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U-CLL

U-CLL mAbs bound series of peptides -
of rather dissimilar sequence

M-CLL

M-CLL mAbs recognized peptides »
sharing well-defined amino acid motifs

PROMISCUITY
lower affinity / multi-reactivity
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SELECTIVITY
higher affinity / restricted reactivity
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ORIGINAL ARTICLE

EGR2 mutations define a new clinically aggressive subgroup of
chronic lymphocytic leukemia

E Young"27, D Noerenbergz'”, L Mansouri', V Ljungstrbm’, M Frick?, L-A Sutton', SJ Blakemore?, J Galan-Sousa?, K Plevova®,
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L Fan?, OA Bernard®, F Nguyen-Khac'®, L Rassenti?', J Li*°, TJ Kipps?', K Stamatopoulos'??, S Pospisilova®, T Zenz?*>?*?5, CC Oakes'’,
JC Strefford®, R Rosenquist’?® and F Damm?>2526:28

Leukemia (2017) 1-8

ORIGINAL ARTICLE
Genomic disruption of the histone methyltransferase SETD2
in chronic lymphocytic leukaemia

|‘ ; l ; D 2 H Parker"'®, MJJ Rose-Zerilli"'*, M Larrayoz"'s, R Clifford?, J Edelmann?, S Blakemore', J Gibson?, J Wangs, \' Ljungstréms, TK Wojdacz1,
T Chaplin®, A Roghanian', Z Davis’, A Parker’, E Tausch?, S Ntoufa®, S Ramos?, P Robbe?, R Alsolami?, AJ Steele’, G Packham’,

AE Rodriguez-Vicente®, L Brown', F McNicholl'®, F Forconi', A Pettitt'’, P Hillmen'?, M Dyer'?, MS Cragg’, C Chelala®, CC Oakes'”,
R Rosenquist®, K Stamatopoulos®, S Stilgenbauer®, S Knight?, A Schuh?, DG Oscier'” and JC Strefford"

Leukemia (2016) 30, 2179-2186
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The histone methyltransferase EZH2 as a novel prosurvival
factor in clinically aggressive chronic lymphocytic leukemia

Nikos Papakonstantinou'?*, Stavroula Ntoufa'?*, Elisavet Chartomatsidou’, EZH2
Konstantia Kotta!, Andreas Agathangelidis3, Lefki Giassafaki!, Tzeni Karamanli?,

Panagiota Bele!, Theodoros Moysiadis!, Panagiotis Baliakas?, Lesley Ann Sutton?,

Niki Stavroyianni*, Achilles Anagnostopoulos*, Antonios M. Makris!, Paolo Ghia?,

Richard Rosenquist? and Kostas Stamatopoulos'?*

May 14, 2016

Tp63 Contributes to the Apoptosis Resistant Phenotype in Aggressive
TP 6 3 Chronic Lymphocytic Leukemia

Stavroula Ntoufa1*, Nikos Papakonstantinour, Despoina Papazoglou1*, Maria Tsagiopoulou1*, Sarka
Pospisilovaz*, Achilles Anagnostopoulos3, Richard Rosenquist4’5, Paolo Ghia®" and Kostas Stamatmc:oulos1~

57th ASH Annual Meeting and Exposition
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iwCLL guidelines for diagnosis, indications for treatment, response assessment, and supportive
management of CLL

Michael Hallek, Bruce D. Cheson, Daniel Catovsky, Federico Caligaris-Cappio, Guillermo Dighiero, Hartmut Déhner, Peter Hillmen, Michael Keating,
Emili Montserrat, Nicholas Chiorazzi, Stephan Stilgenbauer, Kanti R. Rai, John C. Byrd, Barbara Eichhorst, Susan O’Brien, Tadeusz Robak, John F. Seymour, and

Thomas J. Kipps

Blood 2018 131:2745-2760; doi: https://doi.org/10.1182/blood-2017-09-806398

The following major changes or additions were introduced in these updated

guidelines.

e The clinical relevance of the recent discoveries on the genomic alterations found
in CLL, including mutations of the TP53 gene.

e The increasingly important prognostic role of the immunoglobulin variable heavy
chain mutational status.




V' ¢ ([ IG Network

european research initiative on CLL

OUR AIMS

ERIC aims to promote and/or advance the determination of IGHV gene mutational status in CLL for diagnostic and prognostication purposes by educating the hematological

community about the need to apply standardized and consistent methods based on the state-of-the-art in immunology and the most innovative bioinformatics tools.

This will ensure reliable and comparable results among different institutions in Europe, and elsewhere, ultimately improving patient care while fostering interaction with

clinical study groups and the pharmaceutical industry.

Immunoglobulin gene sequence analysis in chronic lymphocytic leukemia: Updated BRC
recommendations.
(Rosenquist, Leukemia 2017)




CRIC TP53 Network

european research initiative on CLL

OUR AIMS

ERIC aims to promote and/or advance the assessment of TP53 gene aberrations for diagnostic purposes by educating the hematological community about; 1) the need for
performing such tests in all cases that require therapy, in both first and subsequent lines of treatment; 2) the quality of the appropriate techniques to be utilized by

diagnostic laboratories to ensure reliable and comparable results across different institutions in Europe and elsewhere.

ERCrecommendations on TP53mutation analysis in Chronic Lymphocytic Leukemia
(Pospisilova, Leukemia 2012)
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Eupwtraikry opdda yia n d1ayvwon AeNewUATWY peNGS

European Expert Group on NGS-based Diagnostics in Lymphomas (EGNL)

. . guidelines
Elias Campo (Spain) hematopathologist
Ming Du (UK) molecular pathologist
Gianluca Gaidano (ltaly) hematologist
Philippe Gaulard (France) hematopathologist
Patricia Groenen (The Netherlands) clinical scientist - molecular pathology
Richard Rosenquist (Nordic countries) clinical geneticist
Andreas Rosenwald (Germany) hematopathologist
Kostas Stamatopoulos (Greece) hematologist
Associated members:
Padlo Ghia (ERIC)
Andrew Wotherspoon (EAHP)

Y =
EUROPEAN A mh ON
FOR HAEMATAO HOAEOGY
. -".

european research initiative on CLL



ETravaAnTITIKA JETOAAQYMEVWYV YOVIOIWV OTA AEUPWHOTA -
KAIVIKI) onuaaoia

1. AJEOCOG QVTIKTUTTOG OTNV attogaon yia Bepartreia (Actionability)
AlayvwoTIKA onuaaoia
[1poyvwaoTIKr) onuaacia

[TIBavr) KAIVIKA) onuacia oTo AUECO NEANOV

o~ w0 D

EpeuvnTiko Evoiagpépov




1. AUECOC avTiKTUTTOC OTNV KAIVIKN TTpAcn a  EtmAoyn Bepartreiag

TP53 peTaAAaEeic - XA

2uxva ue del(17p)
AVOEKTIKOTNTA oty XNHEIO-AVOC0BEPATTEIO KO MIKPF) ONIKN ETTIRIWOT)

KAIVIKO WQEAOG € TTPOCPOATA EYKEKPIMEVA VEX (PAPMOKA [ibrutinib, idelalisib]

0B veig TTou dev £xouv TTAPEI GAAN BeparTreia

Sequencing Tou yovidiou TP53ae dAoug Toug XN\ aoBeveig, oe ouvduao o e FAISH, ipiv v
évapen Beparreiag (except in the palliativesituation):

- YIO TNV ETTIAOYT) TIPWING BEPATTEIag

- TIPIV OTTO KABE £TTOUEVN YPOMUN BepaTTeiag

AMnAoUxnon Twv eoviwv 2-11 pe Sangersequencing ) NGS

(Actionability)

Overall survival
100

— 17p deletion
= TP53 mutation
— 17p deletion and
TP53 mutation
— No TP53 mutation
or 17p deletion

7541

il

|

T T
0 24 48 72 96 120
Months

Zerzet al, Nature Reviews 2010; 10(1):37-50



[lepimTroon 1

2015/08 MoAG uynAoY
["uvaika 63 sTwvV KIvOUvou XA\

NAEUPOKUTTAPWON, avaldia, dIOYKWUEVOI AEUPADEVEC
Kuttapouetpia ponc: Tutnkr) X\V\(score 5)
KAIVIKO 21310: Binet C

FISH MovoaAAnAIKn diapean EAAeIpn Tou 13914.3 (75%)

IGHV yovidia IGHV3-23| 100% germline identity | U-CLL

TP53yovidiakny avaiuon péow Sanger Sequencing (2015-08-23)
Aev avixveuBnke TTaBoyovo TPAS3variant



[ lepiTrTIoON 1
FISH MovoaAANAIKN diapeon EAAEIYN Tou 13914.3 (67%)

TP53yovidiok avaAuon péow NGS (2017-01-26)
Variant (Protein)  VAF Depth Interpretation

p.S215G 3363 Pathogenic

TP53yovidiakn avaAuon péow NGS (2015-08-23)
Variant (Protein)  VAF Depth Interpretation

p.S215G 4352 Pathogenic



Ol UIKPOI, METAAAQYUEVOI KAWVOI £XOUVOnuaacia

TP53 unmut
- Subclonal TP53 mut
— Clonal TP53 mut

100 Pairwise comparisons

P < .0001[P = .011
P= 44

Overall survival (%)
N H (o)} (00]
o o o o

L

P < .0001

0 5 10 15

Ye ars Nadeu etal, Blood 2016; 127(17):2122-30
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Me Tn yvwon autr 1o 2015, 6a gixare TTpoei o€
¥nueloavoooBeparreia?

Aev uttapyel B€on yia XnNueElo-avoooBepartreia

omnv TPS3uetaAAaypevn XMW\

Ibrutinib

«a game changer for TP53 aberrant CLL»
[MpoTeiveTal w¢ 1n ypauur Bepatreiag




Hovtého KAQOOIKNC BeparTreiag

Medicine of the present

Cancer patients 20 ¢ .0 ¢

eg : colon cancer Il II lI II II

i
one treatment
fits all

. )




Hovtého KAQOOIKNC BeparTreiag

Medicine of the present

Cancer patients 2.2 ¢ . ¢ 0

with : 4 { ! .
eg : colon cancer II Il II II I

one treatment
fits all? e o
N y L




0l KAOOOIKEC BepaTTEieC ival ouyva. ..

QVATTOTEAEC UATIKEG

-

Depression

Asthma

Cardiac

Amythmias

Diabetes

RRRAVYTYYYYE D

RRARVTVVVTE
RRARV VTV
RARKV ATV E

woare | KRR RWVTYYVY R

Osteoporos:s

Alzheimer's

o [ RARRRRYYYYYE
RRRRRVYYYYE
RRRKRRAYY YO

IMPRECISION MEDICINE

Drug A Drug B
hizophrenia ~ Heartburn
000000000000

Drug C Drug D
hritis ~— High cholesterol
ooooooooo



ol KAaooIkég Beparreie utropei va eivai .. ETTIBAABEIC

1 00,000+ die each year

from

Adverse Drug Reactions

Source: FDA

2 EKATOUUUPIO VOONAEIES

100 d1¢ USDKOOTOC yia TO CUCTNHA UYEIQC




oI KAGOOIKEG BpaTTEieg pTTOPET Va £ival TIoAU ... OKPIBEC

Heart Failure drugs
beta blockers S345 million — S575 million

Cholesterol drugs
statins $3.8 billion —
$8.8 billion




Medicine of the present: one fits all

&
Cancer patients with @

e.g. colon cancer

Therapy

Effect No effect Adverse effects

AI0QOPETIKA
AVTATIOKPION

AI0QOPETIKO
YEVETIKO TTPOYIA



Medicine of the present: one fits all

Cancer patients with
e.g. colon cancer 1

®
o "R |
Effect No effect Adverse effects

Medicine of the future: Precision
Medicine z
o ® o ®

@ ® l Cancer patients with
e.g. colon cancer

Blood, DNA, urine and tissue analysis

¥ ﬁ\w
paL
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D mpdogartec e€ehieic ot BioTexvoroyia

Sequencing Improved New tools
of the human technologies for for using large
genome biomedical analysis datasets

0110

@ 0010101100
= 0101101010010

[ — e 3 0001010 0

v armmokwdikoTroinon aMniouyiag avBpuwmvou DNA| aArolxnon
véag yeviag, Next Generation Sequencing (NGS)
v epyaAeia yia v avaAuon PIodedopévwy peyaAou Gykou

I

VEEG DIAYVWOTIKEG TIPOOEYYIOEIG oV KAIVIKA TTPAEN
(biomarker diagnostics)

@) oToxXeUpEVEG BeparTeieg (targeted therapies)

Il

oTOXEUOT EIOIKWV TTABOAOYIKWV UNXOVIOUWV

Medicine of the future: Precision
Medicine

l Cancer patients with
,I 'ﬁ e.g. colon cancer

Blood, DNA, urine and tissue analysis

-\ D
L 'J‘ ‘& =34 % Biomarker diagnostics

@ o ¥ gogl o

Ba® afm B

ﬁ" "u " %te
= - @ Therapy



@ Biomarker Diagnostics

What do they do?

Identify patients who are most likely to benefit from a particular
therapeutic product

Identify patients likely to be at increased risk for serious side effects as
a result of treatment with a particular therapeutic product

Monitor response to treatment with a particular therapeutic product
for the purpose of adjusting treatment to achieve improved safety or
effectiveness

the development of an appropriate diagnostic test goes often handin hand with or even precedes the
development of a highly specificdrug

“companion diagnostics”

example: Metastatic melanoma - mutation in an oncogene called BRAF\/600

Tie companion diagnostics market
is growing at an incredible rate?

US $1.8bnin

2018 $5.58 bn




PERSONALIZED @ Targeted therapies
MEDICINE AT FDA

A Progress & Outlook Report

Personalized Medicines Top 30% of FDA Approvals for
Second Year in a Row

1. Record number of 25 personalized medicine approvals

(42% of all 2018 new drug approvals) (25/59)

2. Second approval of a cancer drug indication based on
biomarker, not tumor type: Vitrakvi (larotrectinib)

FRAMEWORK FOR FDA'S

{FVE"[e]:{WD] Observational clinical studies & generate RIVE

EVI DENCE FDAwill also consider the evaluation of observational clinical studies
PROGRAM using RWEto support product effectivenessdeterminations.



Watson and Crick
Molecular structure of NucleicAcids: A Structure for DNA

Nature 171, 737-738 (1953)




Kary B. Mullis — Nobel Lecture, December 8,
1993

The polymerase chain reaction
With two oligonucleotides, DNA polymerase, and the
four nucleosidetriphosphates | could make as much ofa
DNA sequence as | wanted and Icould make iton a
fragment of a specific size that | could distinguish easily.
Somehow, | thought, it had to be an illusion.




The polymerase chain reaction - EQapuoyn

PML/RARA -
XIMaIPIKO yovidio
Aiayvwon | PCR
O¢&cia TTPOPUEAOKUTTAPIKN
Aeuxaiyia

1994
[uvaika, 24 eTwv

Aitia TTpocéAeuong

KaTafoArn duvduswy, 1994
EKXUHWOEIG O¢eparteia —
ATRA+xnueIoBepaTTEia
Aidyvwon | MIKPOOKOTTIO
2020

O¢&eia puehoyevi g Asuxaipia

ApioTn yeviKiKaTaoTaon
O1euBuvTpIa TTWANCEWV
unTépa 2 TaIdiwyv



by this
guy here!

Frederick
Sanger

1977



NUCLEIC ACID SEQUENCING?

Nucleic acid sequencing i1s a method for determining
the exact order of nucleotides present in a given DNA
or RNA molecule




Sanger Sequencing - the method

(2 (3) 4]
o make multiple copies attach a add to four
of a segment primer polymerase solutions
denature dsDNA

using heat :> ") ) \') i U U H

(5] (6] 7]
grow complementary denaturate the electrophorese the
chains until termination dye grown chains four solutions

g free o

120 130
GAT AAATCT GGERSEBT AT T TCC

“HNO>>-HO0-N>00

1.The dsDNA fragment is denatured
into two ssDNA fragments.

2.A fragment of ssDNA is multiplied
into millions of copies.

3.A primer that corresponds to one
end of the fragment is attached.

4.The fragments are added to four
polymerase solutions. Each solution
contains the four types of bases but
only one type of termination
nucleotide.

5.The chain grows until a termination
nucleotide israndomly added.

6.The resulting dsDNA fragments are
denatured to obtain a series of ssDNA
of variouslengths.

7.The fragments are separated by
electrophoresis and the sequence is
read.



Sanger Sequencing - E@apupoyn

Immunoglobulins IG
Variable region
mutations

2009
[uvaika, 65 eTwv

Aitia TTpocéAeuong
Tuyxaiog aipaToAoyikog
éAeyxog

Aidyvwon | Xpovia
Aep@OKUTTAPIKA Acuxaiuia

Mpdéyvwon | Sanger
Sequencing

2009
IGV 95% (mutated) a good

prognosis

2021
ApIOTn YeEVIKAKATAOTAON



The revolution — a new era

Revolutionary new pills like GLEEVEC
combat cancer by targeting only the
diseased cells. Is this the breakthrough

THERE IS NEW AMMUNITION
IN THE WAR AGAINST

THE . 3
HUMAN '~ §
GENOME

GANGER.

THESE ARE THE BULLETS.

Revolutionary new pills like GLEEVEC
combat cancer by targeting only the
diseased cells. Is this the breakthrough
we've been waiting for?

o 4 ‘
™ vt ]
AY Auenican Association M&mvw




ECENIEN TWV VE:V&TIK(DV HEBOOWYV avixveuong

EUPNMUATA-0POCNMA ot aipatoAoyikég
KakonBeleg

Discovery of Discowery o
1(9;22) CML H1S:17) AML

Cytogenetics | |

First igentification
of mutations in

First identification
of mutations in Completion of

Human Genome Froject

oncogenes tumor supprassors
Sanger sequencing | | |
FISH
DLBCL sublyps
classification
GEP |
Cﬂw-mmﬂna[mmﬂu‘mn of
ALL, AML, CLL, GML,
DLBCL, M
SMP/CGH arrays 3
Compiete gancmes of
CLL, DLBCL, ETP-ALL,
FL, HCL, MM, WM
AML genome
Massively parallel sequencing
| ] L J ]
I T 1 1 1
1970 1980 1990 2000

2012



MeBodoAoyiec aAAnAouxnong véag yeviag
(Next generation sequencing, NGS)

Whole-genome sequencing (WGS) avaAuon 6Aou Tou yovISIwPATOG -
Avayvwplon CWHATIKWY TTapaAAaywyv, oUykpion TnG aAAnAouxiag Tou

VEOTTAAOPATOG PE TNV avTioToiXn QuaioAoyikA (germline).

Exome sequencing avdAuon Tng TEPIOXAG TOU YOVIDIWPATOG TTOU KWOIKOTTOIEN yia
TPWTEIVES

Targeted resequencing otoxeupévn aAAnAouxnon PCR amplicons yia Tnv avaAuon

OUVKEKPIMEVWYV YEVWHIKWY TTEPIOXWV (amplicon sequencing).

Exome= 1% Targeted, x%

p SRS PR _ -g0.

—

S

Betii

Copyright © 2012 Universaty of Washengton



N

A. Library Preparation

Genomic DNA

l Fragmentation

- —
-
Adapters - == ==
— o=
l Ligation

Sequencing
Library

NGS library is prepared by fragmenting a gDNA sample and
ligating specialized adapters to bath fragment ends.

B. Cluster Amplification

l Flow Cell

Bridge Amplification
Cycles

Clusters

Library is loaded into a flow cell and the fragments are
hybridized to the flow cell surface. Each bound fragment
is amplified into a clonal cluster through bridge amplification.

C. Sequencing

Sequencing Cycles ( )
- Digital Image

Data is exported to an output file l

Cluster 1 > Read 1: GAGT.

Cluster 2 > Read 2: TTGA.

Cluster 3 > Read 3: CTAG..

Cluster 4 > Read 4: ATAC...  Text File

Sequencing reagents, including fluorescently labeled nucleo-
tides, are added and the first base is incorporated. The flow

cell is imaged and the emission from each cluster is recorded.

The emission wavelength and intensity are used to identify
the base. This cycle is repeated “n” times to create a read
length of “n” bases.

workflows include four basic steps

D. Alignment and Data Anaylsis

ATGGCATTGCAATTTGACAT
\TTGCAATTTG

TGGCA
AGATGGTATTG
Reads GATGGCATTGCAA
GCATTGCAATTTGAC
ATGGCATTGCAATT
AGATGGCATTGCAATTTG
Reference

Genoma. AGATGGTATTGCAATTTGACAT

Reads are aligned to a reference sequence with bicinformatics
software. After alignment, differences between the reference
genome and the newly sequenced reads can be identified.



Next Generation Sequencing
platforms from trusted names




Next Generation Sequencing - E@appoyn

2017
Avdpag, 62eTwv

Aldyvwon
Xpovia Agu@oKUTTAPIKE Aguxaiyia

Mopiakf avahuon | NGS
TP53pathogenic variant

O¢parreia
Ibrutinib

2020
ApIOTN YEVIKA KATACGTACN

OpBoTtredikdg oe TTARPN
opacTtnpIdTNTA



Precision Medicine Initiative (PMI)

“Tonight I'm launching a new
Precision Medicine Initiative to bring
us closer to curing diseases

like cancer and diabetes.

:
:
?
:
I
|
!

<

And to give us all access to the
personalized information we need to
keep ourselves and

our families healthier.”

President Barack Obama
2015 State of the Union Address | January 20, 2015



Precision Medicine Initiative (PMI)

The promise: $215 million investment to 4 public authorities:

NIH - National Institutes of Health

) NATIONAL CANCER INSTITUTE
NCI - National Cancer Institute

oY U.S. FOOD & DRUG

FDA' FOOd and DrugAdminiStration ADMINISTRATION

ONC - Office of the National Coordination for Health Information
Technology

https://www.whitehouse.gov/the-press-office/2015/01/30/fact-sheet-president-obama-s-precision-medicine-initiative



Precision Medicine Initiative (PMI)

The objectives:

More and better treatments forcancer

Creation of anational registry
Protecting Privacy

Regulatory modernization

Public-private partnerships

https://www.whitehouse.gov/the-press-office/2015/01/30/fact-sheet-president-obama-s-precision-medicine-initiative
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NONCOMMUNICABLE DISEASES (NCDs)

THE THREAT Key Facts

NCDs are responsible for
¢ZDRN ]
@) ©O000 no

T
OO0

3

P ot Rl i
WOl'ld .Hea.lth diseases peop
Organization

Cancer ihe second leading cause of death
globally, 9.6 million deaths in 2018
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GREECE Ziimiiomecin ™

» 38% 12%

Cardiovascular Other NCDs

NN
ﬁ ‘/l\} diseases
L »26%  »11% ‘

Cancers Communicable,

World Hea Ith 5 maternal, perinatal NCDs are
» 9% estimated to

and nutritional

Organization W “Calsens

respiratory -
diseases 3%
Injuries
1%

Diabetes
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g’@ World Health
W%V Organization

e

WE CAN PREVENT AND CONTROL
THE WORLD'S MOST COMMON DISEASES

The challenge is unprecedented -- a 25% reduction by 2025
in premature deaths from noncommunicable diseases.
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NGS methodologies identify genetic
aberration that correlate to cancerincancer
cells

Y U.S. FOOD & DRUG

ADMINISTRATION

2018

Companion

Laréest a%cauon
-

Application Area

Melanoma 6.45%
NSCLC 32.26% ®
Breast cancer 32.26% ®
Colorectal 645% ®
Thalassemia 3.23% ®
Ovarian cance 8.45% @

GIST 3.23%
Mastocytosis 3.23% @
MDS/MPD 3.23% ®
ClL3B%e

10/25 personalized medicines approved in

°he economic impact of cancer in 2010 was US$1.16 trillion



A New Taxonomy of Cancer

From organs to molecules

Genomics and the Future of Cancer Treatment

According to the President of the Dana Farber Cancer
Institute, we may soon look at the concept of “organ-based”
cancer types as ancient history.

e Formore than acentury, cancers have been classified by the organ or
fissue
—with therapies geared fo those specificareas

e Asmore islearned about the basicbiological processesin cancers,
anew perspective has emerged

 The shift from an organ-focused to a gene-classification



Genomic Alterations in Cancer

Major classes

Point mutations

AGT
Arg

CGT
/ Cys

GTT

Activation of oncogenes-
RAS genes in many cancers
Inactivation of TS genes-
TP53in many cancers

TS, tumor suppressor
CML, chronic myelogenous leukemia




GenomicAlterations in Cancer

Major dasses
Point mutations Copy number alterations
AGT Amplification —_—
Arg
CGT
/ Cys
TGT
GGT =i Ser

Asp

Activation of oncogenes-
GCY ERBB2 in breast cancer
Ala
GTT Deletion jme

Activation of oncogenes-
RAS genes in many cancers
Inactivation of TS genes-
TP53in many cancers

(1 T LT TRV

TS, tumor suppressor o
. . Inactivation of TS genes-
CML, chronic myelogenous leukemia RB1in retinoblastoma




Point mutations

AGT
Arg

CGT
/ Cys

GTT

Activation of oncogenes-
RAS genes in many cancers
Inactivation of TS genes-
TP53in many cancers

TS, tumor suppressor
CML, chronic myelogenous leukemia

Genomic Alterations in Cancer
Major classes

Copy number alterations

Amplification

Activation of oncogenes-
ERBB2Z in breast cancer

Deletion

Inactivation of TS genes-
RB1 in retinoblastoma

Translocations

Activation of many genes-
BCR-ABL in CML



Characterization of Cancer Genomes

Technologies
Molecular alterations in cancer Current clinical Emerging clinical
technology technology
| Point mutations (substitutions/indels) | - —
8 Capillary sequencing
ly
//// \\\\\T\ Pyrosequencing
AGT CGT TGT GAT GCT GTT . -
Arg Cys  Ser Asp Ala Val Quantitative PCR
Point mutation Rb in retinoblastoma
TPS3 in many cancers ddPCR
Many other TS genes
| chromosomal aberrations (copy number gains or losses) | I Flon IHC _ddPCR I Massively parallel

T TN ITTETRATIN S Tente
MCATTTI T TELT T

Amplification Erbb2 in breast cancer ~ Deletion Rb in retinoblastoma
Myc in many cancers Many other TS genes

[Translocations, fusion genes | FISH, IHC

(MDETTI_D
117

|
A1 .

Translocation Ber-ABL in CML
Many in hematologic cancers
ETS fusions in prostate cancer

+

Cancer Discovery: 1(4):297-311
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A New Taxonomy of Cancer

From organs to molecules

A Lung Adenocarcinoma B Lung Squamous Cancer C

Breast Cancer

ERBB2/3

ERBB2 PIK3CA

E Melanoma F Head and Neck Squamous Cancer
Colorectal Cancer

(PTEN and CDKNZ2A are

frequently inactivated) EGFR, -/
ERBB2
G Ovarian Cancer H Glioblastoma Multiforme
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2 5 & 2
0 0
U@ @SS Qe R P F &SSP
5 & AF £ [N O R R P O R A S
e«? & Q,\@ IR « \@1\0‘ oS C & < s o
F & & &

umina



Cancer Genomes

WGS isa snapshot

Certain mutations reflect paternal and/or maternal germline variation
Additional somatic mutations accumulate through life

“Driver” mutations cause cancer, “passenger” mutations are carried along
Additional drivers evolve and diversify the cancer

Some alter aggressiveness...
...which may be treatable

Others may alter treatment response, leading torelapse

‘- (Bl )»> (BB
N

AreDynamic

Cancer genomes
are not static.

In cancer, one
snapshot isnot

enough.

v
»

4
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Gemline Somatic

*

Cancer Cancer .
Treatment

(Primary) (Metastasis)



Evolution of Cancer Genomes

Primary vs. metastatic tumors

Loss of Human Epidermal Growth Factor Receptor 2
(HER2) Expression in Metastatic Sites of
HER2-Overexpressing Primary Breast Tumors

Naoki Niikura, Jun Liu, Naoki Hayashi, Elizabeth A. Mittendorf, Yun Gong, Shana L. Palla, Yutaka Tokuda,
Ana M. Gonzalez-Angulo, Gabriel N. Hortobagyi, and Naoto T. Ueno

24% of patients with HER2-positive primary breast
tumors had HER2-negative metastatic tumors



Intratumoral & Intermetastatic Clonal Heterogeneity

A Biopsy Sites
R1 (G3)
R3 (G4) 0 LngQ
Q metastases
M2a o

RS (G4) 0

. M2b Chest-wall
Ry —[= metastasis

Perinephric
metastasis

M1

B Regional Distribution of M
Ubiquitous Shared primary Shared metastasis Private

i PreM
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Interpatient Genetic Heterogeneity

Breast Cancer— 40 Cancer Genes Across 100 Tumors- Nature 2012;486;7403;400-4

B Point mutations
B Copy number changes

TP53 [ |

FIK3CA [ [[]]]
chri7: (ERBB2) | ]|
chr8: EMYCA

chr8: (FGFR1/ZNF703)  HEE HEEE B | | | I | | | | | | ] ]
GATA3 | I | [ | | | | | | []] [ [ ]]

chr11: (CCND1 [ |
cclbrﬁ(% NF21 i EEm | | | [ | [ | [ |
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AIMS

Optimal diagnhosis & management
of patients regardless of where theylive.
More and better treatments for cancer.
Establishment of a data repository
Data safety

Standardized procedures

Research on cancer

Partnership between the Public and the Private Sectors

axrve IATPIKH
https.//oncopmnet.gr/ H K P I B E I H
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—_— Solid tumors panel 38 genes
referrals by oncologists and pathologists
lung cancer
~ breast cancer
~ melanoma
— prostate cancer
~ ovarian cancer
~ colorectal cancer
~ pancreatic cancer
~ sarcomas

SELECTION OF

— Blood can nel 58 gen
TARGETS GENES re?:rraﬁ: bie:emzlzzloi;ists g::d epsatholog ists
AND DISEASES all blood cancers

— Hereditary cancer syndromes  panel 42 genes
referrals by oncologists, hematgrogists and
pathologists
breast cancer
ovarian cancer
~ colorectal cancer
" pheochromocytoma
" dinical suspicion of another hereditary cancer syndrome
T
|
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5
2



WHAT
WE
TEST




—— Preanalytical phase
sample collection, shipment,
processing (nucleic acid isolation)

Analytical phase - NGS protocols
ANALYTICAL —— In-house custom designed panels for all exons of the

PROTOCOLS selected genes

Postanalytical phase - analysis and interpretation
—— Purpose built bioinformatics pipeline and clinical
annotation platform

sixrve IATPIKH
AKPIBEIR
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DATA
MANAGEMENT

— 1st STEP

—— e-Referral system
Clinical Report editing, generation and

distribution

—— Data integration with National Health Services
(Ministry of Dig. Gov)

—— Sample inventory

— 2nd STEP

—— Bioinformatic pipelines (adopt Big Data Technologies)
—— Tool to support clinical interpretation of variants
—— Common pipelines, centralized platform

— 3rd STEP

— Centralized NGS file storage, variant knowledge
database

EONIKO

AIKTY®

K

K

ATPI

PIBE

0



DATA
STORAGE

Bioinformatic
Pipelines

GRNET SA
(National
Infrastructures

for Research
and Technology)

raw
&
meta data
(NGS file,
variant data)



INTERLABORATORY
QUALITY
ASSESSMENT
RING TRIALS

Between network labs

Between different platforms

For all analytical phases

Accreditation after ISO 15189

Accreditation after ISO 27001
GDPR compliance




HPMN
WEBSITE

O

& https://oncopmnet.gr
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CHALLENGES

Scientific discovery
Diagnostic regulatory policy
Investment incentives

Coverage/ reimbursement

Implementation of novel technologies in
a clinical context
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U.S. FOOD & DRUG

ADMINISTRATION

PERSONALIZED MEDICINE AT FDA
a progress & outlook report

— The time of Precision Medicine has arrived

SUSTAINING — Innovation at the highest possible level
(targeted drugs)

A PROMISING

PARADIGM — Scientific discovery is accelerated towards

identifying novel biomarkers, while technological
advances offer new possibilities for big biodata
processing



Unlocking the potential of precision medicine

IQN ‘ European Cancer ef |a In Europe - improving cancer care through broader access
Patient Coalition p to quality biomarker testing

International Quality Network for Pathology
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THE STATE

OF BIOMARKER
TESTING

IN EUROPE
QUALITY

AND ACCESS
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Unlocking the potential of precision medicine

in Europe — improving cancer care through
broader access to quality biomarker testing

Continue efforts with Greece’s National Network of
Precision Medicine (est. 2018), which is recognised
as a best practice case study for Europe



types of precision medicine oncology trials

basket trial umbrella trial

By Y. T
|| |
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NATIONAL CANCER INSTITUTE
NCI-MATCH CLINICAL TRIAL

THIS PRECISION MEDICINE TRIAL ~ : NCI-MATCH* IS FOR ADULTS WITH:
EXPLORES TREATING PATIENTS .o solid tumors (including rare tumors) and
BASED ON THE MOLECULAR : lymphomas

PROFILES OF THEIR TUMORS : tumors that no longer respond to

standard treatment

ABOUT 3,000
CANCER PATIENTS
WILL BE
SCREENED WITH A
TUMOR BIOPSY

THE BIOPSIED

TUMOR TISSUE
WILL UNDERGO
GENE ;

[F APATIENT'S TUMOR HAS A GENETIC ABNORMALITY THAT MATCHES ONE TARGETED BY A DRUG
USED IN THE TRIAL, THE PATIENT WILL BE ELIGIBLE TO JOIN THE TREATMENT PORTION OF NCI-MATCH

tumor agnostic



NATIONAL CANCER INSTITUTE
NCI-MATCH CLINICAL TRIAL

IF APATIENT'S TUMOR HAS A GENETIC ABNORMALITY THAT MATCHES ONE TARGETED BY A DRUG
USED IN THE TRIAL, THE PATIENT WILL BE ELIGIBLE TO JOIN THE TREATMENT PORTION OF NCI-MATCH

4 6,000 patients, molecular testing NOT ALL PATIENTS WILL
HAVE TUMORS WITH AN
1,593 patients assigned to one of 38 substudies ABNORMALITY THAT
MATCHES A DRUG BEING
TESTED

<\

v each substudy was a phase 2 trial of a therapy

matched to a genomic alteration PATIENTS WITH TUMORS

THAT SHARE THE SAME
v' 7/27 positive substudies (25.9%) GENETIC ABNORMALITY,
REGARDLESS OF TUMOR
TYPE, WILL RECEIVE THE
DRUG THAT TARGETS
THAT ABNORMALITY

TO l‘léAAOV E ,LVaL E 6(1_) ! *NCI-Molecular Analysis for Therapy Choice




PERSONALIZED
MEDICINE AT FDA

A Progress & Outlook Report

Sustaining a Promising Paradigm

v H enoxn tne latpiknc AkpLBeilog éxet prdoeL
v’ H Kavotopia Bpioketal ota upnidtepa enineda (otoxevpéva ddpuaka).

v' eruotnpoviK avakdAun: avayvwpictouv véol BLodeikTe,
v TeEXVONOYIKEG e€ENEELG: epyadeia yla Tnv avdAuon kat Sloyeiplon peydAou dykou
Sdedopévwy amnod e HoOVWHEVOUC aoBEeVE(G

NpokAnoei: emLotnuovikn avakaAuyn, diagnostic regulatory policy, investment incentives,
coverage kal anolnuiwon, Kot edapuoyr VEWV TEXVOAOY LWV OTNV KAV KK TIP OKTIKN

amno to one-size-fits-all, trial-and-error medicine kat mpog tn xprion tng poplakng mAnpodopiag
LE OTOXO TNV KAAUTEPN €KPaon Twv oOEVWV KAl TNV TILO WO TEAECUATIKA AELTOU pyEia TOU
OUOTAMATOC UYELOC




"eveTIKOI BIOOEIKTEG OTIG AEUPIKEG KAKONBEIEG
otnv eroxn TnG larpikng Akpipeiag

AvaoTtacia Xar¢ndnunTpiou

AlgeuBbuvTpia

INAS

TIT ITE OF AF’FLIED BIOSCIENC E

HI [ITOYTO EGAPMOSMENQN BIOEMIETHMON
CENTRE for HH,H-.HCH and TECHNOLOGY-HELLAS




	Slide 1: Γενετικοί βιοδείκτες στις λεµφικές κακοήθειες  στην εποχή της Ιατρικής Ακριβείας
	Slide 3: Μελέτη του Καρκίνου
	Slide 4: Επικέντρωση στις Β  λεμφικές κακοήθειες
	Slide 5: Χρόνια Λεμφοκυτταρική Λευχαιμία
	Slide 6: α. Βασική και Μεταφραστική Έρευνα
	Slide 7: βιοδείκτες
	Slide 8: 1. Εξωγενείς Βιοδείκτες – Μικροπεριβάλλον
	Slide 9: Ώριμα Β λεμφοκύτταρα στιχομυθία με το μικροπεριβάλλον
	Slide 10: αλληλεπιδράσεις με το μικροπεριβάλλον αναγνώριση σημάτων
	Slide 11: αλληλεπιδράσεις με το μικροπεριβάλλον υποδοχείς
	Slide 12: Β  κυτταρικός υποδοχέας μια μοναδική μοριακή υπογραφή για κάθε Β  κλώνο
	Slide 13: Ποικιλότητα Ανοσοσφαιρινών
	Slide 14: ανοσολογία και μαθηματικά
	Slide 15
	Slide 16: Β  κυτταρικός υποδοχέας κλειδί για την κατανόηση και τη θεραπεία της ΧΛΛ
	Slide 17: Αντιγονικοί υποδοχείς και φυσική πορεία της ΧΛΛ in vivo ενδείξεις
	Slide 18: Αντιγονικοί υποδοχείς και φυσική πορεία της ΧΛΛ ανοσογενετικές ενδείξεις
	Slide 19: Σηματοδότηση μέσω Β  κυτταρικού υποδοχέα
	Slide 20: Επιλεκτικότητα γονιδίων IG
	Slide 21
	Slide 22: οι σωματικές υπερμεταλλάξεις συμφέρουν!
	Slide 23: αμετάλλακτη ΧΛΛ: πολυαντιδραστικές IG πολλές ευκαιρίες για ενεργοποίηση
	Slide 24
	Slide 25
	Slide 26: ERIC/IMGT CLL-DB
	Slide 27
	Slide 28: Στερεότυπα υποσύνολα
	Slide 29
	Slide 30: Υποσύνολο #8 και σύνδρομο Richter  πολυαντιδραστικότητα IG
	Slide 31
	Slide 33: Αυτόνομη σηματοδότηση στην ΧΛΛ ένας νέος τρόπος ενεργοποίησης
	Slide 36
	Slide 37: 2. Ενδογενείς Βιοδείκτες
	Slide 38: Βλάβες TP53 del(17p), TP53 μεταλλάξεις
	Slide 39: μόνο TP53;
	Slide 40
	Slide 41
	Slide 42
	Slide 43: CLL genomics 2015 ~1000 ασθενείς
	Slide 44: μέσα σε 2 χρόνια από ένα και μόνο συνεργατικό δίκτυο
	Slide 45: μέσα σε 2 χρόνια από ένα και μόνο συνεργατικό δίκτυο
	Slide 46: μέσα σε 2 χρόνια από ένα και μόνο συνεργατικό δίκτυο
	Slide 47: συμπεράσματα;
	Slide 48
	Slide 49
	Slide 50: β. Κλινική Εφαρμογή - Διαγνωστική
	Slide 51
	Slide 52: IG Network
	Slide 53: TP53 Network
	Slide 54: Το γονιδιωματικό τοπίο της ΧΛΛ
	Slide 55: Ευρωπαϊκή ομάδα για τη διάγνωση λεμφωμάτων με NGS European Expert Group on NGS-based Diagnostics in Lymphomas (EGNL)
	Slide 56: Επαναληπτικά μεταλλαγμένων γονιδίων στα λεμφώματα -  Κλινική σημασία
	Slide 57: 1. Άμεσος αντίκτυπος στην κλινική πράξη à Επιλογή θεραπείας (Actionability)
	Slide 58: Περίπτωση 1
	Slide 59: Περίπτωση 1
	Slide 60: οι μικροί, μεταλλαγμένοι κλώνοι έχουν σημασία
	Slide 61: Περίπτωση 1
	Slide 62: μοντέλο κλασσικής θεραπείας
	Slide 63: μοντέλο κλασσικής θεραπείας
	Slide 64: αναποτελεσματικές
	Slide 65: oι κλασσικές θεραπείες μπορεί να είναι … επιβλαβείς
	Slide 66: oι κλασσικές θεραπείες μπορεί να είναι πολύ … ακριβές
	Slide 67
	Slide 68: Medicine of the future: Precision  Medicine
	Slide 69: Medicine of the future: Precision  Medicine
	Slide 70: Biomarker Diagnostics
	Slide 71: Targeted therapies
	Slide 72
	Slide 73: 1993
	Slide 74
	Slide 75
	Slide 76
	Slide 77: Sanger Sequencing - the method
	Slide 78
	Slide 79: The revolution – a new era
	Slide 80: Εξέλιξη των γενετικών µεθόδων ανίχνευσης  ευρήµατα-ορόσηµα σε αιµατολογικές  κακοήθειες
	Slide 81: Μεθοδολογίες αλληλούχησης νέας γενιάς (Next generation sequencing, NGS)
	Slide 82: NGS workflows include four basic steps
	Slide 83
	Slide 84
	Slide 85
	Slide 86: The promise: $215 million investment to 4 public authorities:
	Slide 87
	Slide 88
	Slide 89: γιατί στην ογκολογία?
	Slide 90: γιατί στην ογκολογία?
	Slide 91: γιατί άλλο  στην ογκολογία?
	Slide 92: A New Taxonomy of Cancer From organs to molecules
	Slide 93: Genomic Alterations in Cancer Major classes
	Slide 94
	Slide 95: Genomic Alterations in Cancer Major classes
	Slide 96: Characterization of Cancer  Genomes Technologies
	Slide 97: A New Taxonomy of Cancer From organs to molecules
	Slide 98: Cancer Genomes Are Dynamic
	Slide 99: Evolution of Cancer Genomes Primary vs. metastatic tumors
	Slide 101: Intratumoral & Intermetastatic Clonal  Heterogeneity
	Slide 102: Interpatient Genetic Heterogeneity
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112: WHAT  WE  TEST
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117: HPMN  WEBSITE
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134: Γενετικοί βιοδείκτες στις λεµφικές κακοήθειες  στην εποχή της Ιατρικής Ακριβείας

