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abstract

objective

To assess the change in the quality of life (QOL) in 
Oropharyngeal, Laryngeal and Hypopharyngeal cancer 
patients treated with concomitant boost radiotherapy 
by Volumetric Intensity Modulated Arc Therapy (VMAT) 
technique.

Methods

Thirty patients with oropharynx, larynx or hypopharynx 
cancers of stage II to IVA were treated with an Accelerated 
fractionation schedule using Concomitant boost. The dose 
given was 1.8Gy/fraction daily, 5 days a week to the large 
field for 28 fractions and a daily concomitant boost of 
1.5Gy/fraction to the boost field over the last 12 treatment 
days for a total dose of 68.4Gy/40 fractions/5½weeks 
by VMAT technique with concurrent chemotherapy (in 
stage III and IV patients) using Cisplatin 100mg/m2 IV 
three weekly during week 1 and week 4 of irradiation. 
QOL was assessed using the European Organization of 
Research and Treatment of Cancer Quality of Life Core 
Questionnaire, version 3.0 (EORTC QLQC30) and EORTC 
head and neck module (EORTC QLQ-HN35) before 
treatment, at the end of treatment, 1 month, 3 months 

and 6 months post treatment. The QOL scores and their 
evolution over the five measurements were calculated. 

results

The change in the QOL scores was acceptable in general. 
There was a significant reduction in quality of life scores 
at the end of treatment. The QOL improved in the follow-
up period; and by 3 months post irradiation, there was a 
return of QOL scores to the baseline value.

Conclusion

The QOL scores indicate that concomitant boost 
radiotherapy by VMAT is well tolerated and helps in rapid 
return to baseline quality of life scores.

We believe that this is one of the first papers which 
have combined concomitant boost radiotherapy with 
VMAT technique in head and neck cancers. VMAT based 
concomitant boost radiotherapy helps in rapid return to 
baseline quality of life.

Keywords

Head and neck cancers, volumetric arc therapy in head 
and cancers, concomitant boost radiotherapy, IMRT, 
altered fractionation, quality of life, head and neck 
cancers.

Corresponding author: Dr. Ashutosh Mukherji, 
Associate Professor, Department of Radiotherapy, 

Regional Cancer Centre, JIPMER, Puducherry-605006, 
Tel. No.: 09489146747 

Email: dr_ashutoshmukherji@yahoo.co.in

introduction
Head and neck cancer is one of the most common 

cancers observed in India and radiation therapy forms 
one of the main treatment modalities. Conventional 
radiotherapy is usually delivered at 1.8 – 2 Gy/day, 5 days 
a week for 6 – 7 weeks. Radiobiological experiments have 
shown that head and neck tumours undergo accelerated 

repopulation during a course of radiotherapy which was 
found to be a significant cause of treatment failure (1, 2). 
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One rational strategy to counteract this repopulation is by 
shortening the duration of treatment. This idea has given 
rise to the concept of concomitant boost radiotherapy 
which is a novel concept introduced by M.D. Anderson 
Cancer Centre (3).

Accelerated fractionation with concomitant boost is 
one of the types of accelerated fractionation in which the 
total dose remains the same as conventional radiotherapy 
and is delivered by adding a second fraction at an interval 
of minimum six hours after the first fraction during the 
second half of treatment period. This results in reduction 
of treatment duration by about a week decreasing the 
probability of tumour growth or repopulation during 
treatment. In conventional radiotherapy treatment is 
given for seven weeks which may allow for repopulation 
of tumour cells. Hence accelerated fractionation with 
concomitant boost by shortening the overall duration by 
one week, can help in reducing repopulation of tumour 
cells resulting in better tumour control (3). Reduction in 
treatment time also has the advantage of reduced hospital 
stay and financial burden for the patient. Thus accelerated 
fractionation with concomitant boost radiotherapy has 
shown better loco-regional control in head and neck 
cancers (4-14).

However the most important limiting factor in 
concomitant boost radiotherapy is the expectation of 
increased acute normal tissue toxicities. With advances 
in conformal radiotherapy, these acute effects can 
be reduced without compromising on loco-regional 
control. In the last two decades, Intensity Modulated 
Radiotherapy (IMRT) has become the standard external 
radiation therapy technique in the treatment of head and 
neck tumours because of the proven benefits of parotid 
gland and spinal cord sparing that this technique provides 
while its role in constrictor muscle sparing (and hence 
dysphagia) is less clear (15). Volumetric modulated arc 
therapy (VMAT) is a form of IMRT in which irradiation of 
the target volume proceeds with simultaneously changing 
multileaf collimator (MLC) positions, gantry positions and 
dose rates (16). Studies have shown that VMAT can reduce 
treatment time without compromising plan quality when 
compared to IMRT (17).

Along with all such advances in treatment technique 
and dose schedule there have also been changes in the 
assessment end-points. Disease control, toxicities and 
survival are the traditional endpoints of any study in 
cancer patients. Health related quality of life (HR-QOL) 
is one parameter that is usually not studied but it is a 
significant additional endpoint at present times (18). Cella 
et al defined quality of life (QOL) as ‘‘a patient’s appraisal 
of and satisfaction with their current level of functioning as 
compared to what they perceive to be possible or ideal”(19). 

Patients who suffer from head and neck malignancies 
have more debilitating problems including difficulty 
in swallowing, speech and hearing post therapy and 
therefore, QOL parameter is particularly important to them 
(20-22). Studies on quality of life of head and neck cancer 
patients managed with routine treatment schedules are 
available in large but there are only few studies reporting 
about the QOL with concomitant boost radiotherapy (23-25). 
Moreover, the quality of life can be improved significantly 
with advances in conformal radiotherapy techniques as 
suggested by numerous studies (26-29). Therefore this study 
aims at assessing whether the use of a VMAT technique 
in delivering irradiation would be possible to deliver an 
accelerated dose schedule, namely, a concomitant boost 
regime and assess the resultant change in quality of life.

Methods and Materials

Study design and Patient eligibility:

A prospective descriptive study was done in our Institute 
from October 2012 to March 2014 which included patients 
with previously untreated squamous cell carcinomas of 
oropharynx, hypopharynx and larynx (stage II – IVA) with 
normal hematologic, hepatic and renal parameters and 
ECOG performance status of 0 to 1. Patients with stage 
IVB disease, any prior or synchronous malignancy were 
excluded from the study. The study was carried out after 
approval of the protocol by our Institution’s ethics board. 
All enrolled patients underwent  pre-treatment evaluation 
with complete history and physical examination, complete 
dental and nutritional evaluation, biopsy of primary site 
and fine needle aspiration cytology of the lymph nodes 
if needed, staging according to AJCC 2009, complete 
haemogram, liver function and kidney function tests, 
contrast enhanced CT scan of the head and neck with 
volumetric assessments, a planning scan with 3mm 
contiguous slices in appropriate immobilization systems, 
pre-treatment quality of life scoring with the European 
Organization of Research and Treatment of Cancer Quality 
of Life Core Questionnaire, version 3.0 (EORTC QLQC30) 
and EORTC head and neck module (EORTC QLQ-HN35)  
prior to start of therapy.

Treatment planning and delivery:

After CT simulation, contouring was done and 
target volumes were defined according to International 
Commission on Radiation Units and Measurements 
Reports 50 and 62. The priorities and constraints for VMAT 
plan were decided on a case to case basis. All patients 
were planned on Eclipse (Varian, USA) version 10.0 using 
multi-leaf collimators (MLCs) for beam shaping. Rapid 
Arc® (RA) plans were generated for 6 MV photons using 
an Eclipse treatment planning system (version 10.0) 
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with an anisotropic analytic algorithm (Varian Medical 
Systems, Palo Alto, CA, US). The plans were optimized 
by selecting a maximum dose rate of 600 monitor unit 
(MU)/min. For all plans, the collimator was set to 0° with 
a limited opening to allow finer modulations for each arc. 
Two coplanar full arcs, with opposite directions of rotation 
(clockwise, CW, and counter clockwise, CCW), were used 
to cover the PTV. A conformity structure was created as a 
shell around PTV (2 cm volumetric expansion beginning 
10 mm from the PTV) to improve dose conformity and 
control dose gradient outside PTV.

The clinical target volume for the initial phase of 
treatment included the primary tumour and the involved 
lymph nodes (GTV) with a 10 mm margin radially and 20 
mm margin cranio-caudally for subclinical spreading 
and the lymph node levels at risk which included bilateral 
level IB-V in majority of cases. An isometric margin of 3 
mm was provided to the CTV for final PTV and 3 mm to 
organs at risk for planning organ at risk volume (PRV). 
This initial target volume was delivered a dose of 50.4 Gy 
in 28 fractions at 1.8 Gy per fraction, 5 fractions a week 
over 5½ weeks. Boost volume included only the primary 
tumour and the involved nodes with a 10 mm margin 
for CTV. After the completion of 16 fractions (28.8 Gy), 
a second daily dose of 1.5 Gy per fraction (with at least 
6 hour interval) was delivered to the boost volume to a 
dose of 18 Gy in 12 treatment days, thus constituting to a 
total dose of 68.4 Gy in 40 fractions over 5½ weeks to the 
primary tumour and the involved lymph nodes.

Rapid Arc® plans generated aimed to cover at least 
95% of the PTV with 95% of the prescribed dose, while 
keeping D2 (Dmax) dose below 110%. Organs at risk 
were the spinal cord (Dmax≤50 Gy) and uninvolved 
parotid glands (Dmean ≤ 25 Gy).Other constraints for 
OARs included limiting the maximum dose to below 54 
Gy for the brainstem, optic nerves, optic chiasm, eyes, 
70 Gy for the temporal lobes, and 9 Gy for the lens; while 
a mean dose constraint of below 40 Gy for auditory 
structures was followed. The BED was calculated using 
linear quadratic model (alpha/beta value of 10 for tumour 
control probability and 3 for late reacting normal tissues). 
The biologically effective dose (BED) for tumour control 
was 80.17 Gy10; while for late reacting normal tissue, it 
was 107.64 Gy3. Two cycles of Inj. Cisplatinum 100mg/
m2 three weekly were given during weeks one and four 
of Radiotherapy for stage III and IV patients.

Quality of Life Scoring

The European Organization of Research and Treatment 
of Cancer Quality of Life Core Questionnaire, version 3.0 
(EORTC QLQC30) and EORTC head and neck module 
(EORTC QLQ-HN35) were used to measure the QOL. The 

scoring was done pre-treatment, at the completion of 
therapy, one month, three months, and six months post 
therapy. The EORTC QLQC30 contains five functional 
scales (physical, role, emotional, cognitive and social 
functioning), nine symptom scales (fatigue, nausea 
and vomiting, pain, dyspnoea, insomnia, appetite loss, 
constipation, diarrhoea, and financial difficulties), and a 
global health status scale. The EORTC QLQ HN-35 module 
incorporates seven multiple-item scales that assess 
the symptoms of pain, swallowing ability, senses (taste/
smell), speech, social eating, social contact, and sexuality. 
It also includes eleven other items which relate to teeth, 
mouth opening, dry mouth, sticky saliva, coughing, ill 
feeling, weight loss and weight gain, use of pain killer, 
nutritional supplements, and feeding tube.

Quality of life scores were calculated according to the 
instructions in EORTC QLQ scoring manual. The scores 
for all the scales range from 0 to 100. A high score for 
a functional scale or global health status scale indicated 
a high quality of life. A high score for a symptom scale 
indicated low quality of life.

Statistical analysis

Patient characteristics were described using frequency 
tables with counts and percentages. The normality test 
was applied to the quality of life scores, and the scores 
showed a non-normal distribution. So, non-parametric 
tests were used to do the analysis. The Quality of life 
scores (median and range) were calculated at various 
time points and compared to baseline values using the 
Friedmann test. Post-test analysis was carried out if 
p<0.05. All statistical analyses were carried out for two-
tailed significance at 5% level of significance with p value 
<0.05 being considered as significant.

results
Thirty patients treated with concomitant boost 

radiotherapy by VMAT participated in the study by 
completing the EORTC questionnaires pre-treatment, 
at the end of treatment, one month, three months post-
treatment and six months post-treatment. The patient 
characteristics in terms of age, sex, site and stage are 
shown in Tables 1-2. The median age group was 52 
(range 36-65). Twenty four patients (80%) were males. 
Sixteen patients (53.33%) have oropharyngeal cancer, 
mainly involving the tonsillae. Majority of the patients 
were in stage IV (63.33%). All patients (100%) received the 
fractionation regimen according to the specified protocol. 
Twenty-five patients (83.33%) received concurrent 
chemo-radiation with cisplatin. The median duration of 
radiation therapy was 44 days (range 40-49). Twenty-six 
patients completed the radiation treatment in ≤46 days 
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and four patients in 47- 49 days. None of the patients 
had treatment break due to acute toxicities. The treatment 
breaks were due to either machine breakdown or public 
holidays. Nearly half (46.66%) of patients have habits of 
smoking, consuming alcohol and chewing tobacco. There 
was tracheostomy requirement in 10% of patients prior 
to treatment. Feeding tube was required in 6.67% of 
patients prior to treatment.

All 30 cases enrolled into the study filled-out the 
first quality of life measurement (100%) prior to starting 
treatment. The second and third measurements were 
filled-out at the completion of therapy and one month 
post treatment respectively. All patients (100%) completed 
their second and third quality of life measurements. 
Twenty eight patients (93.33%) completed their quality 
of life measurement at three months post treatment and 
twenty seven patients (90%) were able to perform their 
six months post treatment quality of life assessment. 
There were two deaths at three months and one more 
death at six months following therapy (making a total 
of three deaths at six months post treatment) for which 
quality of life assessment was not done. It took around 
15-30 minutes to complete the EORTC questionnaire.

Results of treatment in our study were encouraging. At 
six weeks post irradiation, complete response (CR) was 

seen in 26/30 patients (86.67%), partial response in three 
patients (10%) and progressive disease in one patient 
(3.33%). Amongst the partial responders, one patient had 
salvage surgery while the other two patients died before 
completion of three months follow-up. At three months 
post therapy, CR was seen in 27 patients (26 + 1 patient 
salvaged with surgery). At six months, three more patients 
have local disease recurrence while the remaining 24 
patients (80%) were disease free.

The calculated quality of life scores at various time 
points such as baseline, at the completion of therapy, one 
month, three months and six months post therapy for the 
QLQC30 and HN 35 module are shown in Tables 3-4. In 
virtually all parameters, there was worsening of scores 
at the completion of therapy, but at end of three months 
post-therapy, there was a return to almost pre-treatment 
levels and by six months post therapy the improvement 
was even more than the pre-treatment level.

In EORTC QLQ C30, cognitive, social and role 
functioning scales have the highest score and the 
emotional functioning had the lowest score at six months 

table 1: Patient characteristics
ECOG: Eastern cooperative oncology group; 
PS: Performance status

table 2: Patient characteristics
AJCC- American joint committee on cancer
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table 3: Quality of life scores in the general questionnaire

table 4: Quality of life scores in the H&n 35 module

among the functional scales. The median score of global 
health scale at three months was 58 and at six months, 
it was calculated as 83. In EORTC QLQ C30, the highest 
scores were found for financial difficulties at three months 
and fatigue at six months among the symptom scales. 
The highest scores were found for dry mouth and sticky 
saliva at three months and for dry mouth at six months 
among the symptom scales in H&N 35 module.

As shown in Fig. 1-4, clinically, the scores deteriorated 
at the completion of therapy, but by three months, the 
scores reached their baseline value, followed by further 
improvement at six months.

Statistical analysis

On statistical analysis using Friedmann test, it was 
found that, in EORTC QLQ C30, the quality of life varied 
significantly from baseline to six months in almost all 
scales except in dyspnoea and diarrhoea as shown in 
Table 5. There was a significant deterioration of all the 
parameters at the end of the treatment except in appetite 
loss, vomiting and constipation. The scores of nearly all the 
scales significantly improved by three months following 
the end of therapy except in emotional and cognitive 
functional scales. Statistically significant improvement 
in emotional and cognitive scales following deterioration 
at the end of therapy was achieved at six months post 
therapy. 
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On analysis between the quality of life scores between 
pre-treatment and three months post therapy, none of the 
parameters showed statistical significance which indicate 
that the scores at three months following treatment were 
similar to baseline scores. Thus, the patients reached 
their baseline scores at three months after completion 
of treatment. Global health and role functioning scales 
improved significantly on analysis between baseline 
scores and six months post treatment scores. Similarly, in 
EORTC QLQ HN35, the quality of life improved significantly 
from baseline to six months in almost all scales except 
in teeth problems as shown in Table 6. The symptom 
scores which have increased significantly at the end of 
the treatment have at the end of three months of follow-
up decreased significantly.

discussion
The quality of life (QOL) of head and neck cancer 

patients in recent years had become an essential 
parameter in deciding the treatment modality apart 
from other routine parameters. Many investigators have 
published their results on quality of life. 

Gotay and Moore (30) defined  quality of life  as “A state 
of well-being which is a composite of two components: 

the ability to perform everyday activities which reflects 
physical, psychological and social well-being and patient 
satisfaction with levels of functioning and the control of 
disease and/or treatment related symptoms.” 

Studies that have prospectively reported QOL in 
patients who suffer from malignancies of head and 
neck are few in number and fewer are prospective QOL 
studies focusing on altered fractionation. Thus, the main 
rationale for carrying out this study was to determine the 
extent and degree of deterioration and eventual recovery 
of health related quality of life following treatment with 
VMAT based concomitant boost radiotherapy. In our study, 
we assessed the health related quality of life at various 
time points such as baseline, at the end of therapy, one 
month, three months and six months post therapy using 
EORTC questionnaires. 

According to Osoba et al (31), >20 points change in 
the score was considered a large effect and <10 points 
change was considered a small effect in the quality of 
life. A change in the score between 10 and 20 points was 
called a moderate effect in the quality of life. Using this as 

figure 1: Qol scores over time from baseline to 6 months 
for functional scales

figure 3: Qol scores over time from baseline to 6 months 
for symptom scales in the general questionnaire

figure 4: Qol scores over time from baseline to 6 months 
for symptom scales in the H&n35 module questionnaire

figure 2: global Qol score over time from baseline to 6 
months
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basis in our study, we found that in EORTC QLQ C30, the 
global health scale, the functional scales and most of the 
symptom scales showed a large change in the quality of 
life (>20 points) at the end of therapy. Similarly, in EORTC 
QLQ HN35, there was a big change (>20 points) at the 
end of therapy among all the scales except in two single 
item questions (opening mouth and teeth problems). 

 Using EORTC QLQ C30, cognitive functioning scale 
and social and role functioning scales have the highest 

score and the emotional functioning had the lowest score 
at six months. The median score of global health scale 
at six months was calculated as 83. The highest scores 
were found for financial difficulties at three months and 
fatigue at six months among the symptom scales. This 
result is similar to other studies by several authors who 
have investigated the effect of financial status on quality 
of life. The significance of the effect of financial difficulties 
on patients’ quality of life in nasopharyngeal cancer had 

table 5: Change in quality of life from baseline to 6 months in eortC QlQ C30 (friedmann test)

EORTC QLQC30: European Organization of Research and Treatment of Cancer Quality of Life Core Questionnaire

table 6: Change in quality of life from baseline to 6 months in eortC QlQ Hn35 (friedmann test)

EORTC QLQ-HN35: European Organization of Research and Treatment of Cancer head and neck module
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been shown by Yu et al (32) and Fang et al (33). 

Our study reports that the quality of life declined 
significantly, both clinically and statistically at the end of 
therapy. This result is similar to other QOL studies by Kelly 
et al (34) and Fernando Arias de la Vega et al (25) in which 
they found a significant decrease in QOL scores at the end 
of treatment. The quality of life scores returned to their 
baseline values in our study by three months in most of 
the functional and symptom scales. This is in contrast to 
most existing literature which shows return to baseline 
quality of life at between 6-12 months. Curran et al (35) 
in their study showed that the general pattern for most 
scales in the EORTC QLQ-C30/HN35 was deterioration in 
QOL initially, with a subsequent improvement in QOL from 
completion of radiation therapy, and the scores returned 
to baseline by 12 months.

Further, in a study by Rishi et al (13) where head and 
neck cancers were managed with concomitant boost 
radiotherapy by 2D technique, the quality of life scores 
reached their baseline at six months. However in a study 
by Lin et al (36) where treatment was delivered with IMRT, 
the quality of life score did not differ much between 
baseline and three months post treatment which is similar 
to our study. But, O’Neill et al (37) in their study on quality of 
life in head and neck cancers treated with IMRT technique 
found that the QOL declined initially across domains and 
progressively reached baseline over 9 – 24 months. 

Conclusion
This study and other similar studies in literature point to 

the importance of modern techniques of radiation delivery 
such as IMRT or VMAT in controlling radiation induced 
early normal tissue toxicities. Compared to 2D techniques 
in which the treated patients took more than six months 
to reach their baseline QOL values, use of VMAT as the 
technique of radiotherapy helps in repair of the damage 
caused during concomitant boost radiotherapy much 
faster resulting in rapid return to baseline quality of life 
(three months) and further improvement in the follow-up 
period. The advantage of concomitant boost radiotherapy 
in providing an accelerated fractionation can be realised 
best by use of techniques such as IMRT or VMAT which 
can help decrease acute sequelae of irradiation and 
prevent treatment breaks. The patients in this study are 
still under follow-up to determine response and survival 
to justify the use of concomitant boost schedule. In our 
study 87% initial responses were seen and at six months 
80% complete responses were maintained. However 
these results would require long term follow-up and 
the effect of irradiation techniques on the QOL could be 
assessed further by a large randomized study.
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