
AAiimm  ooff  tthhee  ssttuuddyy:: The aim of this prospec-
tive study was to determine the preva-
lence of malnutrition and to evaluate
a more sensitive marker to assess the
nutritional status in patients undergoing
RT for head and neck cancer.
MMaatteerriiaall  aanndd  mmeetthhooddss::  The prospective
study included 51 (mean age of 57.6 ±11.2
years) patients undergoing RT for head
and neck cancer. Malnutrition was
defined as weight loss > 5% of baseline.
RReessuullttss:: Forty-six (90.2%) of 51 patients
were male. Malnutrition developed in 
33 (64.7%) patients during RT. Mean pre-
albumin level was significantly lower in
patients with malnutrition than in those
without malnutrition (17 ±5 g/dl vs. 
22 ±5 g/dl, respectively, p = 0.004). On
the other hand, there was no significant
difference between the two groups in
terms of other nutrition parameters
including total protein, albumin, total
cholesterol, triglyceride, and glucose 
(p > 0.05). The percentage of weight loss
negatively correlated with prealbumin 
(r = –0.430, p = 0.002), but not with oth-
er nutrition parameters including total
protein, albumin, triglyceride, total cho-
lesterol, HDL cholesterol, LDL cholesterol,
and glucose (p > 0.05).
CCoonncclluussiioonnss::  The prevalence of malnu-
trition was high in patients with head
and neck cancer. Prealbumin was a more
sensitive marker than albumin to assess
the nutritional status in these patients.

KKeeyy  wwoorrddss::  albumin, head and neck can-
 cer, malnutrition, prealbumin, radiother-
apy.
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Introduction

Malnutrition and cachexia, which is the final form of malnutrition if it is not
treated, are common problems in patients with cancer. The most important
result of malnutrition is increased complication and death risk during
chemotherapy, radiotherapy (RT), or surgical treatment [1]. Patients with head
and neck cancer are among those cancer patients in whom malnutrition is
the most frequent. Causes of malnutrition in these patients include the fol-
lowing: (a) tumor or RT-induced catabolic factors such as tumor necrosis fac-
tor α  (TNF-α) and interleukins, (b) the reduction in dietary intake caused by
factors such as tumor, RT, or chemotherapy-induced dysphagia, mucositis or
nausea, and (c) poor eating habits associated with excessive alcohol con-
sumption [2, 3].
Measurement of serum proteins can provide indirect information about the

levels of visceral protein. Albumin and prealbumin are among such proteins.
Prealbumin is a good marker of visceral protein status and is affected earli-
er by acute variations in protein balance [4, 5]. Serum albumin is commonly
used as surrogate marker of nutrition; however, its half-life of 21 days makes
it only minimally valuable. In conditions in which malnutrition develops in a short
time, albumin is not a clinically relevant nutritional marker [4, 5].
The aim of this prospective study was to determine the prevalence of mal-

nutrition and to evaluate amore sensitive marker to assess the nutritional sta-
tus in patients undergoing RT for head and neck cancer.

Material and methods

This prospective study was performed in the Department of Radiation Oncol-
ogy in Erciyes University Medical School. Fifty-one patients with non-
metastatic head and neck cancer were enrolled consecutively in the study.
Patients were excluded if they were < 18 years old, had severe disease such
as heart failure and hepatic failure, had a history of any other cancer, or if they
refused to give consent. The study protocol was approved by the local ethics
committee. Informed consent was obtained from all patients subjected to study
procedures.
Malnutrition was defined as weight loss > 5% of baseline. The subjective

global assessment of nutritional status (SGA) is used to assess the nutritional
status of patients [6]. Body mass index (BMI) was defined as weight in kilo-
grams divided by height in square meters.

Blood samples

Blood samples were taken from all patients for laboratory examinations
such as complete blood count, serum total protein, albumin, glucose, and total
lipid profile before beginning the RT course and after the end of RT. On the
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other hand, blood samples which were taken from patients
for prealbumin were immediately centrifuged and stored at
–80°C. Prealbumin was analyzed by the nephelometric
method (Dade Behring, USA).

Radiotherapy and chemotherapy

Patients were irradiated by using 6 MV Linear Accelera-
tor Beams (Varian CDX 2300). RT was curative for the major-
ity of the patients; curative RT in 32 (62.8%) patients and adju-
vant RT in 19 (37.2%) patients. Radiotherapy was given through
two parallel opposite lateral fields to the cervical lymph nodes
as well as primary tumor sites and/or through the anterior
field to the inferior cervical and the supraclavicular lymph
nodes. It was given in 1.8–2.0 Gy/day doses five days
aweek by conventional fractionation (total 60–70 Gy by spinal
cord protection at 46 Gy). Cisplatin 50 mg/week was con-
comitantly given.

Toxicity evaluation

Radiotherapy-related acute toxicity was evaluated once
a week by National Cancer Institute Common Toxicity Cri-
teria (NCI-CTC) version 2.0 [7]. Severe RT-related toxicities
including nausea, radiodermatitis, mucositis, and dysphagia
were defined as grade 3 or grade 4 RT-related toxicity.

Statistical analysis

SPSS 15.0 software was used for the statistical analysis.
Continuous variables with normal distribution were presented
as mean ± SD. The median value was used where normal dis-
tribution was absent. Qualitative variables were given as per-
cent. Statistical analysis for the parametric variables was per-
formed using the Student’s t-test between two groups. The
Mann-Whitney U test was used to compare nonparametric
variables between two groups. The χ2 test and Fisher exact

test were used to compare qualitative data between two
groups. The correlation analysis was evaluated by Pearson’s
correlation test for parametric variables and by Spear-
man’s correlation test for nonparametric variables. A p val-
ue of 0.05 was considered statistically significant.

Results

Mean age of 51 patients was 57.6 ±11.2 years; 46 (90.2%)
of the 51 patients were male. The stage of cancer was stage
I in 4 (7.8%), stage II in 5 (9.8%), stage III in 13 (25.5%), and
stage IV in 29 (56.9%) patients. The pathology of cancer was
squamous cell carcinoma in 46 (90.2%) and non-squamous
cell carcinoma in 5 (9.8%) patients. Thirty-two (62.7%)
patients received concomitant chemotherapy while 1 (2.0%)
patient dropped out during chemotherapy. On the other hand,
the remaining 18 (35.3%) patients were not given concomitant
chemotherapy. Forty-four (86.3%) patients had a history of
smoking whereas 13 (25.5%) had a history of alcohol use. The
localization of cancer was larynx in 27 (52.9%), nasopharynx
in 11 (21.6%), parotid gland in 5 (9.8%), hypopharynx in 
2 (3.9%), lip in 2 (3.9%), oral cavity in 1 (2.0%), maxillary sinus
in 1 (2.0%), skin cancer + neck metastasis in 1 (2.0%), and
unknown primary cancer in 1 (2.0%) patient.
Malnutrition developed in 33 (64.7%) patients during RT.

Table 1 shows the comparison of demographic and clinical
findings in patients with and patients without malnutrition.
ECOG score was significantly more impaired in patients with
malnutrition than in those without malnutrition after the end
of RT while there was no significant difference between the
two groups for it before the beginning of RT. Use of con-
comitant chemotherapy was more frequent in patients with
malnutrition than in those without malnutrition. Although
the difference between the two groups was not statistical-
ly significant, the RT dose was higher in patients with mal-

TTaabbllee  11.. Comparison of demographic and clinical findings in patients with and patients without malnutrition

PPaarraammeetteerr PPaattiieennttss  wwiitthhoouutt  mmaallnnuuttrriittiioonn PPaattiieennttss  wwiitthh  mmaallnnuuttrriittiioonn pp
((nn ==  1188)) ((nn ==  3333))

age (year) 57.4 ±10.0 57.8 ±11.9 0.912

sex 0.101
male (%) 18 (100%) 28 (84.8%)
female (%) – 5 (15.2%)

smoking (%) 17 (94.4%) 27 (81.8%) 0.209

drinking (%) 4 (22.2%) 9 (27.3%) 0.483

family history of cancer (%) 2 (11.1%) 6 (18.2%) 0.409

ECOG score* 0: 8 (44.4%) 0: 14 (42.1%) 0.884
1: 9 (50.0%) 1: 18 (54.5%)
2: 1 (5.6%) 2: 1 (3.0%)

ECOG score** 0: 0(0%) 0: 1 (3.0%) 0.024
1: 9 (50.0%) 1: 4 (12.1%)
2: 8 (44.4%) 2: 22 (66.7%)
3: 1 (5.6%) 3: 6 (18.2%)

use of concomitant chemotherapy (%) 5 (27.8%) 27 (81.8%) < 0.001

radiotherapy dose 6422 ±483 6715 ±515 0.053

*Before beginning of radiotherapy course, 
**After the end of radiotherapy
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nutrition than in those without malnutrition. On the other
hand, there was no significant difference between the two
groups in terms of other demographic and clinical parameters
including age, gender, smoking, drinking, and family histo-
ry of cancer (p > 0.05). In addition, although the data are not
shown in the table, there was no significant difference
between the two groups in terms of cancer localization, stage
of cancer, and co-morbid diseases (p > 0.05).
Comparison of nutrition parameters in patients with and

patients without malnutrition are summarized in Table 2. Lev-
els of prealbumin and hemoglobin were significantly lower
in patients with malnutrition than in those without malnu-
trition. Subjective global assessment score was signifi-
cantly worse in patients with malnutrition than in those with-
out malnutrition. On the other hand, there was no significant
difference between the two groups in terms of other nutri-
tion parameters including total protein, albumin, total cho-
lesterol, triglyceride, and glucose (p > 0.05).
Table 3 shows the comparison of RT-related toxicities in

patients with and patients without malnutrition. Severe dys-
phagia was more frequent in patients with malnutrition than
in those without malnutrition. On the other hand, there was
no significant difference between the two groups in terms
of other RT-related toxicities including severe nausea,
severe radiodermatitis, and severe mucositis.
The percentage of weight loss positively correlated with

SGA score after RT (r = 0.621, p < 0.001), ECOG score after
RT (r = 0.515, p < 0.001), RT dose (r = 0.283, p = 0.044), the
development of severe radiodermatitis (r= 0.287, p = 0.041),

the development of severe mucositis (r = 0.281, p = 0.045),
the development of severe dysphagia (r = 0.662, p < 0.001),
and use of concomitant chemotherapy (r = 0.535, p < 0.001),
and negatively correlated with prealbumin (r = –0.430, 
p = 0.002), but not with other nutrition parameters includ-
ing total protein, albumin, triglyceride, total cholesterol, glu-
cose, and hemoglobin, or with clinical and demographic para-
meters including age, gender, smoking, drinking, and stage
of cancer (p > 0.05).

Discussion

Patients with head and neck cancer are among those can-
cer patients in whom malnutrition is the most frequent. Sev-
eral methods have been used to define malnutrition in stud-
ies related to malnutrition in cancer patients. Some authors
used weight loss and BMI [8], while other authors used SGA
and anthropometric measurements [9]. Although there is an
optimal method of assessment, the method most commonly
used is evaluation of weight loss and BMI and it often cor-
relates with the results of the disease [8]. Cancer patients
are the patient group with the highest prevalence of protein-
calorie malnutrition in hospitalized patients [10]. Approxi-
mately one third of patients with head and neck cancer have
severe malnutrition. Also approximately one third of the
patients develop moderate malnutrition [11]. One thousand
five hundred and forty-five cancer patients were included in
the study conducted by Pressoir et al. and malnutrition, which
is defined as weight loss of 10% or more, is found in 30.9%
of the patients. Cancer localization in 179 of the 1545 pa tients

TTaabbllee  22..  Comparison of nutrition parameters in patients with and patients without malnutrition

PPaarraammeetteerr PPaattiieennttss  wwiitthhoouutt  mmaallnnuuttrriittiioonn PPaattiieennttss  wwiitthh  mmaallnnuuttrriittiioonn pp
((nn ==  1188)) ((nn ==  3333))

total protein (g/dl) 7.31 ±0.68 7.00 ±0.48 0.063

albumin (g/dl) 3.92 ±0.40 3.71 ±0.35 0.063

prealbumin (g/dl) 22 ±5 17 ±5 0.004

total cholesterol (mg/dl) 211 ±42 199 ±51 0.399

triglyceride (mg/dl) 118 (60–392) 115 (49–385) 0.585

glucose (mg/dl) 95 (56–146) 90 (54–166) 0.782

hemoglobin (g/dl) 13.8 ±2.3 12.2 ±1.9 0.011

SGA score after the end of RT A: 7 (38.9%) A: 1 (3.0%) 0.002
B: 10 (55.6%) B: 24 (72.7%)
C: 1 (5.6%) C: 8 (24.2%)

SGA: subjective global assessment, RT: radiotherapy

TTaabbllee  33.. Comparison of RT-related toxicities in patients with and patients without malnutrition

PPaarraammeetteerr PPaattiieennttss  wwiitthhoouutt  mmaallnnuuttrriittiioonn PPaattiieennttss  wwiitthh  mmaallnnuuttrriittiioonn pp
((nn ==  1188)) ((nn ==  3333))

presence of severe nausea (%) 1 (5.6) 5 (15.2) 0.299

presence of severe radiodermatitis (%) 6 (33.3) 18 (54.5) 0.123

presence of severe mucositis (%) 0 (0) 6 (18.2) 0.061

presence of severe dysphagia (%) 4 (22.2) 26 (78.8) < 0.001
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was head and neck and the frequency of malnutrition in this
subgroup of patients was as high as 45.6% [8]. In a study per-
formed by Pirlich et al. in Germany, the prevalence of mal-
nutrition was found as 37.6% in oncologic patients [9]. In
a study performed by Bozzetti et al. in Italy, significant weight
loss (≥ 10%) was observed in 39.7% of 1000 oncologic patients
[12]. Even in patients with early-stage head and neck can-
cer, prevalence of critical weight loss, which is defined as
weight loss of more than 5% during RT, was observed as
approximately 25% [13]. In our study, malnutrition was
defined as weight loss > 5% of baseline during RT and was
observed in 33 (64.7%) patients. On the other hand, weight
loss of more than 10% during RT was observed in 24 (47.1%)
patients. When the SGA, which is another method of nutri-
tional status assessment, is used to define malnutrition, 15.7%
of 51 patients were well nourished, and 84.3% malnourished
(66.7% SGA-B and 17.6% SGA-C) in evaluation after the end
of RT. These findings related to the frequency of malnutri-
tion in our study were similar to those regarding the preva-
lence of malnutrition in patients with head and neck cancer
mentioned above.
Measurement of serum proteins can provide indirect infor-

mation about the levels of visceral protein. Albumin and pre-
albumin are among such proteins. Prealbumin is synthesized
in the liver and acts as a transport protein in the body. It has
a shorter half-life of 2–3 days and its amount in the body is
low. Therefore, measurement of prealbumin is a good
marker of visceral protein status and prealbumin is affect-
ed earlier by acute variations in protein balance [4, 5]. Serum
albumin is commonly used as a surrogate marker of nutri-
tion; however, its half-life of 21 days makes it only minimally
valuable. With such a long half-life, a new steady state lev-
el can only be reached after 100 days [4]. As in this study, in
conditions in which malnutrition develops in a short time,
albumin is not a clinically relevant nutritional marker. There-
fore, prealbumin is a more sensitive marker than albumin or
transferrin to assess the nutritional status [4, 5]. Similarly,
in this study, prealbumin level was significantly lower in
patients with malnutrition than in those without malnutri-
tion and there was no significant difference between the two
groups in terms of albumin levels. In addition, the percent-
age of weight loss that was used to define malnutrition neg-
atively correlated with prealbumin, but not with albumin.
The degree of malnutrition is related to the patient’s nutri-

tional status before tumor development, to the character-
istics of the tumor, and to the cancer treatment itself such
as RT and chemotherapy [14]. Malnutrition is a serious prob-
lem in patients with head and neck cancer. It relates close-
ly to the degradation of the quality of life and patient per-
formance, decrease in adherence to treatment and response
to therapy, reduction in life expectancy, and longer duration
of hospitalization. It also may increase the risk of infection,
and treatment toxicity and treatment costs [1, 8, 15]. Per-
formance scores in the patients in this study were in agree-
ment with these findings. ECOG score was significantly worse
in patients with malnutrition than in those without malnu-
trition after RT while there was no significant difference
between the two groups for it before RT.
Subjective global assessment (as well as the percentage

of weight loss and BMI) is a parameter used to assess the

nutritional status in both cancer patients and patients
without cancer [9]. Therefore, in this study, it was an
expected finding that patients with malnutrition had a worse
SGA score.
Radiotherapy has serious side effects in both the early and

late period on swallowing functions and these side effects
manifest as dysphagia. In the early period, side effects includ-
ing severe dry mouth, stomatitis, superficial mucosal ulcer-
ation, taste disorder, bleeding, pain, and mucositis may devel-
op [16]. On the other hand, in the late period, side effects
including osteoradionecrosis, trismus, oral flora changes, den-
tal caries, taste changes, and strictures may occur [17]. As
expected, toxicity also increases with increasing dose of RT.
In our study, dysphagia, a serious toxicity of RT, was signif-
icantly more frequent in patients with malnutrition, so it is
a contributing factor to malnutrition in patients with head
and neck cancer. Similarly, the development of severe
mucositis and severe nausea was more common in patients
with malnutrition, but the difference was not statistically sig-
nificant. However, there was a trend towards elevation which
might reach significance if the number of patients is
increased. On the other hand, there was also found a sig-
nificant correlation between the amount of weight loss dur-
ing RT and the development of RT-related toxicity such as
mucositis and dysphagia.
Chemotherapeutic drugs may negatively affect nutrition.

This is usually a result of the adverse effects on the oral cav-
ity, oropharynx and esophagus mucosa and hence mucosi-
tis and odynophagia may develop. Other side effects that con-
tribute to malnutrition and cachexia include nausea and
vomiting. Cisplatin is a commonly used agent in patients with
head and neck cancer and has a very high potential for nau-
sea. Combined chemoradiotherapy may increase dysphagia
and malnutrition more due to the combined toxicities of the
two treatment modalities [1]. Thirty-two patients received
concomitant chemotherapy in this study. The chemothera-
peutic agent used was cisplatin. As expected, 81.8% (27 pa -
tients) of the 33 patients with malnutrition underwent con-
current chemotherapy, or in other words, 27 of the 32 patients
who received cisplatin developed malnutrition. These side
effects of cisplatin possibly appear to contribute to malnu-
trition in our patients.
In conclusion, malnutrition was a common complication

in patients undergoing radiotherapy for head and neck can-
cer. Prealbumin is a more sensitive marker than albumin to
assess the nutritional status.

Limitations

The presented studied group is rather small and hetero-
geneous. In a study performed in amore homogeneous group
of patients (e.g. patients with hypopharynx cancer), proba-
bly more unequivocal results can be obtained. However, the
number of patients will be even lower. This problem can be
overcome by future multicenter studies.
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