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Abstract

Head and neck cancers present significant therapeutic challenges in radiation oncology due to
the proximity of multiple radiosensitive organs and critical structures. Proton therapy has emerged
as a specialized technique to minimize unintended doses to surrounding normal tissues,
leveraging the physical properties of the Bragg peak to achieve maximal dose deposition at a
precise depth. However, the therapeutic advantages of proton therapy are strictly dependent on
highly accurate and reproducible patient immobilization. This review highlights the clinical
importance of immobilization in proton therapy for head and neck malignancies and describes
the essential roles of radiation therapists in device preparation and treatment simulation.
By examining the technical processes of patient positioning and the utilization of various
immobilization systems—including thermoplastic masks, specialized head and neck cushions
(e.g., cushions), bite blocks, and related supportive accessories—this article summarizes a CT
simulation workflow based on clinical experience and evidence from relevant literature. Effective
immobilization is shown to reduce patient motion and breathing-induced variations, thereby
minimizing range uncertainty and ensuring positional reproducibility across the entire treatment
course. Furthermore, appropriate immobilization strategies decrease radiation exposure to oreans
at risk, directly enhancing the precision and safety of proton therapy. Consequently, the selection
of appropriate devices, combined with the meticulous technical practice of skilled radiation
therapists, remains a cornerstone of treatment accuracy and patient safety in this complex

anatomical region.
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Tangoudi annuuaumtinn Wwuuaiviulumih
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fUas wardugumulasaniiuazdinovosiae
uthnnazgniugulmdniuasssvosihe lunnsid:
guaguazasiisdnitn seautanfuuaruded
nduneantiininesniiiensivaeunisaiinay
anlmilidsusasuuuainiian



| Karity
aa8-

()

(V)

AN 2 BEANNLININ (D) wWazlASEIEUANSDY (V)

- 9nUszaunsallunsufuRnugeises
sz aAON13NATe99IN (air gap) MUUInAlunt
wavAalnglan1zUsureTIdluAtmaiii (clavicle)
nsdiildmiining1n Jsenvanannuusiugivesnis
2o¥ed Twdaussnagaitensadernulaiaueliun
Ai¥eld

3.2.2 UnsniyusasATELaTAD
(cushions)

- anatRuazded cushions iuih iy
gunsaimyusesiiuiusuls Weeusainseseuaniou
Jussumbidugiusesiudsuy ieves (occiput)
dilAsvainszansuae (cervical lordosis) warasi
druvuveiity Melsravidser duasuaza
duudliifihsegluuuifanans (midline) sos3uned
fuaseiihouaziaBuanusiung eifiunnausiug
WarunieasEni1an1591a99n15IneILagng

218598 Ipg cushions a1unsauTuguldned
mugUTazaisegUlnanityae ligdiseg
Tuwihueumaeieuras weleazen fnnuaue
vauzogmeldgunsalanis annisiadeulmvas
Favidihsuazseninanisnwndunisifiunii

v
o o o

wiusuagrhesuminfslumsnunlvgniesdy

- 33n13%uU dudleiaiesovauioud
gaunni ~75 °C WU 10-12 ¥ uianseudd
sntutuguliiuuainiuses fhoves fuee uay
Wlndguae TuvaedSugulimed audy waz
ANUGUVDY cushions asnsatglyigUiereunay
Bty osoaubunarudeiazasgunuaiszaes
fUnes1etu udounands cushions LAnuded
SaAuld vilidugUlinedtuadsyfiasansa
tangulmiudruusuaunedlddnlugio e

lngdedeanailevegunadn’
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(n)

|
|

(V)

@

AW 3 cushions YA 52 cm x47 cm- (n) Wludiearedadusnudsyeuazaine

o

warwum 40.5 cm x 25.8 cm (¥) MlugeianeSedunudsue

- cushions Tlddmsuae @I naAsUzLas
a1redl 3 vunlrmdenlinuArLvEy

- 119 35 x 17.5 e Hlugfihediniianssd
Ushaufidswy

- 9unn 52 x 47 cm THlugthevnlufianesd
UShaAsyy d1nevisenevoesiuisnens aalandly
il 3 (n)

- 9un 40.5 x 25.8 cm Mlugtaevilud
anefEUs sy fuanddunnd 3 (a)
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~deldewmadatmidininuas cushions
WANET DMWY Pose Quat Pad Fufiu
wuainAuareinuazadainsalseme1uia
(hospital grade) fauanslunwil 4 \Wiordnidelsa
IhegrasindwarUaanse Inaunu Pose Quat Pad
fannsaand@elsaldnely 1 undi anwnsevihanside
% (SAR-CoV-2), uwuaiide, srudsdiosuasdas
US1ANULDANBTRA F9lUTTAELABIRINT LI
dmdugunsaiildmsdudadnigy cushions wie
\n3esilouavgunsaiduroutihndualdlml



- nUszaunisailunisufuReu wuan
nfifesszTan1siAn air gap Aeuiamdsluyuay
Uinaeney fauanduniwil 5 (n) wag (v)
auafy Feeraduanmngiiliaiuutudives
nsaededanacld JsasdngUiounasunlulilad

air gap seviRIUIEAERTlUAIT 5 (A) AMUUNA

Jrupiiu air gap udesdsmegseninsiivesiae

fugunsaiBanagUaewdu cushions Wusiu msusu

A1 window width window level Tiiunwainetu
o a o g v ] . Yo
09 5 (A) Yldansauediiu air gap lodaLau

v

U

()

AN 4 LYY RgNwaLNIAlsane U (Pose Quat Pad)
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a . a v a v
WA 5 air gap Ushinnaaluy (n) uShuineves (v)

WAz NIENINRIEUReU cushions 1 laifl air gap (A)

3.2.3 1figelusnau (couch top)

Wesd1msunisateSadnigeunia
Tusmoudl 2 vurnnasiaenlaifeslmnuizauiu
dunsiinemuuinaseslsaveatae Ao v
standard BOS couch ssuanslunind 6 (n)
WNE 1S UNIIRN8SIEUSNATYELaTAIAD LAY
9u9 extend BOS couch sauanslunind 6 ()
wagdndunisaneiadnunfsus aseuaquis

nNIgANAUNRIIavUA (craniospinal iradiation; CSI)

3.2.4 gunsaliesu

Tuvnnsdenvdnludeddaunsaliaty
Worinauudugilunisanefidusnaisueuas
amerlgn1TateTedounialusnsou wu n1sly
bite-block sauandlunnd 7 (n) iedevinssing
annsindeulmluniniue wazdaslilassadnly
Yosunuazrevietaglusumisiiadosnntu See
ANAUAINALARIUITNINRY (intra-fraction error)
waranmuaaaaeululrasadesnisaneyed

Journal of Thai Association of Radiation Oncology
Vol. 32 No.1 January - June 2026

(M )

Wit 6 Wesunn standard BOS couch (n) dwsu
ASANBTIEUSNUATYTLAYAIAD WA YUIA extend
BOS couch (9) d@wmfunisansSedneunfsus
AspUAauRNITANdUMAITILA



(inter-fraction error) vilvaesedlaudiuguay
Fareanuiuiusediazlulnueeazddydue
wu Tauay YesUin wazseNtnane Wudu Sni
913915110 blue foam wedge asnanslu
Andl 7 () dieuSunisieentiauaaanzay
waeldvuousesvmiadoin oiuauaunedeiu
Tunsusudunainug

3.3 N1391884n155nWIRIBLATDLBNDLTE
ARNNIMas (CT simulation)
3.3.1 M3Angdae
HUBUBUMIBULLAYY standard Bos
couch 130 ¥iin extend BOS couch Tvimungauriu
seslsauasdine dnsguaelviegisnaradsuay
THnssfuuuawesausyuiy wieuvisldgunsal

Klarity

B teU)

(n)

sesvilofiuanuauiglivanzanivaisziioe
AnA3estn pulse oximeter LiloRnuSAIINISLHY
vaslanazaudufiveseendiutasliannsa
sy innazgniduldegaiuiaeg Snvledsaig
arusiulalifieininisguassidlndda aandu
gndsweiield cushions figuaugauuaziugy
WdfuasveuazanegUielnese Sl air gap
LNINBEIENIN cushions uarAIvesgUae 1ile
cushions WFTFULA & thermoplastic masks
fguauseusilviuuuatiniulasdumigton szving
fumeuiiinisdnaunmdfowmsnanuldliiaa air
gap Wovaeslviviininibuas vihnnazudeduay
f3Usruuvainnediulasimiiguiy naean
aunsaliSeuiosnsivaeuduniagUlglinsedu
waweiBnads

(V)

i 7 gunsallau bite-block (n) uag visau blue foam (v) WWlunsaldenisvigieenii
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3.3.2 MIMUUAINT1DB

A o & = 2 & o v

WevihgunsaldanTuaiaduiseuson
UAY WINNISINUAABINB (set-zero) UavlnLdu

) ¢ A v &
alignment auuutawesiieldidu reference
Frsunisiavinlutumaunisanesdnely
3.3.3 NNSALAUNTN CT

1SUA2E scout image LHBATIVADU
FLUUNALNY 9INTUYINNITALNUAIL protocol Va4
Unaufsueiaraime lnenalunseungueiaus vertex

= Gl o [~ 3
UY apex v93UBANTEAINANUTWTUMIALNNE
fosnsdeyan iy Weaununimasetined
ASUNNINTINADUAIMULUUANNUDA cushions wag
mhnnivasseRUae dwandlunini 8 (n) uag (v)
AUAIAU
. Gl a a 4 U
WINNU air gap WTaAURAUARLAS 919dBIUsy

wigUnsniuagyinsaunueg ntudeyaninillaay

gndssieliunndnsivaousunisvsssoslsn
Tunsalnd air gap unsnagsenineiumiavesseslsn
o a 1Y @ 1% & &
aanansluning 5 819seaUTunigunsaldnase
| o v ¢ a a ° a v
minldiinisusuuiaunsalifiuiin vinisTadu
ANUWUY laser YN cushions #3aMUNININ A9LERS
lunawit 9 (n) wag (¥) auEdU wavaRIEUae
PRy v Y a YAl )
wieldidugadedalunisdavagUigluduneunis
va B
e5idnsasaly
3.3.4 msUuiindoya

N9 NdITaYAN M ITEUULED
instuiinteyauseneu WuvtueugUle Yoy
wayseazidunvesgunIaily ¥linvewmtinin vunn
YRILRYS FEAUFIAIYBINITIBIUY LLazqﬂﬂizﬁ

a A & & a o w | a oA XY '

@snaugFududsdragegrsdanelidulaiong
IRV I UTUNBUNITRNYSIAVLFDAAADINUNIT
1899MTINWIATINYAUTEANT

(M)

(V)

2NN 8 NMNLENTITIABUNUADSULIAAYINNVDIATHELALAIAD (n) Loy

dSszitheuInuteteniiuuuaiviu cushions wagniinin (1)
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(M)

'\'.\I\n'{.:,

1L

: .nnm..,‘.‘:u.h
.umm"hn.,‘l

Wy

(V)

A% 9 cushions (n) wag cushions UsenaununuInIngy ()

a. anufanudilanazinwzarudugawsi
Iy

nssUIUMsTavmaiFowedeinyy anuaziBen
seUABULAzAINTIUIYveIlnTidn1sunndly
n133n3Us1uaeumisresgUnsalldaig
reproducibility g4 Feflnaronuuluglunis
efidmeaunAlUIneunaeAn1sINY) tnetindad
nsunndipaiifugiunnuSiasinuedel

- finuianudnladneagnianigininves
UShufsye uavdinegiiuagauaiugn

- fianuuaziinlagudnuazuazdodninues
thermoplastic masks, cushions , bite block,
sufsgunsaidandsinaqitenslinuiigndeay
Wingay

- ﬁmmsﬁmmﬂumsﬂﬁugﬂ cushions 19l air gap
tonfian wardugunihmaliuuvainiulassais

TunihwesihelagniuuTnuminn ayn unuiy
11n33ln3 Ms uazshaluavesthe wielinisans$ed
fAnuusiugnasanisinm

danuinnudnglunmsldssuunmsasinm
n1a¥eduazgunsaiusznauneediielildnm
nesdiiiiuseazidoavesetoazaisluldedng
dnLau

- flanuianutiunguazaLaziBunsaUAy
A1U130QUALATATINABUAMNNYDIUNTAlTARATS
Ad smfenmnmaesnmnsfaddiniunisdans
ms¥nviuaziadesiionun

- fiinwzaruaiunsalunisieansiiiean
Ao Aunds wagnisidoulwludunounis
Fraeinsing duasuanuudevesiieauasa

v

AUNITUIUANS
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¢ = v & 3 o W | a
nsganTIR Ul UDIAYIENOUA AL DUNEIUDY

v a <@ = o
n1saesideynialusneulunziSedsveiazaine
&ce =~ A oaA Yy & a )
gunsaldiasssifenldfosiinnnutiuag wuuaiinluiv
laseadeasseuae Liddesornia a1uisaving,
sundsanlavnasazdewiigUlssdnauiely
NI AN Sadnsunnddndudaail
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Respiratory gating for scanners (RGSC) wazIAS o985
Linear accelerator ¥84l54Wg1UIaA351%Y
Lung cancer radiotherapy using end expiration breath hold
technique with respiratory gating for scanners (RGSC) and

linear accelerator at Siriraj hospital
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nmsedeulmresennnmemeladuiedvddniineliinanuliviveureshumiathng
Tunmsanefadinuuzialon envdmadeauuiuguazaulasafoveamsinu unanuihitaue
LmeqL%qmmiﬂLLazLﬁ?mn%ﬂﬁﬁaﬁm%’mﬁma%’qﬁ%’nmmL%ﬂﬂam’h&Jmﬂﬁﬂmsﬂg’uaumahaaﬂ
(end-expiration breath-hold; EEBH) squfius2UU respiratory gating for scanners (RGSC) tag
\A309218397 linear accelerator lnpasauAquiunaunIsAaidenuasnioudihe msfindeunisndu
aunmegla A1sdraeInIsatesidEnuenglsneNiames (computed tomography simulation, CT
simulation) aneldaniiy EEBH miammumi%’ﬂmﬁwmmﬁﬂmimﬂ%’ﬁ%uqa FIURINTLUIUNT
218598UAYNNIATIVFDUMUNLIF AN KV-KV Wag cone beam CT (CBCT) iloatiuayuanuaiiae
yowhumiimanesadlumeadin uenaint Sndnidefasuilunniwedia EEBH Ul lunwUfo
Wy AusndevedUly anuannsolunsisvesnsnduaumiela nmsiindeuneunisinw
wagn1sfamuswmisegsasinaneluusiay fraction tieAsnmAIMLAZANIUABAFBYBINITINY
wwavnemananadusenudanedauaznwljUR dlddadunsussfiunadndidalseuiieu wazaunse
Thduwumeedsdmiuyamnsmefidinuluaaniuiiininensuazimaluladlndideeiu

o
[

AdnAsy: n1snauanmeglasen, N1Iaesed, uzidaen, nsmele, ANuaIsalun1Sing

Abstract

Respiratory motion, or lung movement resulting from breathing, is an important factor
that causes uncertainty in the target position during radiation treatment for lung cancer, and may
affect the accuracy and safety of the treatment. This article presents technical and practical
guidelines for radiation treatment of lung cancer using the end-expiration breath-hold (EEBH)
technique with respiratory gating for scanners (RGSC) and a linear accelerator, covering the patient
selection process and preparation procedures, including breath-hold training, computed
tomography simulation (CT simulation) under EEBH conditions, and advanced radiation therapy
planning. Additionally, it encompasses the process of radiation delivery and position monitoring
using kV-kV and cone beam CT (CBCT) images to ensure the consistency of the patient’s radiation
position in clinical settings. Furthermore, it discusses the considerations for using EEBH techniques
in medical practice, such as patient cooperation, reproducibility of breath holding, pre-treatment
training, and position monitoring in each fraction to maintain the quality and safety of treatment.
Therefore, these guidelines are technical reports and medical practice. These are not evaluating
comparative results. However, this article can serve as a reference guide for radiotherapy
treatment workflows in institutions with similar resources and technology.

Keywords: End expiration breath hold, radiation therapy, lung cancer, breathing, reproducibility
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winssnwuziSenvzanunsasnwlivaiegy
WUU U N1SHIAR (surgery) n1slealiviUn

(chemotherapy) ﬂ']ﬂt*uemguﬂw (targeted therapy)
wsen15lgengiiauiuU1da (immunotherapy)™
| v a | YY) W v N
wilugUrenldaruisadnfunisiadnlanse
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AN 9 M3IvEEUNTINNTETA91N reference breathing trace 7il¥A%uUA gating window
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Abstract

Proton beam therapy is an effective and highly precise treatment option for liver cancer,
owing to the unique physical properties of protons that allow maximal energy deposition at the
tumor site while minimizing radiation exposure to surrounding normal tissues. This characteristic
enables the delivery of high radiation doses for effective tumor control with a low incidence of
treatment-related toxicity. However, proton therapy for liver cancer requires technically complex
procedures, as the liver is a highly mobile organ and is located in close proximity to several
critical structures. This article aims to present the technical approaches and clinical experience
of proton beam therapy for liver cancer at King Chulalongkorn Memorial Hospital, Thai Red Cross
Society. This article covers the entire treatment workflow, including simulation, patient
positioning and selection of appropriate immobilization devices, respiratory motion management
techniques, treatment planning, and image guidance. These components play a crucial role in
reducing uncertainties, enhancing treatment accuracy, and minimizing radiation-induced toxicity

to adjacent critical organs, such as the stomach, intestines, and kidneys.

Keywords: Liver cancer, Proton therapy, Proton delivery technique, Image-gsuided radiotherapy
(IGRT)
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o ' Ao a a
M3shw ynlafimsauaunsnglaniussavsnm
Talmuieuludmguives nsanesedlusneusin

o w o=

anasegelidedAny Fnhlugnadns veinsinwm

A A | v a = ¢
MAgun TnaAes 1saluu19d@n1unITn199e
fe8NINNTTNEIesIdlnnaula?”
fadunN153nn1snIsteaeulvesnisniela
1 = a a = o o U U
pgniiUszansamIsdanudAglunisine way
Winuselovilusuusunussd (dosimetry) vos

Ansanesedlusmau™

! fgnsannsen1TAIuAY
AsedeunveIfauNzissastIslvausnansees
oUnYeIUsHIRs U MEA1919uNY (planning
target volume, PTV) Isi@nasls @sazteanusung

X oA a ) v a A Yo o a
Yauilatdaunfnareteizdnamesnaglasused
(organs at risk, OAR) 10gj59UT4 iU fu wagald

LU AnsanUSunused@naiiadaunfazdina

Wudu
TAYMTIHDNITANAIULALIVDILSARUNLAANRINSIE
(radiation induced liver disease, RILD) Wag A1y
2 a A A a v ) ) ° ' )
Juiiwdu q Adedesiunsinm dilvduanissne
aa aAaX o | a o o
N19PAUNNAYY WneduTANUNUNIUABUS U USIERN
(low dose tolerance) wnLieldaruun@lasu
USunasediisadntasnaiunsavinliie RILD e
& a a v & ' & a
WuFaiuandiiuiinisarvqunismelanud
o W a o o &
Audfy tenedidivuneiieoan aaudndulu
A1FYVYIYYBULINYBY internal target volumr, 1TV
TuvziderdumdunisanuSuimu 9860 OARs
Ao w ¢ W v N | '
fdnAy Uselvindnaestaiidiutislnensine
8n31135n¥91a9%u (Therapeutic ratio) vinlw
PN a o aa o v < P )
aunsainUsunaussandaludataunziSale niauns
< a | & A ad a v = o
anauduiwretioldaunffineddes F9d
anudfyeduddasamzluiUisussediungneg

fimsvinuvesdufiaung (dysfunction)?”

n3AIUANNTSIETaLUL Passive: 4D Computed
Tomography (4D-CT)

nsanennssduuu 4 46 @D-CT) Wunnasgu
mepdtntutagtudmiunisusziiu mswedeuln
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YaanauNzSnduiusfunisrlanazuauwnves
GTV (gross target volume)?”
v a aa | =

aliynnniidu 3 96 lngusaznmazuansdasses
Muana1aiuYe phase nMsela vilwauisaiiu
aa A a v 2 ' q
3onsAdaeuNveInauNLSIlusEuINanIsunela
NM5URUNTISSNY Aae 4D-CT 1udsdrdnlu
A153AS1IEUNISAdaUlrINARIINATSUeTe
nsneniazdnld n1simvue internal target
volume (ITV) sazgnivualagnisliiveuunues
clinical target volume (CTV) uinfiuszes
NsPARUNTRINpUNESIdLNn AN 4D-CT

n13AUANNISIETalUY Active
wiadan1sAavAun1smelanuy Active lasu
Aanuienlunisly augludunisanesed Wneu
WUV stereotactic body proton radiotherapy (SBPT)
Tunzideiiu Tnsanizegrsdadiefinng fasania
U%mm%’ﬁﬁg_jq wazsununsdlunisateiitosa?
n1sAIuANNIIMIglakuy active Sdmunevdn
ieannsimdeulmueteteigsne 9 Wludnisan
HANTENUINUIINGNI58d interplay effects Faay
Frafiunuulugilunisassed fuanddunnsd 1
1. wadian1snaumela (Breath hold)
wadanisnaumiela wie breath hold
technique ﬁamsﬁé’ﬂ’mnéﬁumaia%baﬂiwﬂuiwdw
MstRuNN CT wagsearinansane$ed msnaumela
fhedoilrnsindeulmusseions melu sause
AounziSeanas Jsazthsanmuraawdouiiinain

2 Arsnaunelandnly

nswdeuiildagnafitudfy
FnsunziSedu %uaﬂmﬂumﬁﬂﬁ?um&flﬁ]aaﬂaﬂ
(deep expiration breath hold, DEBH) \lesan
LﬂumiﬂaumEﬂﬁmmmsmmmLLavnauslwa&ﬂuﬁ”mu

IndAgesdumilousin Tunn 9 nsnaumela
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WiE]‘V]Lﬁﬁlﬂ'ﬂ’]ﬂﬂ'ﬂ’]ﬂﬁqﬂqﬁﬂluﬂqﬁwq%’]

1adne
L
(reproducibility) g )
Asutwmatanisnaumelaunlylvlszau
o @ o I % a =2 v % Y
AMUENTLUUADIUNITHN LLaﬂwmmng AUl
pg19vaUARY HUeNvzAaReTdMLnATiANIg
naunelae1aaviugunsal 1wy SDX® respiratory
gating systems NagUsenouniy spirometer
A W . ala | a
Maewsiafiu mouthpiece, NUAIYN Uaghiun N9y
Towanadeya sunuunsnaumelavesiUisautug

LUUYTUA (real time)?”

n15ldaunsal SDX® U
R RN RIS Q’ﬂ’;&J%’ﬂwﬁzﬁumiﬂguuwhmu
Arnualildogsainane quaudifidfy
dnetneflsves gunsal SDX® Aenisvenanesed
TngdnluliinindUaeliaiuisa Snwisedu

n13naun gl

TnegUasadsaglasunisilnla
nduvelalilédunaiuiuseud 25 — 40 Jund
Fanagseana @rnsun1siInImuIInnounng
85F@LaTN1SANYSIE
2. Respiratory gating

3 a A a ¢

Jumeliansauaunisnglaniasdadaslug
(synchronizes) n1sane598lUsnauiu phase n13une

2 $e@lUsnauazanefineiiofou

voUgRiY
mmmaauwmagmﬂu gating window %39
duniafigniinuald Jagnrivualag phase
nsmelavese

39U real-time position management (RPM)
¥949 Varian® 10138015 cating LLUUﬁQ’ﬂwma%
Und lddesdinisndunielat (Huszuuiilédu
ANUTENDE19N 19V LNNUlAENIINSIIEBY
nsmelavesUiswuuBealnl Ingldndesmaiadin
azﬁauumﬁ’maz‘;ﬂiu?mmﬂwﬁwﬁaq %ﬁ%gﬂ fanw

B N ALISALARALILATIY

¢
sn

- a{' i A v i = o =
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yMlrguladnnisaiese@aziinduanizlusening
119999 gating window iy laenaliudiaz
= £ < . . =
wenlinismelasengalu gating window L8490
a o 9 P a
faruaiunsalunisvingy (reproducibility) Nnga
danaliiinAnuaaaLAdauNLnaINNstAdaulng

Ypgag?

SYUUNNS gating U lianAuAaInLAZaud
1AANIINNITLARIUNYDIN UaNase9ilTudATY
nAadei 22.7 Jadwes Weldlafinig gating
= = a a d‘ .
wavindeliies 5.1 Jafwns 1len13 cating gn
DRFTRICTE
JowasaudrAgydmiunisld respiratory
gating Ao duty cycle FIITUAAIDNTIEIUYOY T8y
Nna1N15218598 (beam-on time) LlpuAUTEYZAN
N135NINIMLA (treatment time)?” Tauns 1@on
N19218598UWUY gating & duty cycle N1tosnan
o A . A o
nMs1e59dLUUNlEng gating 1ipsanazaused
wnznaffeunzisuadeufiutegnisly gating

windows®”

n1sanasuedA duty cycle 813wl 4
53EJzna’m’ﬁ%’ﬂmﬁmmﬁmuﬁuﬁm%Q’ﬂ’;EJ[Z” 13
LA9NYIIAIINAIIIVOS gating windows
Fumnrauty szdesduiinisannisinaeudives
Aounzifuazszoziannsinvioun tiedies

9@ duty cycle sanumnzaNLasgausula™

4

nsauaunIsnieladanalviindsgloyl

o w I

v a o o . . ' v
ANUUIUIUS9E (dosimetric) BE9UUBEIALY T
anUSunsvesiloeunantasuusuased dilug
MsanUsunasdnealvisinnfesnaglasulsune
598 wSe OARs anUsSuused adunludedu
ASLINNLDINNS b aDAB1YNg ke LazUan (V20)
910 71% 1Wu 79% e1un1saiu aun1sniele
28190UsLANTNIN T99zYr8iNUUTEENTAINVB
Msa18598 Tnensananuliiiusy Mneldeeiu
Asmela®”
Tudruvewumenisujifvewaauzisadu
Y83l59n81U1a3IaeN el 119sidenldinailiale
guedivdUlrnitaunsanaumielalauinnie
weeiiiadla Insasilinaeiogiuszauna 25 - 40 Jund
PRy Y o w A o o &
W99 INTDINUVBLATDIR1859E I UTRaU Tulunau
ANSYNIATNNBUNITRI8SIE K58 cone beam
computer tomography (CBCT) agsasldiianlu
& | a A Y v
JunduAITARNURE NUTEIM 40 Tuil agUle
Tdaunsanaunmelalauiuyseunas 25 - 40 Juni
a v a . A g <
zdonumaila Passive MUUNISAUNNLUY
4D-CT uangUrgarunsanaumelalieglugas
25 - 40 3u19 laedvdunisnduniela A1
° a v & a . A
ANuaLLELe azidaniiidumaiia active MTuwuy

breath hold sauandlunni 8
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DEBH >30s
using SDX or RPM

Perform
reproducibility scans

Motion amplitude

in free breathing

l

>5mm

|
Ec—

A 8 wanuuIN1INISUURveRAALISIAU YadlsaneunauIaInsal

M19199 1 ansinswseuiieumaiinnisaiunun1smela (Breathing management)

Passive: 4D-CT

Active: n1snaumela

Active: Respiratory gating

NANN39Y fgnm 3 ffluvane phase  drenaumelatinsm FalasludnsaneSedliingiu
yosmamelaiioyseiiod FEHIINEAUN NG phase msvglavesithe
msndeulmvesiounsiss  nsanedad

wWmsnewan Useidlaweuwansipdioudl  vieaniswdoufivesiounsiy  anefvdianzneuiounzise
wiefimiun Internal target  Timdetloeiign indeumneglusumisiien
volume (ITV)

ALV HAANS ATOUARLNITIAROUTILA gun an interplay effect g9 AAAIUARIALATOUIN
YOULAYRY [TV 81992 wazanuwn TV ledign 22.7 uaivide 5.1 1.
e

ANuTINTavaslae melaund lidesinfivay gunn desnaumelalats  Ywnans melaundusdes

WAz (25-407WN9) GHRGHG!
gunInliaty . SYUU RPM #501A309 SDX®,  5¥UU RPM, NaadasyiauLLas,
Spirometer, WIUAUAAINE  NEDIBUNTIA
szezalun1saY Uni 91057 (@ndumelalduiy uudy (fesannen duty
") cycle #i1 INNTABLANIY
LER Vv
AU Wunesgiunuguly Wiw therapeutic ratio uaz  lidasnaumelu uidesnw

AsUTIEU

anfiwsiaiileidelege

AU LA

AnEa: 4D-CT = Four-dimensional computed tomography, ITV = Internal target volume, 3i. = {188LU»3, RPM = Real-time

position management
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watianisliaunialusnau
a‘Lgn’lﬂiﬂimauﬁﬁmﬂﬂumﬁﬂmQﬂwﬁwé’qmu
agluraeUszana 70-250 winzdidnaseuliad (MeV)
?zfdﬂimmqumi%’ﬂmléﬂwﬁammuﬁmﬁy’qLwi 4-35
URLIAS 9T Fuvtisves Bragg Peak auilBsunas
ANNTLAUNR UV UTABUY LABAINITAATIRUA
nasuldgenndeenuainuanveanauuiiely

9, 31]

sunegUllaegrausiugn! FUNAUANITIA

[

aunalUsmounuslilu 2 356l

ybiH

3soda

Proton Beam

Mo

1. Passive Scattering
Wumafiaiildndnnisnszidsveseynin
Tusmaulaele range modulator Tun1susuanaasnu
votaynalusneuluwnudnlidudnuazaes
spread-out bragg peak (SOBP) wanslunini 9
ntuldiannsya1e$ed (double scattering foils)
WDMLNUNYDIUS U S SF U U9 LN N akay
alawe Wensyaedlusmeuliinsounguioutziss
101Ul collimator Tun1saninveuwnvasUsunn
Fedlunursudnakay compensator Tun15U§u
1 a v = 14 &
sUS1veeUsInusedluiuinudnaunaunzise

[9, 32]

d‘ b Y] ' v @
LW@IWL‘VTNW%ﬁNﬂUE‘UﬁWQ"UE]Qﬂ@u&l%lﬁﬂ LLﬁ(ﬂ{Lu

A9 10 a

Spread Out
Bragg Peak
(SOBP)

Bragg Peak

-

Shallow

DEPTH

Deep

AT 9 uana spread-out bragg peak (SOBP) ma&aymﬂ‘dmau (Tackling Global Issues.
vol. 2: New Era of Radiation Therapy to Fight Cancer. Hokkaido University. 2020)
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2. Active Scanning
& A aa o | | )
Wumallanfesldiuegraunsvanglulagdu
a a A P . .
AUNTDLIYNDNVYDNUIIN Pencil Beam Scanning
TdnsawnueunalUsnauvuaLEn (pencil beam)
1 o ] @ LYAY) o
wuugndegalasefewtinantafuanlusnouly
A o v =3 "y 2 & a
NELAUINBULLLSS Tnawuanauuzisadulsuing
(voxel) MuANaN (2) LazUUIN U (x-y) Tneisuy
AUNUANIZAUNANTIER 1Ntuannasnuvedllsnou
v A = A& £ A a
walaunuinNanauIuluiFes 9 dazszuiu
v I3 a & Ny A
UATOUARUADULELTY LandlunIwi 10 b Fellvef
AausaanUsINSEYRgginnilinseuniinain
gunsaifldlunisusususiasddadisuiumaila

. . U
passive scattering 1" **

WMATANITINBAUNITINY
n1919uRUN s nwIRgaunIalUsneu 1l
NSEUIUNMITIMMUAIENSdsunAlsnaulviliug
wazdiysedniningegn lnemaianisdsaynin
TUsmeuaiutsouwusladu passive scattering
WAz active scanning %39 pencil beam scanning
= | ada o Y ] Y] a a v
FausarIdlnann1saz vofunnaeiu Tuefnteuld
passive Scattering idiosldaunsaliasuadgig
compensator wag collimator LWONT1BUAY
° | o v a 1 o v .
NUUAFUITINATNE LLmﬂwuummﬂ% pencil beam
scanning 11NTU 1839 MNANNTAAIUANAITIER Y
1 |3 o Y v o ] = 14
auuimanlaenss ilisudunusiaganudnle
' ' ° o aad & A av v
pg19LdugT Lazaunsnansed@nileldounala
1AgNITINUNITINYIRIgauN Al sRoumENs LY
mAdlA pencil beam scanning Hgiail
1. Single-Field Uniform Dose (SFUD)
I3 A A o v o v a
WUMANANUSUAIULINTBIAN59E (beam
intensity) Tuumag field IﬁﬂiaUﬂqu target volume
v a v aa o 44' . LY
preUinusidnaiaue Wesiuwans Field Wane
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fuazeiinanuadiane (homogeneity) wag
LﬁummLL;JuETﬂumimaUﬂquﬁ'aumL%qmwugﬂi'w
939 winzdmsudounzSaildinnududounes
sUT1a3n S wanslunwd 11(a)
2. Multifield optimization (MFO)
unsaueEuLUY IMPT (intensity-modulated

]

proton therapy) lduannisusuauNveIanssad

U aa

nvany field wiaunu wielilanisnszanesedn

a

wiudnazaiauslutouuzide vasiisafud
a1u150anUsunasdinsenunesteizuninie
a¥ernzdfty (OARs) léfnin™ 2 wandlunwit 10(b)
ylilunsdifiansfeunzidsduiifinududounis
35U viseagdariveiyizdAy M3ty IMPT avde
1anu1sn conform dose lauwsiugniy Tnouansly
awit 11(b) vilannisnsenudeidosuunfuas
pionglnaldsau nssmgems anld wazla vialv
anAudssansuNIndourassuldAnInIsle
ATALUUSIAY (SFUD) TnaangludUasuzisadu
fistfianazdunds (liver cirhosis) wSefirudssse

nsviauvessivaumal (liver decompensation)™

asivuaUsunassduazdednausunnsed (Dose
prescription and constraints)
AMsSnwngssiumesdlusneululsaneuna
PanTal @annialng Tnainnisnauay
N133NW MUY intensity-modulated proton therapy
(IMPT) TneidenldaSadoeradon 2-3 fields Fuly
%ua&uiﬁuﬁmuﬂq YUIA LATENWULTNINNIYINIA
YpanDUNLLS ﬁg\iﬁﬁﬂ’ﬁﬁmumguﬁﬁqﬁﬁmmxa:u
WU 0, 180 way 270 89" Lﬁﬂﬁﬂﬁamqmﬁmm
Whnneegeiuszdnsain niouanUsunusedd

annsenusieeTetrinufedlvidesian



compensator

collimator / sweeper magnets

\ patient
1 Imqlﬂ degrader 1 1 1
modulator  scatter @
wheel foils energy

100% dose target

(a)

target

AN 10 LWﬂﬁﬂﬂ’]ﬂﬁayﬂﬁﬂIUiﬁlau (a) Passive scattering wag (b) Active Scanning

(Schétti A. Towards the treatment of moving targets with scanned proton beams. 2013)

(b)

AN 11 WSugumatANITINRUNITSN®I5¥1INe (@) SFUD way (b) MFO
(@Y a1 WaAndn1e3sdinw. 2563)

esnndedlsneusianulisennuliutueu robust optimization 11llunssusunssnw e
103135 lnsanganuaainandoulunisdn Milsiinnunatandeuiionnintuadeszning
AU38 (setup uncertainty) uazAulaiiiueuvee N15219598 unun19lduulfa Planning target
fidu593 (range uncertainty) F38713denaRONTS volurne (PTV) margin WUUAwiY lelinisnszane
nsraneUsuusidesrefidedAgy Felauniunfe UTunaSaddinsmnzaunenatnnglaniuunysiu
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fiman1sadldl Tne range uncertainty dswalaense
FOAUANUDY bragg peak %&Lﬂu@mauﬁamwwmm
$38Usnau Tngarunatnadouliisadnies
2131 lARA12E underdose a1eluUsuins
Wnunense overdose fapiglzunddnameala
Fefuluduneu optimization 3sin1391a09
patean1unIsalvesnu Lty maumquﬁy’q
setup &g range uncertainties Wioifiuanuamy
YBIWNUNITINYT (plan robustness) $9uAvU
N13UTEEUMELUINTS worst-case dose approach
Taoinuali voxel Meludsunsidinuneiansun
ﬁhﬁmm%’ﬂﬁﬁ']qmmﬂnﬂamumiiﬁﬁi’ﬁaaq Yz
voxel TuaieizunAnansandigegn Wielununng
Snwrdsnseausulanismddnnelaainuluiiiuey
fanann™

AmuaUTuasedsineglugie 30-50 GyE
(relative biological effectiveness; RBE = 1.1)
wUsnnsanedednanun 5 fractions Tnouuzyrlild
seauUTinaTadg Wiilanunsausumuan liver-GTV
mean dose WadadnnaUsinasiduesoietsmanu
9191159UALINSS (luminal gastrointestinal; GI)
AIUAUMANEENN19AETEN TnetodnaUSUIuSE
featonzinafowimun suanddunisied 3 fuus
Tispesnnunamniglianiunisal worst-case range
uncertainty dlosan range uncertainty nolvlAn
AUARIALAR DT ITTUL (systematic error)
Feldanusaudlulasonisnsrvaausundsnou
n1sane¥ed lusaued setup uncertainty 1Ju
mwmamﬂﬁauuwdu (random error) figunsa
annanszNulARI8nN1SASIABUAILUUINDY
mama%’qﬁnﬂﬂ%’q Feuudiinaziinasinsiea
robustness lagfinnsanii setup WAy range

uncertainties toUsiiuAMAMNLAZAENYS
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YDILHUNITINY WHN1TATIABULDINAAUTUIUS &
Ao TeIEd AR NANTLaNITE0IUAT5A] range

uncertainty iniu

WNUNTSUSEIAUANUEDAAADIVDIUNUNITINE
(Compliance Criteria)
AMNNTBIKUNTS NI EliNANNNIAToUAGY
Usumsidnnune (target coverage) weluaniae
nominal plan kazneldn153LATI9 robustness
Tngmuualrarusunasedidulnnuinaueily
nnantun1salaulisuuey eniuaniunisel
worst-case \fioaziiounIULERETUBIEUNT Y

Aeldanuwdstuiainnisalle

FaA15Nasan Tun159190NY
- AIINANAEY hotspot Nignatueenuen TV
a
AN 2
- A3580 hotspot UL portal region way

Ushadlndedezddnlvinniian munnsnen 3

N15ASIVFDUAUUINDURNYS 9T

[ <@ o % v A [ a
AM5SNYINESedueSIdlUseeullunala

PR ' ° | a o a o a
nianuuiugrgdunisdstSuusedludiusi
feunziislagianiy o1fenuaudAn1esiand
voslUsnaunaemnaugen s uvidatving
ToglaifiuSunausdndsnouusise agnalsiany sudu
@ Ao a I 9]
adazniinisedeulmimunismelanazeylng
pigazdrfyvatesia WU NIzIN1zeIns anld

= a o I U = o 1 1
wazle Fefianudndudasdinisnsisaeuiiuntanau
n1satesednnase Tnelsaneruiaguiasnsal
aninalng Tannuadunaun1susELiusi LA
HUI8I5091NN1IATI@R UM NULUBIAUAY
AMWenTsnasnusyauilallad (kV) wuuaesda



f15719% 2 Lﬂm%mamaumqmﬂ%mmﬂmm8 (Target coverage)

Wviang wisdiwas  wnawivan eausuld Robust evaluation lafgausu
(Target) (Goal)  (Variation) (Unacceptable)
GTV V100 >100% >90%  >95% luynanunisal  <80% Tunnanunisel
8L worst-case 8L worst-case
CTv V100 298% >85%  >95% luvnanunisal  <80% luvnaaunisal
8L worst-case 8L worst-case
v V100 298% >85%  >95% luvnanumsal  <80% Tuvnaniunisal
8nLIu worst-case 8nLIu worst-case
mv D0.03cc  <120% <135%  <135% lunnaniumsal  >150% Tuynaniunisal

gAVIU worst-case

gAVIU worst-case

A18a: GTV = Gross tumor volume, CTV = Clinical target volume, ITV = Internal target volume,

V = Volume, D = Dose, cc = gnuIAnuang

MntuFUssfiusumdatounsiss awdwmsiaaeu
U?mmLﬁaﬁatﬁuauﬁ’mmaﬁﬂa&m?nmmqL°?J"1°um
a159dlusnoUMEANEINARLUUANSIENTINTIY
ﬁgﬂﬁﬁmwaauﬁwLmﬂqdaumimaé“qﬁvlﬂﬂ%gﬂunﬂ
Fuvtsfivhnsany uazmuamuraInLAaeud
gousulaainsunisarsluusuaidildiiu 5
Taawuns Lﬁﬂﬁﬂﬁ%’ﬂwﬁmmgﬂﬁm Uaonde uay

WnUsEENENINg e

NNSASIVFDUALNUINDURNYS T
) 2 o v o al & A aa
155 wnESwunlesIdlUsnau dumaiang
ANuduggelunsdsUsunadlygdauinnieu
zSlnsRNIy a1ﬁa@mauﬁamﬂﬁﬂéﬁuaﬂﬂimau
Nagnaeuasga s swndadmunelaglid
USunaussandanauuess ag1slsinny suiduatens

fiimsiedeulsunsnelasazeglndetezd iy
na1ewin WU ATENEe s anld wavle .8
ANy dudadinisnsraseusutsnaunsane Sad
Vlﬂﬂ%gﬂ Tnelsang1u1aguiaensal @ann1vintng
”l,é'ﬁ”mum%gumaumiﬂizLﬁu&i’%mﬂwﬁﬂwﬁumﬂ
msnsaseuUsumialosius e menstngany
seduATalaad (V) wuvaesli a1ndussUseidiu
funtstouzigs Iunsvaeulsuniense
YoUsNNMeRUIgUTHnUMa1vesi Sedlusnoume
AMNELTALUUEIS9ENTINTIY TeHTASI9E0U
GTWLmu'qriaunwma%’ﬁnm%iunﬂﬁi”nmﬂaﬁﬁ’lms
28 wastvunAAuAaIaedeuTisensUldEmSy
nsareluusnadidliiiy 5 fadwes ield
nsshwniianugnees Uaeade wasiinUse@niam

gaan
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7157199 3 YadninUsINS @R TuIzd1ABs (Organ-at-risk dose constraints)

2997zd191ABe (OARS) W1518Lns JagnausuuseE (Gy) gausuld (Gy)

NaONBIMS DO.5cc <33 <35
NTLNIZDINT DO.5cc <33 <35
aldandudu DO.5¢cc <33 <35
aldidn DO.5cc <33 <35
aldlugy D0.5cc <33 <35
Todunas DO.5cc <25 <28
FIU-GTV Mean CP-A <13/ CP-B <8 CP-A <15/ CP-B <9
o (52m@09919) D33% <15 <17

o (s2m@09919) Mean <10 <12
Indhaiien D10% <7 <10
wla D0.5cc <29 <525

N T90n* D0.5cc <43 —
RN DO.5¢cc <32 —
Qi DO.5cc <55 —
vievhiindn (CBD)* DO.5cc <50 —

o 1

A183: OARs = Oregans at risk, GTV = Gross tumor volume, CP-A = Child-pugh class A, CP-B = Child-pugh
class B, CBD = Common bile duct, D = Dose, cc = Qﬂmﬂﬁlﬂjuamm

nuewme * fetadnindilididu (not mandatory)

1. Two-dimensional (planar) radiographic
imaging
I o aa Yo L4
Wunisyamuuy 2 daleglssedenesd
nasuszauilalan (kv) Weuiuain 2 $aaleann
lAlsgAoNNRBSNlUNTINMNUASS A (digital
reconstructed radiography, DRR) Tngdrunnnilen
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Wnan kv luyy anteroposterior (AP) %3®
posteroanterior (PA) Uag 43! lateral Faanunsavh
Awlei gantry il 45, 135, 225 wag 315 99N
\losniedasanelusmeu Probeam (Varian Medical
System, Palo Alto, California) Siuunasniilatenstsed
(KV source) wagsrunw 2 yn Fauanslunwil 12



Tnenisifisunmanansauiuamanuaainadould
6 szurulaun vertical, longitudinal, lateral,
rotation, pitch waz roll Ineazda bony landmark
Hundn Fwanddunind 13 iessinain kv
Wudieanw 2 07 Jeliansonanineazidenves
dofeseundereuavesiounsisldedisdneu
Jafonldifegunsvesgfiae Aeuflovsh
cone-beam computed tomography (CBCT) Fadu
A 3 Sniedudusnads

2.Cone-beam computed tomography
(CBCT)
Junsasnaeusunisisniudesineu
nsaeedlusmeunnads leeidunsdionwanuda
Mmsssdonisdnasauszauilalies (kv) wuuansed
n59n978 Favaluagld full-fan (half-scan) CBCT
Tulnun spotlight WuanasgiudmiugUednlveg
Tnslameitefisnudemaiandumels Juatos
LONYLIEILNYUTPUAIFUIBUTENIN 191 B9A7

AN 12 BARIISUNINAINIU 2 49 Lawn A uay B wiaumeuvaniiaisdeneise C uag D
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Summary: Images (4 New) | Couch Corrections (Representation: d, Scake: 1£C61217) / Couch (Type: 6D0F)

P KVA_90_3 - kvB_180_3b i kV_CBCT_3b_2
* *

¥ 0| DRR - kVB_180_3b - 09/10/2024 11:00 AM - 180°

Fioid odge (CIAD): Planned

A gl ®AlY

Sesson Wed 09/10/2024, Image 1,2 0f 4

WA 13 Lananisiiieunin DRR funin kv Tuys AP uag Lateral

gl half-fan (full-scan) CBCT ip3ostoneisdas
vuseuMEthe 360 ssm 1Hlunsdliifihedvunn
SlvarsednSidinuseudimanefiama a1nti
nmiilduFeuiisufunmanufiiannsiaes
N33 (CT simulation) MHlun1s1usuN1INH
1#uA average-IP CT dmiugthefisnwuvumela
AUUNA (free-breathing), respiratory gating w31y
abdominal compression LLa¥ non-contrast DEBH
CT dwm3ufihefisnuimemaia deep expiration
breath hold (DEBH) anduazviinisusund
mnuAaaldeuesiuvsgiely 6 sz Tdun
vertical, longitudinal, lateral, rotation, pitch iag
roll Tagdntuinuaeuduuinalng CTV wioedy
fiducial #5® surrogate markers 1@u lipiodol {udu
uanIINisfesfinnsaveuieniegiae (body
contour) kazkuINILI1v09a1598IUTROU T

U A 4

anfandniswnmdnnvusdy 10% vesUsunused
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wanaduile IGRT (GUELEGT) Fauanslunwil 14
TnetnSidn1sunygnesUszsiiuamuaannd 0993
ourzn1eluusnunudia$ed smtnsiagey
Unaudeidouazrauinanediaglilndifsi
awdsBanndian Tneimualfannuuandisues
Randausnaniadiarsedlugasandaliiiu
5 fiadns Lot nauantinisildndvesied
Tsmoudfinisanomndsaiugegn a s
AouuziSwarunulufivsunusdndaiounsiis
N199999F0UNINTIADIAILTUNITOE19aZLBYN
59UADU WarAadlasun1sdudunInaInunvgney
Bunsaedednnads saimnnuiiefzdiades
(OARs) tndeudnuluudnm 1MV vieasdeiniing
vafavesfounziandaiinnisivdsunyag
neneinieegsiitediAy sududewh quality
assurance (QA) CT Wiafial iefudunnugniowes
wumMsSnvaziiuaasnfogeanlunsanssed



Transversal - RTstruct - kV_CBCT_3b_2 - 09/10/2024 11:12 AN

Summary: Images (4 Hew) / Couc ons (Representation wdard, Scake: IEC61217) / Couch (Type: 600f)

P kVA_90_3 - kvB_180_3b g KV_CBCT 3b 2
* *

AL-2PT_Uve2 [ Session Images | Session Timeline | Course Tumeln

Sesson Wed 09/10/2024, kmage 3 of 4

AnH 14 uanensiiguninann CT Simulation fun1w CBCT

TGAANGER
\esarnoymalusneudauanddniiiand
fanunsodandanusdlusifeunzldogiauiug
wiouianUSinasdnlude fozdaies msdnm
uziSeiuaresedlusneudadianiudaondeginas
NUANILUNITNGBULDYNIINITSNYIA8FIFUUU

B8 ggaslsfnan Femalinadiadeadl

SRR
orAntuldun

- ATzunIndeuvemAudid (biliary
Complications) ®19AANIFBNLAUNIBNITAUVDIVID
dhndsmssne whewulddesinn uimsdise T
Tngtanzdieildsunisaiessden (re-iradiation)
viselunsdliifounziSaeglnduinm porta hepatis
%39 perihilar region®™ *”

- 1smAAvUa1n5sd (radiation-induced liver
disease: RILD) ns1nsiinnadnaifisasinun usd
Iammﬁmmﬂm"f[,uéjﬂ'gaﬁﬁwmiﬁmmmﬁuﬁugm

"Lﬂaﬁ, 40]

- NATNIALNFDTEUUNIAUDNYNT (gastrointestinal
toxicity) Snsnsiianadnafiess (Uszanes 7-10%)
LwimfaﬁmmgwmmﬂLﬁwﬁu Tngangiflasumia
vasfunzisreglndiuaisigniauiuenis wu
nszngemsvisoald WWusu’ ©

- NATNLAIONTIIVITISEN (chest wall toxicity)
wuveslunsdiifeunzifeeglndnisvtion virlsk
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wnInNFauseezlduunay (acute complication)
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911598 (radiation dermatitis)®” "

Journal of Thai Association of Radiation Oncology

Vol. 32 No.1 January - June 2026 |



daagu

n1se39ElUsRaU (proton beam therapy, PBT)
I3 a ) g oy o )
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& Y1 o a a 1 @
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o = @ a Y ) a o
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2E19MIUE AT ALLDYA L NBNANLAYIAULEDINYF
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management (RPM) funuindidglunis
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anNavay interplay effects NdINARDAINLIIUE
v
Y99N158598 UM oU
a v .
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scanning (PBS) kagnN19319NULUY intensity-
modulated proton therapy (IMPT) %78y
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v a & | o v A ' a U aa o o W
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izUUﬂé’aﬁUﬁuﬁwﬁqﬁﬂw (surface-guided radiotherapy: SGRT) lagnunuussendly
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AEATY: N13IRFuveaneed, seuundesduiuRanteUae, nsuseiuamnIn

Abstract

Surface-guided radiotherapy (SGRT) has been increasingly implemented in modern
radiation therapy practice. It can be utilized for patient positioning and real-time monitoring
of organ motion during treatment. Furthermore, the system enables automatic beam
interruption when the motion of the target or organ of interest deviates from the planned
treatment position. Therefore, quality assurance (QA) of SGRT systems is essential to ensure
treatment accuracy and patient safety. SGRT QA can generally be categorized into three levels:
daily, monthly, and annual procedures. This article presents our institutional experience in the
clinical application of SGRT for patient setup in radiation therapy, as well as the implementation
of quality assurance procedures for the SGRT system. The aim is to provide practical guidance

for the implementation and further development of SGRT in radiotherapy practice.
Keywords: patient setup, surface-guided radiotherapy, quality assurance
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Abstract
Backgrounds: Stereotactic Body Radiotherapy (SBRT) for lung cancer requires high precision
because lung tumors move with respiration. Treatment planning using four-dimensional
computed tomography (4D-CT) has therefore been employed. During treatment, image-guided
radiation therapy (IGRT) is essential to verify tumor positioning. Both three-dimensional cone-beam
CT (3D-CBCT) and four-dimensional cone-beam CT (4D-CBCT) are available, but their accuracy
remains debatable. This study aims to compare matching error between these two techniques
relative to average intensity projection (AIP) from 4D-CT.
Objectives: To evaluate the matching error of lung tumor positioning using 3D-CBCT and 4D-CBCT
compared with 4D-CT. And to assess the feasibility of using 3D-CBCT as an alternative to 4D-CBCT.
Materials and Methods: This was a retrospective study of nine patients with lung cancer who
underwent stereotactic body radiotherapy (SBRT). Tumor positioning was verified prior to each
treatment fraction using image-guided radiotherapy with both three-dimensional cone-beam
computed tomography (3D-CBCT) and four-dimensional cone-beam computed tomography
(4D-CBCT), respectively, on a Varian TrueBeam system between 2018 and 2021. The data
consisted of average intensity projection (AIP) images from 4D-CT (9 datasets) and a total of 61
sets each of 3D-CBCT and 4D-CBCT images. Matching error in the anterior—posterior(AP),
superior-inferior(S), and left-right(LR) directions were compared using an auto-matching method.
Statistical analysis was performed using a paired t-test, with statistical significance defined as
p < 0.05.
Results: Mean matching errors relative to AIP from 4D-CT : 3D-CBCT: AP -0.31 + 1.75 mm, SI-1.13
+ 1.57 mm, LR -0.33 = 0.69 mm ,4D-CBCT: AP -0.28 + 1.92 mm, SI -0.80 + 2.00 mm, LR -0.31 =
0.67 mm The largest mean matching errors between the two techniques was in the S| direction
-0.34 mm(p=0.26), followed by AP -0.03 mm(p=0.85) and LR -0.02 mm(p=0.82). No statistically
significant differences were found (p> 0.05), and all values were within the 5 mm planning target
volume (PTV) margin.
Conclusion: Both 3D-CBCT and 4D-CBCT demonstrated comparable accuracy when referenced
to AIP from 4D-CT, with no statistically significant differences. These findings suggest that in
institutions without 4D-CBCT, 3D-CBCT can be used as a clinically acceptable alternative for lung
SBRT positioning verification.
Keywords: Cone beam computed tomography, 3-dimensional Cone beam computed tomosgraphy,

4-dimensional Cone beam computed tomography, Image-Guided Radiation Therapy
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W dines
Gantry speed
Scan mode Energy(kV) mA mS
(degree/sec)
CBCT type
3D-CBCT Spotlight mode 125 60 25 6
4D-CBCT Spotlight mode 125 40 20 3
WAsTLnRS Framerate Acquisition time  Projection  Slice thickness for Matrix size
(frame/sec) (sec) reconstruction
(mm)
CBCT type
3D-CBCT 15 33 500 2 512 x 512
4D-CBCT 7 67 ae67 1.5 512 x 512

Angia: CBCT: Cone beam computed tomography; 3D-CBCT: 3-dimensional Cone beam computed tomography;

4D-CBCT: 4-dimensional Cone beam computed tomography; kV: kilovolt; mA : milliampere; mS : millisecond; mm:

millimeter; sec: second
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f18-071 (LR) -0.33(0.69) -0.31(0.67) -0.02(-0.19 to +0.16) 0.82

Anga: AIP : Average Intensity Projection; 4D-CT : 4-dimensional Cone beam computed tomography;

3D-CBCT : 3-dimensional Cone beam computed tomography; 4D-CBCT : 4-dimensional Cone beam

computed tomography; AP : Anterior-posterior; SI : Superior-inferior; LR : Left-right , \ASBIMLNEAY
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