Evropskym socialnim fondem

Zaklady klinické onkologie

Tato prezentace je spolufinancovana
a statnim rozpostem Ceské republiky

07 — Nadory CNS
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Primarni nadory CNS

Figure 1.1: Numbers of new cases and age specific incidence rates,
by sex, brain and other cns tumours, UK 2004
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 primarni maligni mozkové nadory tvori 2 % vSech nadoru dospélych,
asi 20 % vSech nadoru déti

* avSak pomeérné vyssi morbidita a mortalita
* WHO klasifikace: skupiny na zdkladé tkariového plvodu

 vdiagnostice hraje nyni rozhoduijici roli strukturalni vysetreni CNS : CT
mozku a magneticka rezonance mozku

* |éCba se odviji od histologické diagndzy

e zdsadnivliv ma u vétsiny nddorl (vyjimkou germinalni nddory CNS ¢i
lymfomy CNS ) chirurgickaresekce

 adjuvantni (po-operacni) radioterapie a chemoterapie zlepsuje preziti u
pacientu s malignimi (high-grade = gr. 3, 4) nadory

e soucasnyrozvojsystémoveé terapie (chemoterapie a biologicka |écba)
ukazuje nové moznosti pro pacienty s recidivou nadoru



cerebrum

AL

corpus callosum

iK;

e
septum pellucidum

L L

pineal gland

cerebellum

LT/

pituitary gland

pons

medulla oblon

sensory root
posterior horn

spinal ganglion

gray matter

__white matter

anterior horn

motor root

arachnoid

meninges

dura mater

l s_b.dfﬁéilc ganglion

*
.

b
3



Copyright € The McGraw-Hill Companies. Inc. Pearmission raqr.dmd for reproduction or display.
"

(o)
0I|guden- ‘N}'
drncyte QG

AV (c}
| |Astrocyte
L (d) Ependymal
cel =Y

Ng ﬂ\éfb};

{é Fluu:l filled
cavlty of
 the brain or
spinal cord

(a) Mlcrogllal cell



sagittal sinus

4.:'-\-’-\-"——-_’-

it i . s arachnoid villi
Ny

arachnoid mater
subarachnoid space

_ dura mater
3rd ventricle

aqueduct
of sylvius

4th ventricle I\ j: ap

with CP % ‘
|8 spinal
| nerve
roots



Tah. 1 - Klasifikace nadoru CHNS (zpracovano podle WHO)

Neurpepitelialni nadory CHS
I. Astrocytickeé nadory (gradus HV)
1. Pilocyticky astrocytom (WHO gradus 1)
2. Astrocytom (WHO gradus 1)
varianty- protoplarmaticky, gemistocyticky, fibrikarni, smi-
Sany
3. Anaplasticky astrocytom (WHC gradus 11}
4. Multiformni glioblastom {glicblzstoma multiforma) (WHO
gradus IV}
varianty: cbrovskobund&ny glicblastom, gliosarkom
&. Gliomatosis carsbri (WHO grada V)
. Subapendymalni valkobun&tny (giant call) astrocyiom
7. Pleomorfni xantoastrocytom (WHO gradus 1)

II. Cligodandrogliing madory
1. Cligodandrogliom (WHO gradus 1)
2. Anaplasticky oligodendrogliom (WHO gradus 1Il)
Ill. Ependymabni nadory
1. Ependymom (WHO gradus 1)
2. Anaplasticky ependymam (WHO gradus [11)
3. Subapendymom (WHO gradus 1)
IV Smigand glicmy
1. SmiZeny oligoastrocytom (WHO gradus 1)
2. Anaplasticky oligoastrocytom (WHO gradus 1Ty
3. Dzl {napd. apendymo-astrocytom)
V. Madory plaxus choroideus
1. Papilom choroidalniho plesu
2. Karcinom choroidalniho plaxu
V1. Maurondlni a smiZend neuronglni-glialni nddory
1. Gangliocytom
2. Dy=plasticky gangliocytom mozedku (Lhermitta-Duchos)
3. Ganglicgliom
4. Anaplasticky ganglicgliom
&. Desmoplasticky infantiini gangliogliom
6. Centralnl neurocytom
7. Dysemibryoplasticky neurcapitelialni nador
8. Estazioneurcblastom
Wl. Madory corpus pineale
1. Pinaalocytom
2. Pinoaloblastom (histogonaticky fazon k ambryonalnim
nadonim CNS, gradus IV)

Vill. Embryonalni nadory CHS
1. Primitivnl neurcaktodermaini nadory {PNET)
A Meduloblastomn {,infratentorialini PNET™)
varianty: meduloblasiom klasicky, melanocylicky
a desmoplasticky {se subtypem madulo-
blastom = exdrémni nodularni predominan-
i, .mozatkowy neurcblzstom”), medulo-
miyoblastom
B. Supratentoridini primitivinl neuroaktoderméini nador
{sPNET)
2. Meduloapitefiom
3. Ependymoblastom
4. Atypicky teratoid/rabdoidnl nador
Dralsl nadory CHS
I. Madory sally
1. Adanom hypofyzy
2. Karcinom hypobjzy
3. Kraniofaryngeom
II. Wadory hematopooticke, pledeviim primarni maligni ymfio-
my CHS

1. Garminalni nadory CHS

IV, Madory maning
1. Meningaom
2. Alypicky meningeom
3. Anaplasticky meningeom
4. Mezanchymdlni nddory mening (banigrd, maligni)
5. Primarni melanocyticks kze
A Melandza
B. Maligni malanom

. Madory hiavowich a mEnich mend
1. Schwannom {neurinom, neurilemaom)
2. Neurcfibrom {solitarmi, plexiformni |
3. Maligni schwannom {malignant paripheral nerde shaath
tumor)
V1. Nadory lokaing invazivmd sa Eficl do CNS
1. Paragangliom {chamodakiom)
2. Chordom
3. Chandrom
4. Chondrosarkorm
5. Karcinomy
Vil. Metastatické nadary

Pavelka, Stérba, Zitterbart, Kepak 2006




Dospéli :
* gliomy (40-50 % vSech nadord mozku)

* meningiomy-(12-15 %)

Distribuce gliomu dospélého VEKU 4, other Glioma
11.2%

Ependymoma
59%

Oligodendroglioma
6.6%

Glioblastoma

Pilocytic Astrocytoma 53.8%

5.2%

Diffuse Astrocytoma
1.6%

Anaplastic Astrocytoma
6.7 %

All Other Astrocytoma
8.9%

CBTRUS: 2004-2006.



Relativniincidence Vé&k (roky)
Astrocytomy. low—grade, 35% 2-10
ztoho:
—supratentorialnilokalizace 13% >6
—infratentorialnilokalizace 22% 2-10
Astrocytomy, high—grade, (anaplasticky 8% <1,>6
astrocytom a multiformni glioblastom)
Nadory mozkového kmene 8% 3-9
Oligodendrogliom 2% <6
M lobl m a dalSi nadory embryonalni 20% 1-10
histologie (supratentorialni primitivni
neuroektodermalninador, PNET, a atypicky
teratoid/rhabdoidninador, AT/RT);
Ependymom, 8-10% >6
ztoho: 1-5
—supratentorialnilokalizace 5%
—infratentorialnilokalizace 3%
Kraniofaryngeom 7% 8-14
Nadory glandula pinealis a germinalni nadory 4% <2,>6
CNS
Nadory plexus choroideus 2% <1
Dalsi: napf. gangliogliom, DNET, centralni <2%

neurocytom, men ingeom etc.




relativni ¢etnost nadoru CNS u déti

(data KDO FN Brno)

O Embryonalni nadory

Bl Gliomy nizkého stupné
malignity

B Gliomy vysokého stupné
malignity

B Nadory mozkového kmene

B Ependymomy
B Kraniofaryngeom

B Ostatni




Etiologie

e Etiologie vétSiny nadorli CNS neni znama a vyskytuji se jako sporadicka
onemocneéni

e Za jediny prokazany zevni etiologicky faktor je povazovana expozice
ionizujicimu zareni (détilécené ve 40. a 50. letech minulého stoleti
radioterapii pro tinea capitis trpély postradia¢nimi gliomy a meningeomy)

e u déti léCenych radioterapii na neurokranium se setkdvamese
sekundarnimimalignitami CNS (napf. po lécbé pro akutni lymfoblastickou
leukémii ¢i nehodgkinsky lymfom, s latenci 5 — 25 let).

* Méné nez 10 % nadord mozku ¢i michy se vyskytuje u pacientu
s hereditarnim syndromem se znamou spojitosti s vyskytem nadort CNS



Syndrom

Gen

Nador CNS

Neurofibromatoza
typul

NF1
(neurofibro
min)

gliomy optické drahy, low—grade
astrocytomy v diencephalon,
hemisférach Ci infratentorialné

Neurofibromatoza NF2 schwannom, meningeom,

typu 2 (merlin) ependymom

Tuberézni skleréza | TSC1, subependymalni velkobunécny
TSC2 astrocytom

von Hippel-Lindau VHL hemangioblastomy (mozecek,

micha, retina)

Gorlinav syndrom PTCH meduloblastom

(syndrom

bazocelularniho

néevu)

Turcotlv syndrom APC, meduloblastom, glioblastom
MLHL1,
PMS2

Li—-Fraumeni TP53 astrocytomy, karcinom

choroidalniho plexu,
meduloblastom




Neurofibromatézatypu 1 (NF1)
Nejznaméjsiz fakomatdz (neuro-kutdnnich syndromu, . fakos — ¢ocka)

Dominantné dédicné multisystémové onemocnéni, které je ve familiarnii
sporadické formé podminéno mutaci genu pro neurofibromin (lokalizovan na
17q11.2, jde o GTPase activatingprotein, GAP, zahrnuty v signalnidraze
onkoproteinuras) de novo mutace v 50%

Vedle specifickych koznich zmén (,,café au lait” skvrny), pfipadnych zmén na
skeletu a hamartogennich zmén na duhovce (Lischovy noduly), byva NF-1 spojena
se zvySenym vyskytem nadoru

Kromé benigniho periferniho ¢i plexiformniho neurofibromu, feochromocytomu
amaligniho schwannomu se setkavame rovnézs nadory CNS. Nejtypictéjsije
postizeni low—grade astrocytomem v oblasti optické drahy

U détis NF-1 nalézame ve vysoké prevalenci pri MR mozku hyperintenznilézev T2
vazenémobraze, povazovanyza,hamartogenni“a nikolivnadorové postizeni.



Diagnosticka kritéria neurofibromatozy typu 1
DVE A VICE = KLINICKA DG NF-1

6 a vice café aut lait skvrn na kizi (nad 5 mm do
puberty, nad 15mm po puberte)

dritomnost 2 a vice neurofibromd, nebo 1 a vice
plexiformich neurofibromu

axilarni a inguinalni hyperpigmentace (freckling)

pritomnost Lischovych noduld (hamartomy
duhovky)

nador zrakové drahy
specifické kostni zmeény
prvostupnovy pribuzny s NF1

DISPENZARIZACE
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Tuberosni sklerosa
(TSC, turebous sclerosis complex)

Multisystémova, geneticky podminena nemoc
s autosomalne dominantni prenosem

Ve 2/3 vznika na podkladé nove mutace
Vyznamne snizuje kvalitu zivota postizného
Jde o potencialne zivot ohrozujici onemocnéni

Charakteristicka je pritomnost mnohocCetnych
hamartomu a neurologického vyvojové postizeni

Vetsina nemocnych je nositelem mutace v genu
TSC1 nebo TSC2, jejiz dusledkem je trvala
aktivace mTOR signalni drahy (mammalian target
of rapamycin complex 1)



Epidemiologie TSC

 Odhadovaprevalence TSC 1 : 6000 -
10000

* 1,5 milionu postizenych celosvetove
« CR:1000- 1500 nemocnychs TSC



Klinicka manifestace TSC

Epilepticka aktivita (EA), infantilni spasmy (IS)
Subependymalni obrovskobunecny astrocytom
(SEGA)

Angiomyolipomy (AML)

Angiofioromy (AF)

Srdecni rhabdomyomy

Plicni lymfangioleiomyomatosa (LAM)
Postizeni sitnice

Neurovyvojové postizeni - poruchy autistickeho
spektra, dalSi psychologicka a psychiatricka
onemocneni



Klinicka diagnosticka kriteria
TS Consensus Conference 1998

Facial angiofibromas or forehead plagque Definite TSC:
Either two major features

Nontraumatic ungula or periungual fibroma
9 pemings or one major feature plus

Hypomelanotic macules (three or more) two minor features

Shagreen patch migration lines Emhﬂbhﬂ' _
One major plus one minor

Multiple retinal nodular hamartomas feature

Cortical tuber?

Subependymal nodule

Subependymal giant-cell astrocytoma
Cardiac rhabdomyoma, single or multiple

Lymphangiomyomatosis, renal angiomyolipoma, or both?

Multiple, randomly distributed pits in dental enamel Possible TSC:
Either one major feature

or two or more minor
Bone cysts? features

Cerebral white matter radial migration lines'

Hamartomatous rectal polyps®

Gingival fibromas
Nonrenal hamartoma*
Retinal achromic patch
Confetti-like skin lesions

Multiple renal cysts* Expert Rev. Anticancer Ther. 11(8), 1181-1192 (2017)



A 20-year-old woman with tuberous sclerosis. (a) Axial FLAIR MR shows small subependymal
nodules along the lateral walls of the lateral ventricles (white arrows) and heterogeneous masses at
the foramen of Monro that likely represent subependymal giant cell astrocytomas (arrowheads). There
is cortical and sub-cortical bright signal indicating tubers (black arrows). (b) Noncontrast head CT at
the corresponding location shows calcifications at the subependymal giant cell astrocytomas
(arrowheads), subependymal nodules (white arrows) and cortical tuber (black arrows) on the right.

J Clin Imaging Sci. 2011; 1: 39.



Kozni postiiem’ urlS



http://www2.massgeneral.org/livingwithtsc/affects/skin-popup_macule1.htm

Klinické projevy

Celkové p‘r'l'zna ky jsou dany zvysenim intrakranidlniho tlaku, jez je zplUsoben
progresivnim rlistem nadoru v prostoru limitovaném kosténou lebecni schrankou.

Mistni pFizna ky jsou vyvolany lokalizaci nadoru v jednotlivych ¢astech mozku.

e Bolest hlavy Malé dité:

* Syndrom intrakranialni e Qpozdéni vyvoje
hypertenze e Ztrata vyvojovych

e Parézy (obrny) milniks

e KrecCe e Makrocefalie

e Ataxie



Klinické projevy

e Stejné priznaky ma nador zhoubny |
nezhoubny ve stejné lokalizaci

e Nejlepsiscreening = kvalitni neurologické
vysetreni: vétSina pacientu s bolestmi hlavy
a mozkovym nadorem ma klinicky
abnormnineurologicky nalez



e Vétsideti, dospéli
+ bolest hlavy

+ ranni zvraceni

+ mestnava papila

+ diplopie

+/- neurotopicky nalez

Syndrom nitrolebni hypertenze

e Kojenci, batolata

+ kompensatorni
makrocefalie

+ rozsireni zilni kresby
+ nespecificka irritabilita
+ opozdovani vyvoje


http://images.google.com/imgres?imgurl=http://www.pjonline.com/Editorial/20050129/pictures/p121.jpg&imgrefurl=http://www.pjonline.com/Editorial/20050129/articles/p121bloodpressure.html&h=298&w=200&sz=11&tbnid=4C7IuvQBuxJkhM:&tbnh=111&tbnw=74&hl=en&start=9&prev=/images%3Fq%3Dblood%2Bpressure%2Bmeasurement%26svnum%3D10%26hl%3Den%26lr%3D

Lécba nadoru CNS

V Kklinické praxi je vhodné Ié€ebnou strategii novych pfipadt nadord CNS a
jejich recidiv feSit v ramci multidisciplinarnich komisi za ucasti
neurochirurga, radioterapeuta, onkologa, neuroradiologa, neurologa a
neuropatologa

|éCba se odvijiod histologické diagndzy

zasadnivlivma u vétsiny nadorl (vyjimkou germindlni nadory CNS ¢i lymfomy
CNS) chirurgickaresekce

adjuvantni (po-operacni) radioterapie a chemoterapie zlepsSuje prezitiu pacientd
s malignimi (high-grade = gr. 3, 4) naddory

* soucasny rozvojsystémové terapie (chemoterapie a biologicka lécba) ukazuje
nové moznosti pro pacientys recidivou nadoru



Multiformni glioblastom:
- nejCastéjsi maligni nador CNS dospélych

- u mladych muzu je maligni primarni nador CNS jednou z
nejcastéjSich pricin umrti ve vékové skupiné 20 — 39 let

- median véku pridg. je 64 let



adultni glioblastomy (WHO grade V) u starSich pacientl , bez pfedchozi
evidence prekurzorové léze : = primarni , resp. ,,de novo“glioblastomy :

EGFR amplifice /overexprese
PTEN mutace

u mladSich pacientu : ¢asto ,,sekundarni glioblastom* = pomala progrese
z gr. Il glioblastomu (difuzniho) ¢i WHO gr. lll (anaplastického astrocytomu)

p53 mutace
amplifikace a overexprese PDGFR-a vedou typicky k sekundarnim

glioblastomUm



Astrocyte Mutation

* Normal Astrocyte
* Neoplastic
* Anaplastic

WHOQO 6r 2 6r3 6r4GBM

®—0

Delefions:
13g RB

Radioloav - http://rad. medpix.net




Prevzato z Fadrus et al.

www.internimedicina.cz | 2010; 12(7 a 8) | Interni medicina pro praxi



RT + TMZ vs RT
EORTC-NCIC Trial

* N =573 patients
* Primary endpoint: overall
survival
— RT=12.1 months
— RT+ TMZ = 14.6 months
— P<.0001
* Secondary endpoints:
progression-free survival, QOL,
safety
* No negative impact on QOL

StuppR, et al. N Engl J Med. 2005;352:987-996.

[l [ DR T [ [ o e = AT ATy AT

Standard 1é€by high grade gliomu :
1) resekce

2) adjuvanti lécba:

|) radioterapie konkomitantné
(spole€ne) s podanim temozolomidu
Aii) nasledné temozolomid blokové

5-Year Follow-up

Survival RT RT + TMZ
Median 12.1mo 14.6 mo
2-year 10.9% 27.2%
3-year 4.4% 16.0%
4-year 3.0% 12.1%
5-year 1.9% 9.8%



me-MGMT

Temozolomide Resistance
O°%-Methylguanine-DNA Methyltransferase

Guanine
in DNA

0°-meG

lnepticaﬁun

O%meG: T
mismatch

Chloroethylation
(e.qg. BCMHU)

O°-ClethG
lﬂpontanmus

N1-O%-ethanoG

Spontaneous
Replication

Futile MMR and
replication
MGMT-DNA DNMA interstrand dR”
crosslink crosslink
l lﬁeplicaﬁnrl
Mutation and
DMNA ds break transformation 7 DNA ds break

Apoptosis

Recombination

Recombination

Survival
(resistance, carcinogenesis)

Verbeek B, et al. Br Med Bull. 2008;85:17-33.

Cleth-MGMT

*DNA repair
“‘enzyme”
*‘Removes alkyl
groups from the
O6position of
guanine



EORTC-NCIC Trial
Effect of MGMT Promoter Methylation

Methylated MGMT Unmethylated MGMT
Promoter (' MGMT)  Promoter (f MGMT)
Outcome (n=46) (n=60)

Progression-free survival

Median duration 10.3mo 5.3 mo

6-month 68.9% 40.0%
Overall survival

Median duration 21.7mo 12.7mo

2-year 46.0% 13.8%

Hegi ME, et al. N Engl J Med. 2005;352:997-1003.



Rozdeleni radioterapie

« Zevni radioterapie (externi, EBRT, TCT)

zdroj zareni je 80-100 cmm mimo cilovy objem
(radiokobaltove pristroje, linearni urychlovace),
u RTG terapie 3-50 cm

 Brachyradioterapie (BRT, BCT)

ozarovani z ,kratké" vzdalenosti, zdroj je
zaveden do dutiny Ci primo do nadoru nebo do
luZka nadoru (peroperacné)



Cil radioterapie

 aplikace letalni (tumoricidni) davky zareni
do presne stanoveneho cilového objemu
(nador, reg. uzliny + bezpecnostnilem) s
maximalnim Setrenim okolnich zdravych
tkani

* dosazeni optimalniho léCebného vysledku
s minimalnim rizikem pruvodnich
nezadoucich ucinku




Frakcionace radioterapie

» celkovaléCebna davka zareni je rozdelena
do mensich davek — frakci

 frakcionace chrani bunky zdravych
okolnich tkani, tyto bunky se rychleji
reparuji z radiacniho poskozeni nez
nadoroveé (u radiosenzitivnich nadoru),




Frakcionace radioterapie

* U zevni radioterapie — jedna frakce 1,5
(1,8)-2,0 Gy

» celkova doba radioterapie — 4-7 tydnu
Dle celkove davky




Zakladni druhy
frakcionacnich rezimu

« Standardni frakcionace = normofrakcionace s aplikaci frakce zafreni
jedenkratdenné 1,8-2,0 Gy, 5x tydne.

U déti denni frakce nizsi 1,5-1,8 Gy

* Hypofrakcionace - kdy aplikujeme vy$8i davku (3-5 Gy; event. 1x8 Gy)
na jednotlivou frakci a poCet frakci je mensi nez péet za tyden.

* Hyperfrakcionace - pfi niz je zmen8ena davka na jednu frakci (1,2-1,4

Gy) a pocet frakci je vétSi nez pet za tyden, coz znamena ozarovani nékolikrat
(2-3x) denne. K aplikaci biologicky ekvivalentni davky hyperfrakcionaCnim
rezimem je nutna vyssSi celkova davka nez pfi standardni frakcionaci.



Planovani radioterapie

RTG simulator — pfiprava CT planovani,
pfriprava fixaCnich pomucek
CT planovani — CT vys. s kontrastnimi
znaCkami na kuzi
3D planovaci systém (PC)
— |ékar: stanoveni a zakresleni cilového objemu,
urceni kritickych organu a jejich zakresleni,

stanoveni ozarovacich podminek (frakcionacni
rezim, volba ozarovaciho pristroje, energie zareni)

— fyzik: vytvoreni isodézniho planu 1éCby, priprava
indiv. vykryvacich bloku



Planovani radioterapie

 RTG simulator — kontrola isodézniho planu,
MLC a bloku, simulacni snimky

* Ozarovaci pristroj — kontrola nastaveni,
verifikace v prubéhu RT- portalové snimky, dnes
| pomoci CT integrovaného do linearniho
urychlovace



RTG simulator




Fixace pacienta







Zakresleni
cilovych objemu

Planovani
ozarovaci techniky

Kontrola davky ve
zdrave tkani



Cilove objemy

GTV (gross tumor volume ) makroskopicky nador

CTV (clinical target volume ) =
GTV + bezpecnostni (biologicky lem)

PTV ( planning target volume ) =
CTV + polohovy lem ( internal margin +
set-up margin )

TV (treated volume ) 95% izod6za

IV (irradiated volume ) tkanovy objem ozafovany
davkou vyznamnou vzhledem k toleranci zdrave tkané



Z.akladni pojmy pro planovani radioterapie podle ICRU 50

__ Nadorovy objem - GTV

_ Klinicky cilovy objem - CTV

Planovaci cilovy objem - PTV

|~ Lé¢eny objem - TV

— Ozafeny objem - IV

ICRU referenc¢ni bod






Biologicky cilovy objem

vowca

e pomoci urcitych
zobrazovacich
metod (PET,
SPECT...)

zobrazeni
biologicky aktivnich
oblasti v ramci
GTV
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Glioblastoma
Highly Vascular Tumor

* Microvascular proliferation and tumor hypoxia are
pathophysiologic hallmarks of GBM

* Hypoxia - HIF-1a = Increased VEGF and VEGFR gene
expression - EC proliferation, survival, migration,
and permeability

* VEGF-A and VEGFR2 levels correlate with histologic
grade of glioma

* The vascular network formed in GBM is abnormal:
vessels are dilated, tortuous, disorganized, highly
permeable, and characterized by abnormal pericyte
coverage and thickened basement membranes



Normal quiescent endothelium

Tumor endothelium with
lumen less sprouts

Tumor vessel trabeculations

-

Adapted from Hashizume at al, AJP, 200

vy &

0,156(4), 1363



dependent (Folkman 1971)_

Tumors are angiogenic and angiogenesis-

Resin vessel casting/scanning electromicrogram
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Glioblastoma
Multiple Proangiogenic Signaling Pathways

Jain RK, et al. Nat Rev Neurosci. 2007;8:610-622.



Bevacizumab and Cediranib
Mechanism of Action

Ligand Sequestration

VEQF-A Bevacizumab
VEXF-A VEGF-C
VEGF-B VEGF-D VEGF-C
PIGF UEGFD
VEGFR-1 l VEGFR-2 VEGFR-3
(FIt-1) (KDR) ; (FIt-4) I
]|
Cedlramb Cedlramb Cedlranlb VEG_FF_”K
' Inhibitor
[
|
|
v
Angiogenesis Lymphangiogenesis

Brastianos PK, Batchelor TT. Clin Adv Hematol Onceol. 2009:7:753-760,768.



Newly Diagnhosed Glioblastoma
RTOG 0825

Bevacizumab + Temozolomide + Radiation

Temozolomide + Radiation

MN=--S3 O0Q>0L X

Design: Stratified (RTOG RPA class; MGMT status),
randomized, phase 2 study

Study Population: 720 patients with newly diagnosed GBM

Objectives: Progression-free survival; overall survival

ClinicalTrials.gov Identifier: NCTO0884741.



RESULTS

Atotal of 978 patients were registered, and 637
underwent randomization. There was no significant
difference in the duration of overall survival between the
bevacizumab group and the placebo group (median,
15.7 and 16.1 months, respectively; hazard ratio for
death in the bevacizumab group, 1.13). Progression-free
survival was longer in the bevacizumab group (10.7
months vs. 7.3 months; hazard ratio for progression or
death, 0.79). There were modest increases in rates of
hypertension, thromboembolic events, intestinal
perforation, and neutropenia in the bevacizumab group.
Over time, an increased symptom burden, a worse
quality of life, and a decline in neurocognitive function
were more frequent in the bevacizumab group.
CONCLUSIONS

First-line use of bevacizumab did not improve
overall survival in patients with newly diagnosed
glioblastoma. Progression-free survival was prolonged
but did not reach the prespecified improvement target.
(Funded by the National Cancer Institute;
ClinicalTrials.gov number,NCT00884741.)

Gilbert M et al.. NEIM 2014


http://clinicaltrials.gov/show/NCT00884741

Glioblastoma
Other Angiogenesis-Targeting Agents

Target Agent Disease Setting  StudyPhase
Integrins Cilengitide :gBBm PEZ?Z?L?Z
FGF Brivanib rGBM Phase 1/2
Angiopoietin/Tie2  CVX-060, CVX-061 rGBM Phase 1/2
PDGFR MLN518 rGBM Phase1/2
VEGE VE_GF—Trap rGBM Phase 2
(aflibercept) nGBM Phase 2

VEGFR TKIls (XL-184,

cediranib, axitinib) rGEM, nGEM Phasel, 2,3

Bevacizumab + nGBM, rGBM Phasel, 2, 3

strategies
Endf_:::thell_al cell Metronom_lc NGBM, rGBM Phase 2, 3
proliferation temozolomide

Beal K, et al. Radiat Oncol. 2011;6:2.
Brastianos PK, Batchelor TT. Clin Adv Hematol Onceol. 2009:7:753-760,768.
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Phase |l study of cilengitide in the treatment of refractory or relapsed high-grade gliomas in children: a report from

the Children’'s Oncology Group.

MacDonald TJ?, Verina G, Stewart CF, Turner D, Pierson CR, Chen L, Pollack IF, Gajjar A, Kieran M.

# Author information

Abstract

BACKGROUMND: Cilengitide, an av integrin antagonist, has demonstrated activity in recurrent adult glioblastoma (GBM). The Children's Oncology
Group ACNS0621 study thus evaluated whether cilengitide is active as a single agent in the treatment of children with refractory high-grade glioma

(HGG). Secondary objectives were to investigate the pharmacokinetics and pharmacogenomics of cilengitide in this population.

METHODS: Cilengitide (1800 mg/m(2)/dose intravenous) was administered twice weekly until evidence of disease progression or unacceptable

toxicity. Thirty patients (age range, 1.1-20.3 years) were enrolled, of whom 24 were evaluable for the primary response end point.

RESULTS: Toxicity was infreguent and mild. with the exception of one episode of grade 2 pain possibly related to cilengitide. Twa intratumaoral
hemorrhages were reported, but only one (grade 2) was deemed to be possibly related to cilengitide and was in the context of disease progression.
One patient with GBM received cilengitide for 20 maonths and remains alive with continuous stable disease. There were no other responders, with
median time to tumor progression of 28 days (range, 11-114 days). Twenty-one of the 24 evaluable patients died, with a median time from enrallment
to death of 172 days (range. 28-325 days). The 3 patients alive at the time of this report had a follow-up time of 37, 223, and 1068 days, respectively.

CONCLUSIONS: We conclude that cilengitide is not effective as a single agent for refractory pediatric HGG. However, further study evaluating

combination therapy with cilengitide is warranted before a role for cilengitide in the treatment of pediatric HGG can be excluded.

KEYWORDS: childhood, cilengitide, high-grade glioma

PMID: 24014381 [PubMed - in process] PMCID: PMC3779033 [Available on 2014/10/]
Publication Types, Grant Support
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Glioblastoma

Other Targets Cetuximab
EMD 55900
1251.MAb 425
Nimotuzumab
Erlotinib ——j PIP2
Gefitinib/ @ PIP3 @
r—

XL765 Rapamycin

Deforolimus
Everolimus
Temsirolimus

Desjardins A, et al. Biologics. 2009;3:15-25.
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MNeuro Oncol. 2014 Apr;16(4).567-73. doi. 10.1093/neuvonc/not247. Epub 2014 Jan 26.
Phase l/ll study of erlotinib and temsirolimus for patients with recurrent malignant gliomas: North American Brain
Tumor Consortium trial 04-02.

Wen PY' Chang SM, Lamborn KR, Kuhn JG, Norden AD, Cloughesy TF, Robins HI, Lieberman FS, Gilbert MR, Mehta MP, Drappatr J, Groves MD, Santagata S,
Ligon AH, Yung WE, Wright JJ, Dancey J, Aldape KD, Prados MO, Ligon KL.

# Author information

Abstract
BACKGROUMD: Inhibition of epidermal growth factor receptor (EGFR) and the mechanistic target of rapamycin (mTOR) may have synergistic
antitumor effects in high-grade glioma patients.

METHODS: We conducted a phase Ifll study of the EGFR inhibitor erlotinib (150 mg/day) and the mTOR inhibitor temsirolimus. Patients initially
received temsiralimus 50 mg weekly, and the dose adjusted based on toxicities. In the phase || component. the primary endpoint was 6-manth
pragression-free survival (FFS6) among glioblastoma patients.

RESULTS: Twenty-two patients enrolled in phase |, 47 in phase |I. Twelve phase | patients treated at the maximum tolerated dosage were included in
the phase Il cohort for analysis. The maximum tolerated dosage was 15 mg temsiralimus weekly with erlotinib 150 mg daily. Dose-limiting toxicities
were rash and mucositis. Among 42 evaluable glioblastoma patients, 12 (29%) achieved stable disease, but there were no responses, and PFS6 was
13%. Among 16 anaplastic glioma patients, 1 (6%) achieved complete response, 1 (6%) partial response, and 2 {12.5%) stable disease, with PFS6 of
8%. Tumor levels of both drugs were low, and posttreatment tissue in 3 patients showed no reduction in the mTOR target phosphorylated (phospho-
JSB(S235/236) but possible compensatory increase in phospho-Akt(S473). Presence of EGFR variant Ill, phospho-EGFR, and EGFR amplification did
not correlate with survival, but patients with elevated phospho-extracellular signal-requlated kinase or reduced phosphatase and tensin homalog

protein expression had decreased progression-free survival at 4 months.

COMNCLUSION: Because of increased toxicity, the maximum tolerated dosage of temsiralimus in combination with erlotinib proved lower than
expected. Insufficient tumar drug levels and redundant signaling pathways may partly explain the minimal antitumor activity noted.

KEYWORDS: anaplastic glioma, clinical trial, epidermal growth factar, erlotinil, glioblastoma, temsirolimus

PMID: 24470557 [PubMed - in process] PMCID: PMC3936354 [Available on 2015/4/11]
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J Meurooncol. 2014 Apr 3. [Epub ahead of print]
Results of nimotuzumab and vinorelbine, radiation and re-irradiation for diffuse pontine glioma in childhood.

Massimino M, Biassoni V, Miceli R, Schiavello E, Warmuth-Metz M, Modena P, Casanova M, Pecori E, Giangaspero F, Antonelli M, Buttarelli FR, Potepan P,
Pollo B, Munziata B, Spreafico F, Podda M, Anichini &, Clerici CA, Sardil, De Cecco L, Bode L), Bach F, Gandola L.

# Author information

Abstract

Radiotherapy is the only treatment definitely indicated for diffuse pontine gliomas (DIPG). Findings on the role of EGFR signaling in the onset of
childhood DIPG prompted the use of nimotuzumab, an anti-EGFR monoclonal antibody. Assuming a potential synergy with both radiotherapy and
vinorelbine, a pilot phase 2 protocol was launched that combined nimotuzumab with concomitant radiation and vinorelbine. An amendment in July
2011 introduced re-irradiation at relapse. The primary endpoint for first-line treatment was objective response rate (CR + PR + S0 according to the
RECIST. This report concems the outcome of this strategy as a whole. Vinorelbine 20 mg/m? was administered weekly, with nimotuzumab

150 mg/m? in the first 12 weeks of treatment; radiotherapy was delivered from weeks 3 to 9, for a total dose of 54 Gy. Vinorelbine 25 mg/m? and
nimotuzumak were given every other week thereafter until the tumor progressed or for up to 2 years. Re-irradiation consisted of 19.8 Gy, fractionated
over 11 days. Baseline and latest MEls were assessed blindly by an outside neuroradiclogist. Twenty five children (mean age 7.4 years) were enrolled
as of August 2009 {median follow-up 29 months). A response was observed in 24/25 patients (96 %). The nimotuzumabivinarelbine combination was
very well tolerated, with no acute side-effects. Eleven of 16 locally-relapsing patients were re-iradiated. One-year PFS and O35 rates were 30 £ 10 %
and 76 £ 9 %. respectively; 2-year OS5 was 27 £ 9 %; the median PF5S and OS were 8.5 and 15 manths, respectively. This strategy generated
interesting results and warrants further investigation.

PMID: 24596052 [PubMed - as supplied by publizher]
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Cancer Immunol Immunother. 2013 Sep;52(9):145%5-505. doi: 10.1007/=00262-013-1453-3. Epub 2013 Jul 2.

Therapeutic vaccination against autologous cancer stem cells with mRNA-transfected dendritic cells in patients
with glioblastoma.

Vik-Mo ED'. Myakas M, Mikkelsen BV, Moe MC, Due-Tannesen P, Suso EM, Sabse-Larssen 8, Sandberg C, Brinchmann JE, Helzeth E, Rasmussen &M, Lote
K, Aamdal 3, Gaudernack G, Kvalheim G, Langmoen |4

+ Author information

Abstract

BACKGROUND: The growth and recurrence of several cancers appear to be driven by a population of cancer stem cells (C5Cs). Glioblastoma, the
most common primary brain tumor, is invariably fatal, with a median survival of approximately 1 year. Although experimental data have suggested the
importance of CSCs, few data exist regarding the potential relevance and importance of these cells in a clinical setting.

METHODS: We here present the first seven patients treated with a dendritic cell (DC)-based vaccine targeting CSCs in a solid tumor. Brain tumor
biopsies were dissociated into single-cell suspensions, and autologous CSCs were expanded in vitro as tumorspheres. From these, CSC-mRNA was
amplified and transfected into monocyte-derived autologous DCs. The DCs were aliguoted to 9-18 vaccines containing 10{7) cells each. These
vaccines were injected intradermally at specified intervals after the patients had received a standard B-week course of post-operative radio-
chemoatherapy. The study was registered with the ClinicalTrials gov identifier MCT00846456.

RESULTS: Autologous CSC cultures were established from ten out of eleven tumors. High-guality RMNA was isolated, and mRMNA was amplified in all
cases. Seven patients were able to be weaned from corticosteroids to receive DC immunotherapy. An immune response induced by vaccination was
identified in all seven patients. Mo patients developed adverse autoimmune events or other side effects. Compared to matched controls, progression-
free survival was 2.9 times longer in vaccinated patients {median 694 vs. 236 days, p = 0.0018, log-rank test).

CONCLUSION: These findings suggest that vaccination against glioblastoma stem cells is safe, well4olerated, and may prolong progression-free
survival.

PMID: 23817721 [PubMed - indexed for MEDLINE] PMCID: PMC3755221  Free PMC Article

Images from this publication. See all images (3) Free text =




6 weeks 4 weeks

I T EEEEEEEE LR’
- ——— >

| Surgery Q DCvaccination

| Leukapheresis il Temozolomide treatment

- Temozolomide and Radiotherapy



A B

g 100 - —— Treated

2 o -+- Control

@ 3

@ >

8 E

e 50 =

2 ©

{=2]

2 0 T L L] L) L) 1

a9 200 400 600 800 1000 1500

Days
C
Control Treated p-value

Age, mean 559 56.2 07
ECOG, mean 1 1 04
EORTC treatment All All 1
Preopr. tumorvolume, cm? mean 166 158 09
Postopr. tumorvolume, cm?, mean 13 04 0.1
Localization (L=left, R=right) 6L, 4R 4L, 3R 09
Progressionfree survival,days, median 236 694 0.0018
Overall survival 585 759 0.1




= The natural killer cell respr % | = Therapeutic vaccination = ¥ | = Therapeutic vaccination = X

L

C 0O www.ncbi.nlm.nih.gov/pubmed/23802079

it Aplikace g Pokyny EF Rounds2012-13 [9 LegIn [5 CL [9JCAI [9JCO @D ICE [Mg English [5 PCCI i) OPTIMED & Park = PM = [bnc] [BJ ¢

Display Settings: [v) Abstract Send to:

Oncoimmunology. 2013 Bar 1;2(3).e23401.
The natural killer cell response and tumor debulking are associated with prolonged survival in recurrent
glioblastoma patients receiving dendritic cells loaded with autologous tumor lysates.

Pellegatta S, Eoli M, Frigerio S, Antozzi C, Bruzzone MG, Cantini G, Mava S, Anghileri E, Cuppini L, Cuccarini V, Ciusani E, Dossena M, Pollo B, Mantegazza R,
Parati EA, Finocchiaro .

# Author information

Abstract

Recurrent glioblastomas (GBs) are highly aggressive tumors associated with a 6-8 mo survival rate. In this study, we evaluated the possible benefits
of an immunotherapeutic strateqy based on mature dendritic cells (DCs) loaded with autologous tumar-cell ysates in 15 patients affected by recurrent
GB. The median progression-free survival (FFS) of this patient cohort was 4.4 mo, and the median overall survival (03) was 8.0 mo. Patients with
small tumors at the time of the first vaccination (< 20 cm?: n = 8) had significantly longer PFS and OS than the other patients (6.0 vs. 3.0 mo, p =
0.01; and 16.5vs. 7.0 mo, p = 0.003, respectively). CO8™ T cells, CDSE6™ natural killer (MK} cells and other immune parameters, such as the levels of
transforming growth factor B, vascular endothelial growth factor, interleukin-12 and interferon v (IFMy). were measured in the peripheral blood and
serum of patients before and after immunization, which enabled us to obtain a vaccination/baseline ratio (V/B ratio). An increased V/B ratio for MK
cells, but not COB™ T cells, was significantly associated with prolonged PFS and OS. Patients exhibiting MK-cell responses were characterized by
high levels of circulating IFMy and E4BP4, an NK-cell transcription factor. Furthermore, the MK cell W/B ratio was inversely correlated with the TGFR2
and VEGF V/B ratios. These results suggest that tumor-loaded DCs may increase the survival rate of patients with recurrent GB after effective tumaor
debulking, and emphasize the role of the NK-cell response in this therapeutic setting.

KEYWORDS: IFMy, MK cells, dendritic cells, glioblastoma, immunaotherapy
PMID: 23802079 [PubMed] PMCID: PMC35861154  Free PMC Article
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Relativniincidence Vé&k (roky)
Astrocytomy. low—grade, 35% 2-10
ztoho:
—supratentorialnilokalizace 13% >6
—infratentorialnilokalizace 22% 2-10
Astrocytomy, high—grade, (anaplasticky 8% <1,>6
astrocytom a multiformni glioblastom)
Nadory mozkového kmene 8% 3-9
Oligodendrogliom 2% <6
M lobl m a dalSi nadory embryonalni 20% 1-10
histologie (supratentorialni primitivni
neuroektodermalninador, PNET, a atypicky
teratoid/rhabdoidninador, AT/RT);
Ependymom, 8-10% >6
ztoho: 1-5
—supratentorialnilokalizace 5%
—infratentorialnilokalizace 3%
Kraniofaryngeom 7% 8-14
Nadory glandula pinealis a germinalni nadory 4% <2,>6
CNS
Nadory plexus choroideus 2% <1
Dalsi: napf. gangliogliom, DNET, centralni <2%

neurocytom, men ingeom etc.




Relativniincidence Vék (roky)
Astrocvtomy. low=arade, 2-10
ztoho:
—supratentorialnilokalizace 13% >6
—infratentorialnilokalizace 22 % 2-10
Astrocytomy, high—grade, (anaplasticky 8% <1,>6
astrocytom a multiformni glioblastom)
Nadory mozkového kmene 8% 3-9
Oligodendrogliom 2% <6
Meduloblastom a dalSi nadory embryonalni 20% 1-10
histologie (supratentorialni primitivni
neuroektodermalninador, PNET, a atypicky
teratoid/rhabdoidninador, AT/RT);
Ependymom, 8-10% >6
ztoho: 1-5
—supratentorialnilokalizace 5%
—infratentorialnilokalizace 3%
Kraniofaryngeom 7% 8-14
Nadory glandula pinealis a germinalni nadory 4% <2,>6
CNS
Nadory plexus choroideus 2% <1
DalSi: napf. gangliogliom, DNET, centralni <2%
neurocytom, meningeom etc.




low-grade astrocytomy (WHO gr. 1 a WHO gr. 2):

—30-40 % primarnich nadorld CNS u déti; nejcastéjsi jsou low—grade
astrocytomy mozecku, tvofi 20-35 % vSech nadori zadni jamy déti;
supratentorialni nadory postihuji predevsim optické drahy,
hypothalamus, hemisféry; astrocytomy michy tvori méné nez v5 %
pripadl primarnich nddor( CNS déti

—chirurgicka resekce je prvni metodou volby a 5-leté celkové preziti je
95-100 % u kompletné resekovanych nadoru

—u inkompletné resekovanych asymptomatickych nadort je dité obvykle
pouze peclivé sledovano a dalSi [éCebna intervence je indikovdna v ase
klinické nebo rentgenologické progrese

—supratentorialni stredocarové, thalamické ¢i diencefalické nadory
prevazuji u déti pod 5 let véku, jsou povétsinou radikalné
neresekovatelné a symptomatické, tyto déti mohou profitovat

z chemoterapeutickych rezim (vinkristin/karboplatina/temozolomid;
vinblastin), 5—lety EFS je cca 30—-40%

— postizeni optické drahy nalézame u déti s NF-1

—radioterapie musi byt velmi uvazlivé zvazovana (rizika jeji pozdi toxicity,
ev. i jeji prispéni ke konverzi v high—grade nador), mohou z ni profitovat
starsi, symptomatické déti s inoperabilnimi nadory v hlubokych
strukturach CNS




6,5 leta divka, prichazi na ambulanci LPPP,
anamnéza bolesti hlavy asi 4 mesicni, vidéna
pred mesicem spadovym detskym neurologem,
bez loziskoveho nalezu, vydavkovan Peritol

nyni hlava boli denne, spavejSi, po ranu zvraci,
toCeni hlavy

oCni negativni

neurologie: bez pyramidovych a patol.

cerebelarnich jevu, na koncCetinach normotonus,
normalni neurol. nalez

pro celkovou deterioraci v case domluveno CT
mozku nativne




6,5 x 5 cm, komorov
systém bez dilatace
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radikalni chirurgicka resekce
pilocytarni astrocytom gr 1

adjuvantni IéCba neni indikovana

sledovani ambulantné



4-leta divka, pul roku pozoruji rodiCe nataceni
hlavy, zhorseny visus, zvracela snad prechodne
pri viroinfektu

oChi- myopie, ocni pozadi negativni, dopor.
kontroly

pri kontrole jiz nystagmus, neurologické
vysetreni popisuje svalovou hypotonii,
indikovano CT mozku




nador dolniho kmene se solidni a
cysticou porci, ktera prominuje do
mostomozeckoveho koutu vievo

V-P shunt

parcialni resekCni vykon v druhé dobé

fibrilarni astrocytom gr 2

adjuvantni |léCba chemoterapii
VCR/karboplatina/temozolomid

(pro symptomatické/progredujici LGG)




v

INDUCTION (10 WEEKS)
CARBOPLATIN/VINCRISTINE/ TEMOZOLONMIDE

|

RESPONSE

EVALUATION
—

.

CR, SD.PR / - PD
.
S
~
S
S
MAINTENANCE (6 CYCLES) OFF STUDY

CARBOPLATIN/VINCRISTINE/ TEMOZOLOMIDE

opakovana alergicka reakce na karboplatinu

proto prechod na podavani vinblastinu 1x tydnu (az 52
tydnu [éCby)

iIndukCni chemoterapii CasteCni zmenseni nadoru (PR),
na udrzovaci lecbe jiz bez dalsi velikostni zmeny, cilem
je stabilizace nemoci low dose chemoterapii




2,5 leta divka, pozoruje predmety zblizka,
mamince se zda, ze ,kmita oCima”

vyloucCena kratkozrakost, dg rotatoricky
nystagmus, patologicky VEP svedci pro
lézi zrakové drahy Ci nemoznost fixace,
EEG norma

oCnhi pozadi v norme
hranicni makrocefalie
doporuceno MR




Al

objemny nador predni
a stredni jamy lebni
postuhujici chiasma -
opticum, vs
optochiasmaticky
gliom, nebioptovan

V-P shunt pri ICH

|écba low dose
chemoterapii ;

indukci dosazeno PR '

stabilni nemoc na
udrzovaci lécbé

biopsie (malfunkce VP
shuntu): pilocyticky
astocytom, gr 1

PHR



LGG, KDO, 108 pacientu

Kombinace léCebnych modalit

10. 11.
1.0%

44,4%

Pouze resekce

Resekce + chemoterapie

Resekce + Chemo + XRT

Follow-up pouze

Resekce + XRT

ONa AW IN

Chemoterapie

Resekce + XRT +
gamanuz

Resekce + Chemo + gama

Resekce + gamaniz

10.

XRT

11.

Nepresna data




LGG, KDO, 108 pacientu
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3-year OS =97.8%, 5-year OS = 96.2%
3-year EFS = 87.6%, 5-year EFS = 83.8%



Populace pacientu Il (N=108)

Histologicke subtypy

11. 12. 13. 14. 1. [Pilocyticky astrocytom
10. 0.9% YR A2 0 1. 2. |Fibrillarni astrocytom
99’9% 46,3% 3. |Oligodendrogliom
0,9% 4. Pilocyticky / Fibrilarni astrocytom
g . Subependymaini obrovskobunécny a.
1,9% . Oligoastrocytom
7. . Gliomy optiku
1,9% . Gemistocyticky astrocytom
1693'0/ . Protoplasmicky astrocytom
970

. Desmoplasticky astrocytom

11. Astrocytoma (bez blizSi specifikace)

2

: : 12. Gangliogli
5,6% 20.4% angliogliom

13 Fibrillarni / Pilocyticky / Protoplasmicky a.
" (smiSeny typ)

14. neznamo (nebioptovano)




Populace pacientu IV (N=108)

50% -

40% -

30% -

20% -

10% -

0%

Rozsah resekce

50% ~

40% -

30% -

20% -

10% -

0%

38,9%
22,2%
15,7%
12,0%
9.3% °
1,9%
T
1 2 3 4 5 6
lokalizace
28,7%
25,0%
18,5%
10,2% 10,2%
7,4%
T
1 2 3 4 5 6

2. | Témérkompletniresekce

3. | Subtotalniresekce

4. | Casteénaresekce

5. | Biopsie

6. Nejeqlr_\ozn’aéné
specifikovano

1. | Hemisféry

3. | Thalamus, stiedni mozek
Micha

5. | Hypothalamus, opticky trakt

6. Lokalné pokrogily,

metastaticky




Populace pacientu V (N=108)

Kombinace lecebnych modalit

9. 10. 11.
1,9% 1.0%

Pouze resekce

Resekce + chemoterapie
Resekce + Chemo + XRT
Follow-up pouze
Resekce + XRT
Chemoterapie

Resekce + XRT +

44,4%

o OB W BN

gamanuz

Resekce + Chemo + gama
Resekce + gamaniz
XRT

Nepresna data




Preziti bez udalosti (EFS) dle rozsahu resekce
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Survival time [months]

Median EFS for total and near-total category : cannot be estimated

Median EFS for subtotal, partial and biopsy category : 77.4 months




Relativniincidence Vék (roky)
Astrocytomy, low—grade, 35% 2-10
ztoho:
—supratentorialnilokalizace 13% >6
—infratentoridlnilokalizace 22% 2-10
Astrocytomy, high—grade, (anaplasticky 8% <1,>6
astrocytom a multiformni glioblastom)
Nadory mozkového kmene 8% 3-9
Oligodendrogliom 2% <6
Meduloblastom a dalSi nadory embryonalni ( 20% ) 1-10
histologie (supratentorialni primitivni
neuroektodermalninador, PNET, a atypicky
teratoid/rhabdoidninador, AT/RT);
Ependymom, 8-10% >6
ztoho: 1-5
—supratentorialnilokalizace 5%
—infratentoridlnilokalizace 3%
Kraniofaryngeom 7% 8-14
Nadory glandula pinealis a germinalni nadory 4% <2,>6
CNS
Nadory plexus choroideus 2% <1
DalSi: napf. gangliogliom, DNET, centralni <2%
neurocytom, meningeom etc.




Meduloblastom (WHO gr. 4):

—15-20 % vSech nadort CNS déti, vyrista z mozecku, tvori az 40
% vsech infratentoridlnich nddord CNS déti

— maligni nador embryonalni histologie

—vrchol vyskytu kolem 4. — 6. roku zivota

—moznost leptomeningealniho Sifeni (M+ onemocnéni) u
priblizné tretiny pripadl

—vzacné i extraneuralni metastazy (<2 % pripadu, postizeni
skeletu, kostni drené, jater, plic)

—standardni riziko(SR): dité strasi tri let po totalni Ci ,témeér”
totalni resekci a bez metastatického postizeni

—vysoke riziko: pacient nesplnujici vsechna kritéria pro
onemocnénistandardnihorizika

— 5—leté bezpriznakové preziti (EFS): SR—-meduloblastom 70—-82
%, HR—meduloblastom: 30—63 %



MEDULOBLASTOM

Vek

... MO/M+
Residualni
nador
: : Biologické
biisiclogie vlastnosti

standardni riziko (SR)

pacient starsi 3 let,
bez pritomnosti mts
radikalni resekce

resp. reziduum<1,5 cm?2

vysoke riziko (HR)

pacient nesplnujici vyse uvedena
kriteria

(Changet al., 1969)

MO: bez metastaz

M1: mikroskopicka
diseminace

M2: makroskopické
intrakranialni mts

M3: makroskopické

spinalni mts
M4: extraneuralni mts



SR — meduloblastom: COG A9961, Regimen A

Regimen A 8X

5 R Crantospinal and CCNU, F
U A local boost RT CDDP, 0
R N With VCR VCR L
G D CSI 23.4 Gy L
E 0 0
R M Craniospinal and CEM, W
Y I local boost RT CDDP,

Z With VCR VCR U

E Regimen B P

Packer RJ et al., J Clin Oncol. 2006; 24:4202-8



HR — medulloblastoma:
St Jude Medulloblastoma-96, modified

*

C
& W
¥ o
& &
S O
N 2.
é ’\°§ O QOQ&(\Q
& &P & VW
SR ®
S N W RT post. fossa *
&® 54Gy, CSI 36 Gy +
TMZ 90mg/m?2 D1-
D42
\ 4 \ 4 Y
0 2-3 4 10 14 16 20 24 28 32
weeks

4 cycles HD- CHT + ASCT

** 13-cis RA (Roaccutane), neuroblastoma-like

Gajjar A et al. Lancet Oncol 2006; 7: 813-20



Probability

SR — meduloblastom: CCG A9961

Packer RJ et al., J Clin Oncol. 2006; 24:4202-8

Regimen A
5 R Craniospinal and CCNT, F
U A local boost RT CDDP, 0
R N With VCR VCR L
G D L
CSI 23.4 Gy
. 0 I23.4 0
R M Craniospinal and CPM, W
Y I local boost RT CDDP.
i With VCR VCR U
E Regimen B P
1.0 g _
08 NI
0.8 __—_‘_‘—t.— -
o) Ototoxicita
nefrotoxicita
periferni polyneuropatie...
Redukce vs. intensifikace ??7?
o = al 4 [ 5 Fi g

Time in Years From Shudy Entry



Snaha identifikovat

Vék MO /
( - ( biologické znaky s

L] r r \
Residualni M+

o prognostickym ci
/ prediktivhim vyznamem
Histologi |Biologick (biomarkery)

EFS
====e=== Sunivel

0 1 2 3 4 5 § 7 g
Time in Years From Study Entry

WHO 2007
Klasicka varianta

Desmoplasticky MB
(Extenzivni nodularita)
Velkobunécny MB/tézka difuzni
anaplasie




Anaplasie

External Granule Layer Cells
Other Cerebellar Precursor Cell(s)

Hedgehog Activation

Wit Activation

COrher Genetic Initiators

Classic MB
Nodular/Desmoplastic MB
Medullomyoblastoma

c-myc amplification/overexpression
N-mye amplification/overexpression

{7p loss (?)

hTERT amplification/overexpression (7)

PDGFR activation (?)
Additional Progression Events

Large Cell/Anaplastic MB

Slght =34

Moderste n=56

< Severe ned ’

None =217

Years Folowed

LN s Rt et B N B

T T

UL R e B B
U I T I 2 R R

Eberhart CG, Kepner JL, Goldthwaite PT, Kun LE, Duffn-
er PK, Friedman HS, Strother DR, Burger PC (2002)
Histopathologic grading of medulloblastomas: a Pediatric
Oncology Group study. Cancer 94:552-560.

S R G
W 9{‘ \.t‘ ’ e el
O ‘*}ﬁ TR

Ej —LI
i | SRMBL: 5y S 89% versus 75% (P.005)

Tima in Years From Study Enbry

Packer RJ et al., J Clin Oncol. 2006; 24:4202-8



Amplifikace MYCC (c-myc), MYCN (N-myc)

rodinaprotoonkogend MYC prispiva k tumorigenezi svym zapojenim v
signalnich drahach regulujicich proliferaci, diferenciaci a apoptozu

Friedman HS et al. poprvé identifikoval c-myc amplifikaci u bunécné linie
MB D341 v roce 1988

nasledovala dalSi pozorovani c-myc and N-myc amplifikovanych MB
(Rasheed BK et al. 1991, Badiali M et al 1991, Tomlinson FH et al 1994,
Bruggers CS et al. 1998, Jay V et al 1999, Kuc€erova H et al 2000, Gilhuis
HJ et al 2000).

pravdepodobné existuje associace mezi LC/A fenotypem MB a
MYCC/MYCN amplifikaci (Eberhart CG et al 2002, Lamont JM et al 2004).

jednotliva pozorovani (Badiali, Tomlinson, Jay) a analyzy souboru pacientu
(Scheurlen WG et al 1998, Aldosari N et al 2002, Lamont JM et al. 2004

Neben K 2004 ) popisuji klinickou agresivitu MYC amplifikovanych
nadoru



MYCC and MYCN Oncogene Amplification in
Medulloblastoma

A Fluorescence In Situ Hybridization Study on Paraffin Sections From the
Children’s Oncology Group

Naji Aldosari, PhD; Sandra H. Bigner, MD; Peter C. Burger, MD; Laurence Becker, MD; James L. Kepner, PhD;
Henry S. Friedman, MD; Roger E. McLendon, MD
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E -------- Positive
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. - T " Years Followed
Figure 1. A, MYCC amplification (red) and centromere of chromo-

some 9 (green) on paraffin section. B, MYCN amplification on paraffin - . . — —
section (red) and the centromere of chromosome 9 (green). Figure 3. Survival curve comparing survival times of patients whose

tumors exhibited MYCC amplification (dotted line) with those from pa-
H A\ homo eneousl tients with normal MYCC status (straight line).
~double-minutes® ~NOMOgeNeously
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Outcome Prediction in Pediatric Medulloblastoma Based on
DNA Copy-Number Aberrations of Chromosomes 6q and
17q and the MYC and MYCN Loci

Stefan Pfister, Marc Rembe, Axel Benner, Frank Mendrzyk, Grischa Toedrt, Jorg Felsberg, Andrea Wittmann,
Frauke Devens, Nicolas UL Gerber, Stefan Joos, Andreas Kulozik, Guido Reifenberger, Stefan Rutkowsks,
Ctmar D, Wiestler, Bernhard Radlwimmer, Wolfram Scheurlen, Peter Lichter, and Andrey Korshunov

VOLUME 27 MUMMBER 10 AFPRIL 2009

6q23 loss 6q23/17q21 bal. . 17921 gain

6g23 galn

Fatients (n = 260)

- Wariable Mo, £ Esfimatad B-rear 0= (7]
n=260

MYGMYCN
Arnplified 28 11
Mot amplified 232 29
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Fto 33
70 to 23
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Time {months)

MYCC/MYCN
considered
amplified,
when more
than 10% of
tumor cells
exhibited:

(i) more than
8 signals of
the probe
(ii)
innumerable
clusters

Log-Rank Test, Adjustad P
=< 001



WNT signalni draha

jaderna akumulace beta-cateninu

A
100 = - -
\._‘_L Las —_— - - - —_—
l_L
75
3 L‘_\_\-"_"H\-
:EW
x.% VOLUME 23 - WUMBER 31 - NOVEMBER 1 2008
25
— Negative (n = 82) JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT
- Positive (n= 27)
[+] 2 a4 [i] 8 0 12

Overall Surdival (years)

3-Catenin Status Predicts a Favorable Outcome in
T s Childhood Medulloblastoma: The United Kingdom
- Children’s Cancer Study Group Brain

8
y

7 NS )
Es0 =% Tumour Committee
g David W. Ellison, Olabisi E. Onilude, Janet C. Lindsey, Meryl E. Lusher, Claire L. Weston,
25 Roger E. Taylor, Andrew D). Pearson, and Steven C. Clifford
— hegative (n = B2)
— Positive (n = 27)
¢ : Evars-Foss Survival [y‘eafs} " " 1 1 ° 1 1
cca Y4 pfipadu vykazuje jadernou
Fig 2 Eaplan-Mai I (&) o t-free (B) ival fi H
chil::llren wi; ;c:;;;r:iﬁfﬁlmm;:;vaf?u?eonegamasmzmllocbu;s;?m:sr aku I U m aCI

(P = 0015 for 05, B = 0026 for EFS; logrank tests).



dve a vice nezavislych studii:

* velkobunecny MB / tezka anaplasie (LC/A)
« MYC (c-myc, N-myc) amplifikace

« Jaderna akumulace beta-cateninu



Kum. Uberleben

PNET4 Biological Markers
HIT-Series (n=173 in total analysis)

Uberlebensfunktionen

Lo+ | b Favorable (0/12): 5 yr EFS 100%:
~—no LCA

o = - B-catenin +

0.6 — no myc amplif (PCR)

N - no residual TU > 1.5

0.2 p=0.055 Non favorable (22/85): 5 yr EFS
70%

Follow-up (years) for EFS calc Rutkowski et al.



> 3 ROKY
Bez MO Koncept vznikajici Phase 11 studie, SIOP-E (Rutkowski et al.)

rezidua,

—<1.5cm2 PACIENTI KLINICKY STANDARDNIHO RIZIKA

Nizké riziko (PNET-5 draft)
Redukce

Chemoterapie
(redukce)

Vysoké riziko (PNET-6 draft) Chemoterapie

Intensifikace

+Chemoterapie




PNET 5:

OP

RT 54 Gy (inv. field)
23,4 Gy CSA (no VCR)

ABABAB

A: Cisplatin 70 mg/m2 day 1, CCNU 75 mg/m2 day 1, VCR 1.5 mg/m2
days 1, 8 and 15
B: Cyclophosphamide (2 x 1000 mg/m2 days1-2), VCR 1.5 mg/m2 (day 1)

Interval after cycle A: 6 weeks, after cycle B: 3 weeks
=> total duration of chemo: 27 weeks (PNET5)

PNET4 PNETS
cDDP 560 mg/m? 210 mg/m?
CCNU 600 mg/m? 225 mg/m?
VCR 45 mg/m? 13.5 mg/m? .
(incl 6x with RT) rizika
CPM 6 g/m?2

Kritéria priznivého
biologického profilu splni
cca 10 % vSech
meduloblastomu standardniho




Logistika: CENTRALNI REVIEW , SPOLECNE LABORATORNi POSTUPY-SOP

Operace

Nativni tkan nadoru

Zhodnoceni patologem I _
ODDELENI TKANE Definitivni histologie
PRO BIOLOGICKE :

STUDIE E:i;all\-catenm IHC

Sterilni odb&r Zamrazeni tkane v tekutém

reprezentativniho vzorku tkané dusiku a nasledné uchovani
do kultivacniho média pi‘i -86°C

Kultivace tkané pro metafazni
analyzy FISH

G-banding, SKY
Zahajeni lécby do 3(4) tydnii od dg !



Podtii Kool A B E CcD
YP Northeott WNT SHH SkupinaC SkupinaD
Exaresil ol WNT/TGF SHH signaling Fotoreceptorove Neuronalni a
presni profil 3 : )
signaling markery fotoreceptorove
NOTCH/PDGF | NOTCH/PDGF maicery
signaling signaling

Cell cycle proteinsT

Geneticka
charakteristika

CTNNB1
mutations

MYCN ampl.

PTCH/ SMO/
SUFU mutations

Cell cycle proteinsT

MYC ampl.

MYCN ampl.

6q deletion

9q deletion

MYC ampidication

Podtyp
Vietastazovani
Vek

Prognoza

Klasicky

Ziidka
metastaticky

Starsidéti

Velmidobra

Desmoplasticky
Klasicky

Zfidka
metastaticky

Pod3r.. dospély

Pod3r. -
uspokojiva
Starsi- stiedné
dobra

Klasicky/
anaplasticky

Casto
metastaticky

Miadsi déti
Spatna

Klasicky/
anaplasticky

Casto
metastaticky

Déti
Stiedni



Relativniincidence Vék (roky)
Astrocytomy, low—grade, 35% 2-10
ztoho:
—supratentorialnilokalizace 13% >6
—infratentoridlnilokalizace 22% 2-10
Astrocytomy, high—grade, (anaplasticky 8% <1,>6
astrocytom a multiformni glioblastom)
Nadory mozkového kmene 8% 3-9
Oligodendrogliom 2% <6
Meduloblastom a dal8i nadory embryonalni 20 % 1-10
histologie (supratentorialni primitivni
neuroektodermalninador, PNET, a atypicky
teratoid/rhabdoidninador, AT/RT);
Ependymom, 8-10% >6
ztoho: 1-5
—supratentorialnilokalizace 5%
—infratentoridlnilokalizace 3%
Kraniofaryngeom 7% 8-14
Nadory glandula pinealis a germinalni nadory 4% <2,>6
CNS
Nadory plexus choroideus 2% <1
DalSi: napf. gangliogliom, DNET, centralni <2%

neurocytom, men ingeom etc.




Difuzni gliomy mozkového kmene

5 Iety chlapec s 10 denni h|stor|| ataxie, strabismu l.
dx., poruchy reci a polykani



« — difuzni pontinni gliomy, 8 % nadoru
CNS deti, representuji 80 % vsech
pediatrickych tumoru mozkového kmene,
inoperabilni, lécba se zahajuje na
zaklade typického nalezu na MRI

* median preziti do progrese Cini cca 6
meésicu, méné nez 10 % déti preziva dva
roky od diagnozy




Celkové preziti (OS) a preziti bez znamek progrese (PFS)

1.0 ;
Celkové preziti (OS)
08 | Preziti bez znamek
' progrese (PFS)
0.6 1
0.4 1
0.2 1
0.0 :
0 12 24 36 48

1leté OS =71,4%,2leté OS = 31,7%
Median PFS: 10,3 mésicti, 1leté PFS = 35,7%, 2leté PFS = 0,0%



Relativniincidence Vék (roky)
Astrocytomy. low—grade, 35% 2-10
ztoho:
—supratentorialnilokalizace 13% >6
—infratentorialnilokalizace 22% 2-10
Astrocytomy, high—grade, (anaplasticky 8% <1,>6
astrocytom a multiformni glioblastom)
Nadory mozkového kmene 8% 3-9
Oligodendrogliom 2% <6
Meduloblastom a dal8i nadory embryonalni 20 % 1-10
histologie (supratentorialni primitivni
neuroektodermalninador, PNET, a atypicky
teratoid/rhabdoidninador, AT/RT);
Ependymom, 8-10% >6
ztoho: 1-5
—supratentorialnilokalizace 5%
—infratentorialnilokalizace 3%
Kraniofaryngeom 7% 8-14
Nadory glandula pinealis a germinalni nadory 4% <2,>6
CNS
Nadory plexus choroideus 2% <1
DalSi: napf. gangliogliom, DNET, centralni <2%

neurocytom, men ingeom etc.




kraniofaryngeom- 6-9 % primarnich nadoru CNS
déti— bimodalni vékova distribuce, v détstvi mezi 5—-
10 rokem, v dospélosti mezi 50—65 rokem véku
nador vyrlsta v selarni a supraselarni oblasti -
histologicky benigni nador, ale maligni svoji
lokalizaci a rustem (destrukce okolnich struktur)—
terapie neurochirurgickou resekci (agresivni
chirurgicky pristup by vSak nemeél byt volen pro svoji
morbiditu), u inkompletné resekovanych nasleduje
radioterapie—neuroendokrinni poruchy u
intraselarniho postizeni, ocni "poruchy u
prechiasmatického postizeni




9lety chlapec, 3 leta anamnéeza progresivni obezity, ztraty zraku, rustove
retardace, diabetes insipidus



Poskozeni kritickych struktur CNS

nadorem nebo nezadoucim nasledkem

neurochirurgického Ci
radioterapeutického zakroku.

Poskozeni endokrinni
Poskozeni zrakové

Poskozeni hypotalamicke

Porucha rustu predchazi
diagnosu KF

Parcialni/kompletni
hypopituitarismus
Diabetes insipidus

Hypotalamické poruchy:
Hyperfagie a nekontrolovana obesita,
Poruchy zizné a regulace vody,
Poruchy chovaniaemoci, Poruchy
neuropsychologické a kognitivni
Poruchatermoregulace

Poruchy spanku
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Relativniincidence Vék (roky)
Astrocytomy, low—grade, 35% 2-10
ztoho:
—supratentorialnilokalizace 13% >6
—infratentoridlnilokalizace 22% 2-10
Astrocytomy, high—grade, (anaplasticky 8% <1,>6
astrocytom a multiformni glioblastom)
Nadory mozkového kmene 8% 3-9
Oligodendrogliom 2% <6
Meduloblastom a dal8i nadory embryonalni 20 % 1-10
histologie (supratentorialni primitivni
neuroektodermalninador, PNET, a atypicky
teratoid/rhabdoidninador, AT/RT);
Ependymom, 8-10% >6
ztoho: 1-5
—supratentorialnilokalizace 5%
—infratentoridlnilokalizace 3%
Kraniofaryngeom 7% 8-14
Nadory glandula pinealis a germinalni nadory 4% <2,>6
CNS
Nadory plexus choroideus 2% <1
DalSi: napf. gangliogliom, DNET, centralni <2%

neurocytom, men ingeom etc.




A4

Zaver

Nadory CNS nejsou Caste, ale jsou nejCastéjsi
skupinou solidnich nadoru u déti, u dospélych
jsou spjaty s vyznamnou mortalitou a morbiditou
Musi na né byti pamatovano v diferencialni
diagnostice bolesti hlavy, predevsim horsi-i
se v case, Ci vzdy, je-li nove pritomen
patologicky neurologicky nalez

| nepatrné odchylky mohou byt dulezité (!)
“Clovék spise neprehlédne to, po cem
aktivne patra®



Zaver

« LeCebné vysledky nejsou tak spatné, za jake
byvaji obecné povazovany

 Nutna je mezioborova spoluprace, ,,neuro-
onkologicky tym*

« Optimalni je diagnostika a lécba v
onkologickych centrech (efektivni
diagnostika, vCetne molekularne-genetickeho
vySetfeni nadoru, coZ samo o sobé& muze mit
pro léCebny a prognosticky dopad)



Zaver
« Astrocytomy nizkého stupne malignity jsou v

pripade radikalnino odstraneni nadoru
prognosticky priznivym onemocnenim

« Pacienti s high-grade astrocytomy maji
prognozu Spatnou a jsou popripade kandidaty
experimentalni terapie

» Deti s meduloblastomem, ependymomem Ci
intrakranialnim germinalnim nadorem CNS
maji za pouziti multimodalni leCby vice jak
/0% Sanci na dlouhodobé preziti

o Kvalita preziti je jednim z cili,
predevsim v pediatrické onkologii



