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Purpose: This study aimed to compare the secondary cancer risk (SCR) between the

sequential boost (SEQ) technique and simultaneous integrated boost (SIB) technique in

intensity-modulated radiotherapy (IMRT) and volumetric-modulated arc therapy (VMAT)

in patients with nasopharyngeal carcinoma (NPC) using the concepts of organ equivalent

dose (OED) and excess absolute risk (EAR).

Patients and Methods: IMRT-SEQ, VMAT-SEQ, IMRT-SIB, and VMAT-SIB plans were

created with identical objective functions for five patients with early-stage NPC. Three

different planning tumor volumes (PTVs; PTV1, PTV2, and PTV3) were delineated for

each patient, and the prescribed doses were 50 Gy, 60 Gy, and 70 Gy (2 Gy/fraction),

respectively, for the SEQ technique and 52.8 Gy, 59.4 Gy, and 69.3 Gy (33 fractions),

respectively, for the SIB technique.

Results: All plans were clinically acceptable. There was no difference in most OED-based

SCRs between IMRT and VMAT when the same fractionation scheme was used. Compared

with the SEQ technique, the SIB technique in IMRT and VMAT was associated with the

lowest OEDs for the oral cavity, pharynx, parotids, and submandibular glands, resulting in

SCR reduction. SCR for the parotids was much lower than that for the other assessed organs

when the SIB technique was used.

Conclusion: Our findings suggest that OED-based SCRs are lower with the SIB technique

than with the SEQ technique in IMRT and VMAT in most organs for which SCR was

calculated; furthermore, SCR for the parotids is much lower than that for other organs when

the SIB technique is used in patients with NPC.

Keywords: excess absolute risk, intensity-modulated radiotherapy, organ equivalent dose,

secondary cancer risk, volumetric-modulated arc therapy

Introduction
Nasopharyngeal carcinoma (NPC) is a rare malignancy in most parts of the world.

According to the latest statistics, approximately 80% of patients with NPC are

observed in Asia, particularly in Southeast Asia and South China. A previous report
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mentioned that the estimated incidence rate of NPC in

China was 60.6 per 100,000 individuals and the associated

mortality rate was 34.1 per 100,000 individuals.1

Radiotherapy (RT) is an essential component of cura-

tive-intent treatment for NPC, and stage I disease is

treated with RT alone.2,3 The anatomical locations and

proximities of numerous organs at risk (OARs) make

RT for NPC very demanding. Different RT modalities,

such as intensity-modulated radiotherapy (IMRT) and

volumetric-modulated arc therapy (VMAT), have been

used widely to improve the local control rate of NPC.4

IMRT can provide better parotid sparing and improved

quality of life compared with three-dimensional confor-

mal radiotherapy (3D-CRT) in patients with early-stage

NPC.5,6 IMRT can be applied using either a sequential

(SEQ) boost7,8 or simultaneous integrated boost (SIB)

technique.9,10 Normally, SEQ uses a conventional dose

of 1.8–2 Gy/fraction throughout the course of RT,

whereas SIB provides an opportunity to simultaneously

treat both the primary and secondary targets at different

doses.11

Although IMRT and VMAT have been shown to

improve dose conformity and reduce doses to OARs, low-

dose volumes in non-target tissues have been found to be

greater with IMRT or VMAT than with 3D-CRT. Radiation

exposure of a large volume of non-target tissue might have

a negative impact in terms of secondary cancer risk

(SCR).12,13 The exact mechanism of radiation-induced

second malignancy is unknown. However, currently, it is

a growing concern in oncology because of the high num-

ber of cancer survivors, and efforts are being made to

prevent or decrease the incidence of radiation-induced

second malignancy. Several models exist for the theoreti-

cal determination of the risk associated with RT. These

models have various degrees of complexity, and they

could be used for extrapolating the epidemiological

knowledge derived from conventional treatment techni-

ques to new RT techniques and for comparing the risks

associated with different treatment techniques.

To our knowledge, only one previous report has com-

pared radiation-induced SCR between IMRT-SIB and

VMAT-SIB in patients with NPC14 and no previous report

has compared the SEQ and SIB techniques. The present

study aimed to compare SCR, which is considered as a late

toxicity, between the SEQ and SIB techniques in IMRT

and VMAT in patients with NPC using the concepts of

organ equivalent dose (OED) and excess absolute risk

(EAR) for dose–response modeling.

Materials and Methods
Patient Characteristics
Computed tomography (CT) scans of five patients with

NPC who had undergone RT were retrospectively selected

for this study. The median age of the patients was 45 years

(range, 35–61 years). According to the American Joint

Committee on Cancer staging system, the clinical stage

distribution of the patients was stage I–II.

Ethics Statement
This study was approved by the Karadeniz Technical

University, Faculty of Medicine, Farabi Hospital

Ethics/Institutional Review Board (Number:2019/264,

Date:16.09.2019); due to the secondary use of existing

data, the patient informed consent was waived by the

institutional review board. All procedures performed in

the study were in accordance with the ethical standards

of the institutional research committee and with the

Helsinki declaration.

Delineation of Target Volumes and

Organs at Risk
The patients underwent CT (3-mm slice thickness) in the

supine position. Gross tumor volume (GTV) was defined as

the visualization of any gross tumor on CT images or other

images (magnetic resonance imaging and positron emission

tomography). Clinical target volume (CTV) was defined as

GTV plus areas considered at risk for containing micro-

scopic disease delineated by a physician. CTV3 was defined

as GTV plus a 5-mm margin around GTV. This margin can

be reduced to as low as 1 mm for tumors in close proximity

to critical structures. For CTV2, all potential routes of

spread for primary and nodal GTVs were delineated by

a radiation oncologist. For CTV1, all levels of the neck,

except for level I, were defined as low-risk subclinical

regions, with a prescription dose of 50 Gy or 52.8 Gy.

A 3-mm margin was added to all CTVs to create respective

planning target volumes (PTVs; PTV1, PTV2, and PTV3).

The mean PTV1, PTV2, and PTV3 volumes of 5 patients

were 602 ± 76 cm3 (range 530–682), 177 ± 7 cm3 (range

169–184), and 123 ± 27 cm3 (range 88–147), respectively.

PTVs were trimmed to 3 mm from the skin surface

(Figure 1).

OARs were delineated according to the Radiation

Therapy Oncology Group 0225 protocol.15 The delineated

OARs included the brain stem, spinal cord, oral cavity,

pharynx, parotids, submandibular glands, mandible, optic

Haciislamoglu et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Cancer Management and Research 2020:122514

http://www.dovepress.com
http://www.dovepress.com


nerves, optic chiasm, lens, mandible, pituitary gland, and

soft tissue (total exposed volume minus PTV1).

Treatment Planning
For each patient, IMRT-SEQ, VMAT-SEQ, IMRT-SIB,

and VMAT-SIB plans were created with the same goals

and objectives. The Eclipse treatment planning system

(version 10, Varian Medical Systems, Palo Alto, CA,

USA) was used for treatment planning, utilizing 6MV

photon beams.

The SEQ technique had the following three plans: 2 Gy

× 25 fractions (50 Gy) to the low-risk PTV (PTV1),

followed by two different sequential boosts (2 Gy × 5

fractions; 60 Gy and 70 Gy) to the medium- and high-

risk PTVs (PTV2 and PTV3). On the other hand, the SIB

technique involved the treatment of the low-, medium-,

and high-risk PTVs with doses of 52.8 Gy, 59.4 Gy, and

69.3 Gy, respectively, in 33 fractions with plan normal-

ization to cover at least 95% of PTV1 with 95% of the

prescribed dose.

SCR was calculated at the brain stem, spinal cord, oral

cavity, pharynx, parotids, submandibular glands, mandible,

and soft tissue. Dose constraints were used to create

acceptable dose limits for the brain stem, spinal cord,

and parotids among the organs for which SCR was calcu-

lated; the dose constraint process was excluded for other

organs, such as the oral cavity, pharynx, submandibular

glands, mandible, and soft tissue. The plans were itera-

tively optimized to obtain optimal coverage of PTVs and

sparing of OARs. The dose constraints for the OARs are

presented in Table 1.

The IMRT plans involved nine (PTV1), seven (PTV2),

and five (PTV3) coplanar fields with equally spaced gantry

angles for SEQ and nine coplanar fields with equally

Figure 1 Examples of the contours of the planning target volumes (PTVs) in the axial (A), coronal (B), and sagittal (C) planes for a selected patient. Green indicates PTV1,

blue indicates PTV2, and red indicates PTV3.
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spaced gantry angles for SIB. The VMAT plans involved

two full coplanar arcs.

Calculation of Secondary Cancer Risk

Estimates
It is known that for doses below 2 Gy, the dose–response

relationship is linear.12 However, for higher doses and

inhomogeneous dose distributions, the dose–response rela-

tionship is not linear12,16 and other dose–response func-

tions are required to describe the relation. To facilitate the

estimation of SCR for irradiated organs, Schneider et al

introduced the concept of OED, according to which any

two dose distributions in an organ are equivalent if they

cause the same radiation-induced cancer incidence.16

Different models for OED calculation are available

according to the different assumptions of cell behavior

after dose exposure.17,18 Schneider’s full mechanistic

dose–response model was used in this study. The full

mechanistic model accounts for killing and fractionation

effects.18,19 OEDs for the brain stem, spinal cord, oral

cavity, pharynx, parotids, and submandibular glands were

calculated using a full mechanistic dose–response model

based on differential dose–volume histograms (dDVHs),

according to the following formula:

OEDmechanistic ¼ 1

VT
∑
i
VDi

e�α
0
Di

α0R
1� 2Rþ R2eα

0
Di � 1� Rð Þ2e�α

0
R

1�R α
0
Di

� �

where VT is the total organ volume and VDi is the volume

of the organ that is exposed to dose Di. The sum involves

all the bins of the dose–volume histogram. Additionally,

the parameter R describes repopulation and the repair

ability between the delivered dose fractions. The para-

meter α
0
is calculated as follows:

α
0 ¼ αþ β

D
DT

dT

where α and β are parameters from the linear quadratic

model of cell killing, describing the linear and quadratic

dose response of the tissue to radiation.

OEDs for the mandible and soft tissue were calculated

using a specific mechanistic sarcoma model based on

intermediate repopulation (R = 0.5) according to the fol-

lowing formula:

OEDsarcoma ¼ 1

VT
∑
i
VDi

e�α
0
Di

α0R

1� 2Rþ R2eα
0
Di � α

0
RDi � 1� Rð Þ2e�α

0
R

1�R α
0
Di

� �

The risk of developing secondary solid cancer after RT is

usually represented by EAR. The EAR for the development

of solid cancer describes the absolute difference in cancer rates

between persons exposed to a dose d and those not exposed to

a dose beyond the natural dose exposition per 10,000 persons

per year.18 EAR can be calculated as follows:18

EAR ¼ EAR0:OED:μ agex; ageað Þ
where EAR0 is the initial slope of the dose–response curve

at a low dose. The function μ takes into account the age of

the population examined based on the patient’s age at the

time of irradiation (agex) and the attained age of the

patient in years (agea). It can be calculated as follows:

μ agex; ageað Þ ¼ exp γe: agex� 30ð Þ½ þ γa:ln agea=70ð Þ�
where γe and γaare age-modifying factors (EAR0 was

originally calculated for persons exposed at the age of 30

years and attaining the age of 70 years). All EARs in this

study were calculated with age modification for patients

irradiated at the age of 45 years (agex) and attaining the

age of 70 years (agea).

The site-specific parameters were derived from

a combined fit to data from atomic bomb survivors and

patients treated with RT for Hodgkin disease, assuming an α/β
value of 3 Gy.18 The difference in the baseline risks for

developing cancer without exposure to radiation between the

Japanese and Western populations was included. The para-

meters used for the OED and EAR calculations are presented

in Table 2.

Statistical Analysis
The two-tailed Wilcoxon signed-rank test was used to

compare differences between the DVH parameters of the

IMRT and VMAT plans (each pair of patient-specific DVH

Table 1 Dose Constraints of the Organs at Risk (OARs)

OAR Goal or Constraint Dose

Brain stem Dmax < 54 Gy

Spinal cord Dmax < 46 Gy

Parotids Dmean ≤ 26 Gy

V30 ≤ 50%

Optic nerves Dmax < 54 Gy

Optic chiasm Dmax < 54 Gy

Pituitary gland Dmax < 54 Gy

Lens Dmax < 25 Gy

Haciislamoglu et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Cancer Management and Research 2020:122516

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


values was compared). All statistical analyses were per-

formed using SPSS software (version 22.0; SPSS Inc.,

Chicago, IL, USA). Significance level was set at p = 0.05.

Results
The mean volume of the PTV1, PTV2, and PTV3 were

624.96 ± 112.17 cm3, 177.58 ± 6.96 cm3, and 123.44 ±

27.49 cm3, respectively. In all five cases, all plans were

clinically acceptable, with at least 95% of the PTVs

receiving 95% of the prescribed dose.

The mean parotid volume was 47 ± 13.28 cm3. For

IMRT-SEQ, VMAT-SEQ, IMRT-SIB, and VMAT-SIB, the

mean doses (Dmean) for the right parotid were 25.80 ± 1.83

Gy, 23.23 ± 0.90 Gy, 25.15 ± 1.03 Gy, and 22.39 ± 1.23

Gy, respectively, and those for the left parotid were 26.70

± 1.44 Gy, 23.43 ± 1.49 Gy, 26.47 ± 1.19 Gy, and 23.31 ±

0.74 Gy, respectively. The dosimetric data for the parotids

and soft tissue are summarized in Table 3. The Dmean of

the parotids was significantly higher with IMRT than with

VMAT for both the SEQ and SIB techniques. The V30 of

the parotids and the soft tissue doses (V1, V3, and V5)

were not significantly different (Table 3).

The OED and EAR values for all OARs according to the

SEQ and SIB techniques in IMRT and VMAT are shown in

Table 4. The relative difference between SCRs associated

with the SEQ and SIB techniques was greatest for the par-

otids compared with the findings for all other organs in both

IMRT and VMAT, with a reduction of approximately 40%

(Table 4). On comparing only the SEQ and SIB techniques,

IMRT and VMAT showed similar SCRs (except for the

mandible [SEQ] and parotids [SIB]). SIB in both IMRT and

VMAT resulted in the lowest OEDs for the oral cavity,

pharynx, parotids, and submandibular glands, and was thus

associated with SCR reduction compared with SEQ; conver-

sely, SEQ in both IMRTand VMATsignificantly reduced the

OED and EAR of the soft tissue compared with SIB.

Figure 2 shows the OED and EAR values for all OARs

stratified according to the techniques. As shown in Figure 2E,

the EAR-SEQ:EAR-SIB ratio was the greatest for the par-

otids compared with the findings for all other OARs, indicat-

ing that parotids have a higher SCR with the SEQ technique

than with the SIB technique.

Discussion
Owing to technological advancements, new RT techniques,

such as IMRT, have been developed with the intention of not

only improving tumor coverage but also sparing OARs com-

pared with traditional two-dimensional RT.5,20-22 Furthermore,

VMAT has been shown to be superior to IMRTwith regard to

improving dose homogeneity and sparing critical organs at

multiple tumor sites.23–25

Table 2 Risk Parameters for All Tissues

Tissues ά

(Gy−1)

R EAR0 γe γa

Brain stem and spinal cord 0.018 0.93 0.7 −0.024 2.38

Oral cavity and pharynx 0.043 0.97 0.73 −0.024 2.38

Parotids and submandibular

glands

0.087 0.23 0.73 −0.024 2.38

Mandible 0.067 0.50 0.20 −0.013 −0.56

Soft Tissue 0.060 0.50 0.60 −0.013 −0.56

Table 3 Comparison of the Parotid and Soft Tissue Dose–Volume Metrics as a Function of Plan Modality

Metric IMRT-SEQ VMAT-

SEQ

IMRT-SIB VMAT-SIB IMRT-SEQ vs

VMAT-SEQ

p-value

IMRT-SIB vs

VMAT-SIB

p-value

IMRT-SEQ vs

IMRT-SIB

p-value

VMAT-SEQ vs

VMAT-SIB

p-value

Right parotid

Dmean (Gy) 25.80 ± 1.83 23.23 ± 0.90 24.85 ± 1.03 22.39 ± 1.23 0.045 0.014 0.557 0.310

V30 (%) 24.25 ± 3.78 19.75 ± 1.71 22.00 ± 2.45 18.25 ± 2.06 0.093 0.058 0.362 0.305

Left parotid

Dmean (Gy) 26.70 ± 1.44 23.43 ± 1.49 25.87 ± 1.19 22.85 ± 0.74 0.020 0.004 0.810 0.892

V30 (%) 25.75 ± 4.35 24.00 ± 3.92 24.25 ± 4.65 21.25 ± 2.63 0.572 0.304 0.654 0.288

Soft tissue

V1 (%) 98.65 ± 1.16 99.9 ± 0.00 98.73 ± 1.09 99.9 ± 0.00 0.121 0.119 0.928 0.724

V3 (%) 96.63 ± 1.04 97.45 ± 0.50 96.75 ± 1.16 97.53 ± 0.42 0.203 0.256 0.878 0.826

V5 (%) 91.28 ± 1.94 93.30 ± 0.63 92.35 ± 1.66 94.05 ± 0.95 0.094 0.126 0.432 0.236

Notes: The bold values indicate significant differences.

Abbreviations: IMRT, intensity-modulated radiotherapy; VMAT, volumetric-modulated arc therapy; SEQ, sequential boost; SIB, simultaneous integrated boost; Dmean,

mean dose; Vx, volume (%) receiving x dose (Gy) or higher; Gy, Gray.
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IMRT and VMAT can be applied using either the SEQ

or SIB technique. The SIB technique allows simultaneous

delivery of different doses to different target volumes

within a single treatment fraction, enabling the shortening

of treatment duration and enhancing the biological equiva-

lent dose. Most clinical studies involving NPC used the

SIB technique9,10,22,26 and rarely performed comparisons

with the other technique.7,8,27 To our knowledge, only one

previous study has compared the radiation-induced SCR

between IMRT-SIB and VMAT-SIB in patients with

NPC14 and no previous report has compared the SEQ

and SIB techniques in terms of SCR. Therefore, the find-

ings of the present study comparing the SEQ and SIB

techniques in IMRT and VMAT are important.

Dosimetric studies comparing IMRT-SEQ and IMRT-

SIB revealed that both techniques provided the same target

coverage; however, IMRT-SIB showed better parotid spar-

ing, whereas IMRT-SEQ lowered the maximum doses to

the spinal cord and brain stem.28,29 In the present study, all

plans showed equally good PTV coverage. Our dosimetric

data indicated that parotid sparing was slightly better with

IMRT-SIB and VMAT-SIB than with IMRT-SEQ and

VMAT-SEQ in terms of the Dmean and V30; however,

there were no significant differences. According to our

results, the Dmean to the parotids was significantly lower

in VMAT than in IMRT for both SEQ and SIB.

In this study, most OED-based SCRs, including those

in the oral cavity, pharynx, parotids, and submandibular

glands, were significantly lower with the IMRT-SIB and

VMAT-SIB plans than with the IMRT-SEQ and VMAT-

SEQ plans. However, the most striking result in our study

was regarding SCR for the parotids. The relative differ-

ence in SCR between the SEQ and SIB techniques was the

greatest for the parotids in both IMRT and VMAT, with an

approximately 40% reduction with the SIB technique,

although there were no significant differences with regard

to the Dmean and V30 of the parotids. In this study, SCR

was calculated on the basis of the radiation dose received

by OARs. To calculate the risks of nonhomogeneous doses

to the organs, the concept of OED was used for directly

considering the dose–response relationship for the organs.

Our results showed that although there was no difference

between the plans in terms of Dmean, there could be

a difference in terms of SCR associated with Dmax and

nonhomogeneous dose distribution in the organs. In NPC

cases, the parotids might touch the treatment field

Table 4 OED and EAR Values for All OARs According to the SEQ and SIB Techniques in IMRT and VMAT

Sites Model IMRT-SEQ VMAT-SEQ IMRT-SIB VMAT-SIB IMRT-SEQ vs

VMAT-SEQ

p-value

IMRT-SIB vs

VMAT-SIB

p-value

IMRT-SEQ

vs IMRT-SIB

p-value

VMAT-SEQ

vs VMAT-SIB

p-value

Brain stem OEDa 19.27 ± 1.94 18.99 ± 1.04 19.68 ± 1.62 21.43 ± 2.25 0.291 0.094 0.254 0.097

EARb 7.78 ± 0.79 7.71 ± 0.42 7.92 ± 0.66 8.70 ± 0.92 0.295 0.095 0.255 0.098

Spinal cord OEDa 14.34 ± 2.28 13.36 ± 1.23 15.29 ± 2.34 16.36 ±1.52 0.479 0.470 0.583 0.022

EARb 5.82 ± 0.93 5.43 ± 0.50 6.21 ± 0.95 6.65 ± 0.62 0.481 0.469 0.581 0.022

Oral cavity OEDa 18.80 ± 0.78 19.03 ± 0.87 17.48 ± 0.42 17.27 ± 0.41 0.715 0.490 0.025 0.011

EARb 7.96 ± 0.33 8.06 ± 0.37 7.40 ± 0.18 7.31 ± 0.17 0.715 0.505 0.025 0.010

Pharynx OEDa 24.62 ± 2.05 24.57 ± 2.30 20.39 ± 0.33 20.25 ± 0.35 0.975 0.583 0.024 0.031

EARb 10.43 ± 0.87 10.40 ± 0.98 8.63 ± 0.14 8.58 ± 0.15 0.974 0.595 0.024 0.032

Parotids OEDa 6.63 ± 0.89 6.73 ± 0.63 3.96 ± 0.04 4.06 ± 0.06 0.860 0.030 0.009 <0.001

EARb 2.81 ± 0.38 2.85 ± 0.27 1.68 ± 0.02 1.72 ± 0.03 0.859 0.038 0.009 <0.001

Submandibular

gland

OEDa 3.30 ± 0.18 3.67 ± 0.27 2.95 ± 0.09 3.07 ± 0.14 0.062 0.222 0.014 0.007

EARb 1.40 ± 0.07 1.55 ± 0.11 1.25 ± 0.04 1.30 ± 0.06 0.059 0.239 0.012 0.007

Mandible OEDa 3.85 ± 0.81 2.62 ± 0.29 3.87 ± 0.32 3.33 ± 0.33 0.027 0.054 0.991 0.017

EARb 0.66 ± 0.14 0.45 ± 0.05 0.67 ± 0.05 0.57 ±0.06 0.047 0.057 0.998 0.020

Soft tissue OEDa 2.25 ± 0.10 2.07 ± 0.15 2.74 ± 0.11 2.58 ± 0.17 0.095 0.174 0.001 0.004

EARb 1.16 ± 0.05 1.07 ± 0.08 1.41 ± 0.06 1.33 ± 0.09 0.086 0.169 0.001 0.004

Notes: The means and standard deviations of the OED and EAR values for all patients are presented. The bold values indicate significant differences. aUnit is Gray, bUnit is

per 10,000 persons per year.

Abbreviations: OED, organ equivalent dose; EAR, excess absolute risk; OARs, organs at risk; IMRT, intensity-modulated radiotherapy; VMAT, volumetric-modulated arc

therapy; SEQ, sequential boost; SIB, simultaneous integrated boost.
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Figure 2 Graphs showing correlations between organ equivalent doses (OEDs) and excess absolute risks (EARs) for all organs at risk (OARs) stratified by four plans. (A)

Brain stem, (B) spinal cord, (C) oral cavity, (D) pharynx, (E) parotids, (F) submandibular glands, (G) mandible, and (H) soft tissue.

Abbreviations: IMRT, intensity-modulated radiotherapy; VMAT, volumetric-modulated arc therapy; SEQ, sequential boost; SIB, simultaneous integrated boost.
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(especially with regard to PTV1), and we should pay

particular attention to the organs near a treated region

considering the secondary malignancy potential.

In a study by Lee et al differences in SCR between

IMRT-SIB and VMAT-SIB were assessed with regard to

NPC. The authors found that the OED-based SCR was

slightly higher for the oral cavity and mandible when

VMAT-SIB was used.14 According to their results, there

was no significant difference in terms of SCR to other

organs, including the brain stem, parotids, pharynx, sub-

mandibular glands, lungs, spinal cord, and healthy tissue.

The present study found no differences between IMRT-

SIB and VMAT-SIB for the oral cavity and mandible and

found that SCR was slightly higher for the parotids when

VMAT-SIB was used. A direct comparison of our data

with data from other groups is not straightforward because

of the possible differences in GTV delineation, treatment

margins, irradiation volume, and adopted methods.

VMAT was equivalent or superior to IMRT in terms of

PTV coverage and OAR sparing. However, higher SCR

should be taken into consideration; it might be caused by

the distribution of low-dose radiation to non-target healthy

tissue.14,30 According to our results, there were no signifi-

cant differences between IMRT and VMAT regarding V1,

V3, and V5 values with both the SEQ and SIB techniques

and regarding SCR with the same techniques for the soft

tissue. However, SCR for the soft tissue was significantly

lower with the SEQ technique than with the SIB technique

in both IMRT and VMAT.

There are a number of limitations in our work. We

performed this analysis of the SCR in only five patients.

Other studies involving similar cancer risk assessments

also used a small number of patients (typically two to

three cases per study). The reason for the relatively small

sample size in this type of studies is that the primary

interest is the investigation of the differences between

planning techniques rather than the factors associated

with inter-patient variability.31,32 There are also other

uncertainties in radiation-induced secondary cancer mod-

els and parameters.

In epidemiological studies, radiation-induced malig-

nancy might be influenced by factors such as radiation

dose and age at initial exposure.33 In this study, the median

age of the patients was 45 years (range, 35–61 years). We

selected patients who were relatively young at the time of

treatment to take into account the age dependence of SCR.

All SCRs were calculated with age modification for

patients irradiated at the age of 45 years (because the

median age of the patients is 45 years) and attaining the

age of 70 years to obtain exact SCRs. SCR is a non-

negligible late complication encountered by young

patients, especially long-term survivors of NPC.

In this study, most OED-based SCRs were significantly

lower with the SIB technique than with the SEQ techni-

que. However, SIB might carry a high risk of regional

recurrence because of the low dose per fraction at the

elective nodal region and might cause late adverse toxi-

cities because of the high dose per fraction near GTV. For

further clarification, randomized clinical trials comparing

the treatment outcomes between these two techniques are

needed.

Conclusion
IMRT and VMAT are the standards of care for NPC and

can be applied using either the SEQ or SIB technique.

Although IMRT and VMAT have become common treat-

ment modalities for NPC, there is concern regarding SCR

associated with their use. Our findings suggest that OED-

based SCRs are usually lower with the SIB technique than

with the SEQ technique in IMRT and VMAT and that SCR

for the parotids is dramatically lower than that for other

organs when the SIB technique is used in patients

with NPC.

Disclosure
The authors report no conflicts of interest in this work.

References
1. Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015.

CA Cancer J Clin. 2016;66(2):115–132. doi:10.3322/caac.21338
2. Chan AT, Grégoire V, Lefebvre JL, et al. Nasopharyngeal cancer:

EHNS–ESMO–ESTRO clinical practice guidelines for diagnosis,
treatment and follow-up. Ann Oncol. 2012;23:83–85. doi:10.1093/
annonc/mds266

3. Lee Y, Ho CY. Headache as the sole symptom of nasopharyngeal
carcinoma and its clinical implications. Sci World J. 2012;1–5.

4. Lee TF, Chao PJ, Ting HM, et al. Comparative analysis of
SmartArc-based dual arc volumetric-modulated arc radiotherapy
(VMAT) versus intensity-modulated radiotherapy (IMRT) for naso-
pharyngeal carcinoma. J Appl Clin Med Phys. 2011;12(4):158–174.
doi:10.1120/jacmp.v12i4.3587

5. Pow EH, Kwong DL, McMillan AS, et al. Xerostomia and quality of
life after intensity-modulated radiotherapy vs. conventional radiother-
apy for early-stage nasopharyngeal carcinoma: initial report on
a randomized controlled clinical trial. Int J Radiat Oncol Biol Phys.
2006;66(4):981–991. doi:10.1016/j.ijrobp.2006.06.013

6. AbdElWahab SA, Mohammed DA, Gaballah AM, Abdallah MM.
Three-dimensional conformal versus intensity modulated radiation
therapy in treatment of nasopharyngeal carcinoma. Egypt J Hosp
Med. 2018;71:3492–3499.

Haciislamoglu et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Cancer Management and Research 2020:122520

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3322/caac.21338
https://doi.org/10.1093/annonc/mds266
https://doi.org/10.1093/annonc/mds266
https://doi.org/10.1120/jacmp.v12i4.3587
https://doi.org/10.1016/j.ijrobp.2006.06.013
http://www.dovepress.com
http://www.dovepress.com


7. Lertbutsayanukul C, Khorprasert C, Shotelersuk K, et al. Intensity-
modulated radiation therapy in head-and-neck cancer, first report in
Thailand. J Med Assoc Thai. 2006;89(12):2068–2076.

8. Songthong A, Chakkabat C, Kannarunimit D, Lertbutsayanukul C.
Efficacy of intensity-modulated radiotherapy with concurrent carbo-
platin in nasopharyngeal carcinoma. Radiol Oncol. 2015;49
(2):155–162. doi:10.2478/raon-2014-0044

9. Lee N, Harris J, Garden AS, et al. Intensity-modulated radiation
therapy with or without chemotherapy for nasopharyngeal carcinoma:
radiation therapy oncology group Phase II trial 0225. J Clin Oncol.
2009;27:3684–3690. doi:10.1200/JCO.2008.19.9109

10. Wang R, Wu F, Lu H, et al. Definitive intensity-modulated radiation
therapy for nasopharyngeal carcinoma: long-term outcome of
a multicenter prospective study. J Cancer Res Clin Oncol. 2013;139
(1):139–145. doi:10.1007/s00432-012-1313-0

11. Butler EB, Teh BS, Grant WH 3rd, et al. Smart (simultaneous
modulated accelerated radiation therapy) boost: a new accelerated
fractionation schedule for the treatment of head and neck cancer with
intensity modulated radiotherapy. Int J Radiat Oncol Biol Phys.
1999;45(1):21–32. doi:10.1016/S0360-3016(99)00101-7

12. Hall EJ, Wuu CS. Radiation-induced second cancers: the impact of
3D-CRT and IMRT. Int J Radiat Oncol Biol Phys. 2003;56(1):83–88.
doi:10.1016/S0360-3016(03)00073-7

13. Kry SF, Salehpour M, Followill DS, et al. The calculated risk of fatal
secondary malignancies from intensity-modulated radiation therapy.
Int J Radiat Oncol Biol Phys. 2005;62(4):1195–1203. doi:10.1016/j.
ijrobp.2005.03.053

14. Lee HF, Lan JH, Chao PJ, et al. Radiation-induced secondary malig-
nancies for nasopharyngeal carcinoma: a pilot study of patients
treated via IMRT or VMAT. Cancer Manag Res. 2018;10:131–141.
doi:10.2147/CMAR.S145713

15. Lee NY, Harris J, Garden A, et al. Phase II multi-institutional study
of IMRT chemotherapy for nasopharyngeal carcinoma (RTOG 0225):
preliminary results. Int J Radiat Oncol Biol Phys. 2007;69:13–14.
doi:10.1016/j.ijrobp.2007.07.025

16. Schneider U, Zwahlen D, Ross D, Kaser-Hotz B. Estimation of
radiation-induced cancer from three-dimensional dose distributions:
concept of organ equivalent dose. Int J Radiat Oncol Biol Phys.
2005;61(5):1510–1515. doi:10.1016/j.ijrobp.2004.12.040

17. Schneider U,Walsh L. Cancer risk estimates from the combined Japanese
a-bomb and hodgkin cohorts for doses relevant to radiotherapy. Radiat
Environ Biophys. 2008;47(2):253–263. doi:10.1007/s00411-007-0151-y

18. Schneider U, Sumila M, Robotka J. Site-specific dose-response rela-
tionships for cancer induction from the combined Japanese a-bomb
and hodgkin cohorts for doses relevant to radiotherapy. Theor Biol
Med. 2011;8(1):27. doi:10.1186/1742-4682-8-27

19. Schneider U. Mechanistic model of radiation-induced cancer after
fractionated radiotherapy using the linear-quadratic formula. Med
Phys. 2009;36:1138–1143. doi:10.1118/1.3089792

20. Kam MK, Chau RM, Suen J, et al. Intensity-modulated radio-
therapy in nasopharyngeal carcinoma: dosimetric advantage over
conventional plans and feasibility of dose escalation. Int J Radiat
Oncol Biol Phys. 2003;56(1):145–157. doi:10.1016/S0360-
3016(03)00075-0

21. Kam MK, Leung SF, Zee B, et al. Prospective randomized study of
intensity-modulated radiotherapy on salivary gland function in
early-stage nasopharyngeal carcinoma patients. J Clin Oncol.
2007;25(31):4873–4879. doi:10.1200/JCO.2007.11.5501

22. Peng G, Wang T, Yang KY, et al. A prospective randomized study
comparing outcomes and toxicities of intensity-modulated radiother-
apy vs. conventional two dimensional radiotherapy for the treatment
of nasopharyngeal carcinoma. Radiother Oncol. 2012;104
(3):286–293. doi:10.1016/j.radonc.2012.08.013

23. Palma D, Vollans E, James K, et al. Volumetric modulated arc
therapy for delivery of prostate radiotherapy: comparison with
intensity-modulated radiotherapy and three-dimensional conformal
radiotherapy. Int J Radiat Oncol Biol Phys. 2008;72(4):996–1001.
doi:10.1016/j.ijrobp.2008.02.047

24. Jin X, Yi J, Zhou Y, et al. Comparison of whole-field simultaneous
integrated boost VMAT and IMRT in the treatment of nasopharyngeal
cancer. Med Dosim. 2013;38(4):418–423. doi:10.1016/j.meddos.
2013.05.004

25. Wu Z, Xie C, Hu M, et al. Dosimetric benefits of IMRT and VMAT in
the treatment of middle thoracic esophageal cancer: is the conformal
radiotherapy still an alternative option? J Appl Clin Med Phys.
2014;15(3):93–101. doi:10.1120/jacmp.v15i3.4641

26. Wong FC, Ng AW, Lee VH, et al. Whole-field simultaneous
integrated-boost intensity-modulated radiotherapy for patients with
nasopharyngeal carcinoma. Int J Radiat Oncol Biol Phys. 2010;76
(1):138–145. doi:10.1016/j.ijrobp.2009.01.084

27. Tao H, Wei Y, Huang W, et al. Comparison of long-term survival and
toxicity of simultaneous integrated boost vs conventional fractiona-
tion with intensity-modulated radiotherapy for the treatment of naso-
pharyngeal carcinoma. Onco Targets Ther. 2016;9:1865–1873.

28. Dogan N, King S, Emami B, et al. Assessment of different IMRT
boost delivery methods on target coverage and normal-tissue sparing.
Int J Radiat Oncol Biol Phys. 2003;57:1480–1491. doi:10.1016/
S0360-3016(03)01569-4

29. Chen SW, Yang SN, Liang JA, et al. Comparative dosimetric study of two
strategies of intensity-modulated radiotherapy in nasopharyngeal cancer.
Med Dosim. 2005;30(4):219–227. doi:10.1016/j.meddos.2005.07.001

30. Wolff D, Stieler F, Welzel G, et al. Volumetric modulated arc therapy
(VMAT) vs. serial tomotherapy, step-and-shoot IMRT and
3D-conformal RT for treatment of prostate cancer. Radiother Oncol.
2009;93(2):226–233. doi:10.1016/j.radonc.2009.08.011

31. Fontenot JD, Lee AK, Newhauser WD. Risk of secondary malignant
neoplasms from proton therapy and intensity-modulated x-ray ther-
apy for early-stage prostate cancer. Int J Radiat Oncol Biol Phys.
2009;74(2):616–622. doi:10.1016/j.ijrobp.2009.01.001

32. Murray LJ, Thompson CM, Lilley J, et al. Radiation-induced second
primary cancer risks from modern external beam radiotherapy for
early prostate cancer: impact of stereotactic ablative radiotherapy
(SABR), volumetric modulated arc therapy (VMAT) and flattening
filter free (FFF) radiotherapy. Phys Med Biol. 2015;60:1237–1257.
doi:10.1088/0031-9155/60/3/1237

33. Wei Z, Xie Y, Xu J, et al. Radiation-induced sarcoma of head and
neck: 50 years of experience at a single institution in an endemic area
of nasopharyngeal carcinoma in China. Med Oncol. 2012;29
(2):670–676. doi:10.1007/s12032-011-9828-9

Cancer Management and Research Dovepress
Publish your work in this journal
Cancer Management and Research is an international, peer-reviewed
open access journal focusing on cancer research and the optimal use of
preventative and integrated treatment interventions to achieve improved
outcomes, enhanced survival and quality of life for the cancer patient.

The manuscript management system is completely online and includes
a very quick and fair peer-review system, which is all easy to use.
Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/cancer-management-and-research-journal

Dovepress Haciislamoglu et al

Cancer Management and Research 2020:12 submit your manuscript | www.dovepress.com

DovePress
2521

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.2478/raon-2014-0044
https://doi.org/10.1200/JCO.2008.19.9109
https://doi.org/10.1007/s00432-012-1313-0
https://doi.org/10.1016/S0360-3016(99)00101-7
https://doi.org/10.1016/S0360-3016(03)00073-7
https://doi.org/10.1016/j.ijrobp.2005.03.053
https://doi.org/10.1016/j.ijrobp.2005.03.053
https://doi.org/10.2147/CMAR.S145713
https://doi.org/10.1016/j.ijrobp.2007.07.025
https://doi.org/10.1016/j.ijrobp.2004.12.040
https://doi.org/10.1007/s00411-007-0151-y
https://doi.org/10.1186/1742-4682-8-27
https://doi.org/10.1118/1.3089792
https://doi.org/10.1016/S0360-3016(03)00075-0
https://doi.org/10.1016/S0360-3016(03)00075-0
https://doi.org/10.1200/JCO.2007.11.5501
https://doi.org/10.1016/j.radonc.2012.08.013
https://doi.org/10.1016/j.ijrobp.2008.02.047
https://doi.org/10.1016/j.meddos.2013.05.004
https://doi.org/10.1016/j.meddos.2013.05.004
https://doi.org/10.1120/jacmp.v15i3.4641
https://doi.org/10.1016/j.ijrobp.2009.01.084
https://doi.org/10.1016/S0360-3016(03)01569-4
https://doi.org/10.1016/S0360-3016(03)01569-4
https://doi.org/10.1016/j.meddos.2005.07.001
https://doi.org/10.1016/j.radonc.2009.08.011
https://doi.org/10.1016/j.ijrobp.2009.01.001
https://doi.org/10.1088/0031-9155/60/3/1237
https://doi.org/10.1007/s12032-011-9828-9
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

