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Abstract

Background: Treatment of pediatric cancer consists of surgery, chemotherapy and radiation,
depending on type and stage of cancer. During therapy, pediatric patients have to be alone in
the radiation room. They might feel frustrated or worried and some cannot cooperate the
treatment which is one of the most common problem in pediatric cancer patients. Therefore,
general anesthesia is unavoidable. These patients are required to be admitted during the
treatment which could affect their quality of life as well as their emotion.

Objective: The purpose of this study is to reduce the number of the pediatric patients who
require anesthesia and to reduce anxiety in parents and patients during radiation treatment at

Division of Radiation Oncology, King Chulalongkorn Memorial Hospital.
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Materials and methods: From 2014 to 2018, 148 pediatric cancer patients (aged: 1-15 years)
received radiation treatment at King Chulalongkorn Memorial Hospital. A lovely appointment
card was given on the first day. Staff familiarized themselves with the patients and prepared
the reward when the patients well cooperated with the treatment. At the end of the treatment,
the patients received certificate from physicians to appreciate their cooperation. The concern
and satisfaction of parents were assessed by questionnaires before and after treatment. In
addition, the reduction in anesthesia cancellation during radiation treatment was recorded.
Results: This study demonstrated that the activities reduced parental anxiety from 70% to 12%
at the end of treatment. The fear of patients decreased from 77% to 20% and satisfaction
increased from 27% to 95%. In addition, the number of cancer patients in children without
anesthesia were reduced by 35.7%.

Conclusion: This study demonstrated that encouragement activities reduced anxiety in treatment

for parents and pediatric patients. When the patients were more cooperative, the number of

daily anesthesia was reduced.

Keywords: Anesthesia, radiation, pediatric, patients, anxiety
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Abstract

Backgrounds: The organs at risk (OARs) delineation process has an important role in treatment
planning for head and neck radiation therapy. Overdose to these OARs may cause long term
functional loss. In clinic practice, OARs are usually delineated by Radiation Oncologist (RO).
Nevertheless, it takes a long time and depends on RO experience. Moreover, intra-inter
observer variation is observed.

Objective: To develop a deep learning model for auto-delineation of OARs on head and neck
cancer patients computed tomography images and evaluating the performance of the model.
Materials and Methods: Head and neck computed tomography simulation images and DICOM
structure radiation therapy were used for training deep learning models. The models were
developed by using U-Net architecture and Features Pyramid Networks (FPN) architecture.

The architectures were modified by using the VGG19 backbone. Fine tune method and Transfer
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learning method were used to train deep learning models. The models were evaluated by
Dice Similarity Coefficient (DSC), 95 percentile Hausdorff Distance (95%HD), the time of model
training, and the time of model auto-predictions.

Results: The averages DSC results of the TUVGG19 model and FFVGG19 were more than 0.80
for all the OARs, except DSC of both parotid glands and spinal cord were more than 0.72.
The averages 95% HD were less than 2 millimeters for all the OARs, except 95% HD of mandible
and both parotid glands were not more than 4 millimeters. The average times to predict
mask were 1.286 and 1.534 seconds per image for the TUVGG19 model and FFVGG19 model,
respectively.

Conclusion: Deep learning models for auto-delineation of OARs have been developed.
They showed good prediction performance. The results were evaluated by DSC value and 95%HD
likewise the value of previous studies and fast predictions mask.

Keywords: U-Net architecture, Features Pyramid Network (FPN) architecture, Transfer learning and

fine tune

J Thai Assoc Radiat Oncol 2021; 27(1): R12-R28
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1. wsvudoya image waz mask
1.1 nswlsudeyanin CT
ilesanam CT 1unn DICOM Aifoya
vasusag pixel 8g3ULUU Hounsfield Unit (HU)
?zfqLi‘]uﬁﬁazﬂaﬁﬁ‘ﬁaqﬁau%wﬂﬁw (-1000, 1000 HU)
wiaYerzdadssundfiaulafnwinuunneig
seiedefuuinalngseutey RMvuatayanIn
CT dntnlugduuuras window fmneau wasiiio
Tanunsousnveuneoizd afsnifidnauiu
MuuAlAnIW input Juuin 512, 512, 3 lagusaz
channel a7 1 window l@awn brain window,
soft tissue window W@y bone window
1.2 mawseudeya mask
ihdayaanyadesa DICOM RT Structure
mLL&m%'agaﬁuaUL%m%anai'mzﬁﬁwLﬁmﬂﬂaﬁau%
ﬁmﬂﬂﬁagﬂugﬂ mask array Ingld DICOM-contour
library mﬂﬁ?ul,mauﬂumwé’wmz binary image
dsulsazedvigt19AgsUnd LaviINISIIUAN
dnwauz binary image {Wu 1 yanm Juwnadu 512,
512, 7 Avualiusaz channel Wuaw binary
image TeudazeitriafsUnfviaula
1.3 mMsuusyntoya
%a;&aﬁm%’amnﬂﬁﬁa 1.1 uag 1.2 9N
wiadu 3 gadeya laun 1. yadeyadmsunisaou
Tawwa 119U 75 519 (Junw CT uag A1 mask
UIUBY WAL 7,683 1) 2. YAYeLadInTUNIIATIA
gouluna 12 579 (WJunin CT way a1 mask
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UL NAE 1,136 A1) Uay 3. Yadeyadmiunis
naaaulanaa 15 579 (Jun1w CT way A1 mask
98198 1,504 2N) %a;&amwﬁy’wmlmmﬂﬁﬂiz
918ALE mask IR R LT NENIGT

LEAAIAININT 1

2.nMsnanlanansiseuigeandmiuiivun
YaULNaIBTT1LABSUNR
2.1 antnenssulaseding vinnsasislunanis

L?WiL%ﬁﬂﬁﬁgﬂquamﬂmaﬂﬁﬂmwwLLUU
U-Net uag FPN Ingld segmentation model library
Fonldluma backbone wuU VGG19 dwiusides
sUwuvandnenssulasang

2.1.1 anUnenssulasevie U-Net Usznou
A8 2 d@u lan @ down sampling Wazdau up
sarnpling LAAIFINNT 2

d@1uwa3 down sampling T4luipa backbone
WUU VGG19 Usznaudae 5 block Tu block 7 1
uag 2 Uﬁzﬂauﬁw%uﬂauhqﬁfj’u 2 fudousofiutu
pooling 1 4u Tu block 7 3 & 5 Usznausae
%y’uﬂauhqﬁi'fu 4 $u sudetu pooling 1 44

@199 up sampling Usznause 5 block
fiduwusiiudi down sampling Tneusiag block
Usznausie %uﬂauhqﬁu #u batch normalization
wazdu activation (Relu) $1uau block av 2 %9
audetu up sampling enviulu block 5 il
Fousamaedu up sampling wsidousededu
ﬂauhq%’uuaz%u activation (soft max) nsidfexfy
Tugiuves down sampling wag up sampling
Feusade block Asinanssenins@esdn Suni
center block finsi3ssvasdusuiiunsmilousy
d@uwe3 up sampling Tu block 71 1 &4 4 uagl3s
concatenation Tunsidesie feature map FLUIN
block 7 2 &4 5 Tudu down sampling AU block
7 1 8 aTudm up sampling



6000 5689

5000

4000

k (nW)

3000

2224

I1UIU Masl

o

2000
1655

1391 1413
1118

832

1000 726 729 3
424

326 310 274 265

243 I 108 161 108 140 . 201 204

BST EYE_Lt EYE_Rt MAN SPC

PRO_Lt PRO_Rt

M Train_set M Validation_set I Test_set

AWA 1 Msnszanemud mask efoazdnadssnivesyndeyaaeu yatoyansivaey uazyndeyanaasy
Angd: BST = brain stem, EYE_Lt = left eye globe, EYE_Rt = right eye globe, MAN = mandible, PRO_Lt = left parotid gland,
PRO_Rt = right parotid gland, SPC = spinal cord

3 64 32— 16 —I -8
64 128 [T m— y—
128 I- 256 -I 128 foemn 64 |
256 1- 512 - 256 |— 128 —I
5121- 512 -1 512 l— 256 —I
—_—
|I—— iz il
16,16
32,32 32,32
64, 64 64, 64
128, 128 128, 128
256, 256 256, 256
5;2:;12 Down sampling | Up sampling 512, 512 g
o
o
[ input [[] conv [ max pool M batchNorm
[ relu M upsampling M softmax concat

Al 2 EULLUUﬁmﬂmaﬂiiﬂﬂid"dw U-Net
A18a: conv = convolution layer, max pool = max pooling layer, batchNorm = batch normalization layer, relu = rectified

linear activation function layer, upsampling = upsampling layer, softmax = soft max activation function layer, concat =

concatenation
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2.1.2 anUnenssulasesdng FPN Usgnausme
nsdeudevestusuiums 3 wusldun bottom-up
(BU), top-down (TD) wagiud lateral |, Il (LI, L-I1)
n1sidounovoswyy BU 19Tuina backbone
WUU VGG19 1utieniudiu down sampling U89
aotnenssulasevie U-Net Usenausie 5 block
wanssInIndi 3

nsidouselunus L-1 1¥nagwsaindu
Aauligiuanvinevas block 2 BU fis block 5 BU
LazNadWEINTU max pooling 983 block 5 BU
gninpeuligduie kerel aun (1, 1) lanadns
wanatdu block 2 L-I fia block 5 L-I dwmsuns
Aol tuves block 2 BU it block 5 BU anatdnsiu
LLaxNaé’wéﬁiﬁaﬂﬂﬂﬂﬁﬂauiﬂgﬁﬁu%u max pooling
Tu block 5 BU %Qﬂ‘Lﬁﬁ’LﬂuﬁayjaL%"uéfuﬁm%’umﬁ
sfiunsluwwinmsideuse TD

nsideusolunus TD 1dnadnsarnnis
\Fousioluwwa LI 999U max pooling Tu block 5
BU (Judoyaisusuiiieviinis up sampling wadws
91nA13 up sampling iu%uﬁazgﬂiawﬁ'ﬁumaﬁwé
block 5 L-I #&/33n15 add wafllduanudunadng
484 block 5 TD ﬁ]'mﬁ?umaé’wﬁ‘ﬁ%gﬂ up sampling
wazs2uunaues block 4 LI §e33ns add wadils
wanaDunadnsues block 4 TD mnﬁ'jui%'gmmumi
Fousednuaizieatiuiu block 3 L-1 fU ma up
sampling ¥84 block 4 TD uanafunaansves block
3 TD wae block 2 L-1 f1U Wa up sampling 984 block
3 TD wanadunadnsvas block 2 TD augsu

mMaideuseluuwy LIl Tdnadnsves block 2
TD 9 block 5 TD Qﬂﬁ%ﬁumié’aa%uﬂauhgﬁu
%u batch normalization LLax%u activation (Relu)
dmiuusiaz block TD av 2 4n maé’wa‘qmﬁwmﬁ
wanadu block 2 L-Il §i9 block 5 L-II Tngkadns
block 3 LIl fis block 5 L-II 99N up sampling 2ot
kermnel wu1n (2, 2), (4, 4), (8, 8) MUANU HAGNS
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INMTANTUNIT up sampling QALK
Nadns block 2 L-Il @2835015 concatenation
HAGNSNLAA1NN1T concatenation AggniuALiy
n1saleduneuligdu YU batch normalization
T activation (Relu) #&2%1115 up sampling
musen1saeuligtu wazlddu activation (soft
max) WBYNUIENaaNS Nswpusavesaatnenssu
a & a ) o
NL20sNTTRALANININING 3
2.2 Msdoulinansiseusiddndmiuivun

YBULINBD TV ABIUNAUS I UAT W haLaAB

| & aa ' ' aca
wuseanlu 2 35 Tuwmazantnenssulasewine 359
1 @aulumameds fine tune (AIWNSITLABDS VDY
lunanduiusfuluina backbone wuu VGG19
= A . q' v v
F9UA weight NYNABUAIYYAVDYA ImageNet
2012 ILSVRC™ gnihanldidudinisnfimesisusiu
294kL98) WazIsh 2 dsuluwalagleisn1sanenen

n1ssgug e

waea 102981970 ImageNet
(mmndwesvedlunaiiduiusiuluma backbone
WUU VGG19 gne3e (freeze) iumsnfineasues
Tuiea) Tuwadmsumsanuniisedideiu ¢ Tua
AR5 wanafanTed 1 Suneunsdeu
ﬁmﬁﬁmumé’mwmiﬁauiﬁ 0.0001 Auun batch
size = 4 dwdutuneunisaou (train) uaz batch
size = 11u°§umaumim’maau (validation) finiua
epoch = 20 @anly Adam optimizer L@anld Dice
Loss + Categorical Focal Loss tuilefidunns
arde uazdvuelinganisiniilon validation

loss LifinsiasulUamaiiasnu 3 Asa

3. NNSNAEDULAZNISIANE
3.1 N15UsELIUAIINYNADINITVINTUVB
luma
ANTAUNITUTEIRUNAAINURI D UYD
AW mask array 910N1IANMUAYDULUAD T

v a a A o £ o
Trafgsunfanlaumanwaunduiy mask array



Bottom-Up Lateral | Top-Down Lateral Il
16, 16, 512 [T} S —
T ‘ 16, 16, 256
T -
#5 | £ Add _’
32, 32, 512 32, 32, 256 U — o e— —
! 32, 32, 1128 I .
#a 7 4 - —
64, 64, 512 o Add 3 " 256,256, 128
- 6%, p 64, 64, 256 o .28— .
64 64, 256 "1 — .
- —
#3 T . S > Add 3 . I
256, 256, 128
128, 128, 256 128, 128, 256 | | .
- 128, 128, 128
128, 128, 128 [ — -
- —
#2 ¢ Add -
256, 256, 128 ‘I ‘i—b i 256, 256, 128
256, 256, 64 | | 256, 256, 256 R -
4 256, 256, 1?6 .
| [ -
g1 Stzs126 | 4 — e m— s — ]
512,512, 3 | |
256, 256, 128 —
[7] input [[] Conv = | Conv(1, 1) [] Conv(3,3) v
=P | max pool =l Upsampling(2, 2) =l Upsampling(4, 4) 5l Upsampling(s, 8) 5152,1 5152121'2:
B batchNorm o relu concat B softmax

i 3 guuuuandnenssulasaie FPN

AEa: conv = convolution layer, conv (1,1) = convolution kernel size 1x1 layer, conv (3,3) = convolution kernel size 3x3

layer, max pool = max pooling layer, batchNorm = batch normalization layer, relu = rectified linear activation function

layer, upsamplimg (2,2) = upsampling kernel size 2x2 layer, upsampling (4,4) = upsampling kernel size 4x4 layer,

upsamplimg (8,8) = upsampling kernel size 8x8 layer, softmax = soft max activation function layer, concat = concatena-

tion, Add = addition method

M13199 1 W9dmesvasliaan1siTeuigeEn

Models Total parameters Trainable parameters Non-trainable parameters
FUVGG19 29,062,984 29,058,952 4,032
TUVGG19 29,062,984 9,034,568 20,028,416
FFVGG19 22,890,312 22,888,008 2,304
TFVGG19 22,890,312 2,863,624 20,026,688

fgia: FUVGG19 = luinaiiaoudieds fine tune sUwuuanndnenssu U-net Tuma backbone uuu VGG19, TUVGGLY = Tupait

dousngTs transfer learning JUuuvandnenssu U-net luna backbone wuu VGG19, FFVGG19 = Tunafiaeudeds fine tune
sUuuuandnenssu FPN Tuiaa backbone WUy VGG19, TFVGG19 = luinafiaousieds transfer leaming suuuvandnenssy

FPN laima backbone Wwuu VGG19
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1INNSMAUAVDULINDIEIZINLAIUNRAAIENITIA
=1 o % o aa
T19lUN15NWHUNITTIY AenNanwMe2 Tf (2D
CT) veautnATeeiazane lngldyadoyanaaau
aunnualilude 1.3
=l = =1 a 1 o
n1sSeuLiisuanumiieuldegusagnauau

0 ha@mg

#1171 Dice Similarly Coefficient (DSC)
AISAILINAIENNS 1 waznsiUSeuifisuiiion
ANAURUSVDY mask array fl&naaﬂugﬂl,mmwz
%19904¥8U mask gnAMIUMIEA1 95 Percentile
Hausdorff Distance (95%HD)"™” Lansn15A1WIM

AIFUNIT 2

__2|AnB|

DSC =
|Al+|B|

(1

e |A| Wz [B| Lﬂuﬁuﬁmm mask 7il§annns
MUIBLaY mask 91999 wag |[4NB| Lf]u‘ﬁu‘ﬁ' i
FauuiuYed mask 31NN1TYIUIBLAE Mask 91989
lagn DSC wi1iu 1 61 mask ¥4 2 4n Fouriuiu
peaNY Tl a1y 0 181 mask ves 2 ya Ll

Faunuiu
JH rxy)=K {min d(x,y)},Vx eX @
! r (YEY
d xy) +d X
dH, T(X.Y) — 9H, 7r( Y)Z H, r(y,X) 3)

e K, Ao Awdesigudlndnldlunisdiuay
(95 Percentile ) uag d(x,y) fip Te8EN9TENIN 90
X ULLAULARSIUS VDU mask 3NN1TYITNEUAY

0 y VUEULAAITUTINVOULUA mask 91984

3.2 n15UsziiuLian
andunsUuseiusyeeian1siNaINnIg
o a v o= 2 & |
Junainsisuaudsasadunisinlullsiag epoch
kazUseiluszeLlIaINISRIuIgNIN Imamﬁﬁﬁaga

A CT wnglunaudiiilumariuieninnadns
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mask array Yedufazliing ¥in159ULIaIa1Y time
library W@ mHan19veesEeEIaIlaann1siudin
LATUNTIUETRlIAG LazIAINISYIUIELAY

&
LESVRILULAE

NaN1SAN®EN

HaN15YIIUIY mask 1NTUAANITISHUILTEN
FNSUAMRUATEULIND BTN ABIUNAUS AT Y
LardmeTiiaLN T uLdnIfBE 1A INSINLNY
Fanmdt 4 wun dedieutu mask s198slunind
4A Ref, 4B Ref ffunIW 4A Pre, 4B Pre luina
a13150vu1e mask 1aa uadinsviuneRanaiely
VAN CT AuanslunmUSauisuseninenn
4C_Ref ffunwdl 4C_Pre wanun1sviuieRnues
Tuwaindu spinal cord waluaaduaisuaniu
AT mask 81989984 brain stem UBNINLLAT
HANNSYUNE mask Y891 4 TULAAUUANEIUIY 15
Yn Wudndl 1 @mﬁﬁaaﬂaﬁigja’lmsﬂﬁwaﬂﬁﬁmw
mask ¢ §etiu nsdnenludiuvesan DSC waz
95%HD mam'1ﬁﬂmﬁ%ﬁwmumwwﬂaaﬂﬂu 14 99
%aa,daﬁmmmﬁmw mask gt

nan1sUsTuAImiloures mask fivhuneann
YatoyanIn CT NEUNAZDU 31NNISANUINAI DSC
NAMNTYIIUNY 7 9TrznaAssuni lWisuiigy
Funmeneda enasuanslunnd 5

wuiluea TUVGG19 Tipady DSC qqﬁqmiu
9322919.A8aUNRA brain stem, left eye globe, right
eye globe waz mandible fidadsves DSC Wi
0.815 + 0.052, 0.869 + 0.040, 0.864 + 0.056 Lay
0.887 + 0.030 ALAGIU

Tuiea FFVGG19 fA1adsves DSC qqﬁqmiu
a3zt ABIUNR left parotid gland Wag spinal
cord fiAadsaes DSC Wirfu 0.746 + 0.082 uaz
0.792 + 0.050 AUAPU



DSC
0.9101
0.9087
0.9424

DSC
0.9418
0.8379
0.7473
0.7710

DSC
0.9330
0.8872
0.8389
0.0000

Reference Mask Brain stem Left Eye globe - Right Eye globe . Mandible
e Prediction Mask Left Parotid gland . Right Parotid gland . Spinal cord
Al 4 fegnaman1svig mask wazA1 DSC A1nTaiaa TUVGGL9
g N dA - 4C uanaduYBUAYEY mask 81984 (@) uay mask AlFanlanea (Evay), 71w 4A_Ref - 4C_Ref wanaituil

mask 81989, NINAA Pre - 4C Pre LLamﬁyuﬁ mask 31NN5YUEvedlalea |, BST = brain stem, EYE Lt = left eye globe,
EYE_Rt = right eye globe, MAN = mandible, PRO_Lt = left parotid gland, PRO_Rt = right parotid gland, SPC = spinal cord
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Tuiea FUVGG19 dlAiade DSC gefigaluaien:
Fafieaund right parotid gland fidniadeves DSC
Wiy 0.760 + 0.095

KaN15UsILIT8EINIUEIRULR mask TViTue
NYATEYAN N CT NAUNAFDU HANITATUINAN
95%HD waneianwdi 6

wavesluiaa FUVGG19 fiAady 959%HD milan
lusdenzdnadssunid mandible, right parotid gland
wae spinal cord fAnady 95%HD Wity 3.288 +
1.241, 3.008 + 0.960 wag 1.209 + 0.281 Haaluns
AUAIAY

1.000

0.900

DsC

EYE Lt EYE_Rt

0.800
0.700
0.600
0.500
0.400
0.300
0.200
0.100
0.000

Tuina TUVGG19 fidiads 95%HD ffigalu
970718419.AB9UNG brain stem Wag right eye globe
ﬁﬂl'll,a?ilﬁl 95%HD WinAu 1.764 + 0.486 wag 1.079
+ 0.242 fa8INT MUFIIY

Tuwna FRVGG19 fdiade 95%HD masluaions
Frafeaund Left eye slobe SAwady 95%HD wihifu
1.075 + 0.212 UaqUng

Tuina TFVGG19 fidniades 95%HD Aasluaios
413.ApeUnd left parotid gland AaAY 95%HD
Wiy 3.770 = 0.919 Hadiuns

PRO_Lt PRO_Rt

FUVGG19 M TUVGG19 M FFVGG19 M TFVGG19

a ' a ' o v a ad o P a YA e
2wl 5 A1 DSC wdsveuiazeozihufssunafigninemelumanisisousidedn 4 luea
Agia: FUVGG1Y9 = luinaiaeusieds fine tune sUkuuanndnenssu U-net Tuna backbone wuu VGG19, TUVGG1Y = Tuinad

ApUETs transfer learning JULuuandnenssu U-net lana backbone wuu VGG19, FFVGG19 = Tpaiaeudaeds fine tune

sUuuvandngnssu FPN Tuiaa backbone WU VGG19, TFVGG19 = Tunaiiaeuieis transfer leaming Jutuuaniinenssu
FPN latma backbone wuu VGG19, BST = brain stem, EYE Lt = left eye globe, EYE Rt = right eye globe, MAN = mandible,
PRO_Lt = left parotid gland, PRO_Rt = right parotid gland, SPC = spinal cord
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8.000

6.000

95th Hausdorff Distance (mm)

4.000

2000 - ' I '
BST

I
il Cin

EYE Lt EYE Rt

0.000

il

PRO_Lt PRO_Rt SPC

MAN

FUVGG19 M TUVGG19 MFFVGG19 MTFVGG19

Al 6 Aade 95%HD veausazeTuzinuAsUnATignyinefelunanissousidedn 4 Tuaa
Age: FUVGG19 = lumafiaeudieds fine tune sULuuandnenssu U-net Tuna backbone wuu VGG19, TUVGG1Y = Tupait
dourig3s transfer leamning gUluuan1UAENssH U-net Tuiaa backbone Wuu VGG19, FFVGG19 = Tpaiideusaeds fine tune
sUuuvamIngnssu FPN Tuiaa backbone WU VGG19, TFVGG19 = Tunafiasudeis transfer leaming Jutuuaninenssu
FPN laima backbone wuu VGG19, BST = brain stem, EYE Lt = left eye globe, EYE Rt = right eye globe, MAN = mandible,
PRO_Lt = left parotid gland, PRO_Rt = right parotid gland, SPC = spinal cord

HANSUsEIUNAINTYIuYedinan1seus
Weand1usunImuaveulansnlulfvete iy
dafgaUnd deyaniainisaeulunaiazdeyalim
M99NE mask vesusazligg wanetInns1ed 2
wurluwadiaeulagldiznis transfer learning 14
nantesniinsaeulinadiedans fine tune sy
2 sUuuuanUnenssulasedie (U-Net uag FPN) 1
anas 258.4 uay 296 Aunise epoch ANEIRAU

naINTNe mask vedlunatignasusieis

transfer learning wagion1s fine tune finulng

WWeanuUNIaeas iuknazandnenssulasetie lng
luwanlganrtnenssulaseng U-Net Toatlunis
¥u1e mask wsgnnlumanty FPN

uniansel
nsfnwildinsiaulueansideudidedn
dmsuivuaveulundnluifveseieivtiufsauns
vunMLeNgLsERaNiameTNNUN TSNy Ineldsy
wuuannnenssulasstie 2 sUnuu leua U-Net way
FPN uagldluina backbone Wuu VGG 19 53wy

Journal of Thai Association of Radiation Oncology
Vol. 27 No.1 January - June 2021



A151991 2 LIAINITEDULALLIAINTYINUIY mask Veslung

Models Training time Prediction time
(second per epoch) (second per image)
FUVGG19 1.307
TUVGG19 1.286
FFVGG19 1.534
TFVGG19 1.430

fgie: FUVGG19 = luinailaousieds fine tune sULuvantdnenssu U-net Tuna backbone wuu VGG19, TUVGGLY = Tupad

dousngTs transfer learning JUuuuandnenssu U-net luna backbone wuu VGG19, FFVGG19 = Tunafiaeudeds fine tune

sUuuvandnenssu FPN Tuiaa backbone WUy VGG19, TFVGG19 = luinafiaousuds transfer leaming suuuvandnenssa

FPN lama backbone WUy VGG19

nsdau 2 35 lown 35 fine tune wag 33 transfer
learning deAngaimin ImageNet

wudnduenw Tinan1svinune mask Hawann
971 mask 5’1&5dﬁgﬂﬁmum%ﬁu brain stem 1Ju
oTzd1aABsUNR spinal cord Tunsdiifannmsenu
wudAAAlUUINMTREROUR VUYL spinal cord
fluYaUa19%84 brain stem dannnunanyadoya
aoudagniivananuatsuvasdeaya Ssnnsimue
YDULNAIUVDUUULAZUDUAVD spinal cord Wag
brain stem laighLau wiinn1sufuanianatniinis
wuzmueilion1sivuaveulneJetzt1uAssUnd
agadaauiiliimuaveuuuves spinal cord 7
Fuia Tip of dens w84 C2 Fmuindaruaain
\AouTDwaUWATITWREaTUNSANY YT van der
Veen J. uazanir™” mnfimsifingadoyadniuns
govludiuiozdrsanauudsusiuveanisimun
youlaiana il

nuaneaesuii 4 Tuea & 1 yadeya
ASYAFBUTINIIINA 15 yatoyafiliannsainie
mask 16 ilofinrsananuuandisvesdeyangy
U 15 ¥n wuirdeyaailiaansaiune
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mask 1A Jaure Field of View (FOV) winfiu
320x320 fiadluns fAaaInyateyadn 14 g Al
YA FOV agluyae 522x522 Tadluns f4 650x650
fiadluns daiinnulndifssiunazlndlAssiuruin
FOV vasyadayalun1saauliag memanananga
Huandliivinvuaves FOV Wutladenieidma
fonsviuneveslumafifaunty Tnouusthlils
¥unenm CT fiflvuna FOV @aus 500 89 600
fedwns eagihlmlamaanunsaviiuiena mask e

PNWANITANEINTUTZIIUAMUIALIDUTBS mask
fhungaingadeyanm CT ngumagey ¥4 14 %
Foya 91nnsUszIuA DSC wudlnadianunse
e mask uaalvien DSC a1 e Tuina TUVGGL9
way FFVGG19 7ilen DSC wnndn 0.80 sniiuly
parotid W 2 Frauay spinal cord #il¥en DSC
11N 0.72 waziiwnltiunanisvinedlia DSC
TndiAsafusa DSC 9nmsAnwAauwii fauans
Tumsnedi 3

PNKHANIIATUIUAT DSC Nuluea TUVGGL9
wag FFVGG19 aansaviuielaalueietsdnaufes
ﬂﬂaﬁﬁm’mLLmﬂﬁhq‘uadLﬁaL?jaqdlﬁﬁﬂdwmsﬁwuw



A15197 3 Aade DSC nluma TUVGG19, FFVGG19 wayeAn DSC aannsAnwineuntn (vuae: Sosaz)

Organs Wu X Ibragimov B ZhuW.!"”  Chen A"  TUVGG19  FFVGG19
BST NA NA 86.65+2.00 80.30 81.50 + 520 80.90 + 4.80
EYE Lt NA 88.40+2.70 NA NA 86.90 + 4.00 85.70+ 3.10
EYE Rt NA 87.70+3.70 NA NA 86.40 + 5.60 83.90 + 3.20
MAN 89.00 89.50+3.60 92.51+2.00 91.70 88.70 + 3.00 84.40 + 3.50
PRO Lt 77.00 76.60+6.10 88.07+2.00 81.10 74.40 + 6.40 74.70 + 8.20
PRO Rt 76.00 77.90+5.40 87.35+4.00 81.40 76.00+ 12,50 72.00 + 3.40
SPC NA 87.00+3.20 NA NA 79.00 £ 5.90 79.20 + 5.00

Agia: FUVGG19 = lunaiidoudaeds fine tune sUkuuandnenssu U-net Tuima backbone wuu VGG19, TUVGGLY = Tt

dourie3s transfer learning gUuuuan1nenssu U-net Tuina backbone WUy VGG19, FFVGG19 = Tupaideusieds fine tune

sUuuvamIngnssu FPN Tuiaa backbone WUy VGG19, TFVGG19 = Tuinafiaousnes transfer learning sUkuvaanenssy
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PRO_Lt = left parotid gland, PRO_Rt = right parotid gland, SPC = spinal cord, NA = not available
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A15197 4 AaAe 95%HD 1nluna FUVGGL9 wazluna FVGG19 wagAnade 95%HD a1nnisanwineumnti

(Wiag: Uaduns)

Organs Wu X lbragimov B[  Zhu W."” TUVGG19 FFVGG19
BST NA 5.15 6.42 + 2.38 1.76 + 0.49 1.95 + 0.32
EYE Lt NA NA NA 1.08 £ 0.22 1.08 £ 0.21
EYE Rt NA NA NA 1.07 £ 0.24 1.16 + 0.24
MAN 1.60 2.49 6.28 + 2.21 3.45 + 1.56 3.65 + 1.36
PRO Lt 3.25 6.97 9.31 + 3.32 3.98 + 2.05 4.02 + 221
PRO Rt 3.23 6.43 10.08 + 5.09 3.37 + 1.36 3.77 + 1.56
SPC NA NA NA 1.24 + 0.20 1.61 + 0.68
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sUuuuandnenssu FPN Tuiaa backbone WUU VGG19, TFVGG19 = luinafiaousuds transfer leaming suuuvandnenssa
FPN 3@ backbone wuU VGG19, BST = brain stem, EYE Lt = left eye globe, EYE Rt = right eye globe, MAN = mandible,
PRO_Lt = left parotid gland, PRO_Rt = right parotid gland, SPC = spinal cord, NA = not available
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Abstract

Backgrounds: Thermoplastic masks are used for patient immobilization in radiotherapy.
Water bath and dry heat oven are used for thermoplastic masks warming before molding on the
patient’s skin.

Objective: To compare the effectiveness and satisfaction between water bath and dry heat oven
for thermoplastic mask molding in radiotherapy.

Materials and methods: The effectiveness of the water bath and the oven was examined in 3
categories: 1) preheat time, 2) mask warming time, and 3) mask molding time. The data of 20
patient who used thermoplastic masks were collected from August to September 2020. The

thermoplastic masks were separated to new short mask, new long mask, reused short mask, and
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reused long mask. In addition, the satisfaction survey of usage a water bath and an oven for
thermoplastic mask molding was evaluated by questionnaire from the radiotherapists.

Results: The results of effectiveness of the water bath and the oven were: 1) The average preheat
time to 67 °C of the water bath was longer than the oven, 2,772.0+20.8 seconds and 103.3+5.8
seconds, respectively. 2) The mask warming time of the water bath was significantly shorter than
the oven. 3) The mask molding time was not significantly different between using the water bath
and the oven. The satisfaction survey from the radiotherapists which relevance with the water
bath in very good levels was mask molding time, restore time for reusable, and reshape in a
specific area. Meanwhile, the oven was very impressed in the mask’s cleanliness and the
clean-up method.

Conclusion: The overall effectiveness of thermoplastic mask molding for radiotherapy by using
the water bath and the oven was not different. The satisfaction scoring parameters of the water
bath was maximum in reshape in a specific area, but the oven is cleanliness.

Keywords: water bath, dry heat oven, thermoplastic mask, simulation, immobilization devices
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Abstract

Background: Radiation therapy consists of many steps for treating the cancer patient. The patient’s
data transfer is very important. In order to prevent any errors in data transfer, such as radiation
dose, number of treatment fraction, beam energy, the data checklist is necessary and will
benefit in treating patients.

Objective: The purpose was to examine the data from the checklist verification document and
analyze the cause of the treatment error.

Materials and methods: Six-hundred-ninety-one patients’ checklists from Division of Radiation
Oncology, King Chulalongkorn Memorial Hospital, were retrospectively reviewed from
November 2018 to May 2019. The prescribed dose from the radiation oncologist and the
treatment plan sheet from medical physicist were checked by radiation therapist before treatment.

The frequency and percentage of the incidence of errors were classified as man, machine,
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material, method, and environment. Once an error was detected, it could be immediately

corrected. The incidence was collected and analyzed to find out the causes of errors.

Results: Fitty-two events were detected from the checklist documents. These errors could be

classified as a man for 30 events (57.70%), machine for 9 events (17.31%), material for 4 events

(7.69%), method for 8 events (15.38%) and environmental error for 1 event (1.92%).

Conclusion: The major cause of treatment error was from human. The checklist verification

document is an essential tool for treatment quality control and it is the radiation therapists

responsibilities guide to do a pre-treatment verification. It helps to prevent and correct the errors

before treatment delivery.

Keywords: Quality control, errors, checklist document, pre-treatment verification
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Abstract
Background: Due to the complexity of VMAT dose distribution, the implementation of
pre-treatment verification is an essential process in clinical practice to ensure that the accuracy
of radiation dose is delivered to the patient as planned.
Objective: To compare the VMAT pre-treatment QA results for head and neck cancer and
prostate cancer using Portal Dosimetry system (PDs) and ArcCHECK phantom with difference
gamma evaluation criteria.
Materials and Methods: Thirty VMAT plans of head and neck site and prostate site were
created and delivered on two different QA systems; PDs and ArcCHECK. The measured planar
dose matrices were compared with planned dose and were analyzed using global gamma
evaluation with the criteria of 3%/3 mm, 3%/2 mm and 2%/2 mm.
Results: The average passing rate of head and neck cases measured by PDs and ArcCHECK using
3%/3 mm was 97.9 £ 0.9% and 97.8 £ 0.8%, respectively. When using 3%/2 mm and 2%/2 mm,
the average passing rate measured by PDs was 95.7 £ 0.8% and 76.5 £ 2.6%, while the results
measured by ArcCHECK was 96.6 £ 0.8% and 79.8 £ 2.1%, respectively. Similar trend of the
results was observed for prostate cases; however, the higher passing rate was detected due to
lesser complexity in prostate plan. The average passing rate measured by PDs and ArcCHECK
using 3%/3 mm was 99.1 £ 0.9% and 99.6 £ 0.5%, respectively. When using 3%/2 mm,
the passing rate of 98.1 £ 1.0% and 98.7 £ 0.9% was observed for PDs and ArcCHECK,
respectively. The passing rate decreased to 97.0 £ 0.9% for PDs and 97.4 £ 0.7% for ArcCHECK
when 2%/2 mm was applied.
Conclusion: The gamma passing rates of PDs were comparable to those of the ArcCHECK
measurements for all eamma criteria. The distinct differences were observed when the stringent
gamma criteria were applied.
Keywords: ArcCHECK, Patient-specific QA, VMAT

UNANED
wannsuazama: iesnmnududeuvainsnszneinasdluunumsinnimemaianisasd
USupnudu@aUiinns (VWAT) msmuaeuunumssnunounisanesdiadudeudu deliiulai
FUhsaz iU SIS dgnAean LKLY
Foquszasd: WileSouifisunanismuadeuuunsing VMAT Tuuziedsveuasdine uazuziSeion
gnvunnlagldiadesiiodnsedszuuneaivea (PDs) uaziadesilodnfedeniada (ArcCHECK) Tag
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Jaquazdsnie: vin1smnedununsmudey VMAT vasuzisefsuruazanne wasuziswougnmin
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HaMIANEN: ALRAEY8Y passing rate TuuySeAsuruazdneTivihinisinlag PDs wazArcCHECK wield
LNEust 3%/3 131 U 97.9 T 0.9% way 97.8 % 0.8%, mudeu eldinast 3%/2 uu way 2%/2mm,
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TunzSssaugnmunniirududeutioand Aadeves passing rate Mivhnnsialag PDs wavArcCHECK
dleldineust 39%/3 ua Windu 99.1  0.9% uaz 99.6 T 0.5% mudsu wioldinest 3%/2 uy e passing
rate iU 98.1  1.0% Wag 98.7 T 0.9% dusun1vinlag PDs uay ArcCHECK @uaIAu A1 passing
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Introduction:

Volumetric Modulated Arc Therapy (VMAT)
provides highly conformal radiation dose
distribution to the target while sparing the
radiation dose to the organs at risk. It delivers
radiation with dynamic dose rate, collimator
angulation and gantry rotation'. Due to the
complexity of the VMAT dose distribution, the
implementation of pre-treatment verification or
treatment planning quality assurance (QA) is an
essential procedure in clinical practice to ensure

that the accuracy of radiation dose is delivered

Journal of Thai Association of Radiation Oncology
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to the patient as planned. The planning QA is
also possible to detect the systematic errors
which can lead to various side effects for the
patients®.

Several QA systems, such as 2D or 3D array
of ionization chamber or diode, film and
Electronic Portal Imaging Device based are
available and widely used for VMAT QA”™®.
The planning QA examines the concordance
between planned dose distribution from the
treatment planning system and the measured
dose delivered by the linear accelerator.

The analysis is generally performed with the



gamma evaluation method which is derived from
the protocol regarding the choice of the deviation
of % dose difference, distance to agreement and
the gamma pass rate criterion'™.

The scope of this study covered the use of
two dosimetry systems for VMAT QA: Portal
dosimetry system (PDs) and ArcCHECK phantom
which are available at our clinic. The aim was to
understand and compared the gamma pass
rate of those two dosimetry systems. Previous
studies have reported the performance of
ArcCHECK and PDs for VMAT QA. Li et al.””’ and
Chaswal et al.”’ evaluated the use of ArcCHECK
for VMAT plans verification. The studies showed
very good gamma analysis for the simple plan
verification. However, the correction for detector
directional dependence was needed. Bailey et
al"” performed pretreatment VMAT QA with PDs.
It appeared good gamma passing rate but the
detector inherent limitation due to gantry motion
and detector sag should be concerned. Most of
studies mentioned above performed
the analysis using gamma criteria of 3%/3 mm
which was recommended by AAPM TG119"",
However, numbers of studies have discussed
the acceptance criteria for VMAT QA. Hussein
et al"”
EPID, Deltad and EBT2 film. They found higher

sensitivity of error detection when the gamma

compared gamma analysis of ArcCHECK,

criteria of less than 3%/3 mm was applied.

Vieillevigne et al."™?

729 and EPID and studied the their sensitivity to

compared ArcCHECK, 2D array

delivery errors. The devices presented similar
potential for VMAT QA even analyst with tight

criteria of 2%/2 mm. Another purpose of this

study was to study the detectors response on
the gamma index passing rate when applied
various acceptance criteria and developed the

VMAT QA protocol for our center.

Materials and Methods:
A. Patient selection

Fifteen head-and-neck (HN) and fifteen
prostate VMAT cases treated by 6 MV photon
beams were retrospectively selected. Two arcs
or three arcs were created with a dose rate of
400 MU/min for each patient. Eclipse treatment
planning system version 13.6 (Varian Medical
System, Palo Alto, CA) and analytical anisotropic
algorithm (AAA) with 2.5 mm calculation grid size
were used for patient plan calculating. For HN
plans, the treatment plan consisted of 2-3 dose
levels of 66-70 Gy (High risk CTV), 59.4 Gy
(Intermediate risk CTV) and 54 Gy (Low risk CTV)
with a dose fraction of 2-2.12 Gy. For prostate
plans, the prescribed doses of 70-76 Gy with a
dose fraction of 2 Gy were generated.

To create the treatment verification plans,
the plans containing an actual fluence and
calculated MLC leaf motion were exported to
two QA systems; PDs and ArcCHECK. PDs
generated the calculated portal images while
ArcCHECK recalculated all parameters as a
planned dose map. Then, the data were
transferred to the Linac for dose delivery using
ARIA information system. All measurements were
performed using Varian Clinac iX (Varian Medical
System, Palo Alto, CA) equipped with a
Millennium 120 MLCs. A composited portal

measured dose image from PDs and a measured
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planar dose from ArcCHECK were compared with
the calculated dose from TPS using gamma

evaluation.

B. Patient-specific QA VMAT system
B.1 Portal Dosimetry system (PDs)

Portal Dosimetry system (Varian Medical
System, Palo Alto, CA) acquired image with
Varian Portal Vision and analyzed with Portal
Dosimetry (version 13.6). The images were
obtained with amorphous silicon EPID model
aS1000 which was set statically at 105 cm
source detector distance (SDD) respect to the
rotated gantry with no additional build up.
EPID has 40 x30 cm” detecting surface size
with a 1024 x 768 pixel of active area (0.39 mm
resolution). It was attached directly to the Varian
Clinac iX by a robotic Exact arm. The detector
was calibrated follow the manufacturer’s
specifications”, dark field and flood field
calibration was performed each day before
measurement. The detector dose calibration
was performed monthly delivered by a 10 x 10
cm2 open field at 100 cm SDD. The dose scaling
was calibrated to 1 Calibration Unit (CU) = 1
centigray (cGy)"'”. EPID sag was performed
on the first time of machine installation. The
average of detector sagging was within 2 mm for
all tested. The treatment machine QA was
performed monthly to ensure that the gantry

sag was within + 2 mm"™.

B.2 ArcCHECK cylindrical phantom
ArcCHECK (Sun Nuclear Inc, Melbourne, FL)

combined with SNC patient software (version 8.1)

Journal of Thai Association of Radiation Oncology
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is a 3D cylindrical detector. It consists of 1386
silicon diode detectors embedded on the
cylindrical surface area of 21 cm diameter and
21 cm array length. The device has the inherent
detector of 2.85 cm and 1 cm detector spacing.
ArcCHECK dose calibration was performed follow
the manufacturer’s guidelines before each
measurement session with a 10 x 10 cm?
open field at 100 cm source axis distance (SAD)
"9 For plan verification measurements,
ArcCHECK was set isocentrically (SAD = 86.3 cm)
accommodate with a MultiPlug inserted inside
in the center of the phantom (cavity diameter =
15 cm). All measurements recorded by
ArcCHECK were corrected for background
radiation, angular dependence, field size
dependence and heterogeneity automatically.
The correction factors were determined from
manufacturer during initial calibration of the

detector®.

C. Evaluation protocol

Gamma evaluation or gamma index analysis
developed by Low et al.""is a common quanti-
tative method for assessment the agreement
between measured dose and the TPS planned
dose. The agreement between two point in
dose spatial domain was calculated using two
acceptance criteria: percentage dose difference
(%DD); and distance to agreement (DTA). The
gamma index value assigned to each individual
points are satisfied the passing criterion by the
condition value < 1"®. The gamma passing rate
or the percentage of passing point can be

calculated for different criteria or apply an action



level by the user™

. This study used a global
gamma evaluation method where the percent
differences for every point was normalized to a
globally used single value, usually the maximum
planned dose"?.

The absolute gamma analysis with criteria
of 3%/3 mm, 95% as an action level followed
the AAPM TG 119 protocol was used ™ for PDs
and ArcCHECK VMAT QA. Criteria of 3%/2 mm
with a threshold of 95%, as suggested by AAPM
No.218"™ and the criterion of 2%/2 mm with
90% pass rate recommended from previous

studies!**?”!

was also reported. These analyses
included 10% dose threshold for all devices.
The dose threshold corresponds to the detectors
receiving doses less than 10% of the maximum
dose were excluded from this analysis in order
to minimize the effects of noise in low dose
regions™"”. The significance of the differences
between portal dosimetry system and the
ArcCHECK measurements was examined with two

tails paired t-test for all criteria.

Results

The example of the comparison between
measured and calculated dose with PDs and
ArcCHECK is shown in Figure 1 and Figure 2,
respectively. The mean value and standard
deviation (SD) of % gamma passing rate for all
gamma criteria of 30 VMAT plans using portal
dosimetry system and ArcCHECK are presented
in Table 1 (head and neck) and Table 2 (pros-
tate), respectively. The summary of gamma
passing rate comparison between measured and

calculated dose of those two dosimeters are

shown in Table 3. All head and neck plans mea-
sured by PDs and ArcCHECK had the average
gamma passing rate using 3%/3 mm of 97.9%
0.9% and 97.8 £ 0.8%, respectively. When 3%/2
mm and 2%/2 mm were applied, the average
passing rate measured by PDs was 95.7 £ 0.8%
and 76.5 ¥ 2.6% while the results measured by
ArcCHECK was 96.6 £ 0.8% and 79.8 * 2.1%,
respectively. There were no significant different
between ArcCHECK and PDs in planar dose
measurements and TPS dose calculation
(p-value = 0.760) when 3%/3 mm was selected.
The result showed statistically significant
differences when gamma criteria were reduced
to 3%/2 mm (p-value = 0.003) and 2%/2 mm
(p-value = 0.001).

For prostate plans, when 3%/3 mm criteria
were applied the average gamma passing rate
measured by PDs and ArcCHECK was 99.1 £ 0.9 %
and 99.6 T 0.5%, respectively. The results
showed passing rate of 98.1 * 1.0% for PDs and
98.7 £ 0.9% and for ArcCHECK when 3%/2 mm
was used. For 2%/2 mm, the passing rate
decreased to 97.0 £ 0.9% for PDs and 97.4 £
0.7% for ArcCHECK. The prostate cases illustrated
no statistically significant difference for all gamma

criteria.

Discussion

Both PDs and ArcCHECK dosimetry currently
have been operated at Lopburi Cancer Hospital.
The detectors were tested and characterized
before being used for clinical patient-specific
VMAT QA. This study investigated the PDs results
comparing to the ArcCHECK cylindrical phantom

by utilizing various gamma criteria.

Journal of Thai Association of Radiation Oncology
Vol. 27 No.1 January - June 2021



SR— T DD Shan b [ e A Al

Figure 1 The comparison of PDs calculated (top left) and EPID measured planar dose distribution

(top right) showing gamma analysis results (top middle) and line profile agreement (bottom).
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Figure 2 The comparison of TPS calculated (top right) and ArcCHECK measured planar dose distribution

(top left) showing gamma analysis results and line profile agreement (bottom).
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Table 1 The mean value and SD of % gamma passing rate for all gamma criteria of head and neck plans

using PDs and ArcCHECK dosimetry.

3%/3 mm 3%/ 2 mm 2%/2 mm
Patient No.
Portal dose ~ ArcCHECK  Portal dose ~ ArcCHECK  Portal dose  ArcCHECK
1 98.2 97.1 97.0 97.5 78.0 81.2
2 97.8 98.5 96.2 96.9 75.0 80.0
3 98.2 96.9 96.7 97.0 79.4 79.0
a4 98.5 97.8 95.6 97.6 77.6 82.5
5 98.5 99.0 95.9 97.5 74.7 79.3
6 99.9 97.6 95.9 96.8 78.2 80.1
7 96.0 96.0 94.9 96.0 69.9 73.7
8 98.7 97.8 94.9 96.1 73.6 77.0
9 96.6 98.0 94.0 96.4 79.9 80.3
10 98.0 98.3 95.0 95.2 76.9 82.0
11 98.0 97.8 95.0 95.2 74.8 80.5
12 97.9 98.0 96.3 97.2 78.3 80.3
13 97.4 98.3 95.0 96.9 77.0 80.8
14 96.9 97.0 95.9 96.1 76.5 80.2
15 98.0 99.0 96.5 97.0 77.4 79.7
Average 97.9 97.8 95.7 96.6 76.5 79.8
SD 0.9 0.8 0.8 0.8 2.6 2.1

For head and neck cases, the passing rate for
both PDs and ArcCHECK were more than 95%
when using 3%/3 mm and 3%/2 mm criteria.
The results agreed well with previous studies
presented in Table 4. However, when reduced
the criteria to 2%/2 mm, our study presented
the lowest passing rate which was less than 80%.
This might be because most of the VMAT plans
in this study consisted of at least 3 PTV which

Journal of Thai Association of Radiation Oncology

represented the complex plan. The complex
plans showed more gamma failing points,
especially at high dose gradient region or beam
edge. Another reason was our study used
absolute gamma analysis, while studies reported
in Table 4 did not clarify weather global/local
gamma method or absolute/ relative gamma
analysis were applied. The passing rate in relative

gamma analysis could be higher than in absolute
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Table 2 The mean value and SD of % gamma passing rate for all gamma criteria of prostate plans using

PDs and ArcCHECK dosimetry.

3%/3 mm 3%/ 2 mm 2%/2 mm
Patient No.
Portal dose ~ ArcCHECK  Portal dose ~ ArcCHECK  Portal dose  ArcCHECK
1 99.0 99.7 97.0 98.9 95.7 96.0
2 99.4 99.9 98.0 99.4 96.7 97.7
3 100.0 99.5 99.0 97.4 96.0 98.0
a4 100.0 99.1 97.0 97.8 96.0 96.7
5 98.0 100.0 98.0 98.4 97.8 97.0
6 100.0 99.3 97.0 99.4 96.0 98.0
7 99.0 98.9 99.0 97.9 98.0 97.0
8 98.0 99.2 97.0 98.1 96.8 97.0
9 99.7 100.0 98.0 99.0 96.8 97.0
10 99.5 100.0 97.0 99.0 97.0 97.5
11 99.9 100.0 99.9 99.6 98.4 98.0
12 98.0 100.0 99.9 100.0 98.2 98.7
13 99.1 100.0 98.1 99.9 97.3 97.9
14 98.0 99.0 98.8 98.0 96.5 97.0
15 98.0 98.8 98.0 97.2 97.2 97.0
Average 99.1 99.6 98.1 98.7 97.0 97.4
SD 0.9 0.5 1.0 0.9 0.9 0.7

gamma analysis because the average depth dose
(DD) between the calculated and measured dose
distributions was minimized.

Similar trend of passing rate was found for
the prostate cases which represented the simple
plan. When reduced the gamma criteria, the
passing rate was reduced. The results were more
than 95% for all gamma criteria even for the

stringent criteria of 2%/2 mm with no significant

Ro2
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difference (p-value > 0.05) for both PDs and
ArcCHECK. This was probable because the
spherical shape of the prostate and simple
surrounded organ at risk generated less
complicated dose distribution than head and
neck plans. Comparable results with others were
observed as presented in Table 4.

Although EPID have higher detector
resolution, ArcCHECK always showed slightly



Table 3 The summarize of gamma passing rate (%) comparison between measured and calculated

planar dose of PDs and ArcCHECK dosimetry.

Tumor site Gamma criteria Portal dosimetry ArcCHECK P-value
Head and Neck 3%/3 mm 97.9 £ 0.9 97.8 £ 0.8 0.760
3%/2 mm 95.7 £ 0.8 96.6 + 0.8 0.003
2%/2 mm 765+ 26 79.8 + 2.1 0.001
Prostate 3%/3 mm 99.1£09 99.6 £ 0.5 0.080
3%/2 mm 98.1 £ 1.0 98.7 £ 0.9 0.130
2%/2 mm 97.0 £ 0.9 97.4 £ 0.7 0.161
Table 4 The comparison of gamma passing rate in this study and previous works.
3%/3mm 3%/2mm 2%/2mm
Dosimeter First Author
H&N Pelvis H&N Pelvis H&N Pelvis
This study 97.9 99.1 95.6 98.1 76.4 97.0
Huang®" 96.3 96.2 B N 97.1 97.0
DS \Mohamed? 97.7 - B 94.7 -
Bailey"” 95.3 98.2 B B B B
Woon"* 97.8 96.5 3 96.3 B
This study 97.8 99.5 96.6 98.6 79.7 97.4
i 98.2 98.5 B B 89.6 90.9
AICCHECK 1 iyagarajan® 98.1 100.0 ~ ~ ~ ~
Ahmed?” B 98.4 99.9 94.2 97.5
Woon*” 97.8 96.5 - 96.3

higher passing rate than those of measurements
by PDs for all gamma criteria. This was due to
the plans consisting of the large enough field size
to contain all diodes in the transverse section.
The diodes located on either side of the beamlet
in transverse section would have a higher

measured than planned dose. Therefore, a

higher dose could be observed. The lower
passing rate of PDs may be because the closely
embedded chambers in EPID provided slightly
higher sensitivity to detect the DD in high dose
gradient region. Thus, a lower passing rate was

presented.
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The performance showed that PDs and
ArcCHECK agreed well with each other for all
gamma criteria. However, the passing rates
reduced as tightening passing criteria was
applied. This illustrated that detector configura-
tion and resolution had impact on the calculation
of the gamma index. For the tightening criteria
(2%/2mm), the ratio between the detector grid
spacing and the DTA would be less than the
conventional gamma index of 3%/3mm. Our
results presented that, if the stringent DTA was
applied, a larger %DD was required to obtain
the higher pass rate.

This work indicated that either 3%/3 mm or
3%/2 mm could achieve the action level of 95%
with the comparable results for two types of
dosimeters. However, 2%/2 mm might be too
strict for our clinic. More measurement data and
more samples are needed for further evaluation.

Introduction of the errors by utilizing more high
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Abstract
Background: The combination of preoperative radiotherapy, total mesorectal excision surgery
and systemic chemotherapy contributed to improved disease control of rectal cancer in
modern era. Different radiotherapy fractionation has been used in clinical practice in Thamsnmasat
hospital.
Objective: To evaluate treatment outcomes of rectal cancer patients who underwent
preoperative radiotherapy at Thammasat hospital.
Materials and methods: Retrospective chart review of rectal cancer patients who underwent
preoperative radiotherapy at Thammasat hospital from October 1,2015 to January 31,2021.
Results: A total of 70 rectal cancer patients underwent preoperative radiotherapy. Most patients
were in a locally advanced stage. Sixty-three patients received conventional fractionation
radiotherapy concurrent with intravenous 5-fluorouracil or oral capecitabine followed by surgery
and adjuvant chemotherapy. The median dose of conventional fraction was 50.4 Gy. Preoperative
short-course radiotherapy of 25 Gy in 5 fractions followed by surgery and adjuvant
chemotherapy was given in seven patients. All of the patients who received short course
radiotherapy and 80.95% of patients who received long-course radiotherapy achieved complete
resection. Pathological complete response was found in 11.4% with all being the subset that
received long course radiotherapy. From the median follow-up time of 20.5 month, 2-year
overall survival was 88.5%, 2-year progression-free survival was 49.3%, 2-year locoregional
recurrence free was 70.5% and 2-year distant metastasis free survival was 58%. A total of 30
patients developed disease failure. Eight patients (11.4%) had loco-regional recurrence as the first
recurrence, 4 of them had persistent disease (5.7%); 22 developed distant metastasis (32.8%)
including one who had synchronous loco-regional and distant metastasis (1.4%). Complete
resection was shown to improve progression free survival in multivariate analysis (HR 0.11, 95%Cl
0.05-0.27, p value<0.001).
Conclusions: Preoperative radiotherapy, both short course and long course fractionation, facilitate
complete resection in rectal cancer. Distant metastasis is the most common cause of disease
recurrence.

Keywords: preoperative radiotherapy, short course radiotherapy, rectal cancer
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Backgrounds

In Early 2000s, extra-fascial excision of rectal
cancer by removing rectum and the surrounding
mesorectum was proven to improve disease

control and overall survival™?. |

n locally
advanced stage rectal cancer, postoperative
radiotherapy therapy was recommended until
studies including randomized controlled trial

identified that preoperative radiotherapy

achieved better local control with fewer

toxicities™*

! Adding concurrent chemotherapy
during preoperative radiotherapy decreased
locoregional recurrence®™ and even improved
cancer-specific survival in locally advanced
disease’®”. The combination of effective total
mesorectal excision the addition of preoperative
radiotherapy and systemic chemotherapy

contributed to improved outcomes of locally
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advanced rectal cancer treatment and become
a standard in the modern era®”.

Radiotherapy treatment volume of rectal
cancer includes added margin of primary tumor,
lymphadenopathy and potential microscopic
disease in pelvic cavity. Conventional fraction-
ation or long-course radiotherapy concurrent
with systemic chemotherapy was the most
common regimen as this had been in the
established studies™™. Short course radiotherapy
given to the same treatment volume followed
by immediate surgery within one week was
another approach that was used"”. Studies
found no different disease outcomes in either
preoperative short-course and long-course

1114 Interdepartmental communi-

radiotherapy
cation is important to determine the sequence
of treatment plan in multidisciplinary team.
There has been more discussion to encourage
usage of short course radiotherapy regimen
during pandemic as it required less radiotherapy
treatment time and resources while yielding
comparable oncologic outcomes'”.

The study goal is to analyze outcomes
comparing to literature data and determine
feasibility of each regimen in our institution in

order to further improve treatment protocol.

Materials and methods
Patient

We studied rectal cancer patients who
underwent preoperative radiotherapy at
Thammasat university hospital from October

1,2015 to December 31,2020. Retrospective chart

Journal of Thai Association of Radiation Oncology
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review was performed to collect demographic

data and treatment outcome.

Treatment

Two well-established preoperative radio-
therapy regimens were used in rectal cancer
treatment; long course concurrent radiotherapy
and short course radiotherapy. Either long course
or short course radiotherapy can be administered
unless potential circumferential margin
involvement or unresectable tumor are
predicted, then long course radiotherapy is
preferred. Preoperative long course radiotherapy
patients received radiotherapy concurrent with
intravenous 5-fluorouracil or oral Capecitabine
followed by surgery after 8-12 weeks and
received four months of adjuvant chemo-
therapy. For patients who received preoperative
short course radiotherapy, surgery was performed
within one week followed by six months of
adjuvant chemotherapy. Adjuvant chemotherapy
regimens included FOLFOX, XELOX, 5-FU/LV,
Capecitabine and CapeOx.

Radiotherapy

Patient underwent computed tomosgraphy
(CT) simulation in supine position with foot
support immobilization. A series of axial images
was obtained on a CT simulator (Siemens
SOMATOM Definition AS) with continuous 3-mm
slice thickness. Additional deformable image
registration with axial MRI T2-weighted FS was
performed if available. Contour of target tumor
and organ at risk was performed by radiation

oncologists. Three-dimensional radiotherapy



planning was calculated using Elekta’s Monaco
treatment planning system (version 5.11.03)
which was subsequently treated with Versa HD
Linear accelerator.

Clinical target volume (CTV) included primary
rectal cancer and regional lymph nodes;
perirectal, internal iliac, pelvic side wall and
presacral node. For patients who received short
course radiotherapy, radiation dose of 25 Gray
(Gy) in 5 fractions was prescribed. For patients
who received long course radiotherapy, the initial
45 Gy in conventional fraction was prescribed to
the same CTV. Sequential boost of 5.4-9 Gy was
then prescribed to cover clinical target volume
of gross primary tumor plus 2 centimeters.
Additional 5 millimeters margin was used for

planning target volume (PTV).

Outcome measurement

The overall survival (OS) was calculated
from the day of pathological diagnosis until
death from any cause. Progression-free survival
(PFS) was calculated from the day of pathological
diagnosis until death from any cause or any
cancer events, including locoregional and distant
recurrence. Distant metastasis free survival
(DMFS) rate was calculated from the day of
pathological diagnosis until death from any cause
or distant metastasis. Loco-regional control (LRC)
was calculated from the day of pathological
diagnosis until local and/or regional recurrence
or death from any cause. Patients without
mortality or any cancer events were censored at

the time of last follow-up.

Pathological complete response (pCR) was
defined as no viable tumor cell in both primary
tumor (T) and nodal (N) disease. Partial
pathological response included any regression of
T or N or extramural vascular invasion (EMVI)
from initial clinical staging. No pathological
response was progression or no detectable
pathological change from baseline. Unresectable
cases were classified as no pathological response.
The AJCC 8th edition was used to classify TNM

stages.

Statistical analysis

Time-to-event analyses for OS, PFS, LRC and
DMFS were calculated by the Kaplan-Meier
method.

Univariate and multivariate models were used
to identify clinical risk factors influencing treat-
ment outcomes by calculating hazard ratios (HR)
in Cox regression models. Results with two-sided
p values of < 0.05 were regarded as statis-
tically significant. Analyses and calculation were
performed using R software (R core team, version

3.5.3, Vienna, Austria).

Ethics

Study protocol was reviewed and data access
was approved by the Human Research Ethics
Committee of Thammasat university (MTU-EC-
RA-0-029/64).

Results
A total of 70 locally advanced rectal cancer

patients underwent preoperative radiotherapy at
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Thammasat hospital from October 1, 2015 to were male (50, 71.4%). Most patients were in

January 31, 2021. Patient characteristic was nonmetastatic locally advanced stage; Tumor
shown in Table 1. The average age was 61 years stage three to four, positive nodal disease
(range, 27-81 years) and most of the patients without distant metastasis.

Table 1. Patient characteristics

Demographic Number Percentage
Age <50 11 15.7%
Mean = 61 (range 27-81) 51-70 a7 67.1%
>70 12 17.2%
Sex Male 50 71.4%
Female 20 28.6%
T stage T1 0 0%
T2 2 2.8%
T3 51 72.9%
T4 17 24.3%
N stage NO 8 11.4%
N1 a6 65.7%
N2 16 22.9%
M stage MO 61 87.1%
M1la 9 12.9%
Pathology Adenocarcinoma 69 98.6%
Mucinous 1 1.4%
Radiotherapy Long course RT 5FU/LV 17 24.3%
Capecitabine aa 62.8%
RT alone 2 2.9%
Short course ! 10%
RT dose fractionation 25 Gy 7 10%
(25-60 Gy) 50.4-54 Gy 48 68.6%
>54 Gy 15 21.4%
Adjuvant chemotherapy Completed 51 72.9%
No/incompleted 19 27.1%

Journal of Thai Association of Radiation Oncology
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Demographic Number Percentage
Surgery Low anterior resection 39 55.7%
Abdominoperineal resection 18 25.7%
Pelvic exenteration 4 5.7%
No surgery 9 12.9%
Resectability RO resection 58 82.9%
R1 resection 0 0%
R2 resection/unresectable 12 17.1%
Pathological response Complete 8 11.4%
Partial 46 65.7%
No 16 22.9%

Abbreviation: RT = radiotherapy, 5-FU = Fluorouracil, LV = Leucovorin

Treatment

Sixty-three patients received conventional
fractionation radiotherapy concurrent with
intravenous 5-fluorouracil or oral capecitabine;
two of 63 received radiotherapy alone. The
median dose of conventional fraction was 50.4
Gy (range, 50.4-60 Gy). Median time from the end
of radiation to surgery was 62 days (range,
22-134 days)

Preoperative short course radiotherapy of 25
Gy in 5 fractions was given in seven patients
followed by surgery and adjuvant chemotherapy.
Three out of seven patients underwent surgery
within one week per protocol (range, 4-71 days).
Regardless of radiotherapy regimen, 19 (27.1%)
patients failed to complete planned adjuvant
chemotherapy due to following reasons;
postoperative complication (3), chemotherapy
toxicities (5), denial of treatment (2) and rapid
progression of disease before completion of

adjuvant chemotherapy (9).

Oncologic outcomes

From the median follow-up time of 20.5
month (range, 1-78 months), 2-year overall
survival was 88.5% ( 95%Cl 79.8-98.1%) and
2-year progression free survival was 49.3% (95%Cl
38.1-63.8%). 2-year locoregional recurrence
control was 70.5% (95%CI 58.1-85.7%). 2-year
distant metastasis free survival was 58% (95%Cl
46.6-72.3%) (figure 1). A total of 30 patients
developed disease failure. Eight patients (11.4%)
had loco-regional recurrence as the first
recurrence with four had persistent disease
(5.7%); 22 developed distant metastasis (32.8%)
and one had synchronous loco-regional and
distant metastasis (1.4%). Gastrointestinal
toxicities as follows; anastomosis leakage, bowel
obstruction, bowel fistula and radiation proctitis
was found in three, one, one and one patients
respectively. The following genitourinary
toxicities; bladder fistula, ureteral stenosis and
radiation cystitis was reported in three, one and

one patients, respectively.

Journal of Thai Association of Radiation Oncology

Vol. 27 No.1 January - June 2021 |



A. Overall Survival

o075
c
3
P 050
[
8
025
2-Year OS 88.5%
0.00
0 12 24 36 48 60
Month
Number at risk
Aﬂ{ 70 52 34 22 13 1
0 12 24 36 48 60
Month
C. Locoregional Control
— 1.00
[}
3
z
@ 075
[}
o
Y050
[}
c
=]
025
5 2-Year LRC 70.5%
]
— 0.00
0 12 24 36 48 60
Month
Number at risk
AII{ 70 39 22 17 8 0
0 12 24 36 48
Month

B. Progression-Free Survival
_ 100
ES
5
a0
@
1]
u- 050
&
7]
$o025
2 2-Year PFS 49.3%
o
0.00
4] 12 24 36 48 60
Month
Number at risk
aif 70 39 22 17 8 0
0 12 24 36 48 60
Month
D. Distant Metastasis Free Survival
g 1.00
z
3
w
2075
I
)
% 050
§ 0.25
o 2-Year DMFS 58%
©
g 0.00
0 12 24 36 48 60
Month
Number at risk
All{ 70 39 22 17 8 0
0 12 24 36 48 60
Month

Figurel. Kaplan Meier plots of disease outcomes. (A) Overall survival. The 2-year overall survival was

88.5%, (88.5%, 95%Cl 79.8-98.1%); (B) Progression-free survival. The 2-year progression free survival was

49.3%, (49.3%, 95%Cl 38.1-63.8%); (C) Loco-regional control. The 2-year locoregional recurrence control
was 70.5%, (70.5%, 95%CI 58.1-85.7%); (D) Distant metastasis free survival. The 2-year distant metastasis

free survival was 58%, (58%, 95%C| 46.6-72.3%)

Overall, preoperative radiotherapy achieved
complete resectability in 58 out of 70 patients
(82.9%). All of patients who received short course
radiotherapy achieved complete resectability
(100%,7 out of 7) while 80.95% (51 out of 63) of
patients who received long course radiotherapy

underwent complete resection. Pathological
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complete response was found in 11.4% overall
(8 out of 70 patients). All of these patients were
the subset that received long course radio-
therapy (8 out of 63 patients,12.7%). None of the
patients in short course preoperative subgroup

achieved complete pathological response.



Correlation of clinical risk factors with progres-
sion free survival were calculated using cox
regression analysis. The risk factors were age,
sex, ECOG performance status, Tumor stage,
nodal positivity, complete resection, patholo-

gical complete response and preoperative

radiotherapy regimen. The result was shown in
table 2. Complete resection was the only factor
that shown to improve progression free survival
in univariate analysis (HR 0.15, 95%Cl 0.07-0.32,
p value<0.001) as well as in multivariate analysis
(HR 0.11, 95%Cl 0.05-0.27, p value<0.001).

Table2. Cox proportional hazard ratio of risk factors and progression free survival.

Covariates Univariate Cox HR p-value Multivariate Cox p-value
(95%Cl) HR (95%Cl)

Age 1.10 (0.76-1.60) 0.61 1.11 (0.75-1.66) 0.60
Sex female vs male 1.63 (0.80-3.32) 0.17 2.11(0.97-4.61) 0.06
ECOG 1vs 0 1.29 (0.45-3.68) 0.63 0.67 (0.22-3.07) 0.78
T3-Td vs T1-T2 0.90 (0.27-2.94) 0.86 1.62 (0.31-8.39) 0.57
Positive nodal 1.01 (0.35-2.87) 0.98 1.32 (0.36-4.78) 0.68
disease

Complete resection 0.15 (0.07-0.32) <0.001 0.11 (0.05-0.27) <0.001
pCR 1.19 (0.42-3.37) 0.75 1.24 (0.29-5.25) 0.77
Short course vs 1.21 (0.43-3.45) 0.71 1.78 (0.56-5.68) 0.33

Long course

Abbreviations: HR= Hazard Ratio, CI = confidence interval, ECOG= Eastern Cooperative Group

performance status, pCR= pathological complete response.

Discussion

The effectiveness of total mesorectal excision
surgery, the addition of preoperative radio-
therapy and systemic chemotherapy contributed
to improved disease control in modern era ™.
The aim of preoperative radiotherapy, either a
short course or long course RT, is to facilitate

15-16]

resection and reduces local recurrence™™*?.

The study included unresectable disease as a

part of locoregional failure whether it was due
to persistent disease or patient refusal of surgery.
With the small total number of patients, this
contributed to a relatively low locoregional
control compared to previous data that
excluded these population®®®. Overall treatment
failure was predominantly due to distant
metastasis as in the other studies™®. Contempo-

rary data showed that long course CCRT achieved
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pCR at 11.4-19.5%"" ' while short course
radiotherapy achieved pCR around 0.7% although
survival outcomes were not different?.

Attention has been shifted toward hypofrac-
tionation radiotherapy especially when utiliza-
tion of time and resources have to be optimized
amid pandemic. Short course preoperative radio-
therapy regimen showed comparable oncological
outcomes compared to conventional fraction
in many studies including the randomized
controlled trial"®. Although none of the patients
who received short course radiotherapy in this
study achieved complete pathological response,
complete surgical resection was achieved in
every case even though the total number was
low. Since complete resection was the proven
factor to increase chance of better PFS in both
univariate and multivariate analysis, the effort of
implementing this regimen was not futile. Short
course radiotherapy shortened radiotherapy
treatment time but it is important to have
multidisciplinary cooperation to ensure surgical
plan within one week. Four out of seven patients
who received short course radiotherapy failed to
undergo surgery within one-week interval but all
patients still achieved complete resection. There
were proven benefits of watch and wait or
delayed surgery after short course radiotherapy
to enhance tumor regression and decrease
postoperative complication especially in elderly
patients"?”.

Any modality that is helpful for complete
resectability as well as other variables that were

proven to improve disease control such as
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complete pathologic response[8] should be
encouraged.

Distant metastasis was the prominent cause
of disease failure in this study even after
excluding ones with initial M1la stage. This

! A significant

correlates with the previous study"
number of patients in our study failed to receive
complete adjuvant chemotherapy mostly
because of chemotherapy toxicities and rapid
development of metastasis. Justification of
adjuvant chemotherapy was questioned as
studies found no significant survival benefit in
overall patients but in certain subgroup such as
ones with primary tumor in upper rectum and
ones with residual tumor after preoperative
chemoradiation””?”’. Unable to complete
adjuvant chemotherapy was also an important
factor contributed to suboptimal treatment result
whether it was from postoperative complication
that delayed the adjuvant chemotherapy or poor
compliance of patients®*”. Novel studies”**"
found a promising approach of using neoadjuvant
chemotherapy to minimize distant metastasis
and achieved pCR rate up to 28.4%. The result
of this study, showing that distant metastasis was
the main problem of disease failure, encouraged
our team to consider incorporating total
neoadjuvant therapy into our institutional
protocol.

The limitation of this study is the retrospec-
tive approach. Direct comparison of different
radiotherapy regimens requires a randomized
controlled design. The relatively small number
of sample size from a single institute study limits

the generalization of the result from this study.



Conclusion

Preoperative radiotherapy, both short course

and long course fractionation, facilitate complete

resection in rectal cancer. Distant metastasis is
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