
Purpose: Intensity-modulated radiotherapy (IMRT) provides higher dose to target volumes and limits 
the dose to normal tissues. IMRT may be applied using either simultaneous integrated boost (SIB-IM-
RT) or sequential boost (SEQ-IMRT) technique. The objectives of this study were to compare acute 
toxicity and objective response rates between SIB-IMRT and SEQ-IMRT in patients with locally ad-
vanced head and neck cancer. 
Materials and Methods: Total 110 patients with locally advanced carcinoma of oropharynx, hypo-
pharynx, and larynx were randomized equally into the two arms (SIB-IMRT vs. SEQ-IMRT). Patients in 
SIB-IMRT arm received dose of 66 Gy in 30 fractions, 5 days a week, over 6 weeks. SEQ-IMRT arm’s 
patients received 70 Gy in 35 fractions over 7 weeks. Weekly concurrent cisplatin chemotherapy was 
given in both arms. Patients were assessed for acute toxicities during the treatment and for objective 
response at 3 months after the radiotherapy. 
Results: Grade 3 dysphagia was significantly more with SIB-IMRT compared to SEQ-IMRT (72% vs. 
41.2%; p = 0.006) but other toxicities including mucositis, dermatitis, xerostomia, weight-loss, inci-
dence of nasogastric tube intubation and hospitalization for supportive management were similar in 
both the arms. Patients in SIB-IMRT arm showed better treatment-compliance and had significantly 
less treatment-interruption compared to SEQ-IMRT arm (p = 0.028). Objective response rates were 
similar in both the arms (p = 0.783). 
Conclusion: Concurrent chemoradiation with SIB-IMRT for locally advanced head and neck cancer is 
well-tolerated and results in better treatment-compliance, similar objective response rates, compara-
ble incidence of mucositis and higher incidence of grade 3 dysphagia compared to SEQ-IMRT.  
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Introduction 

Head and neck cancer is a significant global public health problem. 

Overall, 57.5% of global head and neck cancers occur in Asia [1]. In 

India, head and neck cancer accounts for 30% of all cancer burden 

and majority of these patients present with locally advanced stages 

[2]. Tobacco consumption habits such as bidi smoking, tobacco 

chewing and cigarette smoking are primarily responsible for the 

high prevalence of these cancers. Treatment of locally advanced 

head and neck cancer is a clinical challenge and requires aggressive 

and concerted measures. Radiotherapy with concurrent chemo-

therapy is the standard curative treatment strategy for the locally 

advanced head and neck cancer. The ultimate aim of radiation 

therapy is the maximum local control of the tumor with minimal 

toxicity. Introduction of three-dimensional conformal radiotherapy 

(3D-CRT) allowed irradiating the target volumes more precisely 

with better sparing of surrounding healthy tissues. Advent of in-

tensity-modulated radiotherapy (IMRT) facilitated even more con-

formity in dose shaping, providing higher dose to target volumes, 

further limiting the dose to organs at risk thus leading to less tox-

icity [3,4]. IMRT is a modern form of conformal radiotherapy and it 

is of greater value for target volumes with complex shapes with 

close proximity to radiosensitive organs at risk (OAR) and normal 

tissues. IMRT can be applied by using either sequential boost inten-

sity-modulated radiotherapy (SEQ-IMRT) or simultaneous integrat-

ed boost intensity-modulated radiotherapy (SIB-IMRT) technique. 

SEQ-IMRT consists of two phases with shrinking field approach, in 

first phase large volumes with the gross tumor and the elective 

nodal region with clinical target volume (CTV) are irradiated, fol-

lowed by the cone-down plan or sequential boost in second phase 

to irradiate the gross tumor only. SIB-IMRT has a single treatment 

plan for the entire course of the treatment with different radiation 

doses and intensities appropriate for gross tumor volume (GTV) and 

elective nodal region including CTV. Mohan et al. [5] introduced 

the term “simultaneous integrated boost” to describe the delivery 

of different doses per fraction to different target regions including 

prophylactic lower dose to CTV and curative higher dose to GTV. 

SEQ-IMRT uses a conventional 1.8–2 Gy per fraction throughout 

the entire course of radiation treatment with shrinking field ap-

proach, while SIB-IMRT delivers 2.2 Gy per fraction to the gross tu-

mor and boost volume and a 1.8 Gy per fraction to the elective 

volume in the same treatment session. SIB-IMRT and SEQ-IMRT 

both techniques are being used widely in current practice. Howev-

er, clinical studies and randomized trials comparing SIB-IMRT and 

SEQ-IMRT for locally advanced head and neck cancer are scarce 

and the relative efficacy and toxicities of each technique remain 

unexplored. In this prospective, randomized study we aimed to 

compare the acute toxicities and objective response rates between 

SIB-IMRT and SEQ-IMRT in patients with locally advanced carcino-

ma of oropharynx, hypopharynx and larynx. 

Materials and Methods 

It was a randomized, open label trial between SIB-IMRT and SIQ-IM-

RT. The protocol and informed consent form were reviewed and ap-

proved by the Institutional Review Board of Bhagwan Mahaveer 

Cancer Hospital and Research Centre, Jaipur (No. BMH/2019/2556). 

The inclusion criteria were newly diagnosed, histologically proven 

locally advanced, the American Joint Committee on Cancer (AJCC 

8th edition) stage III, IVA carcinoma of oropharynx, hypopharynx 

and larynx patients with Karnofsky Performance Status (KPS) more 

than 70%. All the eligible patients fulfilling the inclusion criteria 

were approached and their clinical history, thorough clinical exam-

ination and relevant investigations were recorded. Proper counsel-

ing about the concurrent chemoradiotherapy treatment and the 

trial arms was done to every participant. Informed consent was 

taken before enrolling them in the study. 

As suggested by the results of a retrospective study by Vlacich et 

al. [6] a sample size of 100 patients was needed to detect 27% dif-

ference in the incidence of grade 3 or worse dysphagia between 

SIB-IMRT (82%) and SEQ-IMRT (55%) assuming an “α” error of 0.05 

and a “β” error of 0.20. Assuming that 10% of patients to be ine-

valuable (due to lost to follow-up), a total of 110 patients were 

calculated to be randomized in our study (55 patients in each arm). 

Linear variables were summarized as mean and standard deviation 

and were analyzed by using unpaired t-test. Nominal/categorical 

variables were described as proportions (%) were analyzed by chi-

square test/Fischer exact test. Ordinal variables were presented as 

median and range were analyzed by using Mann-Whitney test. The 

p-value less than 0.05 were taken as significant. Total 110 patients 

with locally advanced carcinoma of oropharynx, hypopharynx and 

larynx were randomized equally into two arms (SIB-IMRT and 

SEQ-IMRT) by computer generated random number table method. 

Target volumes were delineated in accordance with the Interna-

tional Commission on Radiation Units and Measurements (ICRU) 

Report 62 [7]. GTV were delineated by contouring gross visible or 

palpable tumor and enlarged or suspicious lymph nodes identified 

by clinical examination, endoscopy and CT scan or MRI scan imag-

ing. GTV with margin for subclinical microscopic malignant disease 

was contoured as CTV-high risk (CTV-HR). CTV-HR was delineated 

as individualized expansions around GTV based on location and 

specific at-risk sites of subclinical disease, but generally involved a 

margin of 1.0–1.5 cm around the GTV. For involved nodal levels, 

the entire level were included in CTV-HR. Low risk areas with po-
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tential subclinical microscopic disease such as ipsilateral and con-

tralateral uninvolved neck nodal groups were contoured and delin-

eated as CTV-low risk (CTV-LR). CTV delineation was done as per 

the RTOG and TROG consensus guidelines and routinely included 

bilateral level II–IV lymph nodes [8,9]. If involved at presentation, 

or clinically indicated (large primary lesion or N2b, N2c or N3 nodal 

disease), level I and/or level V lymph nodes were also included in 

CTV. CTV was edited to exclude natural barriers to disease spread. 

The planning target volume (PTV) was delineated to provide a mar-

gin around the CTV to compensate for the uncertainties of radio-

therapy planning, treatment delivery, patients set-up and tissue 

deformation. An isotropic expansion of 5 mm was added around 

the CTV to define each respective PTV-high risk (PTV-HR) and PTV-

low risk (PTV-LR). The PTV-HR and PTV-LR were cropped 2 mm in-

side the body contour automatically by the treatment planning 

system. Normal tissue and OAR dose-constraints were prescribed 

as per the Quantitative Analyses of Normal Tissue Effects in the 

Clinic (QUANTEC) guidelines [10]. Dose volume objectives (dose 

constraints) for OAR were prescribed as spinal cord Dmax <44 Gy, 

brain stem Dmax <54 Gy, mandible Dmax <70 Gy, and parotid glands 

Dmean <26 Gy, oral cavity Dmean <40 Gy. IMRT plan objectives were 

to achieve no more than 20% of any PTV volumes could receive 

>110% of its prescribed dose, no more than 1% of any PTV volume 

would receive <93% of the prescribed dose and no more than 1% 

or 1 mL of the tissue outside the PTV would receive >110% of the 

dose prescribed to the primary target. The most important objective 

was to keep maximum dose to spinal cord and brain stem below 45 

Gy and 54 Gy, respectively. The second priority for OAR was to re-

duce the mean dose to parotids where possible to less than 26 Gy. 

Patients in SIB-IMRT arm received dose of 66 Gy to PTV-HR (2.2 Gy 

per fraction) and 54 Gy to PTV-LR (1.8 Gy per fraction) in 30 frac-

tions, 5 days a week, over 6 weeks. Patients in SEQ-IMRT arm re-

ceived dose of 50 Gy in 25 fractions in 5 weeks (2 Gy per fraction) 

to PTV-HR and PTV-LR in phase I followed by 20 Gy in 10 fractions 

in 2 weeks (2 Gy per fraction) to PTV-HR in phase II (combined to-

tal dose in phase I and II was 70 Gy in 35 fractions in 7 weeks). For 

both the arms, IMRT was planned on Eclipse version 15 Treatment 

Planning System (TPS) with RapidArc technique (Varian Medical 

System, Palo Alto, CA, USA) by using a double arc with 6-MV pho-

ton beam. Concurrent weekly cisplatin chemotherapy (total 6 cy-

cles) to dose of 40 mg/m2 was given to the patients in both arms 

during radiotherapy. Standard oral, medical and supportive treat-

ment was provided to the patients of both arms. All participants 

were assessed weekly during chemoradiotherapy treatment for 

acute toxicities including oral mucositis, dysphagia, dermatitis, xe-

rostomia, weight-loss, requirement of nasogastric tube intubation 

for feeding and admission in the hospital for supportive care man-

agement. Grading of oral mucositis, dysphagia, dermatitis, and xe-

rostomia was done as per the Common Terminology Criteria for 

Adverse Events (CTCAE) version 4.03. Weekly complete blood count 

and renal function test were done during chemoradiotherapy. Ob-

jective response assessment was done after three months of 

chemoradiotherapy treatment with the Response Evaluation Crite-

ria in Solid Tumor (RECIST 1.1) criteria by clinical examination, en-

doscopy, and CT scan or MRI.  

Results 

From February 2019 to March 2020, total 110 patients were en-

rolled prospectively and randomized equally into two arms 

(SIB-IMRT and SEQ-IMRT). Fifty-five patients were enrolled in each 

arm. The CONSORT diagram showing flowchart of the treatment is 

presented in the Fig. 1. Five patients in SIB-IMRT arm and four pa-

tients in SEQ-IMRT arm defaulted before completion of the treat-

ment, so they were excluded from the final analysis. Total 101 pa-

tients were included in the final analysis; 50 patients received 

SIB-IMRT and 51 patients received SEQ-IMRT. Mean age of patients 

was 56.1 years (range, 47.4 to 64.8 years). Ninety-five were male 

(94.1%) and six patients (5.9%) were female. The site of primary tu-

mor was oropharynx, larynx, and hypopharynx in 71 (70.29%), 16 

(15.8%), and 14 patients (13.86%), respectively. Baseline patient and 

tumor characteristics (sex, age, primary tumor site, stage, co-morbid-

ity, and history of tobacco consumption) were similar among both 

the study groups (Table 1). Seventy-seven patients (76.23%) re-

Assessed for eligibility (125 patients)

Analyzed 50 patients Analyzed 51 patients

Excluded 10 patients
• Not meeting inclusion 

criteria (5 patients)

Randomized (110 patients)

Allocated to SIB-IMRT Arm 
(55 patients)

Allocated to SEQ-IMRT Arm 
(55 patients)

• 5 patients defaulted.
• 50 patients completed 

the planned treatment.

• 4 patients defaulted.
• 51 patients completed 

the planned treatment.

Fig. 1. The CONSORT diagram showing the flow of the patients’ se-
lection. SEQ-IMRT, sequential intensity-modulated radiotherapy, 
SIB-IMRT: simultaneously integrated boost intensity-modulated ra-
diotherapy.
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ceived full course of planned 6 cycles of weekly concurrent cisplatin 

chemotherapy. Thirty-eight patients (76%) in SIB-IMRT arm versus 

39 patients (76.47%) in SEQ-IMRT arm received 6 cycles of concur-

rent chemotherapy (p = 0.956) (Table 1). All patients received a 

median 6 cycles of concurrent chemotherapy (mean, 5.6 cycle; 

range, 3 to 6 cycle). There was no significant difference in terms of 

number of chemotherapy cycles received between both the arms 

(Table 1). Radiation dose and volume characteristics for the oral 

cavity and esophagus are reported in Table 2. Oral cavity and esoph-

agus OAR’s mean volume, mean dose, maximum dose (Dmax) were 

not statistically different between the two arms (Table 2). 

1. Acute toxicity assessment 
The 5.9%, 37.7%, and 56.4% of total patients developed grade 1, 

grade 2, and grade 3 dysphagia, respectively. Patients in SEQ-IMRT 

arm had significantly lower incidence of grade 3 dysphagia (41.2% 

vs. 72%) compared to SIB-IMRT (p =  0.006) (Table 3). There were 

no significant differences in incidence of mucositis, dermatitis, xe-

rostomia, weight-loss, incidence of hospitalization for supportive 

management and requirement of nasogastric tube intubation for 

feeding (Table 3). 

The 8.9%, 48.5%, and 42.6% patients developed grade 1, grade 

Table 1. Baseline patient characteristics between SIB-IMRT and SEQ-IMRT arms

Characteristic SIB-IMRT (n =  50) SEQ-IMRT (n =  51) p-value
Mean age (yr) 56.3 56.04 0.002
Gender 0.621
  Male 46 (92.0) 49 (96.1)
  Female 4 (8.0) 2 (3.9)
History of tobacco consumption 45 (90.0) 46 (90.1) 0.143
Co-morbidity 0.967
  Diabetes 2 (4.0) 3 (5.9)
  Ischemic heart disease 3 (6.0) 3 (5.9)
  Hypertension 6 (12.0) 7 (13.7)
T stage 0.302
  T1 2 (4.0) 3 (5.9)
  T2 20 (40.0) 18 (35.3)
  T3 15 (30.0) 19 (37.2)
  T4 13 (26.0) 11 (21.6)
N stage 0.406
  N0 8 (16.0) 10 (19.6)
  N1 14 (28.0) 12 (23.5)
  N2 28 (56.0) 29 (56.9)
Primary site 0.121
  Oropharynx 36 (72.0) 35 (68.6)
  Larynx 7 (14.0) 9 (17.6)
  Hypopharynx 7 (14.0) 7 (13.7)
Stage grouping 0.133
  Stage III 25 (50.0) 29 (56.86)
  Stage IVA 25 (50.0) 22 (43.13)
  6 cycles weekly chemotherapy received 38 (76.0) 39 (76.5) 0.956

Values are presented as number of patients (%).
SIB-IMRT, simultaneous integrated boost intensity-modulated radiotherapy; SEQ-IMRT, sequential boost intensity-modulated radiotherapy.

Table 2. Dosimetric comparison between SIB-IMRT and SEQ-IMRT 
arm

OAR SIB-IMRT SEQ-IMRT p-value
Oral cavity
  Mean volume (mL) 61.02 65.25 0.404
  Mean dose (Gy) 38.5 37.9 0.312
  Dmax (Gy) 68.8 70.2 0.085
  V40 (mL) 22.44 26.76 0.653
Esophagus
  Volume (mL) 9.2 7.3 0.087
  Mean dose (Gy) 23.4 26.1 0.202
  Dmax (Gy) 53 51 0.097

SIB-IMRT, simultaneous integrated boost intensity-modulated radio-
therapy; SEQ-IMRT, sequential boost intensity-modulated radiotherapy; 
OAR, organs at risk.
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2, and grade 3 oral mucositis, respectively. Twenty patients (40%) 

versus 23 patients (45.1%) developed grade 3 mucositis in SIB-IM-

RT and SEQ-IMRT arms, respectively (p =  0.425). 

There was no significant difference in incidence of grade 3 oral 

mucositis between both the arms (Table 3). In SIB-IMRT arm, 16 

(32%), 29 (58%), and 5 patients (10%) developed grade 1, grade 2, 

and grade 3 dermatitis, respectively. In SEQ-IMRT arm, 21 (41.2%), 

23 (45.1%), and 7 patients (13.7%) developed grade 1, grade 2, 

and grade 3 dermatitis, respectively (p =  0.429). There was no sig-

nificant difference in incidence of dermatitis between both the 

arms (Table 3). 

The patients in SIB-IMRT arm had better treatment-compliance 

compared to SEQ-IMRT arm. In SIB-IMRT arm, mean treatment-in-

terruption (gap in radiotherapy) was 2.8 days (range, 1 to 10 days) 

whereas in SEQ-IMRT arm it was 4.78 days (range, 1 to 8 days) (p 

=  0.028) (Table 3). 

In SIB-IMRT arm, 36 (72%) and 14 patients (28%) developed 

grade 1 and grade 2 xerostomia, respectively. In SEQ-IMRT arm, 33 

(64.7%) and 18 patients (35.3%) developed grade 1 and grade 2 xe-

rostomia, respectively (p = 0.566). There was no significant differ-

ence in incidence of xerostomia between both the arms (Table 3). 

In SIB-IMRT arm, mean weight-loss of patients was 5.04 kg 

(range, 1 to 11 kg) while in SEQ-IMRT it was 5.6 kg (range, 1 to 

12.5 kg) (p =  0.439). There was no significant difference in inci-

dence of weight-loss between both the arms (Table 3). 

Total 35 patients (34.6%) required nasogastric tube intubation 

for feeding. Twenty patients (40%) in SIB-IMRT arm and 15 pa-

tients (29.4%) in SEQ-IMRT arm required nasogastric intubation (p 

=  0.130) (Table 3). Although more patients in SIB-IMRT arm re-

quired nasogastric tube intubation compared to SEQ-IMRT but it 

was not statistically significant. 

Total 36 patients (35.64%) required indoor admission in the hos-

pital for supportive treatment and management of dysphagia. 

Twenty patients (40%) in SIB-IMRT arm versus 16 patients 

(31.37%) in SEQ-IMRT arm required admission in the hospital (p =  

0.072) (Table 3). Although more patients in SIB-IMRT arm required 

hospitalization for supportive care compared to SEQ-IMRT but it 

was not statistically significant. 

2. Objective response assessment 
Objective response to the treatment evaluation was done after 3 

months of completion of the treatment. Seventy-three patients 

(72.27%) had complete response, 27 patients (26.73%) had partial 

response, and one patient had progressive disease. Objective re-

sponse rate were comparable in both the treatment arms (p =  

0.783) (Table 4). 

Discussion and Conclusion 

In this study we evaluated and compared the outcomes and acute 

toxicities between SIB-IMRT and SEQ-IMRT for locally advanced 

head and neck cancer patients. In our knowledge, probably this is 

Table 3. Acute toxicity profile comparison between SIB-IMRT and SEQ-IMRT arm

Toxicity SIB-IMRT (n =  50) SEQ-IMRT (n =  51) p-value
Mucositis 0.425
  Grade 2 27 (54.0) 22 (43.1)
  Grade 3 20 (40.0) 23 (45.1)
Dysphagia 0.006
  Grade 1 1 (2.0) 5 (9.8)
  Grade 2 13 (26.0) 25 (49)
  Grade 3 36 (72.0) 21 (41.2)
Xerostomia 0.566
  Grade 1 36 (72.0) 33 (64.7)
  Grade 2 14 (28.0) 18 (35.3)
Dermatitis 0.429
  Grade 1 16 (32.0) 21 (41.2)
  Grade 2 29 (58.0) 23 (45.1)
  Grade 3 5 (10.0) 7 (13.7)
Hospitalization for supportive treatment 20 (40.0) 16 (31.3) 0.072
Mean weight-loss (kg) 5.04 5.6 0.439
Requirement of nasogastric tube intubation 20 (40.0) 15 (29.4) 0.130
Mean treatment interruption (gap in radiotherapy)  (day) 2.80 4.78 0.028

Values are presented as number of patients (%).
SIB-IMRT, simultaneous integrated boost intensity-modulated radiotherapy; SEQ-IMRT, sequential boost intensity-modulated radiotherapy.
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the first randomized trial comparing SIB-IMRT and SEQ-IMRT in 

non-nasopharyngeal, locally advanced head and neck cancer pa-

tients. Overall results of our study suggest that SIB-IMRT and 

SEQ-IMRT treatment in locally advanced head and neck cancer 

along with concurrent chemotherapy are equivalent with respect 

to treatment outcomes. Although higher incidence of grade 3 dys-

phagia was observed with the SIB-IMRT compared to SEQ-IMRT 

however, it did not translate into statistically significant increased 

weight-loss or nasogastric intubation. Other acute toxicities, in-

cluding mucositis, dermatitis and xerostomia, were comparable in 

both the study arms. 

The observed lower incidence of dysphagia in SEQ-IMRT arm in 

our study might be attributed to the reduced radiation exposure of 

the lower neck and pharyngeal constrictors from 6 weeks in 

SIB-IMRT to 5 weeks in SEQ-IMRT. Two Gy per fraction for 5 weeks 

to lower neck and pharyngeal constrictors in SEQ-IMRT might have 

produced lesser severe dysphagia compared to 1.8 Gy per fraction 

for 6 weeks in SIB-IMRT. More grade 3 mucositis (45% vs. 40%; p 

=  0.425) and less nasogastric tube intubation (29.4% vs. 40%; p 

=  0.439) probably resulted in increased weight-loss (mean 5.6 kg 

vs. 5.04 kg; p =  0.439) in SEQ-IMRT arm compared to SIB-IMRT 

arm, although these differences between the both arms were sta-

tistically not significant. 

Diligent treatment-compliance is crucial and important manage-

ment strategy. Unplanned treatment interruptions and prolonged 

radiation treatment time are associated with poor treatment out-

comes. Langendijk et al. [11] in a study of oral cancer patients con-

cluded that overall treatment time is the most important prognos-

tic factor. The authors observed the locoregional control worsened 

approximately 9% with each additional week in prolongation of 

overall treatment [11]. In our study, patients in SIB-IMRT arm 

showed better treatment-compliance and had significantly less in-

terruption in radiation treatment compared to SEQ-IMRT arm. In 

SIB-IMRT arm, mean treatment-interruption (gap in radiotherapy) 

was 2.8 days whereas in SEQ-IMRT arm it was 4.78 days (p =  

0.028). Less number of radiation fractions (30 fractions compared 

to 35 fractions) and 1 week shorter treatment schedule (6 weeks 

vs. 7 weeks) in SIB-IMRT might be provided better logistic support 

to patients compared to SEQ-IMRT and it could be the reason for 

better compliance and less treatment interruptions. As majority of 

patients have severe dysphagia and treatment interruption in last 2 

weeks of the radiotherapy, 1 week shorter overall treatment time in 

SIB-IMRT arm might be increased the compliance. 

In a comparative, retrospective study of 209 patients of locally 

advanced head and neck cancer, between SIB-IMRT versus SEQ-IM-

RT, there were no significant differences in local, regional, or distant 

recurrence-free survival [6]. In this study, grade 3 or 4 dysphagia 

(81% vs. 55%) and dermatitis (78% vs. 58%) were significantly 

higher in the SIB-IMRT compared to SEQ-IMRT (p < 0.001 and p < 

0.012) [6]. There were no significant differences in the rate of gas-

trostomy tube placement and relative weight-loss between 

SIB-IMRT and SEQ-IMRT. These results are comparable to ours 

study with comparable objective response rate between both the 

treatment technique and higher incidence of grade 3 dysphagia in 

SIB-IMRT arm.  

In a population-based propensity score based analysis, Kuo et al. 

[12] compared SIB-IMRT and SEQ-IMRT in 200 patients of carcino-

ma oropharynx and hypopharynx patients. The hazard ratio (HR) of 

death between SIB-IMRT and SEQ-IMRT was 1.23 (p =  0.29). The 

authors concluded that the survival outcome is comparable be-

tween both the techniques.  

In a retrospective comparative study between SIB-IMRT versus 

SEQ-IMRT in 398 locally advanced head and neck cancer patients, 

the authors [13] found similar rates of 2-year locoregional control 

and overall survival. Patients in SIB-IMRT had lower rates of acute 

grade 3 mucositis (22.4% vs. 36.7%; p =  0.0001), dermatitis (7.5% 

vs. 20%; p =  0.0001), and feeding tube placement (44% vs. 51%; 

p =  0.0001) compared to SEQ-IMRT arm [13]. In our study also 

there was no difference in objective response rate between both 

the arms with comparable incidence of mucositis, dermatitis and 

nasogastric tube placement. 

Songthong et al. [14], in a prospective randomized study of 112 

patients of carcinoma nasopharynx, compared SIB-IMRT and 

SEQ-IMRT and found no significant difference in acute toxicities or 

short-term treatment outcomes. The incidence of grade 3 acute 

toxicities; mucositis (15.4% vs. 13.6%; p =  0.788), dysphagia 

(9.6% vs. 9.1%; p =  1.000), xerostomia (9.6% vs. 7.6%; p =  0.748) 

and one year overall survival (95.8% vs. 95.5%; p =  0.472) or pro-

gression free survival (98% vs. 90.2%; p =  0.069) were not statis-

tically different between SEQ-IMRT versus SIB-IMRT [14]. 

In a randomized study of 209 patients of carcinoma nasophar-

ynx, the authors [15] compared SIB-IMRT with SEQ-IMRT. There 

were no statistically significant differences in the incidence of 

grade 3–4 acute toxicities between the two techniques (59.8% in 

SEQ-IMRT vs. 58.9% in SIB-IMRT; p =  0.892). The progression-free 

Table 4. Objective tumor response rate comparison between SIB-IM-
RT and SEQ-IMRT arm

Objective response SIB-IMRT SEQ-IMRT p-value
Complete response 36 (72) 37 (72.54) 0.783
Partial response 13 (26) 14 (28)
Progressive disease 1 (2) 0 (0)

Values are presented as number of patients (%).
SIB-IMRT, simultaneous integrated boost intensity-modulated radio-
therapy; SEQ-IMRT, sequential boost intensity-modulated radiotherapy.
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survival (72.7% vs. 73.4%; p =  0.488) and overall survival (86.3% 

vs. 83.6%; p =  0.938) were also similar in both the techniques 

[15]. Results of our study are comparable to this study with no dif-

ference in treatment outcomes and mucositis between both the 

arms. 

In a retrospective comparative study between SIB-IMRT versus 

SEQ-IMRT in 107 patients of carcinoma nasopharynx, the authors 

[16] found no significant difference in 5-year overall survival be-

tween both the techniques (80.9% vs. 80.5%; p =  0.568) and 

5-year progression-free survival (73.3% vs. 74.4%; p =  0.773). In a 

meta-analysis of total 1,049 patients from seven studies to com-

pare the treatment outcomes and acute toxicity of the SIB-IMRT 

versus SEQ-IMRT in head and neck cancer patients, the authors [17] 

found no significant difference in the overall survival (HR =  0.94; 

p =  0.71), progression free survival (HR =  1.03; p =  0.79), locore-

gional recurrence-free survival (HR =  0.98; p =  0.91), and distance 

metastasis-free survival (HR =  0.87; p =  0.63). There was no sig-

nificant difference in acute toxicities such as dermatitis, mucositis, 

dysphagia, xerostomia between the SIB-IMRT and SEQ-IMRT 

groups. The authors concluded that SIB-IMRT and SEQ-IMRT 

groups had similar treatment outcomes and acute toxicities. 

In general, SIB-IMRT and SEQ-IMRT both have their own specific 

advantages and disadvantages concerning to radiobiology and ra-

diation treatment planning. SIB-IMRT may increase the biologically 

equivalent dose (BED) delivery to the tumor with higher dose per 

fraction (>2 Gy per fraction) and shorter overall treatment time. 

Increasing BED, higher dose per fraction and shorter overall radia-

tion treatment time may result in improved tumor control in locally 

advanced head and neck cancer patients. 

Dosimetric comparison studies have also reported better target 

coverage, more conformal dose distribution and sparing of OAR 

with SIB-IMRT compared to SEQ-IMRT in head and neck cancer 

patients [18,19]. SIB-IMRT technique provides more practical and 

efficient way of radiation treatment planning with less uncertain-

ties to the treatment planning, dose delivery, plan implementation 

and patient set-up on the couch as it uses a single plan for the en-

tire course of radiotherapy [5]. Disadvantage of SIB-IMRT includes 

that acceleration of radiotherapy by SIB-IMRT may increase the in-

cidence of severe acute toxicity such as dysphagia, dermatitis and 

mucositis and worsen the treatment-compliance [20]. SEQ-IMRT is 

more time consuming as it involves the summation of two or more 

phased treatment plans, which can produce more uncertainty in 

dose distribution and delivery. It is of more concern and challeng-

ing for the centers with higher number of patients for the treat-

ment per day, by the limited staff and resources as compared to 

single plan with SIB-IMRT. SIB-IMRT uses a single radiotherapy 

plan throughout the entire course of the treatment with fewer ra-

diation fractions, which reduces overall treatment time and overall 

expenses incurred by the patients on the treatment. It results in re-

duction of workload for radiation workers and shorter waiting list 

of patients for the treatment in busy radiotherapy centers. Unavail-

ability and inaccessibility of modern radiotherapy linear accelerator 

machines as well as long waiting list of patients for teletherapy is a 

crucial problem for low-middle income countries like India. The In-

ternational Atomic Energy Agency has included India along with 

the poorest sub-Saharan African countries with less than one tele-

therapy machine per million people [21,22]. The World Health Or-

ganization recommends at least one teletherapy unit per million 

populations [21,22]. With this recommendation, the minimum re-

quired number of teletherapy units is approximately 1,250 as 

against the presently available 550 units in India, making a huge 

shortfall of nearly 700 units [21,22]. One week shorter treatment 

schedules in SIB-IMRT compared to SEQ-IMRT can reduce the 

treatment-cost and the long waiting list of patients for radiation 

therapy in low resource counties like India. 

In summary, our study shows that concurrent chemoradiation 

with SIB-IMRT for locally advanced head and neck cancer is 

well-tolerated and results in better treatment-compliance, compa-

rable objective response rate, comparable mucositis, and higher but 

acceptable incidence of dysphagia compared to SEQ-IMRT. To our 

knowledge, our study is the first randomized trial to date exploring 

the acute toxicity profile and objective response rate between 

SIB-IMRT and SEQ-IMRT as two distinct treatment approaches in 

non-nasopharyngeal, locally advanced head and neck cancer pa-

tients. The strengths of our study includes similar chemotherapy 

regimens, similar dose-volume constraints and prospective grading 

of toxicity by a single, experienced radiation oncologist for both 

the study arms to minimizes the potential for intra- and inter-ob-

server variability in these more subjective values. There are several 

limitations including it was a single institution based non-blind 

randomized study with short-term follow-up of patients. A large 

scale, multicentric, blinded randomized trial with long-term fol-

low-up of patients is recommended to validate the results. 

In conclusion, this study shows that concurrent chemoradiation 

with SIB-IMRT for locally advanced head and neck cancer is 

well-tolerated and results in better treatment-compliance, similar 

objective response rate, comparable mucositis and higher but ac-

ceptable incidence of dysphagia compared to SEQ-IMRT. Although 

higher rate of grade 3 radiation induced dysphagia was observed 

with the SIB-IMRT compared to SEQ-IMRT however, it did not 

translate into increased weight-loss or more nasogastric tube intu-

bation. SIB-IMRT is a feasible and time sparing treatment tech-

nique with encouraging locoregional results and controlled side ef-

fects for locally advanced head and neck cancer patients. 
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