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Lana3t3ay 839 lwdn (Pediatric cancer) avu# 1dUsznaumssawimAngiu
NTANFATHIARDS TIFTNBAZNLTIANGT (SRRITT 3000405) WAT ITN IFINW (IRE
377 3011867) fRILAFAUNNE wazunndlszdntu I@zlﬁj"mqﬂszmﬁl,ﬁamiﬁﬂmLLa:
LﬂTﬂlﬁJﬁamm@;maamnﬁﬂiﬁrﬂuu%ﬂmﬁﬂ FITNTIAURY MIUWINIZNLVDILIA U

o o o o A = & \ o o =
NIMIINE UNLINTAINIIINENGIETIF LIS TwdnNwuLios awlewn uzise Tu
RNDILALIZUUUIERIMEIUNANS  (brain and central nervous system (CNS) tumor) 32133
28410 (Wilms’ tumor) ¥z1397%@a neuroblastoma uazaz1397899naNTHa retiboblastoma
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(brain and central nervous system (CNS) tumor)

yzi59v84 e (Wilms’ tumor) 31
12159 T9@ neuroblastoma 47
uzﬁwaagﬂm 37@ retinoblastoma 56

LONFIIDNIDI 64



TsanzSoluan

=3 I3 A o e v 6 [ a

lsauzSslwan idulsannuldldvanin andayaniaminivestszinaanigawin lud

oA v ' A v A Aa @ | 1< o
w.¢. 2557 anaddislwidszanm 15,780 1o uazildidudia 1,960 1o lufihoidnuaziviu
aaudusnifinfisang 19 3 lasdau@nisaliviini 186.6 Musatszmng1 Suaudad nialwidn2ss au
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azwudfihelinunis 1 au liauzSisfianwotesannige ldun lsauziSadaifensn slia acute
lymphoblastic leukemia (ALL) sasadanbaud lsauziSeluszuudszamaiunans (neoplasms of the
central nervous system [CNS]) uazliauziTsdantinnias (ymphoma) muday udlsafidusin g

A Aa A v = \
ﬂ']il,aﬂ"ﬁ']@]fﬂdﬂq@vl@]uﬂ IiﬂNZL?Gluizﬂﬂﬂizaqﬂﬁ’]uﬂaqﬂ [1]

gnsuludszinalng nndoyail w.a. 2546 - 2548 wuﬁg&?ﬂwisﬂmﬁﬂuﬁﬂlm‘i 2.792 918

wn 6

AN IIlYINAL 74.9 Mdallizmms 1 Suaused I@ﬂwuuﬁnlul,ﬁﬂawq 1-4 9 uazlsauziSinia
A . A v & & A i v & ¥ A
wwuuaﬂuﬂan@"L@LLnIiﬂustaLumaamnu (leukemia) Jadadan oA lsanziSidauinnies

(lymphoma) wazlsauzSeluszuudszan fwNa{neoplasms of the central nervous system, CNS) [2]

IiﬂN:L%OﬁWUIuLﬁﬂﬁﬂﬁ’mLL@m@i’]\‘i’cﬂﬁﬂluEﬂ%nﬂu% MY % L% rasewintiaas
lsauzids nafe wzSaluglngjdunnaziimadduiniian  epithelial cell 134 squamous cell
carcinoma, adenocarcinoma Liwau G E R R EAL TRt et embryonal cell, parenchymal
cell, supporting structure %38 bone marrow cell LT leukemia, neuroblastoma, retinoblastoma
uanmmfuafmzmulﬁzy'sl,m'wmmJaaLﬁnagﬂuﬁaaﬁﬁwﬁhﬁmim%tylﬁﬂ@m"m ﬁaﬁmaﬁﬁagﬂu
sz‘mfwmmﬂm’"@mnﬂdﬂué’lmyj LLaxLﬁaaﬁnﬂLsrjaﬁﬁaQluswdwmmﬂm‘“ﬁamauauaaﬁ@iaﬁiﬁa?r
uazeuadtinga ﬂiznaun‘"ﬂsﬂmﬁolmﬁﬂ%msf[mﬁ'Iamaﬁaz%’nwﬂﬁmwmﬂﬁgu FImM 3NN
Sssndwazdasiiafanmzunsndoniionnenfaduluszozondn Tasanzedads wansznusie
NMENIRIYIAL1aTaIIINIBLAZANEY (growth and development) UAZATIEMIATYNUT (fertility)
28916 TINIANUELIF MTAalseuziSeluuSImMAs  (secondary malignant neoplasm) @91
mysnmliauziiludnisdududasarduanuiudavasunndgiianuianudiuwin visludums
haaelsn N3 msﬁ’mwmwﬂyuwu ARaMIUATELATITBNGN Daldrudetydu psychosocial

support



AZUNINTIUINNNTINENAILTIF Livaanidun1IzunIndauszgsa (acute complication)
A X > [ a A v o a a o A L A o a A A \ Aad
mmua%ﬂumm:mnmw"l,mmoml,azﬁimmiaa 1 ARWlE audow LToudsse nuse lunsdin
v A a a A & A Ada v Aa a o @ )
AUIITUII AT mam@Laa@a@aﬂummmmimmaammmm:gﬂaumaLﬂmmm’nmﬂ
craniospinal irradiation (CSI) Duat LazNNEUNINGaL 28zE? (late complication) TIFINNTD WLl

Ididu 2 nqulng) 9 ldun

1. Functional Impairment

1.1. Abnormal growth and development Lﬁaamnngn"uaaLﬁﬂaglumaﬁﬁmi
wigdnlad nmanoiiiateuaguuinanzgnasyhldmaaiyidulazainszgnanas lasawiz
TuuS1am4 epiphyseal plate vlwifa asymmetry 24 limb T19711la5USIF n3a MIANTIFATAUARY
UINNTEQNEUNAT szl short stature 'l wananit msane$salsiusnmden]dauas
(pituitary gland) w3adawnasasd (thyroid gland) asviliszavgaslanlusisme fouudssly 9
13 growth hormone a2 thyroid hormone fnadadamaasyiiulanasinan ;jﬂ'mmm i3
wiuiulafidaundle

1.2. Gonadal dysfunction lunnednd @ia&liﬁﬁwadﬁ%ﬁﬁﬁa%d follicle-stimulating
hormone (FSH) uaz luteinizing hormone (LH) lunszdulAadbnzfuwig auldunamnszlwnane
wazstlalmwendgs  IWasrozeslanng testosterone uaz estrogen ialwiamoiaswiivla
auUnd eavin nMInsTIFUTIMENaInIagiinTueaTh ity dulavesiine Hadnd
ilasangeiluwnaana wazanavhliiiaanuiadnfueadFunisg (genetic mutation) #3am3
\AIRYWUT (fertility impairment) léf wanannsanssafuds nzdiyasenn (infertiity) anaifia aannis
snunlsauzSemeasaugme laun mehdauazmslieedinge lasiawzng o alkylating agent
F395% HaWSUMIINE mﬂﬁ*’ﬁagmmgﬂammzmam%’aﬁau aUsnevuwanslunssswne
WIYWUg T 1w mi‘ﬂﬁnLﬁimmiﬁﬂﬁ'umwﬂ@iaafm:ﬁuw‘”uﬁ: WIDMIAULTULTUTAITUNUT
(semen cryopreservation) W ua% [3-4]

1.3. Neuropsychologic impairment n1stasnLdulavasszuulszamaIunad (central
nervous system, CNS) 2831anazil complete myelinization Lf}amqﬂi:mm 3-4 § MyanuTIFIULAN
ngrosnin 3 1 adlamafionzuninganleuin 134 neuromyeloencephalopathy, impair
intellectual function, learning disability, psychological effect L6 %0 Iuﬂﬂ’smﬁﬂﬁmqﬁaﬂﬂ’h
3 1 Fsuuzsihldwansanld sedthta (chemotherapy) luran aumzﬁ'\wfﬂw o1gasy 3 O
Rosonlianssad sniulunsding disease progression sewinenislwenafitnga arsRarsams

PUTIRNWA [5]



1.4, HAT19LAEINIBZ UGN IATUTIR  alenelaf lasusaRiinninaaNunumn
ya3pitnzunIzynlAiAaaMzunsndauluszozenld 1w Yaa enanuf nizdensniay (radiation-
induced pneumonitis) #3a luszazenanalinilalutaa (pulmonary fibrosis), #ala enawuiiniziiia

v %

RUR2RENLEL (pericarditis) IanauLilanalasniay (myocarditis) lu3zazanlIaIAnNEIEFULREA

o

9a@% (coronary artery disease), laugan winlasusduninly enafiadanszan  (cataract) lof
wonaNdt S3iiNanTEnUMIsaNaNna Bz A lasusiaas 1w lunmsanessausatesthnuas
8108 %anaNn fﬂzﬁﬂﬁlﬁ@msm%@Laﬂmaawuﬁﬁ'ﬁ@ﬂn& (agenesis, hypoplasia, root stunning,
enamel hypoplasia) 313 be3USIFLSI AN (tooth buds) u&a ﬂ'\imfﬂLﬁ@mazwqﬁsgs"mﬁmmﬂms
ﬁ@iawﬁ’]mﬂgﬂﬁwmnmﬂ{aﬁ PNMIANWILLL systematic review luQﬂwLﬁﬂLLam‘"ﬂjuﬁ"l@T%'umi
snmlsnuzSouazsaadiawwin 2 I wui sanmafannsfadnfuasnn (dental abnormality)
lugihed norgiesndh 8 8 NﬁﬂﬂjﬂluLﬁﬂﬁﬁaﬁqwﬁﬂﬂiﬂ 8 1 agvlivpday As 42% LaUNY
32% (p-value<0.05) LLazLﬁaLﬁﬂﬂumjuLé‘?ﬂaﬂqmqn”uﬁvlsj"lﬁ%'u{aﬁuﬁ's wuaaTIMIIianMzRalné

v v X ' & A v o o
VoI IAFITIUIN 25% 1T 50% lunduidnildTusIF (p-value<0.01) [6]

2. Oncogenesis (Second malignant neoplasm, SMP)
@ a v Al ' v a « a & A A &
natnaLAeeluszezavaInTInsifTsananelviialsauziSanIatiiasen ian 2 B
A o o < X . @ A a I A A o 1 < I [%

duniseniuiuunuwu nikwuhdanisslunafeuniisian 2 ludihoanlsauzingldgs 6
] [ [} a [ 1 nid a a =1 [ o 6

15 ihaaaanlugiengduiny laswuihlsandanuiadndvaslaslulouuelinszlianudunus
numafiauziisinnidnd 1w retinoblastoma (RB) wuiilungufidu familial RB aziiadiides
' a . & %
@amItia SMP lastawie bone and soft tissue sarcoma SITH Iﬂﬂwuqﬂamitﬁﬂizmm 10% AR
Qs o 1 qzni Aa & L5 LR 6 a g
ldsumasnsdszanm 20 3 lunguinseadia uenaniu dawugu@ninimaia SMP geliu
MunaannmMIlasuTaFlugsuengulindas 15U neurofibromatosis, xeroderma pigmentosum

. . v 1 ~ nid 1 Y o oA

LaZ nevoid basal cell carcinoma syndrome udu daunzSendnonuindunaannns lasusa

N1 WU LGN leukemia Waz solid tumor lasLawne thyroid, bone WAz breast

ﬁnﬂﬁagamm Surveillance, Epidemiology, and End Results (SEER) database Tud
f.¢. 1973-2005 1u;§ﬂamﬁnﬁmu%a solid malignancies 31421 31,685 118 wudwﬁ;ﬂ’ﬂ’m 177 18
\Na SMP riauang 20 3 Aaudu 0.56% lasszpziian@aay (median follow-up) inAy 8.5 4 lag
wziSerfanwutesldun  hematologic malignancies (35.5%), CNS tumor (22.5%), soft tissue
sarcoma (15.8%), retinoblastoma (14.1%) a8z bone tumors (13%) WRZWLINEAIINTIATIaN 10

3 (10-year survival) maaqﬂwﬁ'ﬁ SMP ¥inNU 41.5% [7]



lunslisadsnelmdn  wenanazdasmilstsnzunIndeuanmssneuas  didadli
0o @ @ - . A <& { o @ o o | o A
ANNAAYAUNT Immobilization Taidutunaunfianuimdnlunmanoisd  fihazdasagiislu
JTRINMTINE W lRA IR lanuSnmiew viSiesnutng TuvmsifoinuazdalAUSunmssa
a ‘g’ ‘ﬂl a v dl 1 dl o v dl v 3 o I d' o A v A Qs %3

vinauilaibaunddesngarifivsildiaaieldmansndanedunibsnasadldinilaununng 1
(reproducibility) @3%% luidnidanann g 7 ldanansaldenusinialuszninesmsansssdle sndasld
My3:fUAWEN (sedation) Fueas T9a1alwidu hypnotic drug LW chloral hydrate wWialsiiu
general anesthesia #aNINBUa1alT  immobilization device Lﬁamuq&llﬁtﬁﬂagﬂu position f

LRUERNARDALIANTER IR TIN LLﬂtvL&jL‘]‘jué’u@IT] ﬂ@iamalﬁumﬂlﬁ]

&R A [V [~3
szSonnulavasluen

1. Leukemia WUUs2anmh 25-35% woanziSsluidnranue
. CNS tumor wuuszunm 20%

. Lymphoma

. Wilms' tumor

. Neuroblastoma

. Retinoblastoma

. Rhabdomyosarcoma

0 N O o B~ W N

. Hepatoblastoma

luunitiazaanann solid malignancies léun CNS tumor, Wilms’ tumor, neuroblastoma L8

retinoblastoma @& hematologic malignancy 3znaaluunae by



Central Nervous System (CNS) Tumours in children

\avanvadszuudszamaInnand (CNS tumor) iunguue solid tumor inuldtasngalu
AN WAL TUNZLSINWUNINITRAUAU 2 589310 leukemia #IaUzIMh 21% VaInztTIlul@nNInaa
% 6 ) A D oA v '
nndeayanaminivadlizing anigaiuim Tud w .a@. 2557 mmmgﬁmlmuﬂ‘s:mm 2,780 18
& ' ~ ' ~ v A
\asanvadszuulsEamaunasfinulesfga leun astrocytoma  (35%)  J84a9NNAD
o Qs Qs { & =N { QI
medulloblastoma L8z ependymoma @UI1AU AININT 1 [1] mqmms:ﬁmaa CNS tumors NIl
& \ a i . @ . . .\ A
gamumﬂuam \JuNau1InNg early diagnosis MM sld MRI wag functional imaging a€)
& a e o & ¥ {af . . ' o a
PUNIANakaNIHIAa TN aTIANATK A stereotactic biopsy IINNUNITATIVNLABN
WeNDINYT (neuropathologic and molecular diagnostics) ﬁﬁlﬁmmm’iﬁaﬁﬂsﬂvﬁazhagﬂﬁaa
1 o &/ @ % I=3 A a f o <& i o A o o o A
LU TWEINITINEN ANUINRNIINAIW MANALTWAK NINTITHIAA BNATTNUA LazNITaNLTIR

v
o

=) ] a &‘ v
Tunddonafialnd 9 iieduunanaeie

22 =
Bl Astrocytoma
20 - Bl Medulloblastoma
18 — Bl Ependymoma
16 —
14
12

Rate per million

0-4 5-9 10-14 15-19
Age at diagnosis

ﬂ’lwﬁl 1 Age-Specific Incidence Rates for Common CNS Tumors, United States, 2006 to 2010.

Source: North American Association of Central Cancer Registries.
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Lﬁaoaﬂu@iaz*’nﬁ@ﬁqu NNIDILAZENMNTLRAILANAIIAT mmhamﬂql,l,a:@ﬁ"n,mmi,waﬂm GH
Wudﬂugﬂfaﬂﬁﬁi‘iﬂmow”uqﬂsswmoazm azwuqﬁﬁmsﬂmnﬁ@ CNS tumors ¥INATIAWNA b
LT% neurofibromatosis (NF), tuberous sclerosis (TS), von Hippel-Lindau syndrome L&z Li-Fraumeni

syndrome LJuA%

Clinical presentation

[
=3

anuazaInInaasvasonfiiasanluaas 21aLfinan  local / pressure effect lna
= & A A Aa <& \ by X ° o @
STHLIN RN NI ‘vﬁaLﬂ(ﬂﬁ]’]ﬂﬂ'}‘i‘ﬂ&lﬂﬁ@@]ﬂumao‘ﬁadu’llua&lad (ventrlcle) Yl']l%ﬂ’;']&l@mluawm

P . .
LWL (increased intracranial pressure [ICP])

a a d &/ [ o H
Localized symptoms %&l’mﬁd aNnuAaUn@lawzNUaITzuLlTe RN zinadnudurie

U

NOWLLAIAN LTU

{ . v ! 2 . .
— Supratentorial tumor amsnwuteslaun Uradswe dauwussdnladnnite (hemiparesis)

LAZANANNNNITAIINGLL

— Midiine tumor #aluuSiam hypothalamus uae pituitary gland laggiwarefianmslai
TaLan wazaasidudasly wwu qﬂﬁﬂmwmﬁﬂu"lﬂ U9l visual field deficit 9Mnfawna optic
chiasm Wazini endocrine dysfunction TING8 LUK diabetes insipidus (D) annaunaLliea
pituitary stalk, diencephalic syndrome nnnaunaldsa uSIw chiasmatic/hypothalamic 2zlens
emaciation (extreme weight loss) 310 loss of subcutaneous fat, alert appearance, increased vigor
and euphoria, pallor without anemia LLaZ nystagoid movement of the eyes VI ud uaﬂmﬂf: pineal
gland tumor anaviliiiia Parinuad’s syndrome 31N upper mesencephalic tegmental dysfunction
I@U;‘Tﬂwﬁlzﬁmmi limitation of upward gaze, lid retraction, retraction nystagmus, pupils @2URW“

AOLRITDY UAAAURWAIADNT accommodation la@nin

— Pontine tumor ainfiannInduldaiou muduiiadnd (gait disturbance) uazyafinAW

Wasuwdasld unsdanudadnfivesduwdssamanasunitds (cranial nerve palsy)

— Infratentorial tumor Wi D4lUSII4AY brain stem WAz cerebellum Q’ﬂ’;ﬂ&l”ﬂﬁmiaq@ﬂ”%
2p97049luaNad (fourth ventricle obstruction, hydrocephalus) Yinlwilamsanualuayas
a & X a a a a v a o a

LNUU (Increased |CP) ummiﬂmmmua:mmw ‘]J'NTWU&lﬂfy%ﬁl%ﬂﬁﬂ(ﬂ%uﬂz‘ﬂid@n LR

ANMURAUNAVRILTULTTRINFNBIRABLFUIINAT (multiple cranial nerves palsy)



. A& = A a 3 & =) ' a
Generalized symptoms luffinansfisanmsnifinandeuitasanluanadlunaiioatesnmadn
vasluanad (ventricle) ¥ilWiina1n1s obstructive hydrocephalus %anANNAEIFINANIIGNY

6 a [ v | A a a =< = o . .
onsuoluazwg@Anssudng  gisazlianmsthafiswe odow uasduas vashunwgan  (diplopia)
a32979MuaNIWLll  papilledema dauluidnianazliainiangania  (iritable) 1iaams M3
L%%E]JUL@UIWE’] (failure to thrive) nznslanlys (bulging anterior fontanelle) LAD1IATIINWLYUIA
Aswzlaninund (macrocephaly) InauwnIzasrzuudsesnaanas (developmental delay)

NaNLLa A DT

Treatment
NSHIAR

MIHIaanawnITNERaNTaILhadan lbaNad Imag:omﬂﬁmﬂm@ waz luvinlwiAe
o <& X F e o ' ) ¥ '
neurological deficit @041 A3K extent of surgery ﬁd"llua;‘Jlm_lml,mmLLa:“nm@maaﬂauLﬁadaﬂ’n
mmm@T@aanvl,@i”w’mLﬁ'ﬂﬂmimﬂvl,ajﬁ’flﬁl,ﬂué'umm@ia;jﬂ'm uazeszglle FuLaNINII

a

28136y %anNTh NMIHIAALITIVRAANNAKLUFNDI LA DEIITIALS) v‘iﬂﬁmmimaa@:ﬂw@

De D

n 1uﬂ’«a’«gﬁ'u atanINNaaLaztATadda leWaw lUun N lARINITDHGR La oI BE  Lazae

2

v W ead
AITUNINT D LA AU
~ o %]
gANLNIA
A o o A s 2( =3 J di 6 @ A
gNANTNUARUNUIMN NI ENLaIanaNaI L LLANNINDY LHHAINLTRRNNANITADL R
\ A o o A \ & o \ Ao o W oA 1w Ao o A o
IRIGE mm@mﬂu;}ﬂmy LRZLANNNDY Nudasadiinie laaningls lagsadindenltuay

dun BCNU (carmustine), CCNU (iomustine), vincristine, procarbazine, cisplatin LLazﬁuﬁ]
NIAYIIF

o (Y o o o ' 2 v | . . ' =
miinmmmaﬁtﬂumssnw’maﬂamwuﬂuamU pediatric CNS tumor  8t1413na

Ada A

Lﬁﬂ\‘l’%’lﬂﬂ’ﬁ%’ﬂH’]Iiﬂﬂ@;ﬂﬁﬁiﬂﬂ’]ﬁ%’lﬂ?ﬂ@@ﬂ ;jﬂwmmmumemuma ﬂiZﬂﬂUﬂwﬂiZUUﬂiZE‘I’m

& @ . \ o o & o & & ) = a a &
"llﬂ(‘lL@]ﬂFNﬂ%ﬂWH’Nﬂ’]iW@Nu’] @G%%ﬂﬂ]iﬂ’]%dﬂdNﬂ‘ll’]\‘lLﬂﬂdﬂ@’]ﬁ]m@mului:ﬂ:ﬂ’]’) (long-term
sequele) Lﬁuﬁ’?’mbry aulaun neurologic deficits, neurocognitive and behavioral effects, endocrine
deficits, cardiovascular complications 8% second malignant neoplasm @18 37N systematic review

a s 6 a

WUINNAUANITANTILN

q

@ secondary CNS tumor lugilefldsumanessfuiinmanss snnnh

10



dszmnsnilufle 8.1-52.3 i lasiitiasanluanasaiian 2 Awudeslaun high-grade glioma Was
meningioma @4%w Children Oncology Group (COG) 53(1Lmzﬁnmemwlumimwﬁ@mugﬁﬁhULﬁﬂﬁ
1@TumsanaTIRuSIMEN 89 amnaefamudaliiasmni uazfarsanyh MR brain 1adians

ﬂﬂL’S’ﬂWé’ﬂ’m neurofibromatosis k142#11%¥in MRI brain nn 2 8]

Stratergies to avoid/minimize long-term treatment effects

% { a X v | { o (Y v o
LLu']V]’]Gluﬂ']iﬂ@lNQT'NLﬁﬂ\?ﬁaq"ﬂl,ﬂ@mulujzﬂzﬂqq 1uz\llﬂ']Elﬁ"ﬂ’]l,']‘ju@]aﬂvl,@]jﬂﬂqjiﬂﬂq CNS

tumor leA

— Avoidance of radiotherapy ¥nanu1TaYin e L“]j'ulu;ﬂ/ﬂm low-grade glioma 71 1@3y
NTHGA mmmLm@mrm@mmﬂnﬁ%mimﬂVLaj@Taﬂﬁmﬁnwnﬁm@w winludannisvsa liinng

nautilugvaslsa

— Delay of radiotherapy for young children I@UL%WﬁzluLaﬂa’]ﬂqﬁaﬂﬂ’j"l 3-8 i

d'l 1 ni s v a o a d'l 1 £
ipsnnidusunszuulanivawinisg Tasanalwpadiindainasa ldrnawle

— Reduction of safety margin WM INAUELIATEINIFNLTIF 89 tNeWANLRBIaTENE
ﬂnﬁﬁwﬁmlﬁmnﬁq@ 596095 image -based treatment planning 8 CT uaz/m3e MRI thotaslu
MIMABAGILANIIBIN IR TIRDENIUAHeN uanmmfuu”ﬁ%ﬁuﬁaﬂﬁgﬂauag’ﬁﬂ@ﬂmi
immobilization m&m%m’sﬁmamhmm (treatment verification) AaUNIIANLTIRGE @”@ifusl,upj:ﬂw

= & AN [ ' A ¥R o [ =] . .
L(ﬂﬂLﬂﬂVIVLSJﬁWN’]iﬂSLV\ﬂ'J’]N‘J’JNNEJVL(ﬂ ﬁ]ﬂi]']Lﬁ%@]a\‘iﬂJﬂ'ﬁ'J'NEJ']ﬁﬂU (daily anesthesia)

— Reduction of target volume \TUNNTANETIF LW standard-risk medulloblastoma 14
ﬂnj‘i]"i‘]‘UquU']U']Nﬂ@"ﬂ']ﬂﬂ']ia']U posterior fossa boost WARBLINE tumor bed boost

— Reduction of radiotherapy dose \TUNNTANETIF L standard-risk medulloblastoma a
NMIaNE CSI 35-36 Gy Wida 23.4 Gy laslweaitntdasiuee LLazluﬂ%ﬁ;ﬁuﬁwﬁaﬁmiﬁﬂm

\WanaLndia 18 Gy luilwangiesndn 8 4

— Use of smaller fraction size LT 1.5 Gy/Fraction lunsdiaas radiosensitive tumor

L% germ cell tumor

. . g ) d a { 1 a Qs
— Use of new radiation modalities LT% proton therapy JoduwnafanrioaalSunmid

JRIRE surrounding organ at risk e

11



Radiotherapy volumes and techniques

WANVBINNIANUIIFU pediatric CNS tumor IUALTRAALALFITNIANIATZNL VIR law
target volume Nl Flutagui leiur
1. Focal tumor or tumor bed radiotherapy 1Zluiiasanvadsuasdinlng ludnaawnisinaas
MIANBIIF (simulation) aziimarhniiininwiagunsal immobilization gihe uazazldnw CT-MRI
. . : . A v 3 ° ' ¥ &
image coregistration 14n13 planning tWalAauTavasiudunisaasteslnldtaianiu lag
.. ¢§J [ 1 a 1 .
clinical target volume (CTV) azuuatny tumor UANZTUA &I planning target volume (PTV) 3¢
1 ot ¢=§J 1 a . - . . 1 o 01 1
WAL 1-5 mm duanuTiiaves immobilization device WATANNUAEIVBINITANLTIF  L1T% WIndl
N13¥1 daily pretreatment image verification v lwdl set-up error haay fansals PTV margin
o o -~ v a P v adaf o [y v A a o
werld  ludstiudinafionanssiqanddn  vilwsanan I45if aseuaquianizuiiomden 1u
A [ A & A a @ a v o
YuziAeInwEIITanaLLRsaiaLdauS A laaauaae
2. Whole-ventricle radiotherapy (WVRT) unlols CNS germ cell tumor LaINWUINT
A32N8HIWNS subependymal spreading lelas lae target volume zAIDUAYY lateral, third ez
fourth ventricle 2NN suprasellar, pineal + prepontine cistern 1a8 whole ventricle 1% CTV waz
218 3-5 mm 1w PTV inafianlslaun three-dimensional conformal radiotherapy (3D-CRT) LLaz
intensity-modulated radiotherapy (IMRT) 49 IMRT 22810150 spare volume of brain la@anin
3. Whole-brain radiotherapy (WBRT) §nl4114l4 CNS germ cell tumor U19518 lag ang
AILARA whole intracranial subarachnoid space
4. Craniospinal radiotherapy (CSl) Iﬂu@rﬂw medulloblastoma, pineoblastoma LAz CNS
tumor augNININTzevadlsallaeilulugunas  (cerebrospinal fluid [CSF] spreading) W3alu
\aiuauasuaz ludUnas (leptomeningeal spreading) lasluadadiniarlasmiuenadl  (prone
. A o v ) ¥ e oA ~ Ad o @ oo !
position) talsunuleine udludagiiu ihesandinaluladnviuads sansnlwiouaunine
. 4 e . o - " &
(supine position) G3vil#lanuazaInausaInAIn LLazﬁmwLﬁmmamsm@mdmumﬂlﬁ]q@ﬂu
#a8n31 JeunIandenaaulaetslaaant
luauaaw simulation 92¥i1 CT simulation lvinuaunng Lazaavinls neck extension Laaa
USunaussansestn ﬂs:@ﬂm’msﬂﬂs wazW1an  posterior field waza1algwiAIN  head-shoulder
mask immobilization 2auLIANMIANLTIFATAUANNIATHZULAZAREAUKINIZANFURAT lanlTnane

field AN AININN 2
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(c)

A ° . . A o Al =
NIAN 2 N3N CT simulation LW@?WGLLNuﬂqjﬂqﬂiﬂﬁI%L@ﬂ

(a) YNwaua & head-shoulder mask immobilization
(b) YNUaURINY 3 head-shoulder mask immobilization

() lwanian anvdaslinsaneaaulasagmaldmiguazesidygunnd

field Uuga 218183 whole brain daninaiia lateral opposed field (RLLL) lasuausnidias

o ¥ . = ' . . v . 6 & v
iz’msl‘lﬁﬂqu cribiform plate T JudIUVad anterior cranial fossa a8 LAz shield LRWHFANIFITY

§% field naadnnaztdn spine field I@Umamqu@”mmawaﬁu field U a9 lower border of

thecal sac fa 15214 lower border of S2 U@ vary @due L5 to S3 @d9biaI5la MRI livafinnue

£

Funibangaan wazilonld direct posterior field lunsdidanla anadndudasltuinnin 1 spine field
v & R o = o A o o ' . o & ' . . . . o
aInudadasliniide field lasddaunziilunsde field @98 n136a brain — cervical spine field a1l
3% half-beam block LWaaANTAANUY Y divergent bram 3:%7374 brain field AU cervical spine field
GIANN 3a WILTIT angle brain field laan1sia collimator 284 brain field lAvuwUAY divergent
exit beam 284 cervical spine field @INTWN 3b #3871 angle spine field AINIWN 3¢ FIBNNIAD

spine field 813 M35 couch rotation %38 shift gap AINNT 4a lasiiTduwimsanda field w3 gap

19
@ K 9 a A

v dl & 1 1 d‘y 9/3 o ] .
AININN 4b TITALADLAR U Lﬁ%vl:@]‘ﬂﬁ over LAY underdosage @3%HIIADINNIILROVVRITBLGD field
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\Funin “feathered” ndUaA Tupnsgatiudinslsinafia IMRT $24ALU daily image verification e
a9 PTV margin uwazaaUSunasid bes structures ﬁagl;‘ﬂ’ldﬁ’m anterior ¢a target volume LT% heart,

gastrointestinal (Gl) tract, gonads W uen

A

MWA 3 iafianisea field US1aos brain — cervical spine lunsans CSI
(a) 3% half beam block
(b) 3% angle brain field

(c) 3% angle spine field
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S1 = (LYx(D1)
2  SSD1
S2 = (L2)x (D2 )
2  SSD2
S = S1+82
lasfl L = field length

D = depth of calculation
SSD = source-skin distance

S = field sepatation

' o I 4 o i : . "
NN 4 M3dia spine field lapAT shift gap Tadasiimafausasdiavas field (feathered) LY (a)

LAE NMIAUIHIDLGDTERIN field (b)
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Astrocytic tumors

13zan 35% of all pediatric CNS tumors (I supratentorial astrocytoma I@UWU&I’]ﬂﬁQ@ﬁ
cerebral hemisphere 789894708 midline (diencephalon) W&y basal ganglia taziszaunns 10-20%
. . 4

\ilu cerebellar astrocytoma musl%mumﬂqmaﬂﬂi:mm 6-9 1
Qﬂ’mmu‘lmymﬁ'mmms increased ICP (75%) Wazun (25%) 374NU focal neurological
. . X o ' (% [ ' a . . .
deficits YWNUALAUIVBINDY mnnauag‘lumnm diencephalon fianadiannns diencephalic
v A v 1Y Y o Aa ' o | AN e ° '
syndrome @GY]VL@mﬂ’]’]&l’]LLﬂ’] ﬂﬁmsmmammswmnsrﬂsﬂmmaﬂ’;n‘lunqwu VL@]LLﬂ mq , OILLAW

Yadnawihadan, PWIAVaINaK, tumor histology and grade Wag extent of surgery

Astrocytic tumor LL13@13 WHO classification [9] Taidu

WHO grade | Pilocytic astrocytoma

Subependymal giant cell astrocytoma

WHO grade Il Diffuse astrocytoma
Pilomyxoid astrocytoma

Pleomorphic xanthoastrocytoma

WHO grade lii Anaplastic astrocytoma

WHO grade IV Glioblastoma multiforme
Giant cell glioblastoma

Gliosarcoma
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Low-grade astrocytoma (WHO grade | and lIl)

Low-grade astrocytoma (LGA) wuldwanadiuniis lan cerebellum, supratentorial, brain
stem, optic pathway LLaZ spinal cord I@U“Eﬁ@ﬁwuﬂaﬂﬁqﬂmﬁﬂﬁa pilocytic astrocytoma UazINWU
1 cerebellum Was anterior optic pathway anuaeNAwle MRI 1w well-circumscribed lesion with
contrast enhancement SI8NUN associated cystic component vy su pilomyxoid astrocytoma
1w variant wazd aggressive behavior TIUNI leptomeningeal seeding ldaunnin

myinswanvasdiholunguitlduinisiga laanissaald complete excision 9zd long-

. . =S =3 1o U Y A o A
term disease-free and overall survival GRIN 80%-100% 39l 1ndudaslhssdsns miassadlu
LGA azRTanlunsdl incomplete resection At wInd tumor progression U9 compromise
neurological function LLaﬂumtﬁ%a”ammth@]mmmﬁaﬁ pregressive / symptomatic inoperable

. ' & & v | . . Ao (Y [ 2> o a
disease &IULULANLAN LLaﬂu;‘\!ﬂ’m neurofibromatosis(NF)-1 ndudaslasunissns anaRasan

o A o @ ) .o (Y o |
IWeaiitnianaw laswudngas delay radiation treatment lddszanm 2 4 lasawzlugiheoung
8 1% NF patient with optic pathway tumor wnzinl#ian3e39 (surveillance) annn3n wanludl
. . A o A o | . A A @ a ' o | a
27N13 progressive disease Luadmﬂmimmaa’tu;&ﬂwﬂqumwwamaLﬂmmﬂmﬂu;&ﬂwﬂﬂ@
@ur nsiA@ cerebral occlusive vasculopathy LR secondary malignant neoplasm ANMIMNYTIF

[10-11]
A o A v | A A = ” i (Y

mﬂuﬂmimmoﬂuaﬂw LGA ‘LLEJ%JL‘Ij‘LL 3D-CRT #%8 IMRT $1nd critical organ aglﬂamﬂ
lasd L pilocytic astrocytoma 2z}l CTV margin &l diffuse fibrillary tumor 813 CTV

margin 10-15 mm WTIZWURNB M4 infiltration balias radiation dose N1lTAa 50-54 Gy
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High-grade glioma (WHO liI-IV)

laun anaplastic astrocytoma (AA) /oligodengroglioma (AO), glioblastoma multiforma (GBM)
ld! a ‘3’ [l A dl 1
Jsgnanadulnaiiad (de novo) wIatdumadfswudadiuinain LGA (malignant transformation) &34

¥

Inglainifialu cerebral hemisphere wazaindainslaiwiunanunlsansnuis Wasantawlas uazd

mInennIailialaid Aefiansnnireadian 5 O (5-y overall survival) LE9 20% Wazdl median time-
. @ A ' . = | A Aa
to-progression i 10-11 iaw udnwuiluanagannndt 3 Jazlinswennsatlsafidni

M3 AUAMTENGR auIeMTaNEIIR  (postoperative radiation) laglAUSumTaR

WinAL 60 Gy in 30 fraction &ueadthtaananansanlile GBM ldun temozolomide %98

. = [l o v 3 &/ 1 =3 v =
promising result anmsdnsluglng vldinslalwdnandu aislsionn dessananisdnmnlu

;jﬂ'ml,ﬁn'j’lﬁﬂsﬂwﬁﬁavlaj atnaly
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Brainstem glioma

WULUT2N T 10%-15% of all pediatric CNS tumors mqﬁwuﬂaﬂﬁa 5.9 9 drunsfinutas
1dun pons (78%) a9adnLdu medulla (14%) Waz midbrain (8%) Qﬂ’mﬁ'ﬂmﬁmmmi cranial
nerve palsy Lﬁaomﬂsluu%nmﬁl,ﬂuquﬁi’mmaa cranial nerve nuclei L8z long tracts nerves Yd]IWll
1aeifa cranial nerve ", Vv, VI, VII, IX ez X uaﬂﬁnﬂﬂ?u 21388717 ataxia WATAIN1IVAY increased
ICP 911 obstructive hydrocephalus ¢12¢

Brainstem glioma utisaaniiu 4 ngy leiur

1. Focal tumor X189 NAWLANNIN 2 cm LaTHANE e well-circumscribed, no infiltration,
no edema 311 MRI aintdusiia pilocytic histology 9onawuil cystic component o mssinaadu
mﬁ'ﬂwmé'ﬂmaa‘[sﬂluﬂziuf: LL@imﬂagiu@iﬁLLﬁmLoﬁVLajawuﬂinm@l”@"l,ﬁ (inaccessible) 13 l#
conventional radiotherapy 54 Gy in 27-30 fractions 'laizun lagld CTV margin 0.5 cm

2. Dorsal exophytic tumor &Tmﬁ@ﬁl floor of fourth ventricle Lﬁaﬁmu’mlmﬁuﬁdﬁmﬂ’mﬁuﬁ’l
lusuas tiaidu  obstructive hydrocephalus 6 udsin 18§ brainstem invasion Qﬂ’mﬁ'ﬂﬁmmi
incrased ICP, failure to thrive, cranial nerve deficits mulmljwa“aﬁww,ﬁal,ﬂu pilocytic astrocytoma
mireadumashenanluwnsdilisunu laasiasnmTununlunsdiiidu HGA uazlunsdh LGA
Lo progressive disease in early postoperative period (<9 Laau) [12] w3adl recurrent inoperable
tumor

. a 4 a . R A
3. Cervicomedullary tumor LA@NUILITL upper cervical cord waaladu ENUNIg  foramen

v
= 1

' | ' %) %) %) o | ' %) 2
magnum sulnajainidu low-grade tumor mim@mLﬂumiimﬂwaﬂiugﬂmUﬂquummamﬂu iR
funTnEnanaannuaLu gross total resection (GTR) latie 70-80%

4. Diffuse intrinsic pontine tumor (DIPG) Wulvzd1mh 70%-80% of all brainstem tumors 1ag

A, 1 o va . ' L a .
WNUNALLAWY pons wazyinlidl diffuse enlargement V84 brainstem IYNUNUN exophytic growth LLaz
extension to midbrain / medulla @28 E%’Juslmyjl,ﬁu astrocytoma WHO grade |l wazdl propensity for
) 2 a A A o i A va o v ea '
malignant change %70 siimawennsatlsafilid  duolunguiiaisldiunsinudiessd lagl
Fududasldnatuiiie masnwludagildud  conventional radiotherapy 54-55.8 Gy in 30
fractions 'lUei3 GTV (edema in T2-WI or FLAIR MRI) + 1-cm to 1.5-cm margin for CTV Wll’i’wﬂ'ﬂw

o & o o . o @ .
Anfonmsfauaely 2-3 #UaR wazan1snaansla steroids 1o @1nn3lT hyperfractionated RT
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(HFRT) #9Miwuind benefit Taiak anMIAn®12e9 POG 9293 13uuifisy  conventional
fractionation (54 Gy) Ny hyperfractionation (70.2 Gy, twice daily) iaun”umﬁﬂm”@h@ﬂm DIPG
wuIN ldaNuuandInUUeI8aIINNIIeatIa [13] urinuaddsInuny chemotherapy Gfaﬂiiagﬂu
! =2 L <A o | VA o Aa A
ITRINMIAN Ueaenalsna mswmﬂszﬂsmaoaﬂaﬂunqwmmmn aanMyTeadian 2 4 (2y

survival rate) #8803 20% wazd median survival U3z 8-10 LABWLYINT
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Ependymal tumors

WUszanh 5-10% of all pediatric CNS tumors dunssiinutiasldun fourth ventricle uaz
§UVa4 posterior fossa (60%-70%) fudasnuluusiim supratentorial L8z spinal cord AN UV
naw ependymoma and capsule ﬁwﬁ'@mu unzfa nwmeidn local invasive tumor ﬁm‘iagﬂmu"lﬂ
brain stem waz subarachnoid space ld il wgulnainilaxmszas increased ICP asaniaulu
u‘%nmﬁ"[ﬂq@ fourth ventricle LN@ obstructive hydrocephalus wana N Hanusiam posterior fossa
gavilAinaan13vad cerebellar dysfunction LLaz cranial nerve palsy laae

AN SN histology U84 ependymal tumors wtiseanlaidu

1. Myxopapillary ependymoma (WHO grade ) 1T slow growing tumor inwuluusim
lgunasdu conus filum terminale waztii most common spinal cord tumor sl,u@‘i’nmti,df: 3711 MR
wuLlu well-circumscribed and brightly enhancing lesion laowud leptomeningeal spread ldvas
#315439A23% MRI brain and whole spine lugﬂ’mnmmﬁauﬁumﬁﬂm MINAALTUNITINGEN
%é’nmaagﬂwmjuﬁI@umsmﬁaﬁﬁmmmlumtﬁ residual tumor LWaLAx local control laglsid
U312 local (macroscopic disease + 1.5-cm cephalocaudal margin or one vertebral body) 50.4 Gy
in 28 fractions WARINWUE leptomeningeal seeding AIANLTIRALINAKA CSI with boost to the
primary site L‘ﬁiasl%wlﬁ long-term tumor control

2. Ependymoma (WHO grade II) WULﬂuE‘TmﬁJﬁ 3 of all pediatric CNS tumors Wazan
wulwidna1gstesnii 5 9 lazifia along ventricular system waz spinal canal uddulngjiniiaan

ependymal lining of the fourth ventricle uazdl leptomeningeal seeding 16 5-10% @95u39023711 MRI

o !

whole CNS 393U CSF cytology lusthanniy uslugiend obstructive hydrocephalus 2zl

v &, aa o A = A ' a ) .. =

®I0170 lumbar puncture (LP) laadudusnifiaay tiasanianuidssdanisiia brain herniation 39

%% LP manadnnmsenaate 2 e iWananiasd false positive result 310 subarachnoid

blood %38 postoperative irritation wazINEdlailarin MRI whole spine NMAaw 8I1NNa¥ balu
TR UNY LasFaIrinAaunag LP [14-15]

NIINBN ependymoma lawn mstraadunan lag completeness of surgical resection

Lﬁ%ﬂ%"'ﬂﬁﬂﬂ”@ﬁﬁwa@ia outcome @9UlUNIANG residual tumor after initially bulky tumor @73

#1301 second-look surgery #asaNKIa1MNT stable Ui nIanasanlienafitianld dau
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, , o o o L -
postoperative radiotherapy 3aLduNIINIIRANINBLEIWAIVBYI ependymoma  lagNINTEM LA L1s
o | o = < A a A v A = ) ) o A P .
Eﬂ’mq’lmm WL LULANLEN TINLNENRRNLRLINTINLTIF AN IdansIFazll disease-free

. . - A, | sa A A A
survival, overall survival LRz long-term morbidity nienI [16-17] 289 l3id Jurensdinenaas
N LR be 1n ependymoma of the spinal cord with complete resection Wasand
MIANWINLIN disease-free survival 1oy 100% Waz i supratentorial ependymoma NFUI0
1A b6 wide margin

a o A o 1 . A9 e a . .
mﬂuﬂmsmmm‘l,uaﬂ’mnquu Ifidu  3D-CRT lawanuf local field (postoperative
tumor bed + initial extent + residual disease) + 1-cm margin for CTV mluﬂaquuﬁmmwmmuﬁ
9289 CTV margin adtnie 0.5 cm udddaglusznitamadnm dTinusaanldivinny 54 Gy in 6
weeks W82 boost macroscopic residual disease to 59.4 Gy fnsansnsle Hyperfractionated
radiotherapy 14n133n11 ependymoma Waeid lwuINle benefit TaLaw [18-19]
Ao w A o & & A i C s i
guafitinga anaRasanls luidnidn tWa  delay or alvoid radiation therapy W@an
ﬂﬁiﬁﬂﬂﬁiuﬂaqu”uwuiﬁﬁ progression of disease on chemotherapy N1 50% W&az3a1n COG baby
study WU prolonged use of chemotherapy and delay to radiotherapy 11N 1 I suwusnu
worse survival outcome a3tuludagii mishmdsnsddaamudsmMIasIF Jadumainm
& Aa ! a o Ao o & AAda
ANAIFIUVEY  ependymoma  lwidnAdengannni 12 heu nslipadindadslslunsdind
residual disease \WaT1e facilitate complete resection at second-look surgery

3. Anaplastic ependymoma (WHO grade III) o) malignant glioma of ependymal
. . . & a . . ¥ & o . .
differentiation G9iilanaifia leptomeningeal seeding 16 @91k139A73¥11 MRI of the spinal axis L&
CSF cytology @181 Minwnan lauinissdadmdsins awdeomansisdlug thannae
ununvassnadtntans ldTaian

a v ady o . 1 a o
wmafansanasidn kidu 3D-CRT lasansidu local field 1ruidsdnuly ependymoma
grade Il lagldU3anmsed 54-55 Gy with boost to 59-60 Gy w3aanenidun CSI lunsdind

leptomeningeal seeding
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Medulloblastoma

s = 1 A et 1 A v
Medulloblastoma %@Lﬂusz‘idiuﬂqw embryonal tumor nIDLTARAIBAY TIUTTNALA
® Medulloblastoma (MB)
® Supratentorial primitive neuroectodermal tumor (PNET)

® Atypical teratoid/rhabdoid tumor (ATRT)

MB wuilszanmh 15%-20% of all pediatric CNS tumors sinwuluianangiasndy 10 3 uaz
wulmﬁn@mummi%ﬁnﬁmﬁa (Eamdan 1.5:1) Handnifiaf cerebellar vermis SwanlUluuSiom
fourth ventricle ¥il#ifia  obstructive hydrocephalus aaonulu ependymoma ;Eﬂ’mu”ﬂﬁmmi
increased ICP awlalA U2afiswe (headache), a3 (vomiting), WAAWTaw (diploplia), LAl
(ataxia) buLAnNLENE1RATBININTERUNIZENE (irritability) @339319NN8WL papilledema, nystagmus,
increased head circumference uanmm’i 873WL MB 24NV associated syndrome 5%6] L% nevoid
basal cell carcinoma (Gorlin-Gotz syndrome), Turcot syndrome type 2, Li-Fraumeni syndrome,
neurofibromatosis type 2 Wnuan

MB %@ histiologic subtype bl

O Desmoplastic/nodular MB

O MB with extensive nodularity
O Anaplastic MB

O Large cell MB

lag subtype ﬁﬁ prognosis aﬁﬁg@ fa  MB with extensive nodularity J898941A0
desmoplastic/nodular MB 31N imaging 14 CT scan wu hyperattenuating mass causing some
degree of hydrocephalus and signs of increased ICP lu MRI Wy hypointense on T1-WI, hypo- to
isointense on T2-WI, W homogeneous enhancement on T1 with gadolinium contrast @Tﬂmwﬁ 5
LLa:Lﬁad%’mWU leptomeningeal spreading ldvas 30-35% @”\‘lifuﬁdidmiﬁ’l spinal MRI L8 CSF
cytology for staging 1u§ﬂ’wnﬂi’m LL@iluﬂitﬁ‘ﬁﬁ obstructive hydrocephalus n13¥i1 LP AT
AMuFEIdamsiiia brain heriation 3unzthldvnmenssanmssndaetnates 2 s waz

wngd 14 16¥in MRI whole spine anfiaw a1u15avi0 e buasianitigunis laadasvinneuniaz LP [14-
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15] d@wnsumsnszanelddiadoizauguanszuy CNS wuldwas (Uszanae 7%) lasananums

nazngldeilanszgn (bone marrow) wiadantiuwias (lymph node) 1ot

(a) (b)

WA 5 nMwazviauaauudinan lwwi (MRI) 245128 Medulloblastoma anwmniziilu hypointense

on T1-WI, hypo- to isointense on T2-WI (a), LtdZ homogeneous enhancement on T1 with
gadolinium contrast (b, c)
tasbddydanisnennsnilye leun
1.Age at diagnosis Qﬂamﬁﬂmqﬁaﬂﬂdﬁ 3 fazfimwennsatlsauenin

2.Presence of metastasis at diagnosis (M status) U32tdwann radiological findings

(spinal MRI) LLaz CSF cytology L1413 Modified Chang’s classification [20] Taidu
® MO: no dissemination
® M1: presence of tumor cells in CSF

® M2: nodular seeding in the cerebellar or cerebral subarachnoid space or in
the third or lateral ventricle
® M3: metastasis in the spinal subarachnoid space
® M4: metastases ourside the cerebrospinal axis
3.Degree of surgical resection sz fiulasnisvi postoperative MRI 0 48-72 THLUINA4
@ @ . . A ad
MIHIGA LA8NTEHAARLL complete surgical resection 3NN mﬂirﬂiﬂmﬂqﬂ
nndadprisauda aannudgieena risk stratification ‘leidu
. . v 4 o | & Aa ' ' (% | A
1.Average-risk patients e q‘Jj‘iJ’JEJL@mVl&Ja’]qu’mﬂ’n 3 § swnvlidnsnszansveilsa

lu CSF (MO) e total or nearly total resection (residual tumor <1.5 sz)
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2.High-risk patients e Qﬂ’smﬁﬂﬁﬁmqﬁaﬂﬂ’h 3 9 w3a AnInszanewaslsalu CSF

%%aﬁlgu (M1-4) L8z residual tumor >1.5 c:m2
MINBWENLEI MB lauansunaa laowenenulile complete surgical resection &%

adjuvant treatment 95RaNTINAY risk group S35

1.Average-risk patients luada 19 craniospinal irradiation (CSl) 36 Gy with radiation
boosts to posterior fossa to 54-55.8 Gy WAINNNIAN BV pediatric oncology group ﬁwmm&la@
radiation dose 189 CSI 1w&a 23.4 Gy adtNaaanaT 9LAg991NN13a18598 Wu3nE spinal relapse 1u
mj;&lﬁvl,@iy CSl 23.4 Gy gaﬂ’j’ﬂu arm standard dose 36 Gy Na1Ifa 5-year event-free survival (EFS)
WAL 67% ez 52% MNSIAU (p-value=0.08) [21] @axdn1sdnmn pilot study tNaaaUsuseF
adudlAsrunuiadtinga laslw reduced-dose CSI 23.4 Gy with local boost to 55.8 Gy $2uALEN
weekly vincristine AN adjuvant chemotherapy (vincristine/CCNU /cisplatin) wu e
HAMISNEAaUT96 fie progress-free survival lYAL 79% 7 5 1 [22] 591068 randomized study
WolSuuLieuTewing standard dose CSI (36 Gy) uaz reduced dose CSI (23.4 Gy) with
chemotherapy LL@ifazﬁnmLﬁimﬁ'ugmmLﬂﬁﬁm”@ﬁﬁmﬂ%iuuﬂ”umimﬂ%’dﬁ laun MIANEA
randomized controlled trial 1U3BULABUIEAINGANTIA adjuvant vincristine/CCNU/cisplatin Ay
vincristine/cyclophosphamide/cisplatin 1%;‘3:‘1]?8 average-risk MB #%a997N 16 redused-dose CSI with
concurrent vincristine ATUWA? NANNSANEIWLIN  5Y-EFS uae 5Y-OS ¥innL 81% Waz 86%
1N G]ﬂ”uﬁii §a4N]W [23]

Frwnafinuasn1saiessd  wenanmIsalSunasiEnlany  CSl o udr 89 deanw
Wmmwﬁazaﬂ radiation volume &4 310 posterior fossa boost \ARBLNEY tumor bed boost Lﬁaa@
Usnmnssanluesatinzanados Iud  temporal lobes, cochlear uaz hypothalamus LWaa®
NAT9LAE b TEZENY NNIANBY prospective study b average-risk MB lagl#iiu CSI 23.4 Gy ey
@28 posterior fossa boost to 36 Gy @A tumor bed (CTV=GTV+2 cm uaz PTV=CTV+0.5 cm)
to 55.8 Gy TINNULUWARNLNLA WU 5Y-EFS 1innU 83% uwazdl posterior fossa failure LWg 5%
[24] F91in luﬂo;t]ﬁ;u”u Lmeaﬁm%'urm%'ﬂmQﬂw average-risk medulloblastoma 3915u@a8n13908
398 CSI 234 Gy with posterior fossa boost to 54-55.8 Gy or posterior fossa boost to 36 Gy then

tumor bed boost to 54-55.8 Gy 30N concurrent weekly vincristine ANNAL adjuvant

v @
o

chemotherapy (vincristine/CCNU or cyclophosphamide/cisplatin) 9% ﬂ’]imﬂﬁﬁmﬂéwﬂ’mlu 28-
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30 7% BRIINNNIHIAA WAz overall treatment time TAITLAR 45-47 T4 lasaninsdnswuin
WIN duration of treatment LAt 50 7% 3¢l EFS waz OS N I46 [25] 9911 wnAaNatn9fssnnms
) . i ' A v =& A o A v
218 CSI Lo% neutropenia #3318 posterior fossa boost Tuluszninenseliidaiaanauandua
a8 CSI 68
2. High-risk patients a3l N1355n1 4% postoperative CSI 628 standard dose fa 36 Gy
with posterior fossa and gross residual disease (both cranial and spinal disease) boost to 55.8 Gy
(or higher) TaUNLconcurrent Lag adjuvant chemotherapy

o | & A Y ! o a A A .
&LHHTJ'JUL@]ﬂV]a’]E]uaﬂﬂ']’] 3 ﬂ Nﬂuﬂ']iWEnﬂ'ﬁﬂiIsﬂﬂvL&l@ LLNSWNU leptomeningeal

J
metastasis l@1iagni mﬁ)z;mﬁa 50% mﬁ'ﬂmﬂugﬂ'sUmjmﬁﬁwLﬂuﬁaaﬁwﬁaﬁamsw”wmmaaizuu
drzamiduday laodlialioiedidaldnen tiendnidsems ldsussasnmldauniazdans
w3 3 udlunsdindududesliodinm ludagduinsd@nminensuaadianmsadves csi i

v
o

#a8n71 24 Gy Netiiaaalamaiianzunindauluszazenl lasiannziad cognitive function
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Intracranial germ cell tumor (ICGCT)

uz3angw germ cell luanas wu'led 2-3% of all intracranial tumors uazwuluauiaigyldas
N [26] dunsisiwuleiies @ pineal region (70%) uaz suprasella region (20%) wiaonawy'lavs
HAITUAIINTANM UBNINIH mawuluu‘%nmﬁuej %  basal ganglia, thalamus uas fourth
ventricle l@a8 ¥z159 ICGCT ffwu"l,@“lul,wemﬂﬂaﬂﬂ'jﬂLWﬂmﬁm‘szmm 2. mjumaﬁwuﬂamﬁa

10-20 4 (second decades)

nMInenSIngn  swnsoulvaantaiin 2 ﬂ@:&llﬁqjﬂ A®  germinomatous WA¥ non-
germinomatous tumor mju germinoma Lﬁfymﬁ]’m primodial germ cell fshu,mju non-germinoma
L935YN139N embryonal cell sﬁx‘lmmﬁtyvl,ﬂlﬂu embryonal carcinoma, choriocarcinoma, endodermal
sinus tumor (Yolk sac tumor) %38 teratoma N e lag germinoma %ﬁmiwmﬂiﬂﬂiﬂﬁaﬂ’j’] non-
germinoma Lﬁadmﬂ germinoma \Ju radiosensitive W&z chemosensitive mﬂﬂ’i’m’sju non-
germinoma

WHO classification VLﬁLLLian@;u germ cell tumor AUANBHSNINLNTINGN it [27]

1. Germinoma

Embryonal carcinoma

Yolk sac tumor

A w BN

Choriocarcinoma

5. Teratoma

5.1. Mature teratoma

5.2. Immature teratoma

5.3. Teratoma with malignant transformation

6. Mixed germ cell tumor

aa [ [ £ [ 1 1 [ >3 1 6 .
1%?’]’13’3%'@%8 NAYNITNUTZAAUREZATIVINNNNY IIUNUMWINYLANDLIE MRI brain and

. = . . = .
whole spine Wax CSF cytology L%#83370 germinoma LA non-germinoma flams leptomeningeal
dissemination U319 10% Waz 10-15% aus1aU N130329n9nadlfuans laur blood test uaz

tumor markers l@gl tumor marker NaNudIALLazTIlunTIRaRulIA TIuNILAN  prognosis
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laun Ol-fetoprotein (AFP) sﬁx‘il,ﬂu yolk cell marker, B-human chorionic gonadotropin (B-HCG) GAﬁ\‘i
§3997N trophoblastic tissue in the placenta uazanawy lelu syncytiotrophoblastic form of
germinoma ladroudludSunates uas placental alkaline phosphatase (PLAP) fﬁ!dl,ﬂu nonspecific
germ cell tumor maker 1a® tumor markers mmf‘rmmmmuawuvlﬁwﬁolu CSF uaz serum wazd

anuuanaIniluudazlse asuaasluasan 1 [28]

@319 1 Tumor markers in germ cell tumors

AFP B-HcG PLAP
Germinoma (pure) - * (weak) +
Germinoma (syncytiotrophoblast) + - +
Embryonal carcinoma * * *
Yolk sac tumor ++ * +
Choriocarcinoma - ++ *
Teratoma - - *
Mixed germ cell tumor ++ ++ *

Abbreviation: AFP=(X-fetoprotein; ,B—HCG=,B—human chorionic gonadotropin; PLAP= placental alkaline phosphatase

mMysnenUsznaumenasdd (multimodality treatment) boiA
1 @ a . = . " 4
1. MINIAA (surgery) lunstiuad germinoma a1 radiosensitive tumor lagannls
a A aa @ \ a . "o a o @ oA
WWodNan13IRaae  uwalunIdiued  non-germinoma mMadaaLdugIsA Y laglanzaenadslu
mature teratoma
2. NIAY39& (radiotherapy) J9FinsAIaIduMITNINTUNUIME ALY ICGCT lag
wafiaflwlu localized disease baun whole ventricular RT(WVRT) Waz whole brain RT (WBRT)
' . . T aa .
&3 craniospinal radiation (CSI) llunydld csF seeding
A o @ ¥ o Ao o o a & a
3. g1@ANUIUA  (chemotherapy) ﬂﬁ]ﬁ;‘uumLmJ‘U’m@me’mwm’mm’mmu lag 4
’J”@lqﬂizadﬁl,ﬁaa@ treated volume Waa®@ radiation dose LNBAAlaNRLANAMIZUWNINTEUINNMT
o a Ao o oA & . . A Ao o A o
839§ sadthiadiunumnidli  germinoma WAz non-germinoma sfiavasuaititanliuas

laun etoposide (E), cisplatin (P) t.azbleomycin (B)
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Sawamura Lazake "L@TLL}J&Q“}JQU ICGCT ¢nu prognosis 8anidn 3 risk group A4eNTNN 2

AN 2 Prognosis group W&+ intracranial germ cell tumors [29]

Good prognosis Mature teratoma

Pure germinoma

Intermediate prognosis Germinoma with syncytiotrophoblast
Immature teratoma
Mixed germ cell tumors consisting of germinoma with either mature

or immature teratoma

Poor prognosis Teratoma with malignant transformation
Embryonal carcinoma
Yolk-sac tumor
Choriocarcinoma
Mixed germ cell tumors including a component of embryonal
carcinoma, yolk-sac tumor, choriocarcinoma, or teratoma with

malignant transformation

MISN®Y  mature  teratoma  AzlTNITNEIMBMIHIAANSIENIAEY  §IWNIITNE
germinoma uaz non-germinoma lugihadn Tudagiiu nasnischdaazisumsinmdoaiaiiinga
' v 2 Y o a . v 1a o a A .
Aaw WaNIIMNAIINTANLTIF ool germinoma aclRUSINEWIIR 21-24 Gy 7 whole ventricle

=1

(WVRT) w38 CSI lunsdid CNS seeding uai@u@an boost i tumor bed to 30-36 Gy w30 40-45

Ada

Gy lunsdlnd residual tumor luﬂitﬁ‘ﬁlﬂu germinoma with syncytiotrophoblast a& boost “ﬁ tumor
bed 4 11/As 50 Gy &% non-germinoma siwazlel WVRT 21-24 Gy Uaz boost tumor bed Awluds
50-54 Gy §wlunIHNG CNS seeding 221% CSI 30-36 Gy U2 boost tumor bed to 50-54 Gy Was
boost spinal cord lesion 40-45 Gy walunsainlinousnasaasiadtnia (less than complete
response) AxWNINIWM second look surgery L‘ﬁia remove residual tumor GAﬁ\‘imﬁ]ﬁ]zLﬂu mature

teratoma ﬁmﬁaag} @NNG28 CS| WAz more intensive chemotherapy LT# high-dose chemotherapy

with stem cell rescue
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Wilms tumor ( nephroblastoma )

Wims  tumor (WT) w38 nephroblastoma iiulsauziSenasszuunmadndasis
(Genitourinary (GU) system) ﬁwuﬁaﬂﬁ'q@iulﬁﬂ qﬂ‘ﬁmsﬂmaﬂmﬂszmm 7 MNudadszrIny 1
auan dad wuu’aﬂlmj'samq 3-4 3 uag a'ﬁ]é’uw“'uﬁﬁ'umjﬂswww”ugmmmaazha LT WAGR
syndrome (WT; Aniridia; GU malformation L% cryptorchidism, hypospadias; mental Retardation),
Denys-Drash syndrome (pseudohermaphroditism, mesangial scleriosis, renal failure, WT) L&
Beckwith-Wiedermann syndrome (somatic gigantism, omphalocele, macroglossia, GU malformation,

hypoglycemia, hemihypertrophy, WT) SIN

mmﬁ@ﬂﬂamaw‘”ugmmﬁwmwﬁm']uLﬁmﬁaaﬁ'u wT leud WT1 gene Gaflu tumor
suppressor gene lugnzdnd ﬁ%ﬁ’]ﬁlmuqu glomerular ez gonadal development WT1 gene arqu'
U chromosome 11p13 LLazwﬂuLﬁﬂﬁLﬂu WAGR syndrome Waz Denys-Drash syndrome fulu
Beckwith-Wiedermann syndrome WUINRANMURNABEAL WT2 gene Ui chromosome 11p15.5
wonaNit NNMIANMEIFAVed  National Wilms Tumor Study-5 (NWTS-5) Wudmiil loss of
heterozygosity (LOH) 984 chromosome 16q LLaz 1p FUNUTALNTLNG relapse LRz mortality rate “71'

J v ~ v K A ¥ o oo dw 1 a =) o v
ng‘l“ﬂ%@’]ﬂ [30] 1%ﬂ‘ﬂ‘gﬂ%‘ﬂﬂmﬂ7ﬂﬁ%@1%%’]ﬂ‘ﬂ‘ﬂU%N’]”H’JEl‘W‘ﬂ’]imﬂLﬂaﬂLL%’JVI’]x‘]ﬂ’]‘J‘JﬂH’](ﬂ’JU

Clinical presentation

v | ' L) =l K% [ & a1 v X . . ° [
;‘Jlﬂwmuimyunvl,wmmi UARUNAIBIFINALARITNDIVINYY (abdominal swelling) AF Lo

Aa '

faulwrias (palpable abdominal mass) lagdnazidumsaslalastady wu lusmenonuinlvian
o o ! o = a | & a A . o
anwueiaudzAautIuds Sey ¥y vameenadidsasiduiien (gross hematuria) 1
SOULNAE ms@mﬁ]iﬂamﬂmﬁ)wumm@”ﬂaﬁ@ga LLazmmﬁ@ﬂﬂﬁmaw”ugmwashaﬁuiwﬁm
(associated congenital anomalies) @4 l@NANINITIIAU Hieszanm 80% INLUANE LUIzazdn
a =l ' o & o ! & =1 & a A

(early stage) #3lifimIuninszany muuaﬂwluﬂqumwmiwmﬂim"uaﬂiﬂ@ Jlanariune
' o A ' o | = {

AOUTEY TILANEWANHLUIY neuroblastoma Tilszanmh 70% AVTNULNNS Tz uznlindnng

uwsnIzanglduad vinlwlanmswiauiadaudneen
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Spreading pattern

1. MINTTUNTZULINMEADS (lymphatic spreading) M3 mdeminnasslugesrio
%omﬂmsﬁﬂmwm’m’ﬁﬁ@iawﬁ’]mﬁaoLﬂuﬂ%ﬁﬂwmﬂsm‘kﬂﬁﬁm@ fa 2-year relapse-free
survival (RFS) vinnu 54% lumjuﬁﬁmsqﬂmwvlﬂﬂ'o@iam{']mﬁaa WiBuny 82% luﬂﬁjuﬁ"l&iﬁm‘s
qﬂa’mvl,ﬂﬂiwiam{%ﬂﬁaa [31]

2. msnszaelulusesrias (intraperitoneal spreading) Ssoafndulenineuwnsinda a1n
ﬁauu$L§dﬂ$q renal capsule aanuLay LRZIZTWINNMIHIAG (tumor spillage) ﬁ%aﬂﬁm”@%mf:a
(biopsy)

3. mInzneldaunszuaien (hematogenous spreading) Gﬁam”mzﬁﬁmmws'm:a’m

VL@Tmﬂﬁq@ ldun daa (Uszanw 80%) Ja9adanfa au (U= 20%)

Investigation

1. Routine blood chemistry L% CBC UA, BUN/Cr, SGOT, SGPT, Alkaline phosphatase

2. Radiographic studies

- Plain Abdomen WU} WT 93WU abnormal calcification U342a4 flank baiszanos 5-
10% 1w mm:ﬁ neuroblastoma 3¢WU abnormal calcification laUszanns 60-70%

- Intravenous Pyelography (IVP) Wunmsanalasnsdaansnusia (contrast media) 113
LR mmfumﬁ:%:gnm”uaanmovlm Savnlaansanasinlanazmivhousaaslaldain
Aauianoss b WT WU hinIFs31U519984 pelvicaliceal system nnmnatiaaaniaunalu
o luvmefi neuroblastoma «’ﬂzwumin@L‘ﬁ'ymaaﬁauﬁag}uaﬂmammmaﬂm WONINHMIFN IVP
sxgrpuanmstauedladuasstin  lunsdifasdasealasandas luﬂq;thu”umimwf:ﬁaﬂm
WWT1ZAN3¥IN CT whole abdomen 2=T18L8NANTHNUVR ba LLazﬂJaﬂ"ﬂu’mLLﬂZﬂWiQﬂﬁWNTadﬁauvLﬁ
ani

- Ultrasonography Lﬁiauaﬂﬂjm@l AULRIILAE consistency madﬁauuazﬁwg small foci
luladuasstnn sauis tumor lu IVC

- CT abdomen 1{lun130773f noninvasive LLazLﬂummgmsLuﬂ%Qﬁu WATRINIIDVAN
GRS WA LLazmiqﬂmwaﬂiﬂ snsdaninmaaslutesiias Idaaunin IVP uas USG @4
ugaslunwi 6
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AN 6 MWLENTLITABNNIADT (CT scan) maag&?ﬂm Wilms tumor (a) axial view (b) coronal view

- MRI abdomen &0130108nN renal origin LLRZ vascular extension YaInanuzise laandn
CT scan

- Chest x-ray Lﬁa@ma@]dﬂﬁmmwim:mumaaiiﬂvlﬂﬁﬂa@ﬂ§a"laj MNNUANNAALUNE
A137 CT Chest Gemansnasaranludaaiifuwiaidn 9 lédnin Chest x-ray

- MATIINIMWITAREAW 9 1 bone Survey W38 bone scan ez MRI brain 1w clear
cell sarcoma (CCSK), rhabdoid tumor (RTK) \Juan

Prognostic factors

%

Uasefidnadominennsnilen utseanidu
1. ﬂ%ﬁ]”yﬁ"uu;gﬂw (patient-related factor) 'leiuri a1t I@Uwudﬁgﬂmﬁﬁmqﬁamdﬁ 2§
azfimanenyoilsni
2. ﬂo;aﬁlbﬂﬁ”lu@‘fﬂiﬂ (disease-related factor) e stage, histology, tumor weight (550 g)/
volume (500 ml) wae loss of heterozygosity at chromosome (LOH) 1p and 16q
3. ll:aﬁlbﬂﬁ/’mﬂ’lﬁlﬂﬂ’l (treatment-related factor) e responsive to initial chemotherapy

Wae rapidity of lung nodule response
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Histologic classification
snanvnuddleidu 2 ndulng) g leud

1. Favorable histology (FH) Wulvzu1tk 88% WaTNINENNTBELIAANIN
2. Unfavorable histology (UH) Wulszanmh 12%
2.1 Anaplastic tumors
2.2 Sarcomatous Group
2.2.1 Clear cell sarcoma of the kidney (CCSK)
2.2.2 Malignant rhabdoid tumor of the kidney (RTK)
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Staging

mMIutiszazuad WT lagldansaenianeinie (anatomical extent) & 2 wuy 'lé@A prechemotherapy, surgical-based system las
National Wilms Tumor Study Group (NMTSG) L.as Children’s Oncology Group (COG) wae postchemotherapy-based system 1@8 International
Society of Pediatric Oncology (SIOP) AIANTINN 3 [32-35]

TN 3 Staging system of Wilms’ tumor, Rhabdoid tumor, Clear cell sarcoma of the kidney

prechemotherapy, surgical-based system postchemotherapy-based system
Stage NWTSG COG SIOP
| Tumor is limited to the kidney and Tumor is limited to the kidney and Tumor limited to kidney or surrounded with fibrous
completely excised completely excised pseudocapsule if outside of the normal contours of the kidney,

the renal capsule or pseudocapsule maybe infiltrated with the
tumor, but it does not reach the outer surface, and is completely

resected (clear resection margin)

Tumor was not ruptured before/ during Renal capsule intact, not penetrate by Tumor may be protruding (bulging) into the pelvic system and
removal tumor dipping into the ureter, but it is not infilirate their walls

The vessels of the renal sinus are not No invasion of veins or lymphatics of The vessels of the renal sinus are not involved, but intrarenal
involved beyond 2 mm renal sinus vessel involvement may be present

There is no residual tumor apparent Negative margin

beyond the margins of excision

No prior biopsy Fine needle aspiration (FNA) or percutaneous core needle biopsy

(tru-cut) do not upstage the tumor.

No nodal or hematogenous metastasis The presence of necrotic tumor or chemotherapy-induced
changes in the renal sinus/hilus fat and/or outside of the kidney

should not be regarded as the reason for upstaging the tumor.
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prechemotherapy, surgical-based system

postchemotherapy-based system

Stage

NWTSG

COG

SIOP

Tumor extends beyond the kidney but

is completely excised

Tumor extends beyond the kidney but

is completely excised

Tumor penetrates renal capsule

Tumor extends beyond kidney or penetrates through the renal
capsule and/or fibrous pseudocapsule into perirenal fat but is

completely resected (clear resected margin)

No residual tumor is apparent at or

beyond the margin of excision

Negative margins

Tumor thrombus in the vessels outside
the kidney is removed en bloc with the

tumor

Tumor in lymphatics or veins of renal

sinus

Tumor infiltrates the renal sinus and/or invades blood and
lymphatic vessels outside the renal parenchyma but it is

completely resected

Tumor in renal vein with margin not

involved

Tumor infiltrates adjacent organs or vena cava but is completely

resected

No nodal or hematogenous metastasis

Residual tumor confined to abdomen

Residual tumor or nonhematogenous

metastasis confined to abdomen

Lymph nodes in the renal hilum,

periaortic chains, or beyond

Involved abdominal nodes

Any abdominal lymph nodes are involved

Diffuse peritoneal contamination by the

tumor

Implants are found in the peritoneal

surfaces

Peritoneal contamination or tumor

implant

Tumor has penetrated through the peritoneal surface

Tumor implants are found on the peritoneal surface

Tumor is not completely resectable
because of local infiltration into vital

structures

Gross residual tumor in the abdomen

Incomplete excision of the tumor which extends beyond
resection margins (gross or microscopic tumor remains

postoperatively)
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prechemotherapy, surgical-based system

postchemotherapy-based system

Stage NWTSG COG SIOP
1| Tumor extends beyond the surgical Resection margins involved by tumor or Tumor thrombi present at resection margins of vessels or ureter,
margin either microscopically or grossly  transaction of tumor during resection transected or removed piecemeal by surgeon
(i.e. piecemeal excision of tumor)
Biopsy of tumor (including FNA) prior to Tumor has surgically biopsied (wedge biopsy) prior to
removal of kidney preoperative chemotherapy or surgery
Tumor spillage of any degree occurring Tumor rupture before or intraoperatively (irrespective of other
before or during surgery criteria of staging)
The presence of necrotic tumor or chemotherapy-induced
changes in a lymph node or at the resection margins should be
regarded as stage Il
\V/ Presence of hematogenous metastases Hematogenous metastases or spread Hematogenous metastases or spread beyond abdomen
or metastases to distant lymph nodes beyond abdomen
vV Bilateral renal involvement at the time Bilateral renal tumors Bilateral renal tumors

of initial diagnosis

Each side’s tumor should be substaged separately according to the above criteria
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Treatment
NIEUIAR

M3t dunIIINERaNLL Wilms tumor laganariaananlionaiinga euwuiniszes
NWTSG sz COG wianasanlweniadintiaamuuwiniswas SIOP Genssasdtlwnanissnunia
Gueeany  laodidedvaldunandani nanda nsEidanaw  ipwadithla 3z vihlksan
Jflaaplsa histologic subtype WAz tumor extent l@aENILNEN FIWAISITNNTOANEA  tumor
molecular biology lé@e saumsrdansIanlweedtntain won ﬁgﬂmmamu (5%) lasuen
ndthiardewminiaaly udnatwiansunwuinlals wims tumor [36] aghelsAa mslwead
thdateumsiaaniyszlomd datquaa tumor volume uszaalamanisifia tumor spillage @9
sauuns downstaging uazaraaalonmafiezdasunaissodle

Taprialy msrnemazyindu  nephrectomy with en bloc tumor resection LRLAIIIQFDN
Wndessnmtnades au waslasuassdnuriude Tasssiase 9l v dnmsuanvesian
(completely excised without spillage) NMIHIAANIITEINIBIA83D transabdominal, transperitoneal
incision '«a:ﬁﬂﬁmmmLm:@iauﬁwmﬁaamem’maaumsagnmmaa‘[miuiaaﬁaﬂﬁﬁ I
§W130 biopsy USImNasauanasale udaiswaniaesmiia  tumor spillage 3zRI9NIIHNGA
Lﬁa\‘lmﬂ%uﬂlumwLﬁim@iamilﬁ@ local abdominal recurrence LLaﬂﬁNaﬂﬁ%’ﬂH’lﬁVL&iﬁ NATNILAE
mﬂmiﬂh(ﬂ”@ﬁwﬂﬁ 1éun bowel obstruction, extensive hemorrhage, wound infection LLaZ extensive
vascular injury 1l §amn1sEealasyin partial nephrectomy i sansavinlalunsdifiudn non-
metastatic, unilateral Wilms tumors ﬁﬁa”nwm:@”wiavlﬂf: tumor involved one pole or less than one
third of kidney, functioning kidney, no tumor involvement of the collecting system and renal vein

LA clear resection margin wazananasanlusendn stage V (bilateral Wilms’ tumor)

gAdLla
Wilms' tumor LnuziSendnseausuasdasnadinuaduin suadidenldsiulng laun

.. . . - a P e a
Vincristine, Dactinomycin L8z Doxorubicin FINITUIHITEN TN UUANAI NI UTRALAZIZHZLIAN

wamdlumsiasanliedivanwaznsanssifues NWTSG waz COG Laad lbansndn 4 [37]
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@113’10“7‘{ 4 Children’s Oncology Group Renal Tumor Study:

Treatment of renal tumors according to tumor risk stratification

Tumor risk classification

Multimodality treatment

Stage Tumor characteristics Surgery Radiation = chemotherapy
Very low-risk FH

I <2y, <550 ¢g Nephrectomy - -
Low-risk FH

I 22y, 2550 g Nephrectomy - Regimen EE4A

Il 22y, No LOH Nephrectomy - Regimen EE4A
Standard-risk FH
(Al LOH Nephrectomy - Regimen DD4A
Il No LOH Nephrectomy RT Regimen DD4A
v Rapid responsers*, no LOH Nephrectomy RT Regimen DD4A

No WLI
Higher-risk FH
Il LOH Nephrectomy RT Regimen M
v Slow responders and non-pulmonary Nephrectomy RT Regimen M
metastasis, LOH WLI

Higher-risk UH
-1V focal anaplasia Nephrectomy RT Regimen DD4A
I diffuse anaplasia Nephrectomy RT Regimen DD4A
1111 CCSK Nephrectomy RT Regimen |
l-1v diffuse anaplasia Nephrectomy RT Regimen UH1
v CCSK Nephrectomy RT Regimen UH1
-1V RTK Nephrectomy RT Regimen UH1

Abbreviation: FH=favorable histology; UH=unfavorable histology; CCSK=clear cell sarcoma of kidney;
RTK=rhabdoid tumor of kidney; LOH=loss of heterozygosity at 1p and 16q; RT=flank or abdominal RT +/- RT to

metastatic site if present ; WLI=whole-lung irradiation; regimen EE4A=vincristine/dactinomycin; regimen DD4A=

vincristine/dactinomycin/doxorubicin (VAD); regimen M=VAD/cyclophosphamide/etoposide (VADCyE); regimen |=

alternating VDCy/CyE, regimen UH1=alternating VDCy/CyC|carboplatin]E

*Rapid responders = rapid responders of lung metastasis at week 6 with regimen DD4A



luynsnsdienanansanlieniadthianewnnswnaa (preoperative chemotherapy) [38] wnd
snwmzasaalUil
— Occurrence of Wilms tumor in a solitary kidney
— Bilateral Wilms tumor
— Tumor in a horseshoe kidney
— Tumor thrombus in the inferior vena cava (IVC) above the level of the hepatic veins
— Respiratory distress resulting from the presence of extensive metastatic tumor
S9INEN
Wilms tumor JuuzSefiinmsaSyananioadaisen ssnausuasidesidsne Tavedlu
myanoussdniuszazaaslsauasanwmeme  histology  asuwmslissasnensasnlidunisinm
LRIUNAINITNIGA (postoperative adjuvant radiotherapy) Lﬁ"awi'awaLﬁwé'mwn’ﬁmu'qukﬂu%l,’am
founazlutosrias laaRasanlwUsinmssdauriouazszazuaslsn aaans9n 5 [37] sawmTin
FRINBNOUHAG (preoperative radiation therapy [RT]) il ditoonin Wasanaslinsunaduiiie

wazIzuzaadlaniuinan laavinllazNansanl preoperative RT 1 case il unresectable tumor
iarhlwiauguasuaziiulanmalumannedale

MIaETIFAITINALLL 9 TURaINNTHNAA (postoperative day 9) LiasanTnIsANEINLI
a [ [ o 1Y . X
WINLIUNIANYTIFNAIAN 10 IWUA? WUl flank and abdominal recurrence VB lasawzlunydl

unfavorable histology Le&1%IL favorable histology Wilms’ tumor anasunelu 14 e

40



Gn'i’mﬁ' 5 Children’s Oncology Group Renal Tumor Study: Radiation therapy guidelines

RT dose
Tumor stage and histology RT field
Age >12 mo Age =12 mo
I-1l FH - - -
Il FH, I-lll focal anaplasia Flank* 10.8 Gy
I-1l diffuse anaplasia, I-Ill CCSK Flank* 10.8 Gy
Il diffuse anaplasia, I-lll RTK Flank* 19.8 Gy 10.8 Gy
Recurrent abdominal WT Flank (boost) 21.6 Gy (9Gy) 12.6-18 Gy
Lung metastasis (FH) wLI' 12 Gy/8Fx
Lung metastasis (UH) WLI 12 Gy/8Fx
Brain metastasis WBRT 30.6 Gy/17Fx
WBRT + boost 21.6 Gy + (IMRT/SRS) 10.8 Gy
Liver metastasis Whole liver 19.8 Gy/11Fx
Bone metastasis Lesion + 3-cm margin 25.2 Gy
Unresectable LN metastasis Gross LN 19.8 Gy

Abbreviation: FH=favorable histology;

UH=unfavorable histology; CCSK=clear cell sarcoma of kidney;

RTK=rhabdoid tumor of kidney; WT=Wilms'Tumor; RT=Radiation Therapy; LN=lymph node; WLI=whole-lung

irradiation; WBRT=whole brain radiation; IMRT=intensity-modulated radiotherapy; SRS=stereotactic radiotherapy

*Consider whole abdominal irradiation (WAI)if diffuse tumor spillage, preoperative or intraperitoneal tumor rupture,

peritoneal tumor seeding, or hemorrhagic or cytology positive ascites. WAl dose for infant <12 months is not to

exceed 10 Gy.

TCOG protocol is studying the possibility of eliminating WLI in children with lung metastasis who are rapid

responders (complete response of lung metastasis after three-drug chemotherapy on CT scans at week 6)
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Radiotherapy field

1. Flank RT 14 photon Wadd11 4-6 MV @aeinaila parallel-opposed fields (AP/PA)
laglfn1w CT/ MRI scan fiaukaznad bienafiinga lagvauwanisanada tumor bed (outline of
the kidney and associated tumor on the initial CT/MRI) + 1-cm margin 1ae medial border (ﬁ’adﬂ@&l
entire width of vertebrae (cross midline) Lﬁavl,aﬂﬁl,ﬁ@mnﬁtyLﬁuimaam:gﬂﬁumﬁﬁ@ﬂna a9

AN 7

WA 7 vauanIaneTIFuInm flank Tugis Wims tumor Ald3umInndaus
aanaia 2 46 (a) ez 3 U@ (3D conformal radiotherapy) (b)

2. Whole abdominal RT ﬂﬁ]’ﬁmﬂ‘*ﬂuﬂifﬁﬁiﬁ diffuse tumor spillage, preoperative or
intraperitoneal tumor rupture, peritoneal tumor seeding W& hemorrhagic or cytology positive
ascites 17 photon Wad41% 4-6 MV uazanuamiemnadia parallel-opposed fields (AP/PA) LTuLaeIn%
I@Uﬂiallﬂqmﬁu@i diaphragm (upper margin) 'lUaudisuaua$284 obturator foramen (lower magin)
e shield actabulum L8z femoral head Lﬁa‘ija\‘lﬂvuvlaﬂﬁl,ﬁ@m’az slipped femoral capitis epiphysis

AINTNN 8
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MW 8 VauIwaN13aL3IF whole abdomen lugﬂw Wilms tumor @aainaiia 2 U@
3. Whole lung RT Wansananslu stage IV lung metastasis I@sﬁaﬂﬁmamquﬂamﬁ?ﬁ
a3t lasvauuuatinila clavicle Lﬁaﬂqm‘%ﬂa@ adlaniisszabvaanszgnaunad L1 Lﬁiaﬂqu
anterior and posterior costophrenic angles + 1-cm margin Wa2 shield U312t shoulder girdle AINIW

71 9 wazrnsndudasans flank RT %38 abdominal RT @28 a33anelu 1 treatment portal
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NN 9 TaULIANNIAETIF whole lung TuifL28 Wilms tumor with lung metastasis

aEnaia 2 46 (a) ez VMAT (volumetric arc radiotherapy) (b)

MIMBTIFLIWAN TasuniaTanls USunmsiddensidautroas 1w 1.5-1.8 Gy/Fx/day
TaganiznIHaadwuSNmMAIG 1T WAL, WL 5306093273918 0aAaUS Ut I80 Laa ludua s
a3 uaztsunmssaneaulasulasnialiiazivuald vanndn 173 2adle duassinuazdadlasy

a o A A 1 d & ot { a v s a o A 1A
USINaUIF LAY 14.4 Gy WazNINNINATINHIVeIaUNUNG 2zdad laTuLSumssF laifin 19.8 Gy

Late effects of treatment

N3N Wilms’' tumor Gl,uﬂq%lqﬁ'u fldannyTandiagita 90% IR TININ
wanNLABmIEI1AN1IALAD aﬁiﬁaa@‘iflﬁawmj"mLﬁmlmzalzm’sﬁﬁ]zlﬁﬂfuﬂ“ugﬂamﬁﬂmdﬁf:ﬁfsal
natadBsInmMIshndidaty leud

— ANENIZQNFUNRAIAG  (scoliosis) WUNFURUEIUUSN 395N vertebrae  lef3w
naNAe gUANITNTIAG scoliosis ML 8%, 46% waz 63% Iu;qifﬂwﬁ"léﬁumsmm%'aﬁ 10-12 Gy,
12.1-23.9 Gy Waz 24-40 Gy eNAGL [39] atndbsng luﬂ%ﬁ;ﬁuﬁmﬂ‘fﬂ%mm{dﬁ‘ﬁa@m WaY
radiation field AT@LUARA entire vertebrae @”ﬁfuﬁawud’]ﬁqﬂ“ﬁmifﬁ scoliosis aAR4

— mzialaduinad  (congestive heart failure) MNNIITILTINTYAVEINIIANA
NWTSG-1 f19 NWTSG-4 Wu'letlszane 4.4%-17.4% 71 20 Dnaaainmssnenean doxorubicin

— msfadnduesmsnsnsss Awudesldun infertility, malposition of the fetus,

premature labor lasianizatndfann'le radiation dose ¥1nNIN 25 Gy
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— azlane (end-stage renal disease, ESRD) lasnaluwuias fatszanas 0.6% 7
20 mMuwdInIInm Wilms’ tumor udwuannlugioniilsananiugnmudugiindis 1w Denys-
Drash syndrome wugii@n1snizas ESRD legsfis 74% uaz WAGR syndrome Wu'ld 36% tudiu

— mil,ﬁﬂiimlzﬁdﬁaad (second malignant neoplasm, SMP) ﬁ]’m“ﬁlaga NWTSG WU
aqﬂ'aﬂ’ﬁafﬂ’mﬁ@ second malignant neoplasm lupﬁ'ﬂ’m Wilms’ tumor ﬁl 15 4 17Ny 1.6% I@]&Illvfﬂﬁ]vzl
Feoalaun naanwsis malasupnefvhdesiia  doxorubicin wazm3laSUMIINEIMERaTaIN
relapse INNNSANB British Cancer Survivor Study Wuqﬁﬁmitﬁmad SMP ﬁlmq 30, 40 Rz 50 7

@

o @ [ o A
WNY 2%, 7% WR: 12% @ua1ay [40] ROAARBINUNNIANENTEY Breslow WATATME TINU

s 6

aU@n1Inkad SMP YN 6.7% ﬁmq 40 9 Taswund solid tumor waz leukemia [41]

q

Stage V (Bilateral Renal Involvement)

Tuadia MTsNEN Wilms' tumor luszasiiazaaladumduannninean sudwidwionni
sxRnsInealanziauiiason uddamwuimsaalasan vinlilenmafAalany (renal failure)
dgs @”@mfmmﬂﬁwmﬁnwﬂuﬂ%gﬁu%zwmmmﬁmfta%ﬂnﬂﬂﬁmnﬁqm iasalamalunisiie
lans mssnsnazisuanmsiiga assusnidnldasuiieannlans 2 dhamnasn wnisey
ﬁﬂmﬁaw%umlﬂéiﬁm nRIN3HNGR 1A combination chemotherapy (Vincristine + Dactinomycin)
LENATENIHNGAATIN 2 (second look operation) tiasa tumor Mnassanlvwua lasifuiiela
fudng 2 ﬁﬂavlﬂﬁmﬂﬁ'q@ mslRinaditnTauazIasnmes second look operation 4WHLNN
ABUAUBIABNNTINEN MUTIIUIN INMITANEIWL YTz 10% maa@ﬂwﬁ'ﬁ bilateral tumor LIw

unfavorable histology ‘%Gﬂﬁﬁlﬂﬁ aggressive chemotherapy and radiotherapy
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Neuroblastoma

Neuroblastoma (NB) idunziSafinuldvamdududy 3 vesunislwén dnewinuliey
. A A £ & A = o \ A aa

(median age) fa 2 1 uazwudszanmATInIIawzTINNUlwana1gasnd 1 heu Anadidvas
Urzineanizaininm mafidiholia NB lwdnasudusnifiaauis 14 9 dszanm 7% [1]

asnnlamalumainldmpsnegmnenanolialuszozdusg Sadinmianeuwininis
ATIINANTDI (screening) neuroblastoma ludnmsn  lasaTamiszaLved  catecholamine
metabolites luiaaaz (urine vanillyimandelic acid [VMA] Waz homovanillic acid [HVA]) WL@an

= A | a ' o A o A Aa

mifnsasdszmadlu awin uaznlsyd wuhmiamadansashifinadedannandedinanle
NB [42-44] uazWuIK1e neuroblastoma fateasldannnIvin screening Lﬂ%ﬁﬂ’;&lﬁﬁ favorable
characteristies uaza13 lifiansuaasvadlsn iasnngihungufiazil spontaneous regression a3
dudtasanieaias lusmifsinuwudi gui@n1sniuad advanced stage neuroblastoma lajlanatasag

Neuroblastoma Liwtiasanwes sympathetic ganglia lasfdimaaauriiiaunain primitive
neural crest cell @anTawLludunbilan leauuwIvas sympathetic nervous system GUAINNL
anfiga Aa GaNnNIN ATl (adrenal medulla) 30-40% 3589898 WD paraspinal ganglia in
abdomen/ pelvis 25%, thoracic 15% W&z head and neck 5% @URGAL I@ﬂgﬁfﬂwmﬂmyj (70%) 4N
WUS metastatic disease AIUALIN FULRINANUNNTNIZBVEILIALas @A  lymph node, bone,
bone marrow, skin or subcutaneous tissue Wi liver

A > o 6 o a a |ci B

swgnuhdanusuwusiuanuiadndvedleslulangn 1 uaz 17 lay 70% vesgihowy

il deletion 489 shortarm vaslaslulougn 1 uaz 20% vedrithy wuil deletion 1o longarm 289
A ~ ) ' A v A

laslulawgf 1, 17 Tutaguiuwudn MYCN (N-myc) gene Gaiilu proto-oncogene unlaslalaugi 2
P \ A o ! AaA - . A o Aa A
finadaniswennsnilinann Aeludihefid N-myc amplification Wuddamnisreafiaies 5% uaz
HINLINNANMURNABSAL  multidrug-resistant  gene 618 398N N-myc  I13TINNINTIANLK?

NNNIINENA 8

Clinical presentation

;‘Tﬂ’wﬁﬂmﬁ’wa’m’ﬁﬂ’m (pain) I@mm%ﬁmmq%’m local invasion VU84 primary tumor %30
91N metastasis to bone, liver, bone marrow 81n13 constitutional symptoms Lp 1 (fever), Wia
. ESY . = v . ) . .

271917 (anorexia), WINRBNAA (weight loss), LUBYRAT (malaise) wazlatn (failure to thrive) Laza13aWU
2INNILAZAINNTLRAIANN catecholamine production LT flushing, headache, tachycardia lunydin
Imagjﬁu?nmﬁuﬂi:mw omauaashnidua I IvasFRl RN LT Hormer's

syndrome, paralysis 270 spinal cord compression (dumbbell tumor) mndnmsunsnazans lUes
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97022019 ANNOINIIURZOINIUFAIVBIBILITHU Y 1U3IN7) 1T%  blueberry muffin sign 310 skin
metastasis, respiratory distress 370 hepatomegaly LR proptosis, ecchymosis 970 orbital

metastasis 161

Histopathology

Neuroblastoma Lﬁuﬁaoaﬂlum\jw small round blue cell tumor lwi@n WLNANHMENS
pathology @14 maturation 2adiaati 3 Tiia Ao
1.Neuroblastoma tiJu cell type i maturation maamaﬁﬁamﬁ'q@ WUAN MU ALAE QD
Honer Wright rosettes Laz£ia3 immunohistochemistry (IHC) @a& neuron-specific enolase (NSE),
synaptophysin L8z chomogranin A udzlaifiad muscle and leukocyte common antigen
2.Ganglioneuroblastoma

3.Ganglioneuroma v cell type 7131 maturation madmaﬁmﬂﬁq@

wudihe neuroblastoma 1eme lasawnzlumefiongien g wia infant uazidu stage

IV-S @Aadl limited involvement 24 primary tumor SaunUAMIUNInIzanevadlsaly skin, liver uag/

%38 bone marrow LYt 8138 spontaneous regression Va3 tumor ldtas lae neuroblast cell 3y

. > A A x> A ol a v o

mature iU ganglioneuroma laglidasinwwiaiisudinsudagioianms laamsldiad
ihanIassaTnudiunmies g

qu, A % . A ' = v [l .
#anNh LHhaInnNanwmen1d molecular biology fnadanslsa F9lainsule grading
system lay shimada unzAmiz las@anmmen1y histology TiunAuetgvasanld udsauldidu

favorable L@z unfavorable prognostic groups AIANTIN 6 [45]
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WenIiag

@1319N 6 International Neuroblastoma Pathology Classification

Category and subtype Prognostic group

Neuroblastoma (Schwannian stroma-poor) FH and UH subgroups, based on

Undifferentiated the combination of age, grade of

Poorly differentiated neuroblastic differentiation, and

Differentiating MKI class
Ganglioneuroblastoma, intermixed (Schwannian stroma-rich) FH
Ganglioneuroma (Schwannian stroma-dominant) FH

Maturing

Mature
Ganglioneuroblastoma, nodular (Schwannian stroma- UH

rich/stroma-dominant and stroma- poor)

Abbreviation: FH=favorable Shimada histology;, UH=unfavorable Shimada histology; MKI=mitosis-karyorrhexis index.

Diagnostic Workup

1. Blood chemistry @ CBC, BUN, Cr, electrolyte, liver function test (LFT)
2. Plain radiograph Tu plain film 2923 abdomen pranUanwmeid calcified mass luﬁadﬁﬁd

14 neuroblastoma WUAN1BAY intrinsic speckled calcifications Vlﬁgdﬁ\‘l 85% huumeN bk Wilms’ tumor

azlsidaswy  calcification (10%) uazli Chest x-ray 873WU intrathoracic mass Tu posterior
mediastinum ‘l¢

3. Intravenous pyelography (IVP) L‘ﬁiaLLUﬂ neuroblastoma NU Wilms' tumor I@ﬂﬁ
neuroblastoma tunauly adrenal medulla ﬁﬁdu‘ju structure ﬁagljuaﬂvlm]:ﬂmﬁm pelvicalyceal
system WU extrinsic pressure buwmefi Wilms' tumor iudeulula asvin @8 distortion we9
pelvicalyceal system UL intrinsic pressure

4. Computerired Tomography (CT) WRZ/AID Magnetic Resonance Imaging (MRI) L‘ﬁl‘ag
YU LAWY LASVOULUAVRINDW tumor I@]UL%W’]& MRI 8131700 321d% tumor extent ”L@Tﬁmn
léur blood vessel encasement, intraspinal extension (dumbbell tumors), diffuse hepatic

replacement LR bone marrow involvement AINNN 10
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Acq Tm: 00 54267

Wi 10 Mwienailsdaauiaiaes (MRI) 284518 neuroblastoma

5. Bone marrow examination Lﬂuﬂﬁi@i’]ﬁ]ﬁ‘ﬁ’nﬁuiu neuroblastoma LWS’]:VLmﬂizgﬂLﬂu

o \ Aa \ @ % & e A
Funbanimsunsnszasvaslsalllavay laganuasvadaanazwutin small round cell lagain

napsaudungu (pseudorosettes)

6. Urine VMA a2 HVA LWa@373 urine catecholamine level
A A A ! A a .
7. Bone scan LLaz/"38 Bone survey Lwa@awmmwsm:mﬂ"naﬂiﬂ"l,ﬂwm:gﬂma"lu
8. MIBG scan (I1131-metaiodo benzylguanidine) Lﬁag all metastatic site WuINd sensitivity
. . 2 . X o
19 90% MIBG 1du norepinephrine analog TILON absorb WAz store 11 NB tissue tainun lebel
v . . . o A . 4 : & o . W
@138 radioactive iodine ﬁ]ti‘ﬁl,ﬁla Imaging %GWU’J”IU"IG@N’%@’]N’]?E]LLﬁ@G@WLLﬁ%G%@GiBUIiﬂﬁVLN
RUNTNATIINLGINARADK G b waNNKL Feuwmsanen lasnsld MIBG-1131 lunssns
neuroblastoma 1%#8491n&15 MIBG %4az3UnU NB tissue ¥ilioaausi5alasusidan 1-131 ¢ae
a = A [ v

I@ﬂm’lm’]mﬂiﬂumﬂummauauawaﬂimmzmmmmUUiimemﬂ@ [46]

9. Liver scan

10. Serum Neurone Specific Enolase (NSE), chromatogranin, LDH

11. Molecular biology @wr DNA index, N-Myc (protooncogene) amplification, chromosome

1p deletion
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Prognostic factor

1. Age Iugﬂmﬁ'mqﬁam prognosis £ANN

2. Stage

3. Histopathology, degree of maturaton n&12Aa ganglioneuroma a2dl prognosis AN
ganglioneuroblastoma Gﬁaﬁ]‘;ﬁﬂ’i’] Neuroblastoma W31 maturation Waz differentiation UaILTARIE
HOURINURIGAL

4. Site of tumor

5. Biologic marker Fnanashe Lo ﬂﬁitﬁugdmaﬁzﬁu serum ferritin, NSE (Neuron-
Specific Enolase),serum LDH ua level of VMA, HVA afintswennsaiuaslsafilud, DNA ploidy

WU hyperdiploid tumor DNA ﬁ]zﬁmiwmﬂitﬂiﬂﬁ, N-Myc oncogene amplification 2zdln3

o 9 o4 i , , 4
WENNTBELIALENTT ARDAIUTEALVDS P-glycoprotein Faiiu protein 371N Multidrug-resistant gene 4

o v > d' =
v lwinanII NN lua

50



Staging system

MINN 7 Staging systems of neuroblastoma

Evans and D’Angio

Pediatric Oncology Group

International staging system (INSS)

Stage |

Tumor confined to the organ or structure of origin

Stage A
Complete gross resection of primary tumor, with or
without microscopic residual; intracavitary lymph

nodes, not adhered to and removed with primary

(nodes adhered to or within tumor resection may
be positive for tumor without upstaging patient to
Stage C); If primary in abdomen or pelvis, liver is

histologically free of tumor.

Stage |

Localized tumor confined to the area of origin;
complete gross excision, with or without
microscopic residual disease; identifiable

ipsilateral and contralateral lymph nodes negative

microscopically.

Stage Il

Tumors extending in continuity beyond the organ
or structure of origin but not crossing the midline;
Regional lymph nodes on the ipsilateral side may

be involved*

Stage B
Grossly unresected primary tumor; nodes and liver

same as Stage A

Stage Il A
Unilateral tumor with incomplete gross excision;
idenfiable ipsilateral and contralateral lymph node

negative microscopicallly.

Stage Il B

Unilateral tumor with complete or incomplete gross
excision; with positive ipsilateral regional lymph
identifiable contralateral nodes

nodes; lymph

negative microscopically.
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Evans and D’Angio

Pediatric Oncology Group

International staging system (INSS)

Stage Il

Tumors extending in continuity beyond the
midline; Regional lymph node groups may be

involved bilaterally

Stage C

Complete or incomplete resection of primary;

intracavitary nodes not adherent to primary

histologically positive for tumor; liver as in Stage A

Stage lll
Tumor infiltrating across the midline with or

without regional lymph nodes involvement; or
unilateral tumor with contralateral regional lymph
nodes involvement; or midline tumor with bilateral

regional lymph nodes involvement.

Stage IV
Remote disease involving skeleton, organs, soft

tissues, or distant lymph node groups

Stage D
Any dissemination of disease beyond intracavitary
skin, bone

nodes (iextracavitary nodes, liver,

marrow, bone)

Stage IV
Dissemination of tumor to distant lymph node,
bone, bone marrow, liver, and or other organs

(except as defined in stage I1VS )

Stage IV-S

Patients who would otherwise be Stage | or Il but
who have remote disease confined only to one or
more of the following sites; liver, skin, or bone
marrow (without radiographic evidence of bone

metastases on complete bone survey)

Stage DS
Infant <1 yr of age with stage 1V-S disease (Evans

and D’Angio)

Stage IVS
Localized primary tumor as defined for stage | or
Il with dissemination limited to liver, skin, and/or

bone marrow.
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@371971 8 Neuroblastoma risk assessment [47]

Risk Stage Age MYCN Pliody  Histology Other
Low 1 Any Any Any Any
2 Any Non amp Any Any Resection 250%
4s <365 d Non amp DI >1 FH Asymptomatic
Intermediate 2 Any Non amp Any Any Resection <50% or biopsy only
2 Any Amp Any Any Any degree of resection
3 <547 d Non amp Any Any
3 2547 d Non amp Any FH
4 <365d Non amp Any Any
4 365-<547d  Non amp DI >1 FH
4S <365 d Non amp DI =1 Any
4S <365 d Missing Missing Missing Too sick to biopsy
4S <365 d Non amp Any Any Symptomatic
4S <365 d Non amp Any UH
High 3 Any Amp Any Any
3 2547 d Non amp Any UH
4 <365 d Amp Any Any
4 365-<547 d Amp Any Any
4 365-<547 d Any DI =1 Any
4 365-<547 d Any Any UH
4 2547 d Any Any Any
4S <365d Amp Any Any

Abbreviation: amp=amplified; DI=DNA index; FH=favorable Shimada histology; UH=unfavorable Shimada histology
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Treatment
NIEUIAR

M3Eaa s NB Junuinlunsiiaaslse wNali e tissue for diagnosis or biological studies
wazununlumssnes laun complete excision, surgical debulking %38 second look operation

uanmnﬁﬁommmmm”mﬁam gaaaINT (palliative surgery) laae
AN

mmﬁﬂwﬂ'mﬁuwmw‘lugﬂ’;nmjw intermediate L&z high risk I@mawwzmjuﬁ'ﬁ lymph node
involvement  lagsinlwidu adjuvant chemotherapy uaﬂﬁnﬂf‘zﬂﬁmmmlmﬂu preoperative
chemotherapy 1un3fh unresectable tumor ialdEwsarieald wazlunsdivas  intraspinal
extension with spinal cord compression AazRTanli primary chemotherapy naua8 lageiadl
heianldvos leun cyclophosphamide, doxorubicin, carboplatin L&z etoposide

§WILNGX high risk 715 metastasis (8n13 stage IV-S) 3NfaINT extremely aggressive
treatment regimen waralamanisnauazmisandia Wasonlwide  intensive high-dose
chemotherapy regimen ﬁi“ﬁ'ﬂaﬂ leun cyclophosphamide, doxorubicin, cisplatin, etoposide LAz

teniposide lasanalaidu myeloablative chemotherapy 90N stem cell rescue %38 bone marrow

transplantation G9lunTalHU19ATIB1TNTANLTIF total body irradiation (TBI) 3368
JIRINN

J9RINEdunumidn adjuvant (postoperative) radiation LNeLN4 local control L3I
primary tumor Tu high-risk neuroblastoma [48] 8% preoperative radiation Tunsdindn

unresectable tumor #aNANI FIFINVLIRINTD PRLDU palliative radiation LNBLIINNBINNT HAAE
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TnNININTIILWINIINNTIN T mmsmm\a@?ﬂ’a BIAN3 risk assessment AIA1I19N 8 A9t
1. Low risk patients

mrnaadunssnunnanluns@aiidn low-risk resectable tumor (INSS 1, 2, 3 with
negative node) lAgINENNNIANIAA complete resection o hidnududaddl adjuvant treatment
Lﬁlmﬁu Bi’suluﬂiﬂﬁﬁ positive surgical margin, microscopic residual disease, MYCN amplification
w30 low DNA index anaRarsanlweaitniaindre dulunsdifidn unresectable tumor @73
wasanlvenadtndanawnnsenaa (preoperative chemotherapy) wiaunInsIanIanysIAiaums
HA@a (preoperative radiation) e convert 1%l resectable status

§1%30 Infants with Stage IV-S Lﬁadﬁ]’]ﬂgﬂ’aﬂluﬂﬁiuﬁmminﬁ spontaneous regression Ua-
Tsaldas  earmmarhdamuagilngga Taodslidaclwnissnenlag mm:uﬁmwalu@ﬂ’mﬁ
Aautnsauneduas lailanns LL@iﬁﬁg&jﬂfmﬁmmi MalAsIEUSImen g niesadthiaeztisan

mmimaogﬂ'sﬂﬁ
2. Intermediate risk patients

mﬁ'nwﬂu;‘ifﬂaUn@;uf:ﬁi’mﬁuﬁaaﬁ multimodality Tagazlwenafinsandeutrs aggressive
sanussasnun luawldnd positive lymph node lagmsdnmsues POG Wuinmsansssdusnuile
0anLLa:@iauﬁﬂmﬁaﬁNLﬁuﬂugﬂwmjuﬁ FeiAa disease-free Waz overall survival 910 31% 1w
58% [49]

uaﬂmﬂ‘f: lunsthaad  unresectable tumor NMIANIVEY Pediatric Oncology Group
(POG) Q’ﬂwvl,ﬁ'%"l_lﬂ"mh@”@ maximal safe tumor resection @u@38 induction chemotherapy 5
courses ﬁnmfuﬁo second look surgery WRIGNNAIL maintenance chemotherapy @8 I@Ulmwﬁlwu
3 viable residual tumor 971NN second look surgery ﬁ]:vL(yTﬁ_lmimEJ%'\‘lﬁﬁ primary site WAL 24

- 30 Gy in 1.5-Gy fractions Wundean1sUaaalsa (even-free survival, EFS) 70%-85%

3. High risk patients

mysnwmanvedgiolunguitidn  multiagent  chemotherapy  33uriL  myeloablative
A . A & & o , ! Y
chemotherapy %38 radiotherapy LWaNIRNYULTRANELINNIININNY ﬂauﬂgﬂmmﬁnaaﬁmumvlﬂ n3
nwuawizfilugie  high-risk  neuroblastoma  AzweneNEGaLNaliauNziTsaanlinua
(achieve complete tumor resection) LRIANNAILNTABTIFUILI DU primary tumor WWBLAN local
control [48]
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Radiation treatment technique

mau39FlUeitaudl primary site 9219 target volume LNy gross residual rumor
remaining after chemotherapy / entire tumor bed + 2-cm margin @”dmwﬁ 11 uazw1ndl involved
lymph node (radiologically or pathologically) maummaa%’aﬁazmamqw regional lymph node Al
FIWUNUINUBY prophylactic regional irradiation %38 extended-field treatment fuﬂﬂ&ifmﬁm

wmaansanesiflgidu parallel opposed field (AP/PA) I@Uﬂ@ﬂ entire width of vertebrae
IBuLAEnRUMIaNeIFle Wilms' tumor Liatasrunsiia scoliosis ﬂ'%mm%’aﬁﬁ‘lﬁﬁuﬂ”umqmaaLé‘i’ﬂ
M8 ULAFIUNINWLINYSUNMIIFNINAIY 25 Gy 32 improve local control lagls initial field 15 Gy
WaIA field boost LN primary lesion 80 5-10 Gy W@ b infant <1 4 Wud1 dose 12 Gy (9-18 Gy)
813130 14 local control residual microscopic and gross disease b6 dose per fraction Aldiviany

£ o o \ . A
1.5-2 Gy/Fx/day YBNUVWIALIEAILA IV field NRYLR

A 11 vauwansae3aflugie neuroblastoma dazinaiia 3 §@ (3D-CRT)
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Retinoblastoma

Retinoblastoma  (RB)  iuwzi5suSiinmatszamen  (retina)  Ssfimaduiiiaann
neuroepithelial cell 1%‘1?% retina V89a1 26LJ% most common malignant intraocular tumor luidn lag
gu@nInivasliawullazanm 1 @ 15,000- 18,000 livebirths anTayaaiidvasilizinaanizaiaim
aanlud w.a. 2557 ﬁ;&“ﬂ’mkﬂ RB ludinasudusnifinants 14 0 Uszunm 280 1o Aaudn 3%
PasuzSoludnnanae [1] qﬂ'@mszﬁmaﬂm"l,;dLmﬂ@mﬂ”umumel,azl,%ama aranuaaNwy e
lauansnen wazinwulwidnaryesndi 5

1 genetics WuFlsa RB fidenusuwusiuanudalndues gene lu long arm w89
chromosome @;ﬁ. 13 (13q14) %au‘ju tumor suppressor gene ﬁ%a’h Retinoblastoma gene (RB
gene) lag Knudson sﬁoLﬁugﬁuwuLLa:a%mﬂmnﬁ@Bﬂﬁ: GENy =] “Two-hit hypothesis” NaAe
1u;§ﬂ'sﬂﬁﬁﬂiz'ﬁmm RB luasaunsa (familial RB) 2z8 one-mutant allele (one “hit’) m%Lthﬁau"E
uaziflaimaslaiasnitafia somatic mutation (second “hit’) lumawasiazyinlwiAaidu tumor I Tn
wouefl sporadic RB %%ag&jﬂuyﬁvl,aiﬁﬂs:i‘&maﬂsﬂiumamﬁ 2z8 gene ﬂﬂﬁ@%u@iﬂg’jauﬁ TGREREY
two somatic mutation LAaduwlumewnasserinlwiAaiulse falonmAe somatic mutation 19 2
genes 'eazvl,&igaﬁfﬂ [50] namAsnsuaasasnvaslsaaziiadofanuialnfivas RB gene w2
alleles %GLﬁuﬁ'ﬂwmwad autosomal recessive gene

RB Wu'lé¥a heritable form (40%) ﬁapﬂ’ﬂwﬁﬁ germline mutation 283 RB gene Uaz
nonheritable form (60%) lugielwaiazdl family history a9 RB Uszanms 10% saudn 90% aid
family history 289150 (sporadic case) RB WUVL@TVI%Lﬁu unilateral RB (70-80%), bilateral RB (20-
30%) Foudlu Heriditary Lﬁauw%m@LLa:u‘“ﬂ"L(yﬁ'umﬁﬁﬁ]d'ﬂ@%LL@iﬂ'aumq 3 9 Tagoawuwieurun
gasTnInsefazdnafle wananit 693 trilateral RB G9WU tumor AANYI§e4979 Wazfi pineal gland

@28 AIATNN 12

RB gene
[ | I
Family history (10%) Sporadic cases (90%)
I | |
Bilateral (20-30%) Unilateral (70-80%)
| [
Hereditary (40%) Non-hereditary (60%)

MAN 12 LAY diagram N13LN@ retonoblastoma
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Histopathology

ANBUTNIINGNTING1V8Y retinoblastoma Usznauaa8 small round cell %38 polygonal cell
with scanty cytoplasm and relatively large densely staining nucleus L8 differentiating elements
L% Flexner-Wintersteiner rosettes, Honer-Wright rosettes W&z fluerettes 310 photoreceptor

differentiation L0461
Clinical Presentation

;ﬁ&fﬂmd’m‘lmy’ (80%) m”nmwwuuwmi’ﬁaumq 33 mm@]‘ﬁﬁwgﬁ:ﬂmmwmwwsTmﬂﬁq@ laun
white pupillary light reflex (leukokoria or Cat's eye reflex) l@8LNIATINBUIBNIILHILNAAN HEUY
Aadndangudrenlinmiazviounaaunasiondudun venedarmathem aues ansiy ey

A A o w | A . . A ' a s @ 2R K [
mmsauwm%maﬂ’sﬂmwml,wmaa unexplained strabismus Fawunlunsdiftasdasiiniis RB aae
wwua aundazAgadi s Tuunesend family history a4 RB fimnaasaawulu routine check up

v A K o ' ' o & vo 9 o o |
1 Gmmﬂwuﬁ’sLLazagiuizﬂzLLiﬂ NANNIINENLaNANIT AI%hi mﬂvxmLmzuﬂumaum’maagﬂ’m

. . =S a o A v a s A A v o X
(genetic  counseling)  dadufsudu iNeldmundnluaseuaaudu  Januiuazarzwinds
anuddysasliauazithiumsinwmatunad ludstiiduwimamieanadanias (RB

screening) lwdnfidiwausiniafkaaidu retinoblastoma laun1a 11301 (fundus) Adudangias 9

NNINTIVINNLAZABIATIV entire retinal surface VBIANG 2 T4 Lﬁa@iﬁlﬂu multiple tumor
A . A [l ' 2‘ A a v a e 1 a v A A
%38 bilateral tumor %38k NIATIIABNWAABILSIMNIABINANLINUNG snriulunsdlndn
massive disease #38il orbital recurrence HANINWKAITHN neurologic examination HANGEGER
Wasanansaemidiiunaadlsaanainsunsnizansluly CNS nn9 optic nerve la waziive rule

. . 4 v . . . .

out trilateral retinoblastoma ©91/5znause bilateral retinoblastoma Was intracranial tumor lag
duniknnuletssfa pineal region waz histology MWuLasfa PNET (Primitive Neuroectodermal
Tumor) 289 b5AAY  intracranial tumor 813AWUN sella %38 suprasellar region uazeLdn

presenting symptom #ihunfAauansiinantitesanluan nIearvazwuiitesenluadnadedn be

NNIATIAINITIF balA M3¥i1 CT scan Lﬁ'a@ intraocular calcification %3a n13¥in MRI both

. 4 . . 1 QI a ] § 3 Qs v 1 ¥

eyes and orbit Lﬁ'a@ intraocular L8z extracular extension IWNNTATINNLANDENIDUIWALTDLIT
uazaMILIuEATY LT mﬂwuﬁmmsm@muﬂs:@ﬂ 138 abnormal blood cell count 81ANANTON
. . . A Ada . . i A

§7379 bone marrow aspiration/biopsy 38 bone scan wazlunydling gross invasion of optic nerve 1

LAKIN imaging %38 microscopic involvement beyond the lamina cribrosa INNATULHONAANLRD
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AININTMINTID MRI (brain and) spinal cord FIUNUAII9 CSF cytology WNanImInIzansvadlsa

ael

Staging

Staging 78919 RB Afewldd 2 seuy Gefithwansuanedrsni léun Reese-Ellsworth (R-E)

classification 3zz38lunsdszidn prognosis in eyes N1F3UNNTINBNE external beam radiation

! . . v oAy . e <
(EBRT) 1M&14130 maintenance of sight lem3ald uae International classification GaunziwInglu

MITNVINUUGARE stage A28 AIN1I1N 9

TN 9 Staging systems of Retinoblastoma

Reese-Ellsworth (R-E) classification of RB

International classification of RB

Group 1: very favorable
A. Solitary tumor, <4 DD, at/behind the equator
B. Multiple tumors, none >4 DD, at/behind the equator

Group A: small tumor <3 mm in size

Group 2: Favorable
A. Solitary tumor, 4-10 DD, at / behind the equator
B. Multiple tumor, 4-10 DD, at / behind the equator

Group B: large tumor >3 mm in size
macular location (<3mm to foveola)
juxatapapillary location (<1.5 mm to disc)

clear subretinal fluid (<3 mm from margin)

Group 3: Possible
A. Any lesion anterior to the equator

B. Solitarytumors, > 10 DD, behind the equator

Group C: focal seeds
C1. Subretinal seeds <3 mm from RB
C2. Vitreous seeds <3 mm from RB

C3. Both subretinal and vitreous seeds <3 mm from RB

Group 4: Unfavorable
A. Multiple tumors, some >10 DD

B. Any lesion extending anterior to the ora serrata

Group D: diffuse seeds
D1. Subretinal seeds >3 mm from RB
D2. Vitreous seeds >3 mm from RB

D3. Both subretinal and vitreous seeds >3 mm from RB

Group 5: Very unfavorable
A. Massive tumors involving more than half of the retina

B. Vitreous seeding

Group E: extensive RB >50% globe
neovascular glaucoma
opaque media from hemorrhage in anterior
chamber, vitreous or subretinal space
invasion of postlaminar optic nerve, choroid

(>2mm), sclera, orbit, anterior chamber

Abbreviation: DD=disc diameters (in size)
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Treatment

£

ﬁ;@]ﬂ‘izmﬁmadm‘ﬁﬂm HONIMNAIINIRILVIAUED (1”aaﬁﬁﬁdﬁdmim’mgﬂmLLazm‘s
NaIAW  (vision) LudAgyeae @”amfuﬂ'ﬁ%’ﬂmﬁaﬁaaﬁuwwﬁ:ﬁmmty%mU@T’miwﬁuﬂsuﬁu
(multidisciplinary team) lagn3snsnydsznaums

1. MFINHNRNEAUUUSIINDIBIZ (local therapy) 1WaNzd iU lesion vwauan 1aid
multifocal disease wazlifl vitreous seeding InanuATlewn laser photocoagulation, cryotherapy,
thermotherapy (infrared) Wae radioactive plaque application sﬁdluﬂitﬁﬁ' tumor ﬁ‘nm@lmyj%%aﬁ
subretinal seedings a13WA1YM41 combined modality L% chemothermotherapy L6t

2. M3HIAA  (surgery) lumﬁmﬁ"l,&immmLﬁﬂ%’ﬂmgﬂmvﬁ”lﬁ 813NN radical
surgery @A enucleation uas orbital exenteration #1%3L extensive lesion ﬁLﬂu unilateral disease
waz13ifl useful vision ush nialunsd bilateral disease @sazwenafuadrsimdutoaninly Tay
azrdamdnaf linauauasderadindansansineaug wazRansminisvi orbital implant '
WIDL 9N

3. NMITNVIAIYTIR (radiotherapy) ldur external beam radiotherapy (EBRT) Lag
brachytherapy 1a Elﬁum_l’mﬁ?ﬁluﬂitﬁ RT alone ez postoperative RT i’mﬁ% palliative RT @)

3.1. Brachytherapy \ANN=&WIU tumor A9 kitAK 16 mm waznwldiin 8 mm
wazraudoslal involve macula 38diananyaldiiu primary treatment %38 salvage treatment Nt fail
initial therapy nia lagldaInuawaIIf iodine-125, gold %38 ruthenium LATIFLUINM 40-45 Gy
transclerally s apex of tumor DUIawIw 2-4 1% Nafﬁuﬁmﬁmmﬁ@%ﬂﬁuﬁ optic
neuropathy, retinopathy L& cataract Wekaani1ann EBRT

3.2. External beam radiotherapy gunTalaidu salvage treatment, consolidative
treatment %38 primary treatment 7 L& Lﬁuluﬂitﬁﬁﬁ’auﬁmm@lmyj (large tumor) AT WIURABN DY
(multifocal tumor) & vitreous seeds 3adunIIRawlnaTy optic disc waz fovea lagtawizlued
linauanasdosniaiitnga wonainit EBRT g4dunumidy adjuvant treatment wasmsenda iod
?Taﬂ\‘l% @Tdf: gross or microscopic residual disease, extraocular disease 738 optic nerve invasion
Nm]”’]dlﬁmﬁﬁ’m”mﬂjad EBRT 'laun dry eye, cataract, radiation-induced growth deformity of bony

orbit LAz radiation-induced osteosarcoma
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Radiation Treatment Technique

Retinoblastoma sinwuluidnidn 39undaali deep sedation e h) daily anesthesia @”aifum‘s
position & immobilization Twsanadseasvvendnluszninimsanysed Fedanusramain
I@ﬂﬂ”lfsvl,ﬂLiwéfmmﬂﬁmagﬂu central position LL@iLﬁaamnLi’]ﬁﬂ"l,ajmmmmqu"l,@“lw,ﬁmﬁﬂ Tu
198011 WTITN3ME low vacuum contact lens M9UK cornea LLazﬂ’mQ&llﬁ'@naglu central position
Taeld magnetic fixation wuananuwlumsanesssadesszisUsImsIdfaugaandnanises ldsy
a8

Target volume AIaUAYY entire retina k14 ora serrata NIFIBRUN QREIGREY orbit ﬂ%ﬁu@
Wae upto 10 mm of the optic nerve NIRRT Lag spare lens LLaZ bony anatomy LYi']ﬁlLﬂuvlﬂvlﬁ
1uﬂitﬁ‘ﬁ'ﬁ brain or dural extension 3zl# full cranial or craniospinal irradiation TR luﬂiﬂﬁﬁau
invade optic nerve lagiawizand invasion 81MN9110-12 mm Va9 optic nerve Gadudumian
central retinal artery and vein 1 EuazaanLEuUsza M D9 tumor 21vazanaaLd lulu subarachnoid
space uazn3zanyllu cerebrospinal fluid & nsausifanazinsanliasaungy whole cranium
“38 whole CSI

iaftemanesianlsinmomeadia laud

- Single anterior field FIUNY divergent “hanging” central lens block

- Single lateral field anwmzidu D-shaped field lagli field AvaUARY entire retinal
surface, vitreous L8 10 mm a4 anterior optic nerve

- Two-field technique (anterior and lateral)

- Modified lateral field technique lagld oblique angles

- Multiple noncoplanar arcs

- Intensity modulated radiotherapy (IMRT) ®13130 spare bony orbit LR normal
structures l@@nIn

- Proton therapy 188 dose to normal structures la@un

wasownllaun low-energy photon (Cobalt-60, Linac 4-6 MV) uas electron beam laglw
USuNmiS98 40-45 Gy 7 1.8-2 Gylfraction wiaonalgiila 54 Gy lunsdiffeufiowmalnawied

vitreous seeds
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o > ° % . & {
4. 91110 (chemotherapy) Ununnuadsniaiiintali retinoblastoma Janduisas 9
f9udin RB azfianwauensduiiulyaidu locoregional 11NN systemic waTNTIAMIIABLANIEN
v . weR ] d' I L a A A o o dg
azmwInaugulauazld survival lafia 90% uwdilasaniatudszninwuaaadindadau Tu
awldnlsatd confine to globe M3lAENLAdtRzTIAaUMIaVRIREY (chemoreduction) wazlh
MIINBITINNLAT local opthalmological therapy LT cryotherapy, theramotherapy #3ie laser
photocoagulation  LNRIINANAZALINHION D TINNIRANLALINATIILALINNMIRLTIRNI NS
N1GAAE
a A o L5 Aa U v 1 . . . . . dai
gsievassnalthtanfowls laun carboplatin, vincristine W&z etoposide latanafifi Lol
extraocular disease 138 locally advanced disease 3INNUTIRING LWBLWY response W30a@ dose
A & Ao @ @ o | Aa ' o o A
38 treated volume uananuuenafthagslglugionfinsuninszansvaslaldiaionziu q
. . o :’ { . = o
(distant metastasis) n3afimsnauidutrvaslsaaniz (recurrent disease) TIBNVNIINALNE

UITLNIBINTT (palliation) nialnidu high dose chemotherapy 24N bone marrow transplantation

Follow up

1389270 recurrence disease ANWULWTI9 3 TUINRAINIINB NIIATIRAANALIINATA
Jafianudndny laouuziiinaisvih EUA (Examination Under Anesthesia) 1) 2-3 ifiau lugasidusn
NN 3-4 o Iuredn 2 Uazyn 6 LA %utﬁﬂmqﬂizmm 54 ﬂé'amﬂﬁfu;j:ﬂwﬁmimwmmﬂﬁ

LazaTTeMen 1-2 I aseadia iiesniilenmaiiia second malignancy e

Complication

'
a o

NATILAEINFIAYINNMIANETIR Lol

- Cataract development Lilasaniaudandu structure Aidaudrshaasad et lums
n39Fdasszdiare sl wiaudanantronitelasusialulsunananniAnly 9 TD 5/5 (Tolerance
dose Mivhlwifa complication 5% b 5 ) 289 lens @1 Uszunmw 600 cGy #wIU fractionation
radiation

- Dry eye :nmsHaasinatasad lasna ldazdnadSunmsifndeninendszuno 45-
50 Gy i 4.5-5 gllonH

- Retinal vascular injury lamaiia retinopathy LR vitreous hemorrhage a:qmﬁa
USunaussiuInnin 50-60 Gy

- Bone growth abnormaliies aMNMIANIEQNUTIMWINEIMALATLTIE  azling

A a Y ) A M v oA o v . Y
wigLaulatnasningwn lalasussd azvi lwlidwninis cosmetic e
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- Secondary neoplasm fAiwuvas oA osteosarcoma of the skull, soft tissue sarcoma
WAz brain tumor 9INM13AN®IaY Abramson WuUAENIBANILAG second neoplasm 94 30-

50% ﬁl 20 4 Tuauld retinoblastoma ﬁvl,@ﬁ'll%‘ﬁ{ﬂﬂ’] [51]
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