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Abstract

Objectives: We performed a planning study to evaluate the dosimetric differences between Volumetric Modulated
Arc Therapy (VMAT) and Intensity Modulated Radiation Therapy (IMRT) using simultaneous Integrated Boost (SIB) for
prostate cancer cases.

Methods: 20 prostate cancer patients scheduled for SIB-VMAT treatment on the Halcyon™ 2.0 linear accelerator were
recruited for this study and SIB-IMRT plans were generated for comparison purpose. The pelvic lymph nodes (PTV46),
the seminal vesicle (PTV50), and the prostate (PTV60) were simultaneously treated to 46 Gy 50 Gy, and 60 Gy delivered
in 20 fractions respectively.

Results: SIB-VMAT was better due to its higher (1.41%) Cl, lower (2.7%) HI, and lower (26%) Gl than SIB-IMRT for PTV60.
For PTV50, a higher (7.3%) Cl, lower (48%) HI, and a lower (31.73%) Gl for SIB-VMAT compared to SIB-IMRT. Also, for
PTV46, a higher (9.4%) Cl, lower (2.5%) HI, and a lower (16.4%) Gl were achieved by SIB-VMAT compared to SIB-IMRT.
Conclusion: Better conformal and slightly similar homogeneous dose distribution were noticed in SIB-VMAT plans
compared to SIB-IMRT plans. However, SIB-IMRT provided better OARs sparing of the bladder and the femoral heads
while SIB-VMAT had better sparing for rectum.
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One of the most common cancers in men is prostate  modulated radiation therapy (IMRT) refers to a technique
cancer. External beam radiation therapy, brachyther-  of radiation therapy in which a nonuniform fluence is ad-
apy, radical prostatectomy, and watchful waiting are cur-  ministered to the patient from any given location of the
rently approved treatment choices.! The term intensity treatment beam to maximize the delivery of the composite
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dose. Volumetric modulated arc therapy (VMAT) is a new-
er technique of delivering IMRT and it delivers IMRT distri-
butions in a single rotation of the arc, varying the gantry
speed and dose rate, as opposed to standard IMRT with
fixed gantry beams. The planner defines the treatment pa-
rameters for plan optimization, and the optimum fluence
profiles for a given set of beam directions are determined
by "inverse planning"?

Inverse planning is a computer algorithm that changes
the beam weighting and blocking to achieve an ideal plan
based on dose objectives applied to the target volume and
critical organs.®! Treatment planning has evolved from the
three- dimensional conformal radiotherapy (3D-CRT) to
IMRT and VMAT and these are one of the most used treat-
ment techniques in external beam photon radiotherapy.™

VMAT plans increase the number of beam angles, and as a
result can produce a more conformal dose distribution to
the target volume when compared to traditional IMRT. VMAT
provide very similar planning target volumes (PTV) coverage
as the fixed gantry IMRT plans with improved homogeneity.
They also happen to have shorter delivery time and use less
monitor units than that of a fixed gantry IMRT plan.>®

Simultaneous Integrated Boost (SIB) technique delivers a
higher dose to the primary tumor while keeping the over-
all treatment delivery time the same.””? Furthermore, when
compared to sequential techniques, SIB technique have
shown to improve plan quality. Several studies have per-
formed dosimetric comparison of IMRT and VMAT plans
in prostate cancer.*# Also, recent studies on dosimetric
evaluation of IMRT and VMAT plans delivering SIB in pros-
tate cancer cases are available.>'® Few studies have also
been published on delivering SIB to other anatomical sites
like spine, lung, breast and rectum.”. 19

Halcyon™ 2.0 with a kV cone-beam computed tomogra-
phy (CBCT) delivers a single 6MV flattening filter-free (FFF)
beam with a double stack multi-leaf collimator (MLC), SX2.
The width of SX2 leaves is 1 cm at the isocenter with a 0.5
cm offset at the isocenter to minimize the leakage between
the proximal and distal leaves.?* ]

Effective tools such as conformity indexes (Cl), homogene-
ity indexes (HI), and gradient indexes (Gl), have been pro-
posed as a simple way to quantify the dose distribution,
which reflects the conformance between the prescribed
dose area and PTV, the degree of uniformity within the tar-
get, and the dose fall-off outside the target.l?¢-8

Gradient index (Gl) is another tool for evaluation of radio-
therapy plans and it describes the dose steepness outside
the target volume and it also shows how dose outside the
target is distributed optimally. Gl is defined as the ratio
of the volume of 50% prescribed dose to that of the pre-

scribed dose. A lower Gl value means a steeper gradient of
dose distribution outside the target.?!

Since the recent introduction of advanced treatment tech-
niques in Nigeria, there is a dire need to report our expe-
riences on these techniques. This dosimetric study on SIB
lays the groundwork for future clinical investigations of
dose escalation in prostate cancer cases, and our findings
show the potential of improved treatment.

The aim of the study was to dosimetrically compare SIB-
VMAT and SIB- IMRT in the delivery of SIB treatments for
prostate cancer patients. Specifically, to compare the abili-
ties of these two treatment techniques to spare the normal
tissue after increasing the dosage to a daily fraction of 3 Gy
to the prostate bed.

Methods

Patients

Twenty patients with prostate cancer treated with SIB-
VMAT technique on the HalcyonTM machine at NSIA-LUTH
Cancer Centre were replanned using SIB-IMRT by eclipse
planning system (Varian Medical Systems version 15.6) for
the purpose of this study. The mean age of the patients
studied was 66.4 years old (range 50-80 years old). The pa-
tients were instructed to void their bladder and bowel after
which they are to drink 300 ml of water 15 to 30 minutes
prior to simulation in the bid to achieve a comfortably full
bladder. This was done to eliminate disparities in bladder
and rectal volumes between simulation and treatment. The
patients were simulated in head-first supine position using
a computed tomography (CT) simulator (General electric
CT scanner) and were immobilized with the aid of a knee
rest and foot rest for comfort and support. All CT planning
scans were acquired with a slice thickness of 2.5 mm. The
CT images were then transferred to the eclipse treatment
planning system via Digital Imaging and Communications
in Medicine “DICOM” network.

Contouring

All organs at risks (OAR) and region of interest were con-
toured manually from axial-CT images. The Clinical Target
Volumes (CTV) were outlined by the radiation oncologist to
include the prostatic fossa, seminal vesicles and the lymph
nodes. The CTVs were expanded 5 mm posteriorly and 10
mm in all the other directions to form the PTV.B? Some of
the OAR contoured and used in this study included the rec-
tum, bladder and the femoral heads.

Treatment Planning

All patients were prescribed a dose of 46 Gy in 20 fractions
at 2.3 Gy per fraction to the pelvic nodes, the seminal vesi-



cle was simultaneously treated to 50 Gy in 20 fractions de-
livered in 2.5 Gy per fraction while the prostate was also
simultaneously treated to 60 Gy in 20 fractions delivered
in 3 Gy per fraction. The HalcyonTM plans were generated
with the eclipse TPS v15.6. The inverse planning technique
with the photon optimizer (PO) v15.6 was used, and dose
calculations were performed with the analytical anisotro-
pic algorithm (AAA) v15.6 as well.

A total of 40 plans- 20 SIB-VMAT and 20 SIB-IMRT were
studied. These plans were computed using linear acceler-
ator photon beams with 6MV energy. Four full arcs with
automatically generated 281, 326, 11, and 56 degrees of
collimator angles were used for the SIB-VMAT treatment
plans of the 20 patients. However, one SIB-IMRT plan us-
ing seven co-planar beams (0°, 50°, 100°, 1500, 200°, 260°
and 310°) was generated for each patient for comparison
purpose only (Fig. 1). Some studies reported that multiple
arcs are beneficial to produce the modulation necessary to
achieve optimal treatment planning goals when using SIB
technique for complex target volume!™ hence the choice
of four arcs for the SIB-VMAT plans.

The SIB-VMAT and SIB- IMRT plans were planned with the
aim of generating the best achievable plan per technique.
The same dose constraints used in the SIB-VMAT plans were
applied in the SIB-IMRT plans. The planning objectives was

SIB-YMAT

Figure 1. Field and arc arrangement for SIB-IMRT plans (top) and SIB-
VMAT plan (bottom).
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to give at least 95% of the prescribed doses to at least 95% of
the PTV volumes while minimizing dose to the organs at risk.
Once the plans satisfy the desired coverage and constraints,
no more adjustments were made. The OAR guidelines were
adopted from objectives presented by Marks et al.®" as part
of the QUANTEC analysis (Quantitative Analyses of Normal
Tissue Effects in the Clinic) of normal tissue effects: that no
more than 50% of the rectum should receive 50 Gy (V50Gy
< 50%) and a maximum dose of not more than 65 Gy to the
bladder. Dose to the femoral heads was evaluated in terms
of the recommendation in Vergalasova et al’s study."” That
15 % of the femoral heads should get less than 30 Gy (D15%
<30 Gy).

Plan Evaluation

Evaluation of the dose received in PTV46 (pelvic lymph
nodes), PTV50 (seminal vesicle), PTV60 (prostate) and the
dose received by organs at risk (bladder, rectum, left and
right femoral heads) was done using a dose-volume his-
togram (DVH), Cl, HI, GI and MU. For the PTVs, values of
D98%, D50% and D2% (dose in Gy received by 98%, 50%
and 2% of the target volume) were reported respectively
in addition to V95% (the volume in cm? receiving 95% of
prescribed dose. The V30Gy, V50Gy (percentage volume
getting 30Gy and 50 Gy respectively) and mean dose to the
OARs was extracted to compare the degree of OAR sparing
between SIB-IMRT and SIM-VMAT. The total number of MUs
per planning technique were recorded and studied to com-
pare the efficiency of delivery too.

The degree of conformity of each treatment technique was
evaluated by calculating conformity index (Cl) which is de-
fined as the volume in cm® encompassed by the 95% isod-
ose divided by the PTV volume.2

V95% (i

The formula used is Cl=

The homogeneity index (HI) was calculated as
Hj=D2%—D98%
D50%
The gradient index was also calculated as;
V50%
= (iii)
V100%
V50% and V100% are simply the percentage volumes of
the PTV that got 50% and 100% of the prescribed dose.
134 Higher Cl and lower HI values indicated a better dose
conformity and homogeneity to the targets."” A Gl that is
closer to 1 indicates a faster dose fall off.’?*

(ii).B3

Statistical Methods

Numerical data were expressed as mean and standard de-
viation as appropriate. All analysis were performed using
the paired, two-tailed Wilcoxon signed-rank test. A two-
tailed p-value <0.05 was considered significant.
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Results

PTV Coverage

The dose received by 95% of the PTV60 (D95%) were
58.81+0.47 Gy and 58.69+1.40 Gy, respectively, for SIB-
VMAT and SIB-IMRT. This means that all two techniques
allowed a good PTV60 coverage by the 95% isodose of
the prescribed dose (60 Gy). Mean doses to PTV60 were
60.78+0.54 Gy and 60.74+1.52 Gy, respectively, for SIB-
VMAT and SIB-IMRT as seen in Table 1.

The dose received by 95% of the PTV50 (D95%) were
49.03+0.45 Gy and 46.391+9.94Gy, respectively, for SIB-
VMAT and SIB-IMRT. This means that SIB-VMAT had about
5.4% better dose coverage by the 95% isodose of the pre-
scribed dose (50 Gy) compared to SIB-IMRT. Mean doses to
PTV50 were 52.85 +£1.99 Gy and 51.56+2.96 Gy, respectively,
for SIB-VMAT and SIB-IMRT. Mean doses to PTV46 (Dmean)
were 46.31+1.24 Gy and 44.07+8.61Gy, respectively, for
SIB-VMAT and SIB-IMRT.

Organs at Risk Sparing

Both SIB-VMAT and SIB-IMRT plans achieved the objectives
for both PTV coverage and OAR sparing across all 20 pa-
tients. Table 2 shows the Wilcoxon signed rank results for

Table 1. Wilcoxon signed rank results for PTV comparisons of SIM-
IMRT and SIB-VMAT (meanzstandard deviation)

Target Parameter SIB-VMAT SIB-IMRT p
PTV,, D,, (Gy) 62.28+0.86 62.20+1.17 0.94
D, (GY) 60.99+0.58 60.73+£1.24 0.20

D, (Gy) 5881047  58.69+1.40 041

Dy (GY) 57.90+0.49 57.73+1.48 0.37

D,... Gy) 60.78+0.54 60.74+1.52 0.75
Ve, (%) 99.26+0.69 97.95+3.18 0.085

HI 0.072+0.01 0.074+0.02 0.18

cl 0.993+0.01 0.979+0.03 0.08

PTV,, D,,, (Gy) 57.14%3.6 56.98+3.56 0.91
D, (GY) 51.64+2.89 50.12+4.79 0.06

D, (GY) 49.03+0.45 46.39+9.94 0.1

D5, (GY) 48.41+0.94 48.12+0.99 0.35
mean (GY) 52.85+1.99 51.56+2.96 0.024
Ve, (%) 99.74+0.47 92.46+19.24 0.006
HI 0.17+0.06 0.33+0.5 0.001
cl 0.998+0.004  0.925+0.193 0.018

PTV,, D,,, (Gy) 47.69+1.20 47.97+2.22 0.31
D,,, (GY) 45.97+0.7 45.92+0.99 0.66
D, (GY) 44.80+0.71 42.26+9.64 0.014

Dygy, (GY) 44.32+0.74 43.86x1.11 0.04

D,..(Gy)  4631%124  4407+861 0.14
Viso, (%) 97.86+4.30 88.62+25.61 0.005
HI 0.07+0.02 0.08+0.03 0.011
cl 0.979+0.043 0.887+.257 0.007

Table 2. Wilcoxon signed rank results for organs at risk (OARs) of
SIB-VMAT versus SIB-IMRT (meanzstandard deviation)

Target Parameter SIB-VMAT SIB-IMRT p
Bladder D,..(Gy) 39.13+3.10 35.39+5.19 0.003
Vi, (%) 83.69+14.34 67.06+£18.32 0.001
Vio, (%) 11.04%575  10.6747.93  0.16
V(%) 434352  473x476 090
D,..(Gy 6244+1.85 62.06+1.86 0.28
Rectum D,.. (Gy) 3641603 3367672 0.006
V30Gy (%) 76.41£16.05 62.97+18.49 0.001
Vi, (%) 11534679 11.7349.62  0.58
V,, (%)  3.8£3.66  442£536 091
Left femoralhead D, (Gy) 21.28+3.74 21.23¥3.48 097
D,..(Gy) 13.01+253 13.15#2.55 091
Right femoral head D, (Gy) 21.31+4.29  20.90+3.90 0.48
D _(Gy) 13.11£342 12.78+2.80 0.67

mean

organs at risk (OARs) of SIB-VMAT versus SIB-IMRT (mean
+ standard deviation). In the SIB-IMRT plans, the average
mean doses to the bladder, rectum and right femoral head
were lower by 9.6%, 7.5% and 2.5%, respectively, than in
the SIB-VMAT plans. However, the average mean dose to
the left femoral heads was slightly lower (1.1%) in SIB-VMAT
than SIB-IMRT with an insignificant p-value (0.91). SIB-VMAT
showed a better rectum sparing V50Gy to be 11.53+6.79%
compared to 11.73+9.62% in SIB-IMRT.

Homogeneity Index, Conformity Index,
Gradient Index and Monitor Unit

The mean value of Hl in PTV60 for the two techniques were
slightly different (0.072 vs. 0.074) for SIB-VMAT and SIB-IM-
RT, respectively. Cl was better in SIB-VMAT with a higher val-
ue of 0.993 compared to 0.979 for SIB-IMRT. The Gl was also
better in SIB-VMAT with a lower value of 1.41 compared to
the 1.91 recorded for SIB-IMRT as seen in Table 3.

For PTV50, mean value of HI was about 48% lower in SIB-
VMAT compared to SIB-IMRT which results in a better ho-
mogeneity with SIB-VMAT plans. Cl was better in SIB-VMAT
compared to SIB-IMRT (0.998 vs. 0.925) with a statistically
significant p-value (0.018).

Table 3. Gradient index, monitor unit parameters and p-value
comparisons between SIB-VMAT and SIB-IMRT

Parameter  SIB-VMAT SIB-IMRT p
Gl 1.41£0.52 1.91£1.41 0.16
Gl 1.42+0.48 2.08+1.39 0.13
Gl,, 1.78+0.89 213177 0.53
MU 184.78+16.4 305.08+82.97 0.0002



Gl was better in SIB-VMAT as compared to SIB-IMRT (1.42
vs. 2.08).

The Cl for PTV46 was a lot better in SIB-VMAT compared
to SIB-IMRT, (0.979 vs. 0.887) with a statistically significant
p-value (0.007). We also got a statistically significant result
for HI (0.07 vs. 0.08) with a p-value of 0.011.

The MU generated by SIB-VMAT was lower compared to
SIB-IMRT (184.78 vs. 305.08) with a statistically significant
p-value of 0.0002 as seen in Table 3. In (Fig. 2), we showed
the Dose-volume histogram (DVH) plan comparison be-
tween SIB-IMRT (triangles) and SIB-VMAT (squares) for the
organs at risk and target volumes of one of the patients.

Discussion

In this study, we evaluated the dosimetric differences be-
tween VMAT and IMRT using homogeneity index (HI), target
dose conformity index (Cl), gradient index (Gl) and OAR spar-
ing for simultaneous Integrated Boost (SIB) treatment plans of
prostate cancer cases. We made use of four full arcs in the SIB-
VMAT plans as opposed to some published studies that used
one or two full arcs in their SIB-VMAT plans.' '8 3% We also
made use of seven co-planar beams for the SIB-IMRT plans.

Results in Tables 1 and 2 shows our comparison results in
terms of target volumes and organs at risk. In terms of Cl,
HI and GI; SIB-VMAT was better due to its higher (1.41%) Cl,
lower (2.7%) HI and lower (26%) Gl than SIB-IMRT for PTV60.
For PTV50, a higher (7.3%) Cl, lower (48%) HI and a lower
(31.73%) Gl for SIB-VMAT compared to SIB-IMRT. Also, for
PTV46, a higher (9.4%) Cl, lower (2.5%) Hl and a lower (16.4%)
Gl were achieved by SIB-VMAT compared to SIB-IMRT In
terms of normal tissue sparing according to the OAR guide-
lines, SIB-IMRT spared the bladder and femoral heads with
lower dose than SIB-VMAT which spared the rectum more.
Some published works indicated in their result a significant
reduction in doses delivered to the rectum using VMAT. ¢!

-PTV60
-PTV50
-PTV46

-Rectum

-Left femoral

heads

-Right femoral

heads
SIB-IMRT
SIB-VMAT
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Comparing this study with others, the seminal vesicles were
contoured as a separate target volume (PTV50) to receive a
dose of 50 Gy. However, Jolly David et al.*® included sem-
inal vesicle with prostate as a single target volume in their
study where they compared rapid arc (RA; also known as
VMAT) with IMRT plans produced for 10 randomly-selected
high and intermediate risk previously treated patients with
prostate carcinoma. Their result showed that the MU and
estimated treatment time were considerably decreased in
RA while retaining a comparable coverage of target vol-
umes and better conformance level compared to IMRT.
OAR sparing for both the rectum and the femoral heads
was also enhanced in the RA plans. Another study was
done using ten previously treated patients with high-risk
adenocarcinoma of the prostate after laparoscopic radical
prostatectomy.B> Their results showed that the VMAT tech-
nique provided reduced normal tissue dose and better tar-
get conformity compared to IMRT technique. According to
(Fig. 3), the dose distribution for each of the target volumes
in axial view created by SIB-VMAT) and SIB-IMRT plans of
the same patient shows 95% prescription dose coverage.

Figure 2. Dose-volume histogram (DVH) plan comparison between
SIB-IMRT (triangles) and SIB-VMAT (squares) for the organs at risk and
target volumes of a patient.

Figure 3. Dose distribution for each of the target volumes in axial
view created by SIB-VMAT plan (left) and SIB-IMRT plan (right) of the
same patient showing 95% prescription dose coverage.
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Table 2 shows that SIB-IMRT had a lower mean dose to the
rectum compared to SIB-VMAT (33.67+6.72 vs. 36.41£6.03)
with a significant p-value of 0.006. This agrees with previ-
ous research works that had a lower mean dose to the rec-
tum with SIB-IMRT plans.2*37

The main strengths of the study are that a relatively homo-
geneous RT technique was used, dose fractionation and
consistent number of RT fields were presented and treat-
ment was done with modern techniques in a single Nigeri-
an institution. The limitations of this study however, are the
undocumented follow-up and the small study population
which is too small to be conclusive as regards the superior-
ity of SIB-VMAT over SIB-IMRT in terms of conformity.

Conclusion

This study evaluated the dosimetric differences using VMAT
and IMRT techniques in the delivery of SIB radiation ther-
apy to prostate cancer patients. SIB-VMAT technique uses
a smaller number of monitor units compared to SIB-IMRT.
Both techniques however produced a good coverage to
the target volume with SIB-VMAT having more conformal
plans but slightly similar homogeneity with SIB-IMRT. They
both maintained dose to OARs within acceptable tolerance
levels of the institution.

Disclosures

Ethics Committee Approval: ADM/DSCST/HREC/APP/4710,
07/01/2022, Lagos University Teaching Hospital Health Research
Ethics Committee.

Funding: This research did not receive any specific grant from fund-
ing agencies in the public, commercial, or not-for-profit sectors.
Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept — S.0.A,, I.D.A., G.U.; Design
-S.0.A,, M.O.A,; Supervision - S.0.A,; Materials - A.0.J.,A.C.S.,G.U,;
Data collection &/or processing - L.E.H., A.E.K,; Analysis and/or in-
terpretation — S.O.A,, I.D.A,; Literature search - S.O.A, LD.A,, G.U,;
Writing - I.D.A,; Critical review - S.O.A,, |.D.A.,, A.OJ.,, A.C.S, M.O.A,
G.U, LEH. AEEK.

References

1. Jayadevappa R, Chhatre S, Wong YN, Wittink MN, Cook R, Mo-
rales KH, et al. Comparative effectiveness of prostate cancer
treatments for patient-centered outcomes: A systematic re-
view and meta-analysis (PRISMA Compliant). Medicine (Balti-
more) 2017;96:€6790.

2. Khan FM, Gibbons JP. Khan's the physics of radiation therapy.
5th ed. Philadelphia: Lippincott Williams & Wilkins; 2014.

3. Shang Q, Shen ZL, Ward MC, Joshi NP, Koyfman SA, Xia P. Evo-
lution of treatment planning techniques in external-beam ra-
diation therapy for head and neck cancer. App Radiat Oncol;

10.

11.

12.

13.

14.

Adeneye et al., SIB Plan Comparison Between VMAT and IMRT for Prostate Cancer Cases / doi: 10.14744/ejmo0.2022.75665

2015. Available at: https://appliedradiationoncology.com/
articles/evolution-of-treatment-planning-techniques-in-ex-
ternal-beam-radiation-therapy-for-head-and-neck-cancer.
Accessed Sep 20, 2022.

Kopp RW, Duff M, Catalfamo F, Shah D, Rajecki M, Ahmad K.
VMAT vs. 7-field-IMRT: assessing the dosimetric parameters
of prostate cancer treatment with a 292-patient sample. Med
Dosim 2011;36:365-72.

Yuan L, Ge Y, Lee WR, Yin FF, Kirkpatrick JP, Wu QJ. Quantita-
tive analysis of the factors which affect the interpatient or-
gan-at-risk dose sparing variation in IMRT plans. Med Phys
2012;39:6868-78.

Mellon EA, Javedan K, Strom TJ, Moros EG, Biagioli MC, Fer-
nandez DC, et al. A dosimetric comparison of volumetric
modulated arc therapy with step-and-shoot intensity modu-
lated radiation therapy for prostate cancer. Pract Radiat Oncol
2015;5:11-5.

Yang W, Zeng B, Qiu Y, Tan J, Xu S, Cai Y, et al. A dosimetric
comparison of dose escalation with simultaneous integrated
boost for locally advanced non-small-cell lung cancer. Biomed
Res Int 2017;2017:9736362.

Palma D, Vollans E, James K, Nakano S, Moiseenko V, Shaf-
fer R, 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;72:996-1001.

Hardcastle N, Tomé WA, Foo K, Miller A, Carolan M, Metcalfe
P. Comparison of prostate IMRT and VMAT biologically opti-
mised treatment plans. Med Dosim 2011;36:292-8.

Quan EM, Li X, Li Y, Wang X, Kudchadker RJ, Johnson JL, et al.
A comprehensive comparison of IMRT and VMAT plan quali-
ty for prostate cancer treatment. Int J Radiat Oncol Biol Phys
2012;83:1169-78.

Khan M, Jiang R, Kiciak A, Ur Rehman J, Afzal M, Chow JC.
Dosimetric and radiobiological characterizations of prostate
intensity modulated radiotherapy and volumetric modulated
arc therapy: A single institution review of ninety cases. J Med
Phys 2016;41:270.

Crowe SB, Kairn T, Middlebrook N, Hill B, Christie DR, Knight
RT, et al. Retrospective evaluation of dosimetric quality for
prostate carcinomas treated with 3D conformal, intensity
modulated and volumetric modulated arc radiotherapy. J
Med Radiat Sci 2013;60:131-8.

Fogarty GB, Ng D, Liu G, Haydu LE, Bhandari N. Volumetric
modulated arc therapy is superior to conventional intensi-
ty modulated radiotherapy--a comparison among prostate
cancer patients treated in an Australian centre. Radiat Oncol
2011;6:108.

Yoo S, Wu QJ, Lee WR, Yin FF. Radiotherapy treatment plans
with RapidArc for prostate cancer involving seminal vesicles
and lymph nodes. Int J Radiat Oncol Biol Phys 2010;76:935-42.



15

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

. Riou O, Regnault de la Mothe P, Azria D, Ailleres N, Dubois JB,

Fenoglietto P. Simultaneous integrated boost plan compari-
son of volumetric-modulated arc therapy and sliding window
intensity-modulated radiotherapy for whole pelvis irradiation
of locally advanced prostate cancer. J Appl Clin Med Phys
2013;14:4094.

Ost P, Speleers B, De Meerleer G, De Neve W, Fonteyne V, Vil-
leirs G, et al. Volumetric arc therapy and intensity-modulated
radiotherapy for primary prostate radiotherapy with simulta-
neous integrated boost to intraprostatic lesion with 6 and 18
MV: a planning comparison study. Int J Radiat Oncol Biol Phys
2011;79:920-6.

Vergalasova |, Light K, Chino J, Craciunescu O. Simultaneous
integrated boost (SIB) for treatment of gynecologic carcino-
ma: Intensity-modulated radiation therapy (IMRT) vs volu-
metric-modulated arc therapy (VMAT) radiotherapy. Med Do-
sim 2017;42:230-7.

Mukhtar R, Butt S, Rafaye MA, Igbal K, Mazhar S, Sadaf T. An
institutional review: Dosimetry comparison between simulta-
neous integrated boost IMRT and VMAT for prostate cancer. J
Radiother Pract 2021;20:321-31.

Lee YK, Bedford JL, McNair HA, Hawkins MA. Comparison of
deliverable IMRT and VMAT for spine metastases using a si-
multaneous integrated boost. Br J Radiol 2013;86:20120466.
Zhao J, Hu W, Cai G, Wang J, Xie J, Peng J, et al. Dosimetric
comparisons of VMAT, IMRT and 3DCRT for locally advanced
rectal cancer with simultaneous integrated boost. Oncotarget
2016;7:6345-51.

Wu S, LaiY, He Z, Zhou Y, Chen S, Dai M, et al. Dosimetric com-
parison of the simultaneous integrated boost in whole-breast
irradiation after breast-conserving surgery: IMRT, IMRT plus
an electron boost and VMAT. PLoS One 2015;10:e0120811.
Orlandi E, Palazzi M, Pignoli E, Fallai C, Giostra A, Olmi P. Radio-
biological basis and clinical results of the simultaneous inte-
grated boost (SIB) in intensity modulated radiotherapy (IMRT)
for head and neck cancer: A review. Crit Rev Oncol Hematol
2010;73:111-25.

Pasquier D, Le Tinier F, Bennadiji R, Jouin A, Horn S, Escande
A, et al. Intensity-modulated radiation therapy with simulta-
neous integrated boost for locally advanced breast cancer:
a prospective study on toxicity and quality of life. Sci Rep
2019;9:2759.

Kim MM, Bollinger D, Kennedy C, Zou W, Scheuermann R, Teo
BK, et al. Dosimetric Characterization of the dual layer MLC
system for an O-Ring linear accelerator. Technol Cancer Res
Treat 2019;18:1533033819883641.

Petroccia HM, Malajovich |, Barsky AR, Ghiam AF, Jones J,
Wang C, et al. Spine SBRT with Halcyon™: Plan quality, mod-

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

225

ulation complexity, delivery accuracy, and speed. Front Oncol
2019;9:319.

Feuvret L, Noél G, Mazeron JJ, Bey P. Conformity index: a re-
view. Int J Radiat Oncol Biol Phys 2006;64:333-42.

Agostinelli S, Garelli S, Gusinu M, Zeverino M, Cavagnetto F,
Pupillo F, et al. Dosimetric analysis of Tomotherapy-based in-
tracranial stereotactic radiosurgery of brain metastasis. Phys
Med 2018;52:48-55.

Ohtakara K, Hayashi S, Hoshi H. Dose gradient analyses in
Linac-based intracranial stereotactic radiosurgery using Pad-
dick's gradient index: consideration of the optimal method for
plan evaluation. J Radiat Res 2011;52:592-9.

Paddick I, Lippitz B. A simple dose gradient measurement
tool to complement the conformity index. J Neurosurg
2006;105:194-201.

Tsang YM, Hoskin P. The impact of bladder preparation pro-
tocols on post treatment toxicity in radiotherapy for localised
prostate cancer patients. Tech Innov Patient Support Radiat
Oncol 2017;3-4:37-40.

Marks LB, Yorke ED, Jackson A, Ten Haken RK, Constine LS, Eis-
bruch A, et al. Use of normal tissue complication probability
models in the clinic. Int J Radiat Oncol Biol Phys 2010;76:510-
9.

Knoos T, Kristensen |, Nilsson P. Volumetric and dosimetric
evaluation of radiation treatment plans: radiation conformity
index. Int J Radiat Oncol Biol Phys 1998;42:1169-76.

The International Commission on Radiation Units and
Measurements. Prescribing, recording, and reporting pho-
ton-beam intensity-modulated radiation therapy (IMRT). Re-
port 83.JICRU 2010;10:1-106.

Chow JCL, Jiang R, Kiciak A, Markel D. Dosimetric compari-
son between the prostate intensity-modulated radiotherapy
(IMRT) and volumetric-modulated arc therapy (VMAT) plans
using the planning target volume (PTV) dose-volume factor.
J Radiother Pract 2016;15:263-8.

Kyenzeh TL, Lenards N, Gutierrez AN, Zheng Shi. Simultane-
ous integrated boost plan comparison between static inten-
sity-modulated radiotherapy and volumetric modulated arc
therapy for prostate fossa and lymph node irradiation. Clin
Oncol 2019;4:1667.

Jolly D, Alahakone D, Meyer J. A RapidArc planning strategy
for prostate with simultaneous integrated boost. J Appl Clin
Med Phys 2010;12:35-49.

Wolff D, Stieler F, Welzel G, Lorenz F, Abo-Madyan Y, Mai S, et
al. Volumetric modulated arc therapy (VMAT) vs. serial tomo-
therapy, step-and-shoot IMRT and 3D-conformal RT for treat-
ment of prostate cancer. Radiother Oncol 2009;93:226-33.



