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Aim: To investigate the dosimetric influence of filtered and flattening filter free (FFF) photon

beam of 6 and 10 MV energies on cervix RA radiotherapy planning and to find possibilities

to  develop the clinically acceptable RA plans with FFFB photon beam and explore their

potential benefits to cervix cancer patients.

Background: FFF photon beams enhances the treatment delivery by increased dose rate which

results in shorter treatment time, this shorter treatment time reduces intrafraction motion

and enhance comfort to the patients.

Materials and methods: RA plans were generated for filtered and flattening filter free photon

beams of 6 and 10 MV energies using same dose–volumes constraints. RA plans were gener-

ated to deliver a dose of 50.4 Gy in 28 fractions, for a cohort of eleven patients reported with

cervix carcinoma. RA plans were evaluated in terms of PTV coverage, dose to OAR’s, CI, HI,

total  no. of monitor units (MUs) and NTID and low dose volume of normal tissues.

Results: Clinically acceptable and similar plans were generated for filtered and flattening

filter free photon beams. FFFB delivered slightly higher mean target dose (52.28 Gy vs. 52.0 Gy,

p  = 0.000 for 6 MV and 52.42 Gy vs. 52.0 Gy, p = 0.000 for 10 MV) less homogeneous (1.062 vs.

1.052, p = 0.000 for 6 MV and 1.066 vs. 1.051, p = 0.000 for 10 MV) and less conformal (1.007 vs.

1.004, p = 0.104 for 6 MV and 1.012 vs. 1.003, p = 0.010 for 10 MV)  RA plans compared to FB.

FFFB  delivered more doses to the bladder and rectum, also required more numbers of MUs

in  comparison to FB.
Conclusions: This study co

parison to FFFB, as FB gene

better OAR’s sparing.
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.  Background

ervix cancer is the fourth most common gynecological malig-
ancy found in women worldwide. Developing countries are
ostly affected by this type of cancer disease. According to

he GLOBOCAN20131 report, almost 70% of global burden falls
n developing countries. External radiotherapy is accepted
s a standard of care for the management of cervix cancer
orldwide.2 Purpose of external radiotherapy for cervix can-

er is to achieve an optimal balance between maximum doses
o tumor and minimize the risk of side effects and long term
omplications to OARs.

Modern LINACs are capable of delivering filtered (FB) and
attening filter free (FFFB) photon beams as well. Introduc-
ion of FFFB in radiotherapy has enhanced the treatment
elivery as the removal of a flattening filter from the path
f X-ray beam causes more  efficient photon production and

ncreased dose rate substantially at treatment level. Increased
ose rate results in shorter treatment time, which reduces

ntrafraction motion and enhances patient’s treatment com-
ort. In addition, the FFFB offers other dosimetric advantages
uch as reduced scatter, reduced leakage and reduced out of
eld scatter doses.3,4 This reduction in out of field doses may

ead to minimizing the risk of radiation induced secondary
alignancies. Casemore et al.5 reported that the use of FFFB

educes scatter and associated dose to distal organs, means
FFB is associated with a lower secondary dose to distal nor-
al  organs than FB of the same photon energy.
The first clinical study published in 1991 about the use

f FFFB to reduce the long treatment time for high dose
adiosurgery.6 Several studies have been published about the
roperties of FFFB beams from different Medical electron lin-
ar accelerators (Clinac) based on dosimetric measurements
nd Monte Carlo measurement as well.6–8 A few investiga-
ors have also reported the feasibility of FFF beams for IMRT
reatment planning.9,10

.1.  Aim

he aim of this study is to investigate the dosimetric influence
f FB and FFFB of 6 and 10 MV  on cervix RA radiotherapy plan-
ing. As FFFB delivery may lead to higher treatment efficiency

n conjunction with arc-based delivery configuration like RA
adiotherapy delivery. This study also explores the possibili-
ies to develop the clinically acceptable RA plans with FFFB
hoton beam and explores their potential benefits to cervix
ancer patients. This Study evaluates the dosimetric param-
ters in terms of Planning Target Volume (PTV) coverage and
AR’s sparing, different physical indices, monitor units (MUs)
nd Integral dose to normal tissues form RA plans using FB
nd FFFB of 6 and 10 MV.

.  Methods  and  material
.1.  Simulation

atients were simulated on Siemens Somatom Sensation
pen CT scanner (Siemens Medical System, Germany), in a
iotherapy 2 2 ( 2 0 1 7 ) 10–18 11

supine position with the help of All In One board (AIO, Orfit
Industry Nv, Belgium), thermoplastic mold cast (Orfit Indus-
try Nv, Belgium) and knee rest. Computed Tomography (CT)
scanswere acquired extending from L2 vertebra to proximal
third femoral diaphysis, with a slice thickness of 3 mm.  All
scans were performed with a full bladder as per institutional
protocol.

2.2.  Target  and  OAR  delineation

Contouring was done by radiation oncologist on CT images
for gross target volume (GTV), clinical target volume (CTV)
and planning target volume (PTV) as per Radiation Therapy
Oncology Group (RTOG) guidelines and normal tissues like the
bladder, rectum, femoral heads and bowel were also delin-
eated. PTV was defined by adding a margin of 5 mm to the
CTV.

2.3.  Patient  characteristic

A cohort of eleven patients reported with cervix carcinoma
(Stages II to IIIB) who had received radiotherapy treatment for
cervix carcinoma were selected retrospectively for this study.
Patient’s mean PTV volume was (1318.94 ± 189.03) cc ranging
from 1112.02 cc to 1710.61 cc. Bladder and rectum mean vol-
ume  was (379.67 ± 189.03) cc ranging from 169.72 cc to 748.0 cc
and (64.68 ± 22.09) cc ranging from 45.99 cc to 101.43 cc, respec-
tively. Overlap volume for the bladder and rectum with PTV
was also calculated by Boolean operations. It was found to
be an overlap of (38.58 ± 6.95)% volume ranging from 29.79 cc
to 48.72 cc for Bladder minus  PTV and an overlap volume of
(40.77 ± 9.84)% ranging from 24.90 cc to 51.31 cc for rectum
minus  PTV.

2.4.  Prescription  and  planning  objectives

RA plans were generated using FB and FFFB of 6 and 10 MV  to
deliver a prescription dose (PD) of 50.4 Gy to the PTV in 28 frac-
tions, at 1.80 Gy per fraction. Planning objective was to deliver
100% PD to 95% of the PTV with no more  than 2% of PTV vol-
ume  receiving 107% of prescription dose as per ICRU report
5011 and ICRU report 6212 recommendations. Dose objectives
for the bladder and rectum were V50Gy < 50% of their volumes,
and mean dose to the femoral heads were less than 20 Gy as
per institutional protocol.

2.5.  Planning  technique

RA plans were generated for delivery on Clinac True Beam
STx (Varian Medical System, Palo Alto, CA), which is capable
of delivering both FB and FFFB of 6 and 10 MV. This Clinac is
equipped with 60 pairs High Definition (HD)-MLC with inner 32
leaf pair of 0.25 cm and outer 28 leaf pair of 0.50 cm projection
width at isocenter. Clinac was calibrated for 1 cGy/MU at the
depth of dose maximum (Dmax) as per Technical Series Report

No-398 (TRS-398) of the International Atomic Energy Agency
(IAEA)13 for both FB and FFFB of 6 and 10 MV. Required mea-
surement was performed for reference field size of 10 × 10 cm2,
source to surface distance (SSD) 100 cm,  at 10 cm depth.

dx.doi.org/10.1016/j.rpor.2016.09.010
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Eclipse treatment planning system (TPS) (Eclipse external
Beam Planning software 10.0, Varian Medical System, Palo
Alto, CA) was used for treatment planning purpose. Eclipse
TPS uses Progressive Resolution Optimizer (PRO) algorithm
as an optimization algorithm for RA planning to determine
the combination of beam weights and shapes. It uses multi-
resolution approach to optimized RA plans. PRO optimized the
dynamic variables like MLC  speed, dose rate and gantry speed.
Anisotropic Analytical Algorithm (AAA) was used for photon
dose calculation of RA plans.14

All RA plans were generated for ClinacTrue beam STx oper-
ating dose rate of 600 MU per minute for FB of 6 and 10 MV. An
operating dose rate of 1400 MU per minute and 2400 MU per
minute were used for FFFB of 6 and 10 MV. RA plans were gen-
erated using double arc as independent optimization of two
arcs allowing each arc to create a total unrelated sequence
of MLC  apertures, dose rates and gantry speed combinations.
First clockwise (CW) arc with the gantry angle of 179–181
degrees, second counter clockwise (CCW) arc with the gantry
angle of 181–179 degrees and collimator was rotated to 10–30
degrees to minimize inter-leaf leakage.

3.  Dosimetric  comparison

RA plans were optimized to treat cervix cancer using FB and
FFFB of 6 and 10 MV. Plan quality assessments were done based
on different dosimetric parameters of PTV and OARs. Acumu-
lative Dose Volume Histogram (DVH) was generated by Eclipse
TPS to evaluate different dosimetric parameters of PTV and
OARs.

PTV coverage was analyzed by calculating mean dose and
V93%, V95%, V100%, V107% volumes from DVH, where V93%, V95%,
V100%, V107% were percentage volume of PTV receiving a dose of
93%, 95%, 100% and 107% of prescription dose to PTV respec-
tively. DVH parameters were also analyzed for the following
normal structures like bladder, rectum and both femoral
heads. These normal structures were compared for FB and

FFFB in terms of mean doses and their different dose volumes
of V10Gy, V20Gy, V30Gy and V40Gy, where V10Gy, V20Gy, V30Gy and
V40Gy were the dose volumes of 10 Gy, 20 Gy, 30 Gy and 40 Gy
for respective OARs. Other than this conformity index (CI),

Table 1 – Dosimetric data of PTV form RA plans using FB and FF

PTV 6 MV p-Valu

FB FFF 

Mean ± SD Mean ± SD 

Mean (Gy) 52.00 ± 0.2 52.28 ± 0.24 0.000
V93% 99.85 ± 0.11 99.83 ± 0.13 0.146
V95% 99.64 ± 0.14 99.62 + 0.18 0.308
V98% 98.28 ± 0.22 98.20 ± 0.19 0.062
V100% 95.07 ± 0.15 95.03 ± 0.09 0.348
V107% 0.40 ± 0.83 2.72 ± 6.57 0.004
HI 1.052 ± 0.006 1.062 ± 0.008 0.000
CI 1.004 ± 0.017 1.007 ± 0.016 0.104
MUs 525.6 ± 21.12 633.7 ± 0.39 0.000
ID (105 cc Gy) 2.729 ± 0.36 2.718 ± 0.37 0.350

SD, standard deviation; NS, non significant.
diotherapy 2 2 ( 2 0 1 7 ) 10–18

homogeneity index (HI) and integral dose to normal tissues
(NTID) was also compared for FB and FFFB of 6 and 10 MV. Low
dose volumes of normal tissue were also studied, they were
compared in terms of doses to the volumes of 1% (D1%), 2%
(D2%) and 5% (D5%) and volumes of 2 Gy (V2Gy) and 5 Gy (V5Gy)
for normal tissues.

3.1.  Conformity  index

Conformity index (CI) evaluates the degree of conformity of
resulting dose distribution of both RA plans. CI is defined as
a ratio of total tissue volume receiving reference dose to the
PTV volume. It is calculated for a given isodose levels i.e. 98%
(CI98%).15

CI = volume of 98% isodose level/PTV volume.

3.2.  Homogeneity  index

Homogeneity Index (HI) was evaluated to know the homo-
geneity of dose distribution with in PTV. HI is a ratio of the
minimum dose received in 5% of PTV that received the high-
est (D5%), to the minimum dose in 95% of the PTV that received
the highest dose (D95%) 15 i.e. D5%/D95%.

3.3.  Integral  dose  (ID)

Integral dose were calculated to find out the dose to normal
tissues outside the PTV. Integral dose were calculate to analyze
the plan quality based on the following formula considering
uniform tissue density.16,17

NTID = mean dose × volume of normal tissue outside PTV.

4.  Statistical  analysis

Statistical analyses were performed by using a two sample
paired t-test to compare the dosimetric difference between RA

plans using FB and FFFB of 6 and 10 MV  for cervix cancer. The
results were analyzed with the help of International Business
Machine Corporation (IBM), Statistical Package for Social
Sciences software (SPSS, version 20). p-Value less than 0.05

FB of 6 and 10 MV.

e 10 MV p-Value

FB FFF
Mean ± SD Mean ± SD

 52.00 ± 0.23 52.42 ± 0.28 0.000
 99.84 ± 0.11 99.77 ± 0.21 0.127
 99.63 ± 0.15 99.54 ± 0.27 0.096
 98.26 ± 0.25 98.13 ± 0.28 0.073
 95.09 ± 0.09 95.09 ± 0.10 0.841
 0.45 ± 0.95 5.25 ± 8.89 0.034
 1.051 ± 0.007 1.066 ± 0.008 0.000
 1.003 ± 0.019 1.012 ± 0.013 0.010
 450.63 ± 23.25 647.18 ± 46.15 0.000
 2.652 ± 0.34 2.607 ± 0.33 0.000

dx.doi.org/10.1016/j.rpor.2016.09.010
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Fig. 1 – (a) Comparison of isodose distribution from RA plans using FB and FFFB of 6 MV. (b) Comparison of isodose
distribution from RA plans using FB and FFFB of 10 MV.
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.  Results

linically acceptable and similar RA plans were generated
sing FB and FFFB of 6 and 10 MV. The dosimetric parame-

ers for PTV coverage generated by RA plans using FB and
FFB of 6 and 10 MV  are summarized in Table 1. Data shows
ore  or less similar PTV coverage for RA plans using FB and

FFB of 6 and 10 MV, except mean dose and V107% volume of
PTV, which were found significant (p < 0.05) different for FB and
FFFB of 6 and 10 MV. FFFB delivers slightly higher mean dose
and V107% volume of the PTV in comparison to FB. A compar-
ison of isodose distribution between RA plans using FB and
FFFB of 6 and 10 MV for same patient along the axial, coronal
and sagittal planes are shown in Fig. 1(a) and (b). DVH form RA
plans using FB and FFFB of 6 and 10 MV are shown in Fig. 2(a)
and (b). These DVH also do not show any significant differ-

ence in PTV coverage for RA plans using FB and FFFB of 6 and
10 MV, except in a high dose region. The calculated meanHI
were 1.052 (FB) vs. 1.062 (FFFB), p = 0.000 for 6 MV and 1.051 (FB)
vs. 1.066 (FFFB), p = 0.000 for 10 MV and mean CI were 1.004 (FB)

dx.doi.org/10.1016/j.rpor.2016.09.010


14  reports of practical oncology and radiotherapy 2 2 ( 2 0 1 7 ) 10–18

Fig. 2 – (a) DVH comparison for target coverage and OARs for RA plans using FB and FFFB of 6 MV. (b) DVH comparison for
target coverage and OARs for RA plans using FB and FFFB of 10 MV.
vs. 1.007 (FFFB), p = 0.104 for 6 MV  and 1.003(FB) vs. 1.012 (FFFB),

p = 0.010 for 10 MV  in Table 1. FB produces more  homogenous
and conformal dose distribution to PTV as compared to FFFB.
A comparison of HI and CI for RA plans using FB and FFFB of
6 and 10 MV  is shown in Figs. 3–5.
5.1.  Dose  to  organ  at  risk  (OAR’s)
The Dosimetric data for OARs are summarized in Table 2, they
were calculated from DVH of RA plans using FB and FFFB of 6
and 10 MV.

dx.doi.org/10.1016/j.rpor.2016.09.010
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Fig. 3 – Graph presenting comparison of Homogeneity Index (HI) for individual patient from RA plans using FB and FFFB of 6
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.2.  Dose  to  bladder

here were reductions in mean dose and dose volumes of

30Gy, V40Gy, V50Gy for FB in comparison to FFFB for 6 and
0 MV in Table 2. This reduction was significant for mean dose
p = 0.020 FB, p = 0.031 FFFB) and V50Gy (p = 0.011 FB, p = 0.000
FFB).

.3.  Dose  to  rectum

here were significant (p < 0.05) reductions in mean dose and
ose volumes of V30Gy, V40Gy, V50Gy for FB in comparison to
FFB for 6 and 10 MV in Table 2 except V50Gy (p = 0.117) for 6 MV.

.4.  Dose  to  femurs  head
here were no significant (p > 0.05) difference observed for
ean doses and dose volumes V10Gy, V20Gy, V30Gy, V40Gy

or FB and FFFB of 6 and 10 MV in Table 2. There were

ig. 4 – Graph representing comparison of Conformity Index (CI)
f 6 and 10 MV.
noticeable reductions found in volumes of bilateral femoral
heads exposed to above said doses and also in mean dose
to both femoral heads for FFFB in comparison to FB of 6 and
10 MV.

5.5.  Monitor  units  (MUs)

To evaluate the treatment efficiency of RA plans using FB and
FFFB of 6 and 10 MV, total numbers of monitor units were stud-
ied. There was a significant (p < 0.05) difference in the number
of Monitor Units (MUs) for FB and FFFB 6 and 10 MV. FFFB shows
a statistically significant (p < 0.05) increase in the numbers of
monitor units required as compared to FB. A comparison of
total numbers of monitor units (MUs) for individual patient in

RA plans using FB and FFFB of 6 and 10 MV  is shown in Fig. 6.
There was a remarkable increase of 20.5% and 43.7% in MUs
found for FFFB of 6 and 10 MV, respectively, in comparison to
FB of 6 and 10 MV.

 for individual patient from RA plans using for FB and FFFB

dx.doi.org/10.1016/j.rpor.2016.09.010
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Fig. 5 – Graph presenting Integral doses (ID) comparison for individual patient from RA plans using FB and FFFB of 6 and

10 MV.

5.6.  Integral  dose  and  low  doses  evaluation  for  normal
tissues

FFFB delivers less ID to normal tissues in comparison to FB

in Table 1. There was only 0.5% reduction observed in NTID
(p = 0.350) for 6FFFB in comparison to 6 FB. But on the other
hand, 10 FFFB shows a significant (p = 0.000) reduction of 1.65%

Table 2 – DVH dosimetric data for OARs from RA plans using FB

Structure 6X 6 FFF p-Val
Mean ± SD Mean ± SD 

Bladder
Mean (Gy) 40.93 ± 1.31 41.30 ± 1.49 0.020
V30Gy (%) 77.42 ± 3.83 79.28 ± 4.79 0.045
V40Gy (%) 54.24 ± 5.01 55.34 ± 5.86 0.077
V50Gy (%) 34.93 ± 5.36 35.57 ± 5.53 0.011

Rectum
Mean (Gy) 40.43 ± 1.42 41.09 ± 1.32 0.001
V30Gy (%) 78.57 ± 5.11 81.74 ± 5.44 0.001
V40Gy (%) 55.31 ± 6.11 57.43 ± 6.32 0.005
V50Gy (%) 26.33 ± 5.30 26.92 ± 5.16 0.117

Rt. Femur
Mean (Gy) 18.51 ± 0.78 18.51 ± 0.84 0.988
V10Gy (%) 79.52 ± 12.00 77.18 ± 7.04 0.357
V20Gy (%) 34.75 ± 3.60 34.65 ± 5.03 0.923
V30Gy (%) 17.04 ± 3.60 16.78 ± 3.48 0.643
V40Gy (%) 6.30 ± 2.73 6.21 ± 2.55 0.767

Lt. Femur
Mean (Gy) 18.83 ± 0.67 18.79 ± 1.70 0.941
V10Gy (%) 78.81 ± 11.71 79.11 ± 10.55 0.920
V20Gy (%) 36.31 ± 3.86 36.16 ± 8.80 0.950
V30Gy (%) 17.69 ± 3.46 16.80 ± 3.22 0.415
V40Gy (%) 6.41 ± 2.55 6.10 ± 3.10 0.431

ID (Body-PTV)
D1% 47.96 ± 0.73 48.12 ± 0.82 0.028
D2% 44.67 ± 1.45 45.07 ± 1.57 0.006
D5% 37.33 ± 1.98 38.01 ± 2.25 0.001
V2Gy (%) 66.68 ± 7.84 65.68 ± 7.74 0.000
V5Gy (%) 54.84 ± 6.91 54.47 ± 6.96 0.000
in NTID compared to 10 FB. For low dose volumes of normal
tissue, D1%, D2% and D5% and dose volume of V2Gy and V5Gy

of normal tissues were calculated form DVH and summarized
in Table 2. D1%, D2% and D3% were found significantly (p < 0.05)

lower for FB as compared to FFFB of 6 and 10 MV. Apart form
this, V2Gy and V5Gy were found significant (p < 0.05) lower for
FFFB in comparison to FB of 6 and 10 MV.

 and FFFB of 6 and 10 MV.

ue 10X 10 FFF p-Value
Mean ± SD Mean ± SD

 40.77 ± 1.46 41.26 + 1.37 0.031
 76.70 ± 4.67 78.79 + 5.15 0.113
 54.05 ± 5.40 54.80 + 5.02 0.165
 34.98 + 5.49 36.20 + 5.52 0.000

 40.37 ± 1.54 41.29 + 1.25 0.000
 78.62 ± 5.69 82.41 + 4.74 0.001
 55.22 ± 6.54 57.83 + 6.11 0.001
 26.21 ± 5.33 28.72 + 4.41 0.009

 18.51 ± 0.85 18.32 ± 0.76 0.509
 79.42 ± 10.12 77.36 ± 9.91 0.428
 33.98 ± 4.12 33.74 ± 4.59 0.841
 17.71 ± 2.96 17.00 ± 3.19 0.209
 6.91 ± 2.47 6.34 ± 2.65 0.024

 18.78 ± 0.91 18.36 ± 1.11 0.225
 79.57 ± 11.27 75.73 ± 14.51 0.318
 35.27 ± 4.25 33.75 ± 4.17 0.125
 17.54 ± 4.28 16.06 ± 3.96 0.000
 6.73 ± 3.06 6.32 ± 3.04 0.063

 48 ± 0.81 48.20 ± 0.87 0.014
 44.72 ± 1.61 44.97 ± 1.73 0.037
 37.07 ± 2.24 37.45 ± 2.53 0.048
 65.22 ± 7.94 63.12 ± 7.81 0.000
 54.92 ± 7.04 54.02 ± 6.96 0.000

dx.doi.org/10.1016/j.rpor.2016.09.010
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.  Discussion

his study performs a dosimetric comparison between FB and
FFB of 6 and 10 MV  in the case of cervix RA radiotherapy plans.
ll qualitative and quantitative evaluations were performed

or data driven from dose distribution produced by FB and
FFB of 6 and 10 MV. Dosimetric data do not show any statisti-
ally significant difference (p > 0.05) for target coverage for both
ypes of FB and FFFB of 6 and 10 MV. But there were significant
p < 0.05) increments in target mean dose for FFFB as com-
ared to FB for both photon energies. FFFB was found to deliver
lightly higher mean target dose compared to FB. Kim et al.18

eported similar findings and concluded that increased mean
arget dose indicated that homogeneity in target become
orse. This study also noticed that FFFB generates inferior

p < 0.05) homogenous dose distribution compared to FB.
For OARs like the bladder and rectum, data shows that FFFB

elivers slightly higher mean dose and dose volumes of V30Gy,

40Gy, V50Gy in comparison to FB of 6 and 10 MV.  These differ-
nces were significant (p < 0.05) for mean dose and V30Gy, V40Gy

or the bladder. Similarly, for the rectum, a significant (p < 0.05)
ifference was found in mean dose and dose volumes of V30Gy,

40Gy, V50Gy, except V50Gy (p = 0.117) for 6 MV.
An effect of sparing low-dose volumes of the bladder and

ectum is a very interesting topic of ongoing research. Boice
t al.19 reported that doses as low as 30 Gy increase the rel-
tive risk of secondary bladder cancer to a similar degree as
0 Gy in cervical cancer. Similar Gulliford et al.20 found that
he volume of the rectum receiving as low as 30 Gy reduced the
ncidence of several types of patient reported late rectal toxi-
ities by 10–18%. Hence, dosimetric benefits are larger for FB as
ompared to FFFB for both types of photon energies in cervix
arcinomas RA planning to avoid late complication related to
he bladder and rectum.

This study also indicates that increased numbers of mon-
tor units (MUs) were required for FFFB compared to FB

f both photon energies, as the intensity of FFF beam
bruptly decreases with off-axis distance for field sizes larger
han and equal to 10 × 10 cm2, which requires the off-axis
r units (MU’s) for individual patient from RA plans using FB

distance-dependence intensity modulation of FFF photon
beam. This necessitates large no. of MUs to deliver uniform
dose to the tumor.21 Kim et al.18 also reported the same based
on a study of monitoring unit efficiency for flattening-filter
free photon beam in association with tumor size and loca-
tion. Increased MUs for FFFB in comparison to FB were also
reported by Rout et al.22 and Zwahlen et al.23 in their findings.

FFFB shows reduction in NTID and low dose volumes of
normal tissues like V2Gy and V5Gy compared to FB for both
photon energies. This is because of the reduction in scatter
and leakage radiation form FFFB beam as a consequence of
target removal from the radiation path. Kargl et al.24 reported
that in the case of IMRT prostate using FFF beams results in a
reduction of treatment head leakage by 52% and 65% for 6 and
10 MV, respectively. Similarly, Cashmore et al.5 also found that
IMRT  using FFF beams removed unwanted and unnecessary
scatter dose by up to 70%.

Major limitation of this study is that it is based on planning
data rather than a clinical evidence based statistics. But this
study carefully investigated the dosimetric difference between
FB and FFFB of 6 and 10 MV RA plans for rapid arc cervix can-
cer and gives an overview to better understand the difference
between FB and FFFB for their future clinical use in cervix
radiotherapy RA plans.

7.  Conclusion

RA plans using FFFB yield similar target coverage but for same
coverage FB spares more  bladder and rectum compared to
FFFB for both photon energies. This reduces the toxicity level
to the patients post radiotherapy delivery. FB also generates
more  conformal and homogenous RA plans compared to FFFB.
This study concludes that FB is more  beneficial for cervix RA
radiotherapy planning in comparison to FFFB.
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