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(Radiotherapy and target volume delineation in common brain tumors)
; . WA LAY WEY.d13% AW alsd
1. \lasanigariueuas (Meningioma)

Lﬁaﬂam@iaﬁuauawga meningioma WUlé’UﬁzmmuﬁﬂummaaLﬁaaaﬂLLaxmﬁwgugﬁﬁLﬁm
iuauaaﬁmm 971 WHO classification U a.#1. 2021 914un meningioma Towdu 15 subtypes way
WUt meningioma tdu 3 1nsa 16un grade 1 (benign), grade 2 (atypical) way grade 3 (malignant) 1ne
dnwazyeausiazinge fauandlumsisil 1 nanlasaguie grade 2 9gmu mitotic count 4-19
counts/10 high power field (HPF) waz/u3ail brain invasion @3 grade 3 f&nvasfidfnfed
mitotic counts 11AN31 20/10 HPF msiflse s (observation) iunissnwmdnlunsdinsanusesisadi
&3y meningioma Inevadey (incidental) wazline®1n1s (asymptomatic) nsandadunissnwinan
283 meningioma fiduwalvgmienes1nis Tnen1skndnasiifnfeusenmun (complete resection)
5989 dura Wag bone ﬁﬁmsqnsmmnﬁauﬁaaan nsUsziunsinAneennualnsUsEIUR L
Simpson classification'? Faandlunsned 2 lnemsindaeenun vive gross tumor removal (GTR)
1w Simpson grade Il dunsndneanlaulsdIu 159 subtotal tumor removal (STR) e

Simpson grade V-V

A1519% 1 1NIAVBY meningioma A11 WHO classification 2021®
(miwﬁ 1 AnLUasann Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, et al.
The 2021 WHO Classification of Tumors of the Central Nervous System: a summary. Neuro

Oncol. 2021;23(8):1231-51.)

Grade Pathological criteria Subtypes and/or molecular
markers
1 - Mitotic count <4 per 10 HPF - Meningothelial
- Absence of brain invasion - Fibroblastic
- Fibrous

- Transitional cell
- Psammomatous
- Angiomatous

- Microcystic



- Secretory

- Lymphoplasmacyte-rich

- Metaplastic
2 - Mitotic count 4-19 per 10 HPF - Atypical
- Presence of brain invasion - Chordoid
- 3 of 5 features - Clear cell meningioma
O Spontaneous necrosis (SMARCE1 mutation)
O Sheeting
O Prominent nucleoli
O High cellularity
O Small cells
3% - Mitotic count 20 or more per 10 HPF - TERT promoter mutation
- Overtly malignant histology - homozygous CDKN2A/B
deletion

* Rhabdoid and papillary meningioma subtypes Lﬂﬂgﬂ%’ﬂiﬁﬂu WHO grade 3 Tu WHO
classification 2016 sl WHO CNS5 classification ¥ a.¢. 2021 sgyl¥inlinsa rhabdoid uae

papillary subtype uanwUENIINGITING

asn9il 2 MsUszfiunaseingia Tae Simpson grade®
(9137971 2 Fauvadann Simpson D. The recurrence of intracranial meningiomas after surgical
treatment. J Neurol Neurosurg Psychiatry. 1957;20(1):22-39.)

Grade Description

1 Macroscopically complete removal of a tumor, with excision of its dural
attachment, and of any abnormal bone.
Where the tumor arises from the wall of dural venous sinus, such operation

necessarily entails the resection of the sinus

2 Macroscopically complete removal of the tumor and its visible extensions

with endothermic coagulation of the dural attachments



Macroscopically complete removal of an intradural tumor, without resection
or coagulation of its dural attachments or its extradural extensions e.g. an

invaded sinus or hyperostotic bone

Partial removal, leaving intradural tumor in situ

Simple decompression with or without biopsy

AT 1 .4uImM9aN153nE1 meningioma A1y EANO guideline 2021
Lma'aﬁmsuaamw: Goldbrunner R, Stavrinou P, Jenkinson MD, Sahm F, Mawrin C, Weber

DG, et al. EANO guideline on the diagnosis and management of meningiomas. Neuro Oncol.

2021;23(11):1821-34.

no mass
= effect, observation
MRI: no symptoms
suspected good clinical histology,
meningioma rinnn Eilach b condition surgery degree of
= symptoms ? therapeutic resection
patient A intervention —
ggg;:t:ilcl)r:cal H SRS or RT H observation
q g;::? gredel; P observation
WHO grade 1, observation or
no GTR SRS or RT
Histology, - GTR = gross total resection
degree of WHO grade 2, observation or SRS = radiosurgery
resection GTR RT RT = fractionated radiotherapy
WHO grade 2,
‘{ no GTR P RT
RT, experimental
+ WHO grade 3 H therapy

911 EANO guideline 2021 Tunw# 1 aziulain msanesederafiunumlunsed asll

1. §Uhe meningioma grade 1 Minduilugmiarindneentiviun (recurrent or residual

tumor)

#U38 meningioma grade 2 Uay 3

AUreildannsanidinlauayiennisanlse




nsaneSadinliisnisaneuuy conventional fractionation 1.8-2 1nsdsends eniulunsdl
meningioma grade | ﬁﬁéumﬂLﬁﬂLLazagjm\‘ﬁnﬂa’?mzﬁﬁﬁﬁy WU brainstem ¥3e optic apparatus 3
fsannsanesiBuuudaddasnssunse stereotactic radiosurcery (SRS) 18 USunaussanldnsdl SRS
Ao 12-16 1n38lu 1 ady, 21 138y 3 ada vide 25-30 1nsdlu 54 A%s YSunaudedildnsd conventional
fractionation Ao 54 LASEEMSU grade 1, 54-60 LNSTEMSU grade 2 Way 59.4-60 1nSEEIMIU grade 3
Tngonmanaswde 50-50.4 nsdluvinadifniuefoazddy

M50 GTV msneseslsafivesdiulagldnim MRI post-contrast T1 Tnga1aldnim MRI 3w
BENIITUINITIN GTV LU AW T2, 1IN fast spin echo with/without fat suppression, fluid
attenuated inversion recovery (FLAIR) Iagn T2 gngliifiuuiiie peritumoral edema, dural tail
abnormality, wae extra-axial growth Sadiuldann CSF cleft sywinailesonuas brain daunm CT 9
vilusadiu calcification lufauuzidauas hyperostosis bone lATY Msanenmmess@imendus 7
onaflununlunsteimuniousiesen TéuA DOTATOC- wWia DOTANOC-PET enasiliifiuiioseni
Ty T,msJLawwﬂmwﬁﬁLﬁaqaﬂgﬂgﬂvﬁwlﬂiu parapharyngeal soft tissue M%@IUﬂiz@ﬂﬁLLEJﬂlﬁmﬂmﬂ
MRI 3o CT lagnsinsun GTV, CTV uay PTV fsagulumsnsdl 3 uag 4

Dural tail Wudnvaiinuldvosluiosen meningioma iosaniigurmunudim dura Sy
wpaiu dural tail 1§dmauaInnIn post-contrast T1 wardalifianiestuineszsiuuiin dural tail
W lUlu GTV wiseli Tmeunnuas dural tail sininain hypervascular dura Sunseuwidenuintuusiim
dural tail U microscopic cells 983 meningioma agtie® uadslaififeasuutusuinisndudugi
mzfivadsaiauiias dural tail 1nniusnafouiieen® o fuunisne GTV Swuziliia
e clearly thickened dura Wit dauandlunmit 2 (§udth) dau linearly enhanced dura fu
non-enhancing thickened dura lifesulu GTV mufesuienudiedu Tuuiesnsdfid diffuse uas
extensive dural involvement %38 en plague meningioma %aﬁﬂﬁia815ﬂ§ﬂgwaaﬂ1UU%Lam
extracranial, calvarium, orbit %58 soft tissue 19598 dura ﬁﬂwmwﬁﬁ thickening WaY/%30
enhancement ¢3¢

Hyperostosis Lﬁué’ﬂwmzﬁwﬂﬁﬂamaamz@ﬂiﬂé’tﬁmﬁmaﬂ meningioma F9A7353
hyperostotic bone fiiulédn way/vie Afidosonsndudily Tu GTV fhe Fauusthlsuunw CT 1y

bone window aganunsaviliiuseslsa hyperostotic bone ladalaudu (N 3)



as19fl 3 MIRAue GTV, CTV uag PTV 989 meningioma U3t384 skull base a1u ESTRO

ACROP 2021®

(miﬁﬂ‘ﬁ 3 amkUasann Goldbrunner R, Stavrinou P, Jenkinson MD, Sahm F, Mawrin C, Weber DC,

et al. EANO guideline on the diagnosis and management of meningiomas. Neuro Oncol.

2021;23(11):1821-34.)
Grade 1

Grade 2-3

GTV Gross tumor + thickened dural tail*  Gross tumor (if any) + tumor bed + any

residual nodular enhancement + clearly

hyperostotic bone

CcTv GTV with no additional margin GTV + 1-2 cm™ and include

preoperative tumor bed
peritumoral edema
hyperostotic bone

dural enhancement or thickening

PTV SRS: CTV + 1-3 mm Conventional: CTV +3-5 mm

Conventional: CTV +3-5 mm

#4157 linearly enhanced dura or non-enhancing thickened dura

**g19an1Aa0 0.5-1 cm US1al natural barrier 1w skull %38 brain parenchyma wana1ndl invasion

Gl’]'i’]\‘lﬁ 4 AINIAUA GTV, CTV wag PTV 999 meningioma #13 RTOG 0539 way EORTC 22042-

26042

(15799 4 FauUasan RTOG 0539 79 uay EORTC 22042-26042 (10)

Study Group

Margins

RTOG 0539 Low risk:
- Grade 1 post GTR/STR

No RT

Intermediate risk:
- Grade 1 recurrent

- Grade 2 post GTR

GTV = tumor bed + nodular dural
enhancement +
hyperostotic/directly invaded bone

(not included dural tail/edema)



CTV = GTV + 1 cm (reduce to 0.5

cm at natural barrier)

High risk:

- Grade 2 recurrent or post

GTV as above
CTV54 = GTV + 2 cm (reduce to 0.5

STR cm at natural barrier)
- Grade 3 - CTV60 =GTV+1cm
EORTC Group 1: - GTV = postop residual

22042-26042 - Grade 2-3 post GTR

CTV60 = GTV + subclinical
microscopic tumor (may include
preoperative tumor bed,
peritumoral edema, hyperostotic
change, preop dural tail

enhancement / thickening) + 1 cm

Group 2:
- Grade 2-3 post STR

GTV, CTV60 as above
CTV70 = GTV + 0.5 cm

fage: GTR=gross tumor removal, STR=subtotal tumor removal

AN 2 LER9AIBE19N19270 dural tail 13U skull base meningioma Tun1w post contrast T1 MRI

Tuszuvu axial (A) way sagittal (B) awwiuledn GTV (Fudundu) AeneunziSauay thickened

enhanced dural tail wintiu Inglsisau linearly enhanced dura (gnesav)

Lma'aﬁmmaamw Combs SE, Baumert BG, Bendszus M, Bozzao A, Brada M, Fariselli L, et

al. ESTRO ACROP guideline for target volume delineation of skull base tumors. Radiother Oncol.

2021;156:80-94.111



AT 3 udRIN1TIIA hyperostotic bone Tunw MRI (A) uaz CT (B) asuiuléin GTV (Fuduwaa)
AsDUARNUAIEY hyperostotic bone (gnAsdivies) fiavua lun1w CT (B) wananisusumiinghdlst
YU bone window vilvineaiiu hyperostosis Wﬁmﬁ]umﬂﬁu

Lma'ﬁi?imsuaﬁmw Combs SE, Baumert BG, Bendszus M, Bozzao A, Brada M, Fariselli L, et
al. ESTRO ACROP guideline for target volume delineation of skull base tumors. Radiother Oncol.
2021;156:80-94.1Y




2. Lﬁaeandauiﬁaumﬁwawﬁ (Pituitary adenoma)
dsnwitunuwilunsanedesendesldauosfindns wie pituitary adenoma lunsdl

1. wde large residual tumor™ %38 clinically relevant tumor growth®? wdsa1nnisendalu
non-functioning adenoma

2. Clinically relevant tumor growth #8331nA1SHGiALaE medical treatment Tu functioning
adenoma*?

3. fnsanlidunisSnuasundaridin (adjuvant radiation) Tunsel clinically relevant
invasive turnor remnant 713 pathological markers fivsuaniianaa aggressive (Ki67 index, mitotic
count, p53 immunodetection)*?

8. finsndudusvedsat?

Taofisnsniseuaulsaanziivie local control agfl 90-95% 71 5-10 Y wagwa hormonal
normalization gl 50-60% ¥4 functioning adenoma wiallAn1sanesdenalissadaonssuvie
stereotactic radiosurgery (SRS) lunsdiiiosoniivumidnudelsiiiu 2-2.5 cm uagagrnsanidulszam
a1 @1NAT7 3-5 mm) USunausadilddmsusaddaonssuy Ao 13-16 w358 dmsU non-functioning
pituitary adenoma uag 16-25 1n38a1msu functioning pituitary adenoma maRasauaedu
multifraction SRS anadenliUiinaed 21 Gy Tu 3 A%t ufe 25 insdlu 5 ads edtuogifutinasd
flugetorrddnlndifes 1wy dudszaman Wusy dmsuilesonuuelug weeglndeduizddguin
WWunInazaeiddasnssulavasniy ma185381UU conventional fractionation agldusuassd 45-
50.4 1036 Tu 25-28 Ads (1.8-2 insdeinnsy) TasftenazidenldUSusadiigedmsu functioning
pituitary adenoma mmﬁfaaamﬁu large aggressive pituitary adenoma %39 carcinoma 81913
SanulUe 54 156

N13NINUA gross tumor volume 3o GTV msmmaﬂsﬂﬁ'maaLﬁumﬂmw pre- ey post-
contrast MRI ndsndnlaeinwuy thin slice 71 1 mm slice thickness A5tAIM MRI AousFauTle
Usgnauseifiewsnseslsna3aiu post-operative change T,mjLawwﬂui{ﬂwﬁLﬂalé’%’umsr;héfma”a
yaneass nnftaedderalunsin MRI oraldmatenmensisdaufimesuuy thin slice Tngda
asnuTENALNUY

A1ssun clinical target volume e CTV Tuldsndudmsu pituitary tumnor losainidu
ieaseniililauzigeduinlalll microscopic disease agndlsfinnu o1afiarsanvens GTV 2-3 mm 1
cTv lunsdiidu invasive viie aggressive tumor Ly fgfauL‘ifaﬂaﬂﬁImLéjLLazqﬂmwﬁﬁ cavernous

sinus



Planning target volume %38 PTV winfiu GTV Tnelidl margin @ %3V fixed frame SRS W6
A5V frameless SRS %30 SRT A159818 GTV 1-3 mm 1u PTV fa18wuy conventional
fractionation A5¥eNe GTV Liteliinseuagu set-up error dauanssiululuusazanit Tneaulugjsin
2818 3-5 mm Lagld 5 mm mnlifinsnsiaaeudunuin1seessd (image guided radiation therapy

(IGRT)) Tualugiieane

AW 4 Freg19an131n GTV wag PTV dndunisanessddasnssu Tu pituitary adenoma
PNANUEAT GTV uag PTV (1dudung), optic chiasm (@udinges), left optic nerve (1l@uddw), right
optic nerve (Eudih), udndne (Euddessow), udavan (Fuihkugeu), brainstern (Fud
\3e1), pituitary stalk (Lﬁuﬁﬁfﬁﬁu), pituitary gland (Lé’uﬁﬁqu), right hippocampus (1&UFI9) wag left
hippocampus (lEULAD DY)

WIABSTILNYBININ: Minnit G, Osti MF, Niyazi M. Target delineation and optimal

tumors. Radiat Oncol. 2016;11(1):135. ¥

L (At Do) - W At O]
.t - '

radiosurgical dose for pituitary

= o

L (At O Z " A Ot
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3. Chordoma and chondrosarcoma
1154 chordoma Way chondrosarcoma U3hugunglvanfswy Tdnwaugniselanad
FudounazwndeulueeTeavddn nmsshwmdnlulsail fe Aenisrindn waggUaedmlnglasunis
pefadmundsnarida dafeddfeduiinaugdlunmsauaulsaamsgi 419
S @ingwomaidan 2 ¥l maResanmusuinsielsaty Shwud chordoma
Jragnsinanvenglnandsye (midline) @3 chondrosarcoma 8198gA3NANYTEABUINAUTIALA
98191l57ML 12159 chordoma way chondrosarcoma fldnwaugAaneiuwazeniulaeInnissad@imen
1618) Srypzmenmienasdneniames (computed tomography, CT) vaziSwinil Shnudnuae
well-circumscribed, expansile soft-tissue mass with associated lytic bone destruction, 3
hyperattenuating relative to the adjacent neural axis, 31 irregular intratumoral calcifications wag
13l moderate to marked enhancement d@unwazieuluauuwiransoNWENe13 (Magnetic
resonance imaging, MRI) sinwuanuwedy intermediate to low signal intensity Tu T1, High SI with
commonly seen low-S! internal septation 11 T2 way Moderate to marked enhancement Tunn
post contrast T1 TuunsnSioraiudnuae low enhancement tdmnlufeunzided! necrosis mssnwn
4994 chordoma waw chondrosarcoma Tuszazliunsnazats nanlasaguldsd
1. myhdadunsshuvndnuesisaedsa
2. aneFad@munainisiidialy chordoma ynnsl
3, pe$eAnumdanisindaly chondrosarcoma erade 1 7iN16ale R1 e R2 resection, grade 2-
3 N3l
4. #1523 (observation) lu chondrosarcoma grade 1 Mrdalé RO resection (Aunsanessdly
Tmniinnsndudusivedsa)
5. pesadlunsalinenlila (unresectable)

MsmvuareuRiauNlse a3Uaglunnsed 5 uaz 6 lnsusas volume T3wazidundsll

e Gross tumor volume (GTV) A so8lsafiviulaanaIna1eni195a@nsani1sngiasianie

(macroscopic tumor) Tunsgl chordoma Wag chondrosarcoma gthednlasunisidnuineu
WN39a8IN1IANesIE Ingastiu GTV nunedisilesenfidimaandesgndinisrdaiiiule
91N post-operative CT ey MR

o Clinical target volume (CTV) fiB GTV + Ushiunilanuidessianisanaiuvedlse (subclinical

spread) 330159818 GTV 10U CTV 919911Lavis “uniform expansion” Aaveneain GTV Tunn

A 1 fulpgenfedeyanigadvineninueswian 4 dlemaanaiuliuinadinfendu
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szazynavinlug wield “anatomical expansion” feasilasiadiameneinafiuesed
Tonmaanaululasmsvengluann GTV usagiuenalaiviniu
agUruuziilunsinunreuAieuzise chordoma 910 Chordoma global
consensus group ¥ LagaInUIY HIT-1 s’?uﬂumuﬁﬁal,t,umimwzﬁ 3 ieensfnuiiend
dasuiuog @0 il
O CTV low risk AgUUILIU “low-risk area” ﬁﬁiamaqﬂmmmu subclinical spread %39
Watnseslsaiaunsriinsiaan (pre-operative volume) mndesnisaneSsdusiin
NNRIUVBINTITHIAA (surgical access pathway) Tasailu CTV low risk
O CTV high risk mguu3taed “high-risk area” f® post-operative tumor bed Wag

residual gross disease

« Planning target volume (PTV) = CTV + 9g1e89auuniiaifsiielinsaupguauaaianzou

nmsdaiumisitheluusasfu anrtulaednlnguenedia 3-5 Tadwns dmdnnisves PTV
Tlun19219uNUN1 52185581 UUaR (three-dimensional conventional radiation therapy;
3D-CRT) Lazn1521853@uuuUsuAMugN (intensity modulated radiation therapy; IMRT) @u
mIaefseymalmoutiu Vinufsdasdamibesumistourdesumisiied
AmALARDUINN Inzariudenaldnsmunssduun robust optimization FefuanAa
Jululsvesmaideuiives CTV yauuuluiumih-uds, 4he-01, vi-ane uagaadeuntag

294 proton stopping power ATEINDUVTU

A15197 5. N1sAvUA GTV, CTV, PTV 21nn15ANEN 8699
(M157299% 5 AnuUaa1n Chordoma global consensus group ?Y, 91133y HIT-1 @9 uideainanitu
HIT (22))

Chordoma Chondrosarcoma
Chordoma global U3 HIT-1 20 NABANENTU HIT @
consensus group Y
Simulation CT CT without and with contrast ~ CT without and with contrast
MR at least T2W MR T1W post gadolinium MR T1W post gadolinium

MR T2W fat saturated or Flair ~ MR T2W fat saturated or Flair
3mm slice fat saturated

3mm slice thickness
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Target CTV1 = volumes at risk for ~ GTV = residual tumor GTV = residual tumor

volume  microscopic disease, PTV1 = GTV + 1-2 mm CTV1 = GTV + 1-2 mm
including areas of PTV2 = PTV1 + individual CTV2 = CTV1 + individual
preoperative tumor safety margin* + the whole safety margin®
extension clivus and the prevertebral PTV = CTV + margin (individual
CTV2 = postoperative muscles down to the basis of  for each patient)
tumor bed the second cervical vertebra
CTV3 (if any) = gross in any case
residual tumor

Remark  CTV2 and CTV3 will be * based on surgical and * based on surgical and

prescribed the same dose

histological reports, and MR-
images to account for

subclinical disease

histological reports, and MR-
images to account for

subclinical disease

$neio: HIT= Heidelberger lonenstrahl-Therapie centre, CT=Computed tomography, MR=Magnetic

resonance, W=weighted, GTV=gross tumor volume, CTV=clinical target volume, PTV=planning

target volume

a4l 6 A131963UN1397A target volume ¥84 chordoma Wwag chondrosarcoma a1u ESTRO
ACROP guideline 2021?

(miﬁﬂ‘ﬁl 6 anLklasa1n Combs SE, Baumert BG, Bendszus M, Bozzao A, Brada M, Fariselli L, et al.

ESTRO ACROP guideline for target volume delineation of skull base tumors. Radiother Oncol.
2021;156:80-94.117)

ESTRO ACROP guideline 20214V

Simulation cT

MR T1W pre- and post-contrast enhanced T1W sequences, MR

T2W

1mm thick slices

Target volume

GTV = visible lesion on MR images

CTV is based on preoperative volume and postoperative residual

tumors/resection margins;
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- CTV1 (54 Gy) = preoperative volume + 10-20mm + residual
tumor + surgical resection margin
- CTV2 = residual tumor + 5-10 mm + resection margin

PTV = CTV + up to 5 mm (usually larger margins with protons)

$ei: ESTRO-ACROP= European Society for Radiotherapy & Oncology-Advisory Committee on
Radiation Oncology Practice, CT=Computed tomography, MR=Magnetic resonance, W=weighted,

GTV=gross tumor volume, CTV=clinical target volume, PTV=planning target volume

Andl 5. WER9EI8819N15979 organs at risk Tugfae cavernous meningioma Tunw post
contrast T1 MRI

108 GTV=taudwna, PW:Lﬁuﬁﬁﬂﬁu, brainstem=1&ugLU87, optic chiasm=L&ua#, left optic nerve=
Gudidemsun, right optic nerve=1dudivaes, left eye=idudihitudy, risht eye=iduaiinimea,
right optic tract=l&udTen, left optic tract=td@udL U199y, left lens = Lguﬁﬁuwu, right lens = L@UALA
W3, pituitary gland = L@uEINGRIO0Y, pituitary stalk =ld@UEWOAI0YE, right hippocampus=Laudag,
left hippocampus =l&udnes, right fifth nerve = L@UWALASEN, right cochlea = dudWo0U, left
cochlea =1duddu

Lma'\‘iﬁmsua\‘imw: Combs SE, Baumert BG, Bendszus M, Bozzao A, Brada M, Fariselli L, et

al. ESTRO ACROP guideline for target volume delineation of skull base tumors. Radiother Oncol.
2021;156:80-94.1Y
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AT 5. (B) WEALEIBE19N152A organs at risk TugUae cavernous meningioma Tunw post
contrast T1 MRI

Lma'\‘iﬁmsua\‘imw: Combs SE, Baumert BG, Bendszus M, Bozzao A, Brada M, Fariselli L, et

al. ESTRO ACROP guideline for target volume delineation of skull base tumors. Radiother Oncol.
2021;156:80-94.1Y

a4 8. dauuzinsdniaUsanassdlugedeazdiufios (dose constraints for the organs at
risk) Tuustanuanaa®?

(miﬁﬂ‘ﬁl 8 anLlasa1n Combs SE, Baumert BG, Bendszus M, Bozzao A, Brada M, Fariselli L, et al.
ESTRO ACROP guideline for target volume delineation of skull base tumors. Radiother Oncol.
2021;156:80-94.1'Y)

Organs Type of radiation Constraints (%risk of toxicity)
Brain Standard Dmax <60 Gy to whole organ (<3%)
SRS 1 fraction 12 Gy to <10-20%)

SRT 3 Fractions 18 Gy (6 Gy/fx) to <26 ml (3%)



Toxicity:
Symptomatic

necrosis

15

Brainstem
Toxicity: Permanent
cranial deficit or

necrosis

Standard

Dmax <54 Gy to whole structure (<5%)

SRS 1 fraction

Dmax <12.5 Gy (<5%; 1% if to 1/3 of

brainstem

SRT 3 Fractions

Dmax 18 Gy (6 Gy/fx) to <1 ml (<3%)

SRT 5 fractions

Dmax 26 Gy (5.2 Gy/fx) to <1 ml (<3%)

Optic nerve/chiasm

Toxicity: optic

Standard

Dmax <55 Gy to whole structure (<3%)

SRS 1 fraction

Dmax <8 Gy (<3%), Dmax 8-12 Gy (<10%)

neuropathy SRT 3 Fractions 19.5 Gy (6.5 Gy/fx) (<3%)
SRT 5 fractions Dmax 25 Gy (5 Gy/fx)N(<3%)
Cochlea Standard Mean dose <45 Gy to whole structure

Toxicity: hearing loss

(<15%)

SRS 1 fraction

Dmax <14 Gy (<25%)

SRT 3 Fractions

Dmax 20 (6.67 Gy/fx) (<3%)

SRT 5 fractions

Dmax 27.5 (5.5 Gy/fx) (3%)

Pituitary gland Standard Dmax <45 Gy to whole gland (20-40% at 5
Toxicity: years)

hypopituitarism SRS 1 fraction Dmax <15 Gy (2-30% at 5 years)
Hippocampus Standard Dmax <7.3 Gy to 40% of structure
Toxicity: Memory (impairment in Wechsler Memory Scale-lll
impairment Word List delayed recall)

Medulla Oblongata Standard Dmax 54 Gy (1%) and 61 Gy (10%)

Toxicity: myelopathy

SRS 1 fraction

Dmax 13 Gy (1%)

SRT 3 Fractions

Dmax 22.5 Gy (6.67 Gy/fx) (1%)

SRT 5 fractions

Dmax 30 Gy (6 Gy/fx) (1%)
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29819638 meningioma

dayanenddn: fUiendeeny 53 U wmeonisiiunmdounasniinguuny 1 Ynewn
Tsanenuia Seounisdelaun® lufiuvuvioounss #539319n18 visual acuity right eye=20/40, left
eye=20/25, right ptosis, decreased sensation right cranial nerve V1 and V2, Wag right lateral
rectus palsy Ezllﬂ’liliéjﬁﬁ MRI Brain WU right cavernous meningioma encasing right cavernous-
supraclinoid internal carotid artery (ICA) with luminal constriction and extending to right superior
and inferior orbital fissure, right optic canal, compressing intracanalicular pre-chiasmatic segment
of the right optic nerve, right sided optic chiasm wag right sided pituitary gland Wagwu another
right tentorial meningioma 1.3x2.3x1.2 cm

&Eﬂ?ﬂiﬁ%ﬂﬂﬁﬁhﬁﬂ right craniotomy with clinoidectomy with partial tumor removal
(Simpson grade 4), NaTUL eI My meningioma, transitional type, CNS WHO grade 1

Ms¥neneded: a1esidndsnsifauuy conventional fractionation 54 1nsdlu 30 ASs (1.8
insdendy) oy wHo grade 1, W1dnlild gross tumor resection M1y EANO guideline uag
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