Journal
of Thar Association of
Radiation Oncology

Volume 28 Issue 1 January — July 2022

Original Articles

» The role of external beam radiotherapy in the treatment of
hepatocellular carcinoma

» Stereotactic Body Radiotherapy in lung cancer and lung
metastases patient at Siriraj hospital

» Retrospective Study of Salvage Dose-Escalated Intensity-Modulated
Radiation Therapy in Radiotherapy-naive, Non-metastatic,
Castration-Resistant Prostate Cancer

» Evaluating variability of bladder volume using ultrasound-guided
radiation therapy for prostate cancer

» A retrospective observational study of high radiation dose
distribution related to the tooth-bearing area in various subsites

of Head and Neck cancer patients

» Comparison of positioning error in stereotactic irradiation for
brain cancers by using two different thermoplastic masks

» Comparison of Sublingual and Oral Doses of Misoprostol Before
Intracavitary Brachytherapy For Cervical Cancer

ISSN 2730-177X (Online)



FUNANSIATNHILAZUZIFIINEWAUsZ A Tne

Thai Association of Radiation Oncology



“aurAuSIaSnuInazuzISedngnrIUs:InAlne
Thai Association of Radiation Oncology

S19BOANUNSSUNISUSHIS

aunAuSIasnunazu:ziISydngnrads:inAlng
018:U 2564-2566

AMZNTIUNITUIHIS
HHemanNIdueLnngaiosh
SOIANANTINTEUNNEN AU
mansseunmenddla

TOIFNANTINTIUNNGNPINQYIUN
Hemannsduneunnddnsne

a

FIPFNANTINTOUNVEVINANT IO
HemansnIdunmngaiunniud
FOIPNANTINTOUNNENGITUIT

ERneAEns19158 (i) WnvEnidR

SO9ANENTIATIUNBUNNELDNENT
FNEANS1NTEIULUNNGNIER
S09NANSINTEUIBUNNEGLANR
YA N TIUNNEVsUgans
wnndnesvandled
wo.unmdndgmlouraiseisa
UNPUNNEEIIES

A3 wnndndean

Fitsesns wiaunneey
HYIAAN TN IEUNNEVEIYUNT
SOANENTIANTIUNLUNNE AT T
FOIMARNTIANTI NN NG U TN
N0 UNNGNGIASUTING
WuNNGIsdna
HYeAan TN IgunmEvafnigyatl

SOANENTINNTEULUNNERNEN

AMzaUNIIUNSEEIYINTS
HYemanNIgueLNngInsne

a

SRIANANTITOUNNININANT SO

L)

HYeAan TN IEUnmEvaiunniud

1EASIASILNNENAITUIT

SR TG R
suzlve
Fanusng

TRaedni
Januns
FnInad
oflsaua
LNYTHVAS
Friset

CERPCIZEIG)
\AFy¥eIUNa
ol
AszUsen@s
ARIENDA
nOAINS
NGEGH
UTIYYY
Useiiueiau

Aunade

Jnnuns
TN Inad
oflsaud
ANYSHUAS

T5ameunaguangad
Tsang1unasunsud
T5anenuIasms1vuAsBeslnl

Tsamgnuaginadnsal
Tsamgnuaginadnsal
T59NEIUIATIWNBUR
T5anenu1adssnas
T5anenu1adssnes
TsmeUaPRINel

Tssngrurausssuasdesivl
Tsameuiagunangal
TssnguIaasvaIuASUNS
Ao TUNLS WA
T5eng1U1auMITT AN T
lsmmenuaginaenasiay
T3meuIauzisenssil
Tsameunagunangal
Tsanenuasnain
T59NEIUIATIWNBUR
Tssng1u1amIuAsuNs
Tssng1a@iswenuna
15INEIUNANTLIN N
T3meuIaNzISanys
TsmeunagunTed
T5anenu1adssnas

Tssmenuaginadnsal
T59NUIUIATINBUA
T5anenu1afssnes
T5anenu1aAs s

UNYNENIAY
guuen 1

guwen 2 uazUsvaulenaduiug
waznnanualesAng

L@UIBNT

Uszsrudedvinis
sosUsesuEeInINg 1
soeUsEsuieIINg 2
sosUszsuieIINg 3

SOENe MRS uavnwanuaRIANS
LazsaUsEsUiNEENTEUmNA
Uszsureide

Yszsruresans
Usgsuruansaune
Usgsusheaiuayumsinsyuuuinig
seeUsrumeatiuaRNSInTEUUUINS
Uszsuiheuay

seeheujau

a

WSty
wengilou

AMIENTTUNTNA
AMIENTTUNITNA
AMIENTTUNTNA
AMIENTTUNITNA
AMIENTTUNTNA
AMIENTTUNIINA

AUEANIIUNITNAN

Usgsudedvinig
s09UsEeUENYIvINIg 1
s09Us¥eUHN839INTg 2
s03UTEs U8

Journal of Thai Association of Ra_di




aurnusSIasnuanazuziSidngrdus:inAlng
Thai Association of Radiation Oncology

S19BOANUNSSUNISUSHAS

aurAUSIASNUINa:uzISYINeInIUs:INATNe
018:U 2564-2566

AMLAYNTIUNSHNEAVINTG

HYIUAANTINIGUNMEVATANIA  YsUgy1ITIRU
013 WNVENI0UAET UszeeAsn
WEWIngnmey Jonavya
ANTAUNTIUNTTEETY
FOIPFNANTINTIUIBUNNELONENS CERPCIZEIG)
FOIANANTINITEUIBUNNENETT RLERET
HYIAENTINIEUNNINEITINT LEANSNa
Wewnnddesng laadiuiesina
U UNNGNGInUNTA Ty
WHVENEFANS 94585
AnzaUNIIUNTsEeUf AN

WD UNNINP VNN WO ngAINg
WBUNNE53159 Aanvalin
ULUNNENTYS odauwn
ANTRAUNTIUNTIEENTENT
ANENTIANTEUIBUNNEYIEN rymeuna
HEAEANT19138 (Tley) wnngvdausiinn Tuniven
WHVENEFANS 94585
HYeAanI1138 AsviU WENUIAISTIY
3. WeEY Fayynsing
TOIANANTINTOUNNGNYIRUNU ey Alinenne
ANTAUNTIUNTEBETHUNA
TOIMARTINITUBULIELLANA s

<

HHemanNId@iayunndngeindif dnansde

UYUNNGYIAR nanm
Wgknng g3l il9929d
gLy deAnile yudlosfuns

Tsang1unasIunsun
T5ameuIagunanal
T5anenUaEvaIUASENS

Tssngurausssuas eyl
T5anenuads s
T5anenuads s
Tsang1unasundun
lsmmenuagiinaenasiay
l5ameuIagunanal

lsmmgnuaginaenasiay
T3menuIauzisen sl
l5ameuIagunanal

lssmenuaginainsal
Tssmenuaginainsal
Tssmenuaginasnsal
Tssmenuiaginainsal
15aMgUNaTIUBUA
Tssmenuiauynvuasidedll

TsanegnunaasvaIuAsuns
T5ameuIaguanal

T3 WEUIANNSTUIIY
Tssnegunauzidadiung
Tssng1uIamIuASUNS

ai Association of Radiation Oncology

WHEIVINTS

WIUR18IVINS

© eXp eXe

WIUR18IVINS

e

Usgsudeidy
v W aw
WYY
vy aw
WYIBHNYIY
vy aw
WYIBHNEIY
vy aw
WYY

k%

H§Yaeiheide

Uszauiheufau
sesheujjau
ferheufay

dsgsurensans
Herensans
NYeEgNsans

U

v
NUIH815813

v
AR LA hbisuk
Vo

§Yaeihensans

Usgsuruansauwmne
Herhgansaumne
ARG A IR L

U

dergansaung
v

§Yaeshgansaumne




auaAusSIasnuNazuzISIdnanrdUs:zinAlne
Thai Association of Radiation Oncology

nUsnun

aunAUSIASNUINIAa:UzISYINeKrIUS:INAING
U W.F. 2564- 2566

mamwmiéﬁasﬁﬂr;uuwuwwﬂw%’su LNNINAA

]

a

mans1sdifeshnnunnavdanames lnsfiyad

]
aa sa '

mamﬁﬁmémasmmuwuwmmmm YEDINGN

]

manssdifesAnuunmEngednuan Invuna

nagMARTWIELINNEonde TiAuAs
MansNTENeTRAMUNMEVGING duauen

18%p9USNE

WIS pasunTod
FOIAANTIAIINARTUNVENGINTAS AT
FOINANTINIENARTUBUNNGUTEYY NIvUTAUNIA
ANANIINTIUBUIMETINenT fMTysINg
FMARNTINTENBLINEUTEIES L BAanuEuTy
Hemanisdunmdndgeanla uasseiasy

3 o s < a ]
919138917916 danAusdsnuuasusineuisUssmalng

a s

AN TRgUUNNENsaneau guvliumi

<
£

YPUNNIATANA N3NAIY

U

gAYy A3a
FRIFNANTINTEUIBUNNEG qUaNen
uermansnsduewnndetiug Inudu
FRIFNANTINTEUNNENGIANATT Uasgd
HU8Aans1sEueLnndlsane aassuaus
weunndanye Jaunensaldy
HYerans1sduewnnduseens saunsusehvg
WMEUNNIUTIANG Wigunas
wwendeanefiv fendud

WIPULNNGTUAY Fugian

Wwisunmdaudn Wigyisuna
WBuwWEAnARAYS 1133
KYIufansIsduneunvdunaa Sauus
AENTIATEUBUNNENDIUFY WIHl3

unnémdlatium AsguR-nasedosuas
Huemansnasduwieunmgism Insuomg
seamans11ssuneumdaste dnswedde
SOIAENTINTIUNNI N Suadie s WA
Wty Ngdvdng
soeEnTINIILNNIng e Manval WaAal
wewwndedne wdstaanvel
wewnndyuisy magiya
soermanTITIUBLINSlanal Auwanus
FIFNANTINITEUNNENYIFNRTT UaAes?
HYemans1nsduewnnd 15915 ga5saans
WBWANdauY Tauonsalte

<

HYemans1nsduneunnd Usegns Tsaunsuseivg
WIBWINIUTIANG Liunas

wmendeanefiu fendod

WIPLNNEGsUIAY Fuglan

wigwndaudn Wigsuna

1y

WEUNNEANANEYS 1IEs

Journal of Thai Association of Radi




03
05
07

o1

049

R1

R16

R35

R54

R65

en U=ISu35suU

91sdsauIAuSIaSnuUINa:uzISVanerads:INAINg
Un 28 avun 1 UNS1AU - TNUIBU 2565

ANZNITUNMIUSUsaNANSIESnwazuzSnewislsemalned 2564 - 2566
AUsnwaunaniEshenazuzisIngwislssndlnet 2564 - 2566
UFIANSAITUAAS

unummssnwdesdneuendmiuiiaelsauzsadiv
The role of external beam radiotherapy in the treatment of hepatocellular carcinoma
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Abstract

External beam radiotherapy (EBRT) previously played a minor role in the treatment of
patients with hepatocellular carcinoma (HCC). While HCC is responsive to radiation, the normal
liver is extremely sensitive. As a result, a high rate of radiation-induced liver disease was observed.
Nowadays, radiation technology has made significant advancements. EBRT is being used in an
increasing number of settings, including definitive, adjuvant, salvage, preoperative (including bridge
to transplantation), and palliative EBRT for symptomatic primary lesions. The regimen and
technique of dose fractionation should be determined by the size and location of the tumor,
as well as the underlying liver function. The goal of treatment is to deliver moderate dose
escalation radiotherapy while minimizing liver doses in order to improve tumor control while
minimizing the risk of liver toxicity in HCC patients.

Keyword: hepatocellular carcinoma, radiotherapy, external beam radiotherapy
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Hong-Kong Liver Cancer (HKLC) staging system,
Japan Integrated Staging (JIS) 1umu® Weililiie
2 szuuitventanennsallsauarmssnuiunzan
dusuurayseey lawn BCLC staging system Wag
HKLC staging system"

[12]

NMIUUTEYEE BCLC staging system Jusyuu
filésunispeusuainiian esannaiuisaven
wensallsauarmsinufivsnzaudmsugiheusay
nuld Taefinsussdiuisnsqnamesiouuziss
N3N 1UBIA UMY Child-Pugh classification way
nMeUssduanizdnamenesiiae Snviedading
ﬁnwﬁﬂmmmqmﬂmauaﬂ%mmﬁ%’a’luﬁﬂmﬁgﬂ
Tuglsy ansgelusni wastelde™"” BCLC staging
system wusiteeandu 5 szez loun 0, A, B, C
uay D fauandlunmit 22 Tnedewdniudiae
usazsvee dftelud

1. BCLC-0 (svnzdiuann) louA fhefififounsise
Aouded vum < 2 9. Inglidinsananudnidudon
wazludnisunsnsgateeenuendu saudul
n1sviuvesiuegluinmea waglifionisain
15ANzLS4 (performance status (PS) 0)
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2. BCLC-A (5zwgdn) lawn Qﬂaaﬁﬁﬁ'auum%q
Ao vuainlafle visellideuusise 2-3 Aau
Tnglisifeulafifvuin > 3 gu. lifinnsgnatudi
Wuden waglifinsunsnsyatgeenuendu sauAU
finsviuvesdveglunueid warlifiennisan
15AugISe (PS 0)

3. BCLC-B (szagnana) laun ;ﬁﬂwﬁﬁﬁaum@q
wanefiou lagldidunae BCLCA lufinsananudn
Wuden warldfinsunsnszangesnuendu SauiU
finmsvhanuvesdueglunnid wazliennisanlsa
12159 (PS 0)

4. BCLCC (szozanana) lsiuA gthefifinsanana
YpafauNzSLEuLGen wselinsuninsyanueen
wondu Taefinsviiuvesduagluinueid wag
Fipsilanmsnesnefideudnaudauss (PS < 2)

5. BCLC-D (szuzanving) loud fuaediflennis
KgANINLIANLLSS (PS > 2) way/mseiinnsvinau
yauulili Alslvnzaudmsunissnusonsengs
\Wasuiy

d1115U American Association for the Study of
Liver Disease (AASLD) Guidelines® ladin1swuziin
Tildnsuusseugan BCLC staging system walad
nseanUainisulsssezaniudnieslulseifu
YINMIUUITEHZAUANINT NNV INLFY
é’ﬂ’mﬁﬁﬁwx 0, A uae B Aiaallanimsnanigegseau
0 iy ugthesosianingienie 0-1 esan

MIUTLEAN NI NNMBLENTENINE 0 Uaw 1 UeNIN
fuldenuazdlenainanudandesgs wWukediu
FUasyey C FavAsundasniudigiiesioing
Useiliuaniesnanesedu 0-1 1w 0-2

N13USZIEUNITYINNILYBIAUABUTNEN
n1sUsziunTIsinauvesduianudifylu
ns¥nwifvaslsauzieiuynseey  Tneszuuiily
Uszillulivainwaie 19y modified Child-Pugh
score, MELD Wag MELD-Na, ALBI grade tJusu
N15U52LAUN19Y1191UY89AUA 28 modified
Child-Pugh score Bunmsuszdiumsiaunesdud
Ié'%Uﬂamﬁammﬂﬁqm Usztliun19vauuediuan
5 st Tne 2 Hadeduiiedefivsadunnernsues
Q’ﬂw laun ascites way hepatic encephalopathy
Tuvaugiian 3 Yade umsmmamaios foansi
Yauann1siiauvessiu tawn albumin, total
bilirubin Wag prothrombin time and international
normalization ratio (PT/INR)™® Inausiaztadedl
ATLUY 1-3 §ann919di 1 n1suseiliuazuUagUae
panidu 3 & AuAzkULTIN Laka A (5-6), B (7-9)
wag C (10-15) lagngu C dwensailsalad guae
Tspuzdeuianisogrunissentinsuunne1aiu
lngedsegunissendinsiulungy Child-Pugh
class A, B way C lown 27.9, 8.4 way 3.5 Loy

auanaut”

A15199 1 N1sUTEEUNSYINUYRIRUME Modified Child-Pugh Score

1 AzUU 2 Az 3 AZUU
: » . . .
Ascites Lidl anansaauAula ldansnsanunula
Encephalopathy [ty \dniles TAain

Albumin > 3.5 ASU/AATENS

Total bilirubin < 2 {aanu/nTans
Prothrombin time < 43U

INR <17

2.8-3.5 NSU/nTAAT
2-3 1adn3u/\nTans
4-6 39l

1.7-2.3

< 2.8 NSU/ATENS
> 3 Jaansu/indans
> 6 U

>23

Age: INR = international normalization ratio
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wiitagtunisussiiunmsianuesivlugiae
TsaugiSeavaulngazld Child-Pugh score
urog19lsAnunsuseifiudanain Usynaunae
n1sUssLiuanuwuen19pdin laun ascites wag
encephalopathy %iﬁNam'ﬁﬂimﬁu%{uayjﬁuﬂﬂiuﬁu
Dudrdey Sntannsussidiudenandslianudady
Funsazdadevindy Feeravinlinanisuszidiv
Tlugdugranndn ddusainsiauinisussdiu
nsuwesdiuaas ALBI grade 1 Tnaduldly
Y ae. 2014 Fadunsuszfiunsimanueessiudn
Euilefitmurandasifasinas Taeld e
objective parameter 2 UJade loun albumin waz
bilirubin Lﬁauaﬂmiﬁwmmméfﬁluﬂﬂa&JIiﬂ;JzL%q
U wazdaudunisuszdiunisvhauresiudaimu
JuainnissuTudeyaduaslsauziseiu™ Tag
ATLIAINGAT el

ALBI score = (log10 bilirubin (umol/l) x 0.66)
+ (Albumin (g/dL) x -0.085)

ALBI grade 311 cut-off U3 ALBI score panidu
3 ngu lawn ALBI score < -2.6 \u ALBI grade 1,
> -2.6 019 < -1.39 1T AIBI grade 2 wag > -1.39 1Tu
ALBI grade 3

d1usuunumues ALBI grade Tunisuszidiu
wernsallsadmiugilaunsnudessd wuin
NM5UsEIIUNSINUYDIRUAIY ALBI grade @13158

e 17 yaglonnd

2[16, 18

LARNIITLNTNY BUININNISRIYSIF LA

UBNNYINITABATINITTOATINTIN
"0
nsAnwlag Murray uagang™ %nﬁmwﬂu;’jﬂwﬁw
uzSeiuiilaSunssnwsaesed@saufine (SBRT)
97U 102 578 WUl ALBI grade ag ALBI score
Judladenisfiannsavennensalsnsisontingu
16 Tnegfil ALBI grade 1 fAnssagiunssendingau
9031 ALBI grade 2 agnaildydAynneadia (19.8
Iou sy 8.5 1heu; log-rank P = 0.008) Tuvme
i Child-Pugh score ladflaruunnansiuagadive

ANARYNINED A LULINTNEINTAIONIINITTOAT IR
(17.5 \fiou Wguiy 10.4 1heow; log-rank P = 0.061)
uaNNil ALBI score Sduiudifunisnennsalloma
Anamzunsndeusodiu (OR densifiudu 0.1 ves
ALBI score 1.51; 95%Cl| 1.23-1.85; p = 0.00074)
Wulieatu ALBI grade fiduiusiunisiinniig
LNSNGoURaA UL ULREIAY (OR 7.44; 95%C|
2.34-23.7; p = 0.00069) @OAAABINUNITANY
lny Gkika wazauz™ lufUisuzisediv 40 518
fldsumssnusnesedsiuiite (SBRT) wuin g
7Tl ALBI grade foun1s¥nwias dlenanatnades
FOAU > TEAU 2 ;J’mmf’ma;uﬁﬁ ALBI grade sinn
(p = 0.02) WuRgIUNTANEILAY Su wazaAny"”
Fednwlugielsauziieiuildsunmssnuimesed
$aufifn 594 118 U ALBI grade Tigetudiniusi
Sasn1ssentinTiufianas fsegiunissendingau
Tugfhe ALBI grade 1 wihfiu 53 Liiew, ALBI grade
2 WU 19.5 1heu wag ALBI grade 3 WAy 6.5
Wou (p < 0.0001)
n1sUsgiunisineueesduiaiudiaglu
masnugUaelsauzisdiunnizes MsUszfiuie
Child-Pugh score 1dunisussdiuiilésuniseusu
wazldidudundsvesmsusyifiuiioutsnguiiae
®1U BCLC staging system d@1msuni1susgiiu
N19YI9IUVBIAUAY MELD tay MELD-Na sinld
dwsudnsusiugineisenssnsugnanesu Tuvasy
7l ALBI grade finsfnwnntuuasideyaaduayu
11 ALBI grade HauduiusiuensInissendingiu
saenad1udss91nn1sine ware1aaunse
nensadlsAlaAnan Child-Pugh score

nMssnelsAuzSdu
nsdnwdmiulsnuziSafuiuegfussosaes

Isa @n19e318n18909E U8 wavUsednsan

nMsvihauesiu MssnndmsunangUiesseseu
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lawn nN13HIdn (resection) n1sugnanedu (liver
transplant) ns3fouLiesen (ablation) ns¥nwn
wandwiudieszeznans laud nsligaiividn
LawwﬁmumwaamﬁaﬂLmﬂmjajéfu (transarterial
chemoembolization; TACE) n1SSnwIUanadInsu
Funediillsagnanndidudon vielinsnszarely

geiumiedu laun n1stinissnwaaeen (systemic

treatment) slwumzﬁ'mi%’ﬂwmé’ﬂéﬁu%’uﬁﬂwﬁ
suvinaulild vieanizsanevesiUaeliudus
lawn nssSneruuulseAvlseandanns (best
supportive care) sauaaslunwii 3 Fsluunany
fagnanswaziBunanzunumuesnisinmdie
A13R18598INANBUBN (external beam radiother-
apy) wlemuszezvadlsainiy

\
®

6 5 &

S2EZAUIN s2YzAY 530ENAN RELEOLGNY sEozgATY
(BCLC0) (BCLC A) (BCLC B) (BCLC Q) (BCLCD)
1 fou 2-3 fiou < 3 @
O]
( HNZAUMIHIAR )
it IRNTINO
( winzAumsilasudy )
S 1 l J' il . i’ \
! T
® ® ® ® ® ® ®
MY MIHIAAAL msmdanlasuay M3 — Systemic MBIV
(ablation) (resection) (liver transplant) (ablation) treatment UseAulszang

P o Al I Y ' ocweloll9]
AN 3 ﬂqiiﬂﬂqﬂqﬁiiquaqwﬁUaﬂjﬂ IAUTLINOULSALISYY

unumvesnsanesidannaeusndmiugUaslsa
UISIAU
wii1uzi5efuITinnsnevauesAnanIsSnYl
fae59d uanuunAfiniulinesaduin aﬂﬁgﬂéﬂﬁﬂ
TspuziSeduiiniinasinsiuvesduiianas Fdl
AR EnISAnAIEUNINFauRafuIINNIS
ma%’&ﬁq& (radiation induced liver disease; RILD)
n155nwRasSedanateuenililensdnw s
unumudndmsudUaelsauzseiu wiegdlsfnu
FromadansaneSadaaty v ldunumusanis
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5 dliuNnIu wazidudnyniadanuilaves

o

mssnwdihelsaussadiululagiu

unumnisatesidannateuendimiugvaelsa
uISausTIZAY
miﬂhﬁmLflmﬂﬁﬁ’ﬂwwﬁﬁuwmwwé’ﬂﬁww%’uQ’ﬂ’m
Tsruzidesiuszazdiu Tnefidnsnissontingiud 5 9
50-70%) feflfUasfmungfunisinudae
ASRIEAASENSTuYeduTia Wieanlematin

fiue (liver decompensation) wasn@n™® Tumesy



:4' i o ° o vaa Y 3 =
V]ﬂ’ﬁﬂqﬂﬂ’]EJWULW?J’]%a']WﬁUNV]@Jﬂ’]TJZWULLGUQLLa%ll

U
=

nsgnavesusliinntn Gefiansannannoei
94 Milan léun fiffounzifaiiostouieinays
YU < 5 U, nIeduvise 2-3 Aoulavivuia
< 3 gy, wazldfinsgnanididudon © danns
Ugnanedulinanissnuiia tnefldnsnissendin
590t ¢ T 75%2 yenainiideiinisnendan
ablation dsawnsaldidunisshemdndmiuioud
T < 2 gy, vsadumadennssnwndmsuieu
Wenfifaun < 4 gu. vide 2-3 feufidaun < 3 au™
d1m5un13TnEIR18n151859d 1N A8 Uen
fiunumanglunsdliguasldmngdunsinu
FEASHIGA ¥3aN1591 ablation A1NN1SANYISYEY
7 1-2 wazmsAnendounds wuin nssnwsens
2eiaidasnisnuaulsaanigiannnda 90%
7137 Imar;iit'hadaﬂmqjﬁL‘ﬁwmiﬁﬂmﬁﬁawmm
180 (< 5-6 @) Hwuneuliiy 3 Ao wavdlnis
Feuveuiineud9d (Child-Pugh score < 7)
Fawanslupnsnsdi 2220
N1ANEUUTIUBUIENINNNITSNYIA 28NS
a18598fun1ssnwIn1833audelidnde Siites
nMsAnwLUUdNLaETinguUTsuisussasd 3 oy
Kim wagmauy® ”LuﬁjﬂwiiﬂmLéaﬁuﬁﬁmsﬁ’ﬁuﬁa
Msppande Afvuiafou < 3 wuRues, d5wau
< 2 fiow, Wifimsanaudiduiden wag Child-Pugh
score < 7 hagn13Usziiiuaniiesnanie (perfor-
mance status) < 2 WUSEUBUTENINNITINEN
A8 RFA Wagn133nwInigaunialusneu (proton
beam therapy; PBT) Usunaussdifieulindu 66 1nsé
Tu 10 s Tneflauyfigiudn mssnwidaseynin
Tsneuliuszandnmlineeninnissnunnie RFA
ffUhednTiumsfine 144 918 guuiadunissne
A8 RFA 21U3U 72 518 WaEN133N¥IAI80UNA
Tusnau 72 918 wigthe 6 510 Tunguitdedlésums
Snwngeunalusmouldsunsshwiieg RFA uay

fUae 19 518 Tunguitdedldiunisinunse RFA 1¢
Sumssnwcgeaynaluseu wud 8nnsegsen
Taguaamariuianei 2 T 94.8% Tunguitnw
sheoymalusneu way 83.9% lunguiinunie RFA
(p < 0.001) dlotpsziiuuy per-protocol analysis
uazfisnsnisegsenlagtasanisinizuiamel 2
92.8% lunguisnudoounalusneu uaz 83.2%
Tungui$nwisne RFA (p < 0.001) ieflAsnesiuuy
intention-to-treat analysis Ua¥31n153nsaae
aunAlsnaulinesluniinisshuiaie RFA
dmiulszansamnisSnwidigeunialusneu
Wiguiu TACE Hiileadayaann interim analysis

27 &, !
“UQﬂﬂH’]LL‘UU?jN

NN3ANEILAe Bush LazAne
TugtelseuziSeduselnindlingldsunissnwm
NeU tasiianwazau Milan Criteria (1 Ao v
< 5 93, w39 < 3 fou wazlifidouls > 3 a1) wse
San Francisco Criteria (1 N9U TWA < 6.5 Y. %30
< 3 fiou wazlufifouln > 4.5 gu. Lazauinfious
< 8 au) duivneidu 2 nqu laun nauiildsy
ns¥nwdie TACE $1uru 36 T8 uagnguitlésu
nMs3nwInLaunIAlYsRauUmeUTISENg UL
70.2 138 Tu 15 a%a 12w 33 378 WUt Mssnw
sheeymalUsnouiidnsmsaunulsaanzi 2
g9ni (88% Liguriu 45%; p = 0.06) Uagildnsinig
9E70ATINUaDANISNITUGINTY (48% Lilguriu 31%;
p = 0.06) wiegrslailosarnuanisfinuwfngn
\Wuifles interim analysis Ssddlifitoyaifivmweiiaz
agdler msshwimensaeSideunalusneusnd
nN195n¥19 28 TACE N159n©1396 93915041
ANUMzaNE U UIeudaE 1Y

oty FnelsruziSaiuszorduilsimnzdwmsy
N3snwINnsgIu bewn n1sesn wsen139 abla-
tion M3snwenMsaesdausalddunaden
vildmiunsdifanan delsinanismuaulsaany

'
a

l
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M15097 2 Msfnwnsaesidneuendmsuiiielsaussadiuszeziunlimunefunsindarsenissnweg

ablation
ns sUuuy 1 anwoug wwafeu  Yinadd  dsegiunis desns dnsinis
finwn nsANE FUae U (fsagy, ek auaulsn  s9ATin
Q)] () Nefe (w1.)) fAnnu N EIetY
(au)
Yoon MIANYITOUNAT 93 uzSedU AR < 6 BN Uavduu 2 (1-6) 30-60 1N58/ 26 1U95% 17U 86%
LavAuy < 3 fildanunsasnwimensiiia 3-4 A39 2993% 2763%
(2013)* 30 ablation, CP A-B 3U92% 37 54%
Sanuki - NISANYITOUNAS 221 wmedu fowfeavun < 5 au 2427  CPALO WS/ 24 1999%  1395%
LavAue Tuanansashwnmenisediavse (0.8-5) 5 A39 2993% 2U83%
(2013) ablation, CP A-B CP B 35 15/ 3U91% 3V 70%
5 A3
Sulay  MSANYIGIUNAS 132 uudedurug < 5 o0 fllaanse 3 (1.15)  42-46 insd/ 21 1091% 1794%
AL Shwmensudavse ablation 16 3-5 A39 %30 2U8a% 21 64%
(2016) 28-30 1n38/ 37 58%
1 a4 47 36%
Bush MsEnwILUUEL PBT  wzefuiiiunasinisiadadesy  RT 3.2 70.2 4058/ 28 21 27 59%
uazAMy  waziingualuay 33 #@u ey Milan %50 San Francisco  (1.8-6.5) 15 e PBT 88%  dwmiu
(2016)*"  (interim analysis) ~ TACE  transplant criteria TACE 3.2 TACE 45% i
36 (2-6.5) (p=006) VA
Jeong  msAnwdouUma 119 fihousdeduittnudng SBRT 1.7(0.8-6)  30-60 n38/ 26 17999% 17 99%
LazAnY 3-4 A5 2U91% 2V 871%
(2018) 3U97% 37 84%
Zhang  msfinwndeunds 28 wmeiuitliannsardande 2.1(1-3) 3560 tn3d/ 36 1996% 1793%
LATANE ablation ¢ vun < 3 wu 3-6 ASY 2U93%  2U86%
(2018) 3U89% 3V 79%
Hara ASANYTOUNAT RT 106  UgL596U 1A < 3 93 WazsuIu RT 1.8 - RT 29.9 37 37
uavAne  uaz PSM RAL06 < 3 AldSunissnwidag RT vse (1-3) RFA 33.7 RT 94%  RT 70%
(2019) RFA RFA 1.7 RFA 80%  RFA 69%
0.7-2.8) (p<0.01) (p=086)
Kim way  nsAnwludnemii 32 wwdwuiildannsashwsenis 2.1(1-45)  36-60 1058/ 27 2U81% 21U81%
Ay szey w169, ablation %38 RFA 16 4 ¥
(2019) FIUIU < 3 oUW VUINTIU < 6 T,
CP A
Kim wag  nsfnwiuudu PBT72  umdsuiifinsmiSuvieillsans PBT 1.2 66 138/ 51 2% 27
Ay uawfinguiUiey RFA72 180 AU1A < 3 93 WAy < 2 Now, (1-2.5) 10 A39 PBT 95%  PBT 92%
@02) 7 fusverdi 3 CP<7 RFA 1.2 RFA 84%  RFA 90%
(1-2.9) (p<0001) (p=082)

Ag@: CP = child-pugh; PBT = proton beam therapy; PSM = propensity score matching; RFA = radiofrequency ablation; RT = radiotherapy;

SBRT = stereotactic body radiotherapy; TACE = transarterial chemoembolization

010
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unumnasaesedainateuandiniugUaelsa
UL FIAUTTHLNA
dmsuunumesmsinsefdludteiilse
ananuameiiuntu Tdud fdeusunelng vied
nanedou lnglufilspgnatudduden Lufilsa
aﬁnawaaﬂuamﬁaﬁu wazlilsafisouiniudes
nssnwlundnlugUaonguil 18un nnsvi TACE

[31, 32]

NNSANYILULANLAEINGUAIUAY warnIs

B3 wu31 TACE 1 Nens)

ANWILUU meta-analysis
A1350ATINTIUTIUAUAITTAYIANBINTS LABNIS

$nwinae TACE ffi58514n15500930594 25-30

Wou TuvasdinislinsshvaSusenisanssad
3InA18UBNeIRNSRIIn1sTonTansaule
910 meta-analysis Ui fUhelsauziSeduiles
N135nwAle TACE saufunisanessdainnieuen

35-371 8

fgnsn1ssentinTiugand™?’ Snviainisneuaues

ABNITSNYIANI AL UAUN1TSNE1A 28 TACE

5239 | maenslsimnunisAnunadiulug

LE9DE9LAEN
fisrusawlu meta-analysis 1un1sAndounds
anutdefievesteyadinandadlininin uas
famadipssomsAnuifisdy (SeazBoadauandy

M15719% 3)

M15797 3 Msfinwnmsanesdnnaeuendmsuiiislsausisadiuszeznan

MsAnY sUuuuns U anwazdiae NFUNABAY  NFUAIUAN 9MIINTIOATINTIN N1SADUAUBY
@ fAnwn o
(Aw)

Huo etal. meta-analysis 2577 cjﬂasimm%aeﬁ"uﬁiﬁ%u TACE + TACE 1 U OR 1.36 (sig) CR OR 2.73 (sig)
(2015) *? A155nw1928 TACE + 3D-CRT

3D-CRT #38 TACE

RIERGERNGER
Baietal. meta-analysis 1652 mjﬂaaiamm%aﬁuﬁlﬁ”%u TACE + TACE 17 OR 1.95 (sig) CR+PR OR
(2016) n33nwIRe TACE + 3D-CRT 2 U OR 1.87 (sig) 2.29 (sig)

3D-CRT #38 TACE 3T OR 2.0 (sig)

Wigsog1aihien
Katsonos  meta-analysis 5763 ﬁﬂ'mimmlﬁq&’uﬁlﬁ%fu TAE, TACE, TAE, TACE,  58g1UN13500T3I0574 s
et al. MsSnwRae TAE, TACE, DEB-TACE, DEB-TACE, TACE 18.1 m
(2017) #" DEB-TACE, TARE TARE 528U TARE DEB-TACE 20.6 m

SN EANCEERED) msfhwdy  Lfissedaden  Bland TACE 20.8 m

Safun1ssnuau TACE+EBRT 30.1 m

TACE+ablation 33.3 m

Buckstein ASANY 103 Qﬂuaiiﬂuu%aﬁuﬁlﬁ%u adjuvant  salvage SBRT  dsegiumssendingin  msSnwiasudae
et al. Founds A3SnwIAE TACE SBRT (50%) (50%) 29.3 Lfou SBRT fen31
(2018) F7uAU SBRT (3.5-44 \fiow) N1IMDUAUDI

gend iguriu
SBRT flefinns
Mi3U (80%
Wgunu 44%;
p = 0.06)

Ange: CR = complete response; DEB-TACE = drug-eluting bead transarterial chemoembolization; m = months; OR = odd ration; PR = partial

response; sig = significant; TACE = transarterial chemoembolization; TAE = transarterial embolization; TARE = trans-arterial radio-embolization;

3D-CRT = 3-dimensional conformal radiotherapy; SBRT = stereotactic body radiotherapy
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N155N¥IM 18152185981 N8B NLRY S
staigrdmTuiUaeiiliamnsanindalduaz s
lagnmsananudidudendadidnda Galulinisfinw
uinwedvinliagulddn ns¥nwidienisaissd
iesognaienfisswertuithenduil a1nn1sfine
fouvdalag Su wazan™ Tugtnelsauzi3edudiil
YUIANDUNINAIT 5 Y. ﬁiﬂﬁﬂﬂiqﬂamvﬁ%ﬁmﬁam
Lifnisgnanulddereuinnios waglidinig
unsnszane laeggiedeedinisussiiiuantigsnanig
AU 1-2 Wayn3vinauvesdueyseauanaULnang
(Child-Pugh class A-B) wui1 n1sl#nssnwn SBRT
FiU TACE §8n91n1350n83nTulagensInisey
59AlAEUARANITUNTNTEA1BEINIINITINYIAIY
SBRT tiiga@8149LAga (p = 0.047 way p = 0.049
puanry) wregelsinissnumienisanessdena
L"f]uwmLﬁaﬂwﬁﬁm%mﬁﬂwﬁhjmmzﬁumi%“ﬂm
Frenssnanzinssu annsAneilag Bujold
wazanz™ TufhelsauzSeiudiuau 102 518 1
TimnzAumsnvameicediau wum msshn
Fro%ad5ufifn 24-54 1056 Tu 6 A% T8RsINNS
muaulsalaneiideudied Tnsnudnsnisitu
st 13% 911 Y uaz 26% 7 2 T

Fathu TuftaelspuziSeiuszeznans nsanesed
ANAYUBNDIINATUNATMAUNTTNYIAY TACE
w%ai%ﬂuﬁnmmﬁaﬂwﬁwmﬂ'ﬁ%’wﬂuﬂiiﬁﬁ@'ﬂw
lalaasavih TACE 1ot

unumnisatesedanateuendimiugUaelsa
2 o o A o v
uzissiunnaudussliffan1sinyinae thermal
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nsfnen @ gluuumsinen dwau nsthen UEEIHE f58g1uN13500 dadaunisney Azunsndausziu
g Tingau GION >3
(Aw)
Tazawa ez MsAnwdounad 24 TACE+RT  50n56/25a%  CR/PR 9.7 o 53.8% (CR 3.6%) 13%
Andz (2001)°" SD/PD 3.8 iiau
Ishikura way  nsAnwludnewiin 20 TACE+RT 50 n58/25 Asa 5.3 Loy 50% (CR 0%) 5%
Aty (2002)°”
Yamada uwaz  nsAnwludnemiin 19 TACE +RT 46-60 1058/ Havin 7 oy 57.9% (CR 0%) 5% (nanLdonsn)
Az (2003)° 23-30 as CR/PR 15.4 \fiou 2% (iadons)
SD/PD 4.6 fiou 2% (wnafiald)
Kim wagany  nsAnwdounas 59 RT 30-54 1036 Wmn 7.8 Wou 458 % (CR 6.8%) 0%
(2005)* seUsnussd  CR/PR 10.7 1oy
23 1n3dsends  SD/PD 5.3 fiou
Nakazawa MIANYITOUNAT 32 RT 30-56 \n3e) T 5.7 o 48% (CR 13.8%) 0%
Lavauy foUTumsd  CR/PR 13.8 ilou
(2007)" 1.8-2 Insdman3s  SD/PD 7 Lfiau
Toya Way ASANYETDUNAY 38 RT 17.5-50.4 \n§ Homn 9.6 Wou  44.7% (CR 15.8%) 0%
Ay (2007)° seUTuuTE
1.8-4 1nsOR0ASS
Zeng Uag NSANYITDUVAY 136 RT 36-60 Ln5¢ CR/PR 19.5/10.2 56.6% (CR 30.1%) AST 3.7%, ALT
Atlg (2008)°" AeUSusd ey 4.4%, ALP 0.7%,
2 insdsende SD/PD 7.2/3.5 dindeavas 5.8%,
o namdons 25%
Yu uazAnY AIANYITOUNAT 281 RT 30-54 1036 Wamue 11.6 Weu  53.8% (CR 3.6%) 20%
(2011)% +/-TACE  sheUsunaused  CR/PR 22.0 Wou
1.8-4.5 1058 SD/PD 5.0 oy
fOATY
Yoon Way MIANYITOUNAT 412 TACE +RT 2160 458 ghe  vivium 10.6 iew  28.1% (CR 3.7%) 10%
Az (2012)° USused 2-5  CR/PR 19.4 Wiou
QELLETES SD/PD 7.0 iiou
Kim uazAny  nsAnwdounas 59 TACE+RT 30451056 fae  viavum 17 o 51% (CR 5%) 3%
(2014)” Ysnsed 2-4.5
Indrense
Khorprasert nsAnwdounds 160 RT 25-50 138/ e 8.3 ou 74% (CR 18.5%) 14.1%
wazAny +/- TACE 45 a% CR/PR 13.1 ifiou
(2021)°" 30-55 Lns8/ SD/PD 6.8 Lilou
1015 A%
45-60 Ln58/
2530 p%e

Anga: ALP = alkaline phosphatase; ALT = alanine aminotransferease; AST = aspartate aminotransferase; CR = complete response; PD = progres-

sive disease; PR = partial response; RT = radiotherapy; SD = stable disease; TACE = transarterial chemoembolization
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Snw1ene SBRT 24 518, TACE 37 518, RFA 9 578 way
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ﬁ]’mmﬁhzLﬁu‘ww‘wm%%mﬁé’i’mdauﬁﬂwﬁﬁma
AN8YBIHLL59 (tumor necrosis) 11NN 50% LakA
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Tnofidadruguaeifinnsnevaussuuvanysel
(complete response) l6ilkn SBRT 29%, TACE 42%,
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@ nmsfnen (A (nsdy/dwauads  nseaa GUoeild see@in  suesan  unmsndou
fiamn  Sunsindia sauved (CR+PR 56U 23
Wasudu  msendn e 2 50%
(%) Wasudu tumor
necrosis)
(%)
Katz msfnw 18 fheusdeiudldty  deguuiinased  634dou 12 (67%) NA 45% 0%
uazAMy  BRunAd SBRT 531430 OLT 50 4038 lu 5 ASs (CR 8%)
(2012)™
Facciuto  msfinwn 27 fliensdeiuillétu 2835 nsdasedt 27ideu  17(63%) 3 82% 37% NA
uazAy  Beundd SBRT sgninese OLT (CR 14%)
(2012)*”
Mannina  misfinw1 38 Ghsssdeiuiildsu s insdss e 48U  38(100%) 3U77%  68% (CR NA
HazAy dounea SBRT uaz OLT (26%) 45%)
(2016)™ 40 1n3é/5 pfa
(61%)
Mohamed ~Msfinw 60 faefildiunssnu  deepuviinaded a1 deu 60 (100%) 59 SBRT 71%  SBRT 0%
uasAy  Beundl Wit uaz OLT 50 1038 T 5 Asa AWT9%  (CR29%)  TACE 11%
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(CR 75%)
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(p < 0.001)

ANg: CR = complete response; NA = not available; DFS = disease-free survival; OLT = orthotopic liver transplantation; OS = overall survival;

PR = partial response; RFA = radiofrequency ablation; PSM = propensity

TACE = transarterial chemoembolization; Y90 = yttrium-90
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score matched analysis; SBRT = stereotactic body radiotherapy;
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164 510 duidu 2 ngu Idun nguildsunisinw
shemsae¥sdneunsiidn 82 516 uaznguilau
NSHIAALAEIDE19LAYY 82 518 WUIN ﬂzjuﬁlﬁ%’u
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snTInTand 2 U gendnegrsfidodrdgmneada
(27.4% \Wiguiu 9.4%; p < 0.001) @OAAADIAN
nsAnwdoundilag Hamaoka uazame™ Tugie
TsAuzidafuiia portal vein tumor thrombus
Aldsun13¥nundag hepatic arterial infusion
chemotherapy (HAIC) Taufiun1sanessdainnieuen
1 52 578 dgUae 7 91 lasun1sindne uag
a3 e lildFunsinda wuin nguitleFunisenga
{9n31n15590TInTIugendn Iaenislasunisindn
Judadeddniidmanednnissendinmy uas
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awi 9 JUhelsauiiswuruin  dn1sanatuvesusiiadn inferior vena cava uaglifinisunsnszatevedlsa
195un155nw19Ie transarterial chemoembolization SaufUNNSR185IAINABUBN FreUSuSeE 40 1nsd
Tu 5 A3 ndsNUUlAFUNITIAR 1 7 Whou naIe3ed nan1sne53nemu complete necrosis (o viable
tumor), size of necrosis 7.9x7.7x7.2 cm, free all resection margin (n.) AWLBNTULSIADUNNABINBUNNT
219598 (1) NMNBNTLITABUNNNDSNAIATUNITSNHIPEN1TRIETIE 5 1iou NUIN AeuuziSalivuinanad kay

1 a v a
1aifl enhancement (A.) N13ns¥aN8UsUS
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M99 6 ﬂ’]iﬂﬂ‘lﬁ}’]ﬂ’]i%}ﬂEJiQﬁf’U’]ﬂﬂ’]EJ‘lJ’e]ﬂﬁ"l‘Vﬁ‘UQU’JEJIiF"IiJ%LiW]UV]iJﬂ'ﬁ@ﬂa'mL‘U']LﬁuLﬁE]ﬂ NBUNTTINIRAFAU
asfinen  gUuuuns  inasidadenidn n3¥nY Yinaddsn dsegiums  dasnissendia Mag
@) finwn @Emaudlae)  (nsd)/Amaues  asfiany swmii2d unsndou
5¥AU 2 3
Kamiyama  n1s@nen HCC with main/  Preop-RT 15 30-36 1038 Tu 83 Lfiou 33 pauldendeu 6.7%
WA ALY FouUnag first branch PVTT;  No RT 28 10-12 ﬂ%u'd Preop-RT 43.5%
(2007)" post hepatectomy No RT 13.1%
(p = 0.04)
Li uagany  NISANY HCC with main Preop RT 45  18wsdlu6pss  84ileu  Preop-RT 20.4%
(2016)  doundy PVTT S/P No RT 50 No RT 0%
hepatectomy (p <0.01)
Hamaoka ASANEI HCC with major Resection 7 30-45 138 Tu 13.11Hou  Resection 100% 0%
LAzANY Founda PVTT; post Non-resection 10-15 AS9 Non-resection
(2017)® HAIC+RT 43 18% (p = 0.009)
Wei nsANE Resectable HCC Preop-RT 82  dsegmulunussd  152feu  Preop RT 27.4% 1391 91uv09su
uAzAmY wuungs with main/first NoRT 82  18in38 lu6ad No RT 9.4% 2.4%
(2019)*" uawiingu branch PVTT (p < 0.001) TB 2.4%
AIUAN

A188: HAIC = hepatic arterial infusion chemotherapy; HCC = hepatocellular carcinoma; preop-RT = preoperative radiotherapy;

PVTT = portal vein tumor thrombosis; RT = radiotherapy; TB = total bilirubin

A1591899N15219594

ANUSUNITLASEUAIN BUINABIR1YSIE 819
firnsaunila fiducial Tugfthefifeusnsananiesu
Undlaginannintenaisdaediiimes cone-beam
Feluifinnsdnansfiuded vselunsdiiliaunsasi
ANLENTLIEABNRILABS cone-beam 1a launn
5ils fidudial Indfuffeuuzise ievilvianunsnszy
fumiawesiousewitamsansdedldudusinniy
N3l fiducial AIsYantINaUIIaRINITANYSE
wanefu Wosanndailsluszezusn funiawes
fiducial o1afinsdsundasle

ns9aeanIaesed fhealsegluvinueunae
pnuLuMieRswy wavenafiansanld vacloc bag
WugunsaiBanis Faanslunnd 10 awiildlu
nsfmusvaune Bzt Toun multi-phasic
contrast enhancement CT simulation #2g slide

thickness 1-3 faduns YonNUHBIINISUSEIEY

nsedasulmvesdoununisnielesiudoiaue
Taganusansivdaula laeld kv fluoroscope,
four-dimensional (4D) CT 38 cine-MRI 1oy
finswdouiivnnniy 5 fadwns WRnsanldmeiea
n13AuAuNIIKIela (motion management)
Sy Faflnarnnaneds 81989m1u AAPM Task
Group®™ lgun

1. Motion-encompassing methods Wunns
aeed lagliUremelaund laeasinisuseidiy
maedeulmvestoununismela wasawauns
%’ﬂ‘lﬂﬂﬁmauﬂqumimﬂiﬁ]ﬁ’wm Taan1suseiiu
msedeulmvestoununsmels @aunsausyifiv
1¢91nn159 four-dimensional (4D) CT 3493
nstiun il svesiouuziidlunnszezuns
msmela dlidumsiedeulmuestiou wavanunse
AMNUAYDULYAYBIN DUATOUARNNNTLUEUDS
nselale (intermnal target volume; ITV) s
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il 10 Madavingthedmiunisaiessd fiheegluvinueunne MNwvumiledsur wagld vacloc \ugunsal

gan3e dnsmivaunismelalagligiiemelasengaudindu (deep expiration breath hold; DEBH)

AMAIN @1v5NESIYIazLTSNINeT MATYTIEINE AnELINEAERS PaINTAINING IRy

wingdmiugiiinisiadeulmivesieutiasnid
5 faduns wivgslsimuidedrialudtaeimele
Tanave wazdounndainisndeulmuinuay
wela fosanagililiuiinesidmngle) duwa
TiSinaddraidadeunfsoutiegeiu

2. Respiratory gating method Juwnaila
n1sane g Utenielaunid weesdissuudu
mapdeulmeemiienaiunismela wazdivun
Tinsaneddiamyusssezvasnsmelawinti®
?zfﬂm8ﬁaiﬂﬁﬂﬁﬂuum1ﬁ%’n%aaﬂsdwﬁtgﬂwmﬂaaaﬂ
desniduszeriideufinisedeulmtosnin dwa
nsivuaveuln TV Wdnauflsuiunisaiesed
Tuszavauveimamela uwiogslsfiniaiiidesin
Tugftaeimelaliainaue wazsdumadaildioe
a1eedroutaunudisuduisdu eswniinis
mefdanyuisiwesnismelawiniy
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3. Breath-hold methods L‘ld]ul,wﬂﬁﬂf[,ﬁ'@ﬂ’m
ndumelaseninme$ed lfuunnves TV anas
wniteufuizou wiing9bsfiniugUaad el
musaniied uazdesndumelalduuiieme 3a
breath-hold methods fiva1e35 Lau

a. Self-held breath-hold with or without
respiratory monitoring Lﬂumﬂﬁﬁﬂjmaguma%
shenues Tagmludenlihenmsmelasongaudd
né (deep expiratory breath hold) \leaanil
andlndidssiulunn q seuresnismela (repro-
ducibility) u1nn1 Lﬁal,ﬁsuﬁ’umimﬁfl.wﬂ”lqm
uindu (deep inspiratory breath hold)

b. Active-breathing control dun1sliigiae
ndumela lasdguninitasaiuaulvdiuing
msmelansitlunn 9 sevvesnsmele Juduis

AngiuamuwiugwazannUranedaulaun



wiognalsinudstifumadaiiviladeudieenn
esnngfihedoaneladuiusiuedos

4. Forced shallow breathing with abdominal
compression #o nsldgunsainauinaaudves
Aiietd Lﬁ@lﬁﬁﬂ’wm&ﬂﬁﬂﬁﬁmﬁu q Wil iean
maadeulmvestsunasdvngliindeesnia

10 Taduns®

"uaglndifeadulunn 9 seuves
asnela wregelsiniudaseinseTannsane
gunsallallvivanefiamiansnvessd

5. Real-time-tumor-tracking methods WJu
wialaiivilanunsafianunsindeuvestouuziss
syrinmesedle wazinisusunisanesdlinseiu
muntsvostounsiSiindouiily lnggUremela
IFauUnd W n1sanesadieinsas Cyberknife
flszuuiiitesenin Synchrony sanunsausudnsed
MINNITLAADUTDIN DUNZLEITE NI 1908 SeF e
1aeiin15An light-emitting diodes (LEDs) UnwWil
nnen Sauiunsils fiducials Tuluusmnouusise
wasariinsnseiunmsindeuvemtinendendas
Tuiesanu5ed wavariigasnuisussunanaliiou
mMapdeuvamtenfisuiunsndeues fiducial
ﬁgﬂﬁiqﬁﬁaumﬁa finsaddumarhuienisindeu
Y89n0U wardsuansedlinsaiumunisvesnou

ylranunsalnsedludinouuziSalaagawiug®

v
adada Y o

' | I o v a
wiog19bsfin1udsudveddnlugdUleninigla
ldasiaus 1ie991nlunan19vnuIefIwiLIves
ADURANAA LA

msivuaveulnUsuIasidnuungvesnsanesed
N15ANNUATDULIAUSLIASIT 1 MUNEBINNS
e3ed Tnsimusveun fselud
® Gross target volume (GTV) fognsuanslu
awdi 11 - 12 g

o AounziSaludy (liver tumor) Fumievas
Aoudifl enhancement 1u arterial phase tagil
washout Tu venous #30 delayed phase

o faunzisedina lipiodol (lipiodol-retaining
tumor) ﬁa@i%ﬂﬁuﬁaumﬁﬁﬁﬁ enhancement

o Vascular tumor thrombus Aouuzi5e
Tudwidendisl enhancement Tu arterial phase uag
# washout Tu venous 3o delayed phase

® Clinical target volume (CTV) 8138in15v818
10 GTV niselddla sﬁuagﬁmmmﬂmi%’ﬂmuaz
Toust wimniinsuens onfinsanlinenaoungy
Wnswelul

o 3-5 aaluns 59U liver tumor GTV

o0 2-3 HALUAT 59U tumor thrombus GTV

0 ATAUARY bland thrombus ﬁagjﬁmﬁ’u tumor
thrombus GTV

o ATEUARNAIMMUITIYIN radiofrequency
ablation 138 TACE fleginfu GTV

o CTV ‘V?ﬂ‘lﬂuﬂ 11Jlmmgljuaﬂ natural barriers
W lipsiageanuiueniafu

® nternal target volume (ITV) = CTV +
mswadeulmvesiou %ﬂ%uﬁ]@:ﬁumﬂﬁﬂmiﬂﬁuqm
msmela

o mnlwgUasnduniglavaznislaoen
laidndudeswens TV 210 CTV

o wingUaslaldndumisla huseifiu
n1swedsulmizesteudaenin 4DCT e
minimum-intensity-projection (MINIP) @11150%2¢
‘UizLﬁumiLﬂﬁauiuamaaﬁauiﬁ'luﬁﬂwﬁﬁaumL%a
fignwaiidu hypodense Wisufuileduunalaeseu
LLazﬂ"mumauquGﬂ,ﬁﬂﬁaUﬂqumﬁmﬁaﬂmmmﬁau

® PTV = ITV + 5-10 fadwuns Jufumada
299011138 (image guided radiation therapy;
IGRT) 71l
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a P PR 2 v Ay v, .
WA 12 VULUATDY gross target volume (AudwA) veaUaelsnugiSeruiifaugnanuidn inferior vena cava
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1&al@sU transarterial chemoembolization (TACE)
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Usudfiiisanesonisaiuaulsaiany
uazmsiiusaMsseatinsilugtaslsauziseiy
Fenaduiionifes wazdsluidveyafiuidaluiFos
ANNFNTUSTENIINUSIUSdlaEN1SRaUANRIYDY

M13199 7 AnuduiusseninaUiinused nmseuaulsaang
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o 2 [ o < a = i LA
NOUNTEIY LLWE]Bﬂﬁliﬂm’]ﬂﬂﬂ’liﬂﬂ'iﬂ'WlWU')’]USlﬂm

%’ﬂﬁﬁqﬁu (biological equivalent dose; BED10)
og1atfoy 65-100 1n56) duiusiunismunulsad

D
[88-90; 88,91,92]

gaunnTu® ™ uardnTNsTentin gL

AILANIIUAITIN T

a4 o |

gnTnsegsenlagUasAniIfiiiu uagena

msseadinsuludUaelsauzswunlasunssnueineSadsaudiin

nsAne vilnves FJuu gidsau dseguns ANBLS HansAnEN
ASANYY nsAneE A32RANY
Jang uazAY AMSANWN 108 uBSasudi 30 oy Usunased BED10 uaz 2yr LC Dose > 54 Gy/3F 100%
(2013)* Houvidly lsfanansosindinle dnsnsaruaulsARIg Dose 45-54 Gy/3F 78%
(Lo Dose < 45 Gy/3F 64%
(p = 0.009)
USuneu$ad BED1O uas  2yr OS BED >54 Gy/3F 71%
#n3IN1550ATINTIN (OS) BED 45-54 Gy/3F 64%
BED < 45 Gy/3F 30%
(p = 0.001)
Lazarev uay ASANYN 53 mL%aﬁuﬁagj 12.2 \hou USued59d BED10 wag 2yr LC BED > 70 Gy10 97%
Az (2018)™ founas nassy Sasnsaauaulsaamg BED < 70 Gy10 73%
o (p = 0.01)
Rim LazAny Systematic 1950 uz159fy - Usunsed BED1O uaz 1yr LC BED > 80 Gy10 89%
(2019 review dnsnisaauaulsaRmg BED < 80 Gy10 86%
it (o (p = 0.071)
Sun uazANY n3ANY 108 w596 < 5 qu 42 \flou U3ueused BED10 way 3 yr PFS BED = 100 Gy10 66%
(2019) *" dounds dnsnsegsenlaslaen BED < 100 Gy10 42%
A3u (PFS) (p=0.017)
USinu$sd BEDIO Wy 3yr OS BED = 100 Gy10 85%
FnnssenTinTaa (0S) BED < 100 Gy10 67%
(p = 0.02)
Yang uazAnly  nsAnwdou 104 wziSeuiidng 6.2 hiou Usunased BED10 uaz BED < 65 Gy10 &8m31n13
(2019)*2 VG qnannduion Smsn1aendingau (0S)  seatinsaudind1 BED = 65

Gy10 (HR 1.63; p = 0.007)

Aneia: BED = biological equivalent dose; HR = hazard ratio; LC = local control; OS = overall survival; PFS = progression-free survival

wiUSunauadnguasduiusiunisaiunulse

ARTU weogrelsAmunsiiuUSu1used BED10O
Taendn 100 1058 deanduniandes 31nn1sANYA

Y

g Ohri warAuz®”

Fadudrunilavesnisdnwl

High Dose per Fraction Hypofractionated
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Treatment Effects in the Clinic (HyTEC) tAUS2UT

N15AUANLIARNIENTBINTIN YR8 TIET AR

TufendunzSegugl (primary liver tumors) &
AUaelsAugiSedu 394 518 910 5 Msfinw waghtae
Uz 5wWiRd 37 578 910 2 Nsfnw wud Tungui
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L“T;JumL%&ﬁuﬂguqmamnmsmuqukﬂLawwﬁ 93%
7117,89% 7 2T uaz 86% 7 3 T Jaddns
nsaugulsalaniziineud1egs uifd1uszan
ﬂ?ﬂ%ﬁﬂmaﬂﬁﬂaalﬁ%uﬁmm%’qﬁ BED10 60-72 L3¢
uananidanudn Tuszdeiuugugdnguiildsy
YSinausedunnndt 100 1nsd dmsasunulsaang
ﬁVL;J'LmﬂthWﬂﬂq'uﬁiﬁ%'uﬁmmﬁ'ﬁ%ﬁa&m:h

100 1058 SadUIINASANYIRINAITIUL U]

. e

[

TdUsuusiddniunisaten 195985 1uin a9
ladgaannddn wu Usunaussdasiay 8-10 1038 uau
5 A59 1Wudu 1wl A.d. 2021 American Society for
Radiation Oncology (ASTRO) lauugiiuSunused
Ny o1, vLyu o =] [87]
NNUNIFHUMTIATU AIM151991 8

A13199 8 UsuausediiuuzihdmsudUaelsauzisaiu Ing American Society for Radiation Oncology (ASTRO)

U a.A. 2021

Fractionation Regimen

USuausedsiu/anuiunseuaanisanesed BED10

Ultrahypofractionation

CP B7: 30-40 03¢ lu 5 ads
40-54 1056 T 6 a%s
50-66 1056 1110 Asq

48 1056 lu 12 Ada

Moderate hypofractionation

60 1038 Tu 20 A

66-72 1158 Tu 22 a%s

Standard fractionation

60 1038 T 30 A

77 1038 Tu 35 A

CP A: 40-50 1058 Tu 3-5 a%q

45-67.5 156 Tu 15 A%q

50.4 1056 Tu 28 Ade

72-125 \n58
48-72 159
67-103 L8
75-110 1058
67.2 1058
59-98 1n5¢
78 1058
86-96 \n5Y
59.47 \n5¢
72 1058

94 1058

Aga: BED = biological equivalent dose; CP = Child-Pugh; fiadnwsdiamun wansUsunassdinlivesian

widnsaefeddmsunziseduarAaan1ssnw
USinaureudng Lﬁaﬂﬁmuaﬂﬁﬂﬁaﬁu upagals
AnunSUSNS ARl Sadeemdeianadafisa
Aeatrzirades TneRansananiteulesdulsnm
Sedvnunazeinly

Raulvlsruusunassddmsuilanuuni
USunuSedinaeiiesuun® (mean liver dose;

MLD) Butadedrfglunitsimunusunasedluds

Aounzide esmnusinasidedeidleduunai
T udusius fulonalAnaIzunsng ous oy
figatu Gsnnzunsndoudindniidnamogds
10-76% Snsadfalalfinnssnunanie dafunisiesiu
LavanAMILEBIRENISinAITISNYouRafUT o]
AudFeyee1aE e FeflenuvesUSinmsidesiuun
(normal liver volume) A ﬂ%mm&fuﬁ”’wm gnLIY
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fafudeulvtsduuiinaiddeidesuunilugiae
Tungu Child-Pugh B Farimunlisningvaenga
Child-Pugh A aannsAinwlag Lasley uazmuz™
970 Indiana University Iupg'ﬂaaiiﬂmﬁqﬁuﬁlﬁ%“u
n135nw e Sadsudin gUlengu Child-Pugh A
$1uan 38 918 THTUUTINEE 48 1nsd Tu 3 ale
Tae 1/3 veailefuunidesldfussd < 10 13
wazdSumsAuung = 500 faddns sedlasuusunm
$efilad < 7 1038 uazgtaungu Child-Pugh B S1uu
21 518 WSuUEnsed 40 1nsd Tu 5 ade Taw 1/3
vouileduunfidedl@sused < 18 136 uazUiies
Fuund > 500 Taddns Aeslduusnaiidiade
< 12136 wudh Uhinaddiadslugiiuunatigelu
Unadadd 1/3 veadeduunilasugedu way
USanasvesiuUnAflasu SR igetu durtus
UNISAANTITUNSNTRUABAUAINTULIITEAY 3-4
lungu Child-Pugh score B uagngu Child-Pugh B
fifUaefifanzunsndaun ofunuguus ey
3-4 ganI1ngu Child-Pugh A (38% wiguiiu 11%)
uenaIndganud ANN1ITUNs T DU BFY
AUTULTITEAY 3-4 FUNUTAUINTINITTONTIN
suitanas 4.3 wihlungy Child-Pugh A (p = 0.03)
Tuwauzfinga Child-Pugh B msiinnnzunsndou
AAUAMUTULIITEAY 3-4 luflanuduiusiudns
M35enTInTIn ursgrslshaueradunasngiae
nda Child-Pugh B 3 518 l83unisindaasusiy
uenanigadinisdnsmuin Tungu Child-Pugh
Score A Q’ﬂ’aﬁl'ﬁ'ﬁ Child-Pugh Score 6 Hlonalin
AMzunsAgeusefuIANIgUIedil Child-Pugh
Score 5 WoldFuuiinuisdededofuunfyindu

inmsAnulag Velec wavmang” TudUelsnusise
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Fuilasunssnundiedadsiufidn §1udu 6 ads
U1 Child-Pugh Score qasﬁu duiusiuleniaiin
ANTUNSNTOURBEUT 3 1oy ndwmnesedunniy
(p = 0.022) LLasﬁﬁﬁ Child-Pugh Score 6 AzWuU
flemaiinanzunsndousiaduinninieuivglae
Child-Pugh Score 5 Agwuy (HR 4.85; p = 0.0097)
1wl f.71. 2021 High Dose per Fraction Hypofrac-
tionated Treatment Effects in the Clinic (HyTEC)™
Iauuzihifeulatiduinasddmsusulnidmsu
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uaﬂmnﬁ American Society for Radiation
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Sumsinwsessd dsmnsneit 9 TaedUe Child-
Pugh Class A dna1uisalinisanssedleneng
Uaaady wmnsulndlesuuinnasdndslifuei
Anrualua1se wazdleniaiin non-classic RILD
5-15% Twmzﬁi{ﬂw Child-Pugh Class B dlana
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Anga: CP = Child-Pugh; RILD = radiation-induced liver disease
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MsAnY F1U  Child-Pugh Yunfou PVTT Wnased (nsd/ae) 803919 ansINNT
GID) (1) (EQD2 (1n36)) unulsaawnzil 59ATInTIU
Mizumoto waz 53 A: 87% 1-13 28% 72.6/22 (80.5) 27 94% 27 57%
ARl (2008)"* B: 11% oegu 4.3 37 86% 37 45%
C: 2%
Fukumitsu wa 51 A: 80% 08-93 - 66.0/10 (91.3) 37 95% 37 49%
ARy (2009) B: 20% Joegu 2.8 57 88% 59 39%
Nakaya LazAny 318 A: 74% NA 14% 66.0/10 (91.3) - 37 65%
(2009)*" B: 24% 72.6/22 (80.5) 59 45%
C: 2% 77.0/35 (78.3)
Nakayama W@ 47 A: 75% NA 15% 72.6/22 (80.5) 39 88% 37 50%
o [104] . 190 g 0
A (2011) B: 19% 77.0/35 (78.3) 47 88% 47 34%
C: 6%
Bush uazansy 76 A: 29% Aade 5.5 5% 63.0/15 (74.6) 37 70% Tseg1u 36 e
(2012)" B: 47%
C: 24%
Kim uagauy 27 A: 89% <5:81% - 60.0/20 (65.0) 37 80% 37 56%
(2015)"*7 B: 11% > 5:19% 66.0/22 (71.5) 57 64% 57 42%
72.0/24 (78.0)
Hong uazAY aa A T3% 19-12 30% d5eg71 58.05/15 27 95% 19 77%
(2016)"* B: 20% oeg1u 5.0 (67.1) 27 63%
NA: 7% (Wéfy 15.1-67.5/15)
Fukuda UazAnsy 129 A 78% dseg1 3.9 12% 66.0/10 (91.3) 51 59
(2017 B: 22% 72.6/22 (80.5) BCLC A: 94% BCLC A: 69%
C: 0% 77.0/35 (78.3) BCLC B: 87% BCLC B: 66%
BCLC C: 75% BCLC C: 25%
Chadha uagany a6 A: 83% 59311 6.0 20% 67.5/15 (91.3) 27 81% 27 62%
(2019 B: 17% 58/15 (91.3)
C: 0% 66/20 (91.3)

Anga: BCLC = Barcelona-Clinic Liver Cancer staging system; EQD2 = equivalent dose in 2 Gy fractions; NA = not available;

PVTT = portal vein tumor thrombosis
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kagiin radiation-induced liver disease (RILD)

B Fananalunnsnei 12 91nn15Ane

A
foundalne Sanford waganz? wu fihedlesy
nsSnwinigaunIallsnoulidnsIn1ssendin
smganinguildunisinuselnnou (fsogiu

N1558ATINTIN 31 WWeu Wguiu 14 Whew; HR 0.47:
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wnsndausiafiuluy non-classic RILD #1nd1 (odd
ration 0.26; p = 0.03) FN1SAANITUNINTOU
non-classic RILD duwusiusnsinissendinsaui
anas (HR 3.83; p < 0.001) @AAADINUNANIIANE

18 Cheng Lazauz!""

Tyuin nguitlasumsanesd
sumalsnoulisnsnssendinringsninnguilld
Funsihwimeliney ([seg1un1559A%IRTI not
reach Wigunu 17.4 1fieu; HR 0.56; p = 0.032) laz
wifnguitldsunisansdadounialusneuld sy
UTunauSadgandn (BED10) 95.56 1nsel tlwufiu 62.5
138 (p < 0.001) wiiAinAMzunsndou RILD fndn

(11.8% wiguiu 36%; p = 0.004)
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Sanford wasang (2019)"2

Cheng waganz (2020)"1

Tusmau TWnau HR (95% CI), TUsnou TWnau HR (95% CI),
(n = 49) (n = 84) p-value (n =53) (n = 55) p-value

anwazdUoe
Child-Pugh 0.02 0.757

A 38 (83%) 46 (62%) 51 (92.7%) 51 (92.7%)

B 8 (17%) 26 (36%) 4(7.3%) 4 (7.3%)

C 0 (0%) 2 (2%) 0 (0.0%) 0 (0.0%)
YRR DULLLSS - - 0.809

< 5 a3 17 (30.9%) 19 (34.5%)

> 593, wag < 10 21 (38.2%) 22 (40.0%)

> 10 9y. 17 (30.9) 14 (25.5%)
nsinnsgnanudn portal vein 13 (27%) 29 (35%) 0.33 24 (43.6%) 26 (47.3%) 0.669
U3uussd BED10 (4036 dsugu 67 fseg1u 67 188 96.56 \0de 62.5 < 0.001
NaNISANEI
nsmueulsaRzi 7 2 93% 90% 0.74 - - -

(0.18-3.01)
P=0.67
segunssendingu 31 Liiou 14 flou 0.47 Taidis (not 17.4 \ilou 0.56
(0.27-0.82) reach) (0.33-0.96)
P =0.08 P =0.032

Radiation-induced liver 4 (8.2%) 17 (20.2%) < 0.01 11.8% 36% 0.004

disease (RILD)

Ange: Cl = confident interval; HR = hazard ratio
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Anwazvay radiation-induced liver disease
(RILD)
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Tunisviwigleniain RILD A1svinwneleniain
RILD 9nUSunaednousuinsidesuunilasy
Heuly Lyman normal tissue complication prob-
ability model 31nn1sAnwIlag University of
Michigan @ea1833@fifusae hyperfractionated
split-course nuin ldnun1siiin RILD wlousuna
efndvvoniesuunimnit 31 158 WUSumsd
Weuwindu 2 tnsdaends Auralneld lnear-
quadritic model) wazlugUlelsauziiadu win
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FreUsinaed 1.5 nsdaonds a1 2 adirety
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Abstract

Stereotactic body radiation therapy (SBRT) or stereotactic ablative radiation therapy
(SABR) is a modern advanced radiotherapy technique. Due to its high dosage per fraction,
this technique requires more accuracy and precision than the conventional technique. In
the thoracic region, there are many indications for SBRT such as early-stage non-small cell
lung cancer and oligo-lung metastases. This treatment usually involves and may affect normal
tissue of complex organs such as bronchus, heart, lung, vessel, esophagus, spinal cord,
chest wall, and brachial plexus. Breathing motion is also considered an essential factor
affecting the movement of the tumor and nearby normal organs during treatment which
leads to not only underdosage for target tissue, but also causes unnecessary normal tissue
damage. To alleviate this, respiratory motion management is necessary for SBRT in lung
tumors. There are five respiratory motion management techniques, i.e., envelope technique,

breath hold technique, force shallow breathing with abdominal compression technique,
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gating and tracking motion technique. The application of these techniques depends on the

radiotherapy machine between a general linear accelerator with an image-guided radiotherapy

system and a dedicated radiotherapy machine for stereotactic radiotherapy. Besides motion

management, treatment planning and plan evaluation are also delicate and meticulous processes

when treating a patient with the SBRT technique. This article will review the current clinical

practice guideline of SBRT in lung tumors with the machines at the division of Radiation

Oncology, department of Radiology, Faculty of Medicine, Siriraj hospital.

Key word: stereotactic body radiotherapy, lung cancer, treatment guideline.

J Thai Assoc Radiat Oncol 2022; 28(1): 049-O71

unin
Yagtumadianisanededlatinnsimunluuin
Taganizeg198an1saneSedlud ounz3e7idl
n1siedeulnasuiiosuiainnismiele wWu n1s
aefeddmiuuznsaen Wudu lnenislddaya
ALeNYLITIABNNILABS (computed tomography,
CT) 3 Afsufudyaiufinsadunisindeud
yaandandenduueniiuadraduniniivans
wasulmvesdounsiSeluniazyiaa1vednis
meladeninnmenisgneuiames 4 35 (four-
dimensional computed tomography scan, 4DCT)
watdlUMEUNSTAYIRL8SdUSUAIULT Y
MU UAIUIY (volumetric arc radiotherapy,
VMAT) ﬁawmﬁamum8§qﬁié’sauﬁaﬁﬂﬁmi
35Ty Wonsanedidseiniosanedaduuy
Lyuna (robotic radiosurgery - Cyberknife®)
Tngwn3esanedsdazaunsadonlsafussuuinniy
msedeulmvestounsSifiinarnnismeloves
HU3e (real-time position management) 334U

S¥UUNMNIE (image guided radiotherapy, IGRT)

eldnmonaisdsuuuusing 9 Whasensiaaey
G‘mmu'af’faumL%qﬁgﬂaw%’aﬁimm'aﬁu el
walulagaanana vMlinisatesedludagiul
auniuguniy warillenaanuadiauiesein
mMssnwas uenanddwilraunsaiausinased
Taesan TneiudSunasdnazaneddlundaznds
Tigetunazansiuiuadslunisansdidaaionds
N13R59@TWNTR (stereotactic body radiation
therapy, SBRT #3@ stereotactic ablative radiation
therapy, SABR)" ? lngnisanussdmiumaila SBRT
WAzaennaIfuAnauTAn1eSd@TTIneT (radio-
biology) fvinlinan1ssnwAtundetunauny
nsiFalunsdfiUasdianingrenieilindensy
MSHRA LS

. dausdn1sanesednaemaila stereotactic body
radiation therapy duiuuziSeUan finsilfe
@ a
1. ugt39Usmvun non-small cell lung cancer
533N (clinical stage T1-2 NO MO) filsianunse
NIAA LA LEBIINANINS 19NEUT BAUTTDNINUBA
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luiieanadon1sWida (medical inoperable) Tngld
H1un1IRaTUINIsHIdRIIndasunng walanas
naaadon warargsunndmaiumelana™

2. uzdeenszezusniianuisandnlinde
AnudBIUNR ugeufiasnsinga

3. lasunsitiadeindunziSelanaila non-
small cell lung cancer Se8ZUNINTEANY UWATINT
UWINIE1BUUUDNA LAY 5 dunuds (oligo-
metastases) Warau13nAIuAlIAlAAN1enaaIn
lgsunissnelagenaivide, g139dn wseEn
QiiAuiugda™®

4. laSun15iladeindunsiSelanaila non-
small cell lung cancer, adenocarcinoma 7i7 EGFR
mutation SraguNInszany Aldsun1ssnwdeen
sathud wagnuhdsdiseslsaiiliannsomuauld
Tngensadlidifiu 5 fiums (oliso-progression)

5. WunziSwiaduiifinnsunsnszaeuniiven
(lung metastases) liiAu 5 seelsn lneseslsaiidu
E“J'\‘ia’lmiaﬂ’m@ﬂﬁa (single or oligo-metastases in

lung)

Il. Yunaunssndunsidiiunisine

1. fUagynsgazdedlisun1snisuseiiivain
Aasunngidlanazviaonidon uavergsunng
lsaszuumaiumele sauduengsunndiaivntn
wazunngsadsny Mldausasnwalenisendnle
#38lUABINITNISHIAA FeaziansauR18sIdnae
wAila SBRT

2. {Ureasaglasunisuseidivaussaninden
(pulmonary function test) NAUN1TINYI

3. NATUIEINTID PET-CT scan AguUNIIINe
WioUseifiuseslsaludesenuazuinndug lae
AsFehieuELSIw

4. Q’ﬂw%lﬁ%ﬁwmamLﬁamﬁuaﬂmiﬁ

ADLNILABII1ADINISINW (CT simulation) wazay
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Tasumssnwnielu 1-2 dUavmasann1sinasans
S

5. §UasarldFudnuziuief nnismele
Tusyninenisaneded dausfunsniunusneunne
$9dsnwinarTuilunriinissiassnissne lag
ynmalladzinerualiawuzdddielnmelali
aiaue ﬁaumzﬁﬁ@'ﬂ’;&Jéfmsl&z’fmﬂﬁﬂﬂéy'umasla
wlsiduuzhligvasasdfinndulalildseduida
Tilsuniign
. nsidenseslsalimunziuniosanesed

fiesmne3eswnsddunaziedosdinuunneig
Fuludsnsiamunisiedeulmvesdeuuzisly
seni1an1ssne Sedmnusndufiesdendeniedes
a1uSededrununzay v lwaunsafnniy
maedeulmvestounsssldogruiug i aandl

A 1

IV. Motion management 1u;§ﬂ’a&11‘7it%”1%’un’15m&1
Seddnewaiia SBRT

nsanesadmeaia SBRT Tulsane1unadssna
aursarldnatomaianiuiaiesilefidentd™
Taun

1. mimﬂ%’qﬁmamﬂqumamﬁaulmﬁm
Founzdaiiesnnnsmelalagldmumiadmneg
internal target volume (ITV) uaggUawaunsa
mglalaunfseninenisanesed (ITV with free
breathing)

2. m'ﬁmsi"ﬂﬁma‘umwmimﬁ'aulmﬁum
Founziduiosnnsmelalaeld MV waznsley
qﬂﬂizﬁﬂmj'm'v’fmLﬁaf{hﬁhﬂﬁmalwm@'ﬂaﬂﬁ
‘msﬂfﬂ?iyuﬂ (ITV envelop with shallow breathing
with abdominal compression)

3. msnaumelasyinsnnsanessd (breath hold
technique) Fsanunsavildandunoumeladuds



‘ mstdenfieanieiailudihonzGaleaiinudemaiia SBRT

[

v

v

2 = ;
sovlsatimsnaen T luyniiamadosndn 1. ‘

’ soulsatimsnaon T lugnismannnda 1. ‘

l ;

v

M059FA1ATO4 conventional linac

v ) o '
‘ NOUNZITIUVUIAUDYNI 1.5 FU.

v o o ' +
‘ NOUVLITINVUIANINAI 1.5 HN. ‘

swuiums [maiamelalng aE

!

MB5TAI0IAT84 conventional linac
v s - 2

FwAums [madianausnelanse
dgunsainareatesvmznieiad

‘ 1889MITNHIAIIATB eyber knife

!

I

f‘lﬁlﬂi\ﬁu.lﬁﬂllﬂ»llﬁuiﬂﬂiiﬂlmﬂ 1

. - :
view H30 2 views

v ' <
nded liannsoueaiivseslsn

DD 1 view 430 2 views

|

[
v v

v av 4 : N ' ' . ' 'y
NWIIAAIATON cyber knife ﬂ'lllﬂuiiﬂfﬂiﬂﬂgﬂﬁ'liﬂﬂﬂ ﬂ?ll‘ﬁu@iﬂﬂiiﬂﬂgﬂﬂ@ﬂﬁ]ﬂ

funaitdaly soft tissue window

] l

vav A v.a &
NYITIAAWINTOI NWYIITAAIATON

MR Linac conventional linac

P - 2

swnumslFimatianau
4 2y .

melwiseldginsainases
Hoswmzn1oiad

a1 wanslaezunsuuansnsidenesmedidluitieussweniisnumemaianisaneSadsudin

37: @15985N 81 MAIVITIEING ANTLNNYFARNSAIIIINEIUE

2654 (inspiration breath hold) Wiendunoumela
DONULAIRYTIA (expiration breath hold)

4. n1sidenanesidanizadlayamilanesnis
mela (gating technique) ?qummmuqué’ﬂuﬁa
TneiA3e9a18598 (auto beam off) w3aviin 1y

v o a

nsmrualaetnssd@nisunme (manual beam off)
5. 113185 9@sensinnIunsndoulnives

feuuzisdlusgnintimsanedmugluuunismela

(tumor tracking technique)
Willduanisioavidoaisifuiniesasded

farunsaldaesidniomaiia SBRT fan15199 1

V. N15918849n155n81 (CT-Simulation) wianns

Uszilluaneue aunde waznisindauluivasiau
< P =] a - [

UzSuNaRaNIALA WazLATR9R859E

ArAp9iin1sUTEIU magnitude of internal organ
motion wiesniouziSeenlundavdunys
Fuwustunismelafiuansiaiu Tasduuindou
uzi59UIa lower lobe nipaglndnzUiay 9ud
maedeulmvssteunsiiduionnainnsmels
‘17'imﬂﬂ’s'ﬂh"aumﬁaﬁag'u%mm upper lobe!™
FuiumsUsziiunsiedeulmusstounsiSaiield
dmsuiansunnaianvesn1sanesedn1899n1s
Renglsdaauiames 4 97 waLdenas1enIn
99NNLA 2 phase N13181a (fast reconstruction)
o phase 71 0 waz 50°  LileUszifiugnisiadoulm
YosiounziSwazmisladgaLazoonganse
915841711 motion management sty

1. Assessment of lung optimization (LOT)

by CyberKnife machine

Journal of Thai Association of Radiation Oncology

Vol. 28 No.1 January - June 2022 |



A19197 1 WEARIATBIRNETIFLUE1VIVITIESIY NIAIINSTIEINGT ATWINNEAENS ASS1TNEIUIANANNNT

yMNsR1eSIESIAUMATAN1TInN1SRan sMglavaieNsReSeE "

ITV ENVELOP GATING TECHNIQUE

MACHINE BREATH TUMOR
Free Shallow HOLD Manual Auto TRACKING
breath breathing beam off beam off
CYBERKNIFE - - - - - v
MR-LINAC v v - - - -
CONVENTIONAL v v v v v -
LINAC

fnansln.e. 2565 aziin1sonnsagendiisiviamnsaltinaiia Gating Wuu auto beam off 1g

§iagid: ITV = internal target volume, MR = magnetic resonance

Tunsdlfiseslsmegusian peripheral location,
central location 38 lower lobe AISANTUINTS
21859828 tumor tracking technique g
Cyberknife® Machine LilaanvauLynvasiiui
2059 suilleananmemela lagasdinisussidiv
A5 Xsight Lung @4agyin LOT fiviesans$edlu
Sudieafuiininissnassnissnuisaienalse
Aaufimes WoUssfiuinfeunsidsanunsanaadiy
lﬁﬁwmwLaﬂssziETﬁaaﬂuﬁaﬂmEJ%“ﬁﬁahi Faua

nsUsvdivesdurianun 4 wuu ldun nsueadiu
WUU 2-view (@nansadiudeunsiSeldannndai
2 §) , 1-view A (Wiunsuuzielaanizndas A),
1-view B (Wiunauuzi5alaanizndas B), 0 view
(LaiiufeunziSaisanindeas) danand 2 Tnoay
wuzthane$edmeedemedsd Cyberknife Wiowa
MIIATEMTuLUY 2-view, 1-view A wag 1-view
B withy 818y 0-view fiansannisanededsiede 3

958 4 sl

Bilateral in treatment X-rays at 45° from each side of patient

2NN 2 LEAINNLONTLSEABLATDR1859E CyberKnife

1 @1915985N Y NPIVNTIFINGT AULLNNYAFRSAIIIINYIUD
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2. Assessment of tumor visualization on
MRI for MR LINAC (magnetic resonance
imaging machine with a linear accelerator.)

Iumﬂjﬁiasﬂiﬂagj central location %38 ultra-
central fildanunsaaneseirdemny Cyberknife®
16 Ikfiansann1sateSadsedas MR LINAC 1ag
’Lﬁﬁwma@ﬂwﬁﬁmma%’q?{ MR LINAC tia¥inis
Saeansinesenmaduldmaniih eusziu
aneduwivsnlniansamiuteunsseseldl
fanunsaiuneuuziselaaganiunisyih CT simu-
lation fewa3asile immobilization W zvaA3es
MR LINAC sialy

3. Management of effect of internal organ
motion with conventional LINAC

Wesnnisanesdsmemaia SBRT Wunslk
U%mm%’ﬁﬁqﬂuLm'azﬂ?a’a”;mﬁuﬁmauﬂ%ﬁms
metioa (1-10 fractions) dsenavinliiferdounii
agjiaur’faumLénlé'ﬂ%mm%’ﬁﬁqwiai’ulﬂﬁa&J et
SemsTlavanUBinasdveadedounalésuanms
21 fidUTIugIaigmalianiesd@inuilag
Fansandsdl

3.1 lunsalifideunziSedinasiadaulnaniy
n1smelates nuredateounziundoulnalu
WUIUU-aN (supero-inferior) Woani1 1 LUUAIAT
waziadoulvilunuIvii-wds (antero-posterior)
waglulgg-vn (left-right) Wosnin 1 lwuURLIAS
A11502189 598U [TV envelop with free breath-
ing ¢ TneUsinaedilviuasfusumisazuug
Aouazi5at!

3.2 lunsdifideunzidaiinisiadoulniniy
n1smrelannn nunedsdounziiunioulnily
LUIUU-a (supero-inferior) 41NN 1 LUURALIAT
winwndeulmlunwing1-uds (antero-posterior)

WIDLWIE18-U1 (left-right) 11ANT 1 LUURLLAT
Tagdusnnazduifeunzidsiieguiim lower lobe
vesUendednisiadsuluaniunisuielanin
A13N158011% abdominal compressor (¥HnUD4
abdominal compressor NA1TUINNUAILAUIVD
Founzide) wien1ssnuilaensnaumelasening

21959a, wialla tracking #3e WATA gating

VI. M3dnviuaznnsegUae (Patient positioning
and Immobilization)

\losnnisane$sdimaiia SBRT vesUananunsa
ldnarsmadauaziinnurainnalsveunies
259 é'fqﬁzumﬁmvh@ﬂw (positioning) wazN13En
734 (immobilization) §2s Fstuegfumaianis
2e%ed Fuandlunnsed 2

Vil. mafiansadrenngleiadessianinisineg
NYLsIARNNAADS (Image acquisition for CT
simulation)
Wslnrsadldlunisadresnmiioviluinsuny
nssnuiluniazinIssaefesidddodiinves
STUUNRUNUNISS N InaenIusdnveaIosiesed
Faihlusinreaildasdanumannuastuegfutiade
Flenanuudidnedu duandduasied 3

VIIL. A1SAMRUAYDULINYDI50815A (Target
delineation)

n1Tae5id@naemaia SBRT Tu early stage
non-small cell lung cancer (T1-2NOMO) 2ga1859a
ez feunyiiefiiievsmyinty lsududes
otosiumsnszaneveslsafiventmdadudesen
TneNTAFWALeRaULEISS (gross tumor volume,
GTV) azgosiilsdienismelanazmaiaiianssed
Fawanslunnsnedi 4
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A13197 2 wanamAllA positioning and immobilization AuLATEIATIE

Machine Technique Immobilization
Cyber Knife Tumor tracking - Arms up with whole/half body vac-lock with synchrony vest
- Arms down below body with whole/half body vac-lock with synchrony

vest

MR LINAC [TV envelop - Arms up with compatible MR LINAC immobilization with whole/half
body vac-lock

Conventional LINAC [TV envelop - Arms up with wing board and whole/half body vac-lock

Abdominal - Arms up with wing board and abdominal compressor and whole/half

compression

Breath hold

body vac-lock
- Arms up with wing board and whole/half body vac-lock

fiagie: TV = internal target volume, MR = magnetic resonance

M15199 3 wanenN1saseamiellunIsNIKLRI8SIE@YeLNATla SBRT

Machine Technique

Image for simulation

Cyber Knife Tumor tracking

MR LINAC [TV envelop

Conventional LINAC [TV envelop

Abdominal

compression

Breath hold
(Inhalation/

exhalation)

- Non-contrast breath hold with exhalation (for planning)
- Non-contrast breath hold with inhalation
- 4D-CT scan with reconstruction to 10 phases

- +/- free breathing with contrast media

- Free breathing with contrast media

- 4D-CT scan with reconstruction to 10 phases, MIP (Maximum Intensity
Projection image), AIP (Average Intensity Projection image) for planning,
and reconstruction with 0% Pi, 50% Pi

- MR simulation with Lung protocol

- Free breathing with contrast media

- 4D-CT scan with reconstruction to 10 phases, MIP, AIP (for planning), and
reconstruction with 0% Pi, 50% Pi

- Free breathing with contrast media

- 4D-CT scan with reconstruction to 10 phases, MIP, AIP (for planning), and
reconstruction with 0% Pi, 50% Pi

- Breath hold with contrast

- Repeat breath hold for 3-5 times for evaluate residual error of breath

hold

fiagie: TV = internal target volume, MR = magnetic resonance
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A19199 4 uanamadan1s1a gross target volume (GTV)™

Machine Technique Target delineation for GTV PTV margin
Cyber Knife Tumor tracking - 2-view: target on BH-exhale 3-5 mm
- 1-view: target on BH-inhale and BH-exhale, then ITV will
create by software based on result of 1-view A or 1-view
B from LOT
MR LINAC [TV envelop - iGTV will contour from MIP and recheck for coverage in 5-7 mm
all 10 phases
Conventional LINAC [TV envelop - iGTV will contour from MIP and recheck for coverage in 3-5 mm
all 10 phases
Abdominal - iGTV will contour from MIP and recheck for coverage in 3-5 mm
compression all 10 phases
Breath hold - GTV will contour in all BH dataset and bullion into 3-5 mm

(Inhalation/ iGTV_BH

exhalation)

§ingia: BH = breathe hold, ITV = internal target volume, GTV = gross target volume, iGTV = internal gross target volume,

PTV = planning target volume, MIP (maximal intensity projection image), MR = magnetic resonance, LOT = lung optimi-

zation

IX. NSAUUATDULIAVD D TEIZI19LABS (Normal
tissue contouring according to Radiation
Therapy Oncology Group protocol)
1. Spinal Cord
Buaasaus 10 wuiunsiviiofuni
Wnwnglun19119uN (planning target volume,
PTV) asunauds 10 wufiwnssndn PTV
2. Esophagus
1l mediastinal windowing LLax’mﬂﬁy’dLLﬁi
10 WwuAluAsnAle PTV a3u19udy 10 wufiluns
N PTV
3. Brachial Plexus
msnalunsdliiseslsaegluiumis upper
lobe v0eUan Feavaindus spinal nerves C5

04 T2 $98191151991UATNA 3

4. Heart
AI3591PR1U pericardial sac Tn8i3u91a910
¥AU inferior aspect of the aortic arch wazas
Ul apex w94 heart
5. Trachea and proximal bronchial tree
AITIALENAUTENIN Trachea Wag Proximal
bronchial tree
5.1 Trachea
31710 10 wudweswile PTV w3e 5
wwuRinsvile carina @uifuivhumidagend) uay
1A 2 wuRnsEan carina
5.2 Proximal bronchial tree
Bunadaud 2 wuiwasuile carina uaz
IMAAIULUT airway 18598 carina, mainstem
bronchi 418-v11, upper lobe bronchi @1g-471,

intermedius bronchus, right middle lobe
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o SR

2NN 3 UAAIRIDE19NI52IA Brachial plexus

737: @1159F5N 91 NAIVITIFINYT ALLNNYFARNTAIIIINYIUE

bronchus, lingular bronchus, lower lobe bronchi
-7,
6. Whole Lung
Maslenridetne Asely pulmonary
windows ﬁgﬁ‘ﬁ GTV uagtrachea/ ipsilateral
bronchus "Lﬁ,jmﬁima&ﬂu contour whole lung
7. Rib
msaidedl PTV aglnd rib (neluszes 5
BURLUAT) Iﬂm?m’mﬁzﬂ bone cortex and bone
marrow
8. Chest wall
aun3al433n15 auto segmented Tiruvs
2 LQURLUATINYDUUBNVDIRIUDA 1A8UBUA Y
medial AN sternum WazYBUAIU posterior 9
finAu vertebral body
9. Great vessels
Nanenaniile Tnetinadaus 3 wuRms
witlo PTV aaundls 3 wufumseiniy PTV lngaa
aorta, ipsilateral pulmonary vein (PV) ag pulmo-
nary artery (PA) Tusaslsafleg@1udie uazana
inferior vena cava (IVQ), superior vena cava (SVC),

ipsilateral PV uag PA luseslsafiegsnuamn
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X. nsiuuaUIuused (Prescription dose)

v
1Y

Tngnsimuausinassdlumaiing asiuegiu

1Y

funiaesseslsauavruinvesounzsaduddmy
TngUsurus@nldlananslilunisien 5%
Tngdumnissoslsa central lesion Way ultracentral

lesion Aak@AIMIUAINT 4

XI. Dosimetry and Target coverage
ATINMKUNITSNEElTAIN average inten-
sity projection (AIP) desnndunmitldainnis
WwAsvesA1 HU (Hounsfield Unit) vasn1wlu
A phase nMsmela daldannns reconstruction
AMMAN 4D-CT wavaunsatinmieuuzisfiag
g AP 18unn reference wilehlu3eu
WisusumiswostounziSeiléain Cone Beam CT
(CBCT) nauinn1saesedunsoseninemnused
TUdIUTEINIIINIULNUNITSNYIF 218LAT 04
CyberKnife® 28119UWHUAIEAIN non-contrast
breath hold with exhalation uazinedian1snay
melasznineaessd (breath hold technique)
WINUNUNITSNYINIEAN breath hold



P a v 1 = d' ol o [13-15]
A19199 5 LEAIUTUUTIENVDINDUNLLTINVUIALAL AL AUIANG N

Ultracentral lesion® Central lesion* Peripheral lesion Closed chest wall
(< 1cm)
<3cm (T1 lesion) 60Gy/8F or 50Gy/4F or 25-34 Gy/1F 50Gy/4F
60Gy/15F or 50Gy/5F 54-60Gy/3F"
70Gy/10F
3-dcm (T2a lesion) 60Gy/15F or 60Gy/8F 54-60Gy/3F" or 50Gy/5F
70Gy/10F 60/5F
4-7cm (T2 lesion) 60Gy/15F or 60Gy/8F or 50Gy/4F or 50Gy/5F or
70Gy/10F 70Gy/10F 60Gy/8F 60Gy/8F

BED >= 100 Gy dzduiusiunsaiuaulsaanieil (local control) wagdnsin1ssendin (overall survival) MUY
" Ultracentral lesion anafsfounzi3afii PTV overlaps U trachea wa¥/#3® main bronchi
‘Central lesion Mmmﬁﬂﬁ’aumﬁﬁﬁag}mﬂu 2 WuRWATIEUS proximal bronchial tree (carina, right and left main bronchi,

right and left upper lobe bronchi, intermedius bronchus,right middle lobe bronchus, lingular bronchus, right and left

lower lobe bronchi )

‘Psevanesdineiuegiates 40 Hluakazliiiu 8 Ju sErinanisaneSdudaraset

fa8a: F = fraction

b Ultracentral tumor

DA

v
P
4 v

¢ Central tumor

BN BN M s T of e Ponmal Bronta Tree

A 4 Laneslueseslsa central lesion kag ultracentral lesion
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v

ANSIUHUNNTSAETNaNINaNRatl® Ao
- normalization maximum dose 18w 100%
(RMZMINRUNTS N TIReINIRe SIEmEASDs
cyber knife 119991nTUSWATIIMNUNITT NS
Precision® JsAul# dose maximum d@1niu
100% L&@w)
- msideniivund3unasedd isodose line 9y

\d8n isodose line NIUTUUTUY ATEUAGH 95% VBT

PTV lng isodose prescription mi%’agﬂuﬁ’iﬂ
70-80% (haa1u1sausutduussunm 60-90%
ANUAUANZEL)

~ uay 99% vad PTV dedldsuadliisinnia 90%
U3 prescription dose

- 1NQIINTSA conformity waz homogeneity
Ingl9i CI (conformity index) tag gradient ALLaRS
Tuans19di 6

A191991 6 LangA1Ee ALElUNTTUIZEUAITIUHUN TS NYIAI8SSE

Cl=PIV/PTV Gl=PIVhalf/PTV Maximum dose at 2 cm from PTV
PTV (co)

No deviation ~ Minor deviation ~ No deviation ~ Minor deviation ~ No deviation Minor deviation
1.8 <12 <15 <59 <7.5 <50.0 <57.0
3.8 <1.2 <15 <55 <6.5 <50.0 <57.0
7.4 <12 <15 <51 <6.0 <50.0 <58.0
13.2 <1.2 <15 <4.7 <5.8 <50.0 <58.0
22.0 <1.2 <15 <4.5 <55 <54.0 <63.0
34.0 <l.2 <15 <4.3 <53 <58.0 <68.0
50.0 <1.2 <15 <4.0 <5.0 <62.0 <77.0
70.0 <1.2 <15 <35 <4.8 <66.0 <86.0
95.0 <1.2 <15 <33 <4.4 <70.0 <89.0
126.0 <1.2 <15 <3.1 <4.0 <73.0 <91.0
163.0 <1.2 <15 <2.9 <3.7 <77.0 <94.0

faga: PTV = planning target volume, Cl= Conformity index, Gl= Gradient index, PIV= Prescription isodose volume,

PIVhalf = 50% Prescription isodose volume, PTV= planning target volume

Xil. mMsfvuaUsinadddatiodeund (Normal
tissue constraints)
AsAmuaUsunasddoidoBaunalunsas
$aunsaesed 1 s, 3 ads, 4 afs, 5 a8 ads,
10 afs uay 15 A% Fauanduasedt 7 ausy
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Xl 52UUAMUI38 (Image Guided Radiation
Therapy, IGRT)
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gdmsumella SBRT sauanslu

A15797 8 S¥UUNINUIIG (Image guided radiation therapy :IGRT) Tuusiazinosmiesdaismaila SBRT

Tuftheuzisen
Machine Technique IGRT for set-up Monitoring/IGRT during treatment
Cyber Knife ~ Tumor tracking - kV-kV image - kV-kV image every 30 second for

MR LINAC [TV envelop

LINAC [TV envelop
without abdominal

compression

[TV envelop with
abdominal

compression

Breath hold
(Inhalation/

exhalation)

- respiratory model fauanslunwi 5A

- T2W MR for matching
- Adaptive position/shape
Fauanslunnd 6

- 3D-CBCT for matching

- 4D-CBCT for rechecking and evalua-
tion of respiratory pattern (Reconstruc-
tion with AIP,10 phases)
Fauandlunmi 8

- 3D-CBCT for matching

- 4D-CBCT for rechecking and evalua-
tion of respiratory pattern (Reconstruc-
tion with AIP, 10 phases)

- CBCT for matching

updating model fsuanslunnd 58

- Motion monitoring by cine MRI

fananslunIni 7

- surface monitoring (by BrainLab®
dynamic) fauandlunind 9

- respiratory monitoring by RPM

- kV-kV image at 0, 180 degree of
gantry for monitoring spine position,
and tumor (if can see) within PTV

- surface and respiratory monitoring
by Catalyst

- surface monitoring (by BrainLab®
dynamic)

- kV-kV image at 0, 180 degree of
gantry for monitoring spine position,
and tumor (if can see) within PTV

- surface and respiratory monitoring
by Catalyst

- surface monitoring (by BrainLab®
dynamic)

- respiratory monitoring by RPM

- KV at 0, 180 degree of gantry for
monitoring spine position, and
tumor (if can see) within PTV

- surface and respiratory monitoring
by Catalyst

§iagio: IGRT = Image guided radiation therapy, kV = kilo voltage, T2W MR = T2 weighted magnetic resonance image, 3D-CBCT = 3

dimensional cone beam computed tomography, 4D-CBCT = 4 dimensional cone beam computed tomography, AIP = average in-

tensity projection image, PTV = planning target volume, RPM = real-time position management device, [TV = internal target volume

Journal of Thai Association of Radiation Oncology

Vol. 28 No.1 January - June 2022 |



&>

A8 (mem)
06 w—r— 25
te Coucs

e o i
IR K | a0

b?

A 5 (A) uansnIw KV image i 2 ﬁaLﬁa@ﬁ'n,l,midsumﬁaumﬁq, (B) NM136118:n1MkV image 9 ¢ 30 3l
Tuserinnsmedadensemsssd Cyber Knife wiefinmunisiadeulmuesiouusida wazlfidudoyadneds
\laupdate model i@ nsuRnnunIsdeulmvesouLiss

i @n3addne medvnSidiven AuzumerEnsAsITNEIUTa

CT images

Al 6 MudassnsSnwmeAIouenTsIReLRIMes 3 1R uarnaneLdNeIs sequence T2w e lddmsu

MNaHUNsSnwdieAesnsUTuUasuLrunsSnwkuueeulall (online adaptive treatment planning) uay
WD RS9 UAWALENBUNTRNUSIENIBLAIBIRE5IE MR LINAC
PN: @1Y1TAFSNWY NIAIVTIEINGT AULLNNYANFRSASI 1INV
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2 7 Andinemirdukiudniniiefinniunisindeulnvesatizaislusianie a vastuluseriig
2859AMILATDIRNESIA MR LINAC

31: @159FS Y NMAINTIFINGT AULUNNYAFRSAIIIINYIUD

eVA()
ENAC)
2\AE)

A9 8 szuunwiniduile 2 dalaglusidssaunasnuilaliading (V-kV imaging) dMSUnTIvE0 UMM

voeUaelngd1esdnnszanidundn mudensnsivaeusuimesieuzisneunsatessddaeg 30-CBCT

wazszuunAdeUlMIATRA 4D-CBCT Feagvinisadanmeenunduganismelavianun 10 o ieldy
mandeulmvesiounziineunaesdieniasioyna

PN: @1159FSNWY NIAIVITIEINGT AULENNYANERSASIIINLIUNE
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Angle: 271"

Ml 9 szuunmaeneidiielddmiuianunisindeulmvesieunzisdutetensiuivgunsalngiadu

nsmdeulmvesiimilinensiinie TnguanuduununimszduanudouusnuseuiigUie seninanisad

MIBLATDAIBUNA

PN: @11TAFSNWY NIAIVTIEINGT ALLNNYANERSASIIINYIUNS

XIV. n1sAnnuNani133ne (Follow up treat-
ment)

AMENARINANIRNBSIE SBRT WdAsinshinanu
HAYDINITINWIA8I5LONYLITADUNILADST MY
1Uslmmea CT chest with contrast Miszeiaan
Usgunad 3 RDUNAINITINET wardln1sAnnIuNg
mMsinwsieilles yn 6-12 Wewdustnieniiieg
msmauauawmﬁamﬁaﬂaﬂLLazmimuqsﬂsmsas
911 lunsdifiasdonisnduidugienafionsaniin
PET-CT (Positron Emission Tomography - Com-
puted Tomography) i 6 eutulundimsaeyed
’lummaﬁﬁmmsmwamaa'ﬂaiquusaam%
#1749 pulmonary function test A1UR&Y
Msaneded nwarnisnevauseiodelense
n5210%98  SBRT vesnmienaisdneuiiamesiing
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N13R1859@MEATANIIRN8SIES AN AUS 6
dilufthouzieonuazuziieiiunsnszagluven
lsangruadssvarnnsavinlanansmadalawn TV
envelope lnanislduazlildaunsalnagesnioas,
weianaula, weda gating uazivata tracking Loy
frsandenannisindeulmusstouusids win
FounzSuadoulniiosfonsfiansananssedaae
\A309 conventional LINAC uidnmnfaunziss
wasulmunazinnsananessdsionios Cyber
knife 11584A383 MR LINAC
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25, 26]

ANWAZATN

USTHIYANWUTATN

ATNLEAIAIDENS

Diffuse consolidation

Patchy consolidation

Diffuse Ground glass opacity

Patchy Ground glass opacity

No evidence of increased

density

Consolidation Aflwualuguinnin 5
wURANAS taediUIuaved consolidation
nnIUsInaeINAlUUI AU

Consolidation fiflvunatiesnda 5
WURLAT Laz/vselaeiiuSunuaes
consolidation HeeninUsunaeinialy
U'%Laz:uﬁ?ue]

Ground glass opacity ¥11ANINN11 5
wuRwns Tnefildfidnvazes consolida-
tion InefiuSunaves ground glass
opacity wnniUsinaadeUenunily
U'%nmﬂfuq

Ground glass opacity Yu1AlounI1 5
wuRwns Tnefildfidnvazes consolida-
tion way/mselaeiiuuauves ground
olass opacity fesniUsinanilevonund
Tuudaiue

=~y & a a = = v
lmmaﬂwmﬂ:uaﬂaﬂwwﬂuﬂm PIFIUINDU

¥ '
s a

\WpapnNdvunwAY viSeanas se

o A ° Al ~ & I
WaRalwhuwndsieedidesenaglaguuin
seslilvainivuiedsuiloseniiu

Diffuse Consolidation (>5 cm)

noumesId

o o
HAINWIT

funmasned 9 : - Eur J Radiol 2011;79:147-54.%
- J Thorac Oncol 2011;6:1221-8.%
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Abstract
Backgrounds: The role of salvage dose-escalated intensity-modulated radiation therapy (IMRT)
for radiotherapy-naive, non-metastatic, castration-resistant prostate cancer (nmCRPC) is
controversial.
Objectives: This retrospective study reports the clinical outcomes of salvage dose-escalated
IMRT in radiotherapy-naive, nmCRPC.
Materials and methods: We retrospectively evaluated 22 patients with nmCRPC treated with
salvage dose escalated IMRT between March 2009 and June 2019. The primary outcome was
biochemical relapse-free survival (BRFS). The secondary outcomes were clinical progression-free
survival (CPFS), metastasis-free survival (MFS), overall survival (OS), prognostic factors, and
toxicities.
Results: The median follow-up was 43 months. The mean age at the time of salvage IMRT was
73.8 years. The median PSA prior to salvage IMRT was 6.68 ng/ml. All patients received
dose-escalated IMRT 76-80 Gy to prostate and seminal vesicles. The median BRFS was 31 months,
with a 5-year BRFS of 43.6%. The median CPFS was 37 months, with a 5-year CPFS of 47.4%.
The median MFS was not-reach with a 5-year MFS of 50.6%. The 5-year OS was 62.4%, with a
median OS of 73 months. In multivariate analysis, the PSA prior to EBRT was the only significant
prognostic factor for better BRFS and CPFS. Grade 3-4 late gastrointestinal (Gl) and genitourinary
(GU) toxicities were 4.5% and 0%, respectively.
Conclusion: In radiotherapy-naive patients with nmCRPC, salvage dose-escalated IMRT was a
feasible treatment option with acceptable toxicity.
Keywords: Castration-resistant, Non-metastatic prostate cancer, Primary androgen deprivation

therapy (ADT), Salvage radiotherapy
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Introduction

Prostate cancer is the third most commonly
diagnosed cancer in the world and the fifth
leading cause of death in men, accounting for
7.3% (1,414,259) of the new cancer cases and
6.8% (375,304) of the total cancer deaths in
males worldwide."” Nowadays, the mainstay of
treatment for localized prostate cancer is the
combination of high-dose external beam
radiotherapy (EBRT) and androgen deprivation
therapy (ADT) or radical prostatectomy, which
leads to excellent clinical results.” Nevertheless,
some patients with localized prostate cancer are
treated with ADT alone for various reasons.

Although the initial response of ADT is usually

excellent, the majority of patients eventually
develop castration-resistant status. Among these
CRPC patients, some remain with a localized
disease without evidence of distant metastasis.
Non-metastatic CRPC is an aggressive and lethal
disease. Without treatment, most nmCRPC
patients are associated with a high risk of distant
metastases, declining quality of life, and prostate
cancer death. Patients with nmCRPC have a
metastatic-free survival of approximately 25
months, and 46% of these patients will develop
metastasis within 2 years.” Recently, the phase
Il randomized controlled trials showed that
the novel androgen receptor inhibitors — enzalut-

amide, apalutamide, and darolutamide -
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improved metastasis-free survival (MFS)
compared to placebo, making these drugs be
the standard of care for nmCRPC."® However,
accessibility of these new high-cost drugs is
difficult for some patients. Although there is no
prospective study to evaluate the efficacy of
radiotherapy in nmCRPC, several retrospective
studies have shown potential benefits.”*"
However, the radiotherapy regimens were
heterogeneous, and most radiation doses were
relatively low (60-70 Gy).

A higher dose of EBRT with curative intent
resulted in better biochemical control.**
With the application of dose-escalated advanced
radiotherapy techniques such as intensity-mod-
ulated radiotherapy (IMRT) or volumetric
modulated arc therapy (VMAT) with image-guided
radiotherapy (IGRT), the toxicity is not increased.
" Therefore, this study aimed to evaluate the
clinical outcomes and toxicities of salvage
dose-escalated IMRT for radiotherapy-naive

nmCRPC.

Materials and Methods
Patient selection

We retrospectively reviewed 22 radio-
therapy-naive nmCRPC treated with salvage
dose-escalated IMRT between March 2009 and
June 2019. AUl patients were clinically localized
at the time of diagnosis and were initially treated
with ADT alone, then developed nmCRPC.
Castration-resistant was defined as continuously
increasing serum PSA despite ongoing ADT. When
the PSA level increased with or without local

progression, all patients underwent radiological
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evaluation, which included abdominal and pelvic
computed tomography (CT) or magnetic
resonance imaging (MRI), and bone scan, to
exclude regional (nodal) and distant metastatic
disease. Patients have not been diagnosed with
any other malignancy, have not previously been
treated with pelvic radiotherapy or radical
prostatectomy, and follow-up time after EBRT
was longer than 6 months. All patients were
initially treated with ADT until progression before
salvage radiotherapy. Primary ADT consisted of a
luteinizing hormone-releasing hormone (LHRH)
agonist with/without non-steroidal antiandrogen

or bilateral orchidectomy.

Radiotherapy

Before radiotherapy, all patients underwent
CT simulation with a slice thickness of 3 mm in
a supine position. Patients were required to have
an empty rectum and a comfortably full bladder
before the CT scan.

A clinical target volume (CTV) encompassed
the prostate and the seminal vesicles. The pelvic
node irradiation was determined by the
physician’s judgment. A planning target volume
was generated by adding a 8-mm margin in all
directions, except in the posterior, where a 5-mm
margin was added. Image fusion with MRI was
performed to improve the accuracy of CTV
delineation. The rectum, bladder, small bowel,
and femoral heads were outlined as organs at
risk (OARs). Before every fraction, image-guided
radiotherapy (IGRT) was performed using
cone-beam computed tomography (CBCT).



The prescribed radiation dose was 76-80Gy,
1.8-2.23Gy per fractions, 5 fractions per week,
using a 6-10 MV x-ray from the linear accelerator
(Varian Medical Systems®, Palo Alto, Ca, USA)
with IMRT/VMAT and IGRT technique. Additional
antiandrogen treatment may be given according
to the physician’s decision; however, enzalut-
amide, apalutamide, and darolutamide were

unavailable during the study period.

Follow-up

After salvage radiotherapy, all patients were
followed every 3 to 4 months in the first 2 years,
then every 6 months after that. In addition to
DRE, PSA measurement was performed every
visit. No further imaging was required unless there
was an increase in PSA or a new onset of symp-
tomes. In this situation, MRl or CT pelvic and bone

scans would be performed.

Objectives

The primary objective of this analysis was to
explore the biochemical relapse-free survival
(BRFS), defined from the first day of the EBRT to
the time of PSA rising above the nadir of > 2 ng/
ml. This corresponds with the 2006 RTOG-ASTRO
Phoenix Consensus definition.””

We evaluated the secondary endpoints of
clinical progression-free survival (CPFS),
metastatic-free survival (MFS), overall survival
(0S), the pattern of failure, prognostic factors of
BRFS, CPFS, MFS, and toxicity. CPFS was defined
as the time from the first day of RT to clinical
progression or death from any causes. MFS was

defined as the time from the first day of RT to

distant metastasis or death from any causes. OS
was calculated from the first day of RT to the
time of death from any causes. The toxicity
criteria were based on the criteria of Common
Toxicity Criteria for Adverse Events (CTCAE)
version 5.0. The CTCAE terms for genitourinary
(GU) toxicities included urinary obstruction,
cystitis (noninfective), and urinary incontinence.
The gastrointestinal (GI) toxicities included

diarrhea and proctitis.

Statistical analysis

The survival rates were calculated using the
Kaplan-Meier method. The risk factors associated
with survival rates were evaluated with Cox’s
proportional hazard model, where significant
variables in univariate analysis (P-value < 0.2)
were included in a multivariable analysis.
The pattern of failure and toxicity were summa-
rized using descriptive statistics. All calculations
were performed using SPSS version 22.0 (SPSS
Inc., Chicago, IL, USA) and Stata version 14.0
(StataCorp. College Station, Texas, USA). The
value of P < 0.05 was considered to indicate

statistical significance.

Results
Patient characteristic

The patient characteristics are summarized in
Table 1. At the time of diagnosis, the median age
was 69.4 years (95% Cl, 66.4-72.4 years), with a
mean initial PSA of 73.56 ng/ml (95% ClI,
43.6-103.76 ng/ml). The median interval between
the start of ADT and the start of salvage IMRT
was 54 months (95%Cl, 41.5-66.6 months).
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Table 1. Patients and treatment characteristics at the time of radiation therapy

Characteristic n(%)
Number of patients 22
Age at time of diagnosis (years) 69.4
Mean (95% CI) (66.4-72.4)
Age at time of EBRT start (years) 73.8
Mean (95% CI) (70.6-77.1)
ECOG
0 1 (4.5%)
1 20 (90.9%)
2 1 (4.5%)
T stage
T1-T2b 0 (0%)
T2c 3 (13.6%)
T3a 4 (18.2%)
T3b 7 (31.8%)
Tda 7(31.8%)
Missing 1 (4.5%)
N stage
NO 20 (90.9%)
N1 2(9.1%)
Pathology
Adenocarcinoma 22 (100%)
Histologic Grade Group
1 2(9.1%)
2 3(13.6%)
3 4 (18.2%)
q 4 (18.2%)
5 6 (27.3%)
Missing 3 (13.6%)
PSA at time of diagnosis (ng/ml)
Mean (95% Cl) 73.56 (43.46-103.76)
Pretreatment PSA (ng/ml)
Median (IQR) 6.68 (3.00-16.76)
Hormonal therapy prior to EBRT
ADT 11 (50.0%)
Bilateral orchiectomy 4 (18.2%)
ADT and bilateral orchiectomy 7 (31.8%)
The interval between HT and EBRT (months)
Mean (95% Cl) 54.1 (41.5-66.6)
Radiotherapy technique
IMRT 22 (100%)
Pelvic node irradiation
Yes 8 (36.4%)
No 14 (63.6%)

Prescribed radiation dose (Gy)
Median (IQR) 77.94 (76.81-79.62)

EBRT external beam radiotherapy, PSA prostate-specific antigen, HT hormonal treatment, IMRT intensity-modulated radiation therapy, Cl
confidential interval, IQR interquartile range
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The mean age at the time of EBRT was 73.8 years
(95% Cl, 70.6-77.1 years), with a median PSA
prior to EBRT was 6.68 ng/ml (IQR, 3.00-16.67 ng/
ml). Ten patients (45.5%) had Grade Group 4-5,
while only two patients (9.1%) had Grade Group
1. Eighteen of the patients (81.8%) had T stage
> 3. Most patients had NO, only two of them
(9.1%) had N1.

All patients were treated with IMRT or VMAT
techniques. The dose per fraction was 1.8-2.23
Gy with a total dose of 76-80 Gy. The median
prescribed dose to the primary tumor was 77.94
Gy (IOR, 76.81-79.62 Gy). The median biological
effective dose was 130 Gy (IQR, 126.72-133.33

Gy), assuming an o/ ratio of 3; the median
equivalent dose with a fraction of 2 Gy was 78
Gy (IQR, 76-80 Gy). Eight patients (36.4%) received
irradiation of the pelvic nodes, two of which had

positive nodes (9.1%).

Biochemical relapse-free survival (BRFS)

The median follow-up time after EBRT was
43 months (range, 20-105 months). The median
BRFS was 31 months (range, 3-78 months), with
a BRFS of 43.6% in 3-year and 5-year (Figure 1).
At the last follow-up, 12 patients (54.5%)

experienced biochemical failure after EBRT.

1.004
0.75
0.50
0.25
0.00
T T T T T T T T
0 12 24 36 48 60 72 84
Number at risk Time (months)
BRFS 22 17 14 d 5 3 1 0
CPFS 22 18 15 1" 6 4 2 1
MFS 22 19 16 1 6 4 2 1
oS 22 22 21 16 10 8 5 2

Figure 1 Biochemical relapse-free survival (BRFS), clinical progression-free survival (CPFS), metastasis-free

survival (MFS), and overall survival (OS) of patients with non-metastatic, castration-resistant prostate

cancer (nmCRPC) treated with external beam radiotherapy (EBRT)
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On the univariate analysis, PSA prior to EBRT
> 13 ng/ml and pelvic node involvement were
unfavorable prognostic factors of BRFS.
Multivariate analysis showed that only PSA prior

to EBRT was the independent prognostic factor

associated with BRFS (HR 13.60 (95% Cl,
2.62-70.88)) (Table 2). The median BRFS in
patients with PSA before EBRT > 13 ng/ml was
14 months, compared with the non-reach in
patients with PSA before EBRT < 13 ng/ml.

Table 2. Univariate and multivariate analyses of prognostic factors of biochemical relapse-free survival
(BRFS)

Biochemical relapse-free survival (BPFS)

Prognostic factors Univariate analysis Multivariate analysis

HR (95% ClI) P-value HR (95% ClI) P-value

Age (< 70 vs 2 70 y) 1.89 (0.57-6.31) 0.30

Pre-RT PSA (= 13 vs < 13 ng/ml) ~ 15.03 (2.98-75.75) 0.001 13.6 (2.62-70.88) 0.002

T stage (T4 vs T2-3) 2.03 (0.64-6.41) 0.23
N stage (N1 vs NO) 4.95 (0.90-27.22) 0.07 2.29(0.41-12.84) 0.35
Grade group (4-5 vs 1-3) 2.25(0.65-7.78) 0.21
Total dose (< 78 vs > 78 Gy) 0.64 (0.20-2.02) 0.44

Clinical progression free-survival (CPFS) and
metastasis-free survival (MFS)

The 3-year and 5-year CPFS was 54.2% and
47.4%, with the median CPFS of 37 months
(range, 6-84 months). The 3-year and 5-year MFS
were 57.8% and 50.6%, respectively. The median
MFS was not-reach (range, 6-84 months) (Fig.1).
Of 12 patients with biochemical failure, 10 and
9 developed clinical failure and distant metasta-
ses, respectively. Only 1 (4.5%) patient had local
recurrence. The pattern of failure is summarized

in Table 3.
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On the multivariate analysis, the PSA prior to
EBRT was the only independent predictor for
CPFS (HR 7.12 (95% Cl, 1.58-32.08)). The median
CPFS in patients with PSA before EBRT > 13 ng/ml
was 23 months, compared with the non-reach
in patients with PSA before EBRT < 13 ng/ml.
For MFS, the PSA prior to EBRT (HR 19.14 (95%
Cl, 2.69-136.02)), T stage (HR 6.77 (95% Cl,
1.18-38.95)) and N stage (HR 13.04 (95% Cl,
1.33-127.76)) were significant predictive factors

on the multivariate analysis



Table 3. Pattern of recurrence

Pattern of failure N
Local 1
Regional 0
Local and regional 0
Local and distant 0
Regional and distant 1
Distant 8

Overall survival (OS)

The median survival was 73 months (range,
20-105 months) with a 3-year OS of 86.4% and a
5-year OS of 62.4% (Fig. 1). Among 22 patients,
10 (43.5%) died during the period of this analysis.
Of these 10 patients, 6 died of prostate cancer,
3 died of other diseases, and 1 died of an

unknown cause.

Toxicity
All patients completed the treatment without

interruption. The most frequent acute GU

Table 4. Acute and late complication

toxicity was cystitis. Acute GU toxicity was as
follows: grade 2 cystitis in 5 patients (22.7%),
grade 2 urinary obstruction in 1 patient (4.5%).
There was no acute GU toxicity grade > 3. For
acute Gl toxicity, grade 3 diarrhea occurred in 1
patient (4.5%). No grade 4 Gl toxicity occurred.
No late grade 2 or higher GU toxicity occurred.
There were 2 patients (9.1%) with late grade 2
proctitis and only 1 patient (4.5%) with late grade
4 proctitis. Acute and late complications were

summarized in Table 4.

Complication

Acute toxicity grade

Late toxicity grade

n(%) n(%)
2 3 4 2 3 4

Rectal

Diarrhea 0 (0%) 1(4.5%) 0(0%) 0(0%) 0(0%) 0(0%)

Proctitis 0 (0%) 0 (0%) 0(0%) 2(9.1%) 01(0%) 1 (4.5%)
Urinary

Obstruction 1(4.5%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)

Cystitis, noninfective 5(227%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)

Incontinent 0 (0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
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Discussion

We investigated the clinical outcomes of
prostate cancer patients who underwent salvage
dose-escalated IMRT for radiotherapy-naive
nmMCRPC patients treated with ADT alone at
diagnosis. Our findings for patients at 5 years were
as follows: biochemical control in 43.6%, clinical
control in 47.4%, and metastatic control in
50.6%. The 5-year OS was 62.4%. The predictor
of worse clinical outcomes was PSA before EBRT
> 13 ng/ml. Salvage dose-escalated IMRT was
well tolerated, with grade > 3 toxicity in only
4.5% of patients.

Similar results (Table 5) were observed in

13] and

studies reported by Botticella et al.!
Aizawa et al."". Botticella et al."” had studied 42
patients with nmCRPC who were treated with

EBRT to a total dose of 78 Gy, reported that

the 5-year BRFS and MFS were 39.4% and 609%,
respectively. A retrospective study by Aizawa
et al."™ also reported the 5-year BRFS of 32.3%
and the 5-year CPFS of 56%. Although the
patients in the study reported by Aizawa et al.
were more favorable, the dose of EBRT was
lower (median dose of 70.4Gy in 38 fractions)
compared to our study. However, the results
from some studies appear less favorable than
our studies. A large retrospective study of 140
nmMCRPC patients treated with EBRT by Sasaki et
al. found that 5-year CPFS was 36.7% and 5-year
0S was 48.1%."” Pascoe et al.", a cohort study
of 13 nmCRPC who underwent EBRT, observed
the median BRFS of 15 months and the median
MFS of 18.5 months, while our study found that
the median BRFS was 31 months and the
median MFS was NR.

Table 5. Literature overview of studies evaluating the role of salvage EBRT in non-metastatic,

castration-resistant prostate cancer

First author No of EBRT dose Median Median Median Median Median OS
patients  (Median) follow-up BRFS CPFS MFS 5-yr OS
(months) 5-yr BRFS 5-yr CPFS 5-yr MFS
Sasaki et al."” 140 66 Gy 20.7 - - - -
- 36.7% - 48.1%
Pascoe et al."? 13 64 Gy - 15 months - 18.5 months 42 months
Botticella et al.™ 42 78 Gy 53 27.4 months - 27.4 months NR
39.4% - 60.0% 65.0%
Aizawa et al."” 31 70.4 Gy 66.6 19.3 months 16 months -
32.3% 56.0% - 74.6%
Present study 22 77.94 Gy 43 31 months 37 months NR 73 months
43.6% 47.4% 50.6% 62.4%

EBRT external beam radiotherapy, BRFS biochemical-relapse free survival, CPFS clinical progression-free
survival, MFS metastatic-free survival, OS overall survival, NR not reach
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Although a dose-escalated EBRT in the
definitive setting has better biochemical control,
the role of salvage dose-escalated EBRT in the
nmMCRPC setting remains controversial. Ogawa

M discovered that local control after

et al.
irradiation of > 66 Gy was 98%, compared with
83% for those receiving < 66 Gy (p = 0.024). In
the Botticella et al. study"”, all patients were
treated with EBRT to a total dose of 78 Gy in
conventional fractionation. No patient developed
local failure, and a systemic control was up to
60%. In the Sasaki et al. study"®, a total dose of
> 60 Gy was a significant prognostic factor for
overall survival in the univariate analysis (HR 0.63,
p = 0.001). Besides, Nakamura et al.”’ also found
that a total dose of = 60 Gy was one of the
prognostic factors in a multivariate analysis
associated with better survival (HR 0.24,
p = 0.026). In our study, we used the relatively
uniform and high dose EBRT regimen (76-80 Gy)
with advanced techniques (IMRT/VMAT with
IGRT). The local control was excellent, and the
toxicity was relatively low. Local recurrence
occurred only in 1 patient (4.5%). Our clinical
results were comparable to the Botticella et al.
study, which had similar baseline patient charac-
teristics and EBRT dose.

In our study, multivariate analysis revealed
PSA before EBRT > 13 ng/ml was a significant
prognostic factor that resulted in lower BRFS (HR
13.6, p = 0.002), CPFS (HR 7.12, p = 0.01), and
MFS (HR 19.14, p = 0.003) than patients with PSA
before EBRT < 13 ng/ml. The PSA prior to the
EBRT level was also reported as a prognostic

factor in previous studies. Smith et al.”’ studied

the natural history of nmCRPC and found that
baseline PSA > 13.1 ng/ml was associated with
shorter OS (HR 2.34, p < 0.0001), time to first
bone metastasis (HR 1.98, p < 0.0001), and bone
metastasis-free survival (HR 1.98, p < 0.0001).
Botticella et al."” reported that the pre-EBRT
PSA = 5 ng/ml was associated with BRFS
(HR 0.9, p = 0.05). Sanguineti et al.”’ found
that higher PSA at RT was likely to develop the
distant disease in univariate analysis (p = 0.07),
especially patients with pre-EBRT PSA higher

" reported that

than 20 ng/ml. Ogawa et al.
patients with pre-EBRT PSA > 20 ng/ml had worse
PFS in univariate analysis (p = 0.026). Pascoe
et al"” found that pre-EBRT PSA was correlated
time to progression (p = 0.017) and time to
metastasis (p = 0.025). To conclude, nmCRPC
patients with lower PSA before EBRT tend to have
better outcomes.

In the present study, the rate of Gl and GU
toxicity was acceptable and comparable with

8,9, 11, 13, 14, 16] However
b

other previous studies.!
we detected late grade 4 radiation proctitis in
1 patient (4.5%), which was higher than in RTOG
0126 (<1%)."" After reviewing the treatment
planning, we discovered that the rectal volumes
in this patient that exceeded 70 and 75 Gy were
25% and 22%, respectively, exceeding the
rectal dose constraint. Dose and volume criteria
that are associated with Gl toxic effects have
been previously published. The large (> 15%)
volume of the rectum > 70 Gy was associated

?Y These findings indicate

with late rectal toxicity.
that it is critical to maintain the dose constraint

of the rectum in order to avoid severe toxicity.
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The standard treatments in patients with
nmMCRPC are enzalutamide, apalutamide, and
darolutamide. In patients with high-risk
nmCRPC, phase Ill RCTs including the PROSPER,
SPARTAN, and ARAMIS trials recently revealed
that enzalutamide, apalutamide, or darolutamide
improved MFS compared to placebo. In the
PROSPER trial, the median MFS improved from
14.7 months in the placebo group to 36.6 months
in the enzalutamide group (HR 0.29, p <0.001).”’
In the SPARTAN trial, the median MFS was 40.5
months in the apalutamide group compared to
16.2 months in the placebo group (HR 0.28, p <
0.001)." The ARAMIS trial also demonstrated a
significantly better MFS in the darolutamide
group than the placebo group, with a median
survival of 40.4 months vs. 18.4 months (HR 0.41,
p < 0.001)."” The role of salvage EBRT in patients
with radiotherapy-naive nmCRPC is controversial.
Although the STAMPEDE trial demonstrated the
benefit of EBRT to the primary tumor in patients
with a low disease burden, there is no strong
evidence to support the primary tumor treatment
in this setting. A post hoc analysis of the SPARTAN
trials assessed the impact of initial radical local
treatment on the OS. The HR for OS was better
in the apalutamide group. However, the benefit
of apalutamide is clearer in patients who
previously underwent definitive local therapy.””
There is an assumption that EBRT could eradicate
the local tumor and prevent subsequent
metastasis. Therefore, we hypothesized that the
combination of salvage EBRT and novel anti-
androgens in radiotherapy-naive nmCRPC might

improve local control, extend metastasis-free

Journal of Thai Association of Radiation Oncology
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survival and increase patient lifespan. However,
the combination of dose-escalated IMRT with
novel antiandrogens should be further investi-
gated.

There are a few limitations to our study. First,
the definition of CRPC status in our study was
defined as a continuous rising PSA despite
ongoing ADT. The Prostate Cancer Working Group
2 (PCWG2) described CRPC as an increasing PSA
greater than 2 ng/ml higher than the nadir despite
castration levels of testosterone (less than 50 ng/

29 We used this definition because we

mU).
included patients who were treated before this
concept was introduced, and serum testosterone
levels were not routinely measured in our
institution at the time. Secondly, this cohort is a
retrospective study. The retrospective nature of
this study required a review of individual patient
data, which may have been subject to
incomplete data collection. Because most
patients” primary ADT was performed in other
hospitals, radiographic imaging was unavailable
during the initial staging. Finally, the sample size
is relatively small. Nevertheless, our result
provides favorable results of salvage dose-esca-
lated IMRT for radiotherapy-naive nmCRPC.
Further prospective studies are needed to
evaluate the impact of salvage dose-escalated

IMRT with radiotherapy-naive nmCRPC.

Conclusion

In conclusion, for a patient with radio-
therapy-naive nmCRPC, high-dose salvage EBRT
was a feasible treatment option with acceptable

toxicity. This approach was associated with ex-



cellent local control. The biochemical, clinical,
and metastatic controls were acceptable. The
combination of high-dose salvage EBRT and

novel antiandrogen should be investigated in

future prospective studies.
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ABSTRACT

Background: The variation of bladder volume in IMRT and VMAT techniques for prostate cancer
can lead to errors in receiving dosimetry and increase toxicity in patients. Therefore, there should
be an effective system to estimate the bladder volume during radiation therapy.

Objective: To evaluate the variability of bladder volume using ultrasound image guidance for
radiation therapy in prostate cancers.

Materials and Methods: Forty patients who were treated with a VMAT and using full urinary
bladder protocol were evaluated. The patients were classified into two groups according to image
guidance setup protocols (without and with using ultrasound). The first group was the patients

(20 patients) who were estimated the bladder volume using the timer method before doing a
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CBCT. The second group (20 patients) used the ultrasound to estimate the bladder volume before
doing a CBCT. A total of 429 images of CBCT including 40 images of planning CT were used to
analyze.

Results: There was a significant difference in the bladder volume variation between the two
groups. The results found that the population-average differences of bladder volumes between
planning CT and CBCT images for without and with using ultrasound guidance were 46.2+30.2%
and 20.9+6.4%, respectively (p<0.0001). In addition, the bladder volume of individual patients
who did not use the ultrasound also showed a higher fluctuation bladder volume in daily CBCT
images than in the other group. The maximum variation for the patient who did not use ultrasound
was up to £122.5 ml with 16 repeated-CBCT images while the patients who used ultrasound
found only +£69.9 ml with 1 repeated-CBCT image.

Conclusion: The use of ultrasound image guidance before undergoing CBCT has significantly
reduced the variation of bladder volume in prostate cancers. Moreover, this image-guidance
protocol can reduce the extra-radiation dose received from repeated CBCT imaging as well as
reduce time-consuming and workload in the treatment room.

Keywords: Variation of bladder volume, Ultrasound, Prostate cancer
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U LIAN939 @¥AINTIAET AUNSaTITanUSUuSeE
fAnaINMsEenmEe CBCT S1daunsine uas
annszauludesanedadld fadueAdedseiidy
WednwAnuulsusuresUsnnsnssmnsdaane
TuusazTuainnisld wndesdansenus nsuszidiu
uraneurinIsaeFdd i Uisuzisanen

anuuIn
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1. njunAaeY

PAfihdunsfinudoyadeundmasnduiiie
uziSssiougnrunn fildsunsinwilagnisansded
FremaTiANSaNERUY VMAT feladedinieu U
Towond (Varian Clinac iX: Varian Medical Systems,
Inc., Palo Alto, CA) haraiesadluseuninameu
UNIIAU W.A. 2556 D9 LADUNNIIAN W.A. 2563
a mheSsEsnvarazsinel lsanenunasusud
TngtufinteyavesUaedleiunisarefedlad
mimuqmﬂ%mmfﬂumzLW’]z{Jam’axdauma%’qﬁ
Tasuvanguitaseendu 2 ngu 1éun nguil 1 fe
FunamdsandifUisisuivauianaiiguieun
Pz $1uau 20 18 uaznguil 2 fe Fuamas
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Mindedansiennus Suduliumsiilunsuine
ﬂaanz@’ﬂ’mgﬂﬂ%ﬁ $19U 20 18 NN LY
M1n15v9UY N3N 38lunysdanaAney
NITUAITIIUTITUYDIASLNNYAIERNT LTINYIUA
590130 un1inerdoudioa wavfi COAMURA
2021/250 Jufideudenudn
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wAta VMAT
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3% full Bladder s¥nineanesed
RLERRN
1. fUedldsunsitedoinduuziSeiougn
MINTLHLUNINTEAG
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2. MIswseudenusdaeuiomes asians
n1921895985n191 (Computed Tomography
simulation: CT simulation)
nsvigunsaldnneEUae (Immobilization) 40
‘vi'ﬂm81ﬁs§ﬂaauaumwuwmuﬁm gnile 2 41999
vunthen saiuldaunsalbenu lagld Vac-LokTM
Cushions wu1m 75x100 Lwufliuns wazdn Vac-
LokTM Cushions lifuiiesniesadlasldgunsal
Exact Lok-Bar TigU381u13199iuuu Vac-LokTM
Ingly Vac-LokTM agsgninsUanewinfienuuives
fUae Mé’nmﬂﬁuﬁ’mﬁ@mamaamm Vac-LokTM
T dugeayey1n1Aaugusnees Vac-LokTM 839
AuUv1ve Ul (Lansdanand 1) wdsanndi
igunsalEan3afUasiasaseusesuan TgUae
w3suaiovh CT simulation luduneusiely
HUreaglafumuuziinsnsguiiaindadunme
neuTutnvaneyin CT simulation Twseuanldneu
Tns3uuszniuenszunslunsaigvaseyn
”Lajamﬁmhaqﬁmﬁznﬂi’uIumajﬁ@ﬂaamaqﬁmiz
Juvsedmniuazuuzilianegaaiszainowi CT
simulation n&saniigUaemdsies CT simulator
Wi fidnsadnisunmduszdvies azlsiiUae
lutlaanzeanlsivunreu Tugthengudl 1 1w
Toiaemnialuyium 600 fndans Tnsuuzin
T ldmunnely 5 unft wsandudme i
YAnmaunmdisudunandauidtieidufuthauias
sanuUinlaaniy (time for bladder filling) uax
satuiinian wWethnaildduunldluniswseusa
Fueluviesanssadsely Tunauil 2 sihnnsisdoudn



A : /

Al 1 gunsalfionn (14 Vac-LokTM Cushions)

Tudnwaisiientiu uauanastunsedl wé’ﬁmﬂﬁﬁﬂ’m
Sanvindaany TieSesdansigniug SreTiaud
U Grandvdu (Philips CX50 Portable Ultrasound:
Philips Medical Systems, Inc., Bothell, WA) mmﬁ
3.4 MHz 19%8an51917u6 (Scanning probe) viin
NIIUAR YD SWUURILAS (convex/curvilinear trans-
ducer) 1danlUsunsUN1TASIOaNT 11NN LTU
Abdomen General 1170UTNINTVDINTZLNY
Uaaz (Bladder Volume) 1ne119%2 probe Ustawu
Foavios vhnstavuanseimnsdaanzata 3 waunu
1AgnN152199 probe LWINNAIAIRAINY (Trans-
verse view) tlo¥avunanseinstlaana druning
(Width) #1uema (Length) ndsanntiunaii probe
WUIANEIRILLIE17 (longitudinal view) Lile
Tovuanszinzdaaniz sugs (Height) (anasi
adl 2) wavantufinUsunnsnssiwizdaansiile
INNSALIUTBATDISANT IS nda9ntani
Fuheitueies CT simulator Ineltia3es CT Ju GE
Optima CT580W (GE Healthcare, Milwaukee, WI)
Lﬁaﬁ’m’mﬁuﬂ'a;ﬂaﬂ’lwLLazﬁﬁa;ﬂaﬁlﬁlﬂiﬁmﬁ
MUHUNITSA

3. NN5INLANUNNTINE (Treatment planning)

Sedunmduinnin CT lUvinn1seunun1sTne
f281AT8 I MNUN1 SN ATTUTUNSY Eclipse
Version 8.9.21 uay Version 13.6.30 lag5sdunmnd
Fmsnaveunven fezeiamegildusyneuns
$nwn Usenauluane gross tumor volume (GTV),
clinical target volume (CTV), planning target
volume (PTV) Wag organs at risk (OARs) %8431
Tt fEndnsuImEThnsMaLRuN s EaUsy
AL U UTaUR (VMAT) Taginunli 95%
¥849 PTV deslasuusunussduinniinioiniu
100% vesUSunasadfidvun (prescription dose)
wazUSunasedfieoYorzddgyld Suldiiundndnd
Armua (dose constraints) aulusinAoaves
s.5wBUR Taeaw CT Aldlunisyinisnaununis
$nw (Planning CT) axgnadluiudeyadnedadnsy
A1sgenIN CBCT wiavhnisasiadeusiwnedl
Foamsnoumeedluiesanedsdiileliiulaindiae
Ip5ussdnsmnuiildinismanuan Tngluiesans
$edanunsaiuveunvesUInafians Ssduaze Ty
dAgymng o 1ol
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i 2 uaaansly Ultrasound davunavasnsznnztaanazluy (A) uwuandie-e1q waz (B) uulgs

4. N15AFIEDUA KU IN5R1959F (Position
Verification)
Tudumeunounisduarsdadduasnziieion
gnun Tunguguassia 2 nquazujuaiuuy
Wenfufuuiiwseusunyh CT simulation (wains
Fannd 3) AodUredeunioudldnouniaised
lagviin1sanegInse wazlaaveanlvivunneu
wdrntusuiluUsina 600 fiadans wazifisels
Uandlaamzamunaniitufinunainties CT simulator
wérdnhUnedsiosansfed TnslunquiUaed
THip3asansienud WmhiitnadnsunngUses
ﬁawsﬁwmﬁunmwé’amﬂﬁiﬂaaﬁ'mﬁw wazdudu
USunmsvosnseimnedlaanzlildvunalndifeeiud
antuiinunanies CT simulator lagliAiuaana
wAouresUiuinsnssmnzdaanziidansienius
routhitheidwissansiidegi +10% laeldiedes
9aRI191UA waglonTIinusuinsnseine Uaaniy
Lsziwﬁmﬁui’uﬁ;:iﬂwmﬁw CT Simulation e1U3uns
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yosnszizdaanedslaldaudismu AR
thsednUszann 15 ufiudwihnisingrdnads lu
nsaififheldnansevintlaaniiviosanssd ilese
USunsvoanseinizUaaiglinsemunnun1ssnw
flauuanssannuaiivuiinunantios CT simula-
tor UnSsENIsWNNgUsEIviesazantuiinanludl
wazSuseldazldnailndiivuiinlgainoanssed
Junaseliftievindaany esnSudivh T
simulation {theunesefimalieuiisminmemig
Werhnisdnansiivsed deilvinaisenssliin
Yaazoraldarfiuiuninung Lﬁ'aﬁﬂﬁﬂawﬁﬂﬁm
5@ Lﬁ’fmﬁwﬁﬁisﬁwﬁmmﬁmmQﬂawmﬁm
W‘%Iauﬁ’jﬂﬁ immobilization auvies CT simulator
wag Javingie ee laser mw,ﬂ%"awmauuﬂaéﬂaa
(Skin marker) 918ANNATIVEBUFULNUIVBS Isocen-
ter lABUIMIN15YINT018AIN (Protocol) e
e 3 TuLsnUesnsANELATHa Nt e
Snduaviar 1 a%a TnevinsaneamdeiaIasany



Empty rectum
Empty bladder
—

r
Without ultrasound

==

Drink water 600 cc

do a timing (time record from CT-simulation room)

1
With ultrasound

Drink water 600 cc

do a timing (time record from CT-simulation room)

Treatment room Use ultrasound to estimate bladder
volume
—_—
i |
Set up and CBCT )
J BV US<BV US BV US> BV US ;
i | . patient drink 1 cup, waiting for 15 mins S —
BV o 2 BV BV cocr < BV then repeat ultrasound Treatment Room
T
Start treatment patient drink 1 cup, waiting for 15 . P T
mins then repeat CBCT Repeat this process until Set up and
BV US ; +10% BV US CBCT
——— T
Treatment Room Jreat
|: Set up and CBCT
|:- Treat

i 3 wnudanananishdlduagld Ultrasound Tunsussiiudsunmsvesnseingtaanizvestae

ANYD BV = Ysumsnsznztaanigainain CBCT BV_ = Usumsnszinnziaanizain planning CT, BV

Us = USunmsnseimnetaaizann Ultrasound N1v0921859d, BV us_ = USumsnszmnetaanizann Ultrasound

P09 CT simulator

Varian §u Clinac iX #flszuvaign1nin3a
(On-Board Imager: OBI) o181 Electronic
Kilovoltage (kV) f1u Anteroposterior (AP) wag
Lateral (Lat) Tunisananinmuunusunnsad 75kv,
200mA, 50ms, 10mAs Tua1u AP wagusunused
105KV, 200mA, 400ms, 80mAs Tus1u Lat 11013
WiguisunIna18M1959d@szuunlvia (Digital
Reconstructed Radiographs: DRR) fAunIn kV-kV
image vdntuvinsaneniw CBCT don Mode
CBCT Ju Pelvis fvuaUSunussd 125KV, 80mA,
13ms 14 Half Fan Bowtie \&on Slice Thickness 2.5
mm wagliSedunng nIounsednisunne s
Uszaun1salvinisiuSeuifisuniw CBCT Aunw
planning CT aT3daUsiuriiesseslsaLaza s

Fraufearns o Wnsauununissnew Tunsdid
Sedunndvseringadnsunngfisiuszaunisel wWisy
Weurwansgingdaanzvesnin CBCT faunaian
nvuIAnszin1zUaanizainaaw planning CT
quvilviefezinafesiddy wu d1lddn awnet
Tuusaudu Isodose n3olallaogludunyad
Fedunmgnaununisinwld iWumglidUasdeseen
NnTesanesidiiteniiuh wazsolidanaanzann
u (uamaanndi 4)
Tumsmeanuudsuriuvasnsengdaanviithe
gvinuddelatinim CBCT doundavasguieain
A58 Varian §u Clinac iX fildannsaeningiae
reumsanefedluviosane Yedianuaynass thals

[

= 3 U
Sagwnngnvurnvednseinizdaanie tagly
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AN 4 Lanen1siUSeuisuA nan planning CT Aunw CBCT Ailaannviesanased vslu (A) wuanmsnwng,

(B) wuag1e-121 hag (C) wunivas lnaidudiden wansusunsnssnzdaangilauiainain planning CT

wariduFudes kansUsunsnsemnzdaanenlaunannnain CBCT Tuinsanesad

TUsunsu External Beam Planning (Eclipse Version
8.9.21 waz Version 13.6.30) Ssdunneldin3asile
Contouring TulUsunsu External Beam Planning
MavuInnseingdaany laelusunsu External
Beam Planning @u13aLanIANslav999uiunng
nsziwzlaanie (Bladder Volume) anntutie
Bladder Volume ¥oft267l#a1nn13 Planning uag
Bladder Volume %Bﬂﬁgﬂ’iﬁlﬁiﬁf\]’lﬂﬂ’]iﬁ’] CBCT 11
1USsuiisuny Ineaundsusiunsnnnuaain
wasuvasnsznzdaans Anan Sevazvesnads
YBIAMUULANATEINNUTUIRSVRIN TNz Udaniy)
fanansluaunis

%Diff = [B”C%C‘f"”] x 100

11 %DIff B 50UAYVBIANARLVDIAINULANG
seeUsuIRsTeInTeinzUaanzann planning CT
lay CBCT
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BV_ fie Ysumsnszimnzlla@ivain planning CT
BV fie USmsnsziwnzdaanizannain CBCT

5. MIIATIZAAMINEDH

ﬂ?iﬁﬂ@?%@iﬂﬁ%@ﬂﬂ%ﬂﬂ@liﬂizLW’]%{]ﬁﬁ’]’J;‘j‘mﬁ
911A15%1 planning CT wW3guiisuduusuamg
nsuzlaanyiildarnnsyh CBCT vt 2 nau
wuantaglusuves Jeeay, ALade wazALdoauy
1551 Ingldlusunsu Microsoft Excel 2019
Tunshinsgitoya mnduinmsSeudioudan
unnAvesUTIRsnIEsdaaizsening 2 nqu
1n8ld Independent t-test Tun1sAIUIUAMNEDA
fisanAnuuanasegsiived M sadnisedu
Adesiu 95 Weosidud (p-value < 0.05) ¢e
1Usunsu GraphPad Prism Version 5.0

NANISANYI
1. dayaniluvaingunaaas



Tunsanwiseil Jumsfinwideyadeundaves
AUssuziSwougnuunszegliunsnseneduiy
40 318 el TngUsvasdnisaefedvaiinaisyed
uIuseugnuuIn (Definitive treatment) 311w
14 579 uazgUheaneTadnafin (Postoperative
treatment) 1w 26 91 seimuIaseglutag
91y3¥NINe 57-92 Y ﬁmqm?ia 69.1+6.6 U (meanz-
standard deviation (SD)) waglasuuSunussdsiu
ﬁgﬂmmagszmw 66-80 1n39 (Gray; Gy) lagddnuiu
ﬂ%ﬂ%@&ﬂﬁﬂﬂﬂ%ﬁ@&ji%iﬁ 33-40 A% Tngsvozim
sethntlaanyndsaniui 600 fadans fAeas

] 2 Y o oA o =
M15197 1 wanstoyarluvesUaslunguiinsiinm

0871 43 unit Insudsnguitheeenidu 2 nau Aengy
fnfilaildliatesdansneniud Busuuimnaniily
nszinnelaanieneuaeaddwI 20 518 wazngy
fUasilinTossansigniud Busuuiunanilu
nssimnzdlaanizieuaneaddnau 20 518 awild
Tuns3feusznauludasnin CBCT Swuauitanun
429 AWM UazA1MAN planning CT 40 A Tudu
vosmstsndunaniigiasldlunisndutiaany w
fthediuau 35 918 ndtheiun 40 318 Fada
Hu 87.5% Tszzanisnauliaamzaglugag 30-
60 W7l (uansdsansneil 1)

Parameters
(n=20) (%)

Group 1 Without Ultrasound

Group 2 With Ultrasound
(n=20) (%)

Age (years)

Median (Range) 68 (57-92)
<68 (years) (n) 8 (40%)
>68 (years) (n) 12 (60%)
Aim of Treatment
Definitive treatment (n) 10 (50%)
Postoperative treatment (n) 10 (50%)
Time for Bladder Filling (min)
< 30 min 3 (15%)
30-60 min 17 (85%)
> 60 min 0

68 (62-80)
8 (40%)
12 (60%)

4 (20%)
16 (80%)

1 (5%)
18 (90%)
1 (5%)

2. Auudsusrnvesdsunasnsawnzlasanie
yInsiUSeuiigulsunnsveensesnzlaaniy
(Bladder volume) A38 2 75n15 A nqueUlem

v

AUELAL VAU RN Tee CT Simula-

tor wanguiimmhunamunaiildnanies CT
Simulator wazausienisldadesdansienius
wuduﬁaﬁmsmLawwﬂuﬁﬂamawwqﬂﬂa fifinns
angnn CBCT Tuioannased wuinusuinsnseinig
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HaazvesUaeildinsautuas funanios
sghaipatinuulsusivnnlusdazadiveanis
grenmneun1sa1esed nudndledisuaining
wUsUTIugegnuesfUaenguilvinfu 240+122.5
fiaddns luvaefiaAnuulsusugeaelungustag
Pldinsossansanug Saunsndeulsinsnszing
HaanzaziimiouninBarintu 298.4+69.9 fadans
(wansanInd 5)
Yasvvosandudumilsvasruulsusiues
USumsnszinizdaane esernnandilduiain
nswseumvestheluiuinyih CT Simulation way
NSRS ENMUAaETUTDINTIRE59E dANuAnAng
fu naann1sAnEIUSIIRsTRInsEinz Jaanyluty
wsnveIN1IAeTed Ingdinsevidoyaainain CBCT

500
450
400
350
300
250
200
150

Bladder volume (ml)

100
50

wuindleldnanditiufinanainties CT Simulator tile
Dudrimuanatlunmsenuauunansswizdaane
lwiesaneFedluiuusn dnareauwsusiuges
Usinmsnszmnglaamizvesiieiiviesansed (uang
fanmit 6) Tasainnsmluansteyauiunsnsaimny
Haanzvesiinousiazauiilianam CBCT lufuusn
Wisuifisuiuamm planning CT Hanauvestitaed
lilfin3esdansionius (Lansfanim 6A) uazngy
Htholfiatesdanseniudsudne (Lansisniw 68)
Tngnwil 7 uansdiedssosarauLAnm19vDs
Usumsnsziniztaanizsening planning CT AU
CBCT vaansaneediuusnvesUlengulalduas
THinSesdansieniud winfudosar 100.6+118.6%
wazSoway 27.4+27.6% MRy

B withoutu/s [l with u/s

MA 5 uansiegeauLlIUTINgIgavestSnasnssnz daanigianglugiisiamzyaaa fildainam

]
v
o a

CBCT Wiguileuiunw planning CT seninangy ey @) waylaild Ultrasound (Funku) s
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Bladder Volume (ml)
Bladder Volume (ml)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Patient no. Patient no.

=i Bladder Volume CT <-4+« 15t CBCT Without ufs —@— Bladder Volume CT -+ @+ 15t CBCT With u/s

AR 6 uansAUTIasnszimedaanvesiUlsudazyanalunisanesediuusn @) wagiundnasnis
218598 (@) auardudinunanvies CT Simulator (A) §taelalld Ultrasound uay (8) fUaeld Ultrasound
ppHapl]

400
350
300
250 o
200
150
100

50

%Difference Bladder (chct/ct)

-50

B without u/s [l With u/s

AN 7 LanIARAsSorazALLANANTBIUINIRIN TN Udan23 92139 planning CT wag CBCT 984013
mefediuusnveenagulally Ultrasound uag nauld Ultrasound $usag
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NNTANYINIUTBULTBUAIN planning CT Ay
a1 CBCT Guaqﬁﬂ’mﬁy’wmaﬁ’]mu 40 518 WU
nguiUaeiilildiaiossansivniud fusunsves
nsziztlaanediléainnin CBCT nasnnisanesad
yosnguaEsEWIg 119.3 s 313.4 fladans Alady
yosUmsnszimzdaanzueanguogi 188652
fiaddns (Wansianenedl 2) uavdlomaadsfovas
YDIANULANANTZNINUTUIRTV0IN TN Taay
1NN planning CT fuam CBCT waanguinfiu
WUINTAWVITU 46.2+30.2%% (nwii 8A)

Tuvaigfidruvengugiedlasunisidinies
Sansmus Suduvimanilunsamnedaamedeu
Mefeddunuin Uinesvesnssimnsdaansilaan
A CBCT mapan15ane3advenguagszning 92.8
f9 322.2 188305 AdsvesUsuInsnIEINIY
Jaanzvosnauogil 223.6:66.4 fadans (wang
Famseit 2) warliddeiesaranuunnsnaves
Usuasnseinnelaanizsening planning CT uag
CBCT v Ursusazsnenasnnisatesed winfu
20.9+6.4% (AWl 8B)

MnAANILAneeuIngugUaedileFunsly
wSeadanswus Sudurunavesnsawieaanie
nouN3UN1TRNesed dUsunsvesnseinzlaans

(V)

%Difference Bladder (cbct/ct)

7 8 9 101112 13 14 15 06 17 18 19

Patient no.

20

%Difference Bladder (cbet/ct)

Tumesanesadlnalfesiudsuinsveanseine Yaane
AfadunngnaununsinvmInninguguaed
Tyil§%umsldindessansieniug Suduusuianh
Tunszmnzdaanizneunissed lnadaiuunneng
pgsiltEdANISEiA (p<0.0001, pair t-test)
Tnevsiidmuinguuesgineilildiedossans
g12us FutudSunanilunssimnsdaaizinasiu
YT LAIUNSEEATIN CBCT 18 16 A% 99ns1uy
mseneam CBCT viamun 240 A%e iipsanySunm
dlunsvmnedaanzuanssanam planning CT
Wnnifieusule Iummzﬁﬂﬂwmﬁﬂéaﬁamww
s SudulTinanilunssimnsJaanenouany el
HATILYBITILIUNSEN AN CBCT sl 1 A%ea1n
$ruunsanenIm CBCT viavun 188 s winiy
awmuesnstenmsiluthenduiliedossans,
g1us (iesandihefiansedadunounthldnan
Tunsanessduiuninung ﬁﬂﬁiwu’sa’]ﬁ@ﬂwﬂgu
Uaanagl hunuiuld Jevihlisuswesunanssmie
YaazldiuasunlaslUanmemawsunsdnennn

finasiasiumivewougniunn Wumgvinlise

v
[

AUhseanuIesENfIRuWeNeIIeTadlraBnaTs
(LARIRIN1TIEN 2)

240
220 (B)
200
180
160
140
120
100

80

60

40

20

0

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

Patient no.

AN 8 uansARReYRIALLANA1NTENINUSINAsNSEIzdaane planning CT wae CBCT wiavnguves

Avrengy (A) Tld Ultrasound wa (BLE Ultrasound sausie
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a % a % o o
N139N 2 LLa@QmaMﬂﬁﬂiquﬁﬂﬁgLqu{jﬁﬁqquuaqﬂiﬂa

Parameters Group 1 Group 2 p-value
Without Ultrasound With Ultrasound
Bladder Volume from CBCT (ml) 0.09
Range 119.3-313.4 92.8-322.2
Mean (SD) 188.3 (65.2) 223.6 (66.4)
Number of CBCT scans 240 188 0.006*
Number of repeated CBCT scans 16 1 0.008*

newme: * danuuansnsesdliiuddaneada (p-value < 0.05)

fintia: CBCT = Cone Beam Computed Tomography

unIansal

mu%’aﬁﬁﬂmﬁﬂw 2 ﬂfcjw?qulﬁiﬁ% Full bladder
willouu udumnsafunssiingud 1 agldmsdunm
Wesedradendudnivguauiansznizdaans
wagnduil 2 1938dunauarlfindosdansieoud
WsnsIedoUILIansEInTaanzdnads ns
Avavanseinzdaaisluwiar Tulvidvunelng
Lﬁmﬁ’mﬂu?ﬁﬁ&m@iamiﬂ’mﬂu Iumjwﬁﬂaaﬁ?imﬁw
Juanileegaine wazldiianseulndaany
WU fiwdeudunanies CT Simulator o
#in1sanen I CBCT Tuvosnesed wuinilonsn
AuAaIRRAeuvasUSIasn sz daaazling
muUsuIRsveInssztlaae i runsSnw
WuoghannlusdazTuvesnisaneded wewseu
\Wisuiunguitliintessansianius ansfanmii 6)
FeaonndeetunudTevas Takamatsu S wazaaz ™
Anuninguitiefidunafivsegiafe 18n
AuAaIAAdeuvaInsEmzaaizaInnd way
fifousiin Tdunanfissedafedliiifiemeiias
mU@mummzwaﬂaanﬂﬁﬁﬁuumﬁwhﬁ“uvmi’u
1§ FaiulddnanaanunainndsuresiuLsnues
N3R5

TutuanefedveaUnoiilildiedossansvniud
L5INTVVRIAVRINTEIIE T aan e Ue 1159
MuuHLNsS e ssiAunmduie lsifvewlothitag
Wesaneded wazvihnisanenm CBCT ndannti
funvesnseizdaansvesiUisivunling
AULHUNTTINYY dnTednisunnddoaingUae
gonaneseidifieliunniousalnduay sl
yunveInsyinngtaanisidvuinlnalAgsiuauie
fivin1sneununsine wdsniuiaiiaed
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Abstract

Background: Radiotherapy for the treatment of head and neck cancer (HNC) aim to precisely
deliver radiation to the tumor while minimizing unnecessary doses to the surrounding organs.
However, radiation-induced toxicities in the oral cavity such as radiation caries and
osteoradionecrosis (ORN), remain serious adverse events that are affected by the radiation dose
delivered to the jaw, especially when dental extraction is performed in a high-dose exposure
area (>50-60Gy). Therefore, a guideline demonstrating high radiation dose-related location of
the tooth-bearing area in HNC might be beneficial for consideration of pre-radiotherapy dental
treatment plans to prevent undesirable complications.

Objectives: The purpose of this study was to present the high radiation dose distribution
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related to the tooth-bearing area in HNC patients and provide a dental-dose landscape for
improving the consideration of the pre-radiotherapy dental treatment plan.

Materials and Methods: This was a retrospective observational study of HNC patients treated
with conformal radiotherapy at King Chulalongkorn Memorial Hospital. Case studies from 6
subsites, including nasopharynx, oropharynx, oral cavity, hypopharynx and larynx, nasal cavity,
and salivary gland, were selected by radiation oncologists. Delineation of teeth was performed
on computed tomography simulation images by oral and maxillofacial surgeon. Dose distributions
were illustrated in tooth-bearing areas.

Results: The area of dose distribution (50 and 60 Gy) correlated to the tooth-bearing area in
13 patients were presented and summarized into 4 groups. Group 1 midline oral cavity cancer
(oral tongue, floor of mouth) received a high radiation dose to all teeth, but the maxillary teeth
can be spared by the application of an intraoral stent. Group 2 lateralized oropharyngeal and
oral cavity cancer (tonsil, base of tongue, retromolar trigone, buccal mucosa) received a high
radiation dose to ipsilateral molar teeth. Group 3 nasopharyngeal, hypopharyngeal and
laryngeal cancer with elective neck irradiation (ENI) received a high radiation dose to the molar
teeth in the same side of irradiated neck. And, in group 4 HNC without ENI (low-grade parotid
gland cancer), none of the teeth received a high radiation dose.

Conclusion: The current study illustrated the dental-dose landscape of the tooth-bearing
area receiving high radiation doses in subsites of HNC treated with conformal radiotherapy
techniques. A further prospective study is necessary to demonstrate the benefit of this
dental-dose landscape to pre-post radiotherapy dental treatment plan potentially
implemented in routine practice with reduced complication.

Keywords: head and neck cancer, radiotherapy, dose distribution, tooth-bearing area,

pre-radiotherapy dental treatment
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UseTRauuns wavnisaugsn™ Judu Yadusiu
1sangide loun n15idadelsa (diagnosis) Mumus
Y94388l3A (tumor site) LagTrEzNMIqNALYRIlIA

(staging) Uadeaiun1ssnw laun 35n155nwsau



(M58eA N15R1859E nstreuadvatn) Msnennsal
137 (prognosis) 8m31N1350AT3A (survival rate)
U3nadilasusedluresnuazusinased (feld of
radiation and radiation dose) wazanvineyade
AUgUN1IENITUANTIY Liun an1iglaseasnag
flunaglsa (tooth structure and disease) ViduAf
waznsguasnyIguanludesinvesdle (oral
hygiene) UsgiRn1ssnwimisdasnssuluaesuin
uazn1sneuiunainIsanesd™”

fmanenisfneg wudn Usnaflasused >50Gy
ﬁmmL?%wummil,ﬁmmwms@ﬂmwé’qmimsﬁ"ﬁ

1131 qs@nen

vi30 ORN afunmzunsndouiizuuss
2049 lgbal wazAnz WU U3naildsusad >57.3Gy
%LﬁmmmL?iaﬂumﬂﬁmmuxﬂiz@ﬂmwé’ami
e 3sdeenslitedfgy wenand Smuiranandes
Tun1siim ORN qqmﬂmﬂﬁmiaauﬁﬂw?nmﬁma
TAsuUsHased > 60 Gy saufiauseIRnsSnw
nefaenssulugesUniaznMsaeuiund N1 sd
Uﬁxi’aguuﬁuazmﬁﬁuqm[5] Friutadeniefiavdl
drutnelunsieasuldliia ORN Faniswanides
msaeuiiuluudnadinglFiuuiinasd = 60 Gy
aztunsaeanssewinunmdSasnuuasiunuwmg
meﬁa%’a;daLﬁ'Enﬁ’uu’%nmﬁlﬁ%’u%’aﬁimﬁaw’m
sufaUTinasidaeniduieazlefu asildaugaeli
FUALNNIAILNTOINUAUNTS AT UANTTUNBY
msaeedifietosiunisiin ORN lFegamnzay

nsfnwdliinsdfnuguaslsnussedsue
wazdne ludunisuazszezvasdsaiivainnans
uwihnsiesdiunsiiudilaSusaduinnage
TIAVLARIAIDE1INITINKHUNITS N8 Sduay
NM19A3EM859E lYaIUN 1gTUUARUAILALIYDY
seulsn Tneflinguszasdilomusnasumisesiiy
ﬁiﬁ%’u%’qﬁﬂ%mmqa (50 Gy uag > 60 Gy) 91nA1T
aw%ﬂﬁ%“ﬂmﬁLﬁ'm%aaﬁ’ur;:iﬂwml,%ﬁiml,l,azéma

FLUUIAIG) LA IR UAINLAAIA LISV D 9T Y
Alesusavinagduiiodnan
JAUAZITNS

Usgung

FnelsauziSeAsuzuardne Bsliiunsanesd
fanv15edsnenazuziieinegt dresedinen
15INeIUIaRIaINTal SEWInel we. 2563 — 2564
theiniesae3edonduuuiiseynia (Varian Medical
System, Palo Alto, CA) fianunsaanessdmenaia
3 {1 wazmeflanisatesduuuusuanudy 1o
‘vmm%ﬁ lnefiinasidaiden lawn (1) 10uddae
TspuziSefswzuazdinofila Sunisansseduuy
W99 (curative treatment) ans&in15a13ed
NAINIAR (postoperative radiotherapy) wagn1s
aeSadldunsSnumvdn (definitive radiotherapy)
(2) fnmenasdaeufinmesfildsiasinisanesed
(computed tomography (CT) simulation) wag (3)
fihlugesunn tnsegradosiflunsulug 1 3 sewn
nsslnsfiieates drunasinisdmean Taud (1) Tud
Hunsulutesuin (2) Mweneisdrauimasiing
dllmvdoiifants vilvinwlaidaiau (artifact) (3)
IgsunsShwnsessaiideunsSaiesnit 60 Gy

ABMsAnen

wnng Sadsnwdendiegansaldnyiuae
Tsnuziefswruazdneifiseslsnogludunys
(subsite) 199 Usenousiig uzi5maalnsaagn usis
Aavies (Mouda nmugeu lauau) uziddludesun
(Au Hurestin nszgnidiluuaziuien vim
auvAvesienvdaiiunmdaeving naviauii)
uziSaneedIuaItasnaodes ueiiilnsaayn
wazuziSarouthanevdanny aanduinim CT

simulation v@InNguiIg 1A azATAURNYIU
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MaduveuaiiuLaazd (tooth outline) Tunn
FAY219A UL UTEUNUTI RN UL LBV
a9 (axial cut) Ingviununndianignsdasrgans
FosnuaruiindalawiTea ieliussnmueituls
Faautulusita 3 uuawnu Teud axial cut, szuulu
wwaRsindasamessnidudndronazuan (sagittal
cut) wazsTUURRIaNfUSEUNY sagittal (coronal
cut) ﬂﬁﬂﬁuﬁwuw%’auﬁuﬁuLmums%’ﬂwwaaﬁﬂqaeﬁa
LLammiﬂszmai”a?mauLﬂumsuaw%mm%’q?iﬁ;jﬂm
urazselasu melusunsy EclipseTM treatment
planning system (version 11.0, Varian Medical
System, Palo Alto, CA) Fsldlun15219ununis
218598 uaasaduukunnansuSuassd >50Gy
wag 260Gy Mg UUNMLALILID9508 LA

NAN1SAN®N

fifUrelsnuzsafsyzuazaine $1uau 55 518
neladadannsaAneinuiiunywesseslsa
fifldnvainldmunarsnwasfneanmuLn
Wiordudunulunisynauelubuunin s1uay
Ay 13 18 fengiade 57 T (faud 40-72 ) 1Ju
WATE 7 ALLATINANS 5 A umdaiiuiilady
$adUTIuge >50Gy Tinusedign leun dum
Hunsudiiaeanazay drusundsiiuiilasuyed

USuauge 260Gy ﬁwuﬂaaﬁqm Toun sunudeu
n9uFan As1edl 1 wansagudnuaizuosiae
nsdiAnwusayse Tnefiseaziden feil
1. mf%wé’ﬂwwagn (Nasopharyngeal cancer)
nsdlfnwil 1 {treimemds 01y 47 U 165y
n9idadeindu uziSmdnsaynszez T3N3MO
Faflmsnszaneludemhmdeiineuasdnanes
(retropharyngeal lymph node) waglasunissnw
fesidmaiamainn1sanesadnuulsuaNLTY
sauAvenaiviUa (concurrent chemoradio-
therapy, CCRT) 70Gy / 33 fractions lagnwuanilu
nyudTiaeaarauuulasused »50Gy wazilunsny
fudeuLdfiauldsused 260Gy (il 1)

2. uzi59naviaY (Oropharyngeal cancer)
2.1 uziSmauda (Tonsillar cancer)

nsdlfnwnfl 2 gUaeiwemds o7y 63 U 16
SumsitadedunziSweudamudnesyey T2N2MO
Sun1ssnwlag Definitive CCRT 70Gy/33 fractions
AIYWATANITAIBTIFLVUUSUAMNLTY TAgnUII
Hunsrusuienfuteunzselasused >50Gy laun
ilunsmdiudreuunaraaionun daudtuiioging
fufeuuzSannndlasusadusuags 260Gy laun
flunsudfiaesuazamusiudneuuwazas (il 2)

(A) (B)

A 1 uanensnsyaeUiinasdludeshinvesiielsaussmdalnssayn Tuusnailuuu (A) uagituans (8)

Tunm axial waznm coronal (C)
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(A)

(C)

Al 2 uansnisnszateysunasidludesuinvesdiaslsaunsmdmeudasudie Tuudnaiuuu (A) uay

#luans (B) lunw axial kagnw sagittal (C)

2.2 uziSaneueau (Soft palate cancer)

AsdiAnwf 3 AUrewane 01g 53 U lasu
nsiftadeidunsiSunnue auR 1ug 185 Y
pT3NOMO Shurlponsindineiosenaon (wide
excision) AL postoperative CCRT 66Gy / 33
fractions ijesannid microscopically positive
resection margin AYWATANITANYSIALUUUSU
ALY Taenuinfunsiuaiuielfutouszisa
Ioun Hunsuuazilunsudosdiidewnudneuuuas

a4 195u5ed >50Gy duiludunsaiuiutouslzise
oA funsuuudfiaesuazanusuun wazilunsy
anaduraLe AlESU3ed »50Gy Wiy osann
fimsaneSdvinareuiundos level 1B $udae
(elective neck irradiation) dhuitunsstauuuazan
fegsnufeuazindiufounzialdsussdgend fe
260Gy eun funsudfiausue funsusudie
Vanun HauuLavans (M 3)

(A) (B)

(C)

Ml 3 wananisnszaeUsinasdlutesdinvesiUlslsauzisanaugousiiudie Tuusuiiuuu (A) uaz

fuans (B) Tunw axial wazn I coronal (C)
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23 mﬁﬂﬂué’u (Base of tongue cancer)

nsdifinwdl 4 fhemane 91y 56 U A599
wurlunzddauaudiuanszesy TAN3MO $unis
$nwilae Definitive CCRT 70Gy/35 fractions e
forsandfivsunassd >50Gy Huiilasusdlaun
Hunsuuudiiany funsudesaisnindiades
quiailunsmunansiaviue uasfiuSinaded »60Gy
fluiilasusadland funswumanaiemmn (i 4)

3. uzi3sludasunn (Oral cavity cancer)
3.1 yziSau (Tongue cancer)

nsdifnwil 5 flhemane oy 50 T 16
Sumsitedefunzdaaussey pT2NOMO lesuns
Shwilpenisrndnausonuieday (partial glossec-
tomy) JaufulanAetvEsIUsInReR e
(left neck dissection) #us9e postoperative RT
60Gy/30 fractions fewmAla 3 4A lnenuanfuuu

wazaenalugesunlasused 260Gy (nwi 5)

(A)

(C)

Al 4 wansnsnszaneUiinasdlugeshnesfiielsaussalauauiuen Tuusnailuuy (A) wagiluans

(B) Tunw axial wagnw sagittal (C)

(A) (B)

(€

A 5 wansnsnsraneUsinasidludeshinvesfUislsausseau Tuusaituuu (A) fluans (8) Tunw axial

kazNIN sagittal (O)

Journal of Thai Association of Radiation Oncology
Vol. 28 No.1 January - June 2022



nsdifnudl 6 fhemends oy 64 U 163U
ns3dededunsifsauseor TINOMO 185unns
Snwlaun1su1fn (wide excision) saufulany
ﬁamﬁﬂmﬁaw%nmﬂa AUAIY postoperative RT
60Gy / 30 fractions \{lo991n close resection
margin waziimsldgunsaianswenedesuiniileusn
1n33bNTUUKALET (intraoral stent) wuIHua
NnBLA3UTad 260Gy usiluuuyndlailasuisdiae
Wansanededdomain 3§17 (@ 6.1) uas
wiadan1sareSaduuuiiuanudy (il 6.2)

3.2 mﬁmﬁuﬁdaqﬂ’m (Floor of mouth cancer)
nsdlAnundl 7 fuaemands ong 65 U
I@5unsidedoduns S efiuresindudesses
pT2NOMO Tasunssnulaenisuidniifosensen
ﬁwm LL@W’T@ﬂis@ﬂmﬂiﬂﬂiqu’m (en bloc
resection) SaufulaAsL AU ARG LAz
finnaunauTaniugie (left tonsillectomy) muaag
postoperative RT 70Gy / 33 fractions seinaiia
AsaneSadnuuliuaudy Weseniidounsiss
naunaeay (residual tumor, R2 resection) Wu31
fluvunazarsynalureshnléiused >60Gy sniiu

flunthuuilésused =506y usiliiiu 60Gy (nwdi 7)

(A) (B)

(€) (D)

A 6.1 wanen1InTEIeUSinusidlutesuindenitsaneSadmaiia 3 JRsuiu intraoral stent lugUae

Tsnuzideau TuuTnadtuuu (A) fudns (B) lunm axial mm coronal (C) wazam sagittal (D)

(A) (B)

(€ (D)

AN 6.2 LARINITNTEA18USUIUTIE LY IUNNA8NN521859FMATANITRIETIFLUUUSUANULIUT IUAU
intraoral stent TugUaelsaugisadu Tuusnaiuuy (A) fluans (8) Tunmw axial A coronal (C) uaznw

sagittal (D)
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(A) (B)

Ml 7 wanan1snszaneUsinasidlugesdinvesithelsausisaiutesiindiudne Tuusnaiuuy (A) fluans

(B) Tunm axial AW coronal (C) Lagnw sagittal (D)

3.3 ustSenszgnidflunazivion (Alveolar

ridge and gum cancer)
nsdlAnunl 8 fUrsimandseny 46 I

IsunsifdedeidunsiSansygnidiiluennuussey
pT3NIMO Sunis¥nwilasnisiadaiiesenuas
ARNTEANUINTTINTUUUINEIU (wide excision and
partial right maxillectomy) SfuanzseutmEes
USIIQIAD ANURIE postoperative RT 66Gy/33
fractions AaELMATANITRIE5TIELUUUTUAIINLTY
Tnenudituiilasusad =506y sl 60Gy laun
ituuunnd itude funmudesuazitunswarsm
sogiuiieriuieunsise duiluiildsusad >606y
TouA fuuumnd flunsiutiosuasitunsuanaiiug
Fuienfuouuzids (i 8)

3.4 uzi3aUinuamuATITe WTenTioguds
Wuﬂim%‘qmﬁw (Retromolar trigone cancer)

ns@fnwndl 9 fUhemends o1y 40 U

Igsunsitaduifunsdauinaaumdsuveanion
fogwdsilunsudgayinedudieszes pT2NOMO
VLﬁ%’Uﬂﬁ%’ﬂmImeiméfmLﬁmaml,asé’mﬂﬁxan
21n331N58790U196U (wide excision and marginal
left mandibulectomy) Saufulanzseutiimdes
USLIUAD LLazEJ”']EJLﬁammTwmmﬂgﬂmmmu

(anterolateral thigh free flap) au#18 postoper-
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(€) (D)

ative RT 66Gy / 33 fractions meinalian1sa1e3ed
wuuUSurud fuiilesused =506y leua fluns
uazilunsudosdudeicuuazans Teegduidien
fuffeunzi3e wagituieglndriuieunzi3afulas
USunausadas 260Gy loun fiunsiuuaziiunsiudes
Figowiauuuazans (1wl 9)
3.5 wﬁmwﬁduﬁm (Buccal mucosa cancer)
nsdiAnwfl 10 fUhemands o1y 62 T
lasun1sidadedunsisansefaududuenszes
pT3N2MO lasun1ssnwlaen1siidn (wide exci-
sion) ANGY postoperative RT aaewmaila 3 A
66Gy/33 fractions lagwuifluuuuazannd
masuandadugudetusteuldsusd 606y
duitunsududneuuuarans 165used >50Gy
wilsiiiu 60Gy osaniinisanedidfideuimdes
level B vieoedns (1wl 10)
4. uziSenaviesdluanuaznaasides (Hypo-
pharyngeal and laryngeal cancer)
nsdifinwil 11 flheweme 01y 66 T 3lade
WuuziSsrevesdiuansniudiessey TAbN1MO
Faflmsnsraneludeenimdodine lEun1ssnun
1n8n1591 Definitive CCRT 70Gy/35 fractions ¢
wiatiansaessdnuuUsuaIdn Tnenuinfuns
FianududnedadusuietuiounsiSuazsey



(A) (B) (€)

Muil 8 wanensnszaeUinasidlutenhnvesUislsauzsanszgnidiitudurnuy Tuudnaiuuy ()
fluane (8) Tunm axial uagnw coronal ()

(A)

a9 uanan1snsEeUsinasidluresiinvesiislsausss left retromolar trigone TuuSaituuy (A)
#Wuas (B) Tunw axial wagnw coronal (C)

(A) (B) (C)

d’ a Ul 1 ¥ v a a aa Ll [ 4 ¥ ¥
27 10 wansnsnsraeUsunusdlugesuinmenisaesidvada 3 lIWUENQ‘U'J‘Eﬂ;iﬂllgLﬁﬁﬂiB‘V\NLme’WusU’ﬂ

TuuSnaiuuu (A) fHuae (B) Tunw axial wazaw coronal (C)
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U v a

Yundes 195Used >50Gy seuunazaadiudie
druiluiildsused 260Gy Tufissilunsiudrednsd
fanumszaglndiufeunyifanniign (awil 11)
5. mt‘%\ﬂ;‘wwﬁlgn (Nasal cavity cancer)
nsdifinwl 12 gtheimenne 01y 68 T 163y
meidededunzsalnssayniueiszes pTINOMO
fumsihwlnensrda (wide excision) a¥aiioide
Unayn m1uf18 postoperative RT 60Gy/30
fractions AagmAiAnIsA1eFIELUUUSUALLTY
Tnenufuiilasused >50Gy laua fuanesuea
Feegsuifiaufouunis wasituvuianun snify
lunsudhevu duiuluuinaninssinsuudsedlnd

AuneunziSududunianlasused 260Gy laun

Humthuazituderuigesing ftunsulosuuuar
aaduen wariluidesvndns (nndl 12)

6. uziSasauthanevdanny (Parotid gland
cancer)

nsdifinwil 13 fhemave eng 72 U lé5u

meifadedunmSeonthanevtnnaviudesees
pTINOMO %iim adenoid cystic carcinoma UA1S
Snwilasnsinzsouhaeniinnyduiudisde
900 (left superficial parotidectomy) amun2g
postoperative RT 60Gy/30 fractions PRNDE
nsanediduuudiunnudy luusnaseutiane
stinnydutiy Tngludtesed wudildfoiom
flufilasused 250Gy 1o (il 13)

(A) (B)

(€)

Ml 11 uanensnszanelsunasidlugeainvesielsauziSinenesdiuansinudne Tuusnaiuuu (A)

Huad (B) Tunw axial wagn1n coronal (C)

Muil 12 wanan1snszaneUsinassdlugesuinvesiUaslsaugsanssaynaiuen Tuusnaiuuu (A) fluans

(B) Tunw axial wazn1w coronal (C)
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(A)

Al 13 wansnsnszaneUinasdlugesinvesfiielsausSwentharenthnnyiudneluunaiiuuu (A)

(B)

Hluans (B) lunw axial kagnw sagittal (C)

A13199 1 agudnuarvesnsafnuflisusSefsuruazdine

(€)

dwu mdedvlsn wA ey sverazde YSuwsd wedens Usnauiluiilasused UInailuilasusad
@) 0593 250 Gy 260 Gy
& o a aa aa
1 uzSwmddlwss  wgs 47 T3N3MO 70 Gy / 33 IMRT  flunsa@fiaesuazaiuvy  funsa@iianuuu
AN fractions
2 uySweula  wds 63  T2N2MO 70 Gy / 33 IMRT  flunseudiovunazans  funsudiiaewazeany
sugny fractions gudeuuLaza
3 ugiSaneny ¥y 53  pT3NOMO 66 Gy / 33 IMRT  flunsiuuaziunsiudesd  funsiusudevuay
OUAULY fractions Tdgossnudneuutazans a1 wasitunsudnau
AunsuuLdnaeazay  uTIUULAZEIS
fun wazHunIIwEs
FNUTININAUA
4 ugSdaudy ¥® 56 T3N3MO 70 Gy / 35 IMRT  flunsnu@fanuuudiuen  funsiuwnsiuans
FuY fractions HlunsutiosTfaosans NI
Fur waziunsIme
ANNINUA
5 umSdu ¥ 50 pT2NOMO 60 Gy / 30 388 uuuuaza1mnd Huunuaza1YNG
fractions
6 wsSdudld  wde 64 pT2NOMO 60 Gy/30 3 uay iludrmnd Wuanand
intraoral fractions IMRT
stent
7 uzSeiudes  wds 65 pT2NOMO 70 Gy / 33 IMRT  fluuuwazaisnd Huuulaza1 e ekl
Urnaugne fractions Huntinuy
8 uzwnszgn nyYs 46 pT3NIMO 66 Gy / 33 IMRT  Hluuunn® fues iy uuunn® funsudes
Wiluuaz fractions nyudoslaziiunsmas  uariunswaIIRIuYI
WARENAUYI Fuv
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iy meidedelse e ety swemizsy YSnasid wnefians USnuituilasused UShaituilasused
@) el >50 Gy >60 Gy
9 uziSeUSnwu wYs 40 pT2NOMO 66 Gy / 33 IMRT flunsnuuasilunsutios  Hunsuuazilunsiutios
AUV fractions UUaYaULY FINepIUULATaIIIUT Y
witenflognds
Hunsud
L
aavinesuEe
10 uziSansen WA 62 pT3N2MO 66 Gy / 33 3 46 fluvunazansduemnd  fuuuuavaisumn
\ ) p y 4 q
LALAILUN fractions wagHunsnuauulazas
UG
11 uzSsmevies %18 66 T4bNIMO 70 Gy /35 IMRT  flunsnu@fauvuiazans  Hunsudfaiuansu
duanaay fractions Auge Tt
AGRNG RN
Tt
12 wgddnssayn e 68 pTINOMO 60 Gy / 30 IMRT  luvwiomue snduity. dluniiuw fudeauund
U fractions ATMTBUY wazHuan @09919 Hunuoguu
fuvN LAYaIAILT kel
WeaRuY
13 wuzesieu e 72 pTINOMO 60 Gy / 30 IMRT  laifidudilesused Tafiflunlasused
Wanenthnny fractions
ATUge

Antis IMRT=intensity modulated radiotherapy; pStage=pathological stage

weliideyadildainnisdnuiluusegndld
Tumaufoaldiedu fifeuTahuinsgiuiang
vosseelsnnudnuNEeIn1IAesed sendungy
i 1 Aenguuzidlurostiniiseslsnogisnans
(midline oral lesion) l#¥unisaesedrtmastan
Téun wwdsludesunn Bu fudestin), nauil 2 fio
naulsnuzisinevesdulinuazuzissluresdin
fviiaainienansdda (lateralized lesion) 1§y
nsaesdluiesdnrseusnlnalfesinuseniu
soulsn laun uziSaneves (Mouda inaugeu
Tauaw) uziislugosunn (naggrudrituuasvion
Uinuasmasreuuionndsiunsudgaving
nsziauy) wazuzi3slnssayn, naudl 3 Aonduazids

R48
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fiilseelsavdnegnilevideldvesunnudiinsarssad
fiusnasouiindesiine tdun U S MATINT YN
LazuzL3snevieduaLaznaaadusignaiulugy
et undesdiune waznquil 4 Aenquitlides
YTIFUINIUAD LU mﬁa@iamfﬂmwﬁmﬂmﬁm
low-grade LHunduitlifiusunasdgdlutosn sl
Igdaviununifannd 14 wansiuvavesituly
FaaUniildFuseduiunngs (50-60Gy) Tngaund

< ! v v

Tifeuuziisegnisiudedundn orvaguladn

'
oA

TulspuziSanaudn

q

Usnauaslndifeaiufounsisa (nnil 14C) wiidle

1 wuiluyn@ludesUnlasused

ldiaTeaile intraoral stent wudnduAfua199nd
IasuFadusuaas dailuuulinuinddle 1asused



wae (nawdl 14D), lungufi 2 uziSsnoveswuyTinm
Sedgefiilunsmuuiararsvosinafieiuiounziss
(nwil 14B) uz3sfleguinasnudisvestesin
WUU'%mm%’aﬁqqﬁﬁuv’ﬁum unsuder wazitunsny
vukazandiafisafuieuuzise (Awi14E) uay
ugiSalnssaynmuUTunnsdgeiiuntuuiomn
waziunsudes-funsmdraufefuieunziis
(A ii14G) drwlungudl 3 uzifendslnssayn

w.

Al 14 uansnsnszaneUiuasdludesiinveslislsaussmaalnsayn (A), usissmenes (B), uiieiiay

Jii
w.

m
LA J
ik
.

nulSuadedasifunsuuuidiassuasy A9
FUTIERAZYIN (ATWA 14A) UzLSIPoVREIUEN
waruzisanaadeaniinisnszargludiusiiusou
¥ a A a o A A
WidesfirenuuTinuidganidissiiunsuvunay
' A a a | ' £ A e
AN (Ah 14F) ddunguaayinedlaisinis
nszangludausiun ot ndosfine Wy ugisa
souanevtinnyuin low-grade wuinlidiiflu@le
Tugesnlasused (nwi 14H)

UTnAna1vesestn (O) Wy uzisay, unissduildiniesiie intraoral stent (D), uxiSefloguiimimudn

voet09UIN (E), uziSanevieudiuand (F), uzisalnssayn (G), warusssamhaeninnyia low-grade (H)

TnodunslanineusunusId 260Gy s nansdalsunussd 250Gy uagduniuanstalsunudsd <50Gy
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unIsal
oguszasdvansfneil loun nisviuiiiu

=

Auniaesilunlasusdusunagainnisateded

v

De

o

ShwftheuzSefsvzuavainolusuviing il
Wieliiunwnmsfinnudilafieatunssnudessd
ShwnTiAeadesfumatuanssfinanniu uaz
anusaluuszendldmendiinld anuan1sfinwm
uiulddn dundwesiilutesuniiléuiinased
auuagfusumisuayszezvaslsn (disease subsite
and stage) iaﬁﬂiﬂa&ﬁaﬂmqéwﬁaﬁaé’mﬁw (mid-
line or lateral lesion) snszanglussontiimaes
fime (cervical lymph node metastasis) wndin
Msae3ed wasnisidiasesflonsnuinsslnsuuans
(intraoral stent) ogglsnd wiiinsaneedugiss
Uinafsvzuararedilngdninisaneddisey
Yivdesiineviaesing (bilateral neck irradiation)
Wlfanunsanulsnnasduinaiiunsuasdiian
Weeeetne uiluunensd oreanedidiiseuivies
finaduieaiu (ipsilateral neck irradiation) v
lspuziSaounaudassozusn lsauziSanseianiy
Iiﬂusﬁmamﬁwmwﬁwﬂﬂ‘@ﬂuﬁm high-grade %38
locally advance stage \Jugiu usluvaizfiunlsa
fliianeddfinentindeiinelas 1w Tsauzise
southarevtnaysin low-grade wazlsnuzss
naeABdszozIULIN (T1-2NOMO) iJudu
MNAITANBIVDY Hansen LayAMY ILATITH
Uinaseduinaituluiiisussdaudy (base of
tongue) TldFunssnudsmaiianisatesduuy
Usunmud wud nquiifidfesenaunaidn (T1-12)
grnuUSinasaaluiluntesnitflunds dedieu
ﬁ'umjuﬁﬁﬁmaﬂéummiwg (T3-T4) finuu3unased
>60Gy T n3shnsans Fesdwaldiinanudssde
amgnszgnmevddldsuiidgelu dehogansd
Anwilumsfinuinudn Wusses T3 Fedneglundu
ffiifesenvunnlug wuiluitlasusedifiesiinm

Journal of Thai Association of Radiation Oncology
Vol. 28 No.1 January - June 2022

flunsutiosdfaeuariiunsuimmndiuen Fena
LNAINAIMULANF 19T U IR NL SIS LAY NS
MUNUNITSNYIVISEUNNE dun15ANYIV Bak
wazmnzlud aa. 2016 nuilugUisuzisnd
IWiW;ﬂﬂ (nasopharyngeal cancer) WuU3uussalu
fluvumnnnindluans drunzidelauau neuda uas
ADNBEIUANS WUUSUIUSIE 250Gy etunsuy
uarane uardziSanaeadsanuUsunused <256y
Fedenpdosiunsinsnisl@nanuudinedi uay
nsAnwdfmulsinad >60Gy lusziSenavioy
duunn (oropharynx) laun euda waginauseu
Tuusnaflunsuisuuiazais uzSamdalnseayn
Tuusnadfiunsuuudfaeswaza waylinuilud
TauSadlulsauziSanaaades

Tud A.A. 2018 Jumeau wazAny LHYINNTSANET
LﬁlEJWGJ,JU’]Lﬂ%‘laQﬁ@ﬁ‘lﬁﬂiUﬂ’ﬁLLuzﬁﬂﬂﬁ@LLa‘VI’N
viupnssuluftheneunnesdsnvuesa oropharynx
(pre-radiation dental care, PIDC) Wu31USLI0d
‘WummL“‘f;luﬁnmﬁlﬁ%’uﬂ%u’lm%’qﬁmﬂﬁqm wded
50Gy (fA1deus 19-75Gy) Inungaiifuan
Frafeaiu uarlunguitdiszozqnanuuedlsaudn (Ta
739 N2-3) Ushiuiluansdranedny azlasuuSunu
$dunnninszezsuiul” Feetnsdfinuiuzits
manuseulunsnend wusinaddfiiunsiy
YoedutuTIvuLaratuasHunsudnaues
ATUATITN Larn1SAnENeY Polce wazamg Tul
A.A. 2020 laas1aununinssdusiauiy (dental
radiation maps) vaniisAadsuTuiusedues
Huusazd Tnoanessdsowmios IMRT wia VMAT
(volumetric modulated arc therapy) LaglanInIw
USinau$edit >50Gy wuin uzdneves uiSdauay
#%un1sanedednduinge wazuziSeiouinany
sthnnylanuuinadtuiilaused unideududuam
wuiluilasusidusaiiunsiusasiiunsiuoy
a9 uzSmoudasudenuiiuiilasusduinm



HAUNSIUG O UUTNA U RLHUNTUA T TN AD AL
a1y ueiSwmadnssaynsvezgananuluseniiios
USnanea UG gnuHuntasuSdus i unsy
PAIUUNIFDIT AL HUNIIUVINETNdD bz a1
< [ MYy o a a
mmiwwmﬂﬂmuszn’rwUﬁuﬁimmqaummﬂuﬂim
LAz uUNSIVTBEAIUVITVY wazuztSIAuUNU Y

18 Faudlasniaunu

v

Alagu3adusnaiiuaionun
nsanwitelndiRsstuieiiy ndnie uzids
sostaentnnylanuuinaituildTuied unss
mﬁﬂwswyjﬂwuﬁuﬁlé’%ﬁaﬁﬁaﬁnmﬁuﬂim%
feoauaranuuuuieIty avuzSaunuitugile
futduAvsnailuasimun adrefunsddnuily
Qﬂ’mmﬁqé]uﬁid intraoral stent wsuySsABYIDY
wuilunsiuansdfianwlesusadiiesniinisnszane
valsaluiidoutuvdeine usdlauaudiuan
nuiluilasussduausiaiiunsiuainans uzide
voudasudenuiluiilaSusaduinninfeusinm
flunsiugudnetaundsenatinanuuinvesiou
uziSsiiveudadivuslvgnin

Tutlagtiu dnsldieTeseusnuinsslnsuunas
814 (intraoral stent) ’Lu;ﬁﬂ'wusﬁaﬁﬁyu LﬁaLﬁuizﬂs
seunssinsuusasma S duusadilis
AouuziSeisliddaensllasused fuvinsslnsans
waraudaduvinafounzibiidedatusd Tnod
imqﬂssaqﬁl,ﬁaammwL?J'awaqmﬂé’ﬂLauﬁmmu
Unnuazlusauziferfuianusunasdaiiuuusay
YINTTINTUUAIY INNISANYIVDY Matsuzaki wag
Atdg Tul A.A. 2017 v'hm%"aqﬁaﬁu%gﬂ (mouth
opener) Fglivnssinsuensenainiu lnewuuldd
finpauldlugitneussnonos uazamSedasndug
LLaZLLUUﬁﬁﬂﬂguiﬂuélﬂ’JﬁmxL%QR]JJ“ﬂLLaSIWNE]’Imﬂ

¥l gaunnnsAnenued Zaid wazaue ut e.a.

ey’
2019 laviasesiionuuninisnadulisiasnig
(mouth opening tongue-depressing (MOTD)

stents) vinsAUFUaLEARIzYAAR Yinlraam

mﬁ‘vﬁLLazlﬁLﬂéaqﬁaﬁidlﬁwaﬁLawwqﬂﬂa 1nely
foyaanieiesaunu 3 If (3D scanning method)
vhlildgussmeinmenesituiusiugninnisliteya
Mnedes CT? ganmsanwibuanddidiuledainly
ﬂﬁﬂi;ﬁﬂaamsﬁa?:u winldwr3asile intraoral stent a2
MlALenvINTTiNSULEBNIINYINTSINTaNs Sy
nsldusunaauiiviildaumas Taavildveuuned
fansourquinuusilinsznudeninssinsuu 9414
Autanadinane3aduun 30 wag IMRT (Mwit 6.1
Wae 6.2)
unenuiausuw e susnuilasused
TudeslnduiusiusuntaadlsaugiSad@svenay
§rme Fuduiissnisonsiedransafnevingu
FesndudosdinisAnwiiinfuiionansliiiud
Uselominnainvosunugdi Asiidesddaane
Toun Tumanvufifvesnmdssdsne nmsiivun
voutvalazUsuuTadlud Uisunagsnyasdl
JeaziBunRINzYARaLANAIiueaNty WU A
Wenfurunavestoudiliviiu deudmanauind
Sufaaluresuinanafy waziilerawiuluauin
veslspiinssdiuanniu enavilfusnanisaieded
Awrasendranniuniineunsniidsnundnemg
Vunnssu uduaiesdlowazmaiaildinissnum
mnduruazyiandendamalmiinusiiunisanesed
Aunnsnsiueenly uenani mansinwiluszezen
Judsiiananldenn wasiuegfumanetads wu

R
v

msshuilesususe nsfiSusivedlsndsenagios
Iesunsanefedifisluuinaniy wasnsquagunz
ouielugosinvesiasusarae (Hudu dedy
Famsiinsieansuasanuiuiussninaunmd s
ShwuaryiuaLNng Lﬁaslﬁﬁﬁ]ﬂﬁﬂﬁl%ﬁq\ifjﬂLLﬂ'él‘llJ’JEJ

Foas
UNAML TIN50 AU AL LENLNUNINYDS
dundailunlasusdvimauadulvisusSedsue

Journal of Thai Association of Radiation Oncology

Vol. 28 No.1 January - June 2022 |



wazdrmeludiunuenngg anuisaldidunwuinig

WasulunmswSeudesngeneusunisaieded

LDARAINULALIYBINISIANNIIL NS NG DUNAINIS

v v I3 [ 0% =l i
5985w waraunsasnusnwiulivae b ldau

LONE15D19D9

1.

Lertbutsayanukul C, Khorprasert C,
Shotelersuk K, Jumpangern C, Sang-
hangthum T, Oonsiri S, et al. Inten-
sity-modulated radiation therapy in
head-and-neck cancer, first report in
Thailand. J Med Assoc Thai. 2006;89:
2068-76.

Alterio D, Marvaso G, Ferrari A, Volpe S,
Orecchia R, Jereczek-Fossa BA. Modern
radiotherapy for head and neck cancer.
Semin Oncol. 2019;46:233-45.

Jawad H, Hodson NA, Nixon PJ. A review
of dental treatment of head and neck
cancer patients, before, during and after
radiotherapy: part 1. Br Dent J. 2015;
218:65-8.

Chrcanovic BR, Reher P, Sousa AA, Harris
M. Osteoradionecrosis of the jaws--a
current overview--Part 2: dental manage-
ment and therapeutic options for treat-
ment. Oral Maxillofac Surg. 2010;14:
81-95.

Ben-David MA, Diamante M, Radawski JD,
Vineberg KA, Stroup C, Murdoch-Kinch
CA, et al. Lack of osteoradionecrosis of
the mandible after intensity-modulated
radiotherapy for head and neck cancer:

likely contributions of both dental care

Journal of Thai Association of Radiation Oncology

| Vol. 28 No.1 January - June 2022

v
o

v 4' L v a Ao aa
blmlnﬂql/]a;m WULWE]ELW‘\JU’JHuﬂmﬂﬂwﬁuamwmmalﬂ

AnRNIsUUTZNA

9.900). 815U Aawglvd

10.

and improved dose distributions. Int J
Radiat Oncol Biol Phys. 2007;68:396-402.
Koga DH, Salvajoli JV, Kowalski LP,
Nishimoto IN, Alves FA. Dental extractions
related to head and neck radiotherapy:
ten-year experience of a single institution.
Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2008;105:e1-6.

Liao PH, Chu CH, Tang PL, Wu PC, Kuo TJ.
Preradiation tooth extraction and jaw
osteoradionecrosis: Nationwide popula-
tion-based retrospective study in Taiwan.
Clin Otolaryngol. 2020;45:896-903.
Jansma J, Vissink A, Spijkervet FK, Rood-
enburg JL, Panders AK, Vermey A, et al.
Protocol for the prevention and treat-
ment of oral sequelae resulting from
head and neck radiation therapy. Cancer.
1992;70:2171-80.

Moore C, McLister C, O’Neill C, Donnelly
M, McKenna G. Pre-radiotherapy dental
extractions in patients with head and neck
cancer: a Delphi study. J Dent. 2020;
97:103350.

Igbal Z, Kyzas P. Analysis of the critical
dose of radiation therapy in the incidence
of Osteoradionecrosis in head and neck
cancer patients: a case series. BDJ Open.
2020;6:18.



11.

12.

13.

14.

15.

16.

Turner L, Mupparapu M, Akintoye SO.
Review of the complications associated
with treatment of oropharyngeal cancer:
a guide for the dental practitioner.
Quintessence Int. 2013;44:267-79.
Omolehinwa TT, Akintoye SO. Chemical
and Radiation-Associated Jaw Lesions.
Dent Clin North Am. 2016;60:265-77.
Villa A, Akintoye SO. Dental Management
of Patients Who Have Undergone Oral
Cancer Therapy. Dent Clin North Am.
2018;62:131-42.

T. B. Dental treatment protocol for
irradiated head and neck cancer
patients. CHULA MED J. 2005;49:657.
Hansen HJ, Maritim B, Bohle GC, 3"
Lee NY, Huryn JM, Estilo CL. Dosimetric
distribution to the tooth-bearing
regions of the mandible following
intensity-modulated radiation therapy
for base of tongue cancer. Oral Surg Oral
Med Oral Pathol Oral Radiol. 2012;114:
e50-4.

Bak SY, Qi XS, Kelly JA, Alexander S,
Chung Y, Gyurdzhyan S, et al. Dosimetric

distribution to tooth-bearing areas in

17.

18.

19.

20.

intensity-modulated radiation therapy
for head and neck cancer: a pilot study.
Oral Surg Oral Med Oral Pathol Oral
Radiol. 2016;121:43-8.

Jumeau R, Nguyen-Tan PF, Bahig H, Liem
X, Lambert L, Schmittbuhl M, et al.
Pre-irradiation dental care: Ready-to-use
templates for oropharyngeal cancers.
Rep Pract Oncol Radiother. 2018;23:270-5.
Polce S, Gogineni E, Antone J, Ghaly M,
Keith Frank D, Segal JD, et al. Dental
radiation dosimetric maps from inten-
sity-modulated radiation therapy planning
for head and neck cancers. Head Neck.
2021;43:1428-39.

Matsuzaki H, Tanaka-Matsuzaki K,
Miyazaki F, Aoyama H, lhara H, Katayama
N, et al. The role of dentistry other than
oral care in patients undergoing radio-
therapy for head and neck cancer. Jpn
Dent Sci Rev. 2017;53:46-52.

Zaid M, Bajaj N, Burrows H, Mathew R, Dai
A, Wilke CT, et al. Creating customized
oral stents for head and neck radio-
therapy using 3D scanning and printing.
Radiat Oncol. 2019;14:148.

Journal of Thai Association of Radiation Oncology

Vol. 28 No.1 January - June 2022 |



NNSIUSHUIEUAIUAANALARDUVDIALAUI LUNTIAVINRINANS
AYSIFWNNAUSIIUENDS Taalduinninmaslunanaingassia
Comparison of positioning error in stereotactic irradiation for

brain cancers by using two different thermoplastic masks

23801 Ruidaw’, Sunsann 25sauisudns’, ansun lansaud®’, Twyad duiaua’, 1nna5uns veneed’
avsvEsnwuazuzisIine esid@iven lsmenuiagunainsal annnialng nganmg
iy Sedmadia AuEINeNmMEnS UMINEITYTINAIAL NFANN

Allwususzaua

25007 Ruidou

av59Es N IazNzISINe desdine lsameuagiansal
1873 n.nse37d 4 WAUYNIY AFIMNENUAT 10330

8ua: mol nooky@hotmail.com

Woraya Nguanthean', Rinlita wannahirunkorn®, Sarin kotesombut’, Phaiboon Aunsamoe’,
Paowarin Khayaiwong’
'Division of Radiation Oncology, King Chulalongkorn Memorial Hospital, Thai Red Cross Society, Bangkok

“Radiiological Technology Department, Faculty of Science, Ramkhamhaeng University, Bangkok

Corresponding author

Woraya Nguanthean

Division of Radiation Oncology, Department of Radiology, King Chulalongkorn Memorial Hospital
1873, Rama 4 Rd., Pathum Wan District, Bangkok 10330

email: mol_nooky@hotmail.com
Submitted: September 29, 2021

Revised: April 20, 2022
Accepted: May 10, 2022

Journal of Thai Association of Radiation Oncology
Vol. 28 No.1 January - June 2022



UNANED

WaNNMSUALIMANS: N13183985IWARR (Stereotactic imadiation) \unadanieildlunssnuidie
m‘aa’m%’ﬁmfﬁf@u‘%nmauaqﬁﬁmmimmgﬂé’aﬂums%’mvhgjq ?jnmiﬁqﬂmfﬁ%m%ﬂﬂaaﬁﬁmmzau
ansagaglunisdavigUaglamiiewiumniu a1v5adsnvwazuasaine) lsaneruiaguiansal
annmaalve @enlduiininimesiuwaiadin (Thermoplastic masks) WU (Short mask) doswila
#io wlonmsguuseriafiay WugunsaiBansslunsaneseddemadail

Uz WiawSeuisurnuaranandouveswmidlunsdavinannsanefednuitausnaeaues
Tnglguihnnmeslunarafnaesyta

Ya o 3

Faquazdsniside: lumsihidedauedidoivteyannduaslsauzisauasionun 30 51 fda3
N1521859@M 10mMATANTIRNESIES 1NN (Stereotactic radiosurgery: SRS #3® Stereotactic
radiotherapy: SRT) mmﬂ%auidawmﬂ (Linear accelerator: LINAC) 31 TrueBEAM §ve Varian
duregnuuaiu 2 ﬂa:ummﬁmawﬁwmﬂmaﬁuwmaamwugu Ao lANINIFIULATTLATILAY
fUanfaoinaugnpsadeunuAaIanAsuTe sl inidaenslfienvisdnenfiunosdn¥ed
WUUNTINT® (Cone beam computed tomography: CBCT) nﬂﬂ%ﬂﬁaumsﬁﬁ w¥oueUsziiu
sysupzuuumuiavelslunsldntihninii 2 wia aninSdmsumdlneutesiunsidasuuy dous
109 5 Aziuy

Nan1SNAEay: ﬂ'wmmvﬂmmﬂ?{auﬁ]mmﬁwﬁ%wﬁwmﬂéy’uszjﬁmmmgwﬂuumwﬁw-mé’a,
wAsHE-Umei uazndis-vn danadsuavdiudenuunnsg i fe -0.43+1.34, -0.40£2.18 wag
0.36:1.34 Taduns Muawy dnuninindusiinfiey fo 0.28+1.21, 0.58+1.58 uay 0.14:+1.28
fiadwns aud iy Aranueaiaedeuluwufsve-vatewin uandstuegnaiteddyniada wily
WUIN1-189 wazuuge-991 luuanaieiu dnsunisussifiuanuiianelalunisldauves
nednsunmgnuin wihmnduiaessininansusydiuliunnsety endunsthnduanidoulnl
vowthnndurdafimsioazuuuaruiimelafiinnimihnmneianasguesnsddoddymeeda
$aagu: nansiisuifisudianuaaiaindouesnsiavitanmslininnmesTunanafnuuudy
dowilamemaiinnisatesedswiindnsulsauziiauinaauss wuiuanaaiuluwufsees-Uaiewi
drummt-ndawaziude-vliuandeiy wasynuuadialiiiu £3 daduns

Frdndey: wimnesluwanadin, Seddasnssusauiite, uzdsaues, winnmesluwarafnduyia
wasgIy, whmnmesluwanainduriafiy

Abstract
Background: Stereotactic irradiation is a radiotherapy technique used to treat brain cancers,
it requires high accuracy of positioning. It is necessary to provide suitable immobilization devices

to improve patient positioning reproducibility. Two types of short thermoplastic masks were
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used for brain cancers treatment in Division of Radiation Oncology, King Chulalongkorn
Memorial Hospital; the standard type and the special type.

Objective: To compare positioning error in stereotactic irradiation for brain cancers by using
two different thermoplastic masks.

Materials and Methods: The data were collected from a total of 30 brain cancer patients by
stereotactic radiation therapy (Stereotactic radiosurgery: SRS or Stereotactic radiotherapy: SRT),
radiation was delivered from Linear accelerator (LINAC) (Varian, TrueBEAM, USA). The patients
were divided into 2 groups including the short mask standard type and the special type.
The positioning error of patients were collected from pre-treatment verification using Cone beam
computed tomography (CBCT) device. The radiation therapist’s satisfaction survey questions
were assessed on the use of both short thermoplastic masks. The satisfied score was scaled from
1 to 5.

Results: The positioning error of standard type in Antero-Posterior (AP), Superior-Inferior (SI)
and Medio-Lateral (ML) translations was -0.43+1.34 (mean+SD), -0.40+2.18 and 0.36+1.34
millimeters respectively and special type was -0.28+1.21, 0.58+1.58 and 0.14+1.28 millimeters,
respectively. The error between using the standard type and the special type was significantly
different in SI but not significantly different for AP and ML directions. There was no difference in
satisfaction scores evaluated by radiation therapist between the standard and special types of
masks. However, there was a statistically significant difference of satisfaction in favor of the
special type when the masks were reused.

Conclusion: There was a statistically significant difference in patient positioning in Sl direction
between two different thermoplastic masks in stereotactic radiation therapy for brain cancers but
the errors of vertical and lateral directions were not significantly different. It was within +3
millimeters.

Keywords: Thermoplastic mask, Stereotactic radiosurgery, Stereotactic radiotherapy, Brain cancers,

Short mask standard type, Short mask special type
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Abstract

Background: For locally advance cervical cancer radiotherapeutic treatment, external beam
radiation (EBRT) and brachytherapy are treatment that target tumor sites with increased dose
while reducing the dose to neighboring organs at risk. Cervical dilatation is recommended for
Gynecologic procedure that involve intrauterine insertion with hysteroscopy and brachytherapy
by several evidence-based guidelines . Misoprostol, an effective medication with various doses,
routes and time intervals, is under investigation as a uterine cervical dilating agent.

Objective: To evaluate the efficacy of oral misoprostol and sublingual for cervical dilatation in
facilitation of tandem application to the cervix before the first intracavitary brachytherapy in

patients with cervical cancer.
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Materials and methods: In this prospective, randomized, double-blind study, 91 patients had
received either 400 pg of misoprostol 3 hours or 400 ug sublingually 30 minutes before the first
intracavitary brachytherapy. All patients had received whole pelvic radiotherapy by 2-D or 3D-CRT
with a total dose of 45-46 Gy plus image-guided High-Dose-Rate intracavitary brachytherapy 7 Gy
x 4 fractions.

Results: Median cervical widths in the oral and sublingual misoprostol groups before the
first intracavitary brachytherapy were 6 mm and 7 mm, respectively, which were statistically
significant different(P=0.049). Median pain scores for the oral and sublingual were similar
(4 vs 4; P=0.452). Uterine cramping and shivering were more frequently presented in the
sublingual than oral misoprostol group (36.9% vs 17.8%; P= 0.040 and 17.4% vs 2.2%; P = 0.030).
Other side effects such as nausea, vomiting diarrhea and fever did not differ between
groups. There was no significant difference of dosimetric parameters in treatment planning
brachytherapy planning between groups.

Conclusions: Sublingual route of misoprostol was significantly more effective for cervical

dilatation, but had more uterine cramping and shivering greater than oral route when

administered for the first intracavitary brachytherapy in cervical cancer patients.

Keywords: Misoprostol, cervical dilatation, brachytherapy
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@u thoracic wag lumbar spinal cord vil¥iAa
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abdominal pain Turefinnsveneves cervix wax
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Back Pain® luiSese1nmsuianuiiionnsuinsesu
U1unane91nn1siuensosay 84.4 wazlinszau
JuLseseEa 15.6 dun1sene1ien1suInTeau
Urunatseysesay 78.3 uarie1n13uInguuse
ogforay 21.7 Tnnsoueilitu. dumsfinudu q
fe1nsuinliunaneegesar 55 LagUInuLse
og¥ouaz 20 91nnsAuen 3 Frlusreuldusuuy
257" fyenumsifouuuenldtu 400 llasndy
2 ﬁi'fﬂmn'aumﬁv‘hﬁmmmamumzﬁ"@éuqm
nsviinanisgaideidoylnssuagndeiedosie
qaey1n1A (manual vacuum aspiration) lag
dwlngflonsuinegseiuianiies agfosas 59
waglrunaveyTesay 27 uarilsteaunis
nwue1nslinssauldntes egsesaz 90 Tugas
N1957119%mMan19910n13500 81 Misoprostal 400
lulasnsuswuy sublingual 3 Falusneunisi
suction evacuation® lunsldeneuldau 200
lulasn3ufiszduenmsandsegiiszdu 5 39nms
wnanisgaiiioldoylnssungndeindeie
Ay

d1ue1n135U1an99( uterine cramping) Tun1s
Anwil Senuuanseflaglunguresniseusnliau
nulasesaz 36.9 wagsoraz 17.8 3nn1sAuLINau
Tdus dun1snudug wuernisuiaviesldiguiu
NASANHINSLY Misoprostal 400 lulasnsuiuu
oulfAu 1 vudewh vacuum aspiration Tun1svin
surgical abortion Wua1N15UIAN0Y oAz 67
Merainslden®” uaznuoinsUinvied sevay 32
Tunguldeesléiu 200 lalasnuuanarsainnga
lLildeunnsnseglidudAgnieada® dsieau
p1m1sUInviesegiesay 7.3 Noun1svivinan1saIn

nauiensnliau 400 lulasniu 2 Flusnouns
MARANITLAYIUNTESdUaANISHRan1san
Waidaylnswagnaigiasesiogeyaynie(manual

Y2 Ansdnwnilanu cervical tear

vacuum aspiration
%30 uterine perforation Wag cervical suture
Tn&idesunsfnundu q Jewu cervical tear 1 518
uazlany uterine perforation wa cervical suture
anmsldusinaen 200 lalasnSuenldauneu
Wnan13s diagnostic hysteroscopy i 2 4lue®
Wuigafunistdendlunisenldaunounisia
snnmsgailiodoylnsmagnieiriosiiogame
Aaldny cervical tear %3 uterine perforation™
sreuveInzLnsAdouiinlunsAnulaun
aauld ondeunaziioads Indifestunisaneudu
Liflauuandnafusia 2 ngu waglndidesiunis
Anwdu TnemsAnedu o wuerns Aauld 3 e
($ovaz7), 038U 1 918 (Sewaz 2) 9nn1slden
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auldau 400 laulasnsy 2 971ue™ wagnuennig

aauld 1 09 2 s18a1nnNsiusazaueleau®

WAL
fsneueinseaulduarenideu 11 57¢ Gavay 24)
91771510 Misoprostal 400 lulasnsuuuuene

LT L arwuIN1SPAULE 2 S18WareInIs

T¥au 1 v,
wouds 1 s1eannsldeneuldaunewininanis
fia 9 2 msAnwriinuiernswumdulumslden
oulday 8 s10%00ay 17.4 uanensannsldeniiu
Toenu 1 518 Gvernisnundunuldaindnedu
anmsldenenldau Tnowu 11 s10(3evay 27)
mslderesldau 400 Tulasndu 2 dalusdaunisin
Fnan1s? uaznuensiundu 6 91 (Gevazls)
NNSANYINTTLY Misoprostal 400 lalasniuuuy
oulfAu 1 vdewh vacuum aspiration Tun13vin
surgical abortionkazanandu 2 yedevar 4 e
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a < . . . a P A
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dine, Clonidine, Doxapram, Ketanserine, Trama-
dol, Nefopam Hugu®’
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Wiold Intrauterine tube Tagtanizog19daly
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(General anaesthesia)(GA) il Uaeiinnis
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QwATEUU cardiorespiratory miQLLaizUUW]Eﬂ’«J
I¥azaanuintudesangvasddndanaoniaa™
Iumﬂﬁmw%’ummiﬁﬂﬁmammﬁaﬁﬂmﬁma
999U EM 007828 U 1LABINUIINTIA GA
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v

vaginal packing lanTu®

" insvengdinuagniuy
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N15LAA traumatic dilation 310 Hegar’s dilator Tu
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with intravenous midazolam)® mﬂmiﬁﬂmﬁ
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nseuldaunariiiios 1 s1efidesineuinaly
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Tenneunauldws(Pre-Medication) Milnasneieny
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