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Abstract

Aim This study was conducted to analyze and compare the Planning Target Volume (PTV) margin from
different immobilization devicesusing different formulaein carcinomabreast radiotherapy. M ethodology
patients with carcinoma breast who underwent adjuvant radiotherapy with four different immobilization
devices were identified, and positional errors were assessed during pre-radiotherapy verification, using
CBCT. Based on these errors, PTV margins were calculated using Van Herk, Stroom and ICRU 62
formulae. Results The calculated PTV margin for mould using van Herk, Stroom and ICRU formulae
was (9.0, 7.6 and 4.8mm) ML direction, (12.0, 10.0 and 7.0mm) CCdirection, (7.7, 6.5 and 4.2mm) AP
direction, and for vacloc (9.2,7.8,5.0), (6.5,5.6,3.9) and (8.2,7,4.5) mmfor ML, CC, and AP respectively.
Thelowest marginswere noted withABC (5.5,4.5,3.6) inML, (7.0,6.0,4) inCC (5.3,4.4, 2.7) mminAP.
Whereas breast board the margin were little large with (10.6,9.1, 6.1) ML, (12.7,10.8,7.0) CC, and AP
(6.3,5.3, 3.3) mm.Conclusion Itisfound that the systematic and random errors arelesswith gating, sothe
margin. In al immobilization deviceslarge margin wasobserved in crania -caudal direction mm (12.7 max

and 6.5 min). Along with Van Herk , Stroom formula al so be considered for margin calculation.
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Introduction

Breast cancer is considered as the one of the most
common cause of cancer death in women worldwide™,
if it is not diagnosed and treated properly. Adjuvant
radiotherapy is an important component of multi-
disciplinary treatment for breast carcinomas.
Radiotherapy treatment delivery requires precision and
accuracy in order to maximize its efficacy. One of the
key factor in precise and conformal target dose coverage
with lessradiation toxicities, isto reducethedaily patient's
positional errorsduring the entire course of radiotherapy,
and that isdone by using immobilization devices.

A geometric expansion of Clinical Target Volume (CTV)
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to Planning target volume (PTV) margin ensures adequate
coverage of the target by accounting for set-up
uncertainties. 2 To cal culatethe appropriate PTV margin,
the systemati c and random set-up errors of samplesmust
be collected. 4 Since PTV margins can vary between
departments due to dependence on various treatment
planning steps- fromimmobilizationtoimaging verification,
it isalways agood practice to find out the setup margin
so as to compute suitable PTV margin individually for
each center. There are different formulae for analyzing
the PTV margin, but which among them is more

Copyright: © 2022 JK Science. This is an open access journal, and articles are
distributed under theterms of the Creative CommonsAttribution-NonCommercial-
ShareAlike 4.0 International License, which allows othersto remix, transform, and
build upon the work, and to copy and redistribute the material in any medium or
format non-commercially, provided the original author(s) and source are credited
and the new creations are distributed under the same license.

Cite this article as: Nair SS, Devi VNM, Sharan K , Nagesh J. Analysis of
Planning Target VVolume margin on different immobilization devicesfor radiotherapy
in carcinomabreast JK Science 2022;24(2):113-117

Vol. 24 No. 2, April - June 2022

JK Science: Journal of Medical Education & Research 113



i
appropriateisstill debatable. M ost common formulaused
for calculating the PTV margin isthe Van Herk formula
[5.6]
In this study, we are comparing the set-up accuracy with
different immobilization devices, and determining the
optimum PTV margin using Van Herk, Stroom and | CRU-
62 formulae.
Methods: The study got its approval from Institutional
ethics committee and was registered under CTRI. Sixty
four patientswith breast cancer for adjuvant radiotherapy
were enrolled for the study with eligibility criterialisted
bel ow.
Inclusion criteria for the study:
"Females
"Age 24<60
"Adjuvant-Radical treatment
"Breast and chest wall
"Supinepaosition
BCS and MRM cases
Selection of particular immobilization deviceswas based
onindividua clinical situation, such as movement range
of shoulder, patients comfort, availability, etc. Patients
were divided into four groups of 16 patients each, and
immobilized either with one of the four immobilization
devices: vacuum cushion (vacloc), mould, breast-board
and using respiratory gating (Active Breathing
Coordinator, ABC). For ABC, patients ability to execute
a Deep Inspiratory Breath Hold was tested prior to
enrollment. Thefour immobilization techniquesare shown
inFig 1.
Planning CT scan was obtained on Philips brilliance 16
big-bore machine with 3mm dlice thickness. Acquired
images were pushed to the Monaco (Monaco™ TPS
V5.11.02 UK) contouring station for volumedelineation.
Volume delineation was done according to the RTOG
contouring guidelinesfor breast cancer. Hypofractionated
whole breast radiation dose of 42.5 Gy in 16 fractions
over 3 weeks, with aplanning objective of aminimum of
95% dose coverage to 95% PTV. 3D-CRT plan was
done using wedged tangential photon beams. Fina plans
were eval uated and approved by the treating oncol ogist.
Treatment was delivered on ElektaHD Versa(Stockholm
UK) linear accelerator. Cone-beam CT (CBCT)
verification system can improve precision and accuracy
of treatment by reducing the positional setup errors of
the patients ¥, and was used for al patients. On the
first day of treatment, patients were positioned in the
same manner as done in planning CT, with the defined
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immobilization device. The treatment as well as the
machineisocentre shiftswere applied from thereference
fiducia markersonthepatient. Followingthisavolumetric
imaging wasdone with the help of CBCT. The parameters
of the CBCT scans are shown in Table 2. Set-up
verification was repeated for three consecutive days, and
thereafter oncein every four daysof theradiation ddivery.
A total of 384 CBCTs were taken.
. Acquired reconstructed CBCT were matched
with the reference CT images with the help of XVI
software a gorithm by an experienced oncologist. Visual
analyzing was also donein all axial, coronal aswell as
sagittal planesfor ensuring the proper alignment of patient.
For all patients, matching was done by asingle observer
to avoid inter-personal observational errors. Shifts in
medio-lateral (ML), anterior-posterior (AP), and cranio-
caudal (CC) directions were noted and corrected prior
totheradiation delivery. Rotationa errorsarenot applied
or corrected in this study. Mean and standard deviations
for each patient in al the four groups were calculated.
From these readings, systematic errors which are
persistent error throughout the entire course, was
identified as the mean value of all the errors. Similarly,
random errors, which arearesult of daily variations, were
identified as the standard deviation of al the errors.®
The systematic error of the population was cal cul ated by
taking the standard deviation of mean errorsof individual
patients, and popul ation random error was calculated as
theroot mean square of the standard deviation of individua
patient errors.[“1%1 The PTV margins were calculated
from this systematic and random errors by using Van
Herk formula(2.52+0.70) Stroom formula (25+0.70)
and ICRU formula (2+0.70), where X issystematic
and O israndom error 28 The analysis of datawas done
using SPSS software.
Results
Theerrors, and the resulting PTV marginswasfound to
be moreinthermoplastic mould, with 9 mm, 7.6 mm, and
48mminML, 12mm, 10mmand 7 mmin CC, and 7.7
mm, 6.5 mm and 4.2 mminAPdirectionsfor Van Herk,
Stroom and ICRU formulae, respectively The PTV
margins for other immobilization devices are given in
Table 3 below.
It was also observed that population random error was
awaysmorein CCdirectionfor al immobilization devices,
withamaximumerror of 5.2 mminmould, and aminimum
error of 1.5 mmwith ABC gating apparatus. With gating
immobilization, it was noted that therandom errorswere
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Fig. 1 immobilization devicesused. 1a: Thermoplastic mould. 1b: Breast-board. 1c: Vacuum cushion. 1d: Active Breathing

Coordinator
Table2. The Image Acquisition Parameters of xvi CBCT

KV & MAS 120 & 140

Gantry rotation Clockwise (36 degree arc)
Collimator M20

Filter F1

Frame 660

Reconstruction filter wiener

XVI software Version 5.0.3

Nominal scan dose 3.8 mGy

the smallest. A study by Agnieszkaet a on gastric cancer
using different PTV margin states that the lowest
percentage of shiftsthat were greater than the calcul ated
margin was observed in the van Herk method, thereby
concluding that Van-Herk formula would be most
appropriate where daily verification is not possible. %!
Similarly, other researchers have evaluated the inter-
fractional PTV marginfor different immobilization devices
such asmask, knee-fix and feet-fix, wing-board and vac-
lok for different sites, and have recommended using Van-
Herk formula.*+1% However, studieson carcinomabreast
arefew, and there are no publications eva uating different

Table 3. Margin Calculated Using Different Formula for Different | mmobilization Devices

Devices AXis Van Herk Stroom ICRU
(mm) (mm) (mm)
Thorax mould ML 9.0 7.6 4.8
CcC 12.0 10.0 7.0
AP 7.7 6.5 4.2
Vacuum bag ML 9.2 7.8 5.0
CcC 6.5 5.6 3.9
AP 8.2 7.0 45
Breast board ML 10.6 9.1 6.1
CcC 12.7 10.8 7.0
AP 6.3 5.3 3.3
Vacuum bag with ABC| ML 55 53 3.6
gating CcC 7.0 6.0 4.1
AP 5.3 4.4 2.7

the lowest. The population systematic as well as the
randomerrorsof al immobilization devicesared so given
inFig 2and 3

Discussion

A study done on PTV margin on gastric cancer by
Leszczyska et al states that use of the IGRT system
corrects for the motions between fractions and alows
reductionin PTV marginsand thereby the probability of
radiation complications. ' The most appropriate margin
to be utilized can vary between centers, with Van-Herk
estimating the largest margins, and the ICRU estimating

PTV formulae and immobilization devices. The results
of our study suggest that Van-Herk formulaisthelargest
estimate, with margins increased by 42-47% compared
to ICRU, and 15-16% compared to Stroom formulae, for
all devices. For breast due to its pendulous nature,
breathing movement, and itsclosevicinity to thecritical
organs, acarefully fabricated immobilization systemwith
adeguate PTV margin would provide maximum benefit
to the patient. From this study it was observed that for
Van Herk formula, largest margins are estimated for
breast-board and mould. Since selectingthe optimum PTV
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Fig 2. Population Systematic Errors Using Different | mmobilization Devices
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Fig 3. Population Random Errors Using Different Immobilization Devices
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marginisone of the prime step in radiotherapy planning,
carefully choosing immobilization and set-up margin has
to be done. Basaula et al. in their article compared the
secondary cancer risk inthree PTV margin for carcinoma
breast casesusing the BEIR V11 lifetime attributabl e risk
(LAR) model and concluded that smaller PTV margins
would result inan overall reduction in secondary cancer
risk as well as OAR doses. ? In our study, smallest
margins were observed with ICRU formula for vacloc
immobilization usng ABC gating. But selecting the| CRU
formulafor margin estimationisdebatable, sincelowering

themarginwill resultin geographical error and increased
probability of missing CTV. Even though the errors are
less in ABC gating, the main problem in gating is the
selection of theright participant; thusthe choice of ABC
gating is aways a biased one. Most departments use
Van-Herk formulafor their margin calculation dueto the
low-shift errors which may happen from the calculated
margin compared with other formulas.

It was also noticed in our study that the errors were
maximumin CC direction, irrespective of immobilization
device used, but least with vacloc. Thismay be possibly
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