nanmsMsAiuavauLatauuziseluauaswiin glioblastoma
(Target delineation in glioblastoma)
WEA.WLAY WaY.d813% AAunalsd

unin

uzi3sluauosvia glioblastoma WunziSsauesiinutesiigaluglvg Fsnssnuilutiagiude
NSENERRUL maximal safe resection mudaen1saesidaiividn Tutieneud a.e. 1970 Fadslifing
Tdnmenusdreuiamesosuwnsnatsuasliamsonssiuiounssdladnau fUieuesauosin
slioblastoma 2zlSunssnusentsatessdiaeues (whole brain radiation) Swhliiiedueni
Ie5ussafilaisndu wedinmsldmmenusdneniiomes l#insAnudugasmmedineives
slioblastoma nuitnisndulugidsvanadosas 80 Sniiinnely 2-3 wuRwnsanveulnsafouusise
i (sursical cavity)™® uenannisdedinmsanuuuuldimthfiuandlidiuinnsaneseduuy
whole brain radiation 60.2 insgiTauisuiun1sa1853@uy whole brain radiation 43 1nsdaueIe
nsme¥adianiefiou (cone down boost) 13.2 136 liishsnissendindildunndnsuegnaiitoss
ddynadiflugiensise glioblastoma® Tullagtunisaiesidimneanizuinniounziis agelsh
anufpuNzSwEelnsiounzSmdunds WDuseslsafivouiiuld (gross tumor volume, GTV) uidie1a
fwaduifduiinalndidssiliannsoveafiusenivamioainnsaenmmasdlutiagiy
(microscopic spread) 3sdndudssdinisvengveuain GTV 1Uu clinical target volume w3s CTV ielok
ATOUAANTOELIARINGT uenanigseniiovouiunain CTV iy planning target volume wia PTV
dietlostuauRananalunisnasunissnurienisate sdluwiasiu® fuandunmi 1. egralsh
AUNNSVENETEUARIN GTV 1T CTV delififonnasiitniau warlinisveneveuniiuansdnaiuly
uALAUIEIALaYanIUU LWﬁwazﬁ?umﬁLsﬂ’fLwé’ﬂmsu,asmqwamaamsﬁmumauwm GTV wag CTV

Fafimudndu weligtelasunsnanissnynfuasnatnufesiosiign

AR 1 LERIMENNISNSANU gross tumor volume (GTV), clinical target volume (CTV)
%39 subclinical involvement, planning target volume (PTV) %38 setup margin (SM) AM151897U
international commission on radiation units and measurements (ICRU) atiuil 50

WiESTILT8anIN: Jones D. ICRU Report 50—Prescribing, Recording and Reporting Photon
Beam Therapy. Medical Physics. 1994;21(6):833-4.)



cTv =

1 The arrow illustrates the influence of the organs at risk
on delineation of the PTV (thick,full line).

- Gross Tumor Volume (GTV)
Subclinical Involvement
- Internal Margin (IM)

[7] set Up Margin (sm)

MsanEn NS Eiian13a18398 (Imaging technique for radiation planning)
1. mwenesdneuiiimes (computed tomography, CT) InedUlgmislasunisiavindeviinin
thermoplastic mask, UoURIY, WaZYILENULIOADURIDDTAIY slice thickness 1-3 HaALUAT
Welddunmudnlunsiumainassd mnldawnsoinissasinisaeddiennasiou

o L1

AAuwWEN LT (magnetic resonance imaging, MRI) wuztilianansiivssdnouienasd
raufmosTaiiorlfiufounsddlddaaunniy eghdlsfinunsanansiivsdidonssey
Tugftheunase 1wy guieiuiansiiuied, firefiinsvhanuveslafinuni Husdu

2. mmazvoupdundlndnlniln (magnetic resonance imaging, MRI) ilunmenevnessdiveuiiu
AeunziSeinay lngmsviawnulunim post-contrast T1 way AW T2/Fluid-attenuated
inversion recovery (FLAIR) i{usgstfos nmazvieunduutimdnlniihaisionglsiiiu 2 dani
AeunsTaninisaesed Weswinuzidewiin glioblastoma aunsavenedilésinga

3. msthanasvounduwimvaniniinneunisuidn (pre-operative MRI) (11nf) wldusenaunis
MANUNINeSIEe WethelunsRiasandumisiiiunsieuslamdnisingn (post-

operative change)



4. 71 ESTRO Contouring guideline 2023 wugth s kAvawn (Positron Emission
Tomography (PET)) fuansundwssd (Radiopharmaceuticals) fuunzaulunisanenin brain
tumor ¥l glioma @unsarlen1TAneuLzSle lneeng O-(2-[8F]-flucroethyl)-
L-tyrosine (FET) -PET wazmisailainnisldnminlunismefeunzsssdulvadiegluszning
MsAnYITe asundusedsug fenthuldusslendldluounan Towa 1C-methyl-
L-methionine (MET), O-(2-['®F]-fluoroethyl)-L-tyrosine (FET), 3,4-dihydroxy-6-[*®F]-fluoro-
L-phenylalanine (FDOPA), and anti-1-amino-3-[**FIfluorocyclobutane-1-carboxylic acid

(fluciclovine) &vansiwaniifiaauaudAlunisu blood brain barrier 61

NSNVUAYBULYA GTV wag CTV

NNSANUATDULAUDY glioblastoma 31 2 Wuunan Ae M1y EORTC (European Organisation for
Research and Treatment of Cancer) #3an 4 RTOG (Radiation Therapy Oncology Group) Aduandly
M7 1. AuanssweInIsivuafeumSsEe LA EORTC fmuafeussiSiuy “single
CTV” namfe MARBUNELTIAINAIN post-contrast T1 MRI @i RTOG fnuafeuuzisshuy “two
CTVs” Tngldnisnadeuszide 9909 post-contrast T1 wa T2/FLAIR MR

TuilgtudilifinsfnvuuuduruelngiUisuiisunminfounzeiaouuuluwivesdng
N3550nTInLazn1sverInnlsa sgnalsfimueAdeszesil 3 RTOG 0525 Ge@nwidenisty dose-
dense temozolomide usaugalilénsimua GTV fawuu EORTC wagiuu RTOG &smaafion
GTV waeswuulsnnissentinwazdnsnmsuaenlsailiunns1eiu® vuddussesii 3 CENTRIC
study fFnwnavosen Cilengitide Gy selective GVB3 and CXVBS integrin inhibitor Tun1sas39d
wilvndanuuansgu iuusnguussannsges (subgroup) lunsfinwianumiy wuaduglsy vs awEn
wile vs 719U Feaeviouuuuusumsimunvouafouuzieidfiu uasnuIusiasngulssansdos

KUIPUMIVTERNIIN55ATIR N LULANA1eAUT

aTefl 1. ansaUTeuiisunisanafeunse amuduuziilae EORTC uag RTOG

(miwﬁ 1. fauUasann Niyazi M, Andratschke N, Bendszus M, Chalmers AJ, Erridge SC, Galldiks N,
et al. ESTRO-EANO guideline on target delineation and radiotherapy details for glioblastoma.
Radiother Oncol. 2023;184:109663. way Kruser TJ, Bosch WR, Badiyan SN, Bovi JA, Ghia AJ, Kim
MM, et al. NRG brain tumor specialists consensus guidelines for glioblastoma contouring. J

Neurooncol. 2019;143(1):157-66.)



EORTC guideline

EORTC guideline

RTOG guideline™

2016 2023®
Contouring
Phase 1  GTV1  surgical cavity Cavity + T1 contrast surgical cavity
+ residual enhancing enhancement, + residual enhancing
tumor in post-contrast  optionally PET-based tumor in post-contrast T1
T1 MRI BTV, or FLAIR alteration MR
clearly visualized as + surrounding edema
tumour (hyperintensity) in T2 or
(Exclude vasogenic FLAIR MR
oedema, if FLAIR
indicates presence of
non-contrast-enhancing
tumour, include with
variable/no margin)
CTV1  GTVI1 + 23 cmmargin' GTV1 + 1.5 cm GTV1 + 2 cm margin
(if no surrounding oedema
is present, the CTV is the
contrast enhancing tumor
plus 2.5 cm.
PTV1I  CTV1 + 3-5 mm margin ~ CTV1 + 3 mm CTV1 + 3-5 mm margin
Phase 2 GTV2 - - surgical cavity
+ residual enhancing
tumor in post-contrast T1
MRI
crve o - - GTVZ + 2 cm margin
PTVZ2 - - CTV2 + 3-5 mm margin

Dose prescription

Phase 1

PTV1

60 Gy in 30 fractions

60 Gy in 30 fractions

46 Gy in 23 fractions

Phase 2

PTV 2

14 Gy in 7 fractions



*Margins up to 3 cm were allowed in 22981/22961 trial, and 1.5 cm in 26981-22981 trial
**Used in EORTC 22981/22961, 26071/22072 (Centric), 26981-22981, and AVAglio trials.
***Used in RTOG 0525, 0825, 0913, and AVAglio trials

$ei: EORTC=European Organisation for Research and Treatment of Cancer, RTOG=Radiation
Therapy Oncology Group, GTV=gross tumor volume, CTV=clinical target volume, PTV=planning
target volume, BTV=biological tumor volume, MRI=magnetic resonance imaging, FLAIR=Fluid-

attenuated inversion recovery

NIAMUAYRULIYARDUNSISIANY EORTC

1. msndudususznatesay 80 Sinaely 2-3 wuwasanveulnssieunz S mdwse
(surgical cavity)*?

2. dyaunn T2 FLAR sindudaanmitlidanzasiotounzise 1 T2 FLAR abnormality
analiilfiAnanmsumsniveswadunis wienainananedug léaisetie wu nn1suy
yeieauadagsou, MIsulay, wiensiasuulamdnisnise (postoperative change) 1Uu
Fu nenanidayaann T2 FLAR snadsuwdasidsindinmelussosnadun sﬁyuaguiﬁu
mass effect 91nfAouNziss, NsiUasunlamdanisingn way/vie erldiafesoss

3. mslddyanmnin T2 FLAR vl GTV Swunelve) dlevensann 6TV 8y CTV agvinloilay
deauoaiuuinuning uarenaiiliAanadnafissannisanesadunna

4. uddgludmthuuugulag Kumar wasane Anwinisanessdlaenisnaieunzismiu RTOG
WisuleuiunsateuNzisawuy MD Anderson Cancer Center (MDACC) fa T1 with
contrast + 2.5 cm margin Tugthedauan 50 au i Shsnsndudiudivestiiheisaoandy

IS

laumnsnedu uenanigteildumsans$sdiun MDACC faunwdindidniussdidisogu
M3sonTinilganind 18.4 Weu Wisuiivuiu 14.8 Weu (p0.021) agslsfimunideild
SuugUiereutietios Wag patient characteristics Waunafiuseninngy

5. muﬁ%’ammaﬁml,wajmwxﬁ 3 7ty landmark study Tae Stupp wazane? Anwinsanesa
Wigeegaie 60 WnsdiuTeumsuiunsiienaiundn temozolomide AugfiuNsaNead
LagANMBELARUNUANILNYAS (concurrent and adjuvant temozolomide) Tgnsanessdlng
1A GTV 970 MRI T1 with contrast

6. 3elay Huang uazAne AnwEUaY glioblastoma flesussduaziafivhin temozolomide

WuEUheNiin1eg acute severe lymphopenia 1805115500730 (overall survival) Nidesni



ﬂdméﬂwmﬂﬁmw acute severe lymphopenia Inefienuwes acute severe lymphopenia o

total lymphocyte count #aena 50 cells/ UL neluseasiian 3 doutuaniusuanesed

wonani Huang wavANZduanIIINTIY lymphopenia fiAnuduiudiuusumsesauesd

lAsussdunnnia 25 1nsd

mﬂm@gmaﬁﬂzﬂ'nmﬁy’wumﬂmngﬁwLLusﬂ’waq EORTC Wil single phase CTV @sluuuamienis
ManeuNzsalag EORTC ARulul a.a. 2016 lanimualiang GTV 910 surgical cavity + T1 post
contrast enhancement wazaens GTV 2 wuiwnsidu CTV seunldinnsdnuiseanntuild Umited
margin FikAvas fio 0.5-1.5 wuiiums Fsmsanvmariuandidiuindnsnissentin (overall
survival), 9ns1n15Uaenlsa (progression free survival), LLazgiJqusuaw‘hLmﬂqmiﬂﬁmﬁu%‘%aaum%ﬂ
(pattern of recurrence) lalumnsiefunsld margin 2 wufwns fef EORTC 3ldafinsiduuzhatu
Tnallud A, 20239 Tnswuziiilvivens GTV 1.5 wufwnsidu CTV wagmniiu3iom T2 FLAR flasdein
.u non-enhancing tumor sy CTV fe udlifdoasuiidaiauitasiiia margin luain T2
FLAIR 8nwidelsi 39 margin 910 T2 FLAIR 7I§i88791ay97n EORTC wugiiide 0-15 fadins lnonmdi 2
WaE 3 WaRIRIBe1aN1531A GTV, CTV wag PTV lugthe glioblastoma #1s EORTC guideline 2023

U3Laau non-enhancing tumor Tu T2 FLAIR @1auenlaennain peritumoral edema

ANWAULNIISTIFING1ND1AAIDS tumor infiltration TUT2 FLAIR 19U

1. Infiltration of the cortex and deep grey nuclei

2. Mass effect (e.g. gyral thickening and sulcal effacement)
3. Ventricular compression

4. Thickening of the corpus callosum

YaLANFE1989 edema 210 tumor infiltration A

1. Edema dnaglalumu white matter tracts Inglainsemu cortex
2. dyaanin edema TunmiduenssinazfianlnalAesiuAdeyanues cerebrospinal fluid

(CSF) 11nAI1neu tumor 189910 tumor INaEiAmNUNUILLLLINNTN

AMd 2 Feg1an151m GTV, CTV, PTV Tughe glioblastoma U3tand right frontal lobe Tun miduens
T1 post contrast (WaUw) ke T2/FLAIR (un2a19) Tng GTV (@udune) vene 1.5 wuiwasidu CTV (du
Aidu) Tag CTV gnusudsl 1) anvau CTV snu bone, falx, 2) lalau CTV U3 corpus callosum
(nw AB,D,E), 3) lais2u FLAIR abnormalities (A E,F) wdIntiy CTV 2818 3 Sadwnsidu PTV &y
ddw)



LLWﬂ'ﬂﬁm%ﬂmW: Niyazi M, Andratschke N, Bendszus M, Chalmers AJ, Erridge SC, Galldiks
N, et al. ESTRO-EANO guideline on target delineation and radiotherapy details for glioblastoma.
Radiother Oncol. 2023;184:109663.

AMd 3 Feg1an153m GTV, CTV, PTV lugUqe glioblastoma US43 left occipito-parietal lobe Tu
ABNB1S T1 post contrast (WaUW) wag T2/FLAIR (Waaa19) Tag GTV (@udung) ¥e1e 1.5 [wufiiins
Hu CTV (uddidu) Tae CTV gﬂﬂ%’ué’aﬁ 1) anvou CTV a1y bone, falx, 2) w818 CTV AQUUILIN
spleniurn w84 corpus callosum 1099103 T2/FLAIR abnormality 7l thickening vivlasde tumor
infiltration (AW E,F), 3) 81910533 T2 FLAIR abnormality Tu CTV udliivens CTV iinsn wdsanndu
CTV we1e 3 Saduasidu PTV (Fuddu)

LLWﬂ'ﬂﬁm%ﬂmW: Niyazi M, Andratschke N, Bendszus M, Chalmers AJ, Erridge SC, Galldiks
N, et al. ESTRO-EANO guideline on target delineation and radiotherapy details for glioblastoma.
Radiother Oncol. 2023;184:109663.



AUZUIRNU EORTC d@rm5uni1susu CTV delineation

]
o w a

ndanvene GTV 10U CTV U danddaialssyisisldaisusuan margin UShiad corpus

callosum, cerebral peduncles waz cerebellar peduncles @uusMeIvIzINLABILAL

strong barrier Luguilitan margin Tuusaa1ee Al

Skull 0 mm (1% bone window)
Ventricles 5 mm

Falx 0 mm

Tentorium cerebelli 0 mm

Visual pathways/optic chiasm 0 mm

Brain stem O mm



Fapugi1iangann RTOG @eagnanluimivenall) A RTOG luian margin Nananluly

brainstem Wag optic pathways lagliusnauminaneglu CTV Alavsinasdanastiasnit 60 1nsd

nsAUUAYBULYARBUNZISIANU RTOG

TuefnfiAdefitugnamame siner wuinwaduziSainogliiu 3 wuRwasanueuroud
1DUIIUAN post-contrast T1Z 1011 waznsndufiususzanadosas 80 dniinnely 2-3 wuRwns
NVeUINTINBUNLSMAINIAA (surgical cavity)? aenglsinudsanunsany isolated tumor cells 16t
fluoures T2/FLAR vielnaainveveenldinnniniuz 9 fsiungteasuin Waeneveuiunain post-
contrast T1 iléi¥u3sauianaigs (high dose) Ao 60 136 wazvensvoulman T2/FLAIR Ilsisussdd
AseuRgusoelsauesliiliiu (microscopic dose) Ae 45-50 13

agslsfimunsifinvouinan hyperintensity ves T2/FLAR a1avhilidleauasunidhaiies
gsudadlagliisndu InamnnzegnaBamnnuiiom hyperintensity 283 T2/FLAIR Wudtyanaminanie
uq 1wy nsvaveaileauedausou, nM3sulEy, Wiensasuulamansingn (postoperative

change) 1Jusu

Horianaaiinuusslunmsnatouuzse

N5 1 Inasuamnsnisnedeuuzidaynisveneveunn agelsiany nsveneeu
91 GTV sidtlsivunaves CTV snaudrludewiuiuetorzddlndids wu duusyamm (optic
nerve), AuaNal (brainstem) “1a° wagliin1sasudniauain EORTC uag RTOG 1ATannI1s9e1y
vouvidold vniintsadllueYoarddy defiananadug fnuliveslumsnadounseaguls
AR 2

A151efaes nerve tract luaesiinuddlunmssiun CTV dlefinsdiiuves TV ld
TueTezddnluaues Fusranunsadnunisneives nerve tract maniildlnenisarenmasoundy
wiwantwiwuu diffusion tensor imaging (DTI) (i 4)

AMWF 4. udnenm Coronal ¥84 white matter tract 970 diffusion tensor imaging (DTI)
Usenouse superior longitudinal fasciculus (Fum3), corpus callosum (&3749), inferior occipital
fasciculus (@W"), inferior longitudinal fasciculus (BWde4), uncinate fasciculus (@), fornix %138 stria
terminalis (F&UL0Y), way corona radiata (@Wg7)

Lma'qﬁ'msuaqmw Alexander AL, Lee JE, Lazar M, Field AS. Diffusion tensor imaging of the
brain. Neurotherapeutics. 2007;4(3):316-29. 9



10

NRG oncology group A@fisuN specialist consensus guideline® Tud a.a. 2019 fan15ti
A¥ALElaves white matter tract anldusznaunsiansanmsimun CTV Tnsnwdl 5-7 uand
white matter tract luauesfienaniniag DTI TneFuaauanin1snnesiuudne- v (left-right
pathways), FduuansnsealuuLIuL-ans (head-foot pathways), wazdiden uanan1sesilu

WUINTN-989 (anterior-posterior pathways)

AW 5 Wan3 white matter tract U3iaas thalamus euansdundulunm DTI (gnasdun) Us
vanfen1519f LU head-foot pathways 3sliimasdaussnieau CTV 16 thalamus #38lé tentorial
incisure eanauiMiUly 1899103 head-foot pathway Tlerafiwadusisnsyaneadluls

Lma'ﬁmsuaqmw Kruser TJ, Bosch WR, Badiyan SN, Bovi JA, Ghia AJ, Kim MM, et al. NRG
brain tumor specialists consensus guidelines for glioblastoma contouring. J Neurooncol.

2019;143(1):157-66.
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AMd 6 wams white matter tract U3iaey body or corpus callosum (A58UEU7) Fauanaduns
Tunw DTI Usuanden15119alunun left-right pathways wazin1s91u midline ”Luu'%nmﬂfﬂﬂgﬂumﬂ
Anfl falx cerebri funantey Tsorafinisdnudavidoau CTV fif1a midline Tugnis Viafivseudalians
au fJosand white matter tract fidnalunls

Lma'aﬁmsummw: Kruser TJ, Bosch WR, Badiyan SN, Bovi JA, Ghia AJ, Kim MM, et al. NRG
brain tumor specialists consensus guidelines for glioblastoma contouring. J Neurooncol.

2019;143(1):157-66.
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mwﬁ?‘i 7 ka@ng white matter tract U3K30d anterior commissure %ummﬁumlumw DTl (gneg
Aune) Usuandentsnasalunu leftright pathways uaziinisdu midline Gsnsnsiludnuasing
TuuSiaeu posterior commissure wag interthalamic adhesion A7y

Lma'qﬁmmaqmw Kruser TJ, Bosch WR, Badiyan SN, Bovi JA, Ghia AJ, Kim MM, et al. NRG
brain tumor specialists consensus guidelines for glioblastoma contouring. J Neurooncol.

2019;143(1):157-66.

A9197l 2 uansdeRanaiaiinuteslunisafeuuset®

(miﬁﬂ‘ﬁ 2 fuUasann Kruser TJ, Bosch WR, Badiyan SN, Bovi JA, Ghia AJ, Kim MM, et al. NRG
brain tumor specialists consensus guidelines for glioblastoma contouring. J Neurooncol.
2019;143(1):157-66. %)

v

B VBAITILI

1. Asau CTV Miudluluuin infratentorium windauuziSalignAssuegusion

supratentotium L@u temporal, occipital tumors

2. Asau CTV Mdunluluuiina contralateral hemisphere A1 strong barrier

WU falx, ventricular surface, cistern A9baAILUNINA 8

3. Tyiansau CTV fiiudilulu corpus callosum

4. Taiaasau TV wnduly Tudrud TV it luly brainstem Tngannzlunsalig T2
FLAIR signal abnormality U3tas thalamus n3etnilese brainstem Losanugiss

913UNIAN A cerebral peduncle wag midbrain 1
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5. AS5LIIUSLIEY anterior commissure, posterior commissure e interthalamic

adhesion Lilesa1ndugail nerve tract 8013 cross andeliva (1wl 7)

Ml 8 LARINITIIN GTV2 (idudvuy=cavity + enhancement) Wag GTV1 (1HuAUAI=FLAIR) Tunmn
axial (G) wag coronal (H) ¥®4 post contrast T1 MRI, CTV1 (Euaen) Wu GTV1 vene margin Im‘aﬁ
Felalleusuuss, CTVL (dudd) WHu CTVI ndinsuSuauveunaiiandluuii strong barrier azudtu
lefinnsusuanreuusiin ventricular surface (§nesaund), interhemispheric falx (gnasddu), Usian
prepontine cistern @ pituitary fossa (gnesdfn); A H wandliiuildfinnsay CTVL (Fudd)
99n31A corpus callosum (ANEV1) wagUILIaL optic chiasm (Wile pituitary fossa) losandl FLAR
abnormality fieifiasnnan GTV

Lma'ai?imsuaamw Kruser TJ, Bosch WR, Badiyan SN, Bovi JA, Ghia AJ, Kim MM, et al. NRG
brain tumor specialists consensus guidelines for glioblastoma contouring. J Neurooncol.

2019;143(1):157-66. 12

AMLUZUIAIU RTOG/NRG d13un15U3U CTV delineation nsaigausiuiuaienz™
desnnsmafeuuzigauy RTOG 3 2 CTVs #ie CTV_ 4600 waz CTV. 6000 wszazii
Brainstern Wag Optic pathway @snsngnsasndudiunilawes CTV 4600 1¢ (minvensveulwnain GTV
wilow) esnnUsinassaililifasnusidgeaniiooasiug 145y
atdlsfimy wn CTV_6000 wouviuaglu brainstem waw/%38 optic pathway A35¥IANY

Auugihfeailunnsed 3 nande



14

[

1. nsdidi gross disease fifinfiu optic pathway Tusiaiueglu CTV 6000 waglasusad 60 Gy

Tnermuali UsunauSsdasandl optic pathway lé§utiesndn 60 Gy (Dmax optic PRV<60 Gy)

Y 9
£

2. nIABUY 91 CTV Juun 1 volume 138n91 CTV. 5400 waliusimi overlap lasussd
U3unas 54 Gy, Uunausadgaand organ at risk uue 193utiosandn 55 Gy (Dmax brainstem,

optic PRV<55 Gy), wazli organs at risk goal d@1Agyn31 PTV goal (D95% 1A3U 100% Vo9

prescribed dose) LBNANTUUNUNITANYTIE

drunsusu CTV nseigouniu falx cerebri Hu wugilvinn CTV Nanua?tnu falx son (Lo
\He 5 fadluns) Weeain falx \Uu strong barrier dwSunisunsveszise egslsAmuunmndssdsnw
AsnTadeUlip I lifinuRaUnfvesdygianIn FLAIR wise T2 TuuSiaiu wag/vse Usian corpus

callosum @4lunsaidliesdn CTV 990 Tnan1wd 9 wanan1susu CTV Mmanzauluusiign falx

a4l 3 aguauziirlunsuFusua CTV au NRG specialist consensus guideline™®
(miﬁﬂ‘ﬁ 3 fiawUasan Kruser TJ, Bosch WR, Badiyan SN, Bovi JA, Ghia AJ, Kim MM, et al. NRG
brain tumor specialists consensus guidelines for glioblastoma contouring. J Neurooncol.

2019;143(1):157-66. 1)

Contour Brainstem Optic pathway

GTV1 Include to the extent of MRI Include to the extent of MRI

(T2 FLAIR) abnormality involvement abnormality involvement

GTV2 Include to the extent of MRI Include to the extent of MRI

(Cavity + T1 abnormality involvement abnormality involvement

enhancement)

CTv_46 Gy ® Brainstem within 2 cm of ® Optic pathway within 2
T2 FLAIR cm of T2 FLAIR

Should be included if in anatomical Should be included if in

contiguity anatomical contiguity
CTV_60 Gy ® Brainstem within 2 cm of ® Optic pathway within 2
T1 contrast cm of T1 contrast
Should be included if in Should be included if in
anatomical contiguity; cover to anatomical contiguity; cover

~54 Gy to keep brainstem PRV to ~54 Gy to keep brainstem




Dmax <55 Gy. This constraint
should be prioritized over the

95% PTV coverage goal

15

PRV Dmax <55 Gy given it may
represent subclinical disease.
This constraint should be
prioritized over the 95% PTV

coverage goal

® Brainstem gross disease
without margin
should be included in the
CTV_6000. It is
recommended to contour 2
cm of surrounding
brainstem as a CTV_54 Gy,
and treat while respecting
NRG “variation acceptable”
brainstem core/surface
constraints (60, 64 Gy
respectively). These
constraints should be
prioritized over the 95%

PTV coverage goal.

® Optic pathway abutting
gross disease
should be included in the
CTV_6000; cover this
region while allowing
Dmax on PRV to <60 Gy.
This constraint should be
prioritized over the 95%

PTV coverage goal.

$eio: GTV=gross tumor volume, CTV=clinical target volume, MRI=magnetic resonance imaging,

PRV=planning organ at risk volume, Dmax=maximum dose

AN 9 LARINT5IM target volume Ine GTV2 (Wudvsn=cavity + enhancement) wag GTV1 (1&ud

was=FLAIR) Tun1w axial 903 T2 FLAIR (A), axial (B) taz coronal (C) 989 post contrast T1 MRI;
CTV 4600 (udiden) Ju GTVI w818 margin Tnediglaildusuuss, CTV 4600 (Fuddu) u cTv

ndansuSuavveuaia it luusiae strong barrier azwiulaindinsusuanveuusiia ventricular
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surface (QﬂﬁS?iLLm), interhemispheric falx (@Jﬂﬂ‘iﬁ?’{u), U348l prepontine cistern Wag pituitary fossa
(aneasdfin); aw C wansliudthifinisay CTV1 (@uddy) eenain corpus callosum (A3d17)

WAL FAwUadan Kruser TJ, Bosch WR, Badiyan SN, Bovi JA, Ghia AJ, Kirn MM,
et al. NRG brain tumor specialists consensus guidelines for glioblastoma contouring. J

Neurooncol. 2019;143(1):157-66. 2

MRI T2 FLAIR CTV_4600 consensus contour (in yellow)

GTV2 (T1 contrast)
GTV1 (T2 FLAIR)

CTV_4600
before trimming

CTV_4600
after trimming

AW 10 waRINITIM target volume ‘UENQJIIJ’JEJ right parietal glioblastoma lag (A) AN
Aouuzisslunin axial vaq post contrast T1 MRI; (B) &9 consensus GTV2 (Lﬁuﬁwwjzcavity +
enhancement) Tunw axial 83 post contrast T1 MR, laz CTV_6000 #&391nU818 margin a5y
APUDULIAATIVUSLIEL strong barrier Ae flax

WidsTiunvesnIn dawlasann Kruser TJ, Bosch WR, Badiyan SN, Bovi JA, Ghia AJ, Kim MM,
et al. NRG brain tumor specialists consensus guidelines for glioblastoma contouring. J

Neurooncol. 2019;143(1):157-66.

MRI T1 contrast CTV_6000 Consensus contour (in purple)

\ B

B G2
B c1v_6000
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FegnagUaesed 1

dayanenddn: fheviveny 53 U fuseiRdu risht temporal glioma WHO grade 2 $nw1
semsrdaanlsmeuadu ldlisumsmefidvtesuaivhdanumds flhensafiamuselilosine
MRI 9un3e9ta 3 Yndsnseingin fiheennisundin laifidnveseunss, wa MRI Wy increased size of a
3.1x2.7x3.4 cm enhancing lesion at right temporal region, suspected progression of residual
tumnor §UhelasunsinwIiien1siIsin re-craniotomy with gross total tumor removal NaTULHeNS
W5 glioblastoma, CNS WHO 2021 grade 4

n33nen: fUaglasunisaeSdndanisiadiauuy conventional fractionation 60 inseilu 30
ads (2 insdenss) mudiusativniin temozolomide mudeafiviin temozolomide La3uma
219598 (concurrent and adjuvant temozolomide) lagltnsmuunveulaLazN15RIENIN RTOG
#io 219548 46 insBlasasouapuseslsaiiiuain MRI T2 FLAR (fthemeiiiivsy Mdmasdu low
grade glioma AauE low grade glioma sinfiuiies lesion Tu T2 FLAIR wazsinlaiiu
enhancement) ndsantunte3sdiedn 14 138 (sUiunded 60 nsd) Wasounquseslsafifiuain
MRI post contrast T1 (n il 11-12)

wans3nwn: flheauned lifidh lifiseuuse linunsiizuvedlsaansd (ocal recurrence)

1NN MR 91 6 LADUNAINITRIYSIE

g 11 LLammWﬂﬁaﬁaaamsma%’aﬁuazmsmmaumﬁaumfévuaaéiﬂamwﬁ 1 978 MRI Axial
T2 FLAIR (A), post-contrast axial T1 (B), kg post-contrast coronal T1 (C) Inaidudiauans GTV1
»13 RTOG fA® surgical cavity + residual enhancing tumor in post-contrast T1 MRI + surrounding
edema in FLAIR MRI stz |#i5usad 46 1nsd, dulvunuans GTV2 a1 RTOG #o surgical
cavity + residual enhancing tumor in post-contrast T1 MRI %ﬂﬂ%ﬂﬂﬁ%ﬂ&%ﬂ%’ﬂﬁ 60 158, LdUALTYY
u@ns CTV1 @1 RTOG fip GTV1+2 cm agwiulainlaifinisau CTVL eenainusiaunile optic chiasm
(Eudwdeslunin O) e nil FLAR abnormality fisieifiosnan GTVI fufiuainain A ndsanndu
CTV1,CTV2 9ggnuene 3-5 mm margin W PTVL,PTV2 Welunnwnun1sanesed

(nwane 1ag w.ey.a1su Aawidvd)
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AW 12 Wans radiation dose distribution ¥BaEthET 167 1 FMensILRUNMTINYIFENTaesa
wuudSumady Taenm A uansnsaieded Phase 1 Tngliusunasdndas 2 wnsd x 23 ads = 46
136 WU PTVL, 1w B waman15a1e5ed Phase 2 tnsanusnaiilasusdaundaiecusom PTv2 Tng
TU3masdnednadiay 2 158 x 7 a%a = 14158, M C uana radiation dose distribution aiis 2
phases T3y Tnefuiinsandindossou=usnadilesu 60 1nsd, Muilusndiden= Uinadlstu d6

[

58 danalaindudiesulunn C Feroidussd 54 1nsd lraaveTuivdrfyAe optic pathway

o

(nwane 1ag w.ey.a1su Aawidvd)
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FegaUaesei 2

Poyananatn: gUievieey 48 U unlsanenunamee1n1stn Hansian1esed@imeny MRI Wy
a 5.4x4.5x5.7 cm heterogeneous hyper/hypointense T1W and hyperintense T2W lesion with
blooming on SWI, restricted diffusion on DWI/ADC and gadolinium enhancement at right
temporal lobe, probably bleeding tumor with 0.7-cm leftward midline shift and thin subacute
subdural hematoma at right fronto-parieto-temporal region fUaelasun1ssnyIFEN15HIAR right
temporal craniotomy with tumor removal NaTuLHeaneEInemu diffuse high-grade glioma,
astrocytic, CNS WHO 2021 grade 4 NANSATIREUALFUNY IDHL/IDH2 wild type way laiwu H3F3A
mutation a3Un1534asel3AAe Glioblastoma, IDH wild type, WHO grade 4

n3snen: fUrglasunsaeSdndanisiadiauuy conventional fractionation 60 inseilu 30
ads (2 insdenss) mudiuaiivniin temozolomide mudseafivin temozolomide La3uma
219598 (concurrent and adjuvant temozolomide) Ingldn1smuunvreunLagNIIRIESEN L
FORTC guideline 2023 fio a10%4d 60 1n5¢) Inglsinsounqusoelsaiiiiuain MRI post contrast T1
(AWl 13-15)

wans3nwn: flheauned lifidh lifiseuuse linunsiizuvedlsaansd (ocal recurrence)

INNN5MSI MRI 91 3 L ADUNAINITRIYSIE

AW 13 wansnmnsiiassnsatediduasmanaveulntouuziwesilae e 2 fe MRI post-
contrast axial T1 (A), Axial T2 FLAIR (B), post-contrast coronal T1 (C-D) TneLdudduLEns GTV1 ANy
EORTC 2023 f® cavity + T1 contrast enhancement, optionally PET-based BTV, or FLAIR
alteration clearly visualized as tumour a&h&liﬁmﬂuﬂﬂwiwﬁlﬁﬁ FLAIR abnormality
weanwlaan cavity + T1 contrast enhancement (A1 B), Lé’uﬁmuw,am CTV1 A GTV1 + 1.5 cm
(Faanadan EORTC guideline 2016 #4l¥uan 2-3 cm margin), Wudunsuans PTVL fis CTVL + 3 mm
FunaidinsdemaueTeavddy fie optic tract (e¥eardwdes) wae brainstem (e¥uzdind) Tny
n1san margin ae 0-1 mm Tuusnadenana (1w A-D)

(nwane 1ag w.ey.a1su Aawidvd)
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AN 14 UER4 radiation dose distribution Y@eEUheT187 2 MeNTINWRUNTSNYITENTRNeSE
LUUUSUAMULTY Tnefiunssuted=usiailesu 60 1n58 tngliusunusadnsay 2 1nsd x 30 A3 = 60
138 TUEe PTVI wanmneainnnsanefaduuy RTOG @aiin15anesed 2 phases aalilnsiu danalain

optic tract (8381889 uag brainstem (eTuazduRw) lulaused 60 nse

(nwane 1ag w.ey.a1su Aawidvd)
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AW 15 Wans dose volume histogram (DVH) 836thes167l 2 fensnaununsinysenisais
eduuudumnnda Tnenw A uans DVH v89 PTV (ufiuns), cochlea (W@udthmna), right optic
nerve (udiden), optic chiasm (Fufivdes), uwaz brainstern (Fudtitw), M B uanwSuased
3949 (max dose) wagU3na¥sdiaie (mean dose) fioduziiug 195y Geatonsduansldzusdlaiiy
mmsﬁqaqmﬁai’mzﬁuq A® maximum dose ¥4 Brainstem ag optic pathway Wity 54 1nsd, mean

dose U84 cochlea iy 45 1058 Tuvuzin PTV1 osusidnnuniviun

(nweny Tag w.e.a15u NannvY)

'Iv

Unapproved Plan Sum VMAT
Unapproved Plan Sum VMAT 51794 62956 6105.7| «
BODY Unapproved Plan Sum VMAT v

Brain stem | Unapproved | Plan Sum VMAT 149.7 | 5671.0, %6174 »|
Brain_Normal Unapproved | Plan Sum VMAT |
Cochlea L | Unapproved Plan Sum VMAT 13456 18200/ 16423 ~|
Cochlea R Unapproved Plan Sum VMAT 2116.1 5853.8 44251 |
Eye L Unapproved Plan Sum VMAT d|
Eye_R 'Unapproved |Plan Sum VMAT . [ j
GTV Unapproved Plan Sum VMAT M|
Lens | Unapproved Plan Sum VMAT 4380 6359 523.6 ﬂ
Lens R Unapproved Plan Sum VMAT 4924 725.1 567.1| v |
Optic_chiasm | Unapproved | Plan Sum VMAT 21403 50333 36660 ~ |
Optic_L Unapproved Plan Sum VMAT 850.1 2203.1 1464.2| « |
Optic R | Unapproved Plan Sum VMAT 17710 5060.4| 37966 ~ |
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