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Abstract

Purpose: Volumetric-modulated Arc Therapy (VMAT) is different from Intensity-modulated radiotherapy (IMRT)
by the movement of gantry and rotation during treatment. Because of these features, there is a decrease in monitor
unit (MU), better protection of organ at risk (OAR) and adequate PTV coverage. VMAT has become a standard
therapy in prostate cancer. The aim of this study is to compare dosimetrically IMRT plan, single and double arc
VMAT plans in high risk prostate cancer treated with high radiation (<80 Gy) doses.

Methods: Eleven high risk prostate cancer patients were treated with double-arc VMAT technique. The same
patients were re-planned with single arc VMAT and IMRT technique. Radiotherapy was performed daily 2 Gy/
fraction to 46 Gy for pelvic area, 56 Gy for prostate+seminal vesicle, 80 Gy for prostate.The mean (Dmean),
maximum (Dmax), and minimum (Dmin) dose of the planing target volume (PTV), conformity index (CI), homogeneity
index (HI) and MU values and doses received by OARs were compared.

Results: The mean dose (p=0.017), maximum dose (p<0.001) of the PTV, HI (p<0.001), MU values (p<0.001),
the D25 of bladder (p=0.011), the D35 of bladder (p=0.011), the D25 (p=0.045) and D35 (p=0.032) of rectum, the
doses of right femur (D5, D25, D50; p<0.001), the doses of left femur (D25, D50; p<0.001), and the mean dose of
penile bulb i (p=0.008) were statistically significant VMAT The single and double-arc VMAT and IMRT plans were
compared in PTV maximum and HI. Both of them were lower in IMRT technique. In all techiques CI had no
differences. MU was significantly lower in arc techniques. The dose of 25% and 35% of bladder were higher in IMRT.
There was no difference between doses of rectum. All doses of femur were superior in VMAT technique except 5%
dose of left femur. The dose of penil bulb was higher in IMRT technique.

Conclusion: In especially high radiation doses, double-arc VMAT resulted in favorable dosimetry when
compared single-arc VMAT and IMRT. Both VMAT techniques enabled a shorter MU and lower penile bulb bladder,
rectum and femur doses, whereas IMRT provided a more homogeneous dose distribution.

VMAT techniques showed better protection in OARs except rectum, than IMRT. MU is significantly lower in VMAT
techniques.

Keywords: VMAT; IMRT; High risk prostate cancer; Planning; High
dose

Abbreviations:
VMAT: Volumetric Modulated Arc Therapy; IMRT: Intensity

Modulated Radio Therapy; MU: Monitor Unit; PTV: Planning Target
Volume; CI: Conformity Index; HI: Homogeneity Index; TV:
Treatment Volume; OARs: Organs At Risk; RT: Radio Therapy; ADT:
Androgen Deprivation Therapies; CT: Computerized Tomography;
CTV: Clinical Target Volume; MV: Million Volts; MLC: Multi Leaf
Collimators; PBS: Positive Biopsy Number

Introduction
Prostate cancer is the most common visceral cancer in men and is

the second cause of cancer-related deaths [1]. Apparent frequency
increases from age 50. In the treatment of prostate cancer, radiotherapy
(RT) is a very important part of the curative approach.

It is known that the conventional doses used during radiotherapy
treatment can not completely cure prostate cancer. In randomized
phase three studies demostrated that dose escalation provided better
disease-free survival in prostate cancer patients [2]. This effect was
found especially in intermediate and high-risk patients [3]. However,
escalated doses caused more side effects particularly late grade-2
gastrointestinal toxicity [4,5]. With the introduction of new
radiotherapy techniques such as IMRT and VMAT, side effects of RT
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was reduced as a result of less OARs volume in the treatment area
[6,7]. From the view of this point IMRT and VMAT was considered
much more in the curative treatment of prostate cancer [8-14].

The IMRT technique effectively adjusted the dose distribution and
amount of normal tissue treated can be decreased thus limit this
increased toxicity. IMRT is performed by multi-leaf collimators (MLC)
in two ways: step and shoot (static) and dynamic (sliding). In this
method, MLC move and form the segments while irradiation
continues and gantry is fixed. VMAT, a more advanced technique of
IMRT, is used 1-4 arcs during treatment [15-17]. In contrast to IMRT,
this technique has gantry motion and can provide a constant or
variable dose distribution by rotating around the prostate. In a
randomized studie, the optimal homogeneous dose distribution and
lowest OARs doses are provided by VMAT [18]. In many studies,
VMAT has more reduced the duration of treatment and the amount of
MU than IMRT [19,20].

The aim of this study is to compare dosimetrically IMRT plans,
single and double arc plans in high-risk prostate cancer treated with
high radiation (<80 Gy) doses and profilactic pelvic nodal radiation
theraphy.

Materials and Methods
Approval for this study was provided by the University of Health

Science, Sisli Hamidiye Etfal Education and Research Hospital, Turkey,
Human Research Ethics Committee (approval number: H-2017-1839)

Eleven high risk prostate cancer patients who were treated between
2012 and 2015 were included in this study in Sisli Hamidiye Etfal
Training and Research Hospital Radiation Oncology Clinic. Patient age
ranged from 57 to 69. Patients had prostate-specific antigen (PSA)
scores ranging from 54 to 69, with Gleason scores from 7 to 9. Patient
characteristics were summarized in Table 1.

Number
Gleason

PSA (ng/ml) PBS Stage Age

1 4+4=8 22.00 3/12 T2b 70

2 4+5=9 15.35 12/12 T2b 68

3 4+4=8 69.00 12/12 T4 68

4 3+4=7 21.35 10/10 T2b 64

5 4+4=8 5.47 3/12 T1 59

6 4+3=7 13.00 12/12 T2b 65

7 3+4=7 46.24 5/12 T2b 68

8 3+4=7 28.80 8/12 T2b 76

9 4+4=8 25.59 3/12 T2a 75

10 3+4=7 26.50 7/12 T2b 69

11 4+4=8 12.56 1/12 T2b 57

Table 1: Patient characteristics.

Neoadjuvant androgen-deprivation therapies (ADT) was delivered
for 6 months Sisli Hamidiye Etfal Education and Research (Leuprolide
Acetate 22.50 mg/3 months and Bicalutamide 50 mg/day) because all
the patients were high risk prostate cancer.

Simulation of patients
All patients were in supine position and the legs and pelvis were

fixed using a belly-board. Then computerized tomography (CT) was
performed from the top of the iliac crests to the perineum with 3 mm
CT slices. Before the CT scan, each patient's rectum was empty. The
bladder was filled to a degree that was sustainable and reproducible for
daily treatment. Magnesium hydroxide was given to all patients to
reduce side effects of RT to bowel.

All of the patients were planned with 7 field sliding-window IMRT
technique, single and double-arc VMAT techniques. Varian Eclips
version 11.0 software (ECLIPS Varian Medical Systems, Inc., Palo Alto,
CA, USA) was used for RT contouring and RT planning.

A physician contoured gross tumor volume (GTV) to included all
known disease. In these patients who underwent elective pelvic nodal
radiotherapy, obturator, internal, external iliac and presacral lymph
nodes were included in the RT field.

RT plans
• Clinical target volume (CTV): Pelvic lymph nodes as CTV3,

seminal vesicle(SV)+prostate as CTV2 and only prostate as CVT1.
• planning target volume (PTV): The margin of pelvic lymph nodes

were 0.7 mm. The margin of CTV2 and CTV1 were 8 mm in all
direction, except posterior direction. The margin of posterior
direction was 5 mm. Therefore organ movements and set-up
changes were taken into account. The prescription dose was to
cover 95% of PTV, with the maximum dose in the PTV no more
than 107% of prescribtion dose.

• OAR: Rectum, bladder, both femur head and penile bulb were
considered organ at risk.

• RT dose: From 2 Gy daily to 46 Gy for pelvic area, 56 Gy for
prostate+seminal vesicle and 80 Gy for prostate.

Treament Planning
All high-risk prostate patients were planned in three techniques: 7

field dynamic IMRT, single and double-arc. All of them had same
dose-rate which was 600 MU/min and we used 6MV (million volts)
photon energy in all techniques.

IMRT planning
Plans were created using the Varian Clinac IX model Linear

Accelerator which has 120-leaf millenium MLC and were performed
on the Varian Eclips treatment computer with an anisotropic analytical
algorithm (AAA v.10.28). In the IMRT plans there was 51 equally
spaced gantry angles (0º, 51º, 102º, 153º, 204º, 255º, 306º) and each
field was created using collimator angle 0. After the fields were
determined, optimization process was started. In the optimization
process, prescription dose was 80 Gy to cover 95% of PTV and OARs
were tried to received minimum dose. MLC movements were
smoothed by applying general fluence correction.

VMAT planning
VMAT Planning was calculated at 2.5 mm dose grid intervals using

AAA in Varian Eclipse treatment planning system (Version 11.0
Varian Medical Systems, Palo Alto, CA).

Treatment plans had same rules. These rules:
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• Isosentrine point was placed in the middle of PTV.
• Two full arcs were created using the Eclips Arc Geometry tool.
• The first arc was created with 181-179 degrees clockwise by

rotation 30 degrees of collimator.
• The second arc clockwise was created with 179-181 degrees

opposite clockwise by rotation 330 degrees of collimator.

In VMAT plans combination of dynamic MLC collimation and arc
was used. The target volumes were defined as first priority. Then OARs
(rectum, bladder, bilateral femur heads and penile bulb) were defined
as second priorities. The normalization point was chosen such that
100% of the defined dose would be delivered to 95% the PTV.

Assessment of the Plans
In the evaluation of the plans, single arc, double arcs and 7 fields

IMRT schedules were compared for each patient. PTV minimum (D2),
PTV maximum (D98) and mean were assessed. The tolerance doses of
OAR were defined according to RTOG 0815. The average dose of D15,
D25, D35 and D50 received by the bladder D15, D20, D25, D35, D50 by the
rectum D5, D25, D50 by the right and left femur had and mean dose of
penile bulb At the same time MU of plans were evaluated. The
meaning is D2, D98, D5, D15 shows the received radiation dose of 2%,
98%, 5%, 15% of the volume.

CI and HI were compared in all three planes according to the
following definitions

Homogeneity index (HI): The ideal of HI is close to zero and
demonstrates the homogeneity distribution of dose in PTV. The
formula is:

Homogeneity index (HI)=D2%-D98%/D50%

Conformity Index (CI): CI optimization is valid for dose
homogeneity in PTV and the ideal value of CI is 1. The formula is:

Conformity Index (CI)=TV/PTV

SPSS 15.0 for Windows program was used for statistical analysis.
Descriptive statistics were given median values for numerical variables.
In the nonparametric test, subgroup analyzes were performed by
Wilcoxon test and interpreted by Bonferroni correction. The ratios of
categorical variables among the groups were tested by chi square
analysis. Bonferroni correction is interpreted when the conditions were
not ensured. Statistical significance level of alpha was accepted as
p<0.05.

Results
Patient age ranged from 57 to 69. Patients had prostate-specific

antigen (PSA) scores ranging from 54 to 69, with Gleason scores from
7 to 9. Patient characteristics were summarized in Table 1.

Table 2 shows the results of dose distribution with single-arc and
double-arc technique and IMRT. Dmean (p=0.017), Dmax (p<0.001), HI
(p<0.001), and MU (p<0.001) were statistically significant in the dose
distribution of PTV. The D25 (p=0.011) and D35 (p=0.011) of bladder
were statistically different the groups.The D25 (p=0.045) and D35
(p=0.032) doses of rectum were statistically different between the
groups. When the doses of right and left femurs were examined, the
difference between the groups was determined for all other doses

except the left femur D5 (p<0.001 for all). The mean dose of penile bulb
was also different the groups (p=0.008).

 Single arc Double arc 7 field IMRT p values

PTV 

DMean 77.18 Gy 77.94 Gy 77.40 Gy 0.017

Dmax 84.30 Gy 83.60 Gy 82.31 Gy <0.001

DMin 65.41 Gy 65.03 Gy 64.93 Gy 0.434

CI 1.09 1.08 1.07 0.726

HI 0.8 0.6 0.5 <0.001

MU 1139 1290 3021 <0.001

Bladder

D15 66.96 66.12 68.85 0.319

D25 54.9 53.99 58.85 0.011

D35 48.24 47.51 52.79 0.011

D50 42.35 39.85 44.2 0.319

Rectum

D15 66.48 64.74 65.5 0.251

D20 61.2 57.4 58.67 0.175

D25 55.98 50.66 52.91 0.045

D35 48.49 46.69 46.19 0.032

D50 43.43 38.99 38.56 0.474

Right femur

D5 42.55 42.97 45.05 <0.001

D25 29.16 30.47 34.68 <0.001

D50 23.88 25.82 31.16 <0.001

Left femur

D5 43.22 43.03 45.06 0.099

D25 31.08 31.32 35.09 <0.001

D50 25.79 23.79 31.64 <0.001

Penile bulb

Mean 37.1 38.67 40.83 0.008

Table 2: Comparison of the doses received by PTV and OARs in dose
distribution compared to 7 field IMRT, single and double VMAT
techniques.

Table 3 show that statistically difference among to single-arc vs.
double-arc, single-arc vs. 7 field IMRT and double-arc vs. 7 field IMRT.
A statistically significant difference in PTV mean was found between
the techniques (p=0.017). There was no statistically significant
difference between the groups in the subgroup analyzes (Table 3).
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P values Single vs. double Arc Single vs. 7 field IMRT Double vs. 7 field IMRT

PTV

Dmean P 0.096 0.245 0.074

Dmax p 0.019 0.001 0.011

HI p 0.003 0.001 0.001

MU p* 0.065 <0.001 <0.001

Bladder

D25 p 0.041 0.397 0.011

D35 p 0.052 0.300 0.006

Rectum

D25 P 0.016 0.363 0.778

D35 P 0.016 0.826 0.925

Right Femur

D5 p* 0.299 0.003 0.001

D25 p* 0.850 0.001 <0.001

D50 p* 0.911 <0.001 <0.001

Left Femur

D25 p* 0.850 0.001 <0.001

D50 P* 0.574 < 0.001 <0.001

Penile bulb

Mean p* 0.012 0.006 0.027

Nonparametric test Bonferroni correction p<0.017; Parametric test p*<0.05

Table 3: Comparison of P values parameter for single, double Arc and 7 field IMRT.

There was a statistically significant difference between the single-
arc, double-arc and 7 field IMRT in PTVmax averages (84.30 Gy, 83.60
Gy, 82.31 Gy, respectively; p<0.001). In the subgroup analyzes, single-
arc vs. IMRT and double-arc vs. IMRT,the mean PTV max was
statistically sinificant (p=0.001, p=0.011; respectively).

The homogeneity index was better 7 field IMRT than single-arc and
double-arc technigue (p <0.001). The difference between the single-arc
vs. double-arc, single-arc vs. 7 field IMRT and double-arc vs. 7 field
IMRT was statistically significant (p=0.003, p=0.001, p=0.001;
respectively). The MU average was significantly better in single-arc and
double-arc technique than the 7-field IMRT technique (1139, 1290,
3021, respectively; p<0.001).

In terms of OAR, the bladder statistically differences were found for
D25 and D35 measurements. In 7 field IMRT technique, D25 and D35
doses higher than single-arc and double-arc technique (58.85 Gy, 52.79
Gy, respectively; p=0.011). In both doses, the differences in the levels of
the double-arc vs. 7-field IMRT techniques were statistically significant
(p=0.011, p=0.006).

Rectum D25 and D35 doses by double-arc and 7 field IMRT were
basically equivalent. But in a single arc these doses (55.98 Gy, 48.49

Gy) were found to be higher and this is statistically significant
(p=0,045, p=0,032; respectively). The differences in single-arc vs.
double-arc comparision were statistically significant (p=0.016 for both
doses).

Statistically significant differences were found in all measurements
except for left femur D5 (p<0.001 for all) in the femur evaluations. In
all measurements, 7-field IMRT were statistically different from single-
arc and double-arc techniques (p <0.001) (Tables 2 and 3).

Penile bulb mean doses were lower in the single-arc technique and
this was statistically significant (37.10 Gy, p=0.008). The difference
between the single-arc vs. double-arc, single-arc vs. 7 field IMRT and
double-arc vs. 7 field IMRT was statistically significant (p=0.012,
p=0.006, p=0.027; respectively).

Discussion
Today, in parallel with the developments in technology,

radiotherapy applications are alsovery encouraging developments.
New radiotherapy devices and planning techniques have given higher
doses to the tumor site, while limiting dose to surrounding tissues and
organs. These have played an important role in the treatment of high
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risk prostate cancer. Dose escalation in prostate treatments has been
demostrated to improve local control [2,3,20]

There is few study with dosimetric comparison of high dose (>80
Gy) radiotherapy with pelvic nodal irradiation in patients with high-
risk prostate cancer. Other prostate planing studies, pelvic nodal
radiotherapy is not applied and radiotherapy is given 76-78 Gy [20,21].
The same time, the dose to the OAR was compared by determining the
percentage volume (V) of an organ receiving dose. But in our study the
opposide was used.When viewed from this perspective it is only study
done.

In our study, the pelvic lymph node volumes were defined according
to the RTOG consensus [22]. We evaluated doses of PTV maximum,
minimum, mean dose, HI, CI, and doses that were deliverd to bladder,
rectum, right and left femurs hads and penile bulb doses. Small but
statistically significant differences were noted among the 3 techniques.

In contrast to other studies [19-23], in our studies PTV max and HI
were detected lower in 7 field IMRT technique than arc techniques.
The IMRT technique provided a more homogeneous dose distribution.
This situtions could be because of irradiated pelvic lymph nodes and
radiations doses.There was only prostate irradiation in other studies
and radiation doses was given at 76-78 Gy.

Organ-at-risk dose sparing was very similar for the 3 techniques.
We found that arc techniques spared the rectum, bladder, femurs and
penile bulb. In our study, in double arc technique bladder was received
lower dose than IMRT at D25 and D35. Radiation exposure to rectum
was highest using single-arc techique at D25 and D35. It was found to
be compitable literature [24].

There were statistically significant differences in 7 field IMRT and
double arc of 25% and 35% doses. We found 25% dose of bladder 53.99
Gy double arc, 58.85 Gy in IMRT and 35% dose of bladder 47.51 Gy in
double arc, 52.79 Gy in IMRT.

There was no statistically significant difference between arc
techniques and 7 field IMRT technique in the doses received by the
rectum, whereas 25% and 35% doses of double arc and single arc
techniques were found to be statistically significant (25% doses were
50.66 Gy, 55.98 Gy and 35% doses were 48.49 Gy and 46.69 Gy,
respectively ).

The arc technique was superior to the IMRT in all doses except the
D5 5% dose in left femur doses. Arc technique become less conformal
in the low-dose range [20,25,26]. This can be attributed to the dose
being delivered from all directions. In IMRT plans, radiation dose is
only depoited along the path of fixed gantry angles. As a result of
femur receiving a low dose in arc techique is increased compared to
IMRT.

The dose of penile bulb in the double-arc technique was less than
both the single-arc and IMRT. The MU was significantly reduced by
the use of arc techniques. The lower MU combining with less beam
mode-up procedures resulted in a much shorter treatment time with
arc treatment. Adamson et al. [27] found that the shorter treatment
time could reduce the CTV margins, so that the normal tissues would
be exposed to less doses.

Especially in high-doses, arc techniques were demostrated to deliver
lower dose to the bladder, rectum, penile bulb and heads of femur and
when compared to 7 field IMRT.

Conclussion
Pelvic nodal irradiation in combination with high-dose

radiotherapy applications as a result, double-arc technique has been
shown better bladder, femur and penile bulb protection compared to 7
field IMRT techniques . In additional MU value was significantly lower
in arc techniques. In high dose radiotherapy applications, arc
techniques have been found better than 7-field IMRT but in terms of
HI, 7-field IMRT technique more effective.
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