life, as well as to greatly reduce the
time and cost of hospitalization.
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