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Backgorund. The aim of this study was fo determine the optimal strategy among various arc arrangements in pros-
tate plans of stereotactic body radiotherapy with volumetric modulated arc therapy (SBRT-VMAT).

Patients and Methods. To investigate how arc arrangements affect dosimetric and biological metrics, SBRT-
VMAT plans for eighteen patients were generated with arrangements of single-full arc (1FA), single-partial arc (1PA),
double-full arc (2FA), and double-partial arc (2PA). All plans were calculated by the Acuros XB calculation algorithm.
Dosimetric and radiobiological metrics for target volumes and organs at risk (OARs) were evaluated from dose-
volume histograms.

Results. All plans were highly conformal (Cl<1.05, CN=0.91) and homogeneous (HI=0.09-0.12) for target volumes. For
OARs, there was no difference in the bladder dose, while there was a significant difference in the rectum and both
femoral head doses. Plans using 1PA and 2PA showed a sfrong reduction to the mean rectum dose compared to
plans using 1FA and 2FA. Contrastively, the D,,, and mean dose in both femoral heads were always lower in plans us-
ing 1FA and 2FA. The average fumor control probability and normal tissue complication probability were comparable
in plans using all arc arrangements.

Conclusions. The use of 1PA had a more effective delivery time and produced equivalent target coverage with
better rectal sparing, although all plans using four arc arangements showed generally similar for dosimetric and
biological metrics. However, the D, and mean dose in femoral heads increased slightly and remained within the
tolerance. Therefore, this study suggests that the use of 1PA is an affractive choice for delivering prostate SBRT-VMAT.

Key words: stereotactic body radiotherapy; volumetric modulated arc therapy; prostate cancer; arc arrangement;
dosimetric and biological metrics

Introduction noses, with the number of prostate cancer patients

rapidly increasing. Various radiotherapy tech-
Prostate cancer is the most common cancer inmen,  niques for treating prostate cancer have been con-
accounting for over one fifth of male cancer diag- sidered effective noninvasive treatment options,
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especially for elderly patients and those unfit for
surgery.!

Radjiation therapy options for prostate cancer in-
clude external beam radiation therapy (EBRT) and
brachytherapy. Volumetric modulated arc therapy
(VMAT) and intensity-modulated radiation thera-
py (IMRT) for EBRT is widely used as the stand-
ard treatment for prostate cancer. VMAT and IMRT
permit dose optimization, in which the dose to the
prostate can be increased while reducing toxicities
and doses to the rectum and bladder, resulting in
improved local control and reduced complications
when compared to three-dimensional conformal
radiation therapy (3DCRT).*” In addition, VMAT
can produce equivalent or even better target cover-
age and normal tissue sparing compared to fixed-
field IMRT while taking advantage of more efficient
monitor unit (MU) and reducing the delivery times.

The use of SBRT to irradiate primary or meta-
static tumors in several anatomical sites is becom-
ing the standard treatment.®'> SBRT with VMAT
(SBRT-VMAT) is a radiotherapy method, which
very precisely delivers a high dose of radiation
to the target area in either a single dose or a small
number of fractions. It is an attractive approach
to dose escalation. Recently, researchers using
SBRT, including the linear accelerator (Linac) and
CyberKnife (CK), have achieved promising re-
sults in the treatment of prostate cancer.'*'” To our
knowledge, there is very little information regard-
ing the optimal planning for various arc arrange-
ments of prostate SBRT-VMAT.!8° Moreover, there
is no study, which investigates the radiobiological
effect of prostate SBRT-VMAT plans.

The aim of this study is to determine the optimal
treatment planning approach under the different
arc arrangements by analyzing the dosimetric and
radiobiological impact in plans for prostate SBRT-
VMAT.

Patients and methods
Patient selection and contouring

For this retrospective study, we chose 18 patients
diagnosed with prostate cancer that had previous-
ly been treated in our department from September
2013 to October 2015. All prostate cancer patients
were enrolled in our SBRT planning study, which
was approved by the institutional review board of
Seoul National University Bundang Hospital. (IRB
No. B-1501/284-107).

A computer tomography (CT; The Brilliance CT
Big Bore, Philips, Eindhoven, Netherlands) simu-
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lation was performed with the patients, who were
placed in a supine position on a flat bench and
stabilized with Knee-fix™ and Feet-fix™ (CIVCO
Medical Solutions, Coralville, IA, USA). Prior to
the CT simulation, the patients were asked to drink
300 ml of water 1 h before the simulation to ensure
that the bladder was completely filled. An endorec-
tal balloon (ERB) was inserted into the rectum and
filled with 70 cc of air. After 1 min, the ERB catheter
was placed at the pre-marked position and the in-
flated ERB was immobilized above the anal sphinc-
ter. A detailed description of the patient setup was
given in our previous study.??! The CT scans were
acquired with a 3 mm slice thickness. The prostatic
bed was delineated as the clinical target volume
(CTV), and the planning target volume (PTV) was
defined as the CTV plus a treatment margin of 7
mm posteriorly and 10 mm in all other directions.
The relevant normal tissue including rectum, blad-
der, and femoral head were delineated as OARs.
The rectum was defined as extending from the sig-
moid flexure to the bottom of the ischium.

Planning strategy for SBRT

Prostate SBRT using VMAT plans were created
by the Eclipse™ Treatment Planning System (ver.
11.0.34, Varian Medical Systems). The SABR-
VMAT planning system was commissioned for a
Truebeam™ Linac (Varian Medical Systems) with
a high definition multileaf collimator (HD MLC).
Dose distributions were calculated using a 10-MV
flattening-filter-free (FFF) beam and the Acuros XB
(AXB) dose calculation algorithm with inhomoge-
neity correction. The calculation grid size was 2.5-
mim.

The SBRT-VMAT plans were set up with four arc
arrangements such as single-full arc (181° to 179°;
1FA), single-partial arc (240° to 120°; 1PA), double-
full arcs (181° to 179° and 179° to 181°; 2FA), and
double-partial arcs (240° to 120° and 120° to 240°;
2PA). The arc arrangements for SBRT-VMAT plans
are presented in Figure 1 A to D. The collimator
rotation angles were 30°.

The prescription dose was 42.7 Gy and was
administered in seven fractions. Compared to 78
Gy in 39 fractions, which is the standard prostate
fractionation, this delivers a higher biologically
effective dose (BED) to the prostate (216.3 Gy vs.
182.0 Gy; a/p3 1.2 Gy) but an equivalent dose to late
responding tissues (129.5 Gy vs. 130.0 Gy; a/f 3.0
Gy). For all cases, a minimum of 95% of the pre-
scription dose (40.6 Gy) was assigned to cover 95%
of the PTV (V,., = 95%). No OAR constraints for
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prostate SBRT have yet been reported. Therefore,
we used the modified constraints for the OARs de-
rived from those reported by Murray ef al.?? that
were suitable for our planning study. The OAR
constraints for this planning study are listed in
Table 1.

Evaluation of dosimetric and biological
parameters

The mean, maximum, and minimum doses for
PTV were measured from cumulative dose-volume
histograms (DVH) of plans using four arc arrange-
ments for all patients. In order to investigate the
target coverage, V,,, for CTV and PTV were evalu-
ated.

The conformity index (CI) was defined as fol-
lows:

cl =2

TV

The ideal conformity is defined as CI = 1. A
value of CI > 1 indicated that healthy tissue has
been irradiated.”® The conformation number (CN)
takes into consideration the irradiation of healthy
tissue. It is the product of two fractions, TV /TV
and TV,/V,, where TV is the volume of the PTV,
TV, is the volume of the PTV covered by the refer-
ence isodose line, and V,, is the volume enclosed
by the reference isodose line. TV /TV is the quality
of the target coverage and TV /V, is the volume of
healthy tissue irradiated with the reference isodose
(95% of prescribed dose) or more.

The dose homogeneity index (HI) was deter-
mined as follows:

— (DS% B D95%)

HI
Dsoy,

where D, is the maximum dose received by 5%
of PTV, D, is the minimum dose received by 95%
of PTV, and D, is the dose received by 50% of
PTV. A lower HI represents a more homogeneous
plan, because D,,, and D,,,, were surrogate markers
of maximum dose and minimum dose in the PTV,
respectively.

The near-to-maximum dose (D,,) and mean
dose for the OARs were evaluated. In addition, we
conducted a detailed analysis of the rectum and
bladder volumes that received at least 95% (V)
80% (Vgyo,)» 50% (Vye,), and 20% (V) of the pre-
scription dose; these values represent very high,
high, intermediate, and low doses, respectively.
In addition, total monitor units (MUs) were com-
pared in each plan between single arc and double
arc arrangements.
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TABLE 1. Dose volume constraints adopted for planning study

Volume Rectum Bladder Femoral heads
V42v7 Gy (100%) <5% v42.7 Gy(100%) <10% v29.9 Gy (70%) < 50%
Vigacy pom < 15% Vieroyeim < 25% Dox <29.9 Gy
Vsz.o Gy (75%) <35% v29.9 Gy(70%) < 50%

Constraints
28.0 Gy (65%) < 45%

<70%
< 80%

24.8 Gy (58%)

< < <

20.0 Gy (47%)

D,ox = the maximum dose; V, o,

For the radiobiological model evaluation, we
utilized the MATLAB program to calculate the
Niemierko’s equivalent uniform dose (EUD)-based
tumor control probability (TCP) and normal tissue
complication probability (NTCP).»>?¢ According to
Niemierko’s phenomenological model, the EUD is
defined as follows:

BUD = () (viEQDI))

where o is a tissue-specific parameter describ-
ing the volume effect, and is the partial tumor
volume, which receives dose D in Gy. For tumors,
a takes negative values; for serial-like structures,
a takes large positive values; and for parallel-like
structures, a takes values close to 1.

The prostate TCP was calculated with
Niemierko’s EUD-based TCP. The equation is de-
fined as follows:

1
TCD
1+ (—EUDSO)VSO

where TCDs, is the tumor dose to control 50%
of the tumors when the tumor is homogeneously
irradiated, and the ys is the slope of dose response
at a TCP of 50%. NTCP for OARs were calculated
using Niemierko’s EUD-based NTCP with the fol-
lowing equation:

TCP =

1+ (z0%

where TDs is the tolerance dose for a 50% com-
plication rate at a specific time interval (e.g., 5 years
in the Emami et al. normal tissue tolerance data?)
when the whole organ of interest is homogenously
irradiated. The ys is specific to the normal struc-
ture of interest and describes the slope of the dose-
response curve.

Table 2 lists parameters used to calculate
Niemierko’s EUD-based TCP and NTCP. These
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TABLE 2. Parameters used to calculated Niemierko's EUD-based TCP and NTCP

,, TCD /B

Tissue 100%dpf (Gy) Fraction (#) o Yso (GY) (Gy5)° dpf (Gy) (Gy)
Prostate 6.1 7 -10 1.0 28.34 2 1.20
Rectum 6.1 7 8.33 4 80 2 3.90
Bladder 6.1 7 2 4 80 2 8.00
Femur 6.1 7 4 4 65 2 0.85

[SERTAXB(17A) - Unapproved -Transversal-Prostale RF

5 ][SERTAXBUPA - Unapproved—Transversal -Prosite RF

FIGURE 1. An arrangement of (A) one full arc (1FA), (B) one partial arc (1PA), (C)
two full arcs (2FA), and (D) two partial arcs (2PA) in prostate SBRT-VMAT for the same

patient.

parameters come from data reported in previous
study?® and were suitably modified for our study.

Results

Figure 2A to 2D show the dose distributions
achieved with four arc arrangements for the same
patient. There were small differences in the dose
distributions and corresponding DVHs among
each arc arrangement. Average cumulated DVHs
of the PTV, rectum, bladder, and left and right fem-
oral head are presented in Figure 3A to 3E for each
of the four arc arrangements.

Tables 3 and 4 show the average (range) values
for the dosimetric results of target volumes and
several OARs (i.e.,, bladder, rectum, and left and
right femoral head). The resulting PTV and CTV

= Alpha-beta ratio; 100%dpf = 100% dose per fraction; dpf = Parameters' source data's dose per fraction

of the four arc arrangements of all patients were
very similar as shown in Table 3 and Figure 3A.
In four arc arrangements, the volume of the CTVs
that received 100% of prescription dose was great-
er than 97.6% (range 96.7-98.4%), which indicated
very good coverage the CTV in the VMAT plan.
All plans were highly conformal with CI<1.05 and
CN =0.91, and the doses were homogeneous (HI =
0.09+0.12).

The doses to bladder tissue showed no differ-
ence among all arc arrangements. However, there
were significant differences in the doses of the rec-
tum, left and right femoral head (Table 4, Figure 3
A, C, D, E). Compared to 1FA and 2FA, 1PA and
2PA arrangements resulted in a significant reduc-
tion of the mean dose (V,,,) of the rectum. These
arc arrangements resulted in a significant increase
in the near-to-maximum dose D,,, and mean dose
of the left and right femoral head.

Table 5 summarizes the MUs and delivery time
for the prostate SBRT plans using the four arc ar-
rangements. The average MU was 1575 + 63, 1607
+ 56, 1646 + 97, and 1660 + 98 for plan using 1FA,
1PA, 2FA, and 2PA, respectively. Plans using 1FA
required lower MUs than those using other arc ar-
rangements. The average delivery time was 1.01 *
0.02, 0.69 +0.01, 2.00 + 0.01, and 1.36 + 0.02 for 1FA,
1PA, 2FA, and 2PA, respectively. The ratio of deliv-
ery time was 1.46, 2.90, and 1.97 for 1FA, 2FA, and
2PA compared to 1PA.

The average TCP of prostate tumors and the av-
erage NTCP of OARs in the four arc arrangement
plans are shown in Table 6. TCP and NTCP values
were comparable for all arc arrangements.

Discussion

Much has been published regarding the use of
VMAT in prostate cancer, but little regarding the
use of SBRT using VMAT for prostate cancer. Most
of the previous studies for prostate SBRT em-
ployed the CK technique. The CK technique is an
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accurate image guided method for delivering ra-
diation to a precisely targeted area using multiple
nonisocentric beams with steep surrounding dose
gradient.!¢>

In the previous study reported by Chow and
Jiang®, the dosimetry and radiobiological model
variation was investigated in prostate VMAT plans
using the single- and double-full arc technique.
The authors reported that the double-arc technique
could lower the dose-volume criteria of the rectum
and bladder but increase the rectal NTCP.

In addition to the study above, we included the
single and double-partial arc (1PA and 2PA), which
avoided irradiation of the rectum for the optimal
prostate SBRT-VMAT plan. This study focused on
arc arrangements as a key preparatory step in fa-
cilitating clinical planning studies.

The prostate SBRT-VMAT plans for all arc ar-
rangements generated conformal dose distribu-
tions for target volumes (PTV and CTV). We found
that the dose distributions in the anterior and pos-
terior direction were lower when the partial arc
arrangements (1PA and 2PA) were used instead of
the full arc (1FA and 2FA). In contrast, the dose dis-
tributions in the left and right direction for full arc
arrangements were lower than those of the partial
arc (Figure 2). This was due to the application of
arc angles, which avoided the direct irradiation of
the rectum.

With respect to the dose to the OARs, the effect of
the dose difference on bladder tissue was negligible
for the different arc arrangements. The differences
between the partial and full arc arrangements were
observed in several dose-volume criteria (e.g., Vg,
and V) and were slightly lower in plans using the
partial arc arrangements than the full arc arrange-
ments. For the rectum, the partial arc arrangements
showed relatively strong reductions of the mean
dose compared to the full arc arrangements while
all plans using four arc arrangements showed no
dramatic differences in the high and low doses. For
the left and right femoral head in Table 3, Figures
3D,E, we found that the D,, and mean dose were
always lower when the full arc arrangements were
used compared to the partial arc arrangements. We
also observed better sparing in the right femoral
head compared to the left femoral head.

The clinical delivery time of prostate SBRT-
VMAT plans using the one arc arrangements (1FA
and 1PA) was approximately half compared to that
of the two arc arrangements (2FA and 2PA). The
reduced delivery time by using one arc arrange-
ments has the potential to decrease the effects of
intrafractional motion because prostate motion is
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TABLE 3. Dosimetric results for target volumes in prostate SABR-VMAT plans using four
arc arrangements

Avg 1SD (range)

1FA 1PA 2FA 2PA
CTV coverage
Dy, (Gy) 44.9+0.4 44.6+0.5 44.5+0.5 44.4+0.3
g (44.4-45.4) (44.1-45.1) (44.0-45.3) (44.0-44.7)
Dy, (Gy) 46.040.1 45.940.1 45.940.1 45.8+0.2
d (45.9-46.1) (45.7-46.0) (45.8-46.0) (45.7-45.9)
D... (Gy) 43.5%0.5 43.1+0.4 43.11£0.6 42.8+0.2
95% (43.0-44.2) (42.8-43.5) (42.6-43.9) (42.7-43.1)
V.. (%) 98.4+1.8 97.9+0.0 97.8+3.8 97.6x2.0
100% (95.5-100.0) (95.0-99.8) (95.2-100.0) (94.2-99.9)
PTV coverage

D 44.3+0.2 44.2+0.1 44.1+0.3 44.3%0.1
mean (44.2-44.6) (44.0-44.4) (44.0-44.6) (44.2-44.5)
D 48.8+0.8 49.5+0.9 48.5%1.1 49.0+1.4
max (47.8-49.8) (48.4-50.5) (47.2-50.0) (47.4-50.5)
Dmin 33.0+0.4 32.3%0.0 32.8+0.8 33.7+0.3
(32.4-33.2) (31.9-33.7) (32.1-33.9) (33.4-34.1)

D... (Gy) 44.6+0.3 44.5+0.2 44.4+0.4 44.5+0.2
0% (44.2-45.0) (44.3-44.8) (44.1-45.0) (44.3-44.8)

D.. (Gy) 46.1+0.2 46.1+0.1 46.1+0.2 46.0+0.1
5% (45.9-46.3) (45.9-46.2) (45.9-46.3) (45.9-46.2)

D,., (Gy) 41.5+0.3 41.40.2 41.3+0.3 41.7+0.1
% (41.1-41.8) (41.2-41.8) (41.0-41.7) (41.6-41.9)

V. (%) 87.5+1.9 86.6+1.2 87.7+1.5 88.1+1.0
100% (85.1-90.2) (85.0-87.8) (85.8-89.3) (87.1-89.9)
Conformity 1.05£0.00 1.04%0.01 1.03+0.01 1.05+0.01
index (1.02-1.03) (1.02-1.04) (1.02-1.04) (1.02-1.03)
Conformation 0.91+0.01 0.91+0.01 0.91+0.01 0.91+0.01
number (0.90-0.92) (0.09-0.92) (0.91-0.92) (0.90-0.93)
Homogeneity 0.100.01 0.1140.00 0.1140.01 0.10+£0.00
index (0.09-0.12) (0.10-0.11) (0.10-0.12) (0.09-0.10)

Avg. = average; D,, = the dose received at least 5% volume; D, ., = the mean dose; D, = the
maximum dose; D, = the minimum dose; D,,, = the dose received at least 50% volume; D,,, =
the dose received at least 95% volume; SD = the standard deviation; V,y.. = the volume received
100% of prescription dose.

G |[SBRT AXB(1PA) - Unspproved -Transversal~ Prostate R-

[SBRTAXB(1FA) - Unapproved Transversal - Prostals RF-

5

FIGURE 2. An example of the dose distributions achieved with (A) one full arc (1FA),
(B) one partial arc (1PA), (C) two full arcs (2FA), and (D) two partial arcs (2PA)
arrangement in prostate SBRT-VMAT for the same patient.
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TABLE 4. Dosimetric results for organs aft risk in prostate SABR-VMAT plans using four
arc arrangements

Avg SD (range)

IFA 1PA 2FA 2PA
Organs at risk
25.2+1.7 23320 23.6£1.8 23.4+1.9
Rectum Do (GY) 03717272)  (214258)  (21.3260)  (21.3-26.4)
442403 44.6+0.4 44.140.4 44,5402
Rectum D, (Gy) (437-445)  (440-451)  (438.447)  (44.3-449)
9.0+1 .4 10.141.3 83413 9.8+1.5
Rectum Vo, (%) (6.6-10.3) (8.1-11.5) (7.0-10.2) (7.6-11.6)
19.143.0 19.743.2 18.0£2.8 19.4+3.4
Rectum Vy, (%) (15.1-23.2) (15.2-23.8) (15.2-21.9) (14.8-24.3)
Recium V... (%) 71.0:8.8 53.9+9.4 £0.0£11.1 54.19.0
son (% (61.1-80.1)  (41.9637)  (46.9-77.4)  (42.5-66.7)
90.242.5 90.042.7 89.6+3.0 90.042.8
Rectum Vy, (%) (87.7-93.4) (87.1-94.1) (85.6-93.5) (87.3-94.0)
19.046.9 18.747.1 18.546.1 18.3+6.9
Bladder D, (GY) (13.4-31.1) (13.2-31.0) (15.7-29.0) (12.9-30.4)
45.640.2 45.640.2 45.540.3 45.640.4
Bladder D, (Gy) (45.5-458)  (45.3459)  (45.0-458)  (45.3-46.4)
2124111 21.4+11.] 20.9+10.5 21.4£11.3
Bladder Vo, (%) (105393)  (10.639.4)  (10.3:37.7)  (10.7-39.9)
25.6+11.9 26.2+11.9 25.7+11.1 26.0+12.0
Bladder Vi (%) (16.6-46.4)  (16.5463)  (16.6-446)  (16.3-46.2)
40.4+13.6 38.6+12.6 39.5+12.4 38.2412.9
Bladder Vy (%) (29.4-64.1)  (28.5605)  (29.2-60.7)  (27.5-60.6)
54.4+17.0 52.5+16.] 54.1+17.4 52.1416.]
Bladder Vo (%) (37.2791)  (36.4765)  (37.0794)  (36.2-76.1)
Left femoral head 12.8+1.8 18.7+2.3 12.7+2.4 13.9+1.4
D... (Gy) (10515.1)  (16922.7)  (9.3-149)  (11.7-15.3)
Left femoral head 19.7£2.2 23.5+4.4 18.3£3.0 20.1£2.0
D,,, (Gy) (169218)  (15626.1)  (134207)  (16.7-21.8)
Right femoral 10.840.9 13.342.5 12.4+1.7 13.742.1
head D,... (Gy) (9.2-11.3) (9.2-155)  (105-142)  (10.7-16.5)
Right femoral 16.4+1.3 20.6+3.7 18.141.9 19.742.3
head D, (Gy) (143-180)  (14323.6)  (15820.1)  (16.222.5)

Avg. = average; D,, = the dose received at least 5% volume; D, ., = the mean dose; D, = the
maximum dose; D, = the minimum dose; D,,, = the dose received at least 50% volume; Dy, =
the dose received at least 95% volume; SD = the standard deviation; V., = the volume received
100% of prescription dose.

TABLE 5. Average monitor unit and delivery time for prostate SBRT-VMAT plans using
four arc arrangements

YT 1FA 1PA 2FA 2PA
(Mean £ SD) (Mean *SD) (Mean*SD) (Mean % SD)

MU 157563 1627+56 164697 166098

Delivery time (min) 1.01£0.02 0.69+0.01 2.00+0.01 1.36+0.02

TABLE 6. TCP of prostate tumor and NTCP of OARs for four arc arrangement plans

evTan 1FA 1PA 2FA 2PA
(Mean1sD) (MeantsD) (MeantsD) (MeantsD)
TCP (%)
Prostate 93.35+0.08 99.28+0.06 93.32+0.08 93.36+0.08
NTCP (%)
Rectum 0.44+0.23 0.61£0.21 0.40+0.23 0.56+0.22
Bladder 0.01+0.02 0.01+0.03 0.00+0.01 0.00£0.02
LT Femur 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
RT Femur 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
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time dependent. The delivery time for partial arc
and full arc in single or double arc arrangements
was similar because the delivery duration is lim-
ited by the gantry rotation speed and leaf speed,
not the dose rate.

The MUs were observed to significantly increase
with the number of arcs used in an SBRT-VMAT
plan. The MU value of the 2FA and 2PA was up to
5% greater than that of the 1FA. This was in line
with the previous study?®, which reported the in-
censement of MUs in plans using double arcs com-
pared to those with single arcs. However, the plan
using 1FA for this study required lower MUs than
the plan using 1PA. The ratio of delivery time for
1FA, 2FA, and 2PA compared to 1PA was between
1.5 and 3. The use of 1PA appeared to reduce the
treatment delivery time, which has obvious ben-
efits for SBRT.

In this study, we compared the radiobiological
impact among four arc arrangements within SBRT-
VMAT plans for prostate cancer. There were no
obvious differences in the TPC and the NTCP for
plans using four arc arrangements, excluding the
NTCP value of the rectum. The NTCP difference of
rectum was also small (within 0.2%) among the four
arc arrangements as shown in Table 6. These mean
that radiobiological outcomes have no difference
relative to four arc arrangements. Furthermore, the
TCP increase/decrease was correlated with D__,
which is related to the mean dose. The mean dose
of PTV for four arc arrangements showed no dif-
ference (Table 3). The NTCP of the rectum for the
partial arc arrangements (1PA and 2PA) was higher
than that of the full arc arrangements (1FA and
2FA). The reason for this is that the rectum includes
the high-dose region with higher mean and maxi-
mum doses in plans using partial arc arrangements.
Nevertheless, such an increased NTCP of the rec-
tum is still within the acceptable range.

Limitation of this study is that there are no de-
finitive clinical data on short- and long-term out-
comes. This study focused mainly on the investi-
gation of optimal treatment planning in prostate
SBRT-VMAT. Therefore, future follow-up studies
are required to evaluate the clinical outcome and
toxicity for practice application of this technique.

Conclusions

Prostate SBRT-VMAT plans using four arc (1FA,
1PA, 2FA, and 2PA) arrangements offered high
conformity for target volumes. This study demon-
strated that prostate SBRT-VMAT using 1PA (240°
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FIGURE 3. Average dose-volume histograms of the (A) PTV, (B) bladder, (C) rectum, (D) left femoral head, and (E) right femoral
head from prostate SBRT-VMAT plans for four arc arrangements (1FA, 1PA, 2FA, and 2PA).

to 120°) showed reasonably fast delivery time and
produced equivalent target coverage and better rec-
tum sparing, although the near-to-maximum dose
and mean dose of the left and right femoral heads
increased slightly. However, the doses in both fem-
oral heads remained well within the clinical normal
tissue tolerance. For evaluating the radiobiologi-
cal metrics, all plans using four arc arrangements
produced comparable TCP for prostate tumors and
NTCP for OARs. Therefore, it was concluded that
the use of 1PA was an attractive choice for treating
prostate cancer using SBRT-VMAT.
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