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Kapkivocg
tn¢ MNawdiknc (0-14 stwv) — EdnBknc HAkioc (15-19 eTtwv)

Distribution of Childhood Cancer
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* Around 300 new patients / year
* Legal Framework: <16 years old
* 7 Units

* 1 Bone Marrow Transplant Unit
 2-3 Affiliated Clinics



Children
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AladEpeL 0 KapKivog avaloya HE TNV NALKLKA opada?-

TUMOC KA PKivou

Adults

0.6%

Soft tissue
0.6%

0.2%

“Hodgkin lymphoma

Other leukemia

ZuxvoTnTa TUTTWV KAPKIvou o€ tatdLd kot evAtkes — SEER data, 2012

4 1o cuyxvol Tumol Kapkivou
* JTOUG eVNALKEC™ 65%
» Avtiotowa ota tada =2 8,2%

e Jtamoudia 2 51.8%
» Avtiotowya otouc eviAlkec—> 4,9%
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15.1%

Dowing et al., The Pediatric Cancer Genome Project, Nat Genet, 2012



AwadEpEeL 0 KOPKIVOG avaAoya HE TNV NALKLOKN opado?-

levetikn Baon

Tuyvotnta ¢ T- xat B- O&elag Aspokvttapikng Asvyaipiag (OAA) ota matdid kat
OTOUG EVIALKEG

Children
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Oplouoo

= ‘EEatoplkeupEvn Beparmeia’ - ‘latpikn AkpLBeioc’

Avoduopevn tpoogyyLon ya tnv Beparmeia ko tpoAnn acbevewwy,
nou AapBavetl umoyPn atoutkn petaBAntotnta ota yovidia,
nepPaiiov, kat tpomo {wnc yla Kabe atopo

! | BREAKTHROUGH OF THE YEAR=

1. {:h‘s man Genetic Variation

[EVETIKEC 2 WMATIKEG MeTAAAAEEIC ECatouikeupévn
% ot o [MapaAAayEg Oepartreia
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Precision Medicine

taking into account individual variability in genes, environment, and lifestyle for each
person

* The goal in precision cancer medicine is to improve cure rates and decrease toxicities by
identifying the specific genes, proteins and pathways responsible for malignant
transformation or progression of individual cancers, and utilize therapies that target these
features that distinguish cancer cells from normal cells
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Ta OMICS otnv Latpikn akpBeioc
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["ovIdIwpaTIKn Tou Kapkivou

[MpwTooTarei oTnVv e@apuoyn ‘latpiki Akpieiac’
H BioAoyia Tou Kapkivou gival TTOAU TTI0 TTOAUTTAOKN aTTO TIC APXIKES

TTPORAEYEIC
2000 2010-2014
® * g
Hallmarks of Eykaivialetal To MeveTIKOi UTTOTUTTOI
Cancer TPOYPAPHO yAoIBAaCTWHATOG,
dnuocisuon Cancer Genome KOPKiVOU GTOpdXOU,
Atlas (TCGA) K.0. Bdon

OTTOTEAEOHUATWYV TOU
TCGA

Mational and Kapodistrian
B University of Athens



Cancer Genetics
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MeTaAAaceLo 0TNV OYKOAoyLOL

* Founder (16puTIKEG) pPeTaAAGEELG = YOVISLWHOTIKY /
XpWHOOWHLOKA aoTaBeLa

* Driver (kvntripleg) LETAANGEELG = ETUAEKTIKO TTAEOVEKTN AL
KUTTAPLKNC avamtuenc / moAAamAooLO.o LoV

* Passenger (mepaoTikeg) HETOANGEELG = Sev Tipoobivouv
MAEOVEKTN MO avartuéng

— R i PISK
Pathways APC i ¥ ‘ Cell Cycle/Apoptosis

s ).‘;/ d

Carcinoma



Paediatric pan-cancer cohort

AladEpeL 0 KapKivog avaloya HE TNV NALKLKA opada?-

ApLlOpoc MetaAAaywv

Y WHOTLIKEC TtapaAAayEC - paediatric pan-cancer cohort
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Molecular cancer types in paediatric pan-cancer cohort

Hepatoblastoma (HB) (n = 16) | ETMR (ETMR) (n = 11)
B Pilocytic astrocytoma (PA) (n = 105) [ Medulloblastoma Group 3 (MBg,) (n = 60)
¥ Retinoblastoma (RB) (n = 36) Il Medulloblastoma WNT (MB,pr) (0 =21)
{7 Ependymoma supratentorial (EPDg,) (n = 15) | T-cell acute lymphoblastic leukaemia
B Acute myeloid leukaemia (AML) (n = 30) ﬂ -ALL) (n =19)
& B-cell acute lymphoblastic leukaemia, [ Neuroblastoma (NB) (n = 59)

non-hypodiploid (B-ALL ;. ) {n = 61) Il Medulloblastoma SHH (MB,,) (n = 42)
B Wilms tumour (WT) {n = 51) B Adrenocortical carcinoma (ACC) (n = 8)
I Ependymoma infratentorial (EPDy;) (n = 55) [ Rhabdomyosarcoma (RMS) (n = 21)
B ATRT (n=19) B High-grade glioma K27wt (HGG,) (n = 67)
M E-cell ac'::t': Iym:&oblastic leukaemia, [l Osteosarcoma (0S) (n = 42)

iploi - n =20, H i e

I Eilbiastona Gisep 4 (MBow) (= 107 =gl'?r:§{:d};n Fma oM HOG A 0=
[l Ewing's sarcoma (EWS) (n = 24) &

Adult cancer types (TCGA)
Acute myeloid leukaemia (LAML)
[l Breast adenocarcinoma (BRCA)
[l Ovarian serous carcinoma (OV)
B Kidney renal clear cell carcinoma (KIRC)
[l Glioblastoma (GBM)
[l Uterine corpus endometrial carcinoma (UCEC)
¥ Colon/rectal carcinoma (COAD/READ)
[ Head and neck squamous carcinoma (HNSC)
Bladder urothelial carcinoma (BLCA)
B Lung adenocarcinoma (LUAD)
Lung squamous cell carcinoma (LUSC)

Grobner et al., The landscape of genomic alterations across childhood cancers, Nature, 2018



MottdLKNC
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Stratton M, EMBO Mol Med, 2013
Loeb KR, Carcinogenesis, 2000



Cancer Gene Census: 640 cancer genes

https://cancer.sanger.ac.uk/census

Germline only (n = 55)

Somatic only
(n=538)

}@ . m Germline G+S m Somatic
www.genturis.eu
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lovidia MNpodrabdeonc yra Kapkivo
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vovidlo RB1

H un6Bson twv 2 XTunnuatTwyv
A. G. Knudson -1971

Heritable
rb

Nonheritable
rb

PetwvoPAaotwpa

* Owkoyevec (40%) vs Zropadiko

e Kivbuvoc kapkivou:
PetivoBAdotwpa (90-95% < 6
£TWV), emipvolofAaoctwua (2%
<6 €TWV)

* AeutepomnaBec veomhaoua (20%
Kivbuvocg epopou {wnc):
OOTEOCAPKWHA, CAPKWHO LOACKWV
Hoplwv, HEAAVW L



>UvOpoLo Li-Fraumeni

o topoAAayn/ENAepa oto TP53

e Altadopol tumolL kapkivou (capkwpata, Aevyatpia, Ca paotou)
» Y1roditrAocidikr) OAA (50%)

*  AvatrAaoTiko papBdopuocdapkwpa (75%)

* Kapkivog xoplogidwyv mTAeypatwy (50%)

. . 0 , Frederick Li and Joseph Fraumeni
* Kapkivwpa emive@pidiwy (50%, <15 etwv) National Cancer Institute - 1969

» Kapkivog yaotou (<30 £1n), emmi amrouciag yetaAAacewyv ota BRCA1/2 (10%)

Holmfeldt L, et al. Nat Genet. 2013;45:242-52.
Hettmer S, et al. Cancer. 2014;120:1068-75.
Merino DM, et al. Clin Cancer Res. 2015;21:184-92.



Inheritance Evidence for cancer Biomarker

cancer pre- - predisposition - basket

disposition (142 genes incl. GUS)
(101 genes)

Kuttapkec Sitepyacieg mou

oxetiovral pe CPGs

DNA repair

N
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> Transcription (MSH2 TP53
Raresvndlmue& ‘l \ — DR/
AR only: 26 e / 8 10 VHL ‘ " SHE
cancerrisk: 18 » ‘
- o S LZTR1
COXNR2 Possibly implicated ) : 1) TP53
E—— v inhered. cancer: 17 . D
Som. mosaic:2 8 e | 9 Cellular processes
ne (1)) "
Q 54 é) & A IMDNA repair
€ ~ & | lTranscription
tosomal dominant; AR, autosomal r ive; CC, cell cycle; DDR, DNA dam repair; DEV, developmental regulation; FR, femal
rato (%); GIST, gastromtestinal stromal Fmese repalr; DEY, developmental regulation; T female " @ 91 WMAPK/PI3K
tumor; GUS, gene(s) of unknown significance in the context of cancer predisposition; n, number of patients in each subcohort; NSCLC, Q O . "
non-small-cell lung cancer; OTH, other; O . - EplgenetIC
PAM, PI3KeAKTemTOR; PNET, primitive neuroectodermal tumor; RME, RAFeMEKeERK; som. mosaic, somatic mosaicism; TK, tyrosine .h o
kinases; XLR, X-linked recessive. 0 a O £ Other
Jahn A et al; Annals of Oncology; 2022 [ | | | | |
0 10 20 30 40 50
Number of samples
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Ta ntawdia pe CPS npenel va napakoAovBOouvrolt?

* Mpoteivetat mapakoAovOnon: >5% kivbuvoc epdaviong kapkivou ta mpwta 20 xpovia
(WNC KoL OTAV UTIAPXOUV TEXVIKEC AMTOTEAECUATLKAC TTapakoAouBnong

* Agv mpoteivetat: < 1% kivduvoc epdavionc kapkivou ta nipwta 20 xpovia {wnc.

* [kplla {wvn- e€atopkevpevn anodaon: 1% - 5% kivbuvocg otnv matdikn nAtkia.

Brodeur M B et al. Clin Cancer Res 2017;23:e1-e5.
g Prof. Antonis Kattamis Bashford M et al. Genet Med 2019;21:2844.

:| i Mational and Kapodistrian
e, ¢ . . .
"'.';,.'_:il{, University of Athens



LI

Genetics
inMedicine | ADDENDUM

© American College of Medical Genatics and Genamics

)

Addendum: A practice guideline from the American College of Medical Genetics and Genomics and the National Society of Genetic
Counselors: referral indications for cancer predisposition assessment

Michael T. Bashford, MD', Wendy Kohlman, MS®, Jessica Everatt, MS®, Ashley Parrott, MS* and Toni |. Pollin, MS, PhD®
for the Practice Guidelines Committee of the Mational Sodety of Genetic Counselors and the Professional Practice

and Guidelines Committee of the American College of Medical Genetics and Genomics

Genetics in Medicine (201%) 21:2844; hitps./fdoi org/10.1038/541436-019-0586-y

CCR PEDIATRIC ONCOLOGY SERIES

Pediatric Cancer Predisposition and
Surveillance: An Overview, and a Tribute
to Alfred G. Knudson Jr

Garrett M. Brodeur', Kim E. Nichols? Sharon E. Plon®,
Joshua D. Schiffman®, and David Malkin®

#

Li-Fraumeni
Syndrome

Beckwith-
Wiedemann

FAP

Pheo/Para

PTEN Hamartoma
Tumor Syndrome

DICER1

Rhabdoid Tumor
Syndrome

Retinoblastoma

BMMRD

Lifelong

Birth- 7 yrs

10+ years

7 years

3-6 mos

Birth

Birth- 6 yrs

Birth

Brodeur M B et al. Clin Cancer Res 2017;23:e1-e5.

Prof. Antonis Kattamis

:.'-_1?"# Mational and Kapodistrian

Al
o

l.'ll.i\.'rrsil!_'..' of Athens

Bashford M et al. Genet Med 2019;21:2844.

Screening

Annual brain and full body MRI, abd US q3-4
months

Every 3-4 month abdominal US and AFP

Annual colonsocopy, endoscopy, eventual
colectomy

Annual labs, bi-annual whole body MRI

Thyroid screening (US), Colon/breast adulthood

Chest CT (3-6 months and repeat at 3 years,
consider CXR between), abd US g3-6 mos,
thyroid US (8 yrs)

*Depends on mutation® consider g3 month
brain and whole-body MRI to age 5

EUA: monthly to age 1, g3 mo. to age 6, brain
MRI g3-6 mo. to age 2 then annual to age 6

Annual brain MRI, annual abd US (1 year),
annual CBC (1 year), Colonoscopy (6 yrs), annual
whole body MRI (6 years)

National Comprehensive Cancer Network guidelines
(https://www.nccn.org/professionals/physician_gls/default.aspx).
GeneReviews (https://www.ncbi.nlm.nih.gov/books/NBK1116/).
https://www.genturis.eu/



https://www.ncbi.nlm.nih.gov/books/NBK1116/

The Era of Big Data - Omics
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Molecular Classification
in CNS tumors

CNS tumors in AYA

¢ 3" most common malignancy
after Breast and thyroid Ca

* iGCT: Higher frequency
compared to peds

A child (<15) (I‘AYA (15-39) fﬁ‘ Adult (>40)

Zapototcky M et al: Pediatr Blood Cancer. 2018;65:€26861.

r Prot. Antomis Kattamis
Mational and Kapodistrian
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Disease
LOW-GRADE GLIOMA
Pilocytic astrocytoma

Diffuse astrocytoma
(incl. IDH mutated
tumors)

HIGH-GRADE GLIOMA

K27
G34

IDH
RTK-I

Mesenchymal

PXA-like

MEDULLOBLASTOMA
Wnt

SHH
Group 3

Group 4

EPENDYMOMA
Posterior fossa - PFA
Posterior fossa - PFB

Supratentorial

Spinal

CRANIOPHARYNGIOMA

Adamantinomatous
Papillary

iGCT

SNV

BRAF V600E
IDH1/2, TERT
H3.1 and H3.3 K27M,
TP53, ATRX, ACVR1

H3.3 G34V/R, TP53,
ATRX

IDH1/2, TP53, ATRX
TP&3

EGFR, TP53, NF1

BRAF V600E

CTNNB1, TP53,
SMARCA4, DDX3X
PTCH1, SUFU, TP53
OTX2, DDX3X

KDM6A

NF2

CTNNB1
BRAF V600E

KIT, KRAS, NRAS

Fusions

KIAA1549-BRAF

MYBL1

PVT1-MYC

C110rf95-RELA

YAP1 fusions

CNA

7934 duplication

FGFR TKD, MYB

Co-deletion 1p/19q

EGFR amp, PDGFRA
amp, chr. 10 loss
CDKN2A del,
PDGFRA amp, EGFR
amp

CDKN2A del

Monosomy chr. 6

GLI2 amp, NMYC
amp, 10q loss, 9q loss
i17g, MYC amp,
GFI1/GFI1B

i17q, chr. 11 loss,
MYCN amp,
GFI1/GFI1B

1g gain

chr. 22q



A
Heatmap representation of segmented DNA copy number for 834 pHGG/DIPG profiled across one or more of seven different platforms

Platform ==-ﬂ=- s Il

High Grade Gliomas in Pediatric and AYA

H ocgtllogl h o
patients abigs WG MR RENRIRR | SRR

|l|1||

* Integrated molecular meta-analysis
* 1067 unique tumors (pediatrics /AYA)
* Genomic aberrations increase with age
* Prognosis dependent on tumor topography
and genetic aberations
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HGGs arise along embryonic developmental lineages and are
genomically and spatially distinct

AYA patients have Characteristic Genetic Alterations:
* H3.3 G34RV

e Rarely H3.3 K27M . No H3.1 K27M
* Mutated epidermal growth factor receptor (EGFR)
 MYC and MYCN amplifications not usually seen

* frequent isocitrate dehydrogenase 1 (IDH1) or IDH2
mutations

m
M
\Worse

*
*
*

00 02 04 06 08 1.0

— H3.3 G34RNV
—— H3.3K27TM
— H3.1 K27M
—  wild-type

Age (years)
S
Survival

p<0.0001

0 20 40 60 80 100 120
Time (months)

o 3
* froofefodheosaies + o
H3.3 K27M{ jwsssiiosarst * -0 +
Wild-type | reesfrmslamtesnet ot

H3.3 G34RNV
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Embryonal Tumors-Medulloblastoma

CONSENSUS
Cho (2010)

Northcott (2010)
Kool (2008)

Thompson (2006)

DEMOGRAPHICS
Age Group: S ﬁ '

CLINICAL FEATURES
Histology

Metastasis

Prognosis

GENETICS

GENE EXPRESSION

Molecular Subgroups of Medulloblastoma

D

WNT SHH Group 4
cé c3 C1/C5 C2/C4
WNT SHH Group C Group D
A B E C/D
B (e, E A A, C

N N

il |
dgd:Q0Q

classic, rarely LCA

rarely M+

very good

}i(,

CTNNB1 mutation

WNT signaling

MYC +

_

eedfh
gd:Q0Q

desmoplastic/nodular,
classic, LCA

uncommonly M+

infants good, others
intermediate

3q+
9g-
10g-

PTCH1/SMO/SUFU mutation
GLI2 amplification
MYCN amplification

SHH signaling

& i @
d'd':Q

classic, LCA

very frequently M+

poor

11p-

7+ 8-
1q9+ 5q-
17q+ 10g-
18q+ 16q-

i17q
MYC amplification

Photoreceptor/GABAergic

\ MYCN + /

\ MYC +++

cooof
d'd:Q

classic, LCA

frequently M+

intermediate

1Mp-
7+ X- 8-
17+
18q+

i17q
CDK6 amplification
MYCN amplification

Neuronal/Glutamatergic

minimal MYC/MYCN

M. Taylor Acta Neuropathol (2012) 123:465-472
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Medulloblastoma in AYA

o 20% of the cases only >14 y.o.

* adult medulloblastomas are primarily of
the SonicHedgehog (SHH) subgroup,

« WNT and Group 4 tumors forming a
minority of cases

* SHH tumors in adults are mostly driven
by mutations in SMO and PTCH1, with
GLI2 and MYCN amplifications rarely see
and do not express TP53

Northcott et al. J Clin Oncol 2011;29:1408
26



Medulloblastoma / pueAopAactwpa

* Most common CNS malignancy

e 20% of primary CNS tumors

e Mean age of presentation: 3-4
years

* CNS metastasisin 30 %

e Can have extraneural mets

Mational and Kapodistrian
. 1.\ University of Athens



Progression-free survival of adults with sonic hedgehog (SHH) —subgroup Recurrent
medulloblastoma (SHH-MB; blue line) versus pediatric patients with SHH-MB (gold line)
treated with Vismodegib

1.0 Pediatric SHH-activated

© medulloblastomas (PBTC-032)

= e — Adult SHH-activated

5 ’ medulloblastomas (PBTC-025B)

U) —

Py P=.0210

O = 0.6-

g

=)

S 2 044

v o

) ~—

(ab]

=

S 0.2

(a1 I_I

0O 2 4 6 8 10 12 14 16 18 20
Time Since Treatment Initiation (months)
More common in adults:
aberrations in PTCH1 accompanied favorable outcomes
aberrations of GLI2 or SUFU and Increased pp53 expression =
non response
N:r:'i::.l::TI::IHSL:TII::F[:Hl'ih.l:ri:l..'t

5 Unis ersity of Athens Giles W. etal ; Journal of Clinical Oncology 2015 332646-2654.
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Molecular and Risk Adapted Therapy

SJIMB12 Treatment Schedule

Molecular WNT SHH NON-WNT NON-SHH GROUP and indeterminate cases
Subgroup (Stratum W) (Stratum S) (Stratum N)
Treatment STRATUM 1 _ST;AT_UM_l STRATUM STRATUM STRATUM STRATUM STRATUM STRATUM
wi w2 W3 S1 S2 N1 N2 N3
Arm (LOW RISK) (ATYPICAL) (HIGH RISK) (STANDARD (HIGH RISK) (STANDARD RISK) (INTERMEDIATE (HIGH RISK)
L - - RISK) RISK)
e AN T
Radiation Low dose Standard High dose Standard High dose Standard dose Standard dose High dose Radiation
Radiation dose Radiation dose Radiation Radiation Radiation (6 weeks)
Therapy (6 weeks) Radiation (6 weeks) Radiation (6 weeks) (6 weeks) (6 weeks)
/ (6 weeks) (6 weeks)
Chemotherapy 4 cycles of chemotherapy 4 cycles of chemotherapy 4 cycles of 7 cycles of chemotherapy
(4 months) (4 months) chemotherapy (7 months)
/ (4 months)
Lower dose radiation- Maintenance Chemotherapy: oge f I h h
combination to target Myc driven

|

Addition of Vismodegib to target to
constitutively active SHH pathway

tumors




The Era of Big Data - Omics
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IATPIKH AKPIBEIAX

KapKivog XapaKTnpIigeTal A1To TO JOPIOKO TTPOPIA TOU K TNV
IOTIKN TTPOEAEUCN

EKTTANKTIKA QTTOTEAEOUATA OTOXEUPEVNG BEPATTEIAG EVAVTI
KIVNTAPIWV METOANACEWV
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F 1 f:_
p 3 J, - 04
— £ Chomothermgy @hes e usa
Rituximab
RITOXAN
= -

:: .c M\\ 33 :; 32 13
X = & R
(997 1998 2001 [997-2016
@ @ ® ® >
Trastuzumab evavrTi 100+ FDA-
HER2+ Ca paoTtou approved
1° 2TOXEUMPEVN 2TOXEUMEVN
rituximab Imatinib Bepartreiag
Pregress

Y. . o . Image Sources: Slamon D, et al. Engl J Med 2001; 344:783-792; NCI; FDA
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Precision Medicine: Targeted Therapy

EGFR Cyclin-dependent
inhibitors kinase inhibitors

4

; ! Sustaining Evading —
Aerobic glycolysis proliferative growth Immune activating
inhibitors signaling suppressors anti-CTLA4 mAb

Proapoptotic Reziesltling A\ =< rsgl?:;it’i‘\?e Telomerase
BH3 mimetics daa S S immortality Inhibitors
2, \
Genome Q@ Tumo!'-
instability & (..‘ promoting

mutation inflammation
PARP Inducing Activating Selective anti-
inhibitors angiogenesis invasion & inflammatory drugs
metastasis

T Prof. Antomis Hattamis

Inhibitors of Inhibitors of
VEGF signaling HGF/c-Met
:.'-_1?"# Mational and Kapodistrian

' University !rill'.Allu-lL.'- Hanahah D & Weinberg RA. Cell 2011 144, 646-674



Precision Medicine: Targeted Therapy

FAE

i Most actionable events:
*=<@rowth factor signalling pathways
* Receptors of Tyr Kinases- related (ALK, FGFR, NTRK, PDGFR, EGFR,

VEGFR, KIT, MET) \oeemie \IC ﬁﬁﬁ?: C})
’ RAS_M EK-MAPK Slgnal | I ng pathways Aerobic glycolysis ive Immune activating
e JAK-STAT inhibitors anti-CTLA4 mAb

* PIBK-AKT-mTOR signalling pathways
« While PI3K inhibitors show toxicity
« mTOR inhibitors with proven cytostatic efficacy

Proapoptotic nabling Telomerase
BH3 mimetics e o Inhibitors

« Cell Cycle Regulation
» D type cyclins, CDK4 and CDK6
» Suppressor gene (CDKN2A) CDKinh p14 and p16
» Apoptic signaling pathways (inhibiton of MDM2, BCL2)

PARP
inhibitors

Selective anti-
inflammatory drugs

A

Inhibitors of
VEGF signaling

Inhibitors of
HGF/c-Met

» Developmental Signalling Pathways
« SHH signaling
« other transcriptional networks: indirectly by epigenetic modifiers, like HDAC inh
(like in MYC, MYCN, PAX3,PAX7—-FOXO1 expression)

. et wligh mutational burden (immune checkpoint inhibitors)
[ Ui BRCAness’ signature (PARP inhibitors)

| Hanahah D & Weinberg RA. Cell 2011 144, 646-674



Gliomas in Children

Lymphomas and
Choroid plexus tumors hematcpm%ug Qeoplasms
3% S
Tumors of meninges
29%

Germ cell tumors "\ _garfff——e — - _ _ _

37% ‘st 4@ . T ==—a..

Tumors of the pituitary
o
%

Craniopharyngioma

0%

Pilocytic astrocytoma
OS 10yr > 97%

Tumors of the pineal region

Pilocytic astrocytoma
332%

Neuronal and mixed neuronal-glial tumors
4.4 %

Other low grade glioma

Tumors of cranial and spinal nerves i 9

4.7 % Gliomas

52.9 %

Other/unclassified tumors High grade glioma

49 % 21.0%
o = Ependymal tumors
- 104
-
- Other glioma
e Embryonaltumors "l @020 _— e == =—— 8.3 ?
s 15.0 % . -

Medullob lastoma  Atypical Primative Other PO n ti n e g I iO m a

61.9% teratoid/ net 5 embryonal
tumor tumor tumors 0
15.0 % 14.9% 8.1% OS 5yr < 1 /O

Fig. 8. Distribution of All Primary Brain and CNS Tumors by Histology Groupings (0-14 Years) (N = 16,044) (CBTRUS 2007-2011)

Ostrom et al., Neuro-Oncology 2014
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Response to BRAF(V600E) inhibitor

Pre-Vemurafenib Vemurafenib - 2 months

mtoms Kattamis
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Response to MEK inhibitor

(Phase 1 clinical trial for gliomas and plexiform neurofibromas)

Pre-Trametinib Trametinib - 8 months

36



laTpikn akpiBelao

JTOXEUMEVN Before After 15 weeks of therapy At relapse, after 23 weeks
Beparmeia

amotuyxavelAoyw A
TTOAUTTAOKOTNTAC TNC
VEOTTAQLOTLKAG
etepyaoiog

TS Prof. Antonis Kattamis

LS. i R Source: Wagle, N et al. Dissecting Therapeutic Resistance to RAF Inhibition in Melanoma by Tumor Genomic Profiling. JCO August 1, 2011 vol. 29 no. 22 3085-3096
i o Mational and Kapodistrian
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Limitations of Molecular Targeted Therapies in Pediatric and AYA
patients

* Most Data on targeted therapies derives from:
Case reports/ Small series / Pilot studies
Evaluated in relapse / resistant diseases

= Reasons for failure
Intra-tumoral / between metastasis heterogeneity
Cross-talk between more than 1 signaling pathways

Development of resistance (new mutations in the gene or in genes affecting the pathway
downstream)

= Many Cancer in AYA patients remain rare

* Number of potential therapies increases dramatically: very difficult to plan for large
trials



Emopevo 2taduo : in-vitro drug screening

(Epi-)Genomic profiling < C > Co-clinical Drug Screening
short-term tumor cell culture  in vitro image-based high-content drug profiling
drug treatment

/>—>
(-

=
PN
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IATPIKH AKPIBEIAY

* MoAAEC mMAapdopuec popLaknc availvong (INFORM, MASTER,
MAPPYACTS, SPECTA )

° Tp('XT[EZEQ Blg Data Banks Day 0-6 Day 6-18 Day 18-19 Day 19-22 Day 23

Median 6 days [0-42] Median 12 days [7-39] Median 1 days [0-5] Median 2 days [0-28]

* MoAucuotnuatikn TPOCEyyLoN :“; ‘dg e R
100110101011110 (]

Sample preparation Sequencing Data processing Target analysis Tumor board
+ Histopathological :QC * SNV/InDel calling * Data interpretation * Ped. oncology
evaluation for QC * Library preparation (germline/somatic) * Target prioritization = + Biology
* DNA and RNA - WES * CNV calling * Identification of * Pathology
extraction . ICWGS * Gene fusion matching drugs and = * Bioinformatics
prediction suitable trials * Pharmacy
* RNA-seq.

* Quantification of
gene expression

+ Methylation

* Alignment classifier

* Expression array
* Methylation array

Prot. Antomis Kattamis

# Mationnl and Kapodistrian

; University of Athens Graph adapted from WOFSt BC et al- EJC 2016

Day 23

TARGET REPORT

Preliminary report

* Information on
detected alterations
(up to 5 targets
per patient)

* No treatment
recommendation

* Subsequent veri-
fication prior to final
report (day 23-47)



ETioTruoveg KAIvIkoi EpeuvnTég

by |

Rapid
Learning

Data

System

MeAETeg  OeparTreieg

Prof. Antonis Kattamis
f Mational and Kapodistrian
! ..b" '|..||1.hr;_-rsil_',.- of Athens
EST, 1637

laTpoi

KO(TEUMQ“UV,TF']p'EQ BiBAioypa@ika
Odnyieg Aedopéva

H emoxn Twv Madlkwv AedopEVWVY

AcBeveic

Provide Melanoma Information

Mopiakd
MovTtéAa
AoBgveiwv

il

[MepITTTWOEIG



ANOXZOOEPAIIEIA

m— ‘Ar\y’ MoAbs

MoAbs ouvoebepeva pe toéivn




IATPIKH AKPIBEIAZ

i }’i;
1937 1998 2001 [997-2016
O @ ® ®
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RITUXIMAB

Rituximab (mabthera)
chimeric anti-CD20
monoclonal antibody

Relapsed or refractory, CD-20
positive, B-cell, low-grade or
follicular NHL

B-cell veomAaoieg ouxva og K

11 ypappng
«  BURKITT
« EBV-LPD
« LYMPHOCYTIC
PREFOMINANCE HL

Kal 0Ta aUTOAvVooa VOOT |aTd

Xpnon otnv B-OAA !

Xapndotepeg avtidpaoelg
otnv Asp

St. Jude Children’s Research
Center, Total XVII,

A B
100+ < 100~
3
Q
7
o= a
R 754 5 757
3 <
g Rituximab : P=0.02
v
@ 504 £ 504
g 3 ol
"f, Control E
£ o
E 254 p=0.04 2 254 il cORr i er ST
& Rituximab
S
£
=
O U T T T T T T 1 v 0 T T T T T T T 1
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
Months Months
No. at Risk
Control 104 63 45 34 25 19 14 6 3
Rituximab 105 73 58 47 35 26 18 10 5
(g D
100 100+
X
=
;N; 75 e 75
[a] T xX 7
o) S Rituximab
2, =
Q >
g 2
& so- 5 so-
E = Control
o ]
>
B 25 P=09% Rituximab S 251 p-010
3 Esoy _hr"‘ 8 LA IRTIT AR "
g Control
(v]
0 T T T T T T T 1 O T T T T T T T 1
0 12 24 36 48 60 72 34 96 0 12 24 36 48 60 72 84 96
Months Months
No. at Risk
Control 104 75 57 38 28 22 16 6 3
Rituximab 105 82 64 51 39 28 19 10 5

Maury S et al

N Engl J Med 2016; 375:1044-1053




BRENTUXIMAB VEDOTIN

20{euypa avriowpatog-gapuakou (ADC):

» Ymrotpotrn/avBekTiko HL K wg 1" ypauur o€ uynAou
KIvoUvou

« AvatrAaoTIKO AéP@wua (27 ypapun)
* MNaidiatpIkA EVOEIEN UTTO PEAETN




SG035-0003: Phase 2 pivotal study of brentuximab
vedotin in patients with rel/ref HL post ASCT

Maximum tumour reduction

'é" 100 - Best clinical response per IRF
§ per IRF I CR
S ' PR
g 50 - I SD
o

= | PD
(]

o)

5

e 0

(&)

S

N

E’—) —50 -

=

o

S

= —100 -

Individual patients (n=98)

Younes A, et al. J Clin Oncol 2012;30: 2183-2189.
Reused with permission. ©2012 Journal of Clinical Oncology. American Society of Clinical Oncology. All rights reserved.




[MAQPNG U@ean META aTTO 4 KUKAOUG
BepaTreiag pe Brentuximab vedotin

Pro B, et al. J Clin Oncol 2012; 30:2190-2196.




BLINATUMOMAB

o Bi-specific T-cell engaging (BiTE)
antibody that links CD3+ T-cells to
CD19+ cells, enabling killing of the
CD19+ cells by the patient’s own
cytotoxic T-cells

Cytotoxic
Granule

Given by continuous 28-day infusion

CcD3

Side effect profile very different from
cytotoxic chemotherapy

BITE® Single-chain
Antibody
a-CD3/ a-CD19

CD19
o (Causes lymphopenia but no significant
anemia, thrombocytopenia or

a-CD19 neutropenia

Monoclonal
Antibody

» Very low incidence of serious infections

Figure 1. Singlechan amixx!_v-l;ﬁ:mmnomd: redirects CD3+ T cells to kill CD19+ B cells. ® Unlque CNS tOXlCltleS ]'nC]'udlng
hallucinations and seizures




VOLUME 34 - NUMBER 36 - DECEMBER 20, 20186

Phase I/Phase II Study of Blinatumomab in Pediatric Patients
With Relapsed/Refractory Acute Lymphoblastic Leukemia

Arend von Stackelberg, Franco Locatelli, Gerhard Zugmaier, Rupert Handgretinger, Tanya M. Trippett,
Carmelo Rizzari, Peter Bader, Maureen M. O’Brien, Benoit Brethon, Deepa Bhojwani, Paul Gerhardt Schlegel,
Arndt Borkhardt, Susan R. Rheingold, Todd Michael Cooper, Christian M. Zwaan, Phillip Barnette,

Chiara Messina, Gérard Michel, Steven G. DuBois, Kuolung Hu, Min Zhu, James A. Whitlock, and Lia Gore
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2016 ASCO
Advance of the Year

Head/Neck Cancer
Melanoma
201 2014 2015-2016 Lung Cancer
=
@ ® - - Kidney Cancer
. . Bladder Cancer
Ipilimumab Pembrolizumab, PD-1/L-1 drugs
. ivol b b fit Hodgkin
introduced for nivoluma enefit even Lymphoma
melanoma approved for more of (CLymph Node
melanoma cancers ancer)




CHECK POINT INHIBITORS

T-cell exhaustion N -0“/‘ ‘ﬂ -)

» Programmed sriom SIS oo i ¥
death-1 (PD-1) o G (

 Cytotoxic T- P Sras
lymphocyte N 2 |
associated
protein 4
(CTLA4)

* Cell lymphocyte el
activation gene-3 .

'iemeli_

(LAG-3)

Cancer Cells CD8 T cell

« PD-ligand 1

J— Tumor

microenvironment

© 2016 Steve Oh and Myriam Kirkman-O WD Studios

Figure. Immune Checkpoint Inhibition Mechanisms of Action Relevant to Lung Cancer Immunotherapy—T cells




CHECK POINTS INHIBITORS

Anti- PD- 1

/ lymphoid / myeloid

CA-170 (Curis, Inc.) hematological
malignancies

Nivolumab (Bristol-Myers Squibb) 1gG4 anti-PD-1
Pembrolizumab (Merck & Co.) IgG4 anti-PD-1
Atezolizumab (Genentech) IgG1 anti-PD-L1 monoclonal
metastatic NSCLC

Atezolizumab studied in diffuse large B-cell lymphoma and
follicular lymphoma.

Durvalumab (AstraZeneca) bladder

Avelumab (Merck KGaA & Pfizer),

Receptorg




CHIMERIC ANTIGEN RECEPTOR (CAR)

MHC-independent
CD19 antigen engagement
and induction of signalling

> \4-1BB (CD137)

D3 zeta

Proliferation,

cytokine production,

CTL function
tumor lysis




Redirecting T cell Specificity ir{
CTLO19 cells

Goals for modern, highly
active cell therapy:

* Proliferation — high level of
in vivo proliferation
correlates with high
response rates N B

* Persistence — longer term
persistence may allow
longer term disease control.

Length of persistence
needed for long-term
disease control is unknown




Chimeric Antigen Receptor (CAR) T-Cell Therapy:
Timeline

Preclinical studies CTLO19 reports clinical
with 3" generation ~ responses and prolonged CTLOT9ALL data
CAR CTLO19 reports clinical  persistence in ped and published in NEJM
1998: Preclinical responses and adult ALL (October)
studies of 2nd prolonged persistence
generation CAR in CLL

First CAR T cell
proposed

CTLO019, a 2" generation
CAR directed against
CD19 enters the clinic

CTLO19 is first CAR-T to be
given FDA Breakthrough

1st Generation CAR T cells directed First pediatric ALL patient Designation Status (July)
against CAIX or Folate receptor treated, UPenn and Novartis
report no clinical responses and poor CART cell alliance
persistence announced

FDA accepts Novartis ~ First CTLO19 cells processed at Novartis CTL019 Novartis CTL019 clinical trial
Investigational New Drug _ Novartis Morris Plains site: for clinical trial in adult with CTLO19 in r/r B-cell
(IND) application for ~ industry’s first global clinical trial  p| BCL opens in USA PedALL opened in EU

CTLO19 of a CAR-T in r/r PedALL
55
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Precision Medicine —Targeted
Therapies: The Future

* More Accurate Diagnosis

 More complex but more precise
therapy-oriented stratifications

* More targeted therapies more
efficacious, less toxic, less costly
and included as First line

DEFINITELY BRIGHTER

g Prof. Antomis Hattamis
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I8 University of Athens Sunset from Skaros at Santorini Island



	Διαφάνεια 1: ΙΑΤΡΙΚΗ ΑΚΡΙΒΕΙΑΣ 
	Διαφάνεια 2: Καρκίνος  της Παιδικής (0-14 ετών) – Εφηβικής Ηλικίας (15-19 ετών)
	Διαφάνεια 3: Where they are treated
	Διαφάνεια 4
	Διαφάνεια 5
	Διαφάνεια 6: Ορισμοσ 
	Διαφάνεια 7: Precision Medicine
	Διαφάνεια 8
	Διαφάνεια 9: Γονιδιωματικη του Καρκινου
	Διαφάνεια 10
	Διαφάνεια 11: Μεταλλαξεισ στην ογκολογια
	Διαφάνεια 12
	Διαφάνεια 13
	Διαφάνεια 14
	Διαφάνεια 15
	Διαφάνεια 16: Ρετινοβλάστωμα  γονίδιο RB1 
	Διαφάνεια 17: Σύνδρομο Li-Fraumeni
	Διαφάνεια 18: Κυτταρικές διεργασίες που σχετίζονται με CPGs
	Διαφάνεια 19
	Διαφάνεια 20
	Διαφάνεια 21
	Διαφάνεια 22: Molecular Classification in CNS tumors
	Διαφάνεια 23
	Διαφάνεια 24
	Διαφάνεια 25: Embryonal Tumors-Medulloblastoma
	Διαφάνεια 26: Subgroup Influences Prognosis
	Διαφάνεια 27: Medulloblastoma / μυελοβλαστωμα
	Διαφάνεια 28
	Διαφάνεια 29: Molecular and Risk Adapted Therapy
	Διαφάνεια 30
	Διαφάνεια 31: ΙΑΤΡΙΚΗ ΑΚΡΙΒΕΙΑΣ 
	Διαφάνεια 32:  Precision Medicine: Targeted Therapy
	Διαφάνεια 33:  Precision Medicine: Targeted Therapy
	Διαφάνεια 34: Gliomas in Children
	Διαφάνεια 35: Response to BRAF(V600E) inhibitor
	Διαφάνεια 36: Response to MEK inhibitor (Phase 1 clinical trial for gliomas and plexiform neurofibromas)
	Διαφάνεια 37: Ιατρικη ακριβειασ
	Διαφάνεια 38: Limitations of Molecular Targeted Therapies in Pediatric and AYA patients 
	Διαφάνεια 39
	Διαφάνεια 40
	Διαφάνεια 41: Η εποχή των Μαζικών Δεδομένων
	Διαφάνεια 42: Ανοσοθεραπεια
	Διαφάνεια 43: ΙΑΤΡΙΚΗ ΑΚΡΙΒΕΙΑΣ 
	Διαφάνεια 44: rituximab
	Διαφάνεια 45: BRENTUXIMAB VEDOTIN
	Διαφάνεια 46
	Διαφάνεια 47
	Διαφάνεια 48: Blinatumomab
	Διαφάνεια 49
	Διαφάνεια 50: Η ανοιξη τησ Ανοσοθεραπέιασ 
	Διαφάνεια 51: Check Point Inhibitors
	Διαφάνεια 52: Check Points Inhibitors
	Διαφάνεια 53: CART19: Chimeric Antigen Receptor T cells against CD19
	Διαφάνεια 54: Redirecting T cell Specificity in CTL019 cells
	Διαφάνεια 55: Chimeric Antigen Receptor (CAR) T-Cell Therapy:  Timeline
	Διαφάνεια 56
	Διαφάνεια 57: Epilogue…

