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Abstract

Aim: To check the feasibility of simultaneous intagd boost (SIB) using a forward planned fieldfigld (FIF)
conformal technique for the treatment of carcinoafiathe cervix IlIB and compare it dosimetrically ttviother
advanced inverse planning techniques.

Methods: In our study 33 patients of carcinomahef ¢ervix I1IB were planned for SIB using confornkdF technique
and they were compared with retrospectively planédBT and VMAT techniques. SIB using conformal Firas
planned by two different methods.

Results: The results of our study indicate thaivéod planned Conformal SIB techniques are comparafith inverse
planned techniques dosimetrically, in terms of comiity Index, Homogeneity Index, Maximum dose, &the ability
of FIF SIB plans to produce dose contrast in difféial dose accumulation was compared and anabaédhe results
were encouraging. To treat an advanced/bulky déséls Carcinoma of the Cervix IlIB in centers witirge patient
load, utilizing advanced techniques such as IMR®@ ®MAT is both technically and practically diffidulDespite
VMAT's shorter delivery time, the procedures imaxhare time-consuming.

Conclusion: Hence forward planned SIB techniquey b® used to achieve similar dosimetric effectdMiRT and
VMAT techniques without much compromise in plan lgyaand patient throughput for treating bulky dama of the
cervix IlIB cases. However, the clinical result®deo be carefully compared and evaluated and teghor
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Introduction

Management of locally advanced cervical cancerdimnged
from time to time. Pelvic radiation at conventional
fractionation with weekly cisplatin chemotherapydallowed

like IMRT and VMAT.

Materials and Methods

June 2019
Vol 25, Issue 2

without using more developed and sophisticated rigcies

by brachytherapy is the standard of care. The gfersan
increased cancer cure has made many investigat@tve a
better treatment plan. Simultaneous integratedth&B) is an
IMRT technique that allows the planning and irréidia of
different targets at different dose levels in agkntreatment
session instead of using sequential treatment plmes advan-
tage of SIB is to deliver a higher dose to the tumwhile
reducing the overall treatment time (OTT) which nt@nslate
into an improvement in local control [1-3]. It hlasen reported
that dose escalation in a bulky disease like carom of the
cervix llIB helps in local control [4-5]. This stydexplores the
feasibility of clinical implementation of SIB forl&6O stage
[lIB advanced cervical cancer using Field in Figddhnique

Treatment planning

Patients with IIIB disease according to the FIG&gstg were
included. 33 patients who were fit for chemo-radiatwere

included in the study. The median age of 46 yeaud the

oldest being 63 years with the youngest at the @fg85.

Ethical committee approval and informed consenmmfrthe

patients were obtained. Patients were simulatetheénsupine
position with arms over the chest. Planning CT scaere
acquired with 2.5 mm slice thickness in GE Opting® Svide

bore CT. Three lead shots were placed at the l|efel
symphysis pubis for localization and to help carréce

translational and rotational errors. Skin markeesewused. All
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the patients taken for the study were treated erséime Clinac
2100 C/D (Varian Medical Systems, Palo Alto, USAugped
with On-Board imager for daily setup verification.

Target delineation

The gross tumour volume of the cervix (Primary GTWas

defined as the visible macroscopic tumour basedalbrihe

available clinical and imaging data. The clinicalget volume
(CTV cervix) was defined as the Primary GTV, corpustri,

bilateral parametrium, involved nodes and uppedtlof the

vagina. In cases with vaginal involvement, the GIewix was
extended 2 cm below the vaginal involvement. Thenping

target volume of the CTV cervix (PTV cervix) wastabed

using a three-dimensional anisotropic expansioa(f7, and
7 mm in the antero-posterior, left-right, and ceoacaudal
direction, respectively. The asymmetrical margin BV was
based on the fact that that the cervical canceremewts are
not uniform in all directions [6]. The elective Iyin nodal
areas included the common, internal and exteriat ihodes,
the obturator and pre-sacral region. Using a tkigeensional
expansion of 2 mm and 7 mm around nodes, respggtithe

CTV nodes and PTV nodes were created. PTV cerdxRarv

nodes were merged with a safety margin of 7mm tmyce

Pelvic PTV [7].

The radiation treatment plan consists of wholevipel
radiotherapy to a total dose of 49.4 Gy in 26 faatt using
conformal FIF technique with simultaneous boosi46 Gy to
the Primary GTV. All patients were then treatedmwiiDR
brachytherapy 6.5 Gy per fraction for 3 weekly fi@aas.
Patients received weekly cisplatin during the endéradiation.
Treatment planning was carried out on Eclipse (%)15.
treatment planning system (TPS), (Varian Medicast&mys,
Palo Alto, USA). All the plans were calculated usin
AcurosXB dose calculation algorithm [8-12].

Physical Plan Evaluation
All the plans were extensively evaluated both datliely as
well as quantitatively. Quantitative plan evaluatiwas based
on cumulative dose volume histograms (DVHs) andedit
metrics and indices. The conformity index (Cl) and
homogeneity index (HI) for the Primary GTV were atdhted
for each plan using the radiation therapy oncolaggup
(RTOG) definitions [13] according to
V54.6

Cl = m

D2%
HI = 54.6
where V54.6 is the volume of the prescription issEl¢54.6
Gy) surface and Vboost is the total boost targdétime; D2%
is the dose (Gy) received by 2 % of the boost velum
(maximum). For the Pelvic PTV, the quality of coage (Q)
and the heterogeneity index (hl) were -calculatedngus
definitions [14]:

Eq. 1

Eq. 2
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0= D98%
49.4

— D2%
D98%
where D98% and D2% are the doses (Gy) received80969
(minimum) and 2% (maximum) of the Pelvic PTV,
respectively. In addition to these, a dose contiastex
parameter as explained in [15-16] was also caledland
analysed to assess the plan wise superiority inveteig
differential dose distribution (SIB). A %DCI valudoser to

Eqg. 3

Eq. 4

100% indicates a better dose contrast. It is catedl as

follows:

%DCI = 2= x 100 EqQ. 5
iDCI

where DCI is defined as the mean dose to the Pyir@arv

divided by the mean dose to the Pelvic PTV and iDxCI
defined as the prescription dose to the Primary @Med by
the prescription dose to the Pelvic PTV.

In addition to dose contrast index and other daffi
guantitative indices for physical plan evaluatiore have also
considered evaluating the plans as per the contyma
number explained by van't Riet et al. [17] using trefinition:

TVRI
TV

TVRI
VR
where CN is conformation number, TVRI is target woé
covered by the reference isodose, TV is target meluand
VRI is a volume of the reference isodose. The firgttion in

this equation defines the quality of the targeterage and the
second fraction defines the healthy tissue volumeeiving
reference or higher than the reference dose otpption. The

CN ranges from 0 to 1, where 1 is the ideal value.

A dose-volume constraint of volume receiving 40 Gy
(V40g,) should be lesser or equal to 40% volume and dose
received by 195cc (D195cc) should be less thanqoraleto
40 Gy were honoured as per RTOG guidelines for faino
head and bowel bag respectively. The number of Mohinits
(MUs) per plan technique per se was assessed asT IMR
technique requires larger MUs to deliver the sarnsed To
assess the volume of high dose spill in Pelvic RINd assess
the ability of the used technique to limit the higbse to
Primary GTV volume, the volume of Pelvic PTV redety
55 Gy (V5%,) was observed. The plan maximum dose (Max)
in each technique was also observed for assessment.

CN = Eqg. 6

Biological Plan Evaluation

All the plans were biologically evaluated based the
equivalent uniform dose (EUD) calculated from timegral
DVHs of the respective plans using a free MATLABsbd
program [18]. EUD represents the uniform dose wiéetts to
the same probability of local control as the actuai-uniform
dose distribution. Also, Tumour Control ProbabiffyCP) was
calculated using the same. The program requirdainenput
parameters namely the&/f value for the (carcinoma of the
cervix) tumour cells and the Tumour Control Dose&CIDE),
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the dose that control half the tumours treated Wwiictaken as
26.35 Gy [19] and a unitless parameter “a” takenlas[18].
The dose-response steepness indey {alue taken as 2 for
our calculations, is the change in TCP expectediszx of a
1% change in dose about the T&[20].

Conformal SIB
With the conformal SIB technique, whole Pelvis dmabst
irradiation are combined in one treatment plan arel given
simultaneously. The conformal FIF SIB (CRT_SIB)rsdavere
generated using the traditional four-field box petAP, PA,
and opposed Laterals) to deliver 1.9 Gy to the ehulvic
PTV (includes nodal involvement) and additionalduced
four fields, to deliver 2.1 Gy to Primary GTV wihMV X-
rays, simultaneously. The MLC of pelvic four fieldere fitted
to the Pelvic PTV with 0.5 cm margin whereas MLGI gaws
of the reduced fields were fitted to the Primary\Giith zero
MLC margin as shown ifigure 1 andFigure 2 respectively.
Reduced fields weight was kept half that of thiviedields’
to begin. The first FIF was generated in the péfiglds for the
Pelvic PTV dose coverage (49.4 Gy) and secondlythim
reduced fields for the Primary GTV dose coverage§%sy).
Almost in all plans, two FIF subfields were genedaper field,
for both pelvic and primary GTV fields to meet tRIV
planning objective of V95% 95%. The FIF subfields were
merged to ease and reduce the treatment execitien t

Conformal Hybrid

The Conformal Hybrid (CRT_Hybrid) treatment plan swa
created by copying the sequentially planned pedvid boost
beams into an integrated treatment plan. The Fadeld f
conformal plans were created for Pelvic PTV andm@ry
GTV separately using 6 MV X-rays. Pelvic PTV plaindaily
dose 1.9 Gy and reduced field boost plan for Pyn@&fV of
daily dose 0.2 Gy each for 26 fractions are creawslv FIF
subfields were created for each of the four fiéfdshe Pelvic
PTV plan and MLCs are conformed to the Primary Giiith
zero margin fit facilitating better control to litthe unintended
excessive dose to the area outside the boost (BriGaV),
keeping the jaws’ parameters unchanged as of thgective
Pelvic PTV four fields. In Eclipse TPS it is podsilto merge
the FIFs to the parent field provided the jaw seHi of the
parent field and the FIF are same. In CRT_SIB wdamn the
jaws and MLCs to the respective PTVs (4 fields ooming to
the Pelvic PTV and 4 fields to the Primary GTV) wdes in
CRT_Hybrid, only the MLC is conformed to Primary @T
whereas jaws are kept similar to that of the fieddaforming
to Pelvic PTV (Figure 3 and figure 4 shows the jsattings
with  MLCs alone conforming to respective target$his
enables to merge the FIF of particular gantry angtel
effectively reduce the number of parent fields ¢onode up to
4 in the CRT_Hybrid plan. During treatment execofi®TTs
need not mode up each FIF if they’re merged tqdrent field
which reduces the treatment execution time. MUsutated
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for the reduced fields in the separate plan fomBry GTV to
deliver 0.2 Gy of daily dose are copied to thede subfields
conforming to the Primary GT\kigure 3 andFigure 4 show
the field arrangements of the four fields for PelfATV and
Primary GTV respectively representing the jaw sgti and
MLC conformations.

Intensity Modulated Radiotherapy (IMRT)

Equally distributed (0°, 72°, 144°, 216°, 288°) divield
coplanar IMRT SIB plans were generated retrospelstifor
all patients with simultaneous dose accumulationl & Gy
daily dose to Pelvic PTV and 2.1 Gy daily dose tamBry
GTV using 6MV X rays with a constant dose rate
500MU/min. As the CTV includes partial volumes ectum
and bladder due to the disease bulk, during opétiaa rectal
and bladder dose objectives of \i}& 30% and V4@, <3 5%
respectively for PTV subtracted volumes were gigaly third
priority. The volume of rectum and bladder includetb PTV
were subtracted from the respective OARs and optima
structures were created and dose-volume constraigie
given for them during optimization. In the optimize
window, the PTV subtracted volumes were given toirder
priority whereas prime priority was given for PT&isd second
priority to the small bowel. PTV coverage was not
compromised as a result of overlap with the reatal bladder
volumes. The femoral head dose-volume constraint of
V40g, < 40% was considered in the optimization. PTVs dose
volume objectives of Pelvic PTV D95%47Gy and Primary
GTV D95%> 52Gy were given top priorities.

of

Volumetric Modulated Arc Therapy (VMAT)

Double arc VMAT plans using 6MV X rays with a maxim

dose rate of 600 MU/min were also generated rescispely

for all 33 patients with same dose-volume optimoat
objectives for PTVs and OARs as of the IMRT planshw
routine complementing collimator rotation in eachc do

reduce the tongue and groove effect. The VMAT mansists
of one clockwise and the other anti-clockwise iotatarcs.

The Photon Optimizer (PO) optimization algorithmswased
for optimization and AcurosXB algorithm was used @wse

calculation with a dose resolution grid of 2.5 mmEclipse

V15.5 TPS.

Statistical analysis

Comparison and analyses of all the four plannirdhnigues
were performed by a repeated measures one-way ANOVA
(with the Greenhouse-Geisser correction and Tukeyiftiple
comparisons test) or the Friedman test (with Dunmisgtiple
comparisons test) using GraphPad Prism version ©004
Windows (GraphPad Software, La Jolla California USA
www.graphpad.com) and the statistics were tabulated
descriptively as mean + standard deviation (SD)Table 1
Statistically significant differences were assuméat a
significance level of p < 0.05.
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Figure 3. MLC & JAW setting for Pelvic PTV in CRT_Hyb rid.

Table 1. The targets coverage and biological paramete and treatment efficiency multi-comparison analys for all studied techniques
(mean = sd). Friedman test of significance (p < (6 was used in these cases; otherwise, repeated swas ANOVA significance test was

Figure 4. MLC & JAW setting for Primary GTV in CRT_Hybrid.

used.
n=33 CRT_SIB CRT_Hybrid IMRT RA
Cl 0.99 £ 0.0% 1.00 £0.02 0.99 £ 0.0§* 0.99 £ 0.0%°
HI 1.04 £0.0% 1.04 £0.02 1.07 £0.01 1.07 £0.0%
Primary GTV EUD G (Gy) 56.17 +0.72 58.40 + 2.28 56.96 + 2.56°° 59.10 + 1.28°¢
TCP G (%) 99.77 +0.62 99.82 + 0.0%2 99.77 +0.167° 99.84 +0.03
CNG 0.51+0.15 0.64 +0.39 0.96 +0.08 1.04 £0.08
D2% (Gy) 56.82 £ 0.71 57.14 £0.71 58.42 £ 0.48 58.86 £ 0.63"
Q 1.01 £0.02 1.01 £ 0.0%° 0.99 £0.0% 1.00 £.0%
hi 1.12 £0.02 1.12 £0.02 1.11 £0.02 1.12 £0.01
EUD P (Gy) 46.28 £ 0.82 52.93 +1.5% 46.37 £ 0.4%° 47.21+0.81
Pelvic PTV TCP P (%) 98.90 £ 045 99.61£0.11 98.92 +0.08° 99.06 £ 0.12
V55, (%) 8.47 + 4.45 14.58 +11.49 1.79+£1.77 343278
CNP 0.58 + 0.07 0.62+0.1% 0.76 £ 0.0 0.77 £0.11"
D2% (Gy) 56.17 £ 0.54 56.37 £0.71 54.60 + 1.4 55.49 + 0.52°
MU 354.2 £ 36.88 266.1 £25.31 965.2 £ 68.01 418.9 £ 49.94
Max (Gy) 56.96 £ 1.2 57.34 £ 0.89% 58.99 £ 0.49 60.01 £ 0.65
%DCI (%) 96.28 £ 1.32 96.93 +1.72° 98.59 + 1.0% 98.55 + 0.48
Bowel Bag D195cc (Gy) 33.7+25%7 33.01£2.3%° 34.65 +£3.13 35.26 £ 4.17
Femoral Head VA4 (%) 7.99 + 5.60°¢ 8.25+6.17 4.42 371 5.51 +3.42

*a,b,c Values having the same superscript in tingeshorizontal line are not significantly differe@l, conformity index as defined Wquation 1; HI, homogeneity
index as defined bfquation 2, Q is the quality of coverage as definedHxyuation 3; hl, heterogeneity index as defined Bguation 4; %DCI, percentage dose
contrast index as defined IBguation 5; EUD, Equivalent Uniform Dose for Pelvic PTV (R)caPrimary GTV (G); TCP, Tumour Control ProbabildyPelvic PTV
(P) and Primary PTV (G); V&5, volume receiving 55Gy; CN, Conformation Number Relvic PTV (P) and Primary GTV (G); Max, Plan rmam dose; MU,
Monitor Units; D195cc, dose received by 195cc; ¥40olume receiving 40Gy; n, sample size.
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Results

The plans were compared and analysed based onusario
dosimetric parameters. For all our IMRT and VMARm we
used only 6 MV X-rays whereas for CRT techniquesused
15 MV X-rays also for patients having Antero-Poster
diameter more than 25 cnfable 1 shows the physical and
biological evaluation parameters of the two targatsl the
plans for the studied techniques. The detailed rgasm of
ANOVA repeated measures analyses show that (med £
354.2 + 36.86, 266.1 + 25.31, 965.2 + 68.01 and #1819.94
MUs were used for CRT_SIB, CRT_Hybrid, IMRT, and
VMAT techniques respectively. The maximum numbefs o
MUs used were 441 MU, 343 MU, 1057 MU and 658 Mbis f
CRT_SIB, CRT_Hybrid, IMRT, and VMAT techniques
respectively.

Conformity Index

As per Equation 1 calculations, a maximum CI of 1.00 was
observed irrespective of techniques. With a Cl eargf
(mean £sd) 1.00+0.01, 1.00+0.01, 0.99 +£0.0 &.00
+0.01 for CRT_SIB, CRT_Hybrid, IMRT, and VMAT
techniques respectively.

Homogeneity Index (HI)

Irrespective of the treatment technique the homeiggindices
were acceptable for the Primary GTV and were cateal
according toEquation 2. As per the results reported Trable

1, CRT techniques were better in homogeneity contpdoe
their inverse planning counterparts IMRT and VMAT
techniques. The Maximum HI in each technique olebwere
1.08, 1.07, 1.09 and 1.09. There exists statissgatificance
among techniques except between the IMRT and VMAT
techniques. The HI range (mean+sd) were 1.040%,0.
1.05+0.01, 1.07+0.01 and 1.08+0.01 for CRB,SI
CRT_Hybrid, IMRT, and VMAT techniques respectively.

Quality of Coverage (Q)

The quality of coverage for the Pelvic PTV was assd based
on Equation 3 and the results were clinically acceptable as all
our clinical plans were approved for treatments$gitig the
V95> 95 objective. All the techniques were comparalle i
terms of dose coverage quality. The coverage gualitiex
range (mean % sd) of 1.02 £ 0.01, 1.01 £ 0.01, 001 and
1.00 £0.01 for CRT_SIB, CRT_Hybrid, IMRT, and VMAT
techniques respectively were observed.

Heterogeneity Index fl)

The dose heterogeneity in Pelvic PTV was calculated
according toEquation 4 and found to be clinically acceptable
with the maximumhl index of 1.16, 1.16, 1.14 and 1.14 with
the meanhl index range being 1.12 +0.02, 1.13 +0.01,
1.11 +0.03 and 1.12 £ 0.01 for CRT_SIB, CRT_HybHMRT

and VMAT techniques respectively.
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%Dose Contrast Index ¢oDCI)

The percentage dose contrast index assesses tie abthe
planning technique to deliver differential dosesbimost and
elective volumes simultaneously. In our study tineerse
planned IMRT and VMAT techniques show better %DCI
calculated as peEquation 5 compared to both conformal
forward planned FIF SIB techniques explain€dble 1 shows
the mean of percentage dose contrast index range as
96.28 £ 1.32, 96.93 +1.72, 98.59 £ 1.04 and 9&.8548 for
CRT_SIB, CRT_Hybrid, IMRT, and VMAT techniques
respectively.

Maximum Dose

The maximum dose is observed to be higher in imvptanned
techniques (IMRT and VMAT) compared to the forward
planned ones (CRT techniques). In that, CRT_SIBirtege
resulted in lower plan maximum dose compared to the
CRT_Hybrid techniquesTable 1 shows, the mean maximum
dose range as 56.96 + 1.21Gy, 57.34 £ 0.89Gy, 58@49Gy
and 60.01 + 0.65Gy for CRT_SIB, CRT_Hybrid, IMRThda
VMAT techniques respectively.

D2% doses

In addition to the plan max dose which is a “poidtise, a
more fair assessment of maximum doses would beDtfé
doses in respective target volumes relative to rdspective
volumes’ prescription doses. We observed a mean 0ase
of 56.82+0.71 Gy, 57.14+0.71 Gy, 58.42 +0.4b @Gnd
58.86 + 0.63 Gy for Primary GTV volume in CRT_SIB,
CRT_Hybrid, IMRT and VMAT technigues respectivelfish

is well within the planning objective of keeping xndose
within 110% of the prescription dose of Primary GTV

Conformation Number (CN)

In addition to the conformity indices calculatedrliea, we
wanted to calculate the conformity using the maegille
method proposed by van't Riet et al. as pguation 6 and the
results were 0.58 +0.07, 0.62+0.11, 0.76 £ 00”1 0.77
+0.11 for Pelvic PTV target volume in CRT_SIB,
CRT_Hybrid, IMRT and VMAT techniques respectively
whereas the conformation number for Primary GTVuuoé
were 0.51+0.15, 0.64+0.39, 0.96 £0.05, 1.@Q8 for
CRT_SIB, CRT_Hybrid, IMRT and VMAT techniques
respectively.

V55¢y in Pelvic PTV

To assess the extent of the spill of Primary GTpfascription
dose in the Pelvic PTV we observed the volume &fi€@TV

receiving 55 Gy. In our study, the ratio of volunwsPelvic

PTV to Boost PTV (mean £ sd) ranged as 6.24 + 3m06e

study population. Also, we observed from these dlada the
extent of high dose spill in Pelvic PTV volume iotn
dependent on the ratio of target volumes rathecctmplexity



Sam Deva Jumar JohnJothi: 3D-CRT SIB planning for carcinoma cervix

Pol J Med Phys Eng 2019;25(2):111-119

in the shape and position of the Primary GTV. Theam
percentage volume range of Pelvic PTV that recebe&y
were 8.47 +£4.45%, 14.58 +11.49%, 1.79 +1.77% 8B
+2.73% for CRT_SIB, CRT_Hybrid, IMRT, and VMAT pla
respectively. The results show the obvious dosdpsog
superiority of the inverse planning techniques (IMRnd
VMAT) over the CRT techniques. An acceptable leodl
excessive coverage of Primary GTV dose was observéte
CRT techniques with the CRT_SIB technique signiftba
taking advantage over CRT_Hybrid in conforming 5de6 Gy
dose spill to Pelvic PTV as shown kigure 5 and Figure 6
respectively.

Bowel bag and Femoral head

Table 1 shows that in all the techniques we compared the

dose—volume constraints for bowel bag and femagathwere
met within limits as per RTOG guidelines.

EUD & TCP Plan Evaluation

EUD calculated from the integral DVH data using ATMLAB
program resulted in a data of mean EUD
46.28 + 0.82 Gy, 52.93 + 1.54 Gy, 46.37 +0.43 Gy &7.21
+0.81 Gy for the Pelvic PTV in CRT_SIB, CRT_Hyhrid
IMRT, and VMAT plans respectively, whereas the Etibge
for Primary GTV in the
56.17 £0.72 Gy, 58.40 +2.23 Gy, 56.96 + 2.50 Gy #9.10
+1.25 Gy for CRT_SIB, CRT_Hybrid, IMRT and VMAT
plans respectively.

Table 1 shows the mean range of Pelvic PTV target's TCP

calculated for all the plans in each technique&8®= 0.15%,
99.61 +0.11%, 98.92 + 0.08% and 99.06 + 0.12%. ptn-
ning techniques resulted in a minimum percentag®&61,
99.31, 98.76 and 98.92 TCP for the Pelvic PTV inTCBIB,
CRT_Hybrid, IMRT, and VMAT plans respectively. Alsthe
minimum TCP percentage for Primary GTV was cal@dads
99.76, 99.61, 99.52 and 99.81 whereas the meanrafged
from 99.77 +0.02%, 99.82 +0.07%,
99.84 + 0.03% for CRT_SIB, CRT_Hybrid, IMRT, and \AVI
plans respectively.

Discussion

There are several factors that contribute to tedimgj to good
local control and complement overall treatment oote. From
studying the patterns of failure in locally advasoeervical
cancer, only a small fraction of patients develoigtamt
metastasis, and one can attribute poor local cbag@ major
factor for failure among such patients. This hdsus with a
quest to explore treatment strategies to improwallgontrol
for such patients.

In cervical cancer, an extension of overall treaittime has
a negative effect on local control and survival-p&]. The
reason for this may be due to accelerated repopulaif
tumour cells during fractionated radiotherapy [28-Hence a
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range of

techniques compared were

99.77 £ 0.10%d an

Figure 6. 54.6 Gy coverage in CRT_Hybrid.

reduction in the overall treatment time (OTT) canprove
local control. OTT has been stated as one of thet mgportant
prognostic factors and the pelvic failure rate ppraximately
1% per day of extension of treatment time beyondda@s
[28]. Therefore simultaneous integrated boost teplen was
considered. Simultaneous integrated boost (SIBJnidMRT
technique that allows the planning and irradiatdrdifferent
targets at different dose levels in a single tresinsession
instead of using sequential treatment plans. ltused to
increase the dose to the boost volume while keeghimglose to
the elective volume at a lower level. This techeiqwas
initially used in head and neck cancers and prestahcer as
early as 2000 and has been in use in cervical caimee 2009
[29-31]. Reducing the OTT limits the effect of alecated
tumour repopulation. Dosimetrically some studiesehahown
that SIB-IMRT has advantages over sequential IMRTase
escalation. These studies state that in SIB IMR& dose
distribution is even more conformal resulting irntbecoverage
of the boost volume while sparing non-target tiss[82-34].
The role of IMRT to simultaneously boost the prignas
unquestionable when small volumes are considerddndnere
more organs at risk are around the target. Buhimdvanced
pelvic malignancy where the target volume is laagd where
completely avoiding the bladder base or the reigmsid
septum are not recommended, 3D CRT may be atteniphésl
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study reveals the feasibility of clinical implemation of SIB
using conformal Field in Field technique [35], vath
extending the treatment regimen and
techniques.

Our study results clearly indicate that our confar SIB
plans are comparable with IMRT and VMAT techniques
dosimetric aspects of the target volumes for Siihiégues in
advanced Ca. Cervix IlIB diseases. The conformilgek is
better for IMRT and VMAT techniques which are ohyso
because of the dose sculpting capabilities of tharm the
conformal SIB techniques exhibit clinically accdptalevels.
The conformation number also exhibits similar resubf
statistically significant superiority of intensitgodulated
techniques. The number of MUs used to deliver ttesgibed
dose Show comparable values among all the plamitpobs
except the IMRT requiring exceptionally higher MBmth the
conformal SIB planning techniques use lesser MUspared
to the advanced IMRT and VMAT techniques with distigal
significance which is desirable. In terms of maximdose and
D2% doses, conformal SIB techniques take an edge the
IMRT and VMAT techniques which is acceptable for th
known reasons of intensity modulation. The doserogeneity
indices calculated for the Pelvic PTV shows highart
clinically acceptable levels of heterogeneity as mveasured
the Pelvic PTV volume with zero margin subtractiointhe
Primary GTV structure. This was correlated withgstatistical
significance among any of the studied techniquetecdhnique
wise comparative analysis of differential dose awmglation

capability (%DCI) was done among the techniques studied and

the inverse planned techniques were found supehi@r to
obvious reasons of intensity modulations. The vauof
Pelvic PTV receiving marginally higher than the rRary
GTV’s prescription dose (54.6 Gy) is a matter oh@@n in
conformal planning techniques because of the knioahility
of dose sculpting. Our results show that CRT_Sléhméque
restricts this 55 Gy dose spill into Pelvic PTV tbetthan the
CRT_Hybrid planning technique. This may be due he t
difference

Primary GTV fields’ jaws were matched with the sejtof
Pelvic PTV fields’ jaws to facilitate field mergehe MLC
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