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Abstract
Proton therapy quality assurance (QA) is an important process to ensure that the patient’s
treatment is accurate. There are daily, monthly, and annual QAs. This article explored experience
and QA tool usage for the QA process: Sphinx Compact for daily QA, Logos system XRV-124
for monthly QA, and MP3-PL combined with PTW Bragg peak chamber type 34070 for annual
QA, respectively. It could help to give the idea for the staff, which supports the new facility’s

planning in the future.

Keywords: Quality assurance, Proton therapy, QA tools
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- Couch translation motion +1 U3, - défey uazdndu mngtglildvinsdeamiiledasiiumis
mevdiimsideudesioe
- Laser position accuracy +2 1. - ﬁﬁumﬁﬂﬁ;mmgu
Imaging
- X-ray isocenter vs Laser isocenter +2 Wi,
- X-ray and proton beam isocenter +1 Uy,
coincidence
- Image acquisition and communication  Functional  ldgilaifieariu AAPM TG-142[4], AAPM TG-179"

CBCT
Safety
- Door interlock
- Audio and visual monitor
- Beam on indicator
- Pause beam button
- Emergency motion stop button
- Collision interlocks
- Radiation monitor
Optional
- Proximal depth verification
- SOBP width

- Gantry angle read out accuracy

Functional
Functional
Functional
Functional
Functional
Functional

Functional

+2 U,
+2%

+1°

- 4 fhuvs proximal depth dose i 90%

- ANNAT9909 proximal uay distal depth dose i 90%

o 1

A188: CBCT = Cone Beam Computed Tomography, SOBP = Spread-out Bragg Peak
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2.1.3 Spot delivery constancy
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33wty daludesinsuseiuamun eIty
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Tunsdsinuaiaunia louwn N1snsIvdeuIwn way
o ' | &l 1%
UV vasusiay Spot lnense aunsaitanunsaldla
W WAy, lonization chamber array, Strip chamber
%38 Lynx” 1Judu n1smsiadeunnay Spot
AITBNLUUFURUUAUMUIYBY Spot Tilszziing
Wiegusay Spot wenaeandnlafueg aiisane
g 3ULUUYRINITATIvEBUAITUTENB UMY Spot
a I a = a A o o=
MoguTnNenas vau uazyy veuasasladn 3
21998 UTLNDUAILNAINUNLANANAY 1A8YINNg
Useilludunie o 9aNenatevedisag Spot
WS uguAuluLAaEATLALY SNV ILAAY
Spot az1ugU Gaussian aunsaUszidiumeA@nu
(O) WSsufigunuasusu (Base-line) @1usu
W& 70 wneddnmsaulian O Ja1Uszuia
5 Taatuns wazilA1anad LLanaIanuNuaIy
WnUgiEaNsUANNA1YeY O anasuduliiiuses
az 10 Tuvauzifednu Lateral penumbra 4 26U

Y o oo | v = Ao |

ANUTUSIETENINeSBaY 80 D9 20 AISTIANAINTN
1 AL
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2.2.1 Higd
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msUsgiununmvssfissiesnduuuseduni
1)

2.2.2 @was

osarnaweslalunissasmunys
dUredadeevinnisasindanniu auisald QA
Phantom il Marker Al Wy QUASARTM | Iso
Cube daily QA phantom %#389133921% Mechanical
devices fiusgwlvunierin Commissioning flé
FWilreg1sdnefe Inswmie Phantom Migiawes
anturnisadien nudavasiunie Fiducial
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2.2.3 53UUNISES9N N

STUUNITAS19N NI LTl UNSASIR

gousumiiUlgnawinsinumegesumalusneu
<, aa A & & o & v
21UTUNIN 2 1A K137NIUTURT 1T URDIRTIEDU
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aunAlUsnaY I5N1SNTIEeURY1Nd1eABNnIs
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YBIUMULALDS W3e Cross-wires HUIINYUY
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Wiudeyald s neu Commissioning ¢ agnslsinny
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I3 a o A |

mMuMmmmeqmmﬂmmaqmaqmﬂinau
ANNS1897% AAPM TG-142" way AAPM TG-179"
ToodududansivaauszuunInyia (Cone Beam

Computed Tomography: CBCT) 5286178

3. MIUsEAUANNINLATONTIBYNIALUUUTETN
dUandi
o a4
WumInTiaaeussuuvesaInaseualUneu
AUNAINANTENUNARTNUBYWINLANAINUARNA
LAABULIBLTIBUAUSIENITATIFFBULUUUTEINTU

LHLENANAAIUARIALAABULALINAINTIINITNTID

ADULUUUTEINADU dIUTNSIUDINI5IASIZING
ve9nN15UTEAUAMA NUUUYTEIIY WA1TBNANY
AALAABUVBISTULUUNS oAU lAaiveINanIsUSE U
o v = v o a | & &
AuNMUTEITU Famihianusuiinveudilasidy
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U
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UniENFN1TUNNEENIUN1TFUTRINUAIRU 518N
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9 d A X

nsinwiseslsafiegdusiiunuvesseuy PBS
J10uresBn Range shifters WlURnAU Snout wag
Snout gAesdusanulAaiuiIgUIBUINIgn
WioanUsu1used@nsyidaluennid LazanIuInves
Penumbra fiaszezsEnIEEUIehe Snout 91992
LAUMIEY 2 WURIAT AU N1SASIEADUITLEENISIN

o I 4 (v 1 1 =

719 Y89 Snout 9LTuARIIRSTETITTUINaUaeEn

4nv03 Snout fuganyumLliuTsvia MsenAULLAT

4. A3UTEAUANNINLATOUTIBUYNIALUVYTETN
=1
oy
& ) ' PRy v A
Wumsvsgiuaunmludiunileniadesons
amnuaatnadoulusrezandu Jnidndnns
windgrunisiusendudsuiinveulunisviinig
UsgiuauAN ﬁ&mﬁﬂisﬁu@mmwﬂﬁzﬁi’wLﬁau

LEAIAIAISIN 3

M1319% 2 NsUsERUAUAMIATATBLAALUUUSEdUA dmTunisdsitudieuniauuy pencil beam

scanning”

N3NV

LNEUaiEaNSU

NUBLUR

- Gantry angle
- Snout extension

- Couch position accuracy (option)

+1 Wl./+1°

o

+1 U,

WwIhew/ vy
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15197 3 miﬂizﬁ’uqmmwm%mLi'amgmmmuﬂﬁzﬁ%ﬁau dmfunisdasinuaioyn1ALu Pencil beam

scanning”
NINIIEIU Inasigausu NUGLNE)

Dosimetry
- Output constancy +2% - Yaflunuviyusng q (WisuisuiuaiEus)
- Field symmetry +1% - Yaflunuviyusng q (WisuisuiuaiEusi)
- Field flatness +2% - Sofiunuvdising q (WisuiileuiuAiEusy)
- Range +1 3. - Iniunuvidymeing q (WsuiiisuiuaGusi)
- Spot size +10% - ’J’mﬁLLﬂum%'ywha 9

Mechanical
- Gantry isocentricity < 2 Ul - Lﬁumuguéﬂmﬂ’mﬂam
- Couch isocentricity < 2 4. - Lé’umuguéﬂmmaﬂau
- Couch translation accuracy < 1uu. - NNUILAY
- Couch rotation accuracy 1°
- Couch trueness < 1y - WU
- Snout trueness < luu

Safety
- Emergency motion buttons Functional = V"Tﬂuﬁml,l,asuanﬁaa

o

- Exposure from long-term activation < 0.02 mSv/hr iR - ﬁ?ﬁmﬁumﬂﬁﬁﬂﬁﬂ
Imaging (if applicable)
- Image quality - AAPM TG-142", AAPM TG-179%

- Respiratory gating - AAPM TG-76™ and AAPM TG-142"

v

4.1 MydauTuuid
Scanning magnet mﬂiuﬁ’sméauinaumﬂ
lUsmou way Spot size dawalaunseronunna15ed
FefuanuasiivessuiniazsUsswes Spot Juil
anudiey Geaneluiiedosieyaealusneuasdl
Finutensiaaou dumis U9 uazaudives
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annsavhauldauund nsidenldiniesiietn
MU ANAINIT0AAN1TEUVONS ML 19
n151% lonization chamber array wuu 2 i@
M3I9@U Flatness wag Symmetry v8sa181n1A
fiflvualng awnsavisiufundeutunisuseiu
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Usziflupnuainasevesdioyniavualuglagld
MTIATILAFBRLALLT (Gamma index analysis)”
4.1.1 Dose per monitor unit (D/MU)
wene1NN15In D/MU Tun1suseiu
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4.1.2 Flatness and symmetry of broad
fields
Flatness and symmetry FuHudng
L@ﬁﬂﬁgmmuw‘%‘mm fu iflensivdeunnuatiesves
Beam optics {0437 Scanned spot size, Scan
pattern, f\;mﬁ'u LLazqméuqmmaqﬂﬂiaLLﬂu ANEHa
foA1 Flatness way Symmetry 819dualnnn
Symmetry 110171 1% WARDIUREAT1 2% @115

AMTINULARLASI

4.2 Mechanical (szuunaln)
4.2.1 IANYUIINYVDINUNIUALLAYS
ANUUTINVDIUNUNTUATLAEIA D
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HUWAUNTAY AsUszfiunanuasTivass vy
HuAudNasveIny AT uiutoya Commis-
sioning N1SASIIHBUIANYUTINAUVBUAL LAY
uwnunianansaliinadia Star-shot viiein3esiieduy
fioenuuunitensavaou Snva CBCT isocenter™
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YITTUUANNY LAluriu
4.2.2 nMInyulAes n1siaauLAse uaz
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a a a a a [
ASLADULREY AB +1 NAALUAT
nsUsEiuAuNNYBINISIaaUsTEZIRdluLLIng
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4.2.3 Snout longitudinal accuracy
I | Ao 8 o A
Snout WuduNiu N ueenu1n
o a | = o & v ° )
Masesteunia Jedndudesinuseiugunin
U5 INABUIUALINUNNE1INIU199Y TurIvans
Usgiununmdsednduam
4.2.4 Coincidence of x-ray, Light field,
and Proton radiation field
WIB991n AAPM TG-2242 l3ilannun
TMshuseiunun e Light field wag Proton

radiation field Vinne@n 109310 Radiation source
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(effective source position)lﬂéfag}ﬁtﬁumaam WY
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Snout 8819lsAnu Tunisideunisedinaiuise
PRALUUNITNTIVADU Light field way Proton
radiation field Toiwanvaula

d15U X-ray way Proton field Aovinisusziu
ANAMLUUUTEI R INTI2NNTATNNGIEY X-ray
hanllunisnsiaasudumniasiUlg veuves X-ray
uag Proton field fpsduusiu aenslsiniu Resedn
TPawein X-ray source Wag Proton source 2zl
ANULANAAUREY TAgaUTUAULANGYRY X-ray
uay Proton field uifiu 1 Jadiuns
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5.1 mMsInUsunused
5.1.1 D/MU constancy
AUS1897U AAPM TG 2242 lquuzii
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Accredited Dosimetry Calibration Laboratory
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NINIIEIU Inasigausu UYL
Dosimetry
- Standard Output calibration +2% - IAEA TRS-398
- Range verification +1 Uy, - $nd 90% depth dose
- Depth doses verification +2% - ANUF9EER 4 ANNANTA 9
- Lateral profile penumbra +2 1Y, - 71 80-20% m AwENFeY
- Range uniformity +0.5 uu.
- Field symmetry +1% - “’mﬁu,ﬂuw%;gmhﬂ q (WisuiisuiuAEug)
- Field flatness +2% - SnfiunuvEaueing q (WisuifsuiuenGusiu)
- Spot position 1un/05 1. - QuiuAnduysal/dusing
- Spot size +10% - Iniunuriyueing q
- Uniformity of spot shapes 2% & 2 1. - Lmuw'%ywm 9
- Inverse square correction +1% - 9IAFLUL effective source
Monitor chambers
- Linearity +1%
- Reproducibility +2%
- Min./Max. dose/spot Functional - Wulumuiusemgnanrmun
- Range shifter factors +2%
- Relative output factors +2%
- Verification of daily QA equipment +1% or +1 3. - Wisuidlsustuiaiesiiefideuiiieuain ADCL

- Cross calibration field chambers
Imaging system functionally

- Image system performance and dose
CBCT

Safety
- Collision protection interlock tests
- Dead man switch
- Radiation warning sign

- Door interlock

- WlsuiguiuAgEeuLisualn ADCL

+2% - AAPM TG-142" | AAPM TG-179%
Functional
- pendant
Functional
Functional
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N3NV inadatpansu

NG

- Beam pause Functional
- Room beam stop Functional
- Facility beam stop Functional
- Beam delivery indicator Functional
- Radiation monitors Functional
- Audio and visual monitoring Functional
- Gantry rotation sensor Functional
- Room clearance push button Functional

- 9lunazinaueniiad
- 9lunazinaueniied

- elunazinaueniad

A1g9: ADCL = Accredited Dosimetry Calibration Laboratory

5.1.3 Integral depth-dose (IDD) distribu-
tion

IDD fo masuveIUSiasdfiaudn
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5.1.4 Spot angular-spatial distribution

and lateral dose profiles
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(1dudWAY); Spot characteristics (1@WdY1); X-ray/proton coincidence (1 @udLTe1); Spot intensity (1&@udn);
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Wiane o nyuunuYs sasieiudiaiaauintafiad

Uang probe UShaAINABINTIBarlTRTIvE0U

23 NBIATILIRTID

ANYUVBITFUUNITATIAN
ARUITTUUIANLUTINAUTBIAIBUYNIALUTADULAY
sruunmsasann lnemheaulaimunnisussiu
AMATNTEUUIANYUAIY Logos system XRV-124
findaa1u 70, 150, uaz 220 MeV Ssuadilamuinssuy
ArUTINAUYaIE UM Al IIaULaL SEUUNTATY
A agmelu +1 faduns munasisensuiidinue

70 AAPM TG-224%2

Journal of Thai Association of Radiation Oncology

Vol. 31 No.1 January - June 2025 |
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AT 4 Lynx: (a) NM33asuaus; (b)  ATALATIZIE Spot position; (c) N153LATIEI Spot profile
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(Image-guided radiotherapy) \lon333d8UAINYNABIVBIILIAOUN TN T9E

AdnfRy: uviSsanes, ueisedsuzuavaime, madianisaneid, aunsalbansaiae, MInsiadeusums
naUN1IANY39E
Abstract

Radiation therapy for the brain, head and neck is a common treatment, because brain
cancers and head and neck cancers are among most commonly treated with radiation. Moreover,
these cancers have a high incidence around the world. There are several critical organs around
head and neck region. The developments in radiation therapy technique are used to deliver
radiation dose that conform to the tumor while minimizing dose to organs at risk. For the
accuracy and precision of the radiation therapy, choosing the appropriate patient immobilization
and verifying the position before treatment is needed. Nowadays, developments of patient
immobilizations offer improved efficiency. Furthermore, image-guided radiotherapy is required

for verifying the patient positioning before treatment.

Keywords: Brain cancers, Head and Neck cancers, Radiotherapy Techniques, Patient

Immobilization, Patient Verification
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Abstract
Background: Hypofractionated radiotherapy has been used in breast-conservative surgery.
However, information regarding its application in the adjuvant setting after mastectomy in
breast cancer patients is still under long-term studies to determine its effectiveness and
potential side effects.
Objectives: This study aimed to assess the efficacy of post-mastectomy hypofractionated
radiotherapy as regards 5-year locoregional recurrence-free survival (LRRFS), 5-year disease-free
survival (DFS) and 5-year overall survival (OS) compared with conventional fractionated
radiotherapy
Materials & methods: We retrospectively reviewed the record of post-mastectomy breast
cancer patients who received complete adjuvant radiotherapy at Ubonratchatani Cancer
Hospital between January 2016 and December 2020. Kaplan-Meier and Log-rank test were
used for survival analysis. Cox regression was used for univariate and multivariate analysis to
identify the prognostic factors. P-value < 0.05 was considered statistically significant.
Results: The median follow-up time was 46.5 months (range 24-61 months). A total of 552
post-mastectomy breast cancer patients who underwent complete adjuvant radiotherapy
were included. Among them, 361 patients received conventional fractionated radiotherapy
(CFRT) 50 Gy in 25 Fractions while 191 received hypofractionated radiotherapy (HFRT) 40-42.56
Gy in 15-16 fractions. There was no statistical difference between both groups regarding the
5-year LRRFS and 5-year DFS. The 5-year LRRFS rates for CFRT versus HFRT were 87.37 %
and 86.60% (p-value = 0.642). The 5-year DFS rates for CFRT versus HFRT were 65.14% and
73.38% (p-value = 0.058). However, the 5-year OS rate was higher in HFRT group than CFRT group;
80.29% and 70.38%, respectively (p=0.015). Tumor stage and triple negative subtype were
significant prognostic factors for locoregional recurrence and overall survival.
Conclusion: Post-mastectomy hypofractionated radiotherapy was comparably effective in terms
of LRRFS and DFS with reduced overall treatment time and cost.
Keywords: disease free survival, hypofractionated radiotherapy, locoregional recurrence, overall

survival, postmastectomy radiotherapy
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Introduction

After mastectomy and axillary dissection,
radiotherapy reduced both recurrence and breast
cancer mortality in locally advanced breast
cancer™. Based on radiobiological data breast
cancer has a low ratio of alpha/beta, encouraging
hypofractionated radiotherapy regimens for
breast cancer”.

Long-term results of large randomized trials
from the United Kingdom and Canada have
confirmed that appropriately dosed hypofrac-
tionated radiotherapy is safe and effective for
patients with early breast cancer after breast
conservation surgery™®®. However, information
recarding its application in the adjuvant setting
after mastectomy in breast cancer patients is
still under long-term studies to determine its
effectiveness and potential side effects.

In 2019, A large randomized trial from China
found that postmastectomy hypofractionated
radiotherapy was non-inferior to and had similar
toxicities to conventional fractionated radio-
therapy in patients with high-risk breast cancer .
Recently published trials also support the
safety and efficacy of a hypofractionated
approach in post-mastectomy breast cancer ™%,

In our department, hypofractionated radio-
therapy has been applied since 2008. We
aimed to determine treatment outcomes of
postmastectomy hypofractionated radiotherapy

in patients with locally advanced breast cancer

in Ubonratchathani cancer hospital.

Journal of Thai Association of Radiation Oncology
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Material and methods
Patients selection

We retrospectively reviewed the medical
records of post-mastectomy breast cancer
patients who received complete adjuvant
radiotherapy at Ubonratchatani Cancer Hospital
between January 2016 and December 2020.
Inclusion criteria included females who were
older than 18 years of age with breast cancer
stage Il or lll, according to anatomical stage
group 8th edition of AJCC Cancer Staging, and
had a histologically proven invasive carcinoma.
Exclusion criteria included those who have
immediate reconstruction after mastectomy,
incomplete medical record, or history of
systemic lupus erythematosus, scleroderma, or

previous breast/chest irradiation.

Parameters Assessed

Patient demographic and clinicopathological
data including age, body mass index (BMI),
cancer stage, histopathology, hormonal status,
chemotherapy, hormonal treatment, radio-
therapy field and dose were collected. This
study was approved by the Ethical Committee

of Ubonratchathani Cancer Hospital.

Radiotherapy protocol

Patients were planned in the supine
position over a breast board with a vacuum bag
using either two dimensions (2D), 3 dimensions
conformal radiotherapy (3DCRT) or intensity-
modulated radiotherapy (IMRT) treatment



planning. For 2D and 3DCRT techniques,
standard two tangential fields were used to treat
the chest wall (CW field). Anterior supraclavicular
field (SPC field) was added when there was any
number of positive dissected axillary lymph
nodes, with prescribed to a depth of 3-4 cm
beneath the skin to cover supraclavicular lymph
node, axillary lymph node level Il and Ill. When
there were nodal dissection of less than 10
lymph nodes, massive axillary node extension
(Nodal stage 2 and 3) or extracapsular nodal
extension, an axillary field (AX field) was allowed
to treat axillary lymph node level I. The photon
energy used in both groups was 6 MV. A bolus
of 1 cm was used over the chest wall field daily
for the first half of the radiotherapy course.

The conventional fractionated radiotherapy
(CFRT) is the standard approach for post-
mastectomy radiotherapy at our department.
However, hypofractionated radiotherapy (HFRT)
has been used for some patients with financial
or travel difficulties and has become more
common during the COVID-19 era to reduce
treatment duration. Conventional fractionated
radiotherapy group was given 5000 cGy/25
fractions. Hypofractionated radiotherapy group
was given 4000 cGy/15 fractions or 4256 cGy/16
fractions.

A tumor bed boost of 1000 cGy/5 fractions
was applied to the chest wall scar using an
en-face electron beam with a 2 cm expansion
if the surgical margin was positive. A whole

chest wall boost was used in some cases of

inflammatory breast cancer. Additionally, a
posterior axilla field was created using a conven-
tional dose of 400-1000 cGy when extracapsular

nodal extension was presented.

Endpoints

Locoregional recurrence-free survival (LRRFS)
was calculated from the date of surgery until
the date of local recurrence (ipsilateral chest
wall, supra/infraclavicular regions, axilla, and
internal mammary region).

Disease-free survival (DFS) was calculated
from the date of surgery until the date of local
recurrence or distant metastasis which were
diagnosed by a physical examination or
imaging. Pathological examination for recurrent
disease was performed in some cases.

Overall survival (OS) was calculated as
the period of time from the date of surgery to
the date of death from any cause or the date of
the last follow-up. In all the analyses, the data
were censored at the date of the last follow-up.
The status of the patients and the date of
death were obtained by the mortality data from

the National Registration Department.

Statistical analysis

Descriptive statistics was used to analyze
clinicopathological and treatment data, which
were demonstrated as numbers and percentages.
Median with interquartile range and mean with
standard deviation were used for continuous

data. To test the normality of data distribution,
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the Shapiro-Wilk normal test was done. All
categorical data were analyzed using Fisher’s
exact test. Student’s t-test or Wilcoxon Rank
Sum test was used for the analysis of continuous
data. P-value less than 0.05 was considered
significant. Five-year overall survival, disease
free survival and locoregional recurrence free
survival were estimated using Kaplan-Meier
analysis. Log-rank test was used to test the
equality of Kaplan-Meier curves. The Cox
proportional hazards model was applied to
adjust all important prognostic factors.
Prognostic factors with a p-value < 0.25 from
univariate analysis and significant factors
identified in the literature review were included
as covariates in the multivariate model. The
backward elimination method was used for
selecting significant prognostic factors with
p-to-remove > 0.10. A two-sided p-value < 0.05
was considered statistically significant. Calcula-
tions were performed using STATA 18 for

windows.

Results
Patient characteristics

In the study conducted at Ubonratchatani
Cancer Hospital, a total of 552 post-mastectomy
breast cancer patients who underwent complete
adjuvant radiotherapy between January 2016 and
December 2020 were included. Among them,
361 patients received conventional fractionated
radiotherapy (CFRT) while 191 received
hypofractionated radiotherapy (HFRT). The

Journal of Thai Association of Radiation Oncology
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characteristics of the patients are presented in
Table 1. The analysis revealed no significant
differences between the two groups, except for
the radiotherapy technique and radiation boost.
The HFRT group had significantly more patients
utilizing 3DCRT and fewer using radiation boost
compared to the CFRT group (p-value = 0.002
and <0.001, respectively).

Disease’s status

The median follow-up time was 46.5 months
(range 24.3 - 61.4 months). Locoregional
recurrence (LRR) was the initial event in 19
patients (3.44%), with 12 patients (3.32%) in
the conventional fractionated radiotherapy
(CFRT) group and 7 patients (3.66%) in the
hypofractionated radiotherapy (HFRT) group.
Additionally, 85 patients (15.40%) experienced
distant metastasis as initial event (DM),
comprising 64 patients (11.73%) in the CFRT
group and 21 patients (10.99%) in the HFRT
group. Furthermore, 32 patients (5.80%) had
both LRR and DM simultaneously, with 23
patients (6.37%) in the CFRT group and 9
patients (4.71%) in the HFRT group. There was
no statistical difference between both groups
regarding the 5-year LRRFS and 5-year DFS.
The 5-year LRRFS rates for CFRT versus HFRT
were 87.37 % (95%C| 82.70-90.85) and 86.60%
(95%Cl 78.49-91.80) with a p-value of 0.642
(Figure 1). The 5-year DFS rates for CFRT versus
HFRT were 65.14% (95%CI 58.91-70.67) and
73.38% (95%Cl 64.67-80.26) with a p-value of



Table 1. Patient characteristics

Characteristics Overall n(%) CFRT n(%) HFRT n(%) p-value
N = 552 N = 361 N =191
Age (years) Mean (SD) 53.17(10.44) 53.11(9.90) 53.27(11.41) 0.863*
BMI Median (IQR) 24(21.80,27) 24.20(21.90,27.30)  23.70(21,26.60) 0.167**
Tumor side Left 268(48.55) 181(50.14) 87(45.55) 0.383
Right 278(50.36) 175(48.48) 103(53.93)
Both 6(1.09) 5(1.39) 1(0.52)
Histopathology  IDC 525(95.11) 346(95.84) 179(93.72) 0.530
ILC 10(1.81) 6(1.66) 4(2.09)
mixed 12(2.17) 7(1.94) 5(2.62)
other 5(0.91) 2(0.55) 3(1.57)
Cancer stage Il 154(27.90) 95(26.32) 59(30.89) 0.273
Il 398(72.10) 266(73.68) 132(69.11)
Tumor grade 1 15(2.72) 10(2.77) 5(2.62) 0.559
2 285(51.63) 181(50.14) 104(54.45)
3 233(42.21) 155(42.94) 78(40.84)
Unknown 19(3.44) 15(4.16) 4(2.09)
Tumor stage T1 51(9.24) 35(9.70) 16(8.38) 0.953
T2 266(48.19) 172(47.65) 94(49.21)
T3 159(28.80) 105(29.09) 54(28.27)
T4 T6(13.77) 49(13.57) 27(14.14)
Nodal stage NO 54(9.78) 35(9.70) 19(9.95) 0.811
N1 195(35.33) 125(34.63) 70(36.65)
N2 180(32.61) 116(32.13) 64(33.51)
N3 123(22.28) 85(23.55) 38(19.90)
Margin status Free 533(95.56) 352(97.51) 181(94.76) 0.138
Positive 19(3.44) 9(2.49) 10(5.24)
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Characteristics Overall n(%) CFRT n(%) HFRT n(%) p-value
N = 552 N = 361 N =191
Lymphovascular Not present 200(36.23) 129(35.73) 71(37.17) 0.780
invasion
Present 352(63.77) 232(64.27) 120(62.83)
Number of 0-9 67(12.14) 51(14.13) 16(8.38) 0.055
node dissection
>10 4385(87.86) 310(85.87) 175(91.62)
Extracapsular Not present 155(28.08) 98(27.15) 57(29.84) 0.103
nodal extension
Present 194(35.14) 119(32.96) 75(39.27)
Unknown 203(36.78) 144(39.89) 59(30.89)
ER Negative 197(35.69) 131(36.29) 66(34.55) 0.710
Positive 355(64.31) 230(63.71) 125(65.45)
PR Negative 247(44.75) 166(45.98) 81(42.41) 0.472
Positive 305(55.25) 195(54.02) 110(57.59)
HER2 Negative(0/1+/2+) 367(66.49) 239(66.20) 128(67.02) 0.925
Positive(3+) 185(33.51) 122(33.80) 63(32.98)
Triple negative 89(16.12) 58(16.07) 31(16.23) 1
Unknown 1(0.18) 1(0.28) 0 1
subtype
Chemotherapy  No 1(0.18) 1(0.28) 0 0.852
Adjuvant 445(80.62) 288(79.78) 157(82.20)
Neoadjuvant 25(4.53) 18(4.99) 7(3.66)
Both 81(14.67) 54(14.96) 27(14.14)
CMT regimen Taxane based 457(82.79) 295(81.72) 162(84.82) 0.407
Anthracycline based 70(12.68) 49(13.57) 21(10.99) 0.422
Other 25(4.53) 17(4.71) 8(4.19) 0.834
Hormonal No 180(32.61) 121(33.52) 59(30.89) 0.567
therapy
Yes 372(67.39) 240(66.48) 132(69.11)
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Overall n(%) CFRT n(%) HFRT n(%) p-value
Characteristics

N = 552 N = 361 N =191
Anti-HER2 No 406(73.55) 268(74.24) 138(72.25) 0.614
therapy
Yes 146(26.45) 93(25.76) 53(27.75)
RT technique 2D 300(54.35) 214(59.28) 86(45.03) 0.002
3D 251(45.47) 146(40.44) 105(54.97)
IMRT 1(0.18) 1(0.28) 0
RT field cw 51(9.24) 34(9.44) 17(8.90) 0.955
CW+SPC 264(47.83) 171(47.37) 93(48.69)
CW+SPC+AX 237(42.93) 156(43.21) 81(42.41)
RT boost No 475(86.05) 294(81.44) 181(94.76) <0.001
Yes 77(13.95) 67(18.56) 10(5.24)
Median follow up Median (IQR) 46 (23,61) 48(24,62) 44(23,59) 0.514

time(months)

Abbreviations: AJCC=American Joint Committee on Cancer, AX=axillary lymph node, BMI=body mass index, CFRT=Conventional fractionated
radiotherapy, CMT= chemotherapy, CW= chest wall, ER= Estrogen receptor, HER2=Human epidermal growth factor receptor,
HFRT=Hypofractionated radiotherapy, IDC =invasive ductal carcinoma, ILC= invasive lobular carcinoma, IQR= Inter Quartile Range, N= number,

PR=Progesterone receptor, SPC= supraclavicular. P-value for Fisher’s exact except for *student T-test and **Wilcoxon rank-sum test

Kaplan-Meier curve of Locoregional recurrnce free survival

L E
0.75
5-year LRRFS
0.50 CFRT 87.87% — CFRT
: HFRT 86.60% —— HFRT
0.25
P-value = 0.642
0.004
T T T T T T T
0 12 24 36 48 60 72
Analysis time
Number at risk
CFRT 361 301 259 217 171 98 26
HFRT 191 160 139 107 80 43 20

Figure 1. Kaplan-Meier curves of Locoregional recurrence-free survival
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0.058 (Figure 2). However, the 5-year OS rate was
higher in HFRT group than CFRT group; 80.29%
(95%CI 73.63-85.44) and 70.38% (95%Cl
65.26-74.89), respectively with a p-value of 0.015
(Figure 3). When stratified by radiation technique,

there was no significant difference between

CFRT and HFRT. The 5-year OS when using 2D
in CFRT was 69% (95%Cl 62.4-74.9) and 75%
(95%Cl 64.8-83.2) in HFRT with p-value = 0.236
(Figure 4); while utilizing 3DCRT, it was 72%
(95%CI 64-79) in CFRT and 84.4% (95%C!| 75-90)
in HFRT with p-value = 0.051 (Figure 5).

Kaplan-Meier curve of Disease free survival

1.00

0.75+

0.50+

0.25+

0.004

— CFRT
5-year DFS et HERT
CFRT 65.14%

HFRT 73.38%

P-value = 0.058

T T
0 il 24 36

Number at risk

CFRT 361 296 245 201
HFRT 191 159 136 101

48 60 72

160 89 23
7 41 18

Figure 2. Kaplan-Meier curves of Disease-free survival

Kaplan-Meier curve of Overall Survival
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Figure 3. Kaplan-Meier curves of Overall survival
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Kaplan—Meier survival of 2D technique
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CFRT 69%
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P-value = 0.236
0.00 4
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CFRT 214 213 191 178 156 123 70
HFRT 86 84 79 72 61 37 26

Figure 4. Kaplan-Meier curves of Overall survival when using 2D technique

Kaplan—Meier survival of 3DCRT technique

1.00
0.754
—— CFRT
ot 5-year OS —— HFRT
CFRT 72%
HFRT 84%
0.254
P-value = 0.051
0.00
T T T T T T T
0 12 24 36 48 60 72
Analysis time
Number at risk
CFRT 146 143 136 126 108 71 34
HFRT 105 105 104 97 86 51 20

Figure 5. Kaplan-Meier curves of Overall survival when using 3DCRT technique
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Adverse effects were recorded in some
cases. Acute grade 1-2 skin reactions were
reported in 159 cases (140 in the CFRT and 19
in the HFRT). Regarding late toxicity, there
were reports of 10 cases of arm lymphedema
(4 in the CFRT and 6 in the HFRT), 1 case of
deep vein thrombosis in the irradiated arm in
the CFRT, and 1 case of death due to congestive
heart failure in the HFRT (with a history of
prior use of taxane based chemotherapy and
anti-HER2 therapy).

Prognostic factors predictive for survival

The univariate analysis revealed that tumor
stage, nodal stage, lymphovascular invasion,
number of lymph nodes dissection, triple
negative subtype, and radiotherapy regimen were
significant prognostic factors for survival, and
these factors remained significant in the

multivariate analysis (Table 2).

Prognostic factors predictive for locoregional
recurrence

The univariate analysis revealed that tumor
stage, triple negative subtype and chemotherapy
regimen were significant prognostic factors for
locoregional recurrence. However, multivariate
analysis finally indicated that tumor stage, triple
negative subtype and receiving taxane based
chemotherapy regimen were significant prognos-

tic factors (Table 3).
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Discussion

The National Comprehensive Cancer
Network (NCCN) Panel recommends a dose of
40-42.5 Gy in 15 to 16 fractions for all patients
getting whole breast radiation without regional
nodal radiation after breast conservative surgery.
In the postmastectomy setting, conventional
fractionation still remains standard of care.
A randomized trial from China found that HFRT
was as effective as CFRT in terms of disease-free
survival (DFS) and overall survival (0S),
with comparable toxicity'. However, there
are some limitations to consider, such as the use
of an electron field and omission of axillary
lymph node levels | and II while treating the
patients.

Our study revealed that the 5-year LRRFS
between CFRT and HFRT was comparable
(87.37% and 86.60%, respectively (p-value=
0.642)). This is consistent with the results of
other retrospective studies about 94-96% in
CFRT and 93.9-96.1% in HFRT®*'”. Our study
seems to have a lower 5-year LRRFS, which could
be attributed to the higher proportion of
unfavorable prognostic factors, such as T3-T4
and N2-N3, which increase the risk of local
recurrence.

The 5-year DFS of HFRT (73.38%) trend to be
higher than CFRT (65.14%), but this difference

was not statistically significant. (p-value=0.058).



Table 2. Univariate and Multivariate Analysis of correlated to overall survival

univariate multivariate
Variables
HR (95% ClI) p-value HR (95% ClI) p-value
Age group <40 1 0.974 1
>40 0.99(0.60-1.63) -
Tumor stage T1-2 1 0.001 1 0.001
T3-4 1.69(1.24-2.29) 1.73(1.26-2.36)
Nodal stage NO-1 1 0.004 1 0.001
N2-3 1.60(1.16-2.20) 1.72(01.24-2.39)
Lymphovascular invasion Not present 1 0.003 1 0.003
Present 1.69(1.19-2.40) 1.73(1.21-2.48)
Number of lymph node dissec- 0-9 1 0.023 1 0.006
tion
>10 0.62(0.42-0.94) 0.58(0.37-0.90)
Triple negative subtype No 1 <0.001 1 <0.001
Yes 1.89(1.32-2.72) 2.01(1.42-2.93)
Taxane based Chemotherapy No 1 0.341 1
Yes 0.83(0.57-1.22) =
Anthracycline based No 1 0.878 1
chemotherapy
Yes 1.04(0.66-1.62) -
RT technique 2D 1 0.148 1
3DCRT 0.77(0.57-1.06) =
RT regimen CFRT 1 0.016 1 0.036
HFRT 0.65(0.46-0.92) 0.68(0.47-0.96)

Abbreviations: 2D=2-dimensions, 3DCRT= 3-dimensions conformal radiotherapy, CFRT=conventional fractionated radiotherapy,

HFRT=hypofractionated radiotherapy, RT=radiotherapy
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Table 3. Univariate and Multivariate Analysis of correlated to locoregional recurrence

univariate multivariate
Variables
HR (95% ClI) p-value HR (95% ClI) p-value
Age group <40 1 0.093 1
>40 0.54(0.26-1.10) -
Tumor stage T1-2 1 0.002 1 0.001
T3-4 2.41(1.36-4.25) 2.65(1.49-4.71)
Nodal stage NO-1 1 0.203 1 0.053
N2-3 1.44(0.82-2.55) 1.79(0.99-3.23)
Lymphovascular invasion Not present 1 0.117 1 0.081
Present 1.66(0.88-3.11) 1.77(0.93-3.38)
Number of lymph node dissec- 0-9 1 0.147 1
tion
>10 0.59(0.29-1.21) -
Triple negative subtype No 1 <0.001 1 <0.001
Yes 3.42(1.92-6.06) 3.42(1.31-6.12)
Taxane based Chemotherapy No 1 0.005 1 0.006
Yes 0.44(0.24-0.78) 0.43(0.24-0.79)
Anthracycline based No 1 0.018 1 0.984
chemotherapy
Yes 2.14(1.14-4.03) 0.99(0.32-3.07)
RT technique 2D 1 0.592 1
3DCRT 0.86(0.49-1.49) =
RT regimen CFRT 1 0.643 1
HFRT 0.87(0.48-1.57) -

Abbreviations: 2D=2-dimensions, 3DCRT= 3-dimensions conformal radiotherapy, CFRT=conventional fractionated radiotherapy,

HFRT=hypofractionated radiotherapy, RT=radiotherapy
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Similar to other studies reported no statistical
difference in 5-year DFS of both RT groups
(68.8-91 % in CFRT and 63.5-89.9% in HFRT) %%,
The HFRT group showed a significantly higher
5-year OS than the CFRT group (80.29% vs.
70.38%, p=0.016), possibly due to more frequent
use of the 3DCRT technique (54.97% in HFRT vs.
40.44% in CFRT). Computed tomography
treatment planning enhances 3D target
visualization, improves dose distribution, and
supports better local control and survival.
Greenbaum et al. reported better 5-year LRR
(3.0% vs. 11.5%, p=0.0004) and overall survival
(79.2% vs. 70.6%, p=0.0012) for 2.5D + 3D
patients compared to 2D patients”. However,
stratification by radiation technique showed
no significant difference in 5-year OS between
CFRT and HFRT. Additionally, the smaller sample
size in the HFRT group (nearly half of CFRT)
and relatively short follow-up duration compared

1% may have influenced

to other studies
the findings.
Multivariate analysis found that tumor
stage, nodal stage, lymphovascular invasion
were significant prognostic factors for survival
consistent with Tovanabutra et al."%. Further-
more, this study revealed that hypofractionated

radiotherapy positively impacts patient survival.

Additionally, taxane based chemotherapy
regimen was a significant favorable prognostic
factor for reducing local recurrence. This finding
can be used as a guideline for selecting the

appropriate chemotherapy for the patient.

Limitations

Ubonractchathani Cancer Hospital is the
only government hospital in Thailand’s
northeastern region that offers radiation therapy.
Patients from other provinces, including those
in remote areas, are often referred back to
their primary hospitals, resulting in relatively
short follow-up periods. Although this is a
retrospective study in single center, we collected
data from recent years which 3D planning is
currently and widely used, to compare treatment
outcomes. Further research in larger samples,
longer follow up and treatment toxicity may have
provided more informative results, which play an

important role in treatment decision-making.

Conclusions

Post-mastectomy hypofractionated radio-
therapy achieved comparable LRRFS and DFS to
the conventionally fractionated radiotherapy
with the advantage of reducing overall treatment

time, treatment burden and cost.
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