
Journal of Radiotherapy in
Practice

cambridge.org/jrp

Original Article

Cite this article: Mukhtar R, Butt S, Rafaye MA,
Iqbal K, Mazhar S, and Sadaf T. (2021) An
institutional review: dosimetry comparison
between simultaneous integrated boost IMRT
and VMAT for prostate cancer. Journal of
Radiotherapy in Practice 20: 321–331.
doi: 10.1017/S1460396920000370

Received: 20 December 2019
Revised: 7 April 2020
Accepted: 5 May 2020
First published online: 9 June 2020

Key words:
conformity index; gradient index; homogeneity
index; intensity-modulated radiotherapy;
volumetric arc therapy

Author for correspondence:
Khalid Iqbal, Shaukat Khanum Memorial
Cancer Hospital and Research Centre, 7A
BLOCK R-3 MA, Johar Town Lahore, Lahore,
Punjab 54000, Pakistan. Tel:þ00923006333815.
E-mail: kiqbal@skm.org.pk

© The Author(s), 2020. Published by Cambridge
University Press.

An institutional review: dosimetry comparison
between simultaneous integrated boost IMRT
and VMAT for prostate cancer

Raheel Mukhtar1 , Sumera Butt2, Muhammad Abdur Rafaye1, Khalid Iqbal1,

Sana Mazhar1 and Tabinda Sadaf2

1Department of Medical Physics, ShaukatKhanumMemorial Cancer Hospital and Research Center, Lahore, Pakistan
and 2Clinical and Radiation Oncology Department, ShaukatKhanum Memorial Cancer Hospital and Research
Center, Lahore, Pakistan

Abstract

Purpose: A comparative study was performed about the plan parameters and quality indices
between volumetric arc therapy (VMAT) and intensity-modulated radiotherapy (IMRT) for
the treatment of high-risk prostate cancer patients. The aim of this retrospective study was
to compare the two methods of external beam radiotherapy IMRT and VMAT in terms of plan
quality and efficacy.
Material and method: Fifteen high-risk prostate patients were planned for radiotherapy
using 6 MV photon. Three dose levels were contoured having Planning Tumour Volume 1
(PTV1 = 48 Gy), Planning Tumour Volume 2 (PTV2 = 57.6 Gy) and Planning Tumour
Volume 3 (PTV3 = 60 Gy). Setup margins were given using the CHIP trial method. The
prescribed PTV3 dose was 60 Gy in 20 fractions which is biologically equivalent to 74 Gy
in 37 fractions using α/β = 3. In case of IMRT, seven fixed beam angles 30, 60, 105, 180, 255,
300 and 330 were used and the dose was optimised using the sliding window method. In case of
rapid arc technique, one or two full arcs were used for dose optimisation while keeping all the dose
constraints and other planning parameters same used in IMRT. The plan evaluation parameters and
Organ at risks (OARs) doses were calculated using a dose volume histogram (DVH).
Results: The average D2, D5, D95 and PTVmean for PTV3 were 61.22, 61.13, 58.12, 60.00 Gy
and 62.41 62.24 59.53 61.12 Gy for IMRT and VMAT, respectively. The averages V60 for blad-
der and V30 for rectum were 22.81, 25 and 67, 65% for IMRT and VMAT, respectively.
The average homogeneity index (HI), conformity index (CI) and gradient index (GI) were
1.04, 1.4833, 14.79 and 1.04, 1.704, 7.89 for IMRT and VMAT, respectively.
Conclusion: VMAT takes less dose-delivery time and lesser number of monitoring units than
IMRT, thus it compensates the intrafractional movements during dose delivery. The Dose GI in
VMAT was much better than IMRT. This indicates sharper dose fall off near the normal tissue.
No other major differences were observed in terms of plan evaluation parameters between
IMRT and VMAT techniques. So, we conclude that VMAT technique is more efficient than
IMRT in terms of plan quality and dose delivery.

Introduction

Prostate cancer is the most common in males.1 Radiotherapy is the commonly used treatment
modality. Intensity-modulated radiotherapy (IMRT) is superior technique than 3D conformal
radiotherapy due to its ability to generate non-homogenous dose flounce according to geometry
of target volume. Since IMRT delivers the dose in fixed gantry positions with fixed dose rate,
volumetric arc therapy (VMAT) is superior to IMRT because it can deliver the precise dose to
target using the enhanced parameters such as gantry speed, variable dose rate and variable
multi-leaf collimator position.2,3 VMAT offers similar or better organ at risk sparing compared
to IMRT in less time and using less number of monitoring units.4

Simultaneous integrated boost (SIB) is a way to deliver selective doses to different planning
tumour volume (PTV) in a single plan.5–7 This can be achieved using IMRT or VMAT.8 SIB can
be delivered to prostate patients without increasing the risk of acute toxicity.9

The standard seven gantry angles for prostate IMRT planning technique are 30, 60, 105, 180,
255, 300 and 330. The standard VMAT plan for prostate uses one or two full arc rotations
around the patient while the beam is on.4

VMAT offers superior dose homogeneity index (HI), dose gradient index (GI) as compared
to IMRT.8 A better GI shows sharp dose fall near normal tissue which indicates better Organ at
risk (OAR) sparing. Although VMAT offers better dosimetric results10 but there is no final con-
clusion. There is much variation in results as it depends upon institutional workflow and
practice.10
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Bhoj Gotam has compared several research works in an article3

about IMRT and VMAT techniques for prostate cancer patients.
Tsai et al.11 showed that the results of IMRT and VMAT were
comparable with VMAT having little dosimetric advantage over
IMRT. Zhang et al.12 has described that dose-delivery time is
reduced by up to 50–55% in VMAT as compared to IMRT.
Ost et al.13 showed that rectum dose is less in VMAT plan.
Yoo et al.14 concluded after comparison of ten patient plans that
IMRT offers better OAR sparing as compared to VMAT. Wolff
et al.15 showed that mean rectum dose was less in IMRT plans.
The variation in results depends upon certain factors like treatment
planning system data, plan optimisation parameters, techniques
and heterogeneous structures like femoral heads in beam path
and heterogeneity corrections applied in dose calculation
algorithm which varies from institute to institute.3 The variation
in IMRT and VMAT results in different studies also depends upon
linear accelerator commissioning data and linear acceleratormodel
used in the study.3 Onal et al.9 declared that PTV homogeneity was
better in IMRT than VMAT for all the PTV dose energy levels.

The purpose of this study is to have an institutional-based
retrospective review between two planning techniques in terms
of plan evaluation parameters and efficient dose delivery and also
this work has been intended to provide methods to develop
alternative tool to enhance the quality of the treatment plans.

Material and Method

Fifteen high-risk prostate patients were selected randomly who
were treated with SIB–VMAT plans during 2018–19. Sixteen slice
CT scanner (Model: Aquilion LB Toshiba Medical Systems) was
used to scan the patients with scan slice thickness of 3 mm.
For bladder and rectum, standard institutional protocols were
followed which were empty rectum and comfortably full bladder.
All patients were scanned in supine position with Vac-lock being
used as immobilisation device.

PTV 48, PTV 57.6 and PTV 60 were delineated, and margins
were assigned according to CHIP trial protocols.16 Bladder,
rectum, femoral heads and small bowel were contoured as organs
at risk.

Total prescribed dose was 60 Gy in 20 fractions. It is biologically
equivalent to 74 Gy in 33 fractions according to alpha beta
ratio 3.17,18

PTV contouring

PTV 48, PTV 57.6 and PTV 60 were contoured according to
Conventional or hypo-fractionated high dose intensity modulated
radiotherapy for prostate cancer (CHHiP) trial guidelines.16

Treatment planning

IMRT and VMAT plans were optimised using newly developed
photon optimiser (PO). The exact IGRT couch top medium was
incorporated in the dose calculation grid. Dose calculations were
done using anisotropic analytic algorithm (AAA) on ARIA
Version 15.6. SIB plans were optimised to deliver the dose 60Gy
in 20 fractions which is according to linear quadratic model
(ELQ) is equivalent to 74 Gy in 37 fractions in conventional
method.

VMAT and IMRT plans for prostate were created using Varian
Eclipse ARIA version 15.6 (VarianMedical Systems, Palo Alto, CA,
USA). Dose constraints were applied for both IMRT and VMAT
plans according to Table 1.

Structures and objective parameters used for VMAT and IMRT
plan optimisation

A relatively new feature has been introduced in the latest version of
ARIA treatment planning system version 15.6 known as general-
ised equivalent uniform dose (gEUD) which has been applied
as upper dose constraint to bladder, rectum and small bowel.
All the plans were made using the beam data of Varian Linear
Accelerator Clinac-DHX.

IMRT plans were created using seven gantry angles 0, 30, 60,
105, 180, 255, 300 and 330. Diffident angles can also be used as
described in other literature, for example, Sale et al.19

suggested gantry angles 0, 75, 105,135, 225 and 270. But, there
is no final agreement on the IMRT gantry angles and number of
fields.16,19,20 We followed our institutional practice for IMRT
gantry angles and number of fields. VMAT plans were made using
single full arc 179–181 or two full arcs as some studies suggested
using two full arcs spare OAR in better way.3 All VMAT plans were
made using default collimator angles automatically adjusted by
ARIA arc geometry tool feature. All the plans were made to be
run on Varian’s Clinac DHX linear accelerator.

Photons of 6MVwere used for creating all the plans. Using high
energy has in general no greater benefit in case of IMRT or
VMAT.9,20,21 Eclipse treatment planning system 15.6.04 has been
used for IMRT and VMAT optimisation and dose calculation.

HI was calculated according to the following formula22

HI ¼ D5=D95 (1)

where D5 and D95 are the doses received by 5 and 95% of the
PTV volume, respectively. Smaller and value closer to 1 indicates
a homogenous PTV coverage.

Conformity index (CI) was calculated according to the
following formula23

Table 1. Optimisation objectives

Volume/OAR Type of limit
Volume
(%)

Total
dose
Gy Pariority gEUD

Bladder UPPER gEUD 33.71 150 2.0

Rectum UPPER gEUD 31.59 150 2.0

Small bowel UPPER gEUD 22.71 150 1.5

LT/RT femoral head UPPER 45 150

PTV 48 Upper 0.0 50.40 250

Upper 50.0 48 150

Lower 50.0 48 150

Lower 100.0 45.60 250

PTV 57.6 Upper 0.0 60.48 250

Upper 50.0 57.60 150

Lower 50.0 57.60 150

Lower 100.0 54.72 250

PTV 60 Upper 0.0 63 250

Upper 50.0 60 150

Lower 50.0 60 150

Lower 100.0 57 250

Abbreviation: LT/RT, left and right.
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CI ¼ PTV95%P:D=VPTV (2)

It is defined as volume of PTV receiving 95% of prescribed dose
divided by total volume of PTV.

GI has been calculated as

GI ¼V50%=V100% (3)

V50% and V100% are simply the isodose volumes of 50 and 100% of
the prescribed dose.23–25

CI closer to 1 indicates conformal dose to the target volume while
GI closer to 1 shows a faster dose fall off and better OAR sparing.26

Dose verification and quality assurance

Each plan was evaluated for quality assurance using electronic
portal imaging device (EPID), and DTA setting was 3 mm 3%
dose–distance criteria to make sure the reproducibility of the
plan.27–29

Statistical analysis

All the statistical analyses were done using MS EXCEL 2013
(Microsoft Corporations). Statistical analysis of the collected data
includes the average values of all the plan evaluation parameters
that were collected for individual patient from the dose volume
histogram (DVH).

Results

The mean PTV 44, 57.6 and 60 volumes were 225.22 cm3

(range: 178.8–275.5 cm3), 199.50 cm3 (range: 147.5–260 cm3)
and 116.74 cm3 (range: 79.3–152.5 cm3), respectively.

The plan evaluation parameters are described in Tables 2 and 3.

All the plan evaluation parameters represent the mean
values.

Since there were three dose levels (48, 57.6 and 60 Gy), so plan
quality parameters D2, D5, D95, Dmean, HI, CI and dose GI were
calculated for each individual dose level as shown in Tables 2
and 3 for IMRT and VMAT plans.

As described by Xu et al.29 and definition from Paddick.25 CI
shows the portion of contoured PTV covered by 95% of isodose
line. CI should be between 0 and 1.

HI is the ratio between maximum and minimum dose of
PTV and its value should be closer to 1. Lower value of HI indicates
better PTV homogeneity.29,30

Dose GI describes the dose fall off near the organs at risk.
Lower value indicates better dose fall off. All these plan evaluation
parameters have been calculated to compare the IMRT and VMAT
plans as shown in Tables 1 and 2.

Dose constraints to organ at risk were applied to organ at risk as
given in CHHiP trial protocol.16

For PTV 1 (48 Gy), D2(Gy) was higher in VMAT (mean
60.90 vs. 62.30), similarly values of D5 and D95 were higher in
VMAT as compared to IMRT as shown in Tables 2 and 3.
Dmean was also higher in VMAT (mean 57.51 vs. 59.17 Gy).

Mean value of HI was same for both techniques (1.17). CI was
lower and thus better in VMAT than IMRT (mean 1.85 vs. 1.60).
GI was also better in VMAT as compared to IMRT (3.82 vs. 4.89).
A trend of HI, CI and GI has been shown in Figures 1–3 for all
15 patients.

For PTV 2 (57.6 Gy), similar behaviour has been observed
where D2, D5, D95 and Dmean were slightly higher in VMAT plans
as compared to IMRT as shown in Table 4.

Mean values of CI, HI and GI were lower and thus better
in VMAT as compared to IMRT. (1.19, 1.11, 4.78 vs 1.18, 1.09,
7.56) (Figures 4–6).

Table 2. IMRT pkan evaluation parameters

PTV 48 Mean STD ± PTV 57.6 Mean STD ± PTV 60 Mean STD ±

D2 (Gy) 60.90 116.92 D2 (Gy) 61.18 58.59 D2 (Gy) 61.22 59.24

D5 (Gy) 60.77 123.95 D5 (Gy) 61.08 57.29 D5 (Gy) 61.13 56.65

D95 (Gy) 51.66 289.04 D95 (Gy) 54.87 178.16 D95 (Gy) 58.12 90.0

Dmean (Gy) 57.51 122.08 Dmean (Gy) 58.67 37.98 Dmean (Gy) 60.0 0

CI 1.85 0.150 CI 1.19 0.135 CI 1.47 0.028

HI 1.17 0.074 HI 1.11 0.043 HI 1.04 0.025

GI 4.30 0.55 GI 7.57 1.45 GI 14.79 3.08

Table 3. VMAT plan evaluation parameters

PTV 48 Mean STD± PTV 57.6 Mean STD± PTV 60 Mean STD±

D2 (Gy) 62.30 149.18 D2 (Gy) 62.32 150.44 D2 (Gy) 62.41 151.72

D5 (Gy) 62.09 144.0 D5 (Gy) 62.13 146.08 D5 (Gy) 62.24 148.45

D95 (Gy) 53.35 245.3 D95 (Gy) 56.78 115.40 D95 (Gy) 59.53 94.9

Dmean (Gy) 59.17 101.28 Dmean (Gy) 60.04 110.56 Dmean (Gy) 61.12 115.26

CI 1.60 0.11 CI 1.18 0.11 CI 1.64 0.20

HI 1.17 0.064 HI 1.09 0.022 HI 1.04 0.024

GI 3.82 0.27 GI 4.78 0.60 GI 7.89 2.36
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For PTV 3 (60 Gy), D2, D5, D95 and Dmean were slightly higher
in case of VMAT. (61.22, 61.13, 58.12, 60.0 vs. 62.41, 62.24, 59.53,
61.12 Gy, respectively).

In terms of CI, IMRT was slightly better than VMAT (1.47 vs.
1.64). HI was same for both techniques (1.04) while GI was

much better in VMAT as compared to IMRT (7.89 vs. 14.79)
(Figures 7–9). A lower value of GI indicates sharper dose fall off near
OAR.11

It is interesting to note that for higher dose PTV that is PTV 60,
dose GI is much better in VMAT.

Figure 1. Homogeneity index for PTV 48 Gy.

con

Figure 2. Conformity index for PTV 48 Gy.

Figure 3. Dose gradient index for PTV 48 Gy.
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Organs at risk

In terms of OARs, the dose constraint objectives were easily
achieved. For bladder, V40 < 50% was achieved for all patients
as shown in Figure 10. There were few exceptions in some patients,
for example, as shown in Figure 11, the objective V48 < 25% could
not be met for all cases. Similarly, V59.20< 5% could not be met in
all cases as shown in Figure 12.

IMRT and VMAT showed a mixed conflicting behaviour in
terms of which technique is superior for OAR sparing as Tsai
et al.11 had described that IMRT and VMAT showed comparable
results with VMAT slightly better than IMRT in some cases.

Figures 10–12 are showing the comparison of volume of
bladder receiving 40, 48 and 59.20 Gy for IMRT and VMAT.

According to CHHiP trial guidelines for OAR doses,16 the
volume of bladder receiving 40, 48 and 59.20 Gy (if prescribed
dose is 60 Gy in 20 fractions) should be less than 50, 25 and
5%, respectively. In case of 59.20 Gy, IMRT is showing better
results compared to VMAT as shown in Figure 13.

Table 4. OAR dose comparison between IMRT and VMAT

Bladder IMRT (Gy) VMAT (Gy)

V50 (40)% 32.97 ± 0.096 33.67 ± 11.84

V60 (48)% 22.90 ± 0.079 25.04 ± 9.81

V74 (59.20)% 3.45 ± 0.033 8.19 ± 4.59

Rectum

V30 (26.25)% 67 ± 0.082 65 ± 9

V50 (43.75)% 28.26 ± 0.083 30.43 ± 6.96

V70 (61.25)% 0 ± 0 0.59 ± 0.99

Small bowel

V60 (48) cc 4.93 ± 2.01 2.37 ± 4.85

Femoral Head RT mean Dmax 40.03 ± 674.23 35.67 ± 637.20

Femoral Head LT mean Dmax 40.13 ± 538 35.56 ± 561

Abbreviation: LT, left; RT, right.

Figure 5. Conformity index for PTV 57.6 Gy.

Figure 4. Homogeneity index for PTV 57.6 Gy.

Journal of Radiotherapy in Practice 325

https://doi.org/10.1017/S1460396920000370 Published online by Cambridge University Press

https://doi.org/10.1017/S1460396920000370


In case of rectum, the dose constraint objectives V26.25 < 80%,
V43.75 < 60% and V61.25 < 15% were easily achieved as shown in
Figures 13–15.

VMAT offered better rectum sparing as shown in Figures 13
and 14, respectively. Although there is a spike in graph as shown
in Figure 15, but this is not clinically significant since target dose

constraint was V70 (61.25)< 15% which was easily achieved for all
patients.

Figure 16 is showing a trend of small bowel volume in
cubic centimetre (cc) receiving 48 Gy. It should be between
6 and 17 cc as an acceptable value.16 In some patients, small bowel
dose was very good in VMAT or RapidArc (RA) technique.

Figure 6. Dose gradient index for PTV 57.6 Gy.

Figure 8. Conformity index for PTV 60 Gy.

Figure 7. Homogeneity index for PTV 60 Gy.
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Figure 9. Dose gradient index PTV 60 Gy.
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Similarly, we measured the maximum dose for right and left
femoral heads of 15 patients (Figures 17 and 18) and results
showed that VMAT offered much lower femoral head doses than
IMRT (35.67 Gy ± 637.20 vs. 40.03 Gy ± 674.23 for RT femoral
head and 35.56 Gy ± 561 vs. 40.13 Gy ± 538 for left (LT) femoral
head, respectively). This shows VMAT offers better plan quality in
terms of OAR sparing as has been described by Quan et al.30

Discussion

Two advanced radiotherapy techniques IMRT and VMAT have
replaced the need of 3D conformal radiotherapy as they offer more
conformal isodoses to the target while minimising the toxicity risk
to organs at risk.31,32

In this research work, we have compared two planning tech-
niques which are widely used to treat the prostate cancer patients.
We compared these two techniques in terms of plan quality param-
eters which are HI, CI, dose GI and doses of organ at risk.

Fifteen high-risk prostate patients were randomly selected and
plannedwith IMRT andVMAT for hypofratioinated radiotherapy.
Plans were optimised and normalised so that PTV 1 should receive
76% of prescribed dose, PTV 2 should receive 91% of prescribed
dose and PTV 3 which is high-dose PTV should get at least
95% of prescribed dose. The organs at risk were kept as spare as
possible so that coverage of each PTV dose level should not be
compromised. All the plans were optimised using AAA and PO
on Eclipse treatment planning system ARIA version 15.6.

IMRT and VMAT plans were optimised and dosimetric com-
parison was made between these two techniques in terms of plan
evaluation parameters. These plan evaluation parameters were cal-
culated for each dose level (PTV 48, PTV 57.6 and PTV 60).

If we talk about the results of organ at risk doses, IMRT offered
better OAR sparing as compared to VMAT in case of bladder and
rectum doses as shown in Table 4. Quan et al.30 has shown the
similar behaviour of IMRT plans offering better bladder and
rectum doses and he concluded that this is due to greater number
of monitor units (MUs) of IMRT plan as compared to VMAT plan.
All IMRT plans generated in this study uses seven gantry angles
and VMAT plans were generated using two full arcs. Two full arcs
offer better OAR sparing as compared to one full arc since two full
arc rotations gives more room for beam modulation.30

We cannot conclude which technique is better in terms of OAR
sparing based on our conflicting results as in some patients, IMRT
provided better bladder and rectum sparing but higher femoral
head doses as shown in Table 4. This conflicting behaviour in
results could be due to applied dose constraints and PTV defini-
tions which entirely depend upon the position of bladder and
rectum. Onal et al.9 has also discussed the conflicting behaviour
of IMRT and VMAT in terms of OAR sparing. He has described
the effect of planning strategies, applied dose calculation algo-
rithms and treatment planning system data on the plan quality.
The dose splash in IMRT was greater as compared to VMAT
and our data of femoral head maximum doses show that
VMAT has better ability to spare femoral heads than IMRT.

We only used 6 MV photon energy to generate the IMRT
and VMAT plans as Onal et al.9 has described that high energy
of photons has no advantage over low energy photons, and neutron
generation at 15 MV photon energy cannot be ignored.9

Just like OAR doses, the plan quality parameters summarised in
Tables 2 and 3 showed a conflicting behaviour. Since we had
planned each prostate patient with three different PTV dose levels
using SIB, in some dose levels, VMAT offered better conformity
than IMRT. HI was almost same in both techniques. However,
the dose GI was much better in VMAT. This may indicate a
sharper dose fall off near organ at risk offering less acute OAR tox-
icity. In a study of 292 patients, Kopp et al.33 has discussed that
acute rectum toxicity is lower in VMAT and our data of dose
GI are describing the similar story.

This study is obviously has come with some limitations.
We compared the OAR doses and plan evaluation parameters
for a limited number of patients, in an attempt to find that up
to howmuch extent, VMAT can provide better plans. Hence, based
on our results of OAR doses and plan quality parameters which are
summarised in Tables 2–4, we cannot definitely conclude which
technique is better. As far as our own very busy radiotherapy centre
is concerned, VMAT is more feasible as it requires less patient-
specific quality assurance (QA) and dose-delivery time.

Conclusion

VMAT is a more efficient dose-delivery technique for high-risk
prostate cancer patients in terms of time and without inducing
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the risk of toxicity to organs at risk. VMAT technique also uses a
less number of monitoring units as compared to IMRT. All the
plan evaluation parameters including HI, CI were analysed for
each individual dose level of PTV and they were almost same
for both techniques except dose GI, which is quite better in
VMAT (14.79 vs. 7.89) for high-dose PTV3. Better dose GI
indicates a sharper dose fall off and better dose conformity.
We conclude that VMAT is better and efficient dose-delivery
technique than IMRT.
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