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Abstract ___________________________________________________________________________________________________ 

Introduction. Simultaneous integrated boost (SIB) is a novel radiotherapy technique 
that delivers individualized radiation doses to different tumor regions during a single 
treatment session. This enables the delivery of a higher dose to the primary tumor and 
a lower dose to the surrounding normal tissues, including subclinical disease and other 
selected regions.
Purpose. To assess and compare the dosimetric parameters with SIB and sequential boost 
in locally advance HNC patients.
Materials and methods. A prospective comparative observational study of 40 patients 
with locally advance HNC treated with radical radiotherapy using either SIB or sequential 
boost at the Baghdad Radiotherapy and Nuclear Center between January 1, 2023 and 
December 31, 2023 was conducted. Dosimetric was evaluated for both groups.
Results. The median age at diagnosis was 56.5 years, with a male-to-female ratio of 1.2 : 
1. Nasopharyngeal cancer had the highest incidence rate (45%), while paranasal sinuses 
had the lowest (2.5%). Target coverage, D5% and D95% were better for sequential boost.
Conclusions. Both techniques have comparable dosimetric parameters, with sequential 
boost demonstrating better coverage and homogeneity, while SIB is more efficient and 
accurate, with better conformity and organ sparing, and does not require re-planning.
Keywords: SIB, sequential boost, VMRT, HNC, nasopharyngeal cancers
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Резюме ___________________________________________________________________________________________________ 

Введение. Одновременное интегрированное усиление (SIB) – это новая методика 
радиотерапии, которая обеспечивает индивидуализированную дозу облучения раз-
личных областей опухоли в течение одного сеанса лечения. Это позволяет достав-
лять более высокую дозу на первичную опухоль и более низкую дозу на окружаю-
щие нормальные ткани, включая субклиническое заболевание и другие выбранные 
области.
Цель. Оценить и сравнить дозиметрические параметры при использовании SIB и по-
следовательного буста у пациентов с местнораспространенным раком головы и шеи.
Материалы и методы. Проведено проспективное сравнительное обсервацион-
ное исследование 40 пациентов с местнораспространенным раком головы и шеи, 
получивших радикальную лучевую терапию с использованием SIB или последова-
тельного усиления в Багдадском центре радиотерапии и ядерной терапии в период  
с 1 января 2023 г. по 31 декабря 2023 г. Дозиметрическая оценка проводилась в обе-
их группах.
Результаты. Средний возраст на момент постановки диагноза составил 56,5 года, 
соотношение мужчин и женщин – 1,2 : 1. Наибольший уровень заболеваемости на-
блюдался при раке носоглотки (45%), наименьший – при раке околоносовых пазух 
(2,5%). Охват цели, D5% и D95% были лучше при последовательном усилении.
Выводы. Обе методики имеют сопоставимые дозиметрические параметры, при 
этом последовательное усиление демонстрирует лучший охват и гомогенность,  
а SIB более эффективна и точна, имеет лучшее соответствие и щадит органы, не тре-
бует повторного планирования.
Ключевые слова: SIB, последовательное усиление, ВМРТ, рак головы и шеи, рак но-
соглотки



238 "Eurasian Journal of Oncology", 2025, volume 13, № 3

	� INTRODUCTION
The term HNC refer to cancers of the upper aerodigestive tract, including the lips, oral 

cavity, oropharynx, sinonasal cavities, nasopharynx, larynx, hypopharynx, and salivary 
glands. They account for 4% of all cancers, and it is estimated that over 65,000 new cases 
will be diagnosed in the US in 2021 [1]. Approximately 27% of these patients are women 
[2]. African Americans have a higher age-adjusted incidence than other ethnic groups. 
The usual time of diagnosis is after the age of 40 years, except for salivary gland and NPCs, 
which may occur in younger age groups. The incidence of HNC in the Middle East varies by 
country, but it is generally higher than in the rest of the world. According to the GCO data 
for 2020, the estimated age-standardized incidence rate (ASR) for HNC in Iraq is 2.2 per 
100,000 people for males and 1.2 per 100,000 people for females. This is lower than the 
global ASR of 5.2 per 100,000 people for males and 3.0 per 100,000 people for females [3]. 
The most common type of HNC in Iraq is oral cancer, accounting for about 40% of all cases. 
Other common types of HNC in Iraq include nasopharyngeal cancer, laryngeal cancer, 
and esophageal cancer. The Iraqi Cancer Registry’s 2021 annual report found that HNC 
accounted for approximately 1.91% of all new cancer cases, or 641 per 100,000 people. 
The incidence rate was higher in males (1.08%) than in females (0.82%) [4].

The technique of radiation delivery has improved dramatically over the years, and 
intensity modulated radiation therapy (IMRT) is considered standard for HNCs. This 
involves using multiple beams of radiation to target the disease with variable radiation 
beam intensity in order to optimally spare normal tissue. Many centers have graduated to 
VMAT [5–7]. This is a special form of IMRT using radiation arcs to generate more degrees 
of freedom and modulate the radiation intensity better. Moreover, this technique is now 
usually combined with IGRT. This involves the use of daily cone-beam CT scanning while 
the patient is on the treatment machine to ensure precise and reproducible patient 
positioning, thereby reducing the amount of normal tissue in the radiation field [7]. While 
SIB-VMAT offers the advantage of a single treatment plan, streamlining the treatment 
process and enhancing patient convenience, there remains a scarcity of data regarding 
the impact of SIB technique on normal tissue responses in HNC patients [8, 9]. There is 
a substantial difference between the radiobiological response of the small high dose 
areas treated with increased dose per fraction inside intermediate dose volumes. Hence, 
present study aimed to compare the SEQ and SIB techniques of VMAT in patients of HNC 
in terms of dosimetric changes and acute toxicity profile [10, 11].

This prospective observational study intends to evaluate and compare the dosimetric 
parameters between SIB radiotherapy plans delivered with SIB-VMAT and sequential 
boost (SEQ-VMAT) in patients with HNCs.

	� MATERIALS AND METHODS
Design and patients
We performed a comparative prospective observational study of consecutive 40 

patients who received definitive radiotherapy with either SIB-VMAT or SEQ-VMAT for 
locally advance (LAHNC) between January 1, 2023 and December 31, 2023 with a median 
follow up 6 months in Baghdad Radiotherapy and Nuclear Center – Medical City Complex 
using Monaco Treatment planning system (TPS) for an Elekta Linac machine. A consent 
from our patients and the Iraqi council of medical specialties was achieved.
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Inclusion criteria
Primary tumor sites included nasopharynx, paranasal sinus, oropharynx, oral cavity, 

hypopharynx, larynx and skull base tumor. Patients (both genders) were at least 18 years 
old with an Eastern Cooperative Oncology Group (ECOG) performance status of 0–2.

Exclusion criteria
Patients with prior oncologic resection (adjuvant setting), or radiotherapy for their 

HNC (reirradiation). Stage IVC disease at diagnosis were excluded. Patients with an 
Eastern Cooperative Oncology Group (ECOG) performance status of 3–4 or with severe 
uncontrolled co-morbidity, pregnant or lactating women.

Participants 
Patients were divided into two arms equally, and treated with either SIB-VMAT or 

SEQ-VMAT. Pre-treatment evaluation including nutritional evaluation was done prior to 
treatment as per National Comprehensive Cancer Network Guidelines (NCCN). Assessment 
of extension of disease and staging was done according to the American Joint Committee 
of Cancer (AJCC) 8th edition criteria along with clinical examination laryngoscopy, 
Computed Tomography (CT) scan, Magnetic Resonance Imaging (MRI), Positron Emission 
Tomography (PET) scan as required.

Radiation treatment planning and dose-volume analysis according to [12]. Radiation 
dose and fractionation according and dosimetric evaluation according [13–16]. 

Statistical Analysis
Data was presented as mean, standard deviation, median (range), or percentage. 

Statistical Analysis was done using the SPSS version 20.0 (Chicago, IL). The Wilcoxon 
signed-rank test and Fisher’s exact test were used in the dosimetric comparison. The 
p-value less than 0.05 were considered significant.

	� RESULTS
Patient and tumor characters
Patient and tumor characteristics were listed in (Table 1). Total 40 patients (20 patients 

in SIB-VMAT group and 20 patients in SEQ-VMAT group) were included and data was 

Table 1
Patients and tumor characters

Characters No. (%)

Gender
Male 22 (55)
Female 18 (45)

Age (years) median 56.5 

Site

Nasopharynx 18 (45)
Larynx 8 (20)
Oropharynx 7 (17.5)
Hypopharynx 3 (7.5)
Oral cavity 2 (5)

Paranasal sinuses 1 (2.5)

Base of skull 1 (2.5)
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collected for analysis. The Demographic data showed median age at diagnosis was 56.5 
years, sex (22 Males 55% and 18 females 45% in both the arms). Male: female ratio was  
1.2 : 1, disease site (nasopharynx was the most common site 18 patients (45%), whereas 
the paranasal sinuses, and skull base tumors were the lowest 1 patient (2.5%) for each site.

Quantitative evaluation
The quantitative evaluation consisted of D5% (the maximum dose delivered to 5% of 

the target volume), D95% (minimum dose delivered to 95% of the target volume) and 
dose to OARs. The results of both techniques SIB-VMAT and SEQ-VMAT were within criteria. 
The D95% and D5% favoring the SEQ technique. This indicates better target coverage (TC) 
in SEQ than in SIB (Table 2).

Table 2
The quantitative dosimetric evaluation (D5%, D95%) of SEQ-VMAT and SIB-VMAT in patients with locally 
advanced HNC

Doses [mean±SD] SIB SEQ P value
D5% 104.1±0.8 103.7±0.7 0.36
D95% 96±1.6 98±1.6 0.01

Additionally, the OARs doses for both techniques were predominantly within the 
prescribed dose range, except for dose reduction and critical organ sparing, which 
favored the SIB technique with highly statistically significant for all organs, an illustration 
of the isodose plan demonstrated the spatial distribution of the prescribed radiation dose 
within the TC and the sparing of OARs for both techniques, evaluated by DVH and its 
statistics (Table 3).

Table 3
The dose to organs at risk for SEQ-VMAT and SIB-VMAT techniques

End points median in cGy Criteria dose (cGy) SIB SEQ P value
Brainstem max dose 5400 4811 [3022–5135] 4681 [3313–5570] 0.02
Spinal cord max dose 4500 3887 [3743–4108] 4136 [3925–4300] 0.006
Left eye max dose 5400 554 [110–3565] 627 [117–3861] <0.001
Right eye max dose 5400 239 [105–3360] 286 [109–3718] 0.002
Left lens max dose 700 218 [72–815] 245 [75–931] 0.001
Right lens max dose 700 239 [79–769] 239 [78–930] 0.001
Left optic nerve max dose 5500 532 [105–4986] 551 [105–5565] 0.001
Right optic nerve max dose 5500 525 [104–4957] 536 [108–5542] 0.002
Optic chiasm max dose 5500 512 [143–5118] 500 [153–5407] 0.001
Mandible maximum dose 7000 6700 [6379–7064] 6977 [6732–7111] 0.012
Left parotid mean dose 2500 2598 [2299–3198] 2652 [2378–3591] 0.001
Right parotid mean dose 2500 2563 [2290–3243] 2815 [2294–3476] 0.02
Left cochlea mean dose 4500 2969 [240–4163] 3921 [261–5063] <0.001
Right cochlea mean dose 4500 3478 [269–4398] 3542 [270–4792] 0.001
Oral cavity mean dose 4000 3250 [2650–3810] 3465 [2956–3974] 0.04

The brainstem maximum dose (median) was reduced favoring SIB technique, with a 
67% dose decrement (Fig. 1a). Also, the spinal cord maximum dose (median) was reduced 
by 75% favoring SIB technique (Fig. 1b).
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Moreover, the mean dose to both parotid glands and cochleae was significantly 
reduced, favoring the SIB technique. The left parotid mean dose decrement was 65% (Fig. 
1c), and the left cochlea mean dose reduced by 82% (Fig. 1d).

Qualitative evaluation
The qualitative evaluation consisted of the conformity index (CI) and homogeneity 

index (HI) values. The results showed SIB provides better conformity, while SEQ provides 
better homogeneity (Table 4). 

Table 4
The qualitative dosimetric evaluation [CI and HI] of SEQ-VMAT and SIB-VMAT

Parameters [mean±SD] Criteria SIB SEQ P value
Conformity index (CI) 1 0.68±0.09 0.43±0.1 <0.001
Homogeneity index (HI) 1 1.08±0.02 1.05±0.02 <0.001

Fig. 1: a – the brainstem maximum dose (cGy) [median] was significantly reduced by 67%  
with the SIB technique compared to the SEQ technique (p=0.02); b – the spinal cord maximum dose 
(cGy) [median] was significantly reduced by 75% with the SIB technique compared to the SEQ technique 
(p=0.006); c – the left parotid mean dose (cGy) [median] was significantly reduced by 65% with the SIB 
technique compared to the SEQ technique (p=0.001); d – the left cochlea mean dose (cGy) [median]  
was significantly reduced by 82% with the SIB technique compared to the SEQ technique (p<0.001)

a b

c d
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	� DISCUSSION
The widespread use of IMRT for definitive treatment of LAHNC has resulted in an 

overall move from sequential boost to integrated boost radiation planning. This shift 
was influenced by early dosimetric studies suggesting improved dose distribution, initial 
ease of designing one plan versus two or more, and the predominance of using the SIB 
technique in Cooperative Group studies [17, 18]. The introduction of IMRT has led to more 
conformed high dose regions with better sparing of the OARs. It also allows the delivery 
of SIB, determining a shorter overall treatment time (33 fractions for SIB compared to 35 
fractions for SEQ), hypo-fractionation and dose escalation. Several studies, randomized 
and non-randomized, demonstrated a non-inferiority of IMRT compared to 3DCRT in 
terms of local control [19].

The most significant difference between SIB-VMAT and SEQ-VMAT is that different 
doses per fraction are delivered to each of the target regions. This requires the adjustment 
of the prescribed dose for each target volume. Lee N et al. [20], demonstrated that SIB-
VMAT schemes result in higher fractional boost doses (2.12 Gy/fraction/d). This suggest 
that normal tissues within or adjacent to the target regions may receive a higher dose per 
fraction than that given by SEQ-VMAT technique, both strategies were able to achieve a 
satisfactory target coverage (TC).

The present study employed a comprehensive quantitative dosimetric evaluation, 
encompassing the D95%, D5%, and the dose delivered to OARs. The treatment plans 
effectively achieved the prescribed dosimetric criteria of TC and OARs sparing in nearly 
all cases. The PTV was divided into PTV primary, PTV high-risk, and PTV low-risk regions 
due to the delivery and optimization of different doses to each region. This approach 
ensured that each sub-volume of the PTV received the appropriate dose while minimizing 
exposure to surrounding OARs. The D95% and D5% parameters provide valuable insights 
into the dose distribution within the target volume. The D95% represents the dose 
received by 95% of the target volume, indicating the overall coverage of the tumor. The 
D5% represents the dose received by the 5% of the target volume that receives the highest 
dose, providing information about the homogeneity of the dose distribution. OAR sparing 
is crucial for minimizing treatment-related side effects and preserving patient quality of 
life. By carefully evaluating the dose delivered to OARs, such as the parotid glands and 
the spinal cord, clinicians can optimize treatment plans to minimize radiation exposure to 
these sensitive structures. The successful achievement of dosimetric criteria in the present 
study highlights the effectiveness of the treatment planning approach employed. These 
findings are consistent with those reported by Alsaihaty et al., who also observed superior 
target coverage with SEQ-VMAT compared to SIB-VMAT. This further supports the notion 
that SEQ-VMAT offers improved TC in the treatment of HNC [21].

In contrast to the findings of Chen S et al. [22], and Arora A et al. [23], who reported 
similar TC with both SIB and SEQ techniques, our study observed a significant difference in 
TC between these two approaches. Specifically, SEQ demonstrated superior TC compared 
to SIB. This discrepancy in TC observations could be attributed to several factors, including 
differences in patient characteristics, treatment planning parameters, and dosimetry 
calculations. Further investigations are warranted to fully elucidate the underlying reasons 
for this discrepancy and to establish the relative advantages of SIB and SEQ techniques in 
terms of target coverage.
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In addition to the quantitative dosimetric evaluation, a qualitative evaluation was 
conducted, encompassing the CI and HI values. The results indicated that the HI value 
for SEQ-VMAT was higher than that for SIB-VMAT, while the CI value for SEQ-VMAT was 
lower than that for the SIB technique. Specifically, the CI of SIB-VMAT (0.68±0.09) was 
significantly better than that of SEQ-VMAT (0.43±0.1) (p<0.001), consistent with the 
findings of Alsaihaty et al. [21], this indicates that SIB-VMAT achieved better conformity 
and shaping to the target volume, leading to higher sparing of OARs.

Our findings align with those of Chen S et al. [22], who also reported superior OAR 
sparing with SIB-VMAT compared to SEQ-VMAT. This consistent observation can be 
attributed to the inherently better CI of SIB-VMAT. The higher CI of SIB-VMAT indicates 
a more conformal dose distribution, allowing for better shaping of the radiation dose 
to the target volume while minimizing exposure to surrounding healthy tissues. This 
advantage is particularly relevant for patients with a large proportion of normal tissues 
embedded within microscopic tumors. In such cases, the ability to precisely conform the 
dose distribution to the target is crucial for reducing the risk of radiation-induced toxicity 
to surrounding OARs. The superior OAR sparing achieved with SIB-VMAT highlights its 
potential value in treating HNCs patients. By minimizing exposure to healthy tissues, 
SIB-VMAT can help reduce treatment-related side effects and improve patient quality of 
life. Clinicians should carefully consider the dosimetric characteristics of each technique, 
including OAR sparing, when making treatment decisions. SIB-VMAT may offer a distinct 
advantage in minimizing radiation exposure to healthy tissues, particularly for patients 
with a high risk of OAR toxicity.

Additionally, our study observed a contrast to the findings of Chen S et al. [22], regarding 
the homogeneity index (HI). While Chen S et al., reported superior HI for SIB-VMAT, our 
analysis revealed significantly better HI for SEQ-VMAT (1.05±0.02) compared to SIB-VMAT 
(1.08±0.02) (p<0.001). This discrepancy in HI values could potentially be attributed to the 
superior D5% and D95% values achieved in our study for SEQ-VMAT. These improved dose 
parameters may have contributed to a more uniform dose distribution within the target 
volume, leading to better homogeneity in the SEQ technique. The superior HI observed 
with SEQ-VMAT suggest that this technique may offer advantages in terms of dose 
uniformity. A more homogeneous dose distribution can minimize the risk of hot spots 
and cold spots within the target volume, potentially improving treatment efficacy and 
reducing the likelihood of radiation-induced complications. Clinicians should carefully 
consider the HI of each technique when making treatment decisions. For patients who 
may be particularly sensitive to dose heterogeneity, SEQ-VMAT may offer a beneficial 
option. Several articles published in Iraq [24–26], however not discussed such advanced 
techniques.

	� CONCLUSIONS 
SEQ-VMAT has better TC and HI than SIB-VMAT. This means that SEQ-VMAT delivers a 

more homogenous dose distribution to the target volume, making it a more preferred 
treatment option for patients with complex tumor geometries or those who are 
particularly sensitive to dose heterogeneity. SIB-VMAT has better conformity index (CI) 
and organ sparing than SEQ-VMAT.
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