Medulloblastoma in Children
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Medulloblastoma \unziieluanes Embryonal tumor wunnigaludtlasifinuasdafumnidu 15-
20%1833u0uLHeven luanedtlogiinianue uwazwuily 30-40% 194 posterior fossa tumor lWiAn 1nndnses
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Haneaane LY small round blue cell WiwRzriU embryonal tumor mﬁmﬁluj WALV cell lines
STEGIA! posterior medullary velum (Roof of 4" ventricle) WAy External granular layer 484 cerebellum TagIkLig
AINANHTUENIG histological subtype 15w Classic, Desmoplastic, Extensively nodular with advanced

neuronal differentiation, Large cell uaz Anaplastic Taafiadidu High grade tumor (WHO grade 1V) iavum 1in
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seeding I¥unnndn wenannieaiinisfnenssdl gene uar molecular pathway WundndasaReEadiasil 17p,
10q, 164, 8924, MYC amplification, hedgehogs pathway, WNT pathway, p53 uazerbB2iilusu® Ined
AM9ANEN Medulloblastoma Advanced Genomics International Consortium discover subgroups in childhood
brain cancer (M.A.G.I.C)“)ﬁﬁm:m genome sequence 184 DNA, RNA Lag micro RNA TulsA medulloblastoma
Taeutiatly 4 subgroups 1Hun group WNH, group SHH, group 3 Was group4 Ingl Group 3uaz4 i prognosis
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faiuli Phase Il study 284 St. Judes’ children research hospital (SIMB12) " Aifiansaunvialuud clinical risk
waz molecular subtype (WNT, SHH, or non-WNT/non-SHH) TaefldmnilszasfinednmenisantFunuied Tungs

low risk #ins9anL WNT biomarker positive, AnEnTsRa targeted chemotherapy Vismodegib sluﬂfoiuﬂuvl,zﬁ
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intermediate kA% high-risk N ldwy WNT %78 SHH

Characteristic c-MYC
Amplification
Prognosis Excellent Good Dismal Fair
Age (Years) Distributed across Primarily in infants < 3 Children 3-10 Distributed across
ages and adults > 16 ages
Male to female ratio 1:1.7 2:1 1:0.7 1:0.5

Frequency (all ages) 10 33 27 28

%




Metastatic disease % 0 7 75 31

Histologic subtype Desmoplastic Anaplastic/large cell
Genomic abnormality Monosomy 6 ¢c-MYC amplification
Elevated gene -Wnt pathway -Hh pathway -Photoreceptor -Neuronal
Expression -c-MYC -n-MYC pathways differentiation
-Neuronal pathways

differentiation
pathways

-c-MYC

Immunomarker DKK1 SFRP1 NPR3 KCNA1
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Macrocephalylf teianizlu infant wanainffea1anuan1swazaInsuanau A NAu faunaile A
cerebellar sign abnormality, motor deficit,visual defect, cranial nerve palsy uazuninIsnszangldma neural
axis B1AATIANLBINNTLIANAT motor, sensoryias autonomic function RaUnFauA WL snszang L ing
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(Nevoid basal cell carcinoma) Syndrome, Li-Fraumeni symdrome, Turcot syndrome, Gardner syndrome,
Cowden syndrome i
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Awianaisel MRI 1w imaging of choice 415U medulloblastoma tnaiAnumdeAnuniduLIang

cerebellum Inganz cerebellar vermis WazAUIN roof of 4" ventricle (naannzlungugiaangiouazny
131904R00f of 4" ventricle tRuag) eI nANUVLieTiny anadaadifferential diagnosis filpediatric brain tumors
%lu"]vlﬁuri Ependymoma (dausnngnnniiinannyidian Floor 284 4" ventricle wazliau foramen of Luschka),
Choroid plexus papiloma (CPP) (d2UunnWLLTLI0L lateral ventricle), Pilocytic astrocytoma(ﬁﬂwﬂuﬂda\lﬂuﬁ
BIYNINNIMAT BIANLCystic lesiondanFng), Atypical teratoid rhabdoid tumor(inwulunguauldengiasndn
agnelsfinuenalianunsauenléiuMedulloblastomaannimaging), Brainstem glioma (aAMnAMWMRI aZwun
originatedNaNLTIU brainstem)

NN MRI T sequence T1WI SnWUANHLE hypointense lesion efeusu signal 284 normal grey
matter @21413 sequenceT2WI aznuintensity In&iAeniL grey matter 81150 sequence T1 with Gd N1nN90
90%a¥NL enhancing lesion Tng@aunnnsniy heterogeneous enhancement sLusequence DWI/ADC agwu
restricted diffusion (low ADC values) Las MR spectroscopy a¥nil mﬂﬁlﬁwumm cholineanaguad NAA LAy
BNANL taurine peakianAreazuninisunsnszang lnns Subarachnoid space azwyl enhancing lesion

sequenceT1 with Gd WARIDN leptomeningeal seeding (subarachnoid metastasis)

ANLLeN MRI brain LW&A9 medulloblastoma ﬁposterior fossaT1with Gd,NMMWARIT2WI,

AWAINMRIspine T1 with Gd WAAY seeding@9@9annradiopaedia.org”



unsciifilaiananananadiag MR nsnsaading CT scan ansnsawedaauenansnizanstoulufisu 1k
el CT non contrast {iNWL hyperdense lesion Lazanan calcified lesion (wulfne20%), hemorrhage, cyst,
necrosis 2auA28 @21l CT with contrast NN1NN91 90% A=Wl enhancing mass, relatively homogeneousi CT
scan azlddauTnuLans leptomeningeal seeding 15

iHasanniilannaifin leptomenigeal seeding (subarachnoid metastasis) 1&1/sza10u 30-35% Faudtag
Fun197tiade A9IAIINI Gadolinium-enhanced MRI 484 Spinal axis iensa seeding $aunU CSF cytology
Aoamnang Lmzmamwﬁq CSF cytology Waz MRI spine T i sensitivity wniiesaendlnagnamii
Tannaifin False negative ’ﬂ@:‘ﬂl14—18% 9 Lazdaananinzanluniemsa MRI spine Aasviaunseinda 1ise
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intracranial pressure TINAANNLALNARNITLNANerniation i
NNINIZANLT8Y medulloblastoma Tueniuiia CNS (Musentwae, nszgn) wuldtiaanin(< 5%)
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T staging Classification

T Tumor < 3 cm in diameter

T2 Tumor=3 in diameter
T3a Tumor > 3 cm with extension into aqueduct of sylvius or foramen of Lushka
T3b Tumor > 3cm with unequivocal extension into brainstem

T4 Tumor > 3 cm with extension pass aqueduct of sylvius or down pass foramen magnum

M staging Classification

MO Noevidenceofgrosssubarachnoidorhematogenousmetastasis

M1 MicroscopictumorscellsfoundinCSF

M2 Grossnodularseedingintracraniallybeyondtheprimarysite

(incerebellar/cerebralsubarachnoidspaceorinthirdorlateralventricle)

M3 Grossnodularseedinginspinalsubarachnoidspace

M4 Metastasisoutsidecerebrospinalaxis

A159LL@AI518T,M staging (Chang staging)

lutlaqiiunisinun uazn1anensnilsa (prognosis) 284 medulloblastoma Tnasutianguérlasiiu
Standard Risk (Average risk) waz High risk @tlszanou 21u 3 aasijilaazdnat]lungu Standard risk uay 8 1
1Tu 3 Anagflu High risk Taedunuiladastalidl (mnidaladianiis dnaglungu High risk)
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EFS a¢fi 50-70% Wadlanaiinangianguiidlaniany subarachnoid metastasis 1Hx1nndn, nu
nadnaAssannsfnen 8 ie wazldanunsninenniu standard treatment 16
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CSF cytology azgnanasilungu High risk
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1INN91 1.5 ANPIUIURLNAT AINN197F9A MRI naani13lnsinnneli 48-72 $alug (Wean
postoperative change T4anaduanniy residual tumorlé) anaglungu High risk atinslsfinnu
Tnevialiugn Uszunn 80% 2esfjtloe amnsodidaenfieuiieaantivun viamaeiieudatiaandd
1.5 ANTNIEURLNAST
aeiglsfimnluaqiii Ananenisinmn AlnnGEes HistologynnldTunnsutivrisk classification uaz
WUANNNNIFNENIINAYE LﬁmmnnwﬁnwwﬁﬂﬁLﬁumumu%gmﬁumn%u WUIINGN anaplastic histology
, o do A4 dwve e 2 e o X
uaz large cell histology Hn1snannsnilsaiiuginda histology Bualizunisinunlugtuuuimasii dniulunanes
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NsAaNTNTNEAHN gene waz molecular aglunnsAnmasinaaldnesiu

Factors Low risk High risk
Age >3 years old < 3 years old
Residual tumor <1.5cm2 >1.5cm2
Metastasis No evidence of metastasis Craniospinal seeding
+/-Histology Classic, Desmoplastic, Nodular Analplastic, Large cell

A1919871n15uieHigh risk Waz Low risk
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HuanennsAnEIne LU sanENI A an NadnaRL AT Tnen1sANEI289n198113IN1 CCG-
923/P0G8631" IHAN N1 FaLeLLFNu59R CSI 36 Gy (standard dose Tudqaiii) fu CSI 23.4 Gylu
nguAuldl Low risk (T1-2, T3a, 81g11nna1 3 1, complete resection) Tnavisaas arm 165U posterior fossa boost
saann CSI auna 54Gy winriu uazlllE5u chemotherapy adnglsfimunisdanefilEdaasnaunivun wWasann
WUIINNTRN859ACSI dose 23.4 Gy N Neural axis failure Ingl 5 year EFS 284 standard arm (36 Gy) Weiuiu
experimental arm 23.4 Gy 887l 67% WAz 52%(p=0.080)uaz8 year EFS 1 standard arm 87l 67%uay
experimental armagil 52% denansAnuiidaganadasiunisangiaes SIOP I GadunisdneFaudiey
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FeRdanfog Afanudiuendingu 36 Gy AU standard treatment naInN3eAR Tudasiuawlunsanuiad Csi
36 Gy fINfiae posterior fossa boost A4 54Gy (saufegiaAwTlun1sNEmMAN Tungu standard risk luifaqiii Ml
#1130 1% concurrent CMT $aufing)

ann13Anendinafiv aAnERNANNaaiung Mconcurrent chemotherapyiiiaan dose 184 CSI
Teiiin13@nE non randomized pilot study 289 CCG " InaiamtBuNuaR CSImae 23.4 Gy AiaRas Posterior
fossa boost D4 55.8 Gy $auriunIslficoncurrent chemotherapy Vincristine 9)n-|dlaniflugasnisanaiea uazsie
5Qﬂadjuvant chemotherapy AEUAINNIRNLNIAATL (dm3Vincristine 1.5 mg/m2, CCNU 75mg/m2 WAL cisplatin
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75 mg/m?) TIWLINN135N 138N N 3 yr PFS 86% Waz5 year PFS 79% lil&faandnnan1saiased CSI 36Gy an
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(23.4 Gy) ¥ neuropsychologic test scores AN1NgN Standard dose cranial irradiation (36Gy) Vil
Performance Intelligence Quotient (IQ), Full Scale 1Q, Attention, Reading, Was Arithmetic asiglsfmINan
AM9ANEY CCG Tnel Ris wazanie™ wudnudiannnsanased CSI maniiies 23.4 Gy wiaAmIs Full Scale
Intelligence Quotient (FSIQ), Verbal 1Q (VIQ), waz Nonverbal IQ (NVIQ) flauansineannguianiniioeingd
HadnAny Tmﬂfa”mwnw,ﬂ?a'ﬂul,l,ﬂmraﬁ -4.3 FSIQ points, -4.2 VIQ points 4az-4.0 NVIQ points siall wazwudn
weneaziinaanasres VIQ snnduneme wazdaefiangiionndd 7 1 azlifunadinades Inteligence
Quotient mﬂﬂdwrﬁ’gﬂfmﬁmﬂqmmdnfaﬂ'nqﬁﬁﬂéw i)

uﬂnqwnﬁwﬁqﬁmiﬁnmqmm adjuvant chemotherapy lungu standard risk nan1sAnen CCG
A99612" fiagad arm lEFUNNT0Ne5E CSI 23.4 Gy faRat posterior fossa boost 74 55.8 Gy $aNfL concurrent

chemotherapy vincristine N CCG pilot studygﬁﬁx‘]ﬁu Tuanuen adjuvant chemotherapy PRANTTANY5IA control

arm l&50 CCNU, cisplatin Wa2 vincristine (A Pilot study CCG) Wgufiu experimental arm 1§35y
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cyclophosphamide, cisplatin W& vincristine #4na 5 year EFS v19@84 arm liuainsingiuatweiliadnAny ag)
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82% uaz 80% 19 5 year 08 Flalwupauuansrsatailltd ity aefl 67% waz 85% mudsu Faiky
adjuvant chemotherapy ﬂfwﬂ’u'ﬂwﬁiﬁﬁq@jm vincristine, CCNU Lazcisplatin 98 vincristine,
cyclophosphamide wag cisplatin

wanaNNsan BN sadnnsana CSI uda ffinsAnsifeasunisensisdaiin hyperfractionation Lite
anuadnaAes TnenisAnen HIT-SIOP PNET-4 “? 1811 Beuiiieusyindna arm conventional fractionation A2 @1l
CSI 23.4 Gy fafne posterior fossa boost i 54 Gy Inaane 1.8Gy/Fx dUanviay 5 Ju seeizinanan e RvanLn
42 JuPeuiU hyper fractionation arm Iag total dose 184 CSI A 36 Gy Waz Posterior fossa boost 71960 Gy
WA boost tumor bed 74 68 Gy Tnaiane 1Gy/Fx bid 119U 8 Falua srazinannIrans XA N e 48 i ezt
@89 arm MA5U concurrent vincristine waz adjuvant chemotherapy cisplatin, lomustine Wag vincristine %'qwudw

Median Follow up 4.8 1 5 year event free survival rate 14 2 35 laiflAonuumnnsineat weliodAty agi74% u

conventional technique W&z 78% 1 hyperfractionation technique §1%15U 5 year OS 11949381 MHAIN
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uBEi 87% WAz 85% MINAIAL 1anDanadinaALiFas hearing loss filuHAIN
wANsineeenadiid1 Aty AU standard treatment TutTaqiiuasdsaailunisane3sd conventional fraction
uananHadinaAegaIn CSI ud N19a18594 boost NLFIA04 posterior fossa NNLFN1TIAGINT 54-55.8
I:J = v = U v a % 1 . . .

Gy TNR1UNATNLALNLNNormal structures RGIGENEI cochlea, temporal lobe, infratemporal fossa, pituitary,
hypothalamus A% parotid glands #e¥inl#ifin uadinaAeesinepumn Insanig late toxicity 1w hearing loss,
. . .. . =S a =3 lﬂl o a a .

neurocognitive function, hormonal deficit, xerostomia A3NN1TANHUNDAALUTNINUTE 1LF1ItU posterior fossa
Tnel Wolden wazanie®™ ull 2003 Anwnlupanldiz2 s1e(standard risk 27 38 wax High risk 5 $181) TnenNenas
o vy Vo o a ' o . Lo 5% ~
NITHIRA gﬂqmﬂmmmifmmm CSl 23.4-39.6 Gy 794NU concurrent weekly vincristine Tmerlaifas boost 7
posterior fossa Wl boost LAWIZALMLA tumor bed D9 54-59.4 Gy Wi 5 year DFS uay Syear OS 8¢l 84 uaz
85% ANNAALAIU Syear WAz 10year freedom from posterior fossa failure agj#l 100% WAz 86% ANAAL Az
aNN208aLuNUTIAN cochlea, temporal lobe, parotid glands, pituitary waz hypothalamus laasinsfiiedAmny
wananigadnisdnmn Multi institution prospective trial®” 1 2007 lunguawld standard risk Inaanafsd Csl
23.4 Gy afag Posterior fossa boost 74 36 Gy wazfafae Tumor bed boost D4 55.8 Gy $aNfiL adjuvant
chemotherapy cisplatin, vincristine Wag cyclophosphamide WUINH 5yr EFS 83% TG posterior fossa failure
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WEN 5% TINTNANNNTDAALTNNTIALTII L cochlea, temporal lobe WAz hypothalamus tHagnaRiadnAyne L
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AudayanisAnmneuntihil Auiuluaqiuudidsliinanis@nuiphase 11l study luEeesunnia@sinn
posterior fossa wanaeanUALATN19218RAIUULLICSI 23.4 Gy flafatiposterior fossa boost T 36Gy UaY
1 v = U v 1 .

AamLIitumor bed boostid 54-55.8 Gy J\Iﬂﬂuﬂuhﬂqustandard risk medulloblastoma
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andiayadnediu faqiiudnis@nmn Randomized trial phase 11l ACNS0331%” Aiglsag/lugnaifusausas
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faya aAnmNeansunuied sl luaulieny3-7d wesanaulienglisadunguiiia toxicity aannisane
sl linnn uazAnsn19an3nnuiean Posterior fossa Iagl randomization wan utiaiily nguAsLANAa CSI
standard treatment 23.4 Gy concurrent fiagl Vincristine fil NguMA&BdA® CSI 18 Gy UAY randomization 148

AaRUFTNNUIIALEIN posterior fossa A1anTIufiad boost T 54 Gy visaly Tag nquAILANAS NEUAT CSI

23.4Gy 190 18 Gy Fafine posterior fossa boost 1w 54 Gy @aulungunaass 1xisias boost posterior fossa Wi



boost LfieN tumor bed 14 54 Gy (lunsaii randomization LL?ﬂ@Fg:sLuﬂ@iuwmaﬂdVLﬁ CSlI 18 Gy l¥iboost posterior
fossa 04 23.4 Gy) daulufjilaaeny 8-21 T azlsifinng randomization 1Funuied sl Iaeynanaazlfzu 23.4Gy
WlUstandard treatment WAag randomize 3NN0U5A PF boost 5211914 54 Gy 1L boost @1 tumor bed 54 Gy
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High risk 1a1231nn3131
nssnigiae high risk Ngud craniospinal seeding ¥3ad residual tumor NAMAINITEIFANINNGN

1.5 cm’. Annsinuniisiseanlilainngu standard risk Ae1Funniie® CSI el 36Gy $auriu concurrent
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SnifFuniied CSI muanganAafinanslunnsefiiuana

12-18 mo Posterior fossa or tumor bed 54-60 Gy CSl 12 Gy
Posterior fossa or tumor bed 54-60Gy

18-24 mo CSl 12 Gy CSl 18 Gy
Posterior fossa or tumor bed 54-60Gy Posterior fossa or tumor bed 54-60Gy

24-360 CSI 18 Gy CSI 24 Gy
Posterior fossa or tumor bed 54-60Gy Posterior fossa or tumor bed 54-60Gy

>36 mo CSl 24 Gy CSI 36 Gy
Posterior fossa or tumor bed 54-60Gy Posterior fossa or tumor bed 54-60Gy

A191989115u10uFR CSI uaz Boost lunuldangtiaandn 31l anedeann Thai POG



mmmgﬂmeé’nmmu‘lﬁ' Medulloblastoma

Standard risk LAz Maximal Safe resection 1.CSlI 23.4Gy with Cisplatine Based CMT

21> 3 1, MO, residual vincristine = PF boost to
tumor <1.5 o’ 54-55.8Gy or PF boost to
36Gy with tumor bed
boost to 54-55.8 Gy
2. CSI 36 Gy (no
concurrent CMT) with

tumor bed boost to 54-

55.8Gy

High risk (M1, residual Maximal Safe resection ~ CSI 36 Gy concurrent with  Cisplatin Based CMT
tumor >1.5¢m’) vincristine = PF boost to
54-55.8Gy or Tumor bed
and residual tumor boost

to 54-55.8Gy

(=2

<3 Maximal Safe resection Delay radiation (Until
progression of disease
during CMT or 3 yr old or
complete 2 years of CMT)
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® AAULUAR Posterior fossa boost

CTv

Inferior margin : C1

Superior margin : Tentorium cerebella

Lateral margin : Bones of occiput and temporal bone
PTV :

3-5mm margin a1 CTV uagiu aBanazAuDwes IGRT Nlfludasansig Tnupos
ﬂqmﬁq posterior clinoid waz C1/C2
wAlA field 7 a1y wedge pair InalHiaunuldiu temporal bone wazld wedge [iean

hot spot Li3l0 posterior WAZLNN homogeneity
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N195NEINISNAUNIUDILGA Medulloblastoma (Recurrent medulloblastoma)

wiitfaqiiunnsinmi Medulloblastoma aziluiiinala adnslsfinnn auldilszanm 20-30% Sanswunis
naunn1e9lsm Tae1luld azwu local recurrence waz 11143 WU disseminated recurrent wae 8n1M43 WUYId
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cyclophosphamide, melphalan, carboplatin, thiotepa, etoposide wWuku sauiu hematopoietic cell
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