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INTRODUCTION

The greatest challenge in cancer treatment is to attain the 
highest probability of cure with the least morbidity. The sim-
plest theoretical way is to increase the therapeutic ratio. With 
radiation this is possible by encompassing all cancer cells 
with sufficient doses of radiation during each fraction, si-
multaneously sparing surrounding normal tissues at the same 
time.1,2 In several types of cancer, radiation therapy may be 
curative if it is localised to one part of the body. To avoid 
tumour recurrence, it can also be used as part of curative 
treatment following surgery to remove a single malignant 
tumour. Radiation therapy is synergistic with chemotherapy 

and has been used with sensitive cancers before, during and 
after chemotherapy.1,2

Over the last quarter of a century, clinical trials have shown 
improvement in treatment results for patients with squamous 
cell carcinoma of the head and neck, including greater local 
control, lower frequency of systemic recurrences, improved 
disease-free survival and most significantly improved over-
all survival. Prospective randomised phase III trials and 
meta-analyses and more significantly, population-wide sta-
tistics have shown an increase in overall survival. At the Na-
tional Cancer Center, the Screening, Epidemiology, and End 
Results (SEER) programme assess improvements in cancer 
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ABSTRACT
Introduction: Chemoradiation is commonly used curative treatment option for many forms of thecancer and produce synergistic 
effects than chemotherapy or radiation, per se. 
Objective: This study aims at assessing and comparing the toxicity profile and treatment breaks in patients receiving concurrent 
chemoradiation with 3D-Conformal Radiotherapy with or without glutamine supplements in head &neck cancers. 
Methods: 80 patients diagnosed with squamous cell carcinoma of the head and neck who were treated with 3D-Conformal Ra-
diotherapy in the as a prospective non-randomized double-arm observational study. 40 patients who received glutamine supple-
ments and 40 patients who didn’t receive glutamine supplements were reviewed weekly once for assessment of toxicity profile. 
Results: Out of the 80 patients, 64 patients were male and 16 female. Mean age was 54 years (range 13-74 years). 40 patients 
received glutamine supplements and 40 patients didn’t receive glutamine supplements. The mean maximum grade of oral mu-
cositis, dysphagia, skin reactions was less severe in the patients receiving glutamine compared to the patients not receiving 
glutamine ((p=0.0001).7.5% of patients who received glutamine supplements developed grade 3 skin reactions compared to 
20% of patients who didn’t receive glutamine supplements. 7.5% in the glutamine arm had treatment breaks with a range of 2-5 
days. 32.5% in the control arm had treatment breaks with a range of 3-10 days. 
Conclusions: Glutamine supplementation in head and neck cancer patients receiving concurrent chemoradiotherapy may delay 
the onset of mucositis reactions, skin reactions, dysphagia and also the progression of the mucositis reactions, skin reactions, 
and dysphagia.
Key Words: Radiotherapy, Glutamine, 3DCRT, Concurrent chemoradiation, Toxicity profile, Mucositis, Skin reactions, Dyspha-
gia, Head and neck cancer
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mortality rates in the United States.3,4

The goal of radiation therapy is to provide the specified tu-
mour volume with an appropriately measured dose of irra-
diation with as little damage as possible to the surrounding 
healthy tissue, resulting in tumour eradication, high quality 
of life and extended survival. In addition to curative efforts, 
in the successful palliation or prevention of symptoms of the 
disease, radiation therapy plays a significant role in cancer 
management: pain can be alleviated, luminal patency can be 
restored, skeletal integrity can be maintained, and with mini-
mal morbidity, organ function can be restored. Our ability to 
recognise tumours has been significantly enhanced by tech-
nological advances in the application of x-rays, computed 
tomography scans, magnetic resonance imaging with and 
without spectroscopy, ultrasound, positron emission tomog-
raphy scans, and electronic portal imaging and our aware-
ness of their limitations. We recognised that high doses to 
the salivary glands caused dry mouth, reduced taste, and 
poor dental health while treating patients with head and neck 
cancers, but we were unable to eliminate these side effects 
without risking a cure compromise. From non-site-specific 
approaches using bony anatomy and hand-drawn blocking, 
modern radiotherapy has developed into advanced prepara-
tion combining three-dimensional image reconstructions and 
algorithms for computer optimization.5,6

Concurrent Chemoradiation (CCRT) has proven to be the 
standard treatment option as an organ-preserving approach 
in early/ loco-regionally advanced head and neck cancers. 
With the improvement in tumour control and potential sur-
vival, issues regarding toxicity profile have become more 
pertinent. 

In patients with cancer, marked glutamine depletion develops 
over time. Cancer cachexia is marked by massive depletion 
of skeletal muscle glutamine. This can hurt the function of 
host tissues that are dependent upon adequate stores of glu-
tamine for optimal functioning. Furthermore, the extent of 
normal tissue damage from radiation or chemotherapy may 
be influenced by the presence of adequate tissue glutamine 
stores. Both of these facts support a possible therapeutic role 
for glutamine in the prevention of host normal tissue toxicity 
during cancer treatment.7,8 In the present study, we tried to 
assess the toxicity profile and compare them with the pa-
tients receiving and not receiving glutamine supplements. 

MATERIALS AND METHODS 

Prospective non-randomized observational clinical study 
This study involved the assessment and comparison of 
toxicity profile in 80 patients who were diagnosed with 
biopsy-proven squamous cell carcinoma of head and neck 
region between April 2014 to May 2015 at Apollo Spe-
ciality Hospitals, Chennai. (Consent form approval num-

ber:141-41102-131-107619). The study was designed as 
a prospective non-randomized double-arm observational 
study. Each arm consisted of 40 patients of a biopsy-proven, 
non-metastatic Squamous cell carcinoma of head and neck 
region. . The patient and attendant were explained regard-
ing the mechanism of action, tolerance, usefulness, available 
literature about glutamine administration in head & neck 
cancer. This study was commenced after obtaining clearance 
from the hospital ethics and scientific committee

After staging workup was completed, patients were sub-
jected to radiation concurrent with chemotherapy. Radiation 
technique [3DCRT] and frequency of chemotherapy (week-
ly) was planned for all the patients. 

Inclusion Criteria: 
1. Head & Neck cancers (Subsites to be included: Oral 

cavity, Oropharynx, Hypopharynx, Larynx) with doc-
umented Squamous cell carcinoma histopathology. 

2. Stage - T2-4 N1-2c M0. 
3. Performance status - Karnofsky >80. 
4. Concurrent Chemoradiation with Cisplatin-based 

chemotherapy. 
5. Patients who were willing to participate in this study. 

Exclusion Criteria: 
1. Prior Radiation to the neck region.
2. Age > 75 yrs.
3. Patients who are unable to undergo Radiation treatment. 

4. Patients who are unable to undergo Chemotherapy 
concurrent with radiation. 

5. Non-squamous cell cancers of head & neck. 
6. Patients with N3 nodes/ any distant metastases at the 

time of diagnosis. 
7. Concurrent chemo other than Cisplatin-based chemo-

therapy. 

After obtaining informed consent, patients were taken up 
for radiotherapy preparation. All the demographic data of 
the patients were collected at the time of preparation. All 
patients were properly immobilized with a suitable neck 
rest and aquaplanet mask. Shoulder retractor was used 
when necessary. After proper immobilization in treatment 
position technique – Plain CT images of head and neck 
were taken from the base of the skull to clavicle with a 
Simulator CT machine. 

The acquired axial images were transferred to the treatment 
planning system (Oncentra Treatment planning system ver-
sion 4.1) in DICOM format. These images received in the 
Treatment planning system were first registered and re-
constructed for contouring. The primary and node volume 
with adequate margins (gross tumour volume & clinical 
target volume ) were contoured along with organs at risk 
(OAR) in the axial plane. All the contours were verified by 
the radiation oncology consultant before treatment planning. 
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The treatment planning was done by the qualified medical 
physicist using Oncentra (version 4.1) treatment planning 
system. Each plan was evaluated by the radiation oncology 
author, consultant and the thesis guide. On approval of the 
plan, treatments were delivered on linear accelerator 6 MV 
photons. 

In 3D-CRT, the dose to the spinal cord was limited to 44 
Gy. Patients were treated with three dimensional conformal 
RT (3D-CRT) with concurrent cisplatin-based chemothera-
py as per protocol. 40 patients who received glutamine sup-
plements (Glutamine arm) and 40 patients who didn’t re-
ceive glutamine supplements (Control arm) were reviewed 
weekly once for assessment of toxicity profile. 

Glutamine was administered as 10 grams of L-Glutamine 
mixed with 200 ml of water two times a day. Every 15 
grams of sachet contains L-Glutamine 10 grams, Vitamin 
C 250 mg, Zinc sulphate equivalent to elemental zinc 10 
mg, Astaxanthin 10% 4 mg, Copper Sulphate equivalent 
to elemental Copper 1 mg and Selenium Selenomethio-
nine equivalent to elemental selenium 100 mcg Other in-
gredients are Mannitol, Sucralose. All the patients were 
reviewed weekly for toxicity assessment and were given 
grades using RTOG Acute Radiation Morbidity Grading 
System. All documented toxicity profile was taken up for 
analysis. 

Data entry was done in Micro Soft Excel spreadsheet. Data 
validation and analysis were carried out by SPSS version 
16.0. All the continuous variables were assessed for the 
normality using Shapiro Wilk’s test. If the variables are nor-
mally distributed, they are expressed as Mean ± Standard 
deviation. Otherwise Median (Interquartile range). All the 
categorical variables were expressed either as percentage or 
proportions. Comparison of non normally distributed contin-
uous variables was carried out by the Mann-Whitney U test. 
Comparison of categorical variables was done by chi-square 
test or fisher’s exact test based on the number of observa-
tions. All the p values <0.05 was considered as statistically 
significant. 

RESULTS 

The study was designed as a prospective non-randomized 
double-arm observational study. Each arm consisted of 40 
patients of a biopsy-proven, non-metastatic Squamous cell 
carcinoma of head and neck (HNSCC) region. The patient 
population was divided into two groups, one who received 
glutamine supplements and another who did not receive 
glutamine supplements (Table 1). 

Table 1:  Distribution of sites among both arms
Gender Glutamine 

Arm 
Control Arm P Value 

Male 34 (%) 30 (%) 0.264 

Female 6 (%) 10 (%) 

Site of carcinoma

Ca Hypopharynx 8 (%) 13 (%) 

0.074
Ca Larynx 17 (%) 7 (%) 

Ca Oral Cavity 10 (%) 12 (%) 

Ca Oropharynx 5 (%) 5 (%) 

Caparotid 0 (%) 3 (%) 

Staging

T2N1M0 19 (%) 18 (%) 0.095

T2N2M0 0 (%) 5 (%) 

T3N1M0 13 (%) 13 (%)

T3N2M0 8 (%) 4 (%) 

Effect on skin reactions
Skin reactions were not significantly different between both 
the arms for gender, cancer site and staging distribution (Ta-
ble 2). There was statistical significance between both the 
arms for skin reactions after 2 and 4 the week of treatment 
(p=0.001). 

Table 2: Skin reactions among both arms in various 
weeks of treatment

Week 2 skin reactions Glutamine 
Arm 

Control 
Arm 

P-Value 

No skin reactions 17 4 0.001

Grade 1 reactions 23 36

Week 3 skin reactions

Grade 1 40 39 0.314

Grade 2 0 1

Week 4 skin reactions

Grade 1 39 32 0.013

Grade 2 1 8

Week 5 skin reactions

Grade 1 4 1 0.240

Grade 2 36 38

Grade-3 0 1

Week 6 skin reactions

Grade 2 37 32 0.105

Grade 3 3 8
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Effect on mucositis
There was no statistical significance between both the arms 
for skin reactions after 3 rd,5th and 6th weeks of treatment 
(Table 3). There was statistical significance between both the 
arms for mucositis reactions after 2,3 rd,5 th and 6 th week of 
treatment (p=0.001). 

Table 3: Mucositis reactions among both arms in vari-
ous weeks of treatment
Week 1mucositis reac-
tions among both arms. 
Reactions

Glutamine 
Arm 

Control 
Arm 

P-Value 

No mucositis reactions 40 37 0.077

Grade 1 reactions 0 3

Week 2 mucositis reactions among both arms. Reactions

No reactions 35 6 0.00 

Grade 1 5 32 

Grade 2 0 2

Week 3 mucositis reactions among both arms. Reactions

No reactions 1 0

Grade 1 35 22 0.002

Grade 2 4 28

Week 4 mucositis reactions among both arms. Reactions

Grade 1 9 3 0.060

Grade 2 31 37

Week 5 mucositis reactions among both arms. Reactions

Grade 2 40 36 0.040

Grade 3 0 4

Week 6 mucositis reactions among both arms. Reactions

Grade 2 40 29 0.000

Grade 3 0 11

Effect on dysphagia
There was no statistical significance between both the arms 
for mucositis after 1 st, and 4 th weeks of treatment (Table 
4). There was statistical significance between both the arms 
for dysphagia reactions after 2 nd, 4th, 5 th and 6 th week of 
treatment. There was no statistical significance between both 
the arms for dysphagia after 1 st and 3 rd weeks of treatment. 

Table 4: Dysphagia among both arms in various 
weeks of treatment
Week 1 dysphagia 
among both arms.  
reactions

Glutamine 
Arm 

Control 
Arm 

P-Value 

No dysphagia 40 39 0.314

Grade 1 reactions 0 1

Week 2 dysphagia among 
both arms. reactions

Week 1 dysphagia 
among both arms.  
reactions

Glutamine 
Arm 

Control 
Arm 

P-Value 

No reactions 15 6 0.022

Grade 1 25 34 

Week 3 dysphagia among both arms. reactions

Grade 1 40 37 0.077

Grade 2 0 3

Week 4 dysphagia among both arms. reactions

Grade 1 22 10 0.006

Grade 2 18 30

Week 5 dysphagia among both arms. reactions

Grade 2 40 30 0.001

Grade 3 0 10

Week 6 dysphagia among both arms. reactions

Grade 2 38 27 0.002

Grade 3 2 13

Treatment Breaks
3 (7.5%) out of 40 patients in the glutamine arm had treat-
ment breaks with a range of 2-5 days. 13 (32.5%) out of 40 
patients in the control arm had treatment breaks with a range 
of 3-10 days. From the above observations, it is understood 
that glutamine supplementation reduced the percentage of 
patients requiring treatment breaks and also the number of 
days. 

DISCUSSION 

Radiotherapy and Chemotherapy are the cornerstones in the 
management of head and neck malignancies. However, it 
leads to unavoidable toxicities in the form of systemic al-
terations and local lesions such as mucositis, loss of taste, 
decreased salivation, microbial colonization, dysphagia, and 
osteoradionecrosis (Table-1)The local toxicities outweigh 
the systemic complaints both in severity and difficulty in 
management.1,2

In our study, 7.5% of patients in the glutamine arm developed 
grade 3 skin reactions (Table-2) Similarly in Zygogianni et 
al.11, 9.7% of patients in the glutamine arm developed grade 
3 skin reactions. In Imai et al.12 18.8% of patients in the glu-
tamine arm developed grade 3 skin reactions. In our study, 
7.5% of patients in the glutamine arm had treatment breaks 
with a range of 2-5 days. 32.5% of patients in the control arm 
had treatment breaks with a range of 3-10 days (p<0.001). 
In Pachon et al.10, they found that 19.8% of patients who did 
not take glutamine discontinued treatment versus 6.9% of 
patients who took (p=0.002). 

Table 4: (Continued)
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Oral mucositis is the most frequently occurring painful and 
dose-limiting side- effect of therapeutic irradiation of the 
head and neck (Table-3) Conventional fractionation sched-
ules cause grade 3 and grade 4 mucositis in approximately 
25% of the Radiation Therapy Oncology Group (RTOG) 
studies whereas, accelerated regimes like concomitant boost 
or hyper-fractionation increase the same to 50%. Addition 
of concomitant chemotherapy during the radiotherapy fur-
ther aggravates these lesions leading to significant morbid-
ity, odynophagia, dysgeusia, and subsequent dehydration 
and malnutrition.2 Furthermore, modifications and dose re-
ductions in the treatment schedule, more so with concurrent 
chemotherapy, to allow for resolution of these lesions can 
directly compromise patient survival. Different interventions 
are currently practised with varying benefits, but there is no 
consensus on the most effective way to prevent or treat this 
most distressing complication. Oral mucositis manifests first 
by thinning of oral tissues leading to erythema. As these is-
sues continue to thin, ulceration eventually occurs.3 It has 
significant clinical implications in patients receiving radia-
tion therapy for the treatment of head and neck cancer. It 
may cause severe pain and dysfunction that interfere with 
swallowing and speech and lead to serious consequences 
such as weight loss. More importantly, radiation-associated 
mucositis can have significant implications on tumour con-
trol or cure, if treatment has to be interrupted to allow for 
healing or the dose and volume have to be reduced. There are 
no established measures for the treatment of oral mucositis.3

A study showed that oral care to remove potential sources 
of infection provided in conjunction with cancer therapy is 
necessary to prevent serious complications, including ram-
pant decay and osteoradionecrosis with radiation therapy 
and potentially life-threatening infections and bleeding with 
chemotherapy. Certain studies had shown that the use of 
topical antimicrobial lozenge containing polymyxin, to-
bramycin, and amphotericin B reduced oral mucositis with 
radiation therapy. Two hematopoietic growth factors granu-
locyte colony-stimulating factor (GCSF) and granulocyte-
macrophage colony-stimulating factor (GMCSF) have been 
employed extensively to lessen mucositis. But these growth 
factors are expensive and would lead to economic burden to 
the patients.2

Dysphagia is a very common complaint that may occur be-
fore during and after chemoradiotherapy in patients with 
head and neck cancer. (table-4)This contributes to dietary 
malnutrition, weight loss, and excessive feeding and also 
has a substantial potential risk of aspiration. This has a ma-
jor negative effect on the entire quality of life of the patient. 
Since dysphagia treatment is rarely successful in this setting, 
avoidance is paramount. To decrease dysphagia, several 
strategies have been developed. This include swallowing 
exercises, therapy adjustment strategies such as intensity-
modulated radiotherapy, elective node selective delineation, 

parotid-sparing radiotherapy reduction of xerostomia, and 
the addition of radioprotectors.4

Acute skin reaction (radiation dermatitis) that ranges from a 
mild rash to extreme ulceration is one of the most common 
side effects of chemoradiation. There will be a moderate-to-
severe skin reaction in about 85 % of patients infected with 
radiation therapy. Acute skin-induced radiation reactions 
often lead to itching and discomfort, treatment delays, and 
reduced aesthetic appearance, resulting in a decline in the 
quality of life.5

Klimberg et al.6 used a rat breast cancer model to show that 
glutamine-supplemented with mammary tumours had great-
er glutamine and glutathione concentrations, and decreased 
PGE production than rats that received no glutamine. In 
another study, PGE levels (prostaglandins) from the tissues 
obtained by serial mucosal biopsies from experiencing acute 
radiation effects increased with increased inflammation. In 
patients with cancer, marked glutamine depletion develops 
over time; cancer cachexia is marked by massive depletion 
of skeletal muscle glutamine. This can harm the function of 
host tissues that are dependent upon adequate stores of glu-
tamine for optimal functioning.2

Furthermore, the extent of normal tissue damage from radia-
tion or chemotherapy may be influenced by the presence of 
adequate tissue glutamine stores. Both of these facts suggest 
a possible therapeutic role for glutamine in the prevention 
of host normal tissue toxicity during cancer treatment.7 In 
our study, we found that the mean maximum grade of oral 
mucositis was less severe in the glutamine arm compared 
to the control arm (2 vs. 2.27) (p=0.0001). This is similar 
to Huang et al.8 where they found that the mean maximum 
grade of oral mucositis was less severe in the glutamine arm 
compared to the control arm (1.6 vs. 2.6) (p=0.0058). Simi-
larly in Sarumathy et al.3, they found that the mean maximum 
grade of oral mucositis was less severe in the glutamine arm 
compared to the control arm (2 vs. 2.93). In Tsujimoto T et 
al. 9 they found that the mean maximum grade of oral mu-
cositis was less severe in the glutamine arm compared to the 
control arm (2.9 vs. 3.3) (p=0.005). In our study, the mean 
dose of radiation at the time of occurrence of mucositis was 
21 Gy without glutamine supplementation and 29 Gy with 
glutamine supplementation. Similarly in Sarumathy et al.3 
the mean dose of radiation at the time of occurrence of mu-
cositis was 15 Gy without glutamine supplementation and 21 
Gy with glutamine supplementation.11,12 

Our study showed the mean dose of radiation at the time of 
occurrence of mucositis and dysphagia was 21 Gy and 22 Gy 
respectively in patients without glutamine supplementation 
versus 29 Gy and 24 Gy in patients with glutamine supple-
mentation (p<0.005). In Pachon et al.10 they found that the 
mean dose of radiation at the time of occurrence of mucositis 
and odynophagia was 30.9 Gy and 29.8 Gy respectively in 
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patients without glutamine supplementation versus 43.5 Gy 
and 40.1 Gy in patients with glutamine supplementation (p 
< 0.001) 

CONCLUSIONS 

Based on the results of our study, Glutamine supplementa-
tion in head and neck cancer patients receiving concurrent 
chemoradiotherapy may delays the onset of skin reactions, 
mucositis reactions and dysphagia also the progression of 
the reactions. Glutamine supplementation may decrease 
the number of patients having treatment breaks and also the 
number of days of treatment interruptions. 
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