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Abstract

Treatment of ER+ HER2- early breast cancer composes not only surgery, radiation and
hormonal therapy, but also chemotherapy. Weighing side effect versus benefit of chemotherapy
should be considered. In the past, decision was made from clinicopathological risk factors.
Nowadays, gene expression assays can represent chemotherapy benefit in individual tumor and
can be used to determine if chemotherapy should be given or not. Even though all multigene
assays reflect risk of recurrence, they differ substantially in the technological platform, i.e. the
number and identity of genes assessed, the patient populations that were used for development
and validation, and the level of evidence supporting clinical utility. These differences could
impact physicians’ decision regarding to cost-effectiveness in different scenarios.

Keyword: Multigene assay, Early breast cancer, Chemotherapy
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Gallen international breast cancer conference &%

Fousid 2017 Siufid multigene assay ﬁgwmslﬁ%’a;ﬂa
funsnensalsAkarAEBBINITLNSNTEANY
wieldfinrsanmslenaiivate TudtiouziSasu
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analysis)
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MNN1508ATA DNA (DNA transcription) N
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messenger RNA (MRNA) wagiignszuiunisuua
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fio anunsald FFPE tissueldl lediameidudiuau
31in

wasdiadszinisuansaanasdy ( Multigene
analysis assay)
1. Oncotype Dx°®
1.1 wpluladile i s1eviuasm s nnsaie
gnRIu wavad1aiulae Genomic Health

[14]

laboratory™™ 1ieUsgliU ANULEEIVOINITUNS

N9¢218 (distant recurrence) Tanan1snisuane

S
V][ 5]

warUseduswltuiaglauselesiainnisia
o A o W P < v a

Supnafivndn TufUisusisuduussesi 1 uag 2
NyTunaununUszdfou (premenopause) Wag iy
namuAUTEIAOU (post menopause) NHANwaY
d1fgnnandtin @all LNG), LN(+) 1-3 node, ER(+),
HER2(-) lamsiatanisuantaanvas 21 gu dadu

v 6

= 1Y < S = &4 17
Wudundunusiunziss 16 8u lngdunanilineives

funisifinsuuead (proliferation), n1sgnanu
(invasion), HER2, estrogen \Hudu laeifisuiugu
$1984 5 Hu Fauanslunwi 2

nsaATziazld FFPE sample 3@ unstained
slide 15 wHudsniiviosufuRnnsdaunat (central
lab) Uszimmanigeunidslisunsiusesnnsgiu
W& Witensuanseenuami 21 Bu ufiusau
TngldA5 RT-qPCR gavieTaimilldindiuanndiu
Recurrence Score (RS)'® Recurrence Score i
fualldidu continuous data aus 0-100 Tag
avhunliUssfiunnudssesnsunsnszaed 9 9
wazaudululdnasldusslevianenaivadn®
Tngutanadungu ALEBLE, AEBIUIUNES
wag mwm?’imqq ARSI 1 was 19799 2

1.2. clinical validation study

usiSus s SR und ER(+HER2(-) uas
LN(-)

nsAny1ved Paik wazane™ Tagldgiudayaann
the National Surgical Adjuvant Breast and Bowel

Project ( NSABP) B-14 Ainwwuu prospective study

Proliferation HERZ
Ki-67 GRB7
5TKLS HER2
Survivin
CyclinBl | GSTH1 |
MYBL2
| COeE | Reference
Invasion ¥ Beta-actin
Stromelysin 3 GAPDH
Cathepsin L2 BAGL RPLPO
GUS
TFRC

RS =

= HERED (hicsifs Theiwahaolibed Sotng

w ER Group Soor

w Prolerasion Group Theosholded Soons
w iniibon (oug Soons

= GO

w GESTRM
w G

=]
NINN 2 21-gene Recurrent score LLa recurrence score
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A19197 1 wansnisudana Oncotype DX 31nAZkUUNI5ALSU (Recurrent score)iumjm%ﬂﬂ]&mxL%ﬂLﬁ’luszlx

Sugiu 715l ER(+), HER2 () , LN (-6 1718

218 AzuUUNIIIBU  Anudssrasmsuwinszanedl 99 Usslewianeaaiivaa
> 501 0 -25 in 13l (<1%)
26 - 100 6N i1 (>15%)
<50 0-15 in laifi(<19)
16 - 20 Uunan fisglemiinies (1.6%)
21-25 Uunans fiusleviidniles (6.5%)
26 - 100 4 §1(>15%)

A1Ea: ER = estrogen receptor, HER2 = Human Epidermal Growth Factor Receptor-2, LN = lymph node

M15°99 2 wanansuUana Oncotype DX a1nazuuunisinsulungudUisuzisasuusseSusiuiil ER(+),

HER2(-), LN(+)1-3 node®*?

AZLUUNITANTU AMuLdBIvIMIINNSEaed 9 U Usslevdanenadivhda
<18 i 13idl
18-30 U1unang Tuselevtidntion
>30 a9 il

Anga: ER = estrogen receptor, HER2 = Human Epidermal Growth Factor Receptor-2, LN = lymph node

Tugfthe LNG) 668 A wudn msuwsnszaneil 10
maqmju AILEEN (AzUUU < 18), AuLE U
Nans (AzUuU 18-30) taz mwma’laqqa (AZLUL >30)
flaudeaiiu 6.8% (95% C1 4.0 - 9.6), 14.3% (95%
Cl 8.3 - 20.3) wag 30.5% (95% Cl 23.6 - 37.4) p13l
S nguenandsed 1 Sasnisunsnszaed 10
Uiouninnauanudssgs ognadifodday (P<0.001)
feidunisfnwusnitueniisninuanansaves RS lu
M3UBNANAABIVEINTUNINTEINY YaInaNEe
7 LNG) siounanlgvhns@nugtasngu LNG) 651
AU 97N NSABP B-20"" 227 ;u l¢ tamoxifen way
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424 aule tamoxifen sauivgnadvtn wumaw
Fuusves RS lunsuenlemadivzlduselevian
nslagadivndn (predictive outcome) Taenay
audessh (RS< 18) axillonalsuselenininns
Iasueaiivntatios (RR 1.31, 95% Cl 0.46 -3.78)
Tuvauzdingy aandeags (S>30) Tiszlemiann
Aslasuaivrdnuinnin (RR 0.26, 95% Cl 0.13 -
0.53) uenaniadaiinisAnwninen RS Tuldiansan
SyEZIAINSiEIAUgesluusnme

Trial Assigning Individualized Options for
Treatment (TAILORx) tun1s@nwiaigaiidu



randomized control trial (RCT) aunlngjuazil
NANFIUNNAFTNTLAU 1A 521I19N5LAS VLAY
gosluusgafpUIouisuiunslasueaiivuidn
3928 L'%'mﬁwﬁayjaé?uwi ¥ 2006 - 2010 léavan
9,719 au Aamunantauniadagtularindssianiy
soldauasu 20 U uwusUaeeenilu 4 nguniu RS
KAENITINEY WUIINGFU A (ALAE9, RS<11)
annsasnwlagldendiugesluuegrufeilaegng
Uaends 5-year distant recurrent free survival
(DRFS) 99.3% (95% Cl 98.7 - 99.6)*” dwmsulungu
AMIABIUINNa1S (RS 11-25) I Sunisifusily
NEJM U 2018 wudingudilél enduseslumoeis
e (ngu B) diewisuiiu nguitlseiadivningiuse
(ngu ©) 7 9 T wudnil DRFS 94.5% uay 95.0% nnal
A19U waz overall survival (OS) 93.9% waz 93.8%
audy Liuandnaiu Wedinszsingudesnuin
nauitongtiesniwidewiniu 50 Y uagdl RS 16 - 25
onalauseloatiainnissuenaivata 9-year DRFS
Wity 1.6% lungu RS 16-20 waw 6.5% lungu RS
21-25 d w3y secondary analysis ¥84ngu D (RS
>25) losun1sainusily JAMA 2019 wudngtae 1,300
aufildndusesluusufuenafivatn (docetaxel/
cyclophosphamide 42%, anthracycline alone
24%, anthracycline lLa¥ taxane 18%, cyclophos-
phamide/methotrexate/5-fluorouracil 4%) i
5-year DRFS 93.0% way 9-year DRFS 86.8% 34
NUINAFDAARDINUNITANILANTI9A UL NSABP
B-20 trial*”

asulsnivangruidudiunisth RS anldlugiioe
UzSuF LTS URUAT ER(H) HER2() way LN()
TnenguazuuuaandssinazauAssUunaT9d
91811NN71 50 U anunsaliendusesluuegiuiien
Isiognsvannsie Tuvaiinguesiuuauidssgenns
Tippdivntnsueaey

usiSaud s e SUAUTE ER(+HER2() taz LN(+)

AsAnIUeY Dowset wazamy U 20107 Tu
secondary analysis 910 Arimidex Tamoxifen Alone
or in Combination (ATAC) trial Featfuayuin RS
anunsaldiudUaengu LN+ laduiu Inednwiieu
douzdsnguae ondmuausysnfouiil ER()
Tunguiiléisnsusesluuegafer wuinguaziuy
mmﬁmﬁﬁﬁ 9-year distant recurrent rate Hounn
nguAzLLUAILLABIS vanga LNG-) uag LN(+)
(P < 0.001 wag P = 0.002 MUEIHV)

NM3An1BY Albain wazAMY ANWILUU retro-
spective 910 Southwest Oncology Group (SWOG)
8814 trial LU%‘UULﬁUUﬂﬁJNﬁW cyclophosphamide,
doxorubicin ag fluorouracil Neu tamoxifen
(CAF-T) fiu tamoxifen alone (T alone) Tugthengy
LN(+) wun ﬂfjmml,uummﬁmﬁw (RS<18) lailel
Uszloviannissueuaiivndn Tnewiou 10-year
DFS 83nqu CAF-T iU T alone Wu31 hazard ratio
(HR) 1.02 (95% CI 0.54-1.93) UAENGUALUUUAIL
WFeage (RS >30) agldfuuseloviannsiueniai
UUmunnng Iaewudn HR 0.59 (95% CI 0.35-1.01) 2"

Petkov LazANLYINNITANYILUY retrospective
lngldgrudeyanisdaluanavunalvg wazauise
Tg8uduladn RS anwnsathluldiunguidae LNG)
19 lnedl 5-year breast cancer specific mortality
rate (BCSM ) 1.0% (n = 2,694, 95% Cl, 0.5-2.0%),
2.3% (n = 1,669, 95% Cl, 1.3-4.1%) way 14.3%
(n = 328, 95% Cl, 8.4- 23.8) lunga RS<18, 18-30
waz >30 awasu (P <0.001) Inglvmaidululums
Wenfiu TAILORx Trial™

n135Anw1 Rx for Positive Node Endocrine
Responsive Breast Cancer (PONDER) trial tun1s
ALy RCT wasngu LNG) idafiutoyadausd
2011 wazdwnltuaziasaludl 2022 Anwmaresns
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TWenasivrdaruivedugesiuulungy LNG+) 1-3
node 7iil RS < 26

agUldfinmsfnunfiatuayunini RS uldlu
& LN(+) Tnganunsauanlen1anisunsnszans way
Usrlewdainnistasuenafivndals wadadunis
ANWILUU retrospective smuanazdlifidoaglu
nguAadssUIuna Gemeiniaziaadaio
wnfuluewian

2. MammaPrint®

2.1. aluladileinsisiuasnrsianiunsaele

lasunisimunlng Agendia’s Amsterdam
facility 21nn15AnwINITLARIDDNUBI8UlAY The
Netherlands Cancer Institute @31aa3asiiowiio
AATIZRAUABINTUNINTEeT 5 uae 10 U wax
Ussdiuuseloinnnnisiionaiiundn Tolunduiae
widadhuuszesd Lwas 2 eloroununUsysnieu
wazdundamuauszannoulnelidnwuzd1Agynig
Aafn fail vunafeunzide < 5 3., LN (=), LN(+) 1-3
node laglalAlanzaswaves ER wag HER2

M5993ANSHANIDENVDTIMIA 70 BU W3e
Amsterdam profile TaeBumaniifimnuiieatestu
WEUN9NNSNSYNeYRINELSe (metastatic pathway)
T 1. maadaiuln wasiivsiuiuead (srowth
and proliferation) 2. n15a519uasaLdanluy
(angiogenesis) 3. ﬂﬂi@ﬂmmawwﬁ (local invasion)
a. ﬂ’]iLLW‘ﬁﬂ'ﬁgmﬁJL%’]éiSUUﬁﬂL‘MaEN (entering the
circulation) 5. N150g59RUDLTATNL5IIUTIINY
(survival in the circulation) 6. nMsananadnluly
oYz (entering organs from the circulation)
7. msufusegsenluaisizdu (adaption to the
microenvironment at a secondary site)®? n1g
nseiarldiog1eiidu FFPE thunafauen mRNA
asrafu cONA wdnhunfindiuau wieudiaaain
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(label) Apuily hybridization UK microarray
wdntusdne udrnilusrunalasindeuanu
RN aamu%ﬁu%’az&aﬁm%’u Agendia software i
Uszananaanu ity MammaPrint® Index?”

MammaPrint® Index fif1daus -1.000 &
+1.000 Togld cut off 7 0.000 THuenwud NISUNS
nsvaned 10 Tagldldnssnuwnasuuuusiasnanie
Fans1edt 3 Tagainansrsasnuinguiisiduinig
padnuazneBinendunnuidesgs usil Mamma
Print® Index 1Junguanuidsani lalldussTeviiia
annstisnaivivanielausslevfinlaglad
Hud1Ayn13ans wenanideaunsaven 5-year
distant metastasis free survival rate (DMFS) Tuﬂzju
Futinnenadinuaznensinernudema uaza
deageiiliue erdiusesluudunat 5 9 isuiu
nauilienafivrtngiuse

2.2. Clinical validation study

N13ANYIU09 Buyse wazAny™

WUU retrospec-
tive Tuantuvdnuesylsy 5 uris ldennauireiil
LN(-) wazlalldsun1ssnviaduuuuingenieiae
WUI1 MammaPrint® @uisavenneinsallsale
fnaanslaasinisadinuaznensingl 910
Wibuiieu HR weanguaduidegauasndnade i
531391517 MammaPrint® wag Adjuvant online
Pl duFunuvesiuinienddnuasne1sine wui
10-year OS A HR 2.79 (95% ClI 1.6-4.8) wag HR 1.67
(95% Cl 0.93-2.98) iy Seusinsdnunilaz
a1u130a3Ud1 MammaPrint® & validity Tunisinly
Tla wandauduns@nwiuuu retrospective uag
Fuelallssumsinviatuaeddlingefiunuimianis
Snwlulagiu
wananilgadidnuarenisdnwiiiatfuayuna
Fananuaziinannnisinuiivhaulalu MicroarRAy
PrognoSTics in Breast CancER (RASTER) trial*”



A15199 3 Ans19uEnInIsklana MammaPrint® Index®?” (fauwdasannlusigaunan1snsiIanas Mamma

Print®)
MammaPrint® anudsns  Audesmsunsnszatedl 10U dullnnendiin 5-year distant metastasis
Index uwinszane  AlildSnewsSunuuneinene  uaswen3inen  free survival rate (DMFS)
< 0.000 mwm?‘imqq 29 % mm@imqq HT + CMT 90.6%
ﬂ’ﬁlll,af‘ﬂﬂﬁ;’] HT 95.0%
HT+ CMT 95.8%
(+0.8%, P=0.66)
> 0.000 AEEAE 10 % mm:?ismga HT 94.4%
HT+CMT 95.9%
(+1.5%, P=0.27)
pudeen  HT 97.6%

Ag: HT = hormonal treatment, CMT = chemotherapy

32U09N15ANYIYD9 van de Vijver uwayamz™”

wuinlugUaenguifieady fleld MammaPrint®
Wgunu frtinenatniaznendinen 1y St.Gallen
criteria %39 Adjuvant online u1Usiiiy Wuln
nausduiinuliaenndesiu (discordance) 1ng
nguifidvinisnddnuaznensinernnuidsags
Wi MammaPrint®anadsssilngiadeannnii 30
Wodidud fadunisih MammaPrint®@unldiney
aunsaansnnuifiheildouedvrinlaglisiduas
1%

Mntguninina1idedinisdnyin Microarray In
Node negative Disease may Avoid Chemo
Therapy (MINDACT) trial @nw1kuu randomized
controlled trial (RCT) Afuwly NEJM 2016""
{1 6,693 AU WUsnauEthemmALEDMNRETn
way Arundsnn MammaPrint@lagthnguinalsl
donannesiuigun1sShwsenindlaeidueesiuy
p8141Re wIslddugesiuuuiuenadvUn Ka
msdamnuszoziaan 5 Inuiilunguidanudes

NeAanga WAALLEEIAIN MammaPrint®s was
lildeasivrdnsiunaeasil 5-yr DRFS 1Ju 94%
(95%Cl 92.5-96.2) Fefionfiaulasaseiiiome
desufunguitldonaiivitasauseudamuing
HansSnwidesniudlifitddmneeda dmsu
secondary analysis fithunldlulusesunaves
MammaPrint® sudildnanaludisiunudinnguddl
mﬁm?immmaﬁﬂqq WAA1ULEBI91N Mamma

o

Print® @1 NlagiaiivnUn §i5-year DMFS ts@iuiiies

1.5% Felaifitoddynieadn luvasifedunguid
AEB NI TN UAAILLEE99 N MammaPrint®
gainulildvselevidannisldenafivndnguiu
970 subgroup analysis wuiwantdululunis
Lﬁmﬁuﬁy’amju LN(-) #asLN(+)1-3 node

aguladn MammaPrint® fnwiaingudiwiuann
LAz AEIT 8T UNITAANITUNT NIT YR IS
R8RS @LNTOUBNNEINIALTANIBLENEAANITUNS
nszagldvandu LNO) uag LNG+) Taglsifinguana

deaUunane fewsnaglafinnsianzaamaved ER wag
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HER2 w@ann1sAnwInUINNIsununlgaIusnan
° v a o & £ Yo Ao W v
JuugUrenindudeddisuenaividnasls lng
nuNNGUNAUFINIIRFTng s AN
MammaPrint® 1 au1sasnwilaglieidueasiuu
aganealaegnalannsdy

3. Prosigna® (PAM50)
3.1. waluladild5nTizduasnsinnimnsaede
gniaunlag Nanostring technology LA

= - a 2 v 32]
AN LWEﬂGﬁUﬂqiLLEJﬂGUUWEJ@EJSU'@QNSLiﬂLW]uﬂJ

N
MIUARIBBNYBIBY Wignu e IuaNTald
Useidlu 10-year DRFS la TngldiungurUeonds
nunUszsnouiifuuzidadunssezisudy wasd
anwuzdIAYNI9AETN S9il LNG), LN 1-3node,
ER(+), HER2(-)

3meﬁuu‘1ﬁu§m%& Prediction Analysis of
Microarray 50 (PAM50) gene 1usunuaes luminal
A, luminal B, HER2-enriched, basal-like and

normal-like ¥anlduusuzisasuudu 4 siingos

wazdauAIUIMTINAU 8 housekeeping gene, 6
positive control kag 8 negative control ARNLN
\Ju Risk of recurrent score (ROR score) @13150a4
nsafuesjiAnsviesiu (local laboratory)
THip3eafieanuuuiiiotiudnnunaziinsesidoya
(nCounter) 1™

Prosigna® assay 13191nn15afia RNA 910 FFPE
vostuiiofiniunsnseaoundrinduusndil
waduzi5993e WelWld RNA $naumefismends
1naia RNA aonuudatiily hybridization Au
fluorescence probe idandufiu PAM 50 genes
uay 8 housekeeping genes W39 U #HIIINA
probe fitiiusenudn azgnihluiuedos nCounter
Wewius uaus1e33 RT-qPCR neutiluia way
furnseenuidu ROR score fendaust 0-100 THuts
nauiUae 1unguauidssin anuidssiunans
uazAIIADsge oUstilium mdssnsuninszany
waruenviingesvasziiudug aunsed 4

M13199 4 M1319uanIN1swUaRa Prosigna® lundurUheuzisadnunszezsuiumunguaugiua LN

LN status ROR score AMUEBINISUNINTZRNY Yilneag
LN(-) 0-40 A Luminal A
41-60 Y1unang Luminal B
61-100 G HER2- enriched
LN(+) 1-3 node 0-40 i Basal- like
41-100 GN

Aga: LN = lymph node, HER2 = Human Epidermal Growth Factor Receptor-2
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3.2. clinical validation study

W& nTiTnsWaL Prosigna® Afinanenisfin
featuauannsalunisneinsallsaves ROR
score MslUsufiiAdssnsunsnszaned 10 Y
wudfianudiiusiuegneddeddalundu LNC)
wag LN(+)1-3 node™*” fiausiin multigene analysis
Afineuntiarldfumsanuunnnin widdes
ofnsdinTITiviesu fiRnsdmunanaLaziisnmm
Aoutegas lanansasesiuldlunnszuvaisnsagy
Tuwauzit 1HCA® 4 oyanns immunohistoche-
mistry Wag Prosigna® mmmv‘hié’ﬁﬁaaﬂﬁﬁﬁmi
vieshuilinpsgu sufulinseuauamn A ng
Tidayanunsnensallsalanesiuudsaignni

Dowsett taganz™ FglgvinisAinwiuioudisy
Prosigna® fiu Oncotype Dx® way IHCA® Tun1suen
mnudssnsunsnszanelagldgrudeyavuinlg
90 ATAC study Anwilunguiitsusisasnuusyey
Sudufifl ER(+) $1u3u 1,007 AL WUl ROR score
aunsavennensallsalannii lawdl concordance
score U89 ROR, RS wag IHC W 0.78,0.76 Lkay 0.73
Py uenanEmsld ROR score davidlsiiiiiag
feglunguauidssuiunansduiesniinisld
RS 8nf78 91UIU 180 WAz 243 S8R UE16U

N13AN¥Ives Gnant wazane™ TufUlengu
Q’ﬂwmL%qLéf’mmzazL%Tluéfuifwmﬂizﬁ%ﬁauﬁﬁ
ER(+) 5em31angudilé3u tamoxifen 2 U sadae
anastrozole 3 U fiu ﬂfcjuﬁlﬁ tamoxifen 5 U wuin
1uﬂq'm17i ROR score mml,?isw?']%ﬁ 10-year
DRFS 96%lutazinguaiiuidssgeaziiio-year
DRFS 80% wlofinnsansaufumsanwinountiil
wuIramsaLiin clinical validity Tunisuen
audssnsuninsEaed 10 YvesnguitaeTovds
nuadszsnieuls venaniifmuinvingesves
uzdsddlvitoyasunsmennsallsafiuiuandeya
epdin Iaglungu luminal A 9gdinnswennsailsa

#Nn31 luminal B agnudn ROR scorelungs luminal
A Wesn11 luminal B agsilidudfny (P<0.001)
dmsunisidlunguivnounuaussinsounuin
gosluudainisiuasuutasnn vlanuundede
maqLﬂéaqﬁaﬁﬁaaﬂdfmfjm%fwé’wmﬂisﬁ’nﬁau uag
ganu31n1sld ROR score revilvighesianuisg
1yasdneY

a3Uledn ROR score wenanazanunsaldvennis
wensellse Wioauideenisunsnszaeliuga 84
annsaszyvingeslddnsg Gausfinasitamnd
w&e wazdliiinsdnwsulsslovifilasannssu
guaivivalaonss wiidunsedlefisnailauns
annsovildluiesfiRnisviesiu viliilonta
uAnu3delunguivaefisimefuudazszuy
assaaulaluauan

4. EndoPredict®
4.1. walula8ilF5mTieduasnrsinuinsaee
Qﬂﬁwuﬂma Myriad Laboratory center anuuy
FuiteUsuiliupudssnisunsnszaied 10 U 9n
nauiUasYonouazndmuaUsznfouunnise
WhunsrezBuiy wariidnvarddymenaiingei
LN (=), LN(+) 1-3 node ,ER(+), HER2(-)
ATIviansuanseenves 12 fu vhlafivios foa
msviesiu TneldiA3es VERSANT® kPCR Amplifica-
tion Detection Module ¥3o dsiieg19uniivies
UitRnsnandsemeisesuil dmiviuiinsiaia
Usenaudie 8 Bundn Fufeafunisifinsuiues
1waa 3 Bu, A3ugesluu (hormone receptor) 5 B4,
8191984 3 Bu wag Jumuau 1 Bu
N3EUIUNITIATIERLTAI0819 FFPE 1nanvin
RT-qPCR tileLfind1uan mRNA uldteyafiueenin
wdndudadlusunsuante (EndoPredict®
Report Generator) Lﬁam’gﬁlaaU@mmWLLaxmmgﬂ
¢ S1e9ueenuduAl EndoPredict® score (EP
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score)idiy EndoPredict® clinical score (EPclin
score)?”!

EP score a1aldiusangeiilduiannniseia
biopsy™ Imﬁé’hhjiﬁmaw{auﬁuwﬁmLLamum
yeaRpunzEwivLe Afidualdidu o - 15 914
wisngufthedu mnudesgs uas AuEss

a519dl 5 Tuwauzdl EPclin score Tiilonsudeya
BesvunnvesfiounziiauarduIulNudd daazgnih
wruasuiy Taeficut off point 7 3.3 a@wsa
venits nauAMIAsY uazadsInNTuNEnTzY
7 10 ¥ muensnadi 6

M15199 5 wanan1sukUana EP risk score MbHaINN15M5I9NSHERIDDNYBITUBENALREY?

EP risk score

AULEEINISUNINSEanef 10 U

0.0-49
50-150

24

A

Y

M13199 6 wansn1sudana EPclin risk score AildNN1sALINYaYaNeAaTtngniUNINTIINTUEARDNTDY

gu

EPclin risk score

AMULEEINISENSNSERNeT 10 U

Uselegminlaannissugail

wazdi 5-15 Y Unua

1.0 -33 i Yoy

3.4-60 o N
<1.0,> 6.0 Lyifitaya Liifiteya

4.2.clinical validation study

9InN15ANYIves Filipits wagams™ 10w
N15ANILUU cohort Iagld Endopredict® wuin
annsauen AndsInIsunsnszneld nednwily
ﬂduﬁgﬂaﬂﬂﬂﬂ Austrian Breast and Colorectal
Cancer Study Group (ABCSG)-6 37U 378 AU
Az ABCSG-8 911U 1,324 Ay Q’ﬁt.%’ﬁ”gumiﬁﬂmﬁ
ﬁgmfjumwm?imﬁw LLasmmL?imqwﬂﬁ%’uméhu
gosluusin 5 U (e1alawdusesluunissdngiu)
AnnuauAsy 10 U wuihnguanuide famnudes
msuninszaned 10 Posninguanudsageily
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ABCSG- 6 Difil 4% (1%-8%) WAy 28% (20%-36%)
AU (P<0.001) Wag ABCSG-8 Bejfl 4% (296-5%)
WA 22% (15%-29%) magnsiu (P < 0.001) wonannii
Filipits wazauz™ definwinuaiunsalunisuen
audsansunsnszanelussezenlnefnnugton
nguAuduszaziaan 15 § wuin EPclin score
nguAmNEs Weifsuriunguenadssgaudn 1
10-year distant recurrent free rate (DRFR) fiunnn
el ﬁy’qmju LN(-) 95.5% uaz 87.0% AIUAINU Lay
LN(+)1-3 node 95.6% Waz 80.9% AUAINU Laz
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Abstract

Indolent B-cell non-Hodgkin lymphoma is highly responsive to chemotherapy and radiotherapy.

However, many patients experience multiple relapse, especially in stage Ill-IV. Therefore, 10-year

and 15-year overall survival are very low. In case of high tumor burden but not suitable for che-

motherapy, palliative low-dose radiotherapy using 2 Gray for 2 fractions produces promising results

(complete response 61% and partial response 27%). Side effects of radiotherapy are sparse.

Sophisticated radiotherapy techniques are unnecessary due to low-dose radiation. This radiother-

apy schedule is convenient for patients and technicians, especially in the limited-resource insti-

tutions. Furthermore, the schedule prolongs time to local progression for about 2 years.

Keywords: lymphoma, 2 Gray for 2 fractions
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Fhednilvin) 80% uiflhoszesil 3-0 usiiseslsn
ladunnddn vinsAinwiuSeudisuUae 3 nqu Ae
nauERTIARANIUBINTT NGY induction Rituximab
uazNgY induction+maintenance Rituximab WU
luflauuanaisegsidedAgluausniinissen
WIn wANGUHINTIARARINBINTTH time to start of
new treatment fnindnassngu drwnsiihna
Aanue1nisivasanansadaszernandiBulinng
ShwUaemesnaiiundald lag median time #
31.1 iou feiulunsdliseslsaldunninaundn
LNfU91 999 Groupe D’Etude des Lymphomes
Folliculaires (GELF criteria)® fsn1wil 3 Mstinsia
Aanuernsithedalu madendmiudiiesvey
7l 3-4 filaifiorns uienadidesoslusunanmdin
wazAInninaveiy

nsdifiseslsnunn maihnsaadamseInsiioe
anflimadonfivanzay wszensldanunsoda
szpznafiElinsinuniihesmesiadvrdalsiuu
whanAdeiilénanll wagseslsneaneliineins
e aanunninsuukaranunmIIndlaela
snaditinteniluddaengud W

1. Rituximab, Cyclophosphamide, Vincristine,
Prednisolone (R-CVP)!”

2. Rituximab, Cyclophosphamide, Doxorubicin,
Vincristine, Prednisolone (R-CHOP)™!

3. Rituximab, Bendamustine (R-B)*?



LD'W fumor burd £n

- Absence of systenic symptoms

- No serous effusion

- No leukemia or blood eytopenia

- Nodal or extranodal tumor mass with a diameter less than 7 cm

- Involvement of fewer than three nodal sites with a diameter greater than 3 em

- No substantial splenic enlargement

- Absence of local risk of compression (epidural, ureteral, etc)

mwﬁ 3 Low tumor burden #14 GELF criteria®

nsdifisealsrun uilianunsadnudeiaiivadn
1§ \osmnanvsine 1wy Tsnresadividanans
w3 (refractory), #U7egeeny, gUlellan mineniey
lwngiunssnwimeaiivnde, fuieillsausedn
ffisunse, fUisfiufiasnsinunsioiaiivada
saufsffUreifiseslsaliinniinay GELF criteria
witheuazunndiiuaunislisunssnwegdsnis
fiflnatrafsatos nsaneseEUSnasiies 2 1nse
$u 2 ad szdunumlunsdifinaiteussim
271115 wavdaszeznansiiulavestaulisuang
#i (local progression) ¢ Inefinatnafestoy

auduuiveanisinuideusunuied 2 insd
Sy 2 ads
dindenuaduadfineuaussiofadldlaiian
Tus19n18 USua59d 5 roentgen (Useana 0.05 105
Twiloie) fansaaaneiuse DNA veuzadiin
Fenvildsenszuiunis apoptosis lutauedi DNA
voawad duqfragluaninund™ Sellins K™
WUl thymocyte Tusiaulsda donsiaiunisaans
Wuse DNA Windu dieldsunsanededusunaniint
911 100 rad LU 600 rad uASATIEIWNSHANEHUSE

DNA aglifindusnifloifiausinasedain 600 rad
vJu 2,000 rad nalnnisiiia apoptosis 91NUTLM
$58sed intrinsic pathway ABNTEAU p53 R
Fihiidudmage Sudt bel2 Aundesvaduside
FL wazsfial mitochondrial membrane permeabi-
lization uenantugieRe extrinsic pathway A9
finsufintures immune-modulated genes uax
cell membrane death receptors™”
NuiTeAefun1sinwngss indolent B-cell
NHL sve2di 3-4 wie refractory / relapse MmeU3una
%8 2 158 a2 ade dleussenns waria
svpznansiulavestouuzS LAz oignfifis
Hurdausnlud a.a.1994 Tne Ganern G ndsann
TuATlnuAdeoeninsamsiaay 9 siselu indolent
B-cell NHL"*" yilughe 10-127 Au Taed overall
response rate (ORR) 81-96% KNS 1HT1UTINNY
WouazagUlilumsedl 1 ffthevauiody 41 ey
fifun1sane3sd 842 90 wu ORR 745 90 (88%)
Fruunlu complete response (CR) 512 99 (61%)
uay partial response (PR) 233 9@ (27%) uonan
Hunsanefeddianunsadaszeznamsiiulnves
FounziSnameiildussanm 2 U Sannsoaesd
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LﬁuLaﬂugmﬁm&hﬂéﬂmaﬁﬂwﬁw%mwslﬂélﬁmﬁu
nsanefedndiusnuasiinadadeeion fuudde
94 Saleh K*' Tuffthe 33 au fild¥unisanssed
2 10358 $1uru 2 Ade Wuswawannndt 1 reda
WU ORR 96% (CR 84%, PR 12%) 21nN15218594
ABSALSN LAY 88% (CR 73%, PR 15%) 91nn1521¢

Yedimosadians (p=.31) Ing 1-year local control
Lufanuuanasegaiidedifny (94% uaz 91%
puaney, p=.39) Tuln.f.2020 Imber BS® vieu
FAelugfne FL grade 3A 10 578 WU ORR 100% (CR
60%, PR 40%) FslndiAssiusmiidedug Tu indolent
B-cell NHL

A15199 1 N335 indolent B-cell NHL &7 3-4 3o refractory / relapse seusunassd 2 insd

U 2 ASS

Authors Year Patients Sites OR sites CR sites PR sites Median time to
(%) (%) local progression
Ganem'® 1994 27 27 24 (89%) 10 (37%) 14 (52%) -
Sawyer™!” 1997 11 16 15 (94%) 6 (38%) 9 (56%) -
Girinsky"® 2001 as 135 109 (81%) 77 (57%) 32 (24%) 46 months
Johannson'”! 2002 22 31 27 (87%) 20 (65%) 7 (22%) 22 months
Haas™” 2003 109 304 293 (96%) 203 (66%) 90 (30%) 25 months
Ng™! 2006 10 14 13 (93%) 11 (79%) 2 (14%) -
Luthy™ 2008 33 43 41 (95%) 36 (84%) 5 (11%) -
Chan'®” 2011 54 85 69 (81%) 42 (49%) 27 (32%) 24 months
Russo™ 2013 127 187 154 (82%) 107 (57%) 47 (25%) -
Total 441 842 745 (88%) 512 (61%) 233 (27%) Uszaa 2 Y

§iatia: OR = overall response, CR = complete response, PR = partial response

\ffea91n ORR gqurm’ﬁmsﬁ“ﬁﬁﬂ%mmﬁw way
Msaessdsne indolent B-cell NHL szezdi 1-2 Tu
UNUSI LU @1 LagUen areUsunussd 24-30
158 PIUAANATIUABY LYW MWK Aanszan Usn
Snuauls fiseaumsaneddseusinasdm 3 mu
34elu MALT lymphoma #in1 wu CR 85-100%
ey 2-year local progression-free survival
75-100%“"* way 1 9u3delu MALT lymphoma
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fivon WU CR 60% wax 5-year progression-free
survival 87.5% agnslsinunissnuilsaszesi
1-2 Funtmansinsmeua auaisladunisane
$edethetion 24 1058 91n9W3S FORT trial Fau
NUITYLUU randomize WUINIR5IE 24 108 &
progression-free survival fifninisaesed ¢ insd

[31

we overall survival luuansinadu®? nsshwilse

svord 1-2 aglilananazidealuunainudl
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NNIATIVADUNITAIUINSLILIAINITANBSIE 938 monitor unit (MU) seunun1ssnusiesed 1du
nszuIunsUsERuguAmiiddynszuIumsnildunisinudiesd drihminlunisasiaaeunns
fnaidimsduihidndnsumenldldifeestunsnununissavnii 9 FIN1INTIVABUNTAUI
annseildsauiisesaihe Wi duaiiennmmwesdninesuauriamesauiag 4 aunseits
fensilusunsusnaiifanududeuressanesiiunudinsuimeanuunnsseaiiodede Tnedu
nsgvIuNsfimshieuilazsEumssnude fadlituduaeiftelidulaiusunisnvduiinugnios
wazaonsf unauEi ingUssasdifielimmuiuaranudile suiaduuumsdmsunssavun action
levels 9091U28UIUNITATIVFOUNIIAIUINTZHZIAIVOINTAILTIF

o o w

ArdAey: N1sUsziunuA, vihetelines, N15n5IR@RUNIATIMIULEATE, N13R1834E
Abstract

The calculation verification of irradiation time or monitor units (MU) plays an important part

in radiation oncology quality assurance. The method is performed by an independent physicist
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who does not involve in the planning procedure. It could be basically calculated by hand using

look-up tables of parameters and correction factors or more modern processes using complex

calculation algorithms and heterogeneity correction software. The calculation should be verified

prior to the treatment to ensure that the dose is accurately and safely delivered. The purpose

of this article is to clarify the process of MU calculation verification in radiotherapy and provide

guidance for the action levels.

Keywords: quality assurance, monitor units, independent calculation verification check, radiation

therapy
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drutadesansiiduiainiosssoynia (linear
accelerator, Linac) agmuualviuSunasadnae
A1 monitor unit (MU) M5Usgillunganuilianain
YDINTEUIUNIIRGTIELINATT 10 T nnUI89U
AUSIETNWINUI NMIATIFEDULKUNITINYIAYATS
f53398aU MU (MU verification) Hunseuaunsia
Usednsnnlunisnsiaduanuianainlunisanessd
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Protection (ICRP) s181uil 112 léseylfoenadnia
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Useiugaunmaaarunsing”® uenwileanns
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43 szuun i, ssuugangu” Wudu

Linac
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Medicine (AAPM) 51811 114% lfudsussinnves

MU oandu 2 Useuan Lauwn
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Dosimetric comparison of three-field conformal spinal radiation

and single posterior spinal field in craniospinal irradiation
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ABSTRACT
Background: Craniospinal irradiation (CSI) is technically challenging because of the need to
cover complex clinical target volume. There are innovative techniques improving target volume
coverage such as intensity-modulated radiotherapy (IMRT), tomotherapy, and proton therapy.
However, 3D conformal radiotherapy (3D-CRT) is still used in limited-resource institutions.
Objectives: To compare the radiation dose to organs at risk (OARs), conformation number (CN),
and homogeneity index (HI) between 3-field conformal spinal radiation (3F-SPINE) and single
posterior spinal field (1F-SPINE).
Material and methods: From June 2011 to December 2012, 10 patients with high risk of
craniospinal involvement underwent CT simulation with supine position and replanned CSI with
3F-SPINE and 1F-SPINE. Prescription dose was 36 Gy to 95% of the PTV. The parameters were
V25Gy of heart, V20Gy of lung, mean lung dose, V20Gy of kidneys, mean liver dose, CN, and HI.
Results: 3F-SPINE showed a significant reduction of V25Gy of heart within QUANTEC threshold
compared to 1F-SPINE (3.03% vs 42.48%). However, doses to other OARs were within QUANTEC
threshold in both techniques. 3F-SPINE showed better results in V20Gy of lung and CN than
1F-SPINE (V20Gy of lung of 9.83% vs 12.59%; and CN of 0.75 vs 0.70, respectively). In contrast,
1F-SPINE showed better results in mean lung dose, V20Gy of kidneys, and HI than 3F-SPINE (mean
lung dose of 6.27 Gy vs 8.53 Gy, V20Gy kidneys of 11.24% vs 13.02%, and HI of 1.16 vs 1.17,
respectively). There was no significant difference between 3F-SPINE versus 1F-SPINE for mean
liver dose (9.03 Gy vs 9.16 Gy).
Conclusion: 3F-SPINE reduced V25Gy of heart to be within QUANTEC threshold. Doses to other
OARs were within QUANTEC threshold in both techniques.
Keywords: 3D conformal radiotherapy, craniospinal irradiation, three-field conformal spinal

radiation

unAnge
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Introduction

Craniospinal irradiation (CSI) has been used
as an important part of brain tumors treatment.
It is indicated in group of patients with high
risk of craniospinal axis involvement such as
medulloblastoma, ependymoblastoma, pineal-
oblastoma, atypical teratoid/rhabdoid tumors
(AT/RT), and supratentorial primitive neuroecto-
dermal tumors. The current standard of care
consists of maximal safe resection followed by
radiotherapy and chemotherapy. Although
survival rate is continuously improved, there is a
growing concern regarding long-term treatment-
related side effects.

CSlis technically challenging because of the
need to cover a complex clinical target volume
(CTV) including whole brain, whole length of
spinal axis, and covering meninges. In most

radiotherapy departments, CSI is delivered to

ulAsUS@nuneasives QUANTEC Tuns 2 wadla

[ v a

fFunae Msanesadusnalvdunanie 3 ansed

patients in prone position using lateral opposed
fields to cover whole brain and direct posterior
fields to cover spinal axis. The junctions between
the fields are feathered during the course of
treatment. The supine position provides numerous
advantages such as comfort and reproducibility.
For the patients who need anesthesia, airway
protection is easily monitored by supine position."”

The standard CSI technique is three-dimen-
sional conformal radiotherapy (3D-CRT). The
use of CT simulation decreases simulation time
and increases planning accuracy.™? There are
many innovative techniques such as intensity-
modulated radiotherapy (IMRT), volumetric
modulated arc therapy (VMAT), tomotherapy, and
proton therapy to improve target volume
coverage, dose homogeneity, and conformity.”
The estimated risks of all adverse effects by IMRT

technique were less than 3D-CRT technique. For
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example, the estimated risk of heart failure was
lower because IMRT had multiple fields and
delivered tightly-focused radiation beams to
target volume. However, the estimated risk of
secondary cancer was increasing by IMRT
technique. Proton therapy was better than
3D-CRT and IMRT in term of adverse effects and
secondary cancer.”

Because of restricted access to IMRT in many
institutions, this study mimicked IMRT by planning
3D-CRT with multiple spine fields. Three-field
conformal spinal radiation (3D-SPINE) was
compared to single posterior field (1F-SPINE) to
avoid organs at risk (OARs) such as heart, lung,
kidneys, and liver. Furthermore, this study
compared homogeneity index (HI) and confor-
mation number (CN) between 3F-SPINE and
1F-SPINE.

Materials and methods

This study was approved by the Research
Ethics Review Committee of the faculty of
medicine, Chulalongkorn university. A retrospec-
tive study was conducted by retrieving the
information of dosimetry from CT simulator
database from June 2011 to December 2012.
Patients with high risk of craniospinal involvement
who underwent CT simulation in supine position,
neck extension, and shoulder depression were
included. CSI was replanned with 6 MV photon,
using Eclipse Planning System Version 11 (Varian
Medical System, Palo Alto, CA), to compare
between 3F-SPINE and 1F-SPINE.

Radiation volume included CTV of brain and

spine. CTV of brain was defined as brain and
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meninges down to foramen Magnum which
included meninges around optic nerve and disc.
CTV of spine was defined as spinal cord and
meninges down to thecal sac, including meninges
in neural foramen. Planning target volume (PTV)
of brain and spine were defined as CTV of brain
plus 0.5 cm and CTV of spine plus 1 cm, respec-
tively. The radiation dose from 3F-SPINE and
1F-SPINE covered whole vertebra. OARs included
heart, lung, liver, and bilateral kidneys.

Each treatment plan consisted of brain fields,
upper spine fields, and lower spine fields.
Feathering technique was used to match brain
fields and upper spine fields at C-spine level 5
to 7 and match upper spine fields and lower
spine fields at L-spine level 2 to 3. Junctions were
shifted 1 cm everyday as shown in figure 1. Brain
fields utilized lateral opposing beams and
rotated collimators to match with divergence of
superior border of upper spine beams as shown
in figure 1. Upper spine fields and lower spine
fields were planned in both technique. 3F-SPINE
utilized gantry with 150, 180, and 210 degrees
and 1F-SPINE utilized gantry with 180 degrees as
shown in figure 2.

For embryonal tumors with high risk of
craniospinal involvement, the standard CSI dose
is 36 Gy. Therefore, the prescription dose in this
study was 36 Gy to 95% of the PTV (1.8 Gy per
fraction per day). The data was collected in data
record form and analyzed the difference
between two techniques in aspect of dose to
OARs, HI, and CN. QUANTEC studies and COG
long-term follow-up guidelines reported

complication from radiation.” The parameters



Figure 1: Feathering technique and collimator rotation of brain fields to match with divergence of

superior border of upper spine fields

3F-SPINE 1F-SPINE

Figure 2: Spine fields using 3 beams compared to single posterior beam
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from 2 studies were quite similar but QUANTEC
studies had clear-cut threshold dose as shown
in table 1. HI and CN were other parameters in
this study. RTOG defined HI as maximum isodose
in the target divided by reference isodose. van’t
Riet A defined CN as following equation.”” CN =
(TVRI/ TV) * (TVRI / VRI)

TVRI = target volume covered by the

reference isodose

2

= target volume

VRI volume of the reference isodose

Wilcoxon matched-pair signed-rank test was
used to compare the results between 3F-SPINE
and 1F-SPINE. All tests were two-sided with
p-value < .05 for significant level. Statistical
analysis was processed using SPSS version 20.0.
This study was approved by the Research Ethics
Review Committee of the faculty of medicine,

Chulalongkorn university.

Results

There were 10 patients enrolled in the period

Table 1: The parameters of organs at risk from QUANTEC™

Organs at risk Parameters Toxicities
Heart V25Gy < 10 % Long term mortality < 1 %
Lung V20Gy < 30 % Symptomatic pneumonitis < 20 %
Mean < 13 Gy Symptomatic pneumonitis 10 %
Kidneys V20Gy < 32 % Clinical dysfunction < 5 %
Liver Mean < 30 Gy Radiation-induced liver disease < 5 %

of this study. Median age was 9 years (range 5-33
years old). Embryonal tumors consisted of
high-risk medulloblastoma 809%, pinealoblastoma
10%, and AT/RT 10%. There were 6 males (60%)
and 4 females (40%). The median PTV length was
55.15 cm and mean PTV length was 57.46 cm
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(range 46.57- 77.18 cm) as shown in table 2. The
PTV dose was 36 Gy in all patients. The volume
and dose to OARs, HI, and CN were shown in
table 3.



Table 2: Patients characteristics

Patients characteristics (N = 10)

Age (years)

Disease

Sex

Length of planning

Target volume (cm)

Median

Mean + SD

Range

High-risk medulloblastoma
Pinealoblastoma

Atypical teratoid/rhabdoid tumor
Male

Female

Median

Mean + SD

Range

9

12.10 + 8.49
5-33

8 (80 %)

1 (10 %)

1 (10 %)

6 (60 %)

4 (40 %)
55.15

57.46 + 9.97
46.57 - 77.18

Table 3: The volume and dose to organs at risk, homogeneity index, conformation number

Parameter 3F-SPINE 1F-SPINE p value
(mean * SD) (mean * SD)

Heart: stGy(%) 3.04 + 1.58 42.48 + 6.91 < .005
Lung: VZOGy(%) 9.83 + 2.48 12.59 + 4.36 < .005

Mean dose (Gy) 8.53 + 1.43 6.27 + 1.43 < .005
Kidneys: V20Gy (%) 13.02 + 6.03 11.23 + 5.43 < .005
Liver: Mean dose (Gy) 9.03 + 1.09 9.16 + 1.18 169
Homogeneity index 1.17 + 0.04 1.16 + 0.04 .014
Conformation number 0.75 + 0.08 0.70 £ 0.11 < .005

Abbreviations: 3F-SPINE = 3-field conformal spinal radiation, 1F-SPINE = single posterior spinal field
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V2SGy of the heart in 3F-SPINE was decreased and within the QUANTEC threshold while VZSGy of heart

in 1F-SPINE was over the QUANTEC threshold (3.03 + 1.58 % vs 42.48 + 6.91 %; p < .005) as shown in
figure 3.

100 = 1F-SPINE
' === 3F-SPINE
20 == == « QUANTEC threshold
= 60
['7)
o
& 40
20
0

No.1 No2 No3 Nod4 No5 No6 No7 No8 No9 No.10

Figure 3: V25Gy of heart
Abbreviations: 3F-SPINE = 3-field conformal spinal radiation, 1F-SPINE = single posterior spinal field

VZOGy of the lungs in 3F-SPINE was less than 1F-spine (9.83 + 2.48 % vs 12.59 + 4.36 %; p < .005) but
mean lung dose was higher (8.53 + 1.43 Gy vs 6.27 + 1.43 Gy, p <.005) as shown in figure 4 and 5.

e 1F-SPINE

100 Q== 3F-SPINE

80 - e o QUANTEC threshold
£ 60
o
o
o 40

20

0?-@-4-$3=3=-o—o-==‘8=-°_’

No.1 No2 No3 Nod4 Nob MNob No7 No& Nof No.10

Figure 4: V20Gy of the lungs
Abbreviations: 3F-SPINE = 3-field conformal spinal radiation, 1F-SPINE = single posterior spinal field
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Figure 5: Mean lung dose (Gy)
Abbreviations: 3F-SPINE = 3-field conformal spinal radiation, 1F-SPINE = single posterior spinal field

v , of kidneys in 3F-SPINE was increased (13.02 + 6.03 % vs 11.23 + 5.43 %; p <.005) as shown

20G

in figure 6.

100 e 1F-SPINE
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Figure 6: VZOGy of kidneys
Abbreviations: 3F-SPINE = 3-field conformal spinal radiation, 1F-SPINE = single posterior spinal field
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Mean liver dose was not significantly different between two study arms (9.03 + 1.09 Gy vs 9.16

+ 1.18 Gy; p =.169)

30

20

10*

0

as shown in figure 7.
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Figure 7: Mean liver dose (Gy)

Abbreviations: 3F-SPINE = 3-field conformal spinal radiation, 1F-SPINE = single posterior spinal field

HI in 3F-SPINE was worse (1.17 + 0.04 vs 1.16 + 0.04 %; p = .014) but HI was better (0.75 + 0.08
P

vs 0.70 £ 0.11 %; p

2
18
16
14
12

1

< .005) as shown in figure 8 and 9. The best CN and HI values were 1.
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Figure 8: Homogeneity index

Abbreviations: 3F-SPINE = 3-field conformal spinal radiation; 1F-SPINE = single posterior spinal field
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Abbreviations: 3F-SPINE = 3-field conformal spinal radiation, 1F-SPINE = single posterior spinal field

Discussion

CSI has been used as an important part
of brain tumors treatment. It is indicated in group
of patients with high risk of craniospinal axis
involvement. This study used CT simulation in
supine position with customized thermoplastic
mask immobilization, neck extension, and
shoulder depression. The advantage of
supine position was more comfortable and
reproducible.” Some pediatric patients required
sedation, therefore airway protection was neces-
sary. Delineation, fields placement, organ
shielding, tumor boost, and 3D dose-calculation
were accurately done under CT simulation."”
Matching fields with feathering technique is

™ Tatcher et al.

required in our institution.
reported that feathering might be considered
as a safety margin against spinal cord damage,

® Meanwhile,

overdosage, and underdosage.
Tinkler et al. reported that stationary junction did

not increase relapse or myelopathy when

compared to other centers where feathering was
used.”

Many studies concerned about long-
term radiation-related complications. Single
posterior spinal field increased risk of heart
failure because mean heart dose increased, while
IMRT and proton therapy reduced mean heart
dose.” IMRT and tomotherapy reduced dose
heterogeneity and exit doses along the spinal
column."” Because of restricted access to
sophisticated machines in many institutions, this
study mimicked IMRT by planning 3D-CRT with
multiple spinal fields instead of single posterior
spinal field in order to decrease high dose to
OARs. 3F-SPINE was compared to 1F-SPINE in the
aspects of OARs, HI, and CN. Experimental arm
was 3F-SPINE technique utilizing gantries of 150,
180, and 210 degrees. Standard arm was 1F-SPINE
technique utilizing gantry of 180 degrees."”
Cranial fields which consisted of lateral opposing

fields were similar in both study groups.
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Feathering technique for matching fields was
used with the same junctions in both study
groups. Therefore, cranial doses and gap doses
were not reported in this study.

Radiation complication is deterministic
effect. The severity varies with radiation dose and
threshold. COG long-term follow-up guidelines
for pediatric patients reported the parameters
which were slightly different from QUANTEC.”
Because QUANTEC had clear-cut threshold dose,
this study used QUANTEC threshold to predict
the risk of normal tissue injury. This study showed
that 3F-SPINE reduced V25Gy of heart to be
within QUANTEC threshold. Therefore, the clinical
symptoms were expected to be decreased. From
QUANTEC data, if V25Gy of heart was less than
109%, long-term mortality was less than 1%. This
result was similar to the data reported by Brodin
et al. that mean heart dose was significantly
lower in IMRT compared to posterior single
posterior spinal field technique (7.3 Gy vs 18.9
Gy). The estimated risk of heart failure increased
5 times in single posterior spinal field technique

as compared to IMRT." Sharma DS also
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Abstract

Background: Radiation therapy uses high energy photon beams to damage cancer cell.
Dose verification is an important step to ensure that dose delivered to patient is accurate.
Optically stimulated luminescence dosimeters (OSL) NanoDot has been used for beam
dosimetry. The study of dosimetric characteristic of OSL NanoDot is necessary before using it for
clinical practice.

Objective: To evaluate the performance of the OSL NanoDot for 6 MV photon beams.
Materials and Methods: Measurements were carried out with OSL nanoDot (Landauer Inc.,

Glenwood, IL, USA) using 6 MV photon beam to evaluate the dosimetric characteristic such as
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fading characteristics, reproducibility, signal depletion per read out, angular dependence, dose
linearity, dose rate dependence and source to surface distance dependence. Measurements were
performed with source axis distance (SAD) and source to surface distance (SSD) technique.
The experimental set-up and dose parameter were according to the clinical practice. After
irradiation, individual OSL NanoDots were read out and repeated at least five times and the val-
ues were averaged.

Results: The fading result of NanoDot showed more than 15% signal loss after irradiation then.
The signal is stable after five minutes after irradiation. The reproducibility + 2.5% and signal
depletion per read out 0.05% signal per read out. The detector exhibited linearity with the R2 of
0.9991. The angular dependency when the beam was irradiated perpendicular to the detector.
NanoDot is independence with dose rate. However, the signal was decreased when increased
the source to surface distance.

Conclusions: The detector properties must be studied by the user before apply in dose verifi-
cation for accurate determination of the entire dose on the patient. The investigation possible
lead to excellent treatment quality and prevention of any dose errors.

Keywords: radiation dosimeter, OSL, NanoDot, radiotherapy
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dependence)
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p = 0.69) extracranial disease (HR 1.20,95% Cl0.60-2.40, p = 0.61) number of brain metastases
(HR 0.86,95% Cl 0.42-1.76, p = 0.62)
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Abstract
Background: Whole brain radiotherapy (WBRT) is one of treatment modalities for newly
diagnosed brain metastases from various primary malignancies. Several prognostic factors
associated with survival time include patient’s factors, patient’s disease and treatment factors
such as radiation technique and radiation dose.
Objective: To evaluate survival time and to assess factors associated with survival outcome

between different WBRT schedules in patients with brain metastases.
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Materials and Methods: Brain metastatic patients who underwent 2D-WBRT at Sawanpracharak
Hospital from December 2016 to October 2018 were retrospectively analyzed. The schedule of
radiation dose were 30 Gy in 10 fractions and 20 Gy in 5 fractions.

Results: A total of 41 patients completed course of radiation. 2D-WBRT 30 Gy in 10 fractions
were prescribed in 12 patients (29.26 %) while 20 Gy in 5 fractions were given in 29 patients
(70.74 %). Median overall survival was 3.0 months, 1 month vs 4 months in 30 Gy in 10 fractions
group and 20 Gy in 5 fractions group, respectively (HR 0.60, 95% CI 0.29-1.25, p = 0.17). Univariate
analysis showed no survival difference in each prognostic group as followings: age <65 or 265
years (HR 1.04, 95% Cl 0.29-2.05, p = 0.91), gender female or male (HR 0.60, 95% Cl 0.30-1.21,
p = 1.60), Karnofsky Performance Score<70or >70(HR 0.86, 95% CI 0.42-1.78, p = 0.69),
extracranial disease (HR 1.20, 95% Cl 0.60-2.40, p = 0.61), number of brain metastases (HR 0.86,
95% Cl 0.42-1.76, p = 0.62).

Conclusion: Survival time in patients with brain metastases was not significantly correlated with
patient’s factor, disease factors and treatment factors.The schedule of radiation dose had no
significant impact on survival time.

Keywords: whole brain radiotherapy, brain metastases, prognostic factors, radiation dose,

median survival time
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Abstract
Background: The ArcCHECK cylindrical diode array, which is real time analysis and reusable tool,
has been introduced as a patient QA device for Tomotherapy plan.
Objective: The aim of this study was to investigate the dosimetric characteristics of ArcCHECK for
Tomotherapy including the clinical usage as a dose verification tool.
Materials and Methods: The dosimetric characteristics of the ArcCHECK in terms of short-term
reproducibility, dose linearity, field size dependence, including sensitivity of cylindrical diode
array to variation of the Tomotherapy planning parameters i.e., field width (FW) and pitch were
investigated. The clinical tests were used on twenty prostate cancers. The measured dose
distributions using ArcCHECK and dose measurement from EBT3 films were compared with dose
calculation from Tomotherapy treatment planning. The results were evaluated following
the gamma criteria of 3%/3mm. The clinical action level was established by given a higher
percentage of gamma passing than (100-CL) while CL was [(100-mean) + 1.960C].
Results: The sensitivity of diode showed linearity with dose delivery in the range from 5s to 300s
(R2=1) and the variations of repeatedly measured in the short-term period was within +1.52%.
The field size dependence exhibited the same response as the ionization chamber (CC13) except
for 1 cm field width; the diodes exhibited 14.81% over-response when compared with the CC13,
which may result from volume averaging of the CC13. The influence of planning parameters on
sensitivity of ArcCHECK showed no difference of gamma passing rate with higher passing rate than
97% for all various FW and pitch plans. For clinical plans, ArcCHECK measurements
demonstrated in the similar trend of EBT3 films analysis with a moderate positive correlation
(r=0.59). The clinical action level of our institution was found 97% when using ArcCHECK as a
verification tool.
Conclusion: The detector achieves the efficient dosimetric characteristics and ArcCHECK
response is independent of Tomotherapy planning parameters. The percent gamma passing for
patient-specific QA evaluation shows moderate positive correlation with the film. The ArcCHECK
system can be considered as a reliable and an effective QA tool for patient verification of the
Tomotherapy.
Keywords: ArcCHECK, Patient-specific QA, Tomotherapy

Journal of Thai Association of Radiation Oncology
Vol. 26 No.2 July - December 2020



unAnge

wannisuazmnra: indidsueniadaannsasuanldiuild gninausitelidmsunismusey
wums¥nwluedodviluimesnd

Faguseasd: Wlefnwmavesiinisdsuaiadadeidaniaiedvlimend sufinismudeuuny
ns¥nwgUae

Jaquazdims: nsvedeuauasatuinsidvesensadia Ussnoumenismadeunnuwiugilunis
fnd1 anuduiuiBaduresnisiuinded aruduiusvesiuiifaddenisiiutn wagnimevaues
sensilmesidlunsnaununsihuieriednlumesd 1dud field width (FW) ua pitch antiu
nageun1sliersalianiuaeuununsinvifUisusisaiougnuuin 20 518 laewseudisuaiuia
Mnendadianagiiduu EBT3 AuA1anAsonaukumsdny waglinsgiinaiesnmariuLnumi

neinNANTT 100-CL ie CL winu [(100-Aade) + 1.960]

v
o

HamsAnw: 015adaannsavns et lusvezduls dendonuunasgiu £1.52% Tuinusinased
Judndulneassiunalugae 5 1 300 wit (R2=1) Msnedevrwaiuiisdsonisiuianuin
ansadaiinanstuinmuReTuiinged CC13 sniudmsu field width 1 @y, fiwansantuSaunnnin
V¥a CC13 fa 14.81% waioratinannnsiasanduialuiinsid CC13 dmsunsvageunisnovaues
sonsusuasumsiwestunisnaunssnm nuniisasmariuwnualiunnssiuieunnnii 979%
lunn FW uag pitch wazgnsvadouniepddnnuin dnseuaAwnuunnesadndenndosiuilia
fanudiusiauanuiunans (r=0.59) A rnuunuamgaiieensuléi 97%

Foagu: orsadaiionuansalunisifutadedid idutumadwesiiflumsmaumunsinudmiy
indesvlimet TdhmAviuununifaudiusideantunariuildy aunsoaguldinoradad
anuminzausazannsahlvdlunsmuseuwunsShvndmsueiesnlumnesd

Adndsy: H1TnSadgueIsaALla, N1snIudULNUNNISNY, 13Bdlnluwesnd

J Thai Assoc Radiat Oncol 2020; 26(2): R42-R55

Introduction

Helical Tomotherapy is a modality that
was developed to deliver intensity-modulated
radiation therapy (IMRT) in radiation oncology'.
A linear accelerator is attached to a ring-shaped
gantry that allows the delivery of the intensity
of radiation beam and modulated the beam
by a binary multi-leaf collimator to a patient
while the couch is moving through the gantry

[1]

rotation™”. The sophisticated and complexities
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delivery technique make this possible delivery
errors?, i.e., mismatches between delivered
and planned doses. To minimize an inaccuracy
of dose delivery, the pre-treatment patient
verification is strongly recommended for each
helical-IMRT patient plan.

Currently, most Tomotherapy users perform
delivery quality assurance (DQA) using the
radiochromic film (EBT3)” “. The EBT3 film is a

gold standard for performing as a plan verification



tool with its high spatial resolution, less energy
dependence, almost dose rate independence,
and near tissue-equivalent features®".
However, the EBT3 film shows that its measure-
ment protocol is still time-consuming. The
scanning of post-irradiation EBT3 film has to be
waiting for the film darkening to stabilized,
generally scanned at least 24 hours after

exposure®™

! This has led to a necessity to
implement an effective pre-treatment verification
protocol. The real-time dose-distribution
detector such as diode or ionization chamber
array has been introduced to use for more
effectively™" %,

The performances of the ArcCHECK cylindrical
diode array (Sun Nuclear, Melbourne, FL)
are related to an ideal detector array for the
verification of radiotherapy as followings; it
shows dose linearity response and dose rate
independence, it is a robust system, which has
good short-term reproducibility. Moreover, it is
easy to calibrate and it can perform real-time
measurements and provides instant results'”.
Therefore, the ArcCHECK has been widely used
for verifying the VMAT plan that delivered by
LINAC-based for a decade"**.

Previously, few studies intended to evaluate
ArcCHECK cylindrical diode array to use for
Tomotherapy patient-specific DQA® ™. Yue Q.
et al. (2014) evaluated the necessary functional
characteristics test of the ArcCHECK, including
short-term reproducibility, linearly diode
response, and dose per pulse dependence.
The ArcCHECK provided stable and consistent

measurement outcomes with helical

Tomotherapy. Hence it is considered as an
accurate device, which was implemented
clinically for Tomotherapy DQA?. More recently,
in 2016, Bresciani S. et al. supported Yue Q.
et al. that the ArcCHECK could be used as a
pre-treatment verification tool for Tomotherapy
with the following recommendation: new
agreement criteria of the percent gamma passing
rate needed to be established"”.

This study aimed to validate the dosimetric
characteristics of the ArcCHECK diode array
and implement the device for Tomotherapy
HDA™ plan verification. The proper evaluation of
a QA dosimeter could inform the variations and
response in dose measurement, minimizing the
errors and building the user’s confidence before
using the device for QA properties. In order to
achieve accurate measurement protocol and
ensure that ArcCHECK is suitable as a pretreat-
ment verification tool for Tomotherapy HDA™,
the plan parameters effect and retrospective of
20 prostate cancer patients who treated by
Tomotherapy HDA™ at Ramathi-bodi hospital
were investigated. The gamma passing rate of
retrospective patients was also evaluated,
including finding a suitable gamma criteria and
action level for Ramathibodi hospital Delivery
Quality Assurance (DQA)

Materials and Methods

A three-dimensional array of 1,386 N-type
diode detectors (0.019 mm3) has been
developed by Sun Nuclear Corporation
(Sun Nuclear, Melbourne, FL). All diode detectors

are arranged in a spiral pattern around PMMA
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phantom surface (2.9 cm thickness or 3.3 cm
water equivalent depth) with 10 mm spacing
and 10 mm distance from each detector. The
ArcCHECK phantom geometry is cylindrical with
21 cm diameter and array length.

Before performing any test, the absolute
dose calibration of ArcCHECK detector was

carried out against the CC13 ionization chamber

(IBA Dosimetry GmbH, Schwarzenbruck, Germany)
inserted in solid water phantom (Gammex, Inc.,
Middleton, WI). The setup condition was followed
the Sun Nuclear Corporation’s recommendation,
as shown in Figure 1. Finally, the absolute dose
calibration data file was added in Sun Nuclear
patient software and set as the default dose

calibration.

A3om

ArcCHECK Setup

Figure 1 The configuration of ArcCHECK and the solid water phantom setup for dose calibration.

The dosimetric characteristics test

The dosimetric characteristics of the
ArcCHECK were examined in terms of short-term
reproducibility, dose linearity, and field size
dependence. All tests were performed with the
Tomotherapy HDA™ system (Accuray, Sunnyvale,
CA), which provided a flattening filter-free 6 MV
photon energy, 870 MU/min dose rate and

equipped with a binary 64 multileaf collimator.
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The central of the ArcCHECK was aligned to the
isocenter of the machine, 85 cm SAD geometry.
Besides, the CC13, 0.13 cm3 was inserted in the
central cavity within the cavity plug of the
ArcCHECK in order to monitor the stability of
photon beams output (Figure 2).

The short-term reproducibility test was
purposed to ensure that ArcCHECK could be

performed consecutive dose measurements. The



Figure 2 a) The experimental setup of the ArcCHECK combination for the Tomotherapy HDA™ system.
b) The insertion part of the ArcCHECK (with the CC13 inserted).

measurements were conducted with a 5x10 cm’
field size (reference field size for Tomotherapy™®)
for ten times consecutive measurements with
less than a minute interval. The beam on time
was set at 10 seconds. The readings form the six
central diodes were averaged, and then the
short-term reproducibility of ArcCHECK was
evaluated by calculating the standard deviation
(SD).

The dose linearity test was performed by
varying delivery time from 5, 10, 15, 20, 30, 40,
60, 120, 180, 240, and 300 seconds based on
clinical application in order to prove that
ArcCHECK readings were directly proportional to
the actual dose with a linear function. The
measurements were conducted with a 5x10 cm?
field size. The six central diodes readings were

averaged.

Field size dependence test was purposed to
quantify the response of ArcCHECK diodes which
are known to provide the over-response to
low-energy scattered photons, so that the diode
readings may deviate from the reading of the
ionization chamber®. This test was done by
measuring beam deliveries of varied field width
(Y) of 1, 2.5, 5 cm with different X of 5, 10, 15,
20, 30, 40 cm. The measurements were
conducted with 10 seconds of beam-on time.
Due to the small field width of 1 and 2.5 cm
covered only the two central diodes on Y-axis,
the two central diodes readings were averaged
for all field sizes in order to simplify the
comparison of diode ability between each
field size. Finally, the measured ArcCHECK
dose were compared with the measured dose

by the CC13, which inserted in slab solid water
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phantom a 3.3 cm-thick (relate to diode detec-
tors depth) and irradiated under the same
conditions including field size and beam-on time

setting.

The planning parameters dependence test
The planning parameters affecting the
sensitivity evaluation test was done by creating
15 treatment plans of 5 cm diameter sphere PTV,
which simplified to the prostate size. The plans
optimized using different parameters by varying
the FW of 1, 2.5, 5 cm for fixed jaw, and FW of
2.5 and 5 cm for dynamic jaw for each pitch
selected, i.e., 0.215, 0.287, and 0.43. For all
created plans, the PTV was prescribed with a
dose of 2 Gy per fraction and then optimized
100% dose for 95% PTV. Finally, the pitch and
FW dependence were evaluated by determining
the gamma passing rate of gamma analysis, which
provided on Sun Nuclear patient software (Sun
Nuclear, Melbourne, FL) and calculated a
one-way ANOVA to statistically analyze the data.
According to AAPM TG No.119 and No.148 report,
the gamma passing rate of at least 90% with 3%
DD/ 3mm DTA with 10% threshold was set as a

criterion.

The clinical-used test

Routinely, the DQA of Tomotherapy HDA™
in Ramathibodi hospital was performed by
using EBT3 film. The film was positioned
between two semi-cylinders of cheese
phantom while performed measurement.
The Extradin A1SL ionization chamber (0.053 cm?)

was also inserted below the film for point dose

R48 Journal of Thai Association of Radiation Oncology
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measurement. After DOA process, the film needs
long time for processing, especially post
irradiation waiting time (usually at least 24
hours) for being stabilized. After that, the film
was scanned. All data was collected in the film
analysis software, including film calibration file,
film-measured file and calculated-plan file.
Finally, the film was analyzed by the gamma
analysis for a comparison between measured
dose and calculated plan.

In the clinical-term, 20 retrospectives of
prostate cancer patients who treated using
Tomotherapy HDA™ at Ramathibodi hospital
were randomly selected including both only
prostate gland cases and prostate with node
cases. The averaged PTV size of all plans was
6.06+3.39 cm (3.10-18.00 cm).

The gamma passing rate of at least 90%
using 3% DD/ 3mm DTA with 10% threshold
was set as a criterion following AAPM TG
No.119%” and No.148%" report. The gamma
passing rate of each DQA plan was analyzed by
the correlation analysis to find the strength of a
correlation between ArcCHECK-measured analy-
sis and the retrospective data of EBT3 films
measurement analysis. Finally, the clinical action
level was established by following: the treatment
plan DQA must be given a higher percentage of
gamma passing than (100-CL) as the confidence
limit was obtained using the equation of CL =
[(100-mean)+ 1.96061%.

It should be noted that the relative dose
measurement mode was used for ArcCHECK
measurement in this study. In addition, the

global normalization was used for the dose



difference normalization of the ArcCHECK
measurement since the global normalization is
suitable for more clinically relevant than local

normalization™.

Results
The dosimetric characteristics test

The short-term reproducibility of Arc
CHECK on the Tomotherapy HDA™ system was
178.39+1.52% as shown in Figure 3.
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Figure 3 The short-term reproducibility of average six central diodes of the ArcCHECK with error bars of

+1SD.

The dose linearity was presented as a straight
function graph of a relationship between
ArcCHECK dose measurements (cGy) and
varying beam on time (s). For beam-on time
increments from 5s to 300s, the dose linearity
response with a straight function (R2=1), as shown
in Figure 4, which indicated that the diodes
readings were proportional to the actual dose.

The field size dependence of the ArcCHECK
is shown in Figure 5a). The diodes exhibited the
same response with the CC13 by increasing
response with increasing field size and the
sensitivity variations deviated from the CC13
within £0.71% and +0.24% for all different X and
field width of 2.5, and 5 cm, respectively.
For field width 1 cm, the diodes exhibited

higher response than the CC13, which deviated
within £14.81%. The percent differences between
ArcCHECK readings and CC13 readings are shown
in Figure 5b)

The planning parameters dependence test

The field width and pitch dependence are
shown in Table 1. The fifteen plans optimized
with various pitches, which performed measure-
ments by ArcCHECK, obtained similar results.
The percent gamma passing rate (%GP) of the
plans were more than 97% (98.80-100.00%).
The average percent passing rate of 3%/3mm
criterion for each pitch and all FWs used were
99.73+0.60%, 99.71+0.84%, and 99.86+0.24%
for 0.43, 0.287, and 0.215, respectively.

_Res)
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Figure 4 The Dose linearity response of ArcCHECK. The SDs of all diodes readings are too narrow to

show on this chart.
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Table 1 The percent gamma passing rate for each field width and pitch dependence plan with criterion

of 3%/3mm.

Field width (cm) Pitch
0.430 0.287 0.215
1.048 99.93 99.73 99.43
2.512 Dynamic 99.93 100.00 99.90
2.512 Fixed 99.97 100.00 99.97
5.048 Dynamic 99.97 100.00 100.00
5.048 Fixed 98.83 98.80 100.00

Average 99.73+0.60 99.71+0.84 99.86+0.24
The clinical-used test Discussion

For the clinical-term, according to the
experience of the AAPM TG-148 report
established QA for helical tomotherapy supports
the AAPM TG No.119 with the recommended
gamma passing rate of at least 90% with 3%/3mm
criterion, the percent gamma passing of all
plans in this study was higher than 95% (96.10-
100.00%) gamma passing of 39%/3mm criterion.
The average percent gamma passing in this study
was 99.46% + 1.09. Our study also reported the
correlation between the percent gamma passing
rate of ArcCHECK measurement and retrospective
data of the measurements of the EBT3 film,
which was a positive correlation, as shown in
Figure 6.

The absolute value of correlation coefficient
(r) was 0.59, which between 0.40-0.59; this r
indicated that this correlation was moderate.
The strength of the correlation was described

by using the guide that Evans suggested™.

The critical dosimetric characteristics of the
ArcCHECK in the Tomotherapy HDA™ system
was evaluated and provided satisfactory results.
For field size dependence test, the diodes
exhibited 14.81% higher response than the CC13
for field width 1 cm due to volume averaging
of the CC13. Although the CC13 did not
appropriate to use for small field measure-
ment® it was selected with a limitation of
chamber holder for the ArcCHECK cavity plus.
However, the CC13 was proper to use for clini-
cal-used test of the averaged PTV size (6.06+3.39
cm).

The results of each pitch and all FWs used
for planning parameters dependence test were
non-significant difference since P-value is greater
than 0.05 (P-value = 0.84). Hence, it is indicated
that there is no significant difference between
each pitch with all FWs. Therefore, the results of
this study could also be supported that the
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Figure 6 The correlational relationship between the percent gamma passing rate of ArcCHECK-measured

analysis and the retrospective data of EBT3 films measurement analysis

ArcCHECK is accurate for any pitch and FW of the
Tomotherapy treatment plan while using
3%/3mm criterion which use as a criteria for
clinical patient verification.

In term of clinical-used, the analysis results
of percent gamma passing cannot be directly
compared between two devices (ArcCHECK vs.
EBT3 film) owing to differences configuration,
resolution, and number of detectors per area””.
However, we determined the moderate correla-
tional relationship between the ArcCHECK and
EBT3 films, which is the gold standard and also
used as a routine measurement device in
Ramathibodi hospital.

Previously, Yue Q. et al. recommended every
institutes to investigate their own action level,
which related to the universal agreement
criteria[2]. Based on the statistical analysis for
the twenty cases analyzed with 3%/3mm

criterion, the suggested clinical action level of

Journal of Thai Association of Radiation Oncology
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our institution is 97%. Nevertheless, more data
collection was also recommended.
Consequently, all ArcCHECK performances
evaluated in this study demonstrated that this
detector device is suitable to perform as a
patient-specific QA verification tool for the

Tomotherapy HDA™ system.

Conclusion

The detector achieves the efficient dosime-
tric characteristics and the ArcCHECK responses
are independent of Tomotherapy planning
parameters.

As a results of percent gamma passing for
evaluate patient-specific QA in this study that
show moderate positive correlation with
the EBT3 film, the ArcCHECK system can be
considered as a reliable and an effective QA tool
for patient verification of the Tomotherapy
HDA™.



Further study will be considered on the suitable
action level of gamma passing rate for each

clinical region use in Ramathibodi hospital.
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USUAMITUIBIUTLIRS (Volumetric Modulated Arc Therapy: VMAT) kaglnafinssdfinui19uuu
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UnAt9LAgs
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Faquazinis: msfnwuuudounds fiieuziwiongnmnn 16 19 AlFFunsanesedsemada HT
Simultaneous Integrated Boost (SIB) Usu1ns PTV Usgnaunae GiauqﬂvrmnLLawiaa,ﬂfwmﬁaﬂu
Feadensiu IHuUsnaded 70 uay 50.4 156 Tu 28 A%t mudey thurnnulifiemedia VMAT
WUV Single-arc wag Double-arc uaUSsUIBUAUMNUSIAShYY HT dusulsunasithunnedseuiieu
mufryian1ugy (Conformity Number: CN) wazAdaiimuainate (Homogeneity Index : HI)
dwivedurzunadrafies loun nszmnzlaany dldass Wnsegnduv diuduvesesnmanasaild
WiBuisuUSinasdfivsunnsdesay 50, 10, 2 165U (D, D) warUSiasedinde (Mean dose)
munasives RTOGO415 uay ICRUS3 saustal3euliieuszevinananssed (Beam-on Time)
Han1sANEN: NUIuNUSESw A lRUSInadedseUSumsiminemunasst ICRUS3 wazAn CN
Liuansinegefifeddgniadn A1 HI vesunudedsne HT fafifndiuausadsne VMAT
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INNTLHUSTIASAYY VMAT Single-arc 9g19iitd Ay n1eatia uussdsnwn VMAT Single-arc ldszug
naa1esEUDINIINUS @SN VMAT Double-arc Wag HT muaeau
faagu: wwufadsnw HT lienuaiiauevesUsinasdldffigauazaninsnanunusdiliive foe
Undthadesld udldszeznaanssidinniian
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< 1

UIENABUANTNIN

Abstract
Background: Prostate cancer is common in Thai males. The two major radiation therapy
advance techniques, volumetric modulated arc therapy (VMAT) and helical tomotherapy (HT),
provide high-precision radiation dose to planning target volume (PTV) while sparing organs at risk
(OARs) in prostate radiotherapy.

Objectives: To compare the dosimetric parameters and treatment efficiency between VMAT
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and HT treatment plan for prostate cancer.




Materials and Methods: This is a retrospective study of sixteen prostate cancer patients
who were treated with Simultaneous integrated boost (SIB) technique using HT. The PTV includes
the prostate (PTV-P) and pelvic lymph nodes (PTV-LN). The prescription doses for PTV-P
and PTV-LN were 70 Gy and 50.4 Gy in 28 fractions, respectively. These patient images data were
used to generated Single-arc (SA) and Double-arc (DA) VMAT plan by Monaco planning system.
The same computed tomography images and structure contours data sets were used. Target
volumes were constrained according to the criteria of the International Commission on Radiation
Units and Measurements (ICRU) report no.83 and the OAR doses were evaluated by following the
criteria of Radiation Therapy Oncology Group (RTOG) 0415 report and ICRU 83. The plan quality
assessment indexes were the conformity number (CN) and the homogeneity index (HI). The OAR
(bladder, rectum, femoral heads, penile bulb and bowels) doses were evaluated by following
criteria of RTOG 0415 and ICRU 83 (D5O, Dm, Mean dose and DZ). The beam-on time was also
compared for the treatment efficiency assessment.

Results: The SA and DA VMAT achieved clinically acceptable dosimetric goals. There was no
statistically significant difference (p>0.05) between these plans and the previous HT plan. CN
showed no statistically significant difference between these plans. HT provided significantly
better HI than DA VMAT and SA VMAT(p<0.05). For the OAR dose, HT had significantly lower
bladder, rectum and femoral heads dose but higher penile bulb dose. DA VMAT had
significantly lower bladder and bowels dose but higher penile bulb dose than SA VMAT. SA VMAT
and DA VMAT had shorter beam-on time than HT.

Conclusion: All three plans achieved clinically acceptable dosimetric quality goals. HT provided
better homogeneous dose distribution and lower dose to OARs. HT had the longest beam-on
time.

Keywords: Dosimetric Comparison, Volumetric Modulated Arc Therapy, Helical Tomotherapy,

Prostate cancer
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A15199 2 AUTITeERde Ardvianadiguiade (CN) wazAdvdaualialedevesUsunsaa (H)
AUsumsithrung (PTV70)

Pair t-test p-value

Dosimetric HT SA DA HT vs. HT vs. SA vs.
Parameters Mean * SD Mean % SD Mean % SD SA DA DA
PTV

D, (Gy) 70.10 £ 0.12 70.19 + 0.25 70.18 + 0.16 0.156 0.089 0.892
Ve, (%) 98.54 + 0.37 98.59 + 0.34 98.60 + 0.43 0.221 0.131 0.863
Vier (%) 0.00 + 0.000 0.01 £0.013 0.00 + 0.003 0.066 0.333 0.095
CN 0.528 + 0.060 0.547 + 0.078 0.549 + 0.049 0.271 0.135 0.912
HI 0.065 + 0.010 0.077 + 0.007 0.073 + 0.007 0.001 0.041 0.114

Aneia: HT= Helical Tomotherapy, SA = Single-arc VMAT, DA= Double-arc VMAT, CN = Conformity Number, Hi= Homoge-

neity Index, SD = standard deviation

A15199 3 USunaussdimdeiiedensunfivrades (OARs)

Pair t-test p-value

Dosimetric Parameters HT SA DA HT vs. HT vs. SA vs.
Mean + SD Mean + SD Mean + SD SA DA DA
Bladder
D,, 49.53 + 8.37 55.96 + 3.43 52.61 + 5.55 0.001 0.033 0.001
D, 70.51 + 0.54 70.76 + 0.48 70.78 + 0.64 0.102 0.017 0.897
Rectum
D,, 41.50 + 5.06 45.84 + 5.68 45.60 + 6.22 0.033 0.084 0.826
D 69.02 +2.43 68.96 + 2.77 68.68 + 2.99 0.889 0.588 0.472

2

Right femoral head

D 26.43 + 5.00 33.05 + 5.05 32.48 + 4.08 0.006 0.004 0.718

10

D 31.84 + 552 39.01 + 4.74 39.03 + 3.66 0.001 0.001 0.985

2

Left femoral head

o 26.53 + 4.97 37.00 + 3.66 33.13 +4.24 < 0.001 0.001 0.016
D2 32.34 + 5.70 41.10 + 3.47 39.36 + 4.08 < 0.001 < 0.001 0.201
Penile Bulb
Mean dose 45.44 + 556 27.41 + 11.39 28.86 + 11.23 < 0.001 < 0.001 0.001
Bowels
D 53.36 + 4.35 5517 + 4.43 53.36 + 4.06 0.065 0.998 0.030

2

fiatia: HT= Helical Tomotherapy, SA = Single-arc VMAT, DA= Double-arc VMAT, SD = standard deviation
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A19719% 4 S2ezaIN1AN959dIRa (Beam-on time)

Pair t-test p-value

Parameters HT SA DA HT vs. SA HT vs. DA SA vs. DA
Mean £ SD Mean + SD Mean £+ SD
Beam-on 4.38 + 0.53 2.37 +0.18 311 +0.21 < 0.001 < 0.001 < 0.001
Time (Min)

§i9tid: HT= Helical Tomotherapy, SA = Single-arc VMAT, DA= Double-arc VMAT, SD = standard deviation
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Abstract
Background: Long-term craniospinal irradiation (CSI)-related toxicities are the major concerned
in pediatric medulloblastoma. To reduce the risk to normal structures, the more conformal
radiation therapy is preferred.
Objective: To evaluate and compare the dosimetric parameters of CSI between intensity
modulated radiation therapy (IMRT) and volumetric modulated radiation therapy (VMAT) in
terms of target coverage and normal tissue sparing in pediatric patients with standard risk
medulloblastoma.
Materials and Methods: Ten children with medulloblastoma previously treated with
three-dimensional conformal radiation therapy (3D-CRT) CSI were included in this study.
All the planning computed tomography (CT) scans were performed in the supine position
with a customized thermoplastic mask on a head rest set. CSI was performed with IMRT and
VMAT for each child. Both plans were compared.
Results: IMRT achieved better target coverage. However, more than 95% of the volume
of the planning target volume (PTV) was covered by 95% of the prescribed dose for both
plans. VMAT achieved better dose homogeneity and conformity. Doses to the OARs complied
with the institutional protocol except for the doses to the eyes, lens, and thyroid for both IMRT
and VMAT. Due to the lack of an institutional protocol for plan optimization at the time of study,
the doses to these organs did not get enough concern. No difference in mean dose to non-target
tissues was found between IMRT and VMAT (p = 0.101). The mean monitor units (MU) value of
VMAT was significantly lower than that of IMRT (p < 0.05).
Conclusions: With the same protocol compliance of target coverage and dose to OARs, VMAT is
preferred due to its higher conformity, better dose homogeneity, and use of lower MU.
Keywords: Craniospinal Irradiation, Pediatrics, Radiation Therapy, Volumetric Modulated Arc

Therapy, Intensity Modulated Radiation Therapy
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Introduction

Medulloblastoma is an embryonal tumor
that has a high propensity of spinal drop
metastasis. The standard treatment of this
tumor is combined modalities of surgery,
radiation therapy, and chemotherapy. After
surgery, craniospinal irradiation (CSI) is given to
every child patient older than 3 years old.™
The role of CSI can be either treatment or for
prophylaxis neuraxis dissemination. In standard
risk medulloblastoma, the aim of CSl is to

prevent spinal drop metastasis. However, the side
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effects of CSI in children are a major concern,
especially the long-term toxicities.” The
common long-term CSl-related toxicities in
children include neurocognitive impairment,
hearing loss, a short stature, endocrine abnor-
malities, cerebrovascular disease, pulmonary
dysfunction, and secondary cancer. These
complications affect childhood cancer survivors’
quality of life for the rest of their lives." >

To reduce these CSl-related toxicities,
proton therapy, a highly precise and more

conformal radiation therapy with limited dose



to normal structures, is usually adopted to treat
pediatric patients in high-income countries."” ®
In contrast, three-dimensional conformal
radiation therapy (3D-CRT) CSI has been adopted
to treat pediatric patients in middle-income
countries, such as Thailand, for decades now.
Nowadays intensity modulated radiation therapy
(IMRT), volumetric modulated radiation therapy
(VMAT), and TomoTherapy® are widely available
in Thailand, and these techniques have also
been adopted for CSI in pediatric patients.
Theoretically, VMAT could reduce the risk to
normal structures from using lower monitor
units (MU) and a shorter treatment time
compared to IMRT. In dosimetric studies,
VMAT showed better target coverage and more
homogeneity, while IMRT reduced the volume
received a dose of 2 Gy (V2) and the volume
received a dose of 5 Gy (V5) to the body.”* The
organs at risk (OARs) were spared differently
between techniques. Neither IMRT nor VMAT
could meet the criteria of dose constraint for
the eyes, lens, and cochleae.'” Currently,
there is no clinical data supporting that VMAT
is better than IMRT or vice versa. In our institute,
VMAT is routinely used for CSI in pediatric
patients due to its convenience compared
to IMRT. We previously explored and published
the benefits of IMRT over 3D-CRT CSI in terms
of providing a homogeneous dose in target
coverage and a minimized radiation dose to the
OARs.”

The aim of this study was to evaluate and
compare the dosimetric parameters of CSI

between IMRT and VMAT in terms of target

coverage and normal tissue sparing in pediatric

patients with standard risk medulloblastoma.

Materials and Methods
Patients

After the approval by the Institution’s
Ethics Committee (Si 661/2559), ten children
with medulloblastoma previously treated
with 3D-CRT CSI at Siriraj Hospital, Bangkok,
Thailand, between 2006 and 2016 were included
in this study. Following the CSI protocol at
Siriraj Hospital, all the planning computed
tomography (CT) simulations were performed
in the supine position with a customized ther-
moplastic mask on the head rest set and CT
axial images were obtained from the vertex to

coccyx with a 3 mm contiguous slice thickness.

Delineation of the target and OARs

Both the target and OARs were delineated
as follows: the clinical target volume (CTV)
included the entire brain, meninges, and entire
spinal canal down to the end of the thecal sac
covering the cerebrospinal extension to the
spinal ganglia. No CTV boost was created.
The planning target volume (PTV) was generated
with a 5 mm margin from the CTV in all directions.
The OARs were contoured, including the eyes,
lens, optic nerves, optic chiasm, cochleae,
thyroid, lungs, heart, liver, and kidneys. Non-
target tissue was created by subtracting the PTV

and OARs from the whole-body volume.

Treatment planning

Two separate treatment plans (IMRT and
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VMAT) were performed for each child by
the second author and reviewed by the first
author. The CSI dose was 23.4 Gy in 13 fractions
(1.8 Gy per fraction), which represents the com-
mon dose for standard risk medulloblastoma.
All the plans were optimized and calculated
by Eclipse version 13.6. The dose calculation
was performed with Anisotropic Analytical
Algorithm (AAA). The CSI plan used 2-3
isocenters depending on the patient length.
IMRT used 5 fixed coplanar beams (angle: 0, 45,
130, 230, and 315 degrees) for the brain and
3 fixed coplanar beams (angle: 130, 180, and
230 degrees) for the spine. VMAT used 2 coplanar
full rotations (360 degrees) for the brain and
one complete arc for the spine. Both IMRT and
VMAT used 6 MV photons at a dose rate of 600
MU/min. The priority and optimization were
individualized for each plan without the
standard protocol. In the initial step, the PTV
dose coverage was the first priority in the
optimization process. More than 95% of the
volume of the PTV was covered by 95% of the
prescribed dose and the maximum dose did not
exceed 107%.

Plan evaluation

Both VMAT and IMRT were compared in terms
of target coverage, homogeneity, and OARs
sparing. PTV coverage was assessed as the
volume of the PTV receiving at least 95%
(PTV95%) and 107% of prescribed dose
(PTV107%). The dose homogeneity was deter-
mined by the homogeneity index (HI) and

conformal index (Cl) as follows.™
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HI = Maximum isodose in the target/reference
isodose.

Cl = Volume of the reference isodose/target
volume.

The OARs were evaluated by the max dose
(Dmax) or mean dose (Dmean). Dmax was used
for evaluating the dose to the lens, optic nerves,
and optic chiasm. Dmean was used for evaluating
the dose to the eyes, cochleae, thyroid, lungs,

heart, liver, kidneys, and non-target tissue.

Statistical analysis

The paired t test was used to compare the
means. A p-value of < 0.05 was considered
statistically significant. SPSS (version 21, SPSS
Inc., Chicago, IL, USA) was used for the statis-

tical analysis.

Results

Ten patients’ CT data sets were available
for dose calculation and evaluation. All the
dosimetric data are shown in Table 1. IMRT
had a larger volume of target coverage by
95% of the prescribed dose without significant
difference in the hot spot volume (PTV107%).
VMAT achieved better Cl and HI, close to 1.
The eyes and thyroid received lower doses
with VMAT compared to IMRT. The lungs, livers,
and kidneys received lower doses with IMRT
compared to VMAT. The other OARs, including
the lens, optic nerves, optic chiasm, cochleae,
and heart, received negligible differences in
doses between both plans. The mean dose to
non-target tissue also showed no difference
between IMRT and VMAT. The dose limit for each



OAR was created as shown in Table 1, based

on the published pediatric normal tissue

effects in the clinical (PENTEC) and institutional

protocol."” Doses to the OARs were complied

with the protocol, except for the doses to

the eyes, lens, and thyroid for both IMRT and
VMAT. The mean MU of VMAT was significantly
lower than for IMRT (1756.99+293.99 in IMRT vs.
723.98+170.23 in VMAT, p < 0.05).

Table 1 Dosimetric comparison between IMRT and VMAT

IMRT VMAT Dose limit
Parameters Endpoint

(meanxSD, %*) (mean+SD, %*) (Gy)
PTV95% (cc) 1982.96+189.95 1953.24+191.28 0.002 NA
PTV107% (cc) 93.27+176.98 18.39+19.47 0.197 NA
@ 0.85+0.06 0.88+0.04 0.086 NA
HI 1.12+0.02 1.09+0.01 0.009 NA
Right eye 19.70£1.68, 0 17.57+2.80, 0 0.014 <10t Blindness, double
(Dmean, Gy) vision, dry eyes
Left eye 19.86+2.06, 0 17.66+2.92, 0 0.018 <10t Blindness, double
(Dmean, Gy) vision, dry eyes
Right lens 18.51+£2.29, 0 16.33+4.03, 0 0.132 <7t Cataract
(Dmax, Gy)
Left lens 18.46+2.85, 0 16.08+3.56, 0 0.117 <7t Cataract
(Dmax, Gy)
Right optic nerve  24.65+0.66, 100 24.35+0.24, 100 0.084 <54+ Blindness
(Dmax, Gy)
Left optic nerve  24.54+0.75, 100 24.47+0.29, 100 0.799 <54+ Blindness
(Dmax, Gy)
Optic chiasm 24.68+0.39, 100 24.44+0.33, 100 0.127 <54+ Blindness
(Dmax, Gy)
Right cochlea 24.33+0.75, 100  23.79+0.73, 100 0.070 <35 Hearing loss
(Dmean, Gy)
Left cochlea 24.27+0.66, 100  23.94+0.36, 100 0.099 <35 Hearing loss
(Dmean, Gy)
Thyroid 15.84+2.58, 0 13.33+1.95, 0 0.001 <10 Hypothyroidism
(Dmean, Gy)
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Table 1 Continue

IMRT VMAT Dose limit
Parameters Endpoint
(meanSD, %*) (mean+SD, %*) (Gy)
Right lung 5.75+1.00, 100 6.50+0.74, 100 0.045 <10 Radiation pneumonitis
(Dmean, Gy)
Left lung 5.36+1.03, 100 6.22+0.64, 100 0.033 <10 Radiation pneumonitis
(Dmean, Gy)
Heart 6.34+1.23, 100 6.23+1.35, 100 0.808 <10 Heart failure
(Dmean, Gy)
Liver 4.70+0.69, 100 5.52+0.68, 100 0.005 <10 Veno-occlusive disease
(Dmean, Gy)
Right kidney 5.41+1.25, 100 7.39+1.15, 100 0.009 <178 Kidney injury
(Dmean, Gy)
Left kidney 5.29+1.00, 100 6.86+1.37, 100 0.016 <178 Kidney injury
(Dmean, Gy)
Non-target tissue  5.38+0.60, 100 5.53+0.51, 100 0.101 NA

(Dmean, Gy)

NOTE. p values calculated by paired t-test.

* Percent of patient received dose per protocol for OARs dose limitation.

t Dose limitations were based on pediatric normal tissue effects in the clinical (PENTEC) except for the

remark based on the institutional protocol.

Abbreviations: Cl = conformity index; Dmax = maximum dose; Dmean = mean dose; HI = homogeneity

index; IMRT = intensity-modulated radiotherapy; PTV = planning target volume; PTVx% = volume of

PTV receiving > x% of prescribed dose; VMAT = volumetric-modulated arc therapy; NA = not applicable

Discussion

In our study, IMRT achieved better target
coverage. The non-significant larger volume of
PTV107% in IMRT cannot be ignored as this
larger high dose volume may transfer to a better
target coverage. However, both plans were
evaluated as achieving more than 95% of
the volume of PTV covered by 95% of the
prescribed dose. Interestingly, VMAT had better

Journal of Thai Association of Radiation Oncology
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Cl and HI values, and gave a lower dose to the
OARs in the head and neck region, while IMRT
could better limit the dose to those OARs in the
body below the neck level.

Al-Wassia et al. compared IMRT and VMAT
for CSI in pediatric medulloblastoma. They
performed a dosimetric study in ten children
and found that IMRT had superior target

coverage, while VMAT had superior HI values,



which is the same result as ours. However,
no difference of Cl values was detected and
the doses to the normal structures were not
consistent. They found that IMRT had better
dose reduction to the optic chiasm, liver, and
lungs, whereas VMAT had better dose reduction
to the eyes, lens, optic nerves, heart, cochleae,

thyroid, and kidneys."

This may result from
differences in the optimization criteria between
their plans and ours.

Seravalli E et al. compared five different
techniques for CSI, including 3D-CRT, IMRT, VMAT,
TomoTherapy®, and proton pencil beam
scanning (PRT), as utilized in 15 institutes across
Europe for one example pediatric patient.
They found that the modern photon techniques
(IMRT, VMAT, and TomoTherapy®) decreased
the mean dose to the thyroid, parotid glands,
heart, esophagus, and pancreas compared to
3D-CRT. A further reduction of the mean dose to
the OARs was found when comparing PRT to
modern photon techniques. Focusing on modern
photon techniques, they observed a wide
range in the mean dose to the OARs among the
institutes with each technique. They suspected
that differences in the optimization criteria due
to the lack of international guidelines for dosage
constraints for OARs attributed to the difference
in the OARs sparing, thus reflecting the inter-
center variation in daily practice."”

From our study, both IMRT and VMAT were
acceptable for CSI in pediatric patients with
standard risk medulloblastoma. All PTV coverage

was more than 95% of the volume by 95% of

the prescribed dose. The dose to the OARs did
not exceed the institutional dose limit, except
for the dose to the eyes, lens, and thyroid for
both techniques. Some normal structures were
better spared with IMRT, whereas some were
better spared with VMAT, as shown in Table 1.
These may result from the plan optimization as
there was no standardization between each plan
and each patient. Institutional dose limits for
OARs were created after the study was done.
The dose to the OARs may be reduced by
developing an institutional protocol for plan
optimization to meet the institutional dose-
constraints for OARs. Considering the risk of
late complications and patient convenience,
VMAT is preferred due to the indifference in the
mean dose to the non-target tissue and as it uses
lower MU. In addition, VMAT also had better dose

conformity and dose homogeneity.

Conclusion

With the same protocol compliance of
target coverage and dose to OARs, VMAT was
preferred for CSI due to its higher conformity,
better dose homogeneity, and use of lower MU.
It is recommended that an institutional plan as
an optimization protocol for the use of CSI
should be developed and this needs to be
consistent with the institutional guideline of

dose-constraints for OARs.
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Aun e miuuzthlnanauiEndnsuwndoudiu atiuf 66 e lulHiduuumduausdsnm
Faquazdsnis: aunuvudtaosuaniny (CATPHAN) Tngltluslnneaiunndnsiuvosadesionaise
ouamesinaninsinusm 36 Wilnnoa lasidsundamniwesnmsawnuluzag 80 - 135 fAla
Taad, 100 - 300 HaduauuUs wagvaulwmnIw 400 - 700 Hadkuns ANAMYRINITIUTINaluLIYeY
FeasBnn1n AravaELe way Sisdumuntavesnsedynas U Tildannisawnily
usiazasavinnsUsadiulagld 5n soviding nesdu 6.8.64 uartufindduiinnsnszaeresiinaidves
\nSesienuisreufiamesLuuTinns
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HANISANYN: TUATEIBUNNINTALLINTY NSTuavian uazAInLANadngTigetudwmaliiadei
n1snszeveIUinuisdvennonenmissnenianosiuuUTInAsiigetu uwaxd 5 Tslnaoaiiiny
inausinuIRsguaua e Insluslnneamanianainnisisaiausinedng 7 120 uay 135
Alalaad Anseuanasn 200 wag 300 fladloNuys LALTEUNANMYLIA 400 HARIINS LasTiAAIsNs
And 135 Alaliad Anszuanasn 300 TaduauiUs Wa¥YaUWANINYIUIA 550 Tadluns

doagu: A1ANANANE AINTEULAVIADA UALYBUWANIN nadaRMANYINNRALUSHMT Eva U
Tneluslaneaiiffidouusth Ao Aenusnedng 91 120 Alaliad Ainszuaviaen 200 daduouuds way
VBUIANIN 400 Tadiums

MdRey: 1nTeaenaisdneuiamessianinsinw, aunnueanm, AdvdinsnszatevesUiinaed

YBILASBILDNTLTIADUNIMDILUUUSUINT

Abstract
Background: Radiographic images from computed tomography simulator (CT sim) used in
radiotherapy should have sufficient quality to be used for cancer treatment planning while the
radiation received by the patients should be kept as low as possible. Image quality had an impact
on the ability to identify locations of tumor and organs at risk, therefore poor image quality may

result in tumor mislocalization and also the efficiency of cancer treatment.
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Objective: This study aimed to examine the impact of variation of parameters such as tube
voltage, tube current, field of view (FOV) on image quality and patient radiation dose according
to the standard criteria of image quality recommended by the American Association of Physicists
in Medicine (AAPM) TG 66 to be used as a guideline for radiotherapy.

Materials and Methods: The CATPHAN phantom was scanned by using 36 different CT sim
protocols, of which the scanning parameters were changed (80 - 135 kV, 100 - 300 mA and 400
- 700 mm FOV). Quantitative image qualities in terms of the spatial resolution, uniformity,
and contrast to noise ratio (CNR) obtained from individual scans were assessed using the RIT
software version 6.8.64. Values of volume computed tomography dose index (CTDIvol) were
recorded.

Results: The larger FOV, higher tube current and tube voltage resulted in higher CTDIvol. There
were five protocols that passed the standard criteria of image quality. These were from the tube
voltage settings of 120 kV and 135 kV, tube current settings of 200 mA and 300 mA and FOV
setting of 400 mm; as well as tube voltage setting of 135 kV, tube current setting of 300 mA and
FOV setting of 550 mm.

Conclusion: Tube voltage, tube current and FOV had an impact on the image quality and patient
radiation dose. The protocol recommended by the researcher is the tube voltage setting of 120
kV, tube current setting of 200 mA and FOV setting of 400 mm.

Keywords: Computed Tomography Simulator, Image Quality, Volume Weighted Computed

Tomography Dose Index

J Thai Assoc Radiat Oncol 2020; 26(2): R77-R88

unidn
TuilagtiuieIosonuisdaaufinnesdnaninis
$nw1 (Computed Tomography Simulator: CT sim)
funumddglunsdiasanmssnulinguaeiiii
Fumsinwsiemalianisateseduuu 3 18" lag
aenuisdasuiinmesgniiuildlunisiivue
voulnvesseslsanaziiioiBeunitiades e
TNURUTANINSNTeE SaEllALgN Ao usiuEN
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Commission on Radiological Units and Measure-
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UinauSedetnsgniesuasaseunqulieenitfosas
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B4 Feuauauiand niswnng
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91511 (The American Association of Physicists
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UﬁzLﬁuﬂqmmw&uaqmwmdﬁ"m CT sim U™ waziiled
mswasuulasindweslunsaunuasyiliusune
SadngUaeldsuiinmsivasuuvadlusdie feusiin
USinadeaiilaannnissiassnssnusieiades CT
sim letfisuiuuiinasednguaslaiuannng
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Uinasedtiesiigawiniandululy Tnefinanmaes
AMUAGINDABAITINUANUNITS A 21NNTNUNIU
sunssmuhiitadevanediiinaienunmueg
AMuuazUSused e1filu nsAnwues Davis AT
wazamy nuidie Anszuanasn (Tube current)
wag VBULANIN (Fields of view: FOV) ﬁﬁhLﬁwﬁu
sradmalinunnvaannludsnsdiuanuaudn
YBenNsIadYY1045UNIU (Contrast to Noise Ratio:
CNR) wazAsinsnszaeveslSunnsdveanies
nTLsIABNRIRBSLUUUTLIAT (Volume Weighted
Computed Tomography Dose Index: CTDIvol)
Lﬁu@ﬂ“ﬁuéﬁH%Qﬁﬂﬁﬁ%Uﬂ”liﬁ”mummWﬁ’]ﬁLﬁla%ﬁﬂﬁ
e CTDIvoL finsil Imaiﬂ%uﬁ’umummaﬁﬂwtmaz
ANLETBINNTALNY Fatiu CTDIvol Falail@idunns
sryfeUnasadniaelisulnenss uiduiosnis
i%qﬂ?ﬂﬂL%M%@ﬂ%ﬁﬁﬁL%ﬁéﬁ?ﬁﬂ?&JLi/ll’lﬁ?u LagnuI

YUINYDY FOV HNang 1901nA0I18a8L08ANIN

(Spatial resolution)® @apAdesiunIsANEIUDY
Tomic N wawmy finuin FOV fifluunmdnazdina
19 4@ Spatial resolution @in31 FOV fiflvunalg”
WonNHNNsANEIYE Pauwels R wazAnE 7
WU ANAUANSANG (Tube voltage) Aiutudmwa
1WA CNR iadudae® 91nnisAneaziiiuladn
Tube voltage, Tube current way FOV fiNane
AMNWYRIN LAY USNaSsATlsniaTes CT Sim
fatunisfnuiiTeinguesasdifionmaveanis
\WasuuUas Tube voltage, Tube current wag FOV
filfonammuesmasUSInasadngeldsuan
309 CT sim anudarvunves AAPM TG 66. il
dethelunssmunlusinreadiunyandmiunis
fenmiiesiassnsinwsely

JeauaIsnis

insasflefildlumsinen

1. viudnaosuanuily (CATPHAN) 600 (The
Phantom Laboratory. Inc., NY, USA)[9] I@J@Ja
CTP528, CTP486 uagCTP515 dwmsunadeunmunIw
299079 Tudqu Spatial resolution (lp/cm), Uni-
formity (HU) uaz CNR auddiu uanafannd 1

AW 1 wanadls n) CATPHAN 600, 9) Spatial resolution (CTP528),
A) Uniformity (CTP486) wag 1) CNR (CTP515)
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2.1A%04 CT Sim &% Toshiba (Toshiba medical
systems corporation. Inc., Tochigi , Japan) iq'u
Aquilion LB a4 11u3¥@5nwn lsamenuiauzissanys
ﬁﬁmmmmwm”iwwamimﬁ 90 tuALLAS USuAn
Tube voltage @7 80, 100, 120 way 135 kv
U5U%29999 Tube current 521319 10 tag 500 mA
Tnganunsauurunnves FOV @ 240, 320, 400,
550 wag 700 faduns anunuidalas (slice
thickness) 7 0.5, 1, 2, 3, 5, 8 waz 10 faduns
ANiRDT 0.625 T4 1.5 WarawIAUeuLVING (matrix
size) WU 512x512 finwa®

3. U5y 39 genduas 1osiu 6.8.64 (Radio-
logical Imaging Technology. Inc., Colorado
Springs, CO, USA)

< v
nsfivdaya
Tviudnass CATPHAN 600 Tun1suszidiunainin
28901MINNA584 CT Sim Inednsyasvad isocenter

Tinssiuudnadidesnsawnulundasluga waz
nsiruansdweslunisauny TawA ataunu
YBITBUNIINYU (rotation time) iy 1 3w slice
thickness 2 fiaakns Tube voltage i 80, 100, 120
wag 135 kV Tube current‘ﬁ 100, 200 az 300 mA
FOV 7 400, 550 uag 700 dadiuns Insudasen Tube
voltage #n15U3UA1 Tube current tay FOV 521
de villalUsTareasausiaay 36 1sTanea ¥ins
AunukUUARYIe (axial) Tuluga vee Spatial
resolution, Uniformity ez CNR lagusazlusinmoa
Vmsaunusioiies 3 afe e lumALedouas
a5z wleutatudindn CTDIvol arnuthaane
nasmsaunuluisazluslamea Tuaiuvesnisusediy
AR MY ldNsAmaInees CT Sim lu
sUuuulyid DICOM flsifinmsSudaunvhmsiinses
Frelusunsu 5n wenduwad Alvnanisimszilag
ludR lngondadan1nunniu AAPM TG 66. Lans
Fang9it 1

M19199 1 1NU9INIUTEEUAMAINUDININ TAEBINNLNMeINIRNTEINYRY AAPM TG 66.

WI580935

WINTFIUAUA

Spatial resolution
Uniformity
CNR

> 6 lp/cm
center + 5HU

> 1.2

#Ae: CNR = Contrast to Noise Ratio; lp/cm = line pairs per centimeter; HU = Hounsfield Units
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1) Spatial resolution un1sUseiiuaany
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Huilaeseu (Meanperiphery) winfiu “+5 HU”
Feaunsf 1 v 4 swends Wiun vy e 918 way
1271 vawjuiaes IngfiarsananArmLLAn1e
mmﬁqmmiw Mean  uaz Mean
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nter periphery

3) Contrast to noise ratio (CNR) 1Junsuseiiiu
AUENINIElUNTLEN T Uaz B eI N TiTLae T
veuioidefiunnsetusodua nsuniy Tngldluga
CTP515 Sinsnzviselusunsu 3v genduas dwihns
Usziiiuluvsiiaiissduaiuauda 1.0% ¥
Supra-slice 15 Uadiung wazUSaNuvds (Back-
ground) A28 Region of interest (ROI) wu1n 1
\URAS Feaunsi 2

CNR =2 =1 @)

\ile i e Aedevesiavdfinielu ROl vesuTiin

Afpsnsmaaeudnya o

T Ao Andsvenardfiniglu ROl vosiiumds

o, o manidsuvumnpsguvenardiinigly
ROI vesU3nAiFeIIMAde Ay

o, #omanudsauunasguesavdiinglu
ROI v09iuma

NAN1SANT

NANTITUTZEUAMATNVBININ

1) Spatial resolution KAYBINITNAGBY LA
femn319dt 2-5 wuddl 24 Wslemeafitunae
lagauInYey FOV dinansznulasnsise Spatial
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resolution laglanizdi FOV aua 700 faduns
131719214 Tube voltage w3 Tube current Wila
wuillflusTapeadiiunaeididivun Tuvasd
Wslnpeafiduwinves FOV fidnndn 700 adwns
1¢¥ur 400 uay 550 fadunsaunsarunasinnsly
wanniiA Tube voltage 71 80 kV wua FOV 400
findlns Weld Tube current 100, 200 wag 300 mA
#A1 Spatial resolution WiNAU 6.33, 7 wag 7 lp/cm
AINEIU wagdl FOV aulm 550 fadwns Tube
current 7 100, 200 wag 300 MA iifn Spatial
resolution 111U 6 lp/cm

2) Uniformity Hav8in15nnaeu wanifansnsd
2-5 wusndisauau 19 Wslnreafiniwnael Tng
71 Tube voltage WINAU 120 uag 135 kV Wrutnau
ynluslamea luvmed Tube voltage 80 kv thuilen
AMULANAINTENINGAT Mean U r\/\leanperiphery
11nA71 £5HU Alildnnuauinueiasvuals
Faiulddnen Tube voltage figetiudamasian
dihianevenandd wie Uniformity Senamu

3) CNR HAUDINISNAAOU LARIRIAISIeT 2-5
wuirlusianeaiinaunaeid 6 Tslnnea lae
Wslnreafithunasirelustaaeaiian Tube voltage
i 120 kV aw1n FOV 400 fadluns Tube current
200 waz 300 mA wazen Tube voltage 71 135 kV
FOV 400, 550 wag 700 dadlums Tube current
WU 300 mA waz Tube voltage 7 135 kv FOV
400 Tube current Winfu 200 mA dafiulgdn
ﬁ’]LQ?iEJ‘UEN CNR Lﬂm%umﬁm Tube current ﬁLﬁmﬁﬁu
W @1 Tube voltage 71 80 kV FOV 400 fadwuns
thuslen CNR leld Tube current 100, 200 waz 300
mA Wi 0.3, 0.6 kag 0.7 MNaIfu



nan1sUseluUsNNMS9d
nn1stuiinA1Usuusidnnnlslnaea
wu3nile Tube voltage, Tube current wag FOV
fleniinduazdwalit CTDIvol fianiiudy Tnely
AMsAnwINUINA1 CTDIvol ﬁﬂ'wﬁwqmazqqqm
WU 10.3 uaz 126.1 mGy 71 80 kv 100 mA FOV
400 fadlunsuazil 135 kV 300 mA lunn FOV
mudu wazileld Tube voltage s Taedi
Tube current waz FOV Asfi wu dladedn Tube

o

A1519% 2 Namiﬂimﬁu@mmwmmmw lazusunass

voltage 100, 120 wag 135 kV aglsan CTDIvol
WINAU 1.76, 2.64 way 3.51 V1 AIuEIeU 150
\Wieuiu Tube voltage 71 80 KV wlodadn Tube
current 7 100, 200 wag 300 mA lagfien Tube
voltage waz FOV asil wudn CTDIvol wiandu 1, 2
way 3 Wi suadsu wazidleld FOV 7 550 waz 700

a

faawms wui1 CTDIvol WANTUYINAY 1.19 Wi
Walegunu FOV 91 400 Jaaiuns Lansninis1ei
2-5

& NAAINUR19ANY 80 kV

Wslnnea Spatial resolu-  Uniformity (HU) CNR cTol
80 kV tion (mGy)
mA FOV (mm) (p/cm
100 400 6.33* -6.36 0.30 10.30
200 400 7.00* -6.39 0.60 20.60
300 400 7.00* -6.79 0.70 30.90
100 550 6.00* -22.48 0.60 12.20
200 550 6.00* -23.01 0.80 24.40
300 550 6.00* -20.60 1.00 36.70
100 700 4.67 -22.74 0.60 12.20
200 700 4.33 -22.81 0.60 24.40
300 700 5.00 -20.80 1.00 36.70

e Aydnual * uansdie ATIRTIINS AAPM TG 66.

Anga: kv = kilovolt; mA = milliampere; FOV = Fields of view; mm = millimetre; lp/cm = line pairs per centimeter; HU = Hounsfie
Units; CNR = Contrast to Noise Ratio; CTDIvol = Volume Weighted Computed Tomography Dose Index; mGy = milligray
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o

M19199 3 nan1sUTTELAMA MYRIN LA UTINSE fiA1Ausnedng 100 kv

Wslnnoa Spatial Uniformity CNR cTol
100 kV resolution (HU) (mGy)
mA FOV (mm) (lp/em
100 400 6.00% -5.84 0.70 18.10
200 400 6.00% -5.84 1.00 36.10
300 400 6.00% -5.90 1.10 54.20
100 550 6.00% -5.43 0.40 21.50
200 550 6.00% -5.03 0.70 42.90
300 550 6.00% -5.34 0.90 64.40
100 700 5.00 -5.05 0.50 21.50
200 700 4.67 -5.86 0.50 42.90
300 700 4.33 -4.69% 1.10 64.40

vnnewie: dydnwal * wanafla ATRILNNET AAPM TG 66.
ANg: kV = kilovolt; mA = milliampere; FOV = Fields of view; mm = millimetre; lp/cm = line pairs per centimeter; HU = Hounsfield
Units; CNR = Contrast to Noise Ratio; CTDIvol = Volume Weighted Computed Tomography Dose Index; mGy = milligray

o

A19199 4 nan1sUsTIuAMAMYBINMLarUTINUSIE iA1Ausnedng 120 kV

Wslnnoa Spatial Uniformity CNR cTol
120 kV resolution (HU) (mGy)

mA FOV (mm) (p/em
100 400 6.00% -0.87* 0.90 27.20
200 400 6.00% -0.77* 1.20% 54.40
300 400 6.00% -1.07* 1.60% 81.60
100 550 6.00% -1.24* = 32.30
200 550 6.00% 0.30% - 64.60
300 550 6.00* 0.79* = 96.90
100 700 - 0.69* - 32.30
200 700 - 0.98* - 64.60
300 700 - 0.40* - 96.90

vanewmn: doydnual - uansds liasnsaduinle, daydnval * wanails Aikiuns AAPM TG 66.

Anga: kV = kilovolt; mA = milliampere; FOV = Fields of view; mm = millimetre; lp/cm = line pairs per centimeter;
HU = Hounsfield Units; CNR = Contrast to Noise Ratio; CTDIvol = Volume Weighted Computed Tomography Dose Index;
mGy = milligray
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A15199% 5 Naﬂ’ﬁﬂi%Lﬁ‘IJF’]EUﬂWW%ENﬂ’]WLLaBU%M’]mi

o

a NAANuAN9Ang 135 kv

N
Wslanea Spatial Uniformity CNR cmol
135 kv resolution (HU) (mGy)
mA FOV (mm) (tp/em
100 400 6.00% -2.86% 0.90 35.40
200 400 6.00% -1.94% 1.20% 70.80
300 400 6.00% -3.61% 1.50* 126.10
100 550 6.00% -1.12* 0.80 42.00
200 550 6.00% 1.31% 1.10 84.10
300 550 6.00% 1.13* 1.40% 126.10
100 700 - 1.99% 0.60 42.00
200 700 - 1.01% 0.80 84.10
300 700 - 2.08% 1.40% 126.10

nuewn: dydnual - uansds lanansaduinle, dydnval * uanstla AN AAPM TG 66.

Anga: kv = kilovolt; mA = milliampere; FOV = Fields of view; mm = millimetre; p/cm = line pairs per centimeter;

HU = Hounsfield Units; CNR = Contrast to Noise Ratio; CTDIvol = Volume Weighted Computed Tomography Dose Index;

mGy = milligray

NMIUTTIUAMNINYBINIIY 36 1UslnAa

wuan TUslapeafiniunmuel Spatial resolution,

Uniformity 4ag CNR ansinain1suseiliugmunm

YBININVDI AAPM TG 66. 313U 5 TUslenaa wang

o =]
PNRIN 6

719199 6 LUslameaninunaeinIsUssiunun MBI NAINTaiuAYeas AAPM TG 66. waz A1 CTDIvol ¥

ANNITITADIANNE
s TUslanoa
a1nuUNn
kv mA FOV (mm) CTDIvol (mGy)

1 120 200 400 54.40
2 120 300 400 81.60
3 135 200 400 70.80
a 135 300 400 126.10
5 135 300 550 126.10

Anea: kV = kilovolt; mA = milliampere; FOV = Fields of view; mm = millimetre; CTDIvol = Volume Weighted Computed

Tomography Dose Index; mGy = milligray
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current wag FOV ﬁﬁmasfa@mmwmmmwuaz
U%mm%’aﬁﬁ@ﬂmlﬁ%’mmLﬂ%‘lm CT Sim lagnw
ﬁiﬁﬁanﬁ@mmwLﬁmwam'am{lﬂumiﬁwum
AU 99950815AIUNTZUIUATITINUNUNITTNEN
Inglgnnsnsi9aeu Spatial resolution, Uniformity
waz CNR Wunasilunisiasizet wuin dle Fov
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ABSTRACT
Background: Advanced radiotherapy techniques—intensity-modulated radiotherapy (IMRT)
and volumetric-modulated arc therapy (VMAT)—deliver low peripheral radiation doses but full
doses to desired target volumes and shortening treatment. However, potential late effects
related to integral doses and secondary malignancy risks are concerned.
Objective: To compare the dosimetries of 3-Dimensional Conformal Radiotherapy (3D-CRT),
IMRT and VMAT in terms of tumor coverage and organ-at-risk (OAR) sparing in neuroblastoma.
Materials and Methods: Patients aged 1 month-15 years, had completely resected high-risk
abdominal neuroblastoma, and received radiotherapy. Treatment planning was reperformed for
3D-CRT, IMRT, and VMAT. Patients were divided into 2 subsgroups; radical nephrectomy and
non-radical nephrectomy groups then dosimetric data were analyzed.
Results: Among 3D-CRT, IMRT and VMAT, V%% constraint, mean homogeneity indexes and
integral doses were not significantly different. Conformity indexes were statistically lower for
IMRT and VMAT than 3D-CRT. In the non-radical-nephrectomy group, IMRT and VMAT were
superior to 3D-CRT in terms of V18Gy to ipsilateral kidneys and contralateral kidneys. In the
radical-nephrectomy group, V18Gy of contralateral kidneys was within dose constraint for
3/4 patients with 3D-CRT but all patients with IMRT and VMAT. Mean V15Gy of liver volume
were significantly different among 3 techniques, but V8Gy did not show significant difference.
The means for D_of the spine were not significantly different. Overall passing rates were
12.55% (3D-CRT), 62.5% (IMRT) and 87.5% (VMAT).
Conclusions: IMRT and VMAT had superior OAR sparing (especially the kidneys), without
compromising target coverage, than 3D-CRT in all cases.
Keywords: pediatric neuroblastoma, dosimetric study, 3D-CRT, IMRT, VMAT
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Introduction

Neuroblastoma is the most common
solid tumor outside the brain in children. The
prognosis of the disease is based on age,
histopathology, molecular subtype, and the
amplification of the MYCN gene. The Inter-
national Neuroblastoma Risk Group staging
system classifies patients into 3 risk groups™>:
high, intermediate, and low. The high-risk group
requires multimodality treatment: chemo-
therapy, surgery, radiotherapy (RT), stem cell
transplantation, and immunotherapy. The tradi-
tional RT approach for pediatric neuroblastoma

patients is delivery to the site of the primary

disease with an additional boost to the gross
residual disease. Patients whose primary site has
completely responded at the end of the induc-
tion therapy receive 21.6 Gy to the site of the
primary locoregional disease, while the areas
with gross residual disease is treated with an
additional boost of 14.4Gy (making a total of
36Gy), in accordance with the COG 3891 trial.
However, serious, long-term, side effects—such
as abnormal body growth and bone develop-
ment, as well as nephrotoxicity—could develop
in long-term survivor.”

Advanced RT techniques—intensity-modulated

radiotherapy (IMRT) and volumetric-modulated
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arc therapy (VMAT)—deliver much lower
peripheral doses of radiation than the conven-
tional, three-dimensional conformal radiotherapy
(3D-CRT) while still delivering full doses to the
desired target volume and shortened treatment
times. However, pediatric practitioners should
consider the higher integral doses and risks of
secondary malignancy associated with the
advanced techniques™™”.

The objective of this study was to compare
the dosimetries of 3D-CRT, IMRT, and VMAT in
neuroblastoma. The outcomes would facilitate
the selection of RT techniques which are capable
of providing high radiation doses to the area of
a tumor while decreasing the doses to organs-
at-risk (OARs), thereby reducing the incidences of
long-term complications and secondary malig-

nancies.

Materials and Methods
This retrospective cohort study drew upon
data retrieved from the Siriraj Hospital registry

data base. We reviewed 8 pediatric abdominal

neuroblastoma patients who had received
postoperative RT at the Division of Radiation
Oncology, Department of Radiology, Siriraj
Hospital, January 2011-March 2018. The study
was approved by the Ethics Committee of the

Siriraj Institutional Review Board.

Participants

The study enrolled pediatric patients with
abdominal neuroblastoma who had received a
combination treatment (induction chemotherapy
followed by a complete-resection and RT), in
accordance with the Thai Pediatric Oncology
Group’s NB-13 protocol for neuroblastoma.
The specific inclusion criteria for the patients
were as follows: confirmed histologically or
cytologically as having pediatric, high-risk,
locoregional abdominal neuroblastoma; aged
from 1 month to 15 years; and received
pretreatment and/or posttreatment computed
tomography (CT) imaging of the whole abdomen.
High risk criteria for pediatric neuroblastoma is

showed in a Tablel.

Table 1 The criteria to define high risk patient from ThaiPOG guideline

INRG Age Tumor histology Tumor MYCN  Shimada histology
differentiation
L1 Any Any, except GN maturing or Any Amp Any
GNB intermixed
L2 Any Any Any Amp Any
M <18 Any Any Amp Any
M >18 Any Any Any Any
MS <18 Any Any Amp Any

Abbreviation: INRG = International Neuroblastoma Risk Group; GN = Ganglioneuroma; GNB= Ganglioneuroblastoma;

Amp= MYCN amplified
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Treatment planning

All patients underwent CT simulations using
an Eclipse network/treatment planning system
and a 16-slice Brilliance Big Bore CT simulator
(Philips Healthcare, Andover, MA, USA). The
CT-simulation imaging series that were reviewed
for each patient in accordance with the ANBL
0532 protocol'” were the target volumes and
OAR delineations, which were contoured for the
different planning techniques used by 3D-CRT,
IMRT and VMAT as shown in Figure 1. The tumor
bed was defined as the visible volume of a
tumor on a CT and/or a magnetic resonance
imaging (MRI) scan both prior to the attempted
surgical resection and after the induction of
chemotherapy. An additional 1.5 cm margin

was added to generate the clinical target volume;

the margin was adjusted for anatomic barriers.
The planning target volume (PTV) was expanded
from the clinical target volume by a margin of
about 0.5 cm. Finally, the prescription dose for
delivery to the target was 21.6 Gy. The OARs
comprised both kidneys, the liver, and the spine.
The treatment planning was performed using a
3D-radiotherapy planning system by (Eclipse,
version 13.6 (Varian Medical Systems Inc., Palo
Alto, CA, USA). The 3 planning techniques for
3D-CRT, IMRT, and VMAT were based on the use
of 6 MV photon beams. Calculations were
made for each patient to enable comparisons
of 5 aspects: tumor coverage, OAR sparing,

conformity index (Cl), homogeneity index (HI),

and integral dose

Figure 1 From left to right, the beam direction of 3-dimensional conformal radiotherapy (3D-CRT),

intensity-modulated radiotherapy (IMRT), and volumetric-modulated arc therapy (VMAT).

In the case of 3D-CRT, the plan was created
by using 2-4 angled photon fields with a
multi-leaf collimator in order to preserve the
OARs. For IMRT, the plan was developed by
using the “sliding window” technique with seven
coplanar beams (gantry angles 0°, 50°, 100°, 150°,
200°, 250°, and 300°). The plan was calculated

with a 0.25 x 0.25 cm beam resolution for all
patients. As to VMAT, the plan was made by
using one isocenter with two full rotations
(gantry angles 181° to 179°, and 179° to 181°).
The plan optimization used a 0.25 x 0.25 cm

beam resolution for all patients.
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For the dosimetric evaluations, comparisons
were made of the tumor coverage, OAR sparing,
Cl, HI, and integral dose of each treatment plan.
Tumor coverage was assessed by considering
the maximal dose (Dmax) as well as V

95%

and V (the proportion of the PTV which
received 95% and 107% of the prescription dose,
respectively).

CI™ is an objective tool to evaluate the
adaptation of the shape of a high-isodose
envelop to the exact shape of the target volume.
In this study, we used two Cl formulas, Paddick
conformity (PCl) and RTOG conformity (Cl). VT, PI
is the target volume within the volume of the

prescription isodose line , VPl is the volume of

the prescription isodose line, and TV is the target

volume.
VZ
PCl = — 20—
Vp X TV
Vb
Clgroc = W

In general, a Cl equal to 1 corresponds with
the ideal conformation. Cl values that are
greater than 1 demonstrate that the irradiated
area is appreciably larger than the target area;
in other words, it signals over-treatment. On
the other hand, Cl values less than 1 indicate
that only part of the target area is irradiated
(that is, there is under-treatment). A Paddick Cl
is alternative Cl which was built on the criticism
of RTOG Cl index due to the overlap of the
volume receiving the prescription isodose. A

maximal Cl

~value equal to 1 correseponds
Paddick

Journal of Thai Association of Radiation Oncology
Vol. 26 No.2 July - December 2020

with ideal conformation. Cl values are less

than 1 demonstrate that (F;a;dtli some parts of
the target area is overlapping with target volume

The HI® provides an indication of the
uniformity of the distribution of a dose in the
target volume. The ideal value is zero; higher
values signify progressively decreasing degrees of
homogeneity. D5 and D95 are the minimum
doses to 5% and 95% of the target volume,

respectively, and Dp is the prescribed dose.

Hi = 8sP93) y 100
Dp

Integral dose™'” is a calculation of the total dose

absorbed by a patient’s body.

mean dose of (the total body — PTV)
non-invaded body volume — volume of PTV

Integral dose (Gy/L) =

OAR sparing used 3 parameters: the mean
dose (Dmean), Dmax, and dose constraint, in
accordance with recommendations made by
the Children’s Oncology Group ANBL 1531
(NCT03126916) and the study by Beneyton

" Optimisation priorities were defined

et al.
before planning to achieve consistency between
IMRT and VMAT. V95%>95% of PTV was first
priority in this study following by constraints

for the OARs and parameters of PTV in Table 2

Statistical analysis

Statistical comparisons of the study plans
were made using repeated measurement
ANOVA. P-values less than 0.05 were considered
to be statistically significant. The subgroup
analyses were calculated using pairwise

comparisons (Friedman test).



Table 2 Target volume constraints for PTV and OARs following priority in treatment planning

Volume

Constraint

PTV V95% > 95% of PTV volume

Dmax < 108% of prescribed dose

Ipsilateral kidney

V18Gy < 75% of volume of ipsilateral kidney

V14Gy < 100% of volume of ipsilateral kidney

Contralateral kidney

Liver Mean dose< 15Gy

V18Gy < 25% of volume of contralateral kidney

V15Gy< 25% of volume of liver
V8Gy< 50% of volume of liver

Vertebrae

D80% > 16.8 Gy
c C=1
HI H =0

80% of prescribed dose delivered to at least 80% of irradiated vertebral body

Abbreviation: PTV = planning target volume; Vx% = volume of PTV receiving > x% of prescribed dose; Dmax = maximum

dose; VxGy = percent of volume of organ receiving x Gy; Dx% = dose of organ receiving > x% of total volume;

Cl = conformity index; HI = homogeneity index

Results

The patient characteristics are detailed in
Table 3. At the time of starting RT, the mean age
of the patients was 4.32 years. There were 5
males and 3 females. All were International
Neuroblastoma Risk Group stage L2. The tumor
beds were located in the midline of 4 of the
patients but were lateralized in the other four.
Four patients underwent radical nephrectomy,
while the remainder received non-radical
nephrectomy. The mean PTV was 466.66 ml
(248.7-825.4 ml).

The targeted volume comparisons for the 3
techniques are presented in Tables 4 and 5.
In 3D-CRT technique included 2 fields, 3fileds, 4

fields for 1, 4, and 3 patients, respectively.
The mean values of DmaX were 106.66%+0.99,
107.31%=1.17, and 107.23%=0.76 of prescription
dose for 3D-CRT, IMRT, and VMAT, respectively.
PTV-V95 were 99.14%, 98.24%, and 96.60% for
3D-CRT, IMRT, and VMAT, respectively. Both DmaX
and PTV-V95 were reached target criteria in all
patients without significant difference among
techniques. The mean values of the Cls were
superior for IMRT and VMAT (1.28+0.17 and
1.21+0.2) than 3D-CRT (2.33+0.59). Although
there were statistically significant differences in
the distributions of the mean values for 3D-CRT
and IMRT (p < 0.05) and for 3D-CRT and VMAT

(p< 0.05), there was no statistical difference
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Table 3 Patient characteristics

Patient Age at diagnosis (years) Gender Localization  Nephrectomy PTV volume
(cm3)
1 51—2 F Left No 589.91
2 21% F Right Upper pole 248.7
nephrectomy
3 5% F Midline Yes 594.6
4 Zé M Left Yes 443.8
5 3%2 M Midline Yes 351
6 5 M Midline No 386.6
7 5% M Left No 825.4
8 31% M Midline Yes 2933
Mean 4.32+1.41 466.66+
192.02

Abbreviations: PTV = planning target volume

between the values for IMRT and VMAT (p=0.643).
The respective mean values of PCl were
0.45+0.12, 0.77+0.09, and 0.78+0.10 for 3D-CRT,
IMRT, and VMAT. The difference in the distribu-
tion of the mean values for 3D-CRT and IMRT was
statistically significant (p< 0.05), as was that for
3D-CRT and VMAT (p < 0.05); however, the
difference for IMRT and VMAT was not significant
(p= 1.00). Al 3 mean PCl values corresponded
with Cl. The mean values of HI were 0.08+0.02,
0.08+0.02, and 0.11+.02 for 3D-CRT, IMRT, and
VMAT, respectively. The differences in the

distributions of those mean values were not
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statistically significant for 3D-CRT and IMRT
(p=1.00), 3D-CRT and VMAT (p= 0.06), and IMRT
and VMAT (p=0.06). Finally, the differences in the
distributions of the mean integral doses were not
statistically significant for 3D-CRT and IMRT
(p=0.69), 3D-CRT and VMAT (p=0.33), and IMRT
and VMAT (p=0.18).

The patients were divided into 2 groups: the
first comprising the 4 patients without radical
nephrectomy, and the second with the 4 cases
with radical nephrectomy. Summaries of the
related dosimetric parameters for PTV, integral

dose and OARs are presented in Tables 5, 6 and 7.



Table 4 Summary of the dosimetric parameters for PTV (Dmax, V95%, V107%, Cl, PCl, and HI) and

integral dose

Parameters 3D-CRT IMRT VMAT P-value
(mean) 3DCRT vs. 3DCRT vs. IMRT vs.
IMRT VMAT VMAT

Target volume

Dmax(%) 106.66+0.99 107.31+1.17 107.23+0.76 < 0.05 0.51 1.00
V%% (%) 99.14+1.11 98.29+£1.40  96.60+1.07 0.76 < 0.05 0.08
Vm% (%) 0.00005+£0.00014  0.50+1.41 0.005+0.01 1.00 0.72 1.00
Cl 2.33+0.59 1.28+0.17 1.21+0.2 < 0.05 < 0.05 0.64
PCl 0.45+0.12 0.77+0.09  0.78+0.103 < 0.05 < 0.05 1.00
HI 0.08+0.02 0.08+0.02 0.11+0.02 1.00 0.06 0.06
Integral dose 1.06+0.81 0.96+0.62 0.89+0.56 0.69 0.33 0.18

Abbreviations: Dmax = percent of maximal dose per prescription dose; PTV= planning target volume; Vx% = volume of

PTV receiving > x% of prescribed dose; Cl = conformity index; PCl = Paddick conformity index; HI = homogeneity index;

3D-CRT = 3-dimensional conformal radiotherapy; IMRT = intensity-modulated radiotherapy; VMAT = volumetric-

modulated arc therapy

Table 5 Summary of the dosimetric parameters for PTV and integral dose of the 2 groups (non-radical

nephrectomy and radical nephrectomy)

PARAMETERS Non-radical nephrectomy Radical nephrectomy
(MEAN) 3D-CRT IMRT VMAT 3D-CRT IMRT VMAT

D (%) 106.45+1.37 107.03x1.68  107.02+0.97 106.88+0.54  107.6£0.41  107.45+0.54
v,..(%) 99.79+0.20* 98.46:0.96  97.00+1.36* 98.49+1.31 98.15+1.89  96.21+0.61
V,,.(%) 0+0.00 1£2.00 0.0012+40.002  0.0001+0.0002  0.002+0.002  0.008+0.015
al 2.53+0.13 1.38+0.14 1.32+0.23 2.12+0.82* 1.18+0.14  1.10+0.08*
PCI 0.39+0.02 0.71+0.07 0.73+0.11 0.50+0.16* 0.82+0.07  0.84+0.07*
HI 0.08+0.01* 0.09+0.01 0.11+0.02* 0.09+0.03 0.09+0.02  0.12+0.01
Integral dose 1.18+1.11 1.03+0.85 0.96+0.75 0.93+0.51* 0.89+0.43  0.81x0.41%

Note: * indicate p-value < 0.05 between 3D-CRT vs VMAT

Abbreviations: Dmax = percent of maximal dose per prescription dose; PTV= planning target volume; Vx% = volume

of PTV receiving > x% of prescribed dose; Cl = conformity index, PCl = Paddick conformity index; HI = homogeneity index;

3D-CRT = 3-dimensional conformal radiotherapy; IMRT = intensity-modulated radiotherapy; VMAT = volumetric-

modulated arc therapy
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Table 6 Summary of the dosimetric parameters for OARs

Parameters Goal 3D-CRT IMRT VMAT P-value

(mean) 3DCRT 3DCRT IMRT
vs.IMRT  vs. VMAT  vs. VMAT

Ipsilateral kidney

V18Gy < 75% 83.33+20.14 46.61+25.73 51.17+23.79 < 0.05 < 0.05 0.84
V14Gy < 100% 87.53£15.80 73.88+15.97  85.41+3.80 0.67 1.00 0.84
DmaX(Gy) 22.51+0.26  23.11+£1.05  22.63+0.55 0.83 1.00 0.86

(Gy) 19.84+2.62  17.25+2.04  17.84+1.41 0.06 0.20 1.00

mean

Contralateral kidney

V18Gy < 25% 24.62+13.22  11.28+8.91 12.20+9.53 < 0.05 < 0.05 1.00
Dmax(%) 21.85+0.29  21.79+1.54  21.37+2.12 1.00 1.00 0.47
Dmean(Gy) 11.15+3.08  11.74+2.77  12.34+2.87 1.00 1.00 0.82
Liver

V15Gy < 25% 29.15+10.72  16.20+7.66  13.49+5.80 < 0.05 < 0.05 0.14
V8Gy < 50% 48.29+14.75  4593+6.57  44.82+5.28 1.00 1.00 1.00
DW(Gy) 22.54+0.47  22.75+0.52  22.62+0.95 1.00 1.00 1.00
mean(Gy) < 15Gy 9.50+2.53 9.14+1.08 8.81+0.79 1.00 1.00 0.62

Vertebrae
D80% > 16.8Gy 20.93£1.59  19.72+1.02  19.48+1.33 0.24 0.17 0.98
DmaX(Gy) 22.67+0.41  22.89+0.34  22.93+0.13 0.34 0.40 1.00
(Gy) 21.55+0.63  20.66+0.57 20.61+0.8 0.05 0.09 1.00

mean

Abbreviations: OARs = organs at risk; Dmax = maximal dose; Dmean = mean dose; Vx% = volume of organ receiving >

x% of prescribed dose; Dx% = dose of organ receiving > x% of total volume; 3D-CRT = 3-dimensional conformal

radiotherapy; IMRT = intensity-modulated radiotherapy; VMAT = volumetric-modulated arc therapy
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Table 7 Summary of the mean values of dosimetric parameters for OARs of the 2 groups (non-radical

nephrectomy and radical nephrectomy)

Parameters Non-radical nephrectomy Radical nephrectomy
3D-CRT IMRT VMAT 3D-CRT IMRT VMAT
Ipsilateral kidney
V18Gy 83.34+20.14*  46.62+25.73*  51.18+23.79
V14Gy 87.53+15.80 73.89+£15.97 85.41+3.80
Dmax 22.51+0.27 23.10+1.05 22.63+0.55
Dmean 19.85+2.62% 17.25+2.04% 17.84+1.41
Contralateral
kidney
V18Gy 24.90+19.56*  10.11+11.01*  10.66+11.65 24.35+5.02 12.45+7.77 13.75+8.36
Dmax 21.76+0.14 21.20+1.84 20.67+2.80 21.94+0.40 22.40+1.09 22.08+1.15
Dmean 10.40+2.88 10.11+11.01 10.66+11.65 11.90+3.52 12.65+1.40 12.89+2.27
Liver
V15Gy 27.53+12.54**  13.29+10.50 10.98+7.28**  30.78+10.20*  19.11+1.11* 16.01+2.98
V8Gy 45.65+21.42 46.22+7.97 43.85+4.49 50.93+5.57 45.66+6.08 45.79+6.53
Dmax 22.29+0.41 22.65+0.78 22.24+1.31 22.79+0.44 22.85+0.14 23.00+0.13
Dmean 8.89+3.70 8.82+1.54 8.47+0.82 10.12+0.47* 9.45+0.26* 9.15+0.69
Vertebrae
D80% 21.47+0.17 20.48+0.88 20.38+1.33 20.39+2.27 18.96+0.34 18.59+0.48
Dmax 22.61+0.54 22.90+0.50 22.85+0.12 22.73+0.32 22.88+0.16 23.02+0.09
Dmean 21.74+0.30 21.02+0.57 20.93+1.01 21.37+0.87 20.31+0.34 20.3+0.43
Note: * indicate p-value < 0.05 between 3D-CRT vs IMRT

** indicate p-value < 0.05 between 3D-CRT vs VMAT

Abbreviations: OARs = organs at risk; Dmax = maximal dose; Dmean = mean dose; Vx% = volume of organ receiving >

x% of prescribed dose; Dx% = dose of organ receiving > x% of total volume; 3D-CRT = 3-dimensional conformal

radiotherapy; IMRT = intensity-modulated radiotherapy; VMAT = volumetric-modulated arc therapy
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In the case of the non-radical-nephrectomy
group, the ipsilateral kidneys showed the
following values. Constraints were reached in 2/4
and 3/4 in terms of V18Gy and V14Gy for 3D-CRT,
whereas they were reached for all patients
when using the advanced techniques. As to the
contralateral kidneys of the non-radical-
nephrectomy group, the following values were
found. Constraint V18Gy was over the limit in 2/4
patients for 3D-CRT, whereas it was reached for
all of the patients using the advanced tech-
niques. The mean V18Gy was lower with the
advanced techniques.

Turning to the contralateral kidneys of the
radical-nephrectomy group, their values were as
follows. The V18Gy constraint was reached for
all patients with IMRT and VMAT but 3D-CRT
group, 1/4 patient whose tumor was in midline

cannot be reached a criteria.

Moving on to the dosimetric parameters
for the OARs, the following results were demon-
strated for the livers. The mean V15Gy values
were different with statistical significance
between 3D-CRT and IMRT (p<0.05) and 3D-CRT
and VMAT (p<0.05), but no significance between
IMRT and VMAT (p=0.135). The V15Gy values were
the highest with 3D-CRT in all cases. The V15Gy
values were reached in 4/8, 7/8, and 8/8 patients
with 3D-CRT, IMRT, and VMAT, respectively. The
differences of the mean V8Gy values were not
statistically significant for all 3 techniques. The
V8Gy values were reached in 5/8, 5/8, and 7/8
patients with 3D-CRT, IMRT, and VMAT, respec-

tively.
For 3D-CRT, IMRT, and VMAT, the D80% values
of the vertebrae were reached in all patients

(Figure 2).

Figure 2 The irradiated vertebrae dose should be uniform (80% of prescribed dose delivered to at least
80% of the irradiated vertebral body), with D,,,> 16.8 Gy
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Discussion

Advanced multimodality treatment (surgery,
chemotherapy, and radiation) for pediatric
neuroblastoma has been shown to result in
improved survival rates, with 5-year overall
survival rates ranging from 34% to 68% for
children aged 1-14 years in the USA."? The aims
of RT should be to minimize the radiation dose
to OARs without compromising the target
coverage, and to decrease the secondary, radia-
tion-induced, malignancy risks.

With abdominal neuroblastoma, most of the
target volume is located in the midline and
paraspinal region, and it is surrounded by critical
organs, such as the bilateral kidneys, liver, and
vertebrae. There has therefore been a gradually
increasing trend to use advanced RT techniques
such as IMRT and VMAT for the treatment of this
disease. In this study, the mean Vi of all
patients could reach the constraint without sta-
tistically significant differences.

As to the dose distribution, the Cl showed
that the advanced techniques (IMRT and VMAT)
show more adaptability in shaping a high isodose
level to the target volume than 3D-CRT. The Cl
values for the advanced techniques were about
half the level for 3D-CRT. This corresponded with
the PCl values, which were comparable with the

(491012 1) was not

findings from other studies.
statistically different among the 3 techniques.
Due to the frequent occurrence of nephrec-
tomy and the use of cisplatin prior to RT, a
decrease in the RT dose to the kidney must be
of concern, especially in cases of children with

one remaining kidney. Among the patients who

had undergone radical nephrectomy in our study,
there was one case for which 3D-CRT did not
reach the dose constraint for the contralateral
kidney, and the mean V18Gy values were twice
as high for 3D-CRT as for the advanced tech-
niques. On the other hand, the mean dose to
the contralateral kidney with 3D-CRT was not
different to the means for the advanced tech-
niques.

As to the non-radical-nephrectomy patients,
the value of the mean V18Gy was higher for
3D-CRT than for those of IMRT and VMAT, not
only for the ipsilateral kidneys (83.34%, 46.62%,
and 51.18%, respectively) but also for the
contralateral kidneys (24.90%, 10.11%, and
10.66%). Therefore, the advanced techniques
yielded more benefits than 3D-CRT for both the
radical- and non-radical-nephrectomy groups in
terms of the kidney dose constraint.

In a comparison of 3D-CRT (anterior-posterior
and posterior-anterior opposing fields) and IMRT,
Paulino et al.” found that IMRT can be used
for midline tumors with kidney sparing, but this
benefit is at the cost of other organs that receive
high mean doses. Their study determined that
IMRT and VMAT showed more benefits than
3D-CRT in a number of ways. In this study, in
terms of V18Gy of ipsilateral kidneys, the respec-
tive mean V18Gy values of 3D-CRT, IMRT, and
VMAT for midline tumors were 59.32%, 17.48%,
and 19.1%, whereas for lateralized tumors, they
were 91.34%, 56.33%, and 61.87%. Similarly,
Paulino et al.” found that V18Gy was higher
with 3D-CRT than IMRT and VMAT in terms of

the mean doses both for ipsilateral kidneys
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(midline tumors, 17.04Gy, 15.78Gy, and 15.89Gy;,
and lateralized tumors, 20.78Gy, 17.74Gy, and
18.59Gy, respectively) and for contralateral
kidneys (midline tumors, 26.62%, 16.68%, and
18.48%; and lateralized tumors, 20.48%, 5.88%,
and 5.93%, respectively). But in their study was
established even in cases involving radical
nephrectomies or lateralized tumors. The mean
doses for contralateral kidneys were not different
to those for lateralized tumors (11.14Gy, 9.91Gy,
and 10.9Gy for 3D-CRT, IMRT, and VMAT, respec-
tively). However, in cases of midline tumors, the
mean doses were higher with the advanced
techniques than with 3D-CRT (11.16Gy, 13.57Gy,
and 13.78Gy for 3D-CRT, IMRT, and VMAT, respec-
tively).

Radiation-induced liver disease is one of the
important complications of RT. Generally in adult
patients, when the mean dose of an irradiated
whole liver reaches 30-35Gy, the risk of radia-
tion-induced liver disease rises to about 5%-10%.
In pediatric patients, there is no clear dose
response for dose constraint, but the severity of
liver toxicity is related to a higher mean liver
dose. Research by Bolling et al."™ found that
about 54% of patients who received a radiation
dose of < 25 Gy developed radiation-induced
liver disease. Nazmy et al."” observed that V15Gy
and V8Gy were related to the incidence of
veno-occlusion disease, which is a common
complication after bone-marrow transplanta-
tions. Our study showed that the mean V15Gy
values could be reduced by using the advanced
techniques, compared with using 3D-CRT, but

the values showed no statistically significant
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difference in terms of V8Gy. With the 3D-CRT and
IMRT techniques, lower proportions of patients
achieved the V8Gy and V15Gy dose constraints
than with VMAT (5/8, 5/8, and 7/8 of patients for
V8Gy, respectively; and 4/8, 7/8, and 8/8 for
V15Gy). Consequently, VMAT seems to be of
more benefit than the 2 other techniques. One
explanation is that VMAT can provide a greater
number of radiation beam angles, which means
that VMAT can reach the dose constraint of V8Gy
better than the other techniques.

RT is a well-known risk factor for spinal
deformities in pediatric patients. Mayfield
et al.™ found that an RT dose of more than 30Gy
was associated with a high incidence of scoliosis.
Paulino et al™ found that doses > 17.5 Gy
were associated with a 50%-60% incidence of
scoliosis; on the other hand, radiation doses <
17.5 Gy had a 10% scoliosis incidence. Hass-

12]

Kogan et al."” reported that, for high-risk
neuroblastoma patients, radiotherapy doses to
the primary site of at least 20 Gy were required
to achieve better locoregional control than
10Gy. Therefore, dose homogeneity and
symmetric irradiation of the vertebral bodies
should be ensured to minimize the risk of
scoliosis. In a study by Paulino et al.” that
compared 3D-CRT and IMRT, the vertebral body
was included in, and excluded from, the PTV.
The research team found that both the PTV and
the vertebral body plan showed a homogeneous
dose distribution without the vertebral body. In
this current study, we therefore included the
vertebral body in the PTV as a second PTV to

control the homogeneous dose distribution and



to limit the dose to the irradiated vertebrae.
We defined that 80% of the delineated volume
should receive at least 80% of the prescribed
dose. All 3 RT techniques in our study were able
to achieve these constraints. In addition, the
His of the techniques showed no statistical
difference (0.92+0.02, 0.92+0.02, and 0.89+.014
for 3D-CRT, IMRT, and VMAT, respectively).

The risk of developing secondary malignancy
from RT is critical with pediatric patients.
However, the relevant studies have mainly been
retrospective. Chemotherapy regimens, genetic
factors, lifestyle, and the environment are
associated with secondary malignancies. Due to
the variable patient populations, no precise
predictive model of radiation-induced cancer risk
is currently valid. Hall et al"” found that the use
of IMRT can increase the risk of a secondary
malignancy from the 1% associated with the use
of conventional RT to 1.75% for patients who
have survived 10 years after being irradiated.
They hypothesized that children who were
irradiated with IMRT received a much lower dose
area and more leakage radiation to the whole-
body area than with conventional RT. Several
studies have reported a possible correlation
between the integral dose and secondary

malignancies."**” In our study, the integral dos-

es of the 3 techniques were not statistically
different. However, it should be noted that
secondary malignancy risk is not proportional to
the average dose or the integral dose. A low-dose
area can also be related to the development of
malignancies. Therefore, in order to minimize the
risk of developing malignancies in the future,
radiation oncologists should still be concerned
about both the integral doses and the low-dose
areas.

Although our dosimetric study demonstrated
benefits of advanced RT techniques over 3D-CRT,
there are some limitations. Firstly, the sample
size of our study was small. Secondly, although
our study showed some advantages of advanced
techniques, the dosimetric benefits may not
translate to the clinical benefits. Further clinical
studies with long term follow-up outcomes will

be required.

Conclusions

The advanced techniques, IMRT and VMAT,
showed more benefits than 3D-CRT in terms of
critical organ sparing (especially the kidneys) for
both the radical- and non-radical-nephrectomy
patient groups, and without compromising the
target coverage. Moreover, the integral doses of

all 3 techniques were comparable.
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Abstract

Background: Radiation therapy is one of the most common treatment options for cancer.
An accuracy and precision of patient positioning is required for radiotherapy. Support cushion is
used to provide stabilization and comfort during treatment in every fractionated radiotherapy.
Objective: To compare the dose attenuation and patient comfort of each support material
among commercial (Macromedics mattress) and other replacement materials.

Material and methods: The TPE Yoga Mat, Latex mattress, EVA foam and rug were selected to
study. There were two procedures to study the suitability of these materials. The first process

was the radiation dose attenuation test measured by 0.6 cc Farmer-type ionization chamber. The
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20-cm thick of solid water phantom was used and the source to surface distance of 87 cm was
set. Then, radiation dose comparison of 3D, IMRT and VMAT plans was performed among
different types of material support and the dose attenuation of each material was calculated.
The second part was the survey of patient comfort from 26 volunteers after 5-minute resting on
the support materials.

Results: The results from radiation dose attenuation test showed that the TPE yoga mat
(0.19%-1.08%) and the rug (0.23%-0.70%) had the same radiation dose attenuation with the
Macromedics mattress (0.06%-0.57%), while the latex mattress showed the highest dose
attenuation (0.77%-2.19%). The results from comfortable test showed that latex mattress was
the most comfortable material with the comfortable factor of 0.08+0.27, followed by the rug
(1.23+0.91), while there was no significant difference in comfortable level between TPE yoga mat
(0.65+0.75) and Macromedics mattress (1.23+0.99).

Conclusion: The most suitable materials to replace Macromedics mattress are the rug, TPE yoga

mat and EVA foam, respectively.

Keywords: radiotherapy technique, dose attenuation, support cushion
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AnEa: PA = posterior-inferior; 3D-CRT = 3 dimensional conformal radiation therapy; 9F-IMRT = 9 field-intensity

modulated radiation therapy; VMAT = volumetric modulated arc therapy
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CBCT) wldUsediuysnnusduasUsnnsiivasunlamasiounsisuare oz drafssseninagaanis
210593
Jaauazdsnis: ihdeyanimienaisdreuiiames (Computed tomography; CT) A CBCT usiagdunv
wazwHuN1INsTAteSidvesUlsuzimaalnssayn $1uu 15 518 Wilusunsu VelocityAl su 4.0
Wledewiunm CT am CBCT wazusumsinwuuudangy UssiiuiinausiduasUiinmsiléannis
Fouriunnsmanuduiusseninaliunasiduazanuiuiuins (Dose volume histogram; DVH) uae
APUtALmilau (Dice similarity coefficient; DSC)
nansAne: UTinussdgegaiifouusiSanas sefivinaidindsiidennuasdeuiarenlsin
Wiy wumsanasesliinastesinuavdemihaenlsisansdne Tagdn DSC veseuanenls
Rnfianasduiusiugaanisanesdiiedudseansanduius 0.743
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AdnAy: uiSmasinssayn, nsdewriunmlnefivuaiumisuuuBavgu, nMeneisdreuiimesuuy
Taudy, M379UNUNITINYY LazAwIuUsnasdlmilutmissed

Abstract

Backgrounds: Dosimetric and volumetric variations of tumor and relevant organs in patients with
nasopharyngeal carcinoma (NPC) were observed during volumetric modulated arc therapy (VMAT).
A deformable image registration (DIR) algorithm can be used to track the delivered dose and to
transform the delineated contour with different image modalities.

Objectives: The aim of this study was to assess the usability of DIR software based on computed
tomography (CT) and cone-beam CT (CBCT) images as a tool for determining the volumetric
changes and its dosimetric impact of tumor and organs at risk (OARs).

Materials and Methods: Fifteen NPC patients with a planning CT and weekly CBCT images were
retrospectively studied. The DIR software, VelocityAl 4.0, was used to deform the initial plan dose
and delineate contour onto the CBCT images for determining the variation. The cumulative dose

and volume of PTV-high risk (PTV-HR) and OARs can be obtained from the dose volume histogram
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(DVH). In this study, the dice similarity coefficient (DSC) was also used to assess the volumetric

changes.

Results: Compared with the initial plan, the doses delivered to PTV-HR were decreased while

the mean doses to oral cavity and parotid glands were increased. The volumes of oral cavity and

both parotid glands were decreased during the treatment course. The correlation between the
DSC of both parotid glands and the treatment date was 0.743.

Conclusion: The DIR software based on CT-CBCT images can be used to investigate the variations

of dose and volume during the treatment period for NPC patients in clinical practice.

Keywords: Nasopharyngeal carcinoma, Deformable image registration, Cone-beam CT, Adaptive

radiotherapy

J Thai Assoc Radiat Oncol 2020; 26(2): R115-R126

unin
Had1AseszrinensinwmesadlulUieuzise
#a9lns93un (Nasopharyngeal carcinoma; NPC)
W Weans WBulin Buee funalugesuinuas
&ro thanouke? Ssdaaliimiindanas innns
WasuLUasmnLas st sfouuiSe 90

[2-5

afrirdnafed” Yunasadnielasuiaduly

B3 91nnsAnwues

AU NS UL LR
Zhange hagAnz'® Wevseifiunisidsuulas
vosTnafdffeunsSaave Torthades lufine
TsauziSamdalnssayniirfunisanededseomaia
USUAMULNEER (Intensity modulated radiation
therapy; IMRT) 9100 WLONYL58 ADUNILADS
(Computed tomography; CT) induavaugisdunm
7i 5 vean1sane$ad linuanuusnssegnadituddty
YU nadTifounziSwwar lndundausazdunv
LAnUNsanawessnasdnseuianeniaosing
ogsildpdIAAINNITIIMNUNTS e IndludUan
7 5 veamRneded dafunisnununsivLez
AruaUTuas @ lullugianisinyl (Adaptive

radiotherapy; ART) Saelineusgissave ToazdAmy
T1AelaTuUTuInsENgnd e aendivuin
Usung wazduniavasuntaslurianisaessd®”

INHANITANWIVDY Hu hazmAug®

nuiUae
IﬁﬂmL?Wé’ﬂwswgﬂﬁmﬂé’%’umifmLqums%’ﬂm
Tmludrsnsaneddmsivmingneusnsunni
60 Alansy 1hutinanadsesinanssnemnn 2.8
Alandu dafluaanie (Body mass index; BMI)
11nA 21.5 lsvgadividnseninansanesed wise
fisvozvadsauzimdslnsaynd 3 uaz 4 (Jusy
aghalsAimunsiausunsshulvddedddinaiway
frfsAuann ftuisnisdeuriuninlaefnun
Fue (Image registration) Fsgnununldameideu
ANLENTLSEALRIABTF NN S v ULAaS
Toyanmduiliszninenisansed”

Image registration” 1JunszuIUNITNIAIY
FUNUSIENINAAAVUAIN INNNTTOURUNNEDS
AYSeNNNI uwiseenidu 3 Ustiande nisdeu
unmuuuliBaneu (Rigid image registration; RIR)
Junsdewiunnlaeszazyieserinmnsumiauy

Journal of Thai Association of Radiation Oncology

Vol. 26 No.2 July - December 2020 |



Y oo A = &
awazgnadld diilsansideunsenyunInvingy
N3TOUTUAMUUUENUS (Affine image registra-
tion; AIR) Adefun1sgouiunmuuulidangy
LALALNITVENY NNSAA NISATNBUVDITEUNU LAY
TLENNTENIINAUMLIUUANALRL Uazn15dou
ﬁUﬂWWLLUU%WEju (Deformable image registration;
DIR)® ' Junisdouiuniniuuniin1sulasanin

a a | PR}
KaEe1NNITLUAIULYBITUTINUDIAN LN
mmé’mﬁuﬁ‘ﬁwdwﬁﬁmmmwﬁuéfuﬁuLma'q%'a;ﬂa
ANAU

Yagtuszuunmii (Image-guided radiation
therapy; IGRT) gninanlglunsdaviidUleneunis

o ° ' A a
2598 N1IMTIVFRUMLULIBITRELsANLUABULUAY

LATANSINWEUAITS N bl

f28ANTANUNN
wnLsgaauRnaskuulaudy (Cone-beam CT;
CBCT) 1315087A11ARALARBULUUSS UL U
dueunsinteyauiiasizideunas (Offline)
maevhnsusuunlalaeyiuil (Online) Apunsanessd
N15AN¥1vDe Ho wazams™ Usziliun1suinan
kilovoltage (kV)-CBCT snlalunisinmnuusunussd
foforrddylasuseninanisanesiddienada
IMRT Tugthelsauzisedsvuazdine 91nn1sAny
Y94 Wu hazaniz"® Useiliuannugneisdvedlisunsy
FOUTUN ML UUEAE UINUNATBYANINREINY
CT-CT uag CBCT-CBCT) uazunastoyanins1ai
CBCT-CT) anwldsunsu Velocity TulUslnaaanis

AUAINTAIUSIUATYELAZEIAD Lazd TNy

(
(

nnsteuriuamluwnastayanin CT-CBCT T
AnvtiauLmilou (Dice similarity coefficient; DSC)
111171 0.8 IneNuSuInsvunndnaznual DSC tog
1 0.8 Tunnuuasdayanm
WIINNNTINRUNITS N AU TEWINIYI9 85 9F
Ag¥relinsulTuusdng Uieldfuaseedns
= g & 1 ) | <
witngay fadulsslevinanissnen agelsnnnu

MEUTIU NFNEINT YAAINT Wz uauyUiei

Journal of Thai Association of Radiation Oncology
Vol. 26 No.2 July - December 2020

585UN15RI59E N19IURUAITISNEILAE AU
YsuadedlndsendnemsihwlugUaennseds
lanansavile 9ndedniadenany aneIdedad
AnuaulafanuAIUsIuSELarUSInsveIau

°o o v

U259 uazeTervddgdrafssunamdddnsaayn
SEMININITRI85IFINNW CBCT aagluswnsy DIR
Winuszlunansenumiadukazanudululaly
1518135 N15A9NA 1NN TUS L ULaEAAAINNIS
a a o a a ' |
WaguwUasusunasadnasysuingseninawienig

Snwn

eGLIGERF g

nsfnwdlviinisiiudeyanin CT Aldlunis

o v a

MILRUNITFAY N CBCT wagnIsnNseanessdves
v < o v v Ao ¥ Y
AUrelsauziSamdalnssayndounds N mdne
1NANIYSBVINAY 60 Alansy warnsunsanesea
aagmaliaUTuAULT a1 LTRLUUNYUNEYY
(Volumetric modulated arc therapy; VMAT) Tu
wrUNS SN uazUzISNINe) lsamenuiagansel
ANNIVIAING FIWAU W.A.2560 D9 W.A.2562 31U
15 579 1A59N15398 LN UNSSUTRA AL AL NTIUANS
fAA15UN938555UN5IF8TUAY AUSLNNYAENS
PNNTAINGIRY WoTud 31 UNTIAN W.A.2563
£ 74 v
Jauanuqy

U U

A CT vosihelsruzismdsinssayn Aildan
ANSABNUAIYLATDLBNYLTTABURILADS 91809N1S
$nwn (CT simulator) 91 120 Alaliasdia (Kilovoltage
peak; kVp) anunuralas 0.1-0.3 daduns Tu
NIUBUNIHUUNUIULTY d1ADLNTEAnTs NS oY
nndnnseeinquawafsyeieialng uazam
CBCT luwsiagdunvivasgtheluiuassiumiaien
AU CT WAZLAUAITINE NALAUAILTEUUNINTN
WNNLATOUIIBUNALUIAT (Linear accelerator)

U Truebeam 849 Varian Usginaansgoisni #



100-110 kVp 1u1wummimuﬂ%ﬁauﬁy’mlﬁiym 22 89
178 p9p1 WiougUNI0INTBITeE aeleudoyadisna
1NLAS09ABNRLABSIUAUNITS YT Eclipse
U 15.6 f%e Varian Wdlusunsudeuiunnlay
MvuasumUg Velocity su 4.0 § Varian uaz
amzideudoyanin lneivualinm CT Wunw
wanuwagn1m CBCT Lwia::ﬁﬂmﬁl,ﬂumwﬁaﬂuﬂqﬂﬂ%’n
989n15711 DIR W@enlvaunisdeuiuninuwuy CBCT
corrected multipass deformable UsgLiiunis
WasuwasSinasadfitouusSware Soazd ol

o

o = a a o °
U FAeNSUagULUaIUI NI SURIRd8NEd@IAANN

o

A115%1 DIR Maan%9n15a1859d

AsUsTliuUsuNS
A1915E1859FLAINNTTITUNUAITSN IR
wiadla VMAT fig13sdlnlnoundsnu 6 wnedidnnseu
Thad fmunAUsinasdsronsed Planning target
volume-high risk (PTV-HR) iU 2.12 1058 91uau
ady 33 a%e Taels 95 WediiudvesrUsinnged
ﬁﬁ’mummamqmﬁaumﬁd PTV-HR USinau$sdiade

=

fosnuazsenthanenlsanlasulsiiu 40 uay
26 A58 AUAINU WFaUTUAIUUAN CBCT uiay
é’ﬂmﬁﬁmuﬂﬁawzLﬁ'&lmmu%mju Tnglyle
Aunalsnasdlnl Uunasdiifeunsiss PTV-HR
dosU1n wazsouthanennlsinsaastramlgann
AsIA LR US SE 13 19SS sELazA11ud
131193 (Dose volume histogram; DVH) LU3gutiieu
AUSINaS ETiReuNzISe PTV-HR wazetuissdenan

TASUNULNUNNTSNWAIAY

n1sUsliudsunsvasedeazanAny
UsziliuAuuane199e9UsunsgesUInuay

southanenlshnaosdn ﬁdwsiaummméﬁayja

A CT Fouuhuuiianguasuunin CBCT usay

FUna9t Iaen1581uAIUSUINS1nNS W DVH way
A1 DSCP ¥ sgridlassaafeniuanuvasoya
AMNTIR19RY A1 DSC azUanItanIuAd1enEwes
USinmslaseadne mwaildanaunisii 1

DSC(A,B):LAHBl )

4]+

ARuA LA

A visngds Usanaslassasieanndeyanin CT

B wanedla Ysumslassaienndeyanin CBCT

uRazdUa
N e NMsEpURUALYRIUSUINSIATIES

nA1 DSC WU 1 kaneinusunnslaseasneann
Toyan1n CT wag CBCT wiazdUniTinIuSY DIR
gonnaIiuiualn MnA1 DSC WU 0 LangI
Ynnslassaieanassuvasdayan1nuenaenain
Funazlyfusuinsiidouiuiy Aulrmnas
WasuulawesUiunsuaza DSC Wisufuusunns
ﬁlé’fmﬂ%’a;ﬂamw CT S3uDaMIANUFUNUS VDS
Usumsiiasuulasiugisuiinnedaddne Spear-
man’s correlation 91ALUSLATY SPSS i:u 22.0

WNan1SANEI

o < o o £ -

HUselsauglimdelnssaunviedy 15 51e &
49901y 28-60 U Anidurafe 44.6+8.81 J
Asisagu 44 U Teaamin 62-107 Alansu Andy
ALRRY 74.44=13.29 Alansu Alsegnu 68 Alany
Tae 8 Tu 15 518 v wvneunnan 68 Alansudu
T a1nnw CBCT fldlunsAinwinuinge 12 Tu
15 578 218593ATUALLNUNITSNEINeludUA19N
6 Y8INN5R859E vaue? 3 T 15 578 R1e59@ATUNY
o ¢ al U A a & ° v
dUanin 6 vean1saneded Andudiuiudeyann
CBCT vianuawiniu 93 gan 1w

Journal of Thai Association of Radiation Oncology
Vol. 26 No.2 July - December 2020



(Y]

nswasuslasvaslSunased
AdTsEgIuveIUSIIMTEggaLaUTUI0SE
waedifounzise PTV-HR wazetoazdldsuain
LmumﬁﬂmﬁqﬁuLLazmaam’mmima%’qﬁiuﬂﬂw
15 578 wanesannsnedi 1 AnduAUsunasdasan
wiedifeungida PTV-HR Wiy 78.07+0.96 1038
Lﬁaéuqﬂmﬁﬂmwudwﬂ%mm%?{qqqmLLazU%mm
$sfRdvazaniitounzide PTV-HR lasuanasile
WouRunaunnsSnedady Iué'ﬂ’mnﬂﬁwﬁﬁﬂmi
fnw dmiuetrzddynuiysinusdnisayay
Lﬁ'wﬁﬂuﬁﬂwﬁmmﬂ TneUsunassdindvazaud
ﬁdaqﬂWﬂLﬁm%uagTuﬁaq 0.02-0.73 1n58 USuau5ed

ldvavauiisoutinatenilsind1awuazd1adne
Lﬁ'wffua&uisl,u‘*d’;q 0.06-0.39 158 Wag 0.02-0.40 138
AIUA1AU

dlenmanusig Spearman’s correlation Wui1
USnaudedfidsundasdidounzise PTV-HR uaz
afereddyluduius furaeufianeded udnu
AuduussEsUTnasdndowarUSunnsves
seuthanewlsinisaesdadndeslufianisay 7
AndaUssAvsanduuSIYITU 0.212 fanndi 1 uans
T¥ifudniloUsuinsvesrantinatonlsinanas

USunusedmasnnaudnanenlsinlasuastiudy

A19199 1 USinauSsdazauannununssneisuiuuazanmsdeuriuiuuganguasuunim CBCT damiusnia

dUavigavinevesnssnyifounsse PTV-HR uazedeazddny Tudiaels e

iy Yinasidaeandeunsie Uinadidndotounnds  Uhinasidndesounls  snasdeddounils Usunasssdadedosunn
it PTV-HR (in38) PTV-HR (1n38) find1eu (n3d) findnede (in3d) (in36)
T CBCT  wasy  CT CBCT  wasiy  CT CBCT  wasy  CT CBCT  mwasy  CT CBCT  wafe
1 7831 7818007 -014 7353 7347003 006 2806 2664067  -142 2590 2590061 000 4311 43.18+019  +0.07
2 8035 80.06:0.15 -029 7538 7526:002 012 2407 24341024  +0.27 2640 2680:031 4040 4999 5056:012  +0.57
3 7799 7773:018 026 7398 7388:003 -0.10  27.25 27.32¢026  +007 2815 2817+025 +002 3876 38.830.12  +0.07
4 7757 7721:015 036 7323 7318001  -005 3377 33721042 005  30.16 29.87+023 029 4791 47.99:0.16  +0.08
5 7885 7861010 -024 7518 75.12:002 -0.06 2519 2558+0.79  +0.39  37.76 3793039 +0.17 4510 45141023  +0.04
6 7796 77.15:037  -081 7258 7253:002 005 2958 29.39:048  -0.19  27.20 27.20+0.28  0.00  40.49 41.22:0.50  +0.73
7 7798 7776:022 022 7402 7389:003 013 2901 29.24:052 4023 3315 3301:0.51 -014 5142 5151+028  +0.13
8  77.88 7757:015 031 7319 7316:001 -003 2637 2643:039 4006 2622 2635:023 4013 3822 38.29+0.10  +0.07
9 7731 76801028 051 7295 7287:014 -008 2286 2274:054 012 2615 2585:028 -030 3873 38.85:022  +0.12
10 7805 77.60:029  -045 7380 7370002 -0.10 3031 30.28:041  -003  30.16 30.18:042  +0.02 3514 35331010  +0.19
11 7862 7819017  -043 7393 7386002 007 2360 23.69+037  +0.09 2201 2220+039  +0.19 3681 3681007  0.00
12 7838 78.17:023 021 7408 74.04+002  -004 2957 29.11¢039  -046  27.93 27.90:053  -003 4219 42131021  -0.06
13 7678 7663002 -015 7300 7293003 007 2568 2588047  +0.20  19.65 19.60+047  -005 4393 43.80:0.14  -0.13
14 7884 7841:032  -043 7416 74.08:001 -008  27.78 27.89:038  +0.11 3142 3088:0.55 054 4609 4623:037  +0.14
15 7618 7579:0.16 -039 7243 7239001 -0.04 2007 2437037  +0.30 2551 2550049  +0.03 4078 40801006  +0.02

A1g9: CT = Computed tomography, CBCT = Cone-beam computed tomography,

target volume-high risk
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M1919% 2 Usnnseentiatenlsfinviaaeadne wartosdin andeuanin CT waznw CBCT dUansiusniiadunns

gavevainanesed luddie 15 518

ddu oyt Yineseswilshedien @) Uinasosmilsindredne @9) Ysunasgesiin (@3)
yuw wwno-ocr CBCT  wase  CT CBCT wasne  CT CBCT  wawa
1 38 62 25.40 2495+126 -0.45 2790 25.60+1.76  -2.30 15290 151.25+1.75 -1.65
2 41 62 27.50 24.90+2.00 -2.60 29.80 26.55+1.46  -3.25 12230 119.70+£1.17  -2.60
3 55 65 25.60 24.70+1.16  -0.90 23.10 22.15+0.49 -0.95 140.50 138.40+1.28 -2.10
4 33 65 23.70  21.75+252  -1.95 2390 22.80+1.66 -1.10 129.10 127.95+1.88 -1.15
5 53 66 29.20 24.00+3.46  -5.20 26.00 25.64+2.16 036 120.70 120.10+£3.65 -0.60
6 60 67 2370 19.60+3.30  -4.10 17.60 17.30+1.44  -0.30 145.70 145.40+4.23 -0.30
7 28 67 2470 21.70+1.66  -3.00 2290 20.50+1.57 -2.40 124.50 122.65+4.25 -1.85
8 41 68 24.80 24.50+0.47  -0.30 24.10 23.90£0.93  -0.20 105.00 103.40+1.46 -1.60
9 44 70 31.80 27.50+2.55 -4.30 26.80 20.35£3.19 -6.45 116.40 114.05+2.79 -2.35
10 a5 73 2580 23.45+1.23  -2.35 30.20 28.55+2.62 -1.65 ~ 200.20 198.30+4.59 -1.90
11 a2 7 27.70  25.30+2.06 -2.40 2630 24.30+2.54 -2.00 14490 143.50+1.86 -1.40
12 50 87 4520 43.00+3.44  -2.20 4290 39.10+2.84 -3.80 96.80  95.00+2.09 -1.80
13 46 90 40.30 32.40+294  -7.90 39.20 32.90+5.39  -6.30 138.50 138.10+2.30 -0.40
14 55 91 4230 38.80+4.88  -3.50 46.30 43.90+6.12  -2.40 107.70  105.00+4.85 -2.70
15 38 107 33.80 3250+1.25 -1.30 28.80 28.80+0.84 0.00 136.90 136.30+3.36 -0.60
Aga: CT = Computed tomography, CBCT = Cone-beam computed tomography
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Abstract
Background: Breast cancer is the most frequently diagnosed tumor in female. It is also the
second most common solid malignancy to metastasize to the brain. Some breast cancer patients
with brain metastasis survive longer than brain metastasis patients with other types of cancer.
Objective: The aims of this study were to determine survival and prognostic factor of breast
cancer patients with brain metastasis after radiotherapy in Ubonratchathani Cancer Hospital.
Materials and Methods: A retrospective review of 86 breast cancer patients with brain
metastasis treated with radiotherapy in Ubonratchathani Cancer Hospital from 1 January 2014-
31 December 2018 was performed. One-year overall survival and median survival was analyzed
by using Kaplan and Meier method. The prognostic factors were determined by using univariate
analysis, multivariate cox regression analysis and hazard ratio.
Results: Median survival of breast cancer patients after brain metastasis was 5.8 months and
1-year overall survival after brain metastasis was 22%. Receiving systemic treatment after whole

brain radiotherapy was significantly correlated with survival of patient.
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Conclusion: Survival in breast cancer patients with brain metastasis after radiotherapy was poor.

Multimodality treatment can improve survival of patient. Further studies with more sufficient

patients are required to evaluate significant prognostic factor for patient survival.

Keywords: Overall Survival, Breast cancer with brain metastasis, Radiotherapy
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41-60 U 55 63.95
>60 U 19 22.10
9181988 (+Standard Deviation) 51.35 (9.73)
Aalseg1u (Ainae: Ageam) 52.2 (24:86)
KPS (at brain metastasis)
>70 64 74.42
<70 22 25.58
Asfsegu (Aege: Agaam) 90 (60:90)
RTOG RPA
| 14 16.28
Il 50 58.14
i 22 2558

ANgD: KPS = Karnofsky Performance Scale; RTOG =

partitioning analysis.

Tuduresdoyafiugruieriunisdnu wuin
drunnsunsinedensanesdfiaues eg1adien
$7uau 81 AU ($ovay 94.19) TneUTunaSeddild
daulng@e 30 Gylu 10 fractions 971U 82 AU
(Sowar 95.35) fthednuiu 45 au ludldsueaiivdn

Radiation Therapy Oncology Group; RPA = Recursive

[

W3981893MUU (systemic treatment) NaIN15RN8TIE
(Sp8ay 52.33) LAYILELLIAINISTOABYRNYSIA
RN 2 TU way 3-7 U NN 36 AU LAY 33 AU

AIUAIPU WATAITIUALLDEA AT 3
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a o & v Y% 3
M19199 2 uanstouaiiuguresithe (Jaderulsausisa)

Toyatiugy 31U (518) Soway
syozlsm a TuiTadelsmugiSadinuy
| 2 2.33
I 14 16.28
Il 41 ar.67
Y, 29 33.72
Pathology
Invasive ductal carcinoma 84 97.67
Invasive lobular carcinoma 2 2.33
Molecular subtype au JuitladelsauziSaumun 26 30.23
Luminal A 17 19.77
Luminal B 29 33.72
HER2 enriched 14 16.28
Triple negative
CT/MRI brain
Single lesion 21 24.42
2-3 lesion 19 22.09
>4 lesion a6 53.49
Time diagnosis cancer to brain metastasis
<11 27 31.39
139 40 46.51
351 13 15.12
>5 Y 6 6.98
Anade (+Standard Deviation) 2.17 (1.74)
Aslsegu (Ainan: Agean) 1.67(0.02:8.77)
Cancer status during brain metastasis
No extracranial metastasis 17 19.77
Extracranial metastasis 69 80.23

Ag: CT = computed tomography; MRI = Magnetic resonance imaging.
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a v & v Y% o
M15797 3 wansdoyaniugiuvesithe (Jadusmunsing)

¥

Jayanugu d1u2u (519) Soway

Qrriaite

idiauazanesvaTiaues 5 5.81

aeddianes 81 94.19
Radiation dose

40 Gy/20F 3 3.49

30 Gy/10F 82 95.35

20 Gy/5F 1 1.16
mslasvgaivhdaniesnsesluunainisaissed

1asu 41 47.67

Tallgisu 45 52.33
SYEZIATOARYATIA

<27 36 41.86

3-7 U 33 38.37

> 79U 17 19.77

Aade (+Standard Deviation) 7.97 (18.01)

Asfsegu (Ainan: Agean) 3(0:127)

Anga: F = fractions

2. dasINsTEnTInURIUaBuL TR UNUNS
nszangluitanas (Overall survival)
FUrelsnuziSaduaunsnszaeluiaes
nuIensnITIentinlagsinlusyeyiian 1 0
(1-year overall survival) indusasay 22 (124
AR 95% 14.03-31.32) 2 T (2-years overall
survival) WinuSesay7.93 (Fasaandeiu 95%
3.25-15.34) uaz 3 U (3-years overall survival)
wihfudesays.2 (Frennudesiu 95% 1.38-13.29)

o

pudIRy ALEEgIUTEEELIANTORATNTUAINITATY

yeiSaunsnseaneluiauss (median survival from
diagnosis brain metastasis) 111U 5.8 LAou
(YIANUTDIY 95% 4.64-6.96) HININT 1

3. Yadeiifinadadninissendinvasdfuaei
uzaduannsnszanelufiauns
3.1 Mmsdnzithdedwaranisseninlae
Univariate analysis
wuin fUaeiildunisindnsaniunis
aessdfianes, nslasusnaiivivaniosngedluu

Journal of Thai Association of Radiation Oncology

Vol. 26 No.2 July - December 2020 |



Kaplan-Meier survival estimates - CA Breast with Brain Metastasis

o
S
s}
M~ .
1=
(=]
o
=
e}
o™
o
(=]
o J
c T L] T T
0 ) 12 ) 24 )
Time since diagnosis of brain metastasis (Months)
dl v aa o 5
2N 1 fmwLLamamwmaaammmlugﬂawwm
NAIN1TRI1859E LarIzeEIaITaA0sR s Idlan uaneenueg1elidedAyneana (p-value<0.05)
a ' A aa . ' ' o a a
ANULFBIRDNSLELYIR (Hazard ratio) 1uLLmazﬂqm Auanslunsedn 4 Laznwi 2-4
5 Kaplan-Meier survival estimates - CA Breast with Brain Metastasis
o s
N :
S :
o
wn =
S :
S Surgical and RT
wn
(o
o
RT only
(o]
o
b=

0 12 24
Time since diagnosis of brain metastasis (Months)

RT only  wwsssssins Surgical and RT |

AN 2 n3mMkEnIgnIINIsegsenvelUtsuzisuiuuwnInsratelufianes Suunaunislisunisinw
(p-value=0.048)
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0.25 0.50 0.75 1.00

0.00

Kaplan-Meier survival estimates - CA Breast with Brain Metastasis

Systemic treatment

TERR AR RN RN RN RN

T
L LR TR R T A R T IT ™

No systemic treatment

0 12 24
Time since diagnosis of brain metastasis (Months)

No systemic treatment  r1wsrsens Systemic treatment ‘

Al 3 nsmluandnsinissentinvesiieussuinununsnszaglufianes Suunmunisldsuenaiivita
308190 5luUNAIN1IR859E (p-value<0.001)

Kaplan-Meier survival estimates - CA Breast with Brain Metastasis

o
D_;
w
P-__
o
—"
3 =
° L
-
(.
1 > 7 days
& | e e
o
e e 37 days
8— <=2days1 J Y
O T T T
0 12 24
Time since diagnosis of brain metastasis (Months)
— <:2days i 3.7 days
— —— >T7days

Al 4 n3vuanednIINssendinvediisuzisuduuunsnsznglufianesduunauszezial seRees
Snwesedsny (p-value<0.001)
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M13°99 4 navesdadusingg denmsnisdedinlufiisuziiusuuuwnsnszaglufianes s Ju Adadunisuns
nszae laglimidstwansgnuaintadedu (Univariate analysis)

Uadenensal Median survival (95%Cl) HR (95%Cl) p-value
1€ (at diagnosis brain metastasis) 0.530
<40 ¥ 8.56 (2.52-14.59) 1
41-60 U 5.57 (3.97-7.17) 1.44 (0.73-2.84)
>60 U 5.54 (1.99-9.08) 1.25 (0.57-2.74)

KPS ( at brain metastasis)

>70
<70
RTOG RPA
Class |
Class i
Class Il
Molecular subtype
Luminal A
Luminal B
HER2 enriched
Triple negative
CT/MRI brain
Single lesion
2-3 lesions

>4 lesions

6.22 (3.66-8.79)
3.70 (2.42-4.98)

8.62 (1.77-15.47)
6.22 (3.44-8.81)
3.70 (2.42-4.98)

5.37 (4.31-6.44)
8.09 (3.24-12.94)
6.09 (5.06-7.13)
4.45 (3.07-5.84)

5.80 (4.52-7.07)
6.32 (2.13-10.52)
5.54 (3.83-7.24)

Time diagnosis cancer to brain metastasis

5.57 (4.57-6.57)
6.13 (4.42-7.83)
6.09 (-3.10-15.30)
1.50 (0.91-2.92)
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1
1.54 (0.92-2.50)

1
1.44 (0.76-2.73)
1.85 (0.90-3.79)

1
1.07 (0.56-2.06)
1.15 (0.65-2.02)
1.30 (0.66-2.58)

1
1.32 (0.68-2.56)
1.19 (0.68-2.08)

1
1.08 (0.65-1.79)
0.60 (0.28-1.27)
1.67 (0.68-4.10)

0.239

0.886

0.685

0.229



A13197 4 (di0) wavesdadsine sansniadeTisluiiieussaiunwnsnszaelufiaues e Tu 3laduns

unsnsza1e laglumilsdenansgnuainadedu (Univariate analysis)

Uadewennsal Median survival (95%Cl) HR (95%Cl) p-value
Cancer status during brain metastasis 0.251
No extracranial metastasis 8.09 (4.70-11.49) 1

Extracranial metastasis

5.21 (4.03-6.39)

1.37 (0.78-2.42)

133NN 0.025
MessEfiaues 5.54 (4.32-6.76) 1
diauavaneSsafiaues 17.93(3.57-32.29) 0.32 (0.10-1.05)

Radiation dose 0.251
40 Gy/20F 17.93 (0.78-36.66) 1
30 Gy/10F 5.54 (4.29-6.79) 2.69 (0.65-11.00)

20 Gy/5F - 3.82(0.34-42.95)
mslasvgaivndaniesngesiuundinisaissed <0.001

Lilesu 4.09 (2.63-5.56) 1

15y 9.50 (5.68-13.33) 0.46(0.29-0.72)
IPYLLIANTOADYAESIA <0.001

<2 U
3-7 U

> 79U

4.16 (2.23-6.08)
6.09 (4.54-7.64)
17.63 (8.64-26.63)

1
0.75(0.46-1.22)
0.28 (0.14-0.56)

Angia: KPS = Karnofsky Performance Scale; RTOG = Radiation Therapy Oncology Group; RPA = Recursive
partitioning analysis; HR = hazard ratio; Cl = confidence interval; CT = computed tomography;

MRI = Magnetic resonance imaging; F = fractions.

3.2 myleseidadeiifinadsonmsdedinves
é’ﬂ’aﬂiﬂﬂ Multivariate Cox regression analysis
wundlasefidanuduiusiunisdedin
Tugunsuziadununsnszaeluilaussegadite
AR NEDA (p-value<0.05) laun nslasuead
U1Unrane1gesluunain1sanessduasssusiaing
semosaeied nandeulelinguitheiilsilssusad

UnUanogasluundinisaissaddungusneds
wudngUasuzdaduniild Susnaiividaniosn
gasluundinisatesedilentadedindosnin
yoanguitlailéFuenaivriaviosnsesluuvdinis
a18593fianes 0.35 wineg i dedFynisada
(Fr3panandesiu 95% 0.21-0.60) p-value <0.001)
vionanidntioviliingtrenguiililiFueneiiiade
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Wiongesluundinisanesvaiavesiloniadedin
\Yu 2.85 whveanguilldsusaiiidaviessasluy
wdin13ausiafianessnanisioazideananis
pszailuasnsdi 5
Tuduwestdoieiusseznainssenst
2ednuIUenguiiiszezinaisonssannni

7 u fillemade®indu 0.28 Whvengussezlian
seApdosn1T 2 Tu ey ldeddynisaia
(Wr9aTesiu 95% 0.12-0.63) p-value=0.006)
vidonandniienisfofinenguifiszoziiansency
ffosnin 2 JuillomadeTindu 3.5 wiweengudl
fiszaznansonosunnin 7 Yu (113797 5)

A19197 5 waveadadusne denisnsdeTinludUisuziiaduuunsnszatelufiaues s Witadenis

unsnsza1e lneAdstanansznuainadedu (Multivariate Cox regression analysis)

Uasewennsal Crude HR (95%Cl) Adjusted HR (95%Cl) p-value
RTOG RPA 0.167
Class | 1 1
Class Il 1.44 (0.76-2.73) 0.74(0.16-3.42)
Class Il 1.85 (0.90-3.79) 1.18 (0.29-4.81)
Molecular subtype 0.872
Luminal A 1 1
Luminal B 1.07 (0.56-2.06) 0.65 (0.32-1.32)
HER2 enriched 1.15 (0.65-2.02) 0.81 (0.43-1.51)
Triple negative 1.30 (0.66-2.58) 1.16 (0.56-2.42)
Cancer status during brain metastasis 0.890
No extracranial metastasis 1 1
Extracranial metastasis 1.37 (0.78-2.42) 1.51 (0.41-5.48)
135N 0.304
aesdEfiaues 1 1
HdnwazaeYafiates 0.32 (0.10-1.05) 0.57 (0.14-2.30)
Iasvenaivhtansesnsesluunainisaisssd <0.001
Tail@su 1 1
5y 0.46 (0.29-0.72) 0.35 (0.21-0.60)
SruzIANTenRYRNYSIE 0.006

<2 T
3-7 U

>7 U

1
0.75(0.46-1.22)

0.28(0.14-0.56)

1
0.70 (0.42-1.16)

0.28 (0.12-0.63)

Anga: RTOG = Radiation Therapy Oncology Group; RPA = Recursive partitioning analysis; HR = hazard ratio; Cl = confidence

interval.
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dielianziianiznguiildfunisaneedifios
agaien ngladlasunsindauasliaiivndn U
$1unu 42 eudadunguiiszeznansensetiosniy
2 44, 3-7 U wazuinnd 7 U windu 21 51y, 17
70 uaE 4 emuddu nuEhenguiiilsrsinm

sempeNNN 7 Ju Memadediadu 0.19 wihwes
nguszerIasenaeesndt 2 Tu agrailiudAny
V19adR (FreAudeiiu 95% 0.04-0.87); p-value
=0.033) (15197 6 uazA M 5)

Kaplan-Meier survival estimates - CA Breast with Brain Metastasis

o
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wn
l\: -
o
o
w4l |rmmmm—————— |
o 1
1
1
& [N "
b 1
1
' 1
- e -m <= 2 da 1 >7 days
st LT - ;
0 12 24 36
Time since diagnosis of brain metastasis (Months)
== == e <=2 days ———— 3-7 days
----- > 7 days

Al 5 n9uanddnsIn1ssendinvesdiisuziiuiuuunsnszeluanesduunausEezIasoR0sNTS

Shwmedadsnwilugihe 42 senlasunisatedadediafen (p-value = 0.059)

AN 6 naTEITTETIA1TERRERNETIEReN MR EsTInlu Uz s s uuwnsnsr el UNanesilaTunIs

essdenaunelaglilasunisandaurisiaivndn (Univariate analysis) (N=42)

Uadewennsal Median survival (95%Cl) HR (95%Cl) p-value
33830&158?1@8@’18%@5 0.033
<23 2.75(2.01-3.48) 1
3-7 1 4.55 (3.54-5.57) 0.78 (0.38-1.39)
>7 U 4.95 (-8.44-18.34) 0.19 (0.04-0.87)

AN8a: HR = hazard ratio; Cl = confidence interval.
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A19199 7 uanstayaiuguvesiUigduunmuszeriansensun1saneSed

Uadeinugnuy FTYLLIATOADY

<2 U (36 119) 3-7 U (33 970) > 7317 519)

KPS (at brain metastasis)

>70 27(75%) 24(72.73%) 13(76.47%)

<70 9(25%) 9(22.27%) 4(23.53%)
RTOG RPA

| 4(11.11%) 5(15.15%) 5(29.41%)

| 23(63.89%) 20(60.61%) 8(47.06%)

Il 9(25%) 8(24.24%) 4(23.53%)

Molecular subtype

Luminal A 9(25%) 10(30.30%) 6(35.29%)
Luminal B 9(25%) 6(18.18%) 2(11.76%)
HER2 enriched 14(38.89%) 11(33.33%) 7(41.19%)
Triple negative 4(11.11%) 6(18.18%) 2(11.76%)
CT/MRI brain
Single lesion 8(22.22%) 6(18.18%) 7(41.18%)
2-3 lesion 6(16.67%) 8(24.24%) 5(29.41%)
>4 lesion 22(61.11%) 19(57.58%) 5(29.41%)

Cancer status during brain metastasis

No extracranial metastasis 5(13.89%) 7(21.21%) 5(29.41%)

Extracranial metastasis 31(86.11%) 26(78.79%) 12(70.59%)
N33

messafiaues 36(100%) 33(100%) 12(70.59%)

HnuazaeYdiiaues 0 0 5(29.41%)

nslasugaitiinnssengasiuundanisanased
1@su 15(41.67%) 16(48.48%) 10(58.52%)
lailasu 21(58.33%) 17(51.52%) 7(41.18%)

Anga: KPS = Karnofsky Performance Scale; RTOG = Radiation Therapy Oncology Group; RPA = Recursive

partitioning analysis; CT = computed tomography; MRI = Magnetic resonance imaging.
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