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a. Baowkn kat Metadppaotikn Epeuvva



BlodeikTeC

ECWYEVEIC = MIKPOTTEPIBAAAOV

- 2nuatodotnon (B kuttapkog utodoxeac - Novidia 1G..)

EVOOYEVEIC = AEUXAIMIKA KUTTOPO

- Tevwuikég BAAPeg - del(13q), del(11q), +12, del(17p)
- JWHOTIKEC petaAAatelc - TP53, NOTCHI1, SF3B1...
- AN\ owwpéva rpotuTia peBuliwong DNA
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B KUTTOLPLKOC UTtOSOXEQC
Lo povadikn poplakni unoypadn yio kabe B kAwvo
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B KUTTOLPLKOC UTtOdOXEQC
KAeLO( yla Tnv Katavonaon kat tn Jepareia tng XAN
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Avtiyovikoi utodoyeic kat puoikni mopeia tng XAA
in vivo evdeiéelc

The NEW ENGLAND JOURNAL of MEDICINE
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Avtiyovikol urtodoyxeic kat puotkn mopeia Tng XAAN
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2nuatodotnon pEow B kuttaplkoL uTtodoYXEQ

Kakn mpoyvwon KaAn mpdyvwon

EruBiwon, mMoANQTTAQCLOOUOG

Zupo et al, 1996; Chen et al, 2002; Lanham et al, 2003; Mockridge et al, 2007; Muzio et al, 2008
Arvaniti et al, 2011; Ntoufa et al. 2012; Chatzouli et al, 2015
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apetaAAaktn XAA: moAvovtdpaoTikeg IG
TTOAAEC EUKAQLPIEC YL EVEPYOTTOINON

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

Seiler et al. Blood 2009; Stamatopoulos et al. Blood 2009; Kostareli et al. Leukemia 2010; Catera et al. Mol Med 2017

SELECTIVITY
higher affinity / restricted reactivity



n=7424
2012 119: 4467-4475
Prepublished online March 13, 2012;
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Stereotyped B-cell receptors in one-third of chronic lymphocytic
leukemia: a molecular classification with implications for targeted
therapies

Andreas Agathangelidis, Nikos Darzentas, Anastasia Hadzidimitriou, Xavier Brochet, Fiona Murray,
Xiao-Jie Yan, Zadie Davis, Ellen J. van Gastel-Mol, Cristina Tresoldi, Charles C. Chu, Nicola Canhill,
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Janus, Karin Smedby, Achilles Anagnostopoulos, Helene Merle-Beral, Nikolaos Laoutaris, Gunnar
Juliusson, Paola Francia di Celle, Sarka Pospisilova, Jesper Jurlander, Christian Geisler, Athanasios
Tsaftaris, Marie-Paule Lefranc, Anton W. Langerak, David Graham Oscier, Nicholas Chiorazzi,
Chrysoula Belessi, Frederic Davi, Richard Rosenquist, Paolo Ghia and Kostas Stamatopoulos
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Clinical effect of stereotyped B-cell receptor
immunoglobulins in chronic lymphocytic leukaemia:
a retrospective multicentre study

Panagiotis Baliakas, Anastasia Hadzidimitriou, Lesley-Ann Sutton, Eva Minga, Andreas Agathangelidis, Michele Nichelatti, Athina Tsanousa,
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Richard Rosenquist, Paolo Ghia*, Kostas Stamatopoulos*

LYMPHOID NEOPLASIA

Not all IGHV3-21 chronic lymphocytic leukemias are equal:
prognostic considerations

Panagiotis Baliakas,' Andreas Agathangelidis,>® Anastasia Hadzidimitriou,"* Lesley-Ann Sutton,’ Eva Minga,*

Athina Tsanousa,® Lydia Scarfo,® Zadie Davis,® Xiao-Jie Yan,” Tait Shanafelt,® Karla Plevova,® Yorick Sandberg, '°

Fie Juhl Vojdeman,"" Myriam Boudjogra,'? Tatiana Tzenou,'® Maria Chatzouli,™ Charles C. Chu,” Silvio Veronese,'®
Anne Gardiner,® Larry Mansouri,’ Karin E. Smedby,'® Lone Bredo Pedersen,'' Denis Moreno,'” Kirsten Van Lom,'®
Véronique Giudicelli,'” Hana Skuhrova Francova,® Florence Nguyen-Khac,'® Panagiotis Panagiotidis,'® Gunnar Juliusson,?®
Lefteris Angelis,® Achilles Anagnostopoulos,?' Marie-Paule Lefranc,'” Monica Facco,?*% Livio Trentin 2223
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BLOOD, 29 JANUARY 2015« VOLUME 125

Excessive antigen reactivity may underlie the clinical aggressiveness of
chronic lymphocytic leukemia stereotyped subset #8

Maria Gounari,' Stavroula Ntoufa,? Benedetta Apollonio,*® Nikos Papakonstantinou,? Maurilio Ponzoni,"*# Charles C. Chu,®
Davide Rossi,® Gianluca Gaidano,® Nicholas Chiorazzi,® Kostas Stamatopoulos,?” and Paolo Ghia'2
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111 mbavotnta e§axAAayrig
og ouvdpopo Richter

e§alpeTIKA MTTLO

Tobin et al. Blood 2003; Ghiotto et al. J Clin Invest 2004; Stamatopoulos et al. Blood 2007; Chu et al. Blood 2008; Catera et al. Mol Med 2008; Rossi et al. Clin Cancer Res 2009; Sutton et
al. Blood 2009; Chu et al. Blood 2010; Marincevic et al. Haematologica 2010; Maura et al. PLosOne 2011; Ntoufa et al. Mol Med 2012; Agathangelidis et al. Blood 2012; Strefford et al.
Leukemia 2013; Rossi et al. Blood 2013; Papakonstantinou et al Mol Med 2013; Vardi et al. Clin Cancer Res 2013; Sutton et al. Mol Med 2014; Mansouriet al. J Exp Med 2015
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Patients untreated (%)

YrtoouvoAo #4: n 1o nria urtoopado XAA
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Baliakas et al. Lancet Haematol 2014, Xochelli et al. Clin Cancer Res 2017



B Cell Anergy Modulated by TLR1/2 and the miR-17~92
Cluster Underlies the Indolent Clinical Course of Chronic
Lymphocytic Leukemia Stereotyped Subset #4

QVEPYLKOG BCR

apon avepyioac

Ntoufa et al, J Immunol 2016



Avutovoun onpoatodotnon otnv XAAN

EVOC VEOC TPOTTOC EVEPYOTTOINONG

Chronic lymphocytic leukaemia is driven by
antigen-independent cell-autonomous signalling

Marcus Diihren-von Minden'*, Rudolf Ubelhart"?*, Dunja Schneider'*, Thomas Wossning', Martina P. Bach', Maike Buchner®,
Daniel Hofmann!, Elena Surova®? Marie Follo®, Fabian Kohler!, Hedda Wardemann*, Katja Zirlik®, Hendrik Veelken®
& Hassan Jumaa®*®

13 SEPTEMBER 2012 | VOL 489 | NATURE | 309



ARTICLE

Received 29 Jun 2016 | Accepted 25 Apr 2017 | Published 9 Jun 2017 DOI: 10.1038/ncomms15746 OPEN

Distinct homotypic B-cell receptor interactions
shape the outcome of chronic lymphocytic
leukaemia

Claudia Minici"2*, Maria Gounari®**, Rudolf Ubelhart?, Lydia Scarfd23>, Marcus Diihren-von Minden?,
Dunja Schneideré, Alpaslan Tasdogan4, Alabbas AIkhatibG, Andreas Agathangelidis3, Stavroula Ntoufa’, Nicholas
ChiorazziS, Hassan Jumaa4, Kostas Stamatopoulos7'9, Paolo Ghia?3° & Massimo Degano1
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2. opotuTriK aAAnAsTTidpaon

Indolent CLL: subset #4
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ORIGINAL ARTICLE

Restrictions in the T-cell repertoire of chronic lymphocytic
leukemia: high-throughput immunoprofiling supports selection

by shared antigenic elements

A Vardi'*3, E Vlachonikola', M Karypidou', E Stalika', V Bikos®, K Gemenetzi', C Maramis™>, A Siorenta®, A Anagnostopoulos?,

S Pospisilova®, N Maglaveras'®, | Chouvarda'~, K Stamatopoulos” and A Hadzidimitriou'-’

v persist and further expand overtime

v shared by different patients, most especially patients
belonging to the same stereotyped subset

v disease-specific, as they are found in neither public databases

nor healthy controls

antigen drive likely underlies T-cell expansions in CLL
acting in a CLL subset-specific context

Other
inhibitory
signals?

Tolerization?
Anergy?

IG epitope
MHC
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Puente et al, Nature 2011

d0i:10.1038/nature10113

Whole-genome sequencing identifies recurrent
mutations in chronic lymphocytic leukaemia

The NEW ENGLAND JOURNAL of MEDIUINE

ORIGINAL ARTICLE

SF3B1 and Other Novel Cancer Genes
in Chronic Lymphocytic Leukemia

Lili Wang, M.D., Ph.D., Michael S. Lawrence, Ph.D., Youzhong Wan, Ph.D.,
Petar Stojanov, B.A., Carrie Sougnez, B.S., Kristen Stevenson, M.S.,
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Donna Neuberg, Sc.D., Jennifer R. Brown, M.D., Ph.D.,

Gad Getz, Ph.D., and Catherine ). Wu, M.D.

Article

Fabbri et al, JEM 2011

Analysis of the chronic lymphocytic
leukemia coding genome: role of NOTCH1
mutational activation

Giulia Fabbri,! Silvia Rasi,> Davide Rossi,> Vladimir Trifonov,2
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ORIGINAL ARTICLE
Recurrent mutations refine prognosis in chronic
lymphocytic leukemia
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Initiative on CLL (ERIC)

N=3500

m-NOTCH1
+12 I
m-TP53
del(17p)
m-SF381 |
|

del(11q) | I | I
e LY



Leukemia (2015) 29, 329-336

© 2015 Macmillan Publishers Limited All rights reserved 0887-6924/15 @

www.nature.com/leu

ORIGINAL ARTICLE

Recurrent mutations refine prognosis in chronic

lymphocytic leukemia

N=3500

P Baliakas'?, A Hadzidimitriou'3, L-A Sutton’, D Rossi?, E Minga®, N Villamor®, M Larrayoz®, J Kminkova’, A Agathangelidis®®,
Z Davis'®, E Tausch'', E Stalika?, B Kantorova’, L Mansouri', L Scarfo®°, D Cortese’, V Navrkalova’, MJJ Rose-Zerilli°>, KE Smedby'?,
G Juliusson'?, A Anagnostopoulos?, AM Makris®, A Navarro®, J Delgado®, D Oscier'®, C Belessi'®, S Stilgenbauer'’, P Ghia®®,

S Pospisilova’, G Gaidano®, E Campo?®, JC Strefford®'®, K Stamatopoulos''>*'®

and R Rosenquist
Initiative on (
100% 100%
—— all negative, n=211
—— TP53abn, n=56
— SF3B1,n=43
~—— NOTCHI1, n=55
75% T Ciial e76 75%
~ trisomy 12, n=83
— del(13q), n=294
o o
@ [
® =
Y 50% 2 50%
€ €
— ] - ]
R ES
25% 25%
p<0.0001
0% 0%
0 5 10 15 20 0

Time (years)

on behalf of the European Research

e all negativeMCLL/del(13q),n=391
—— TP53abn, n=56
—— SF3B1,n=43
——— NOTCH1,n=56
— del(11q),n=76
—— Trisomy12, n=83
all negative U-CLL/del(13q),n=103

p<0.0001

=
]

5 10 15 20
Time (years)



CLL genomics
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Puente et al, Nature 2015 | Landau et al, Nature 2015
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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 Dohner, 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.




CIRIC 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 ERIC

recommendations.
(Rosenquist, Leukemia 2017)




CIRIC 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.

ERIC recommendations on TP53 mutation analysis in Chronic Lymphocytic Leukemia
(Pospisilova, Leukemia 2012)




To yovISLwMATLKO ToTtio TNG XA

U

et 200
lm 3In$- slwm ?E’QJIISHHIE -t ..a.f. PR[IMB; DDX3 mr_PEIIH"X mm =

e | — "”’“‘"SPEN *wpird KLALS: =k
V2 P LAY mmc.l)izgfiﬂﬂl’- Il:lllllll ll:||x3|“"‘w"_s XP"I§

_Im

o §
LA

i IlﬂL!fVm;A}ﬂ = T i -2 =
e ogez SIS m:l’lzzm el "ﬁﬁﬁ = 2
o = e
s B A nm-ié‘.ﬁ!l S S = ANKRDﬁUculuSN =
2 o o 9 = V= =
0 g A pesis ) g S = e i £ B e = ig
o1 ST 5 o l____muzm T 1 P,
H ‘,Tm PI[X2 AR+ oy B8 = H Tl
= “,;yujlli IMPE rlPIs [;km ES»DZ.‘.,
- IFMNZ ms lunn (E g‘

‘f‘"—L - o,

Mw¢ pmaivel Taén oto Tomio?




Eupwrnaikn opada yia tn dtayvwon Aeppwpatwy pe NGS
European Expert Group on NGS-based Diagnostics in Lymphomas (EGNL)

Elias Campo (Spain)

Ming Du (UK)

Gianluca Gaidano (ltaly)

Philippe Gaulard (France)

Patricia Groenen (The Netherlands)
Richard Rosenquist (Nordic countries)
Andreas Rosenwald (Germany)
Kostas Stamatopoulos (Greece)

Associated members:

Paolo Ghia (ERIC)
Andrew Wotherspoon (EAHP)
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hematopathologist

molecular pathologist

hematologist

hematopathologist

clinical scientist - molecular pathology
clinical geneticist

hematopathologist

hematologist

AL CIRIC
EUROPEAN ASS TAT¥oN
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european research initiative on CLL

guidelines




ErtavaAnmrika peTaAAaypEVwWY yovidilwyv ota Aspdwpota -
KALVLKN onuooia

1. Apeoocg avtiktumog otnv anodaon ywa Beparmeia (Actionability)
2.  AlayvwoTikn onupooia
3. MpoyvwoTikA onuaoia
4. TBavn KAWVIKA onpooio 0To Apeco LEAAOV

5. Epeuvntiko EvbladeEpov




1. ApEocOC aVTIKTUTIOC O0TNV KAWVIKA TtpAén = Emhoyr) Beparmeiog

TP53 petal\dgeic - XAA

Yuyva pe del(17p)

AvOeKTIKOTNTA oty XNUELO-0lVOoOBEpameia Kol kpr oAlKn emiBiwon
KAwiko wodelog pe npoodata eyKeKPLHEVA VEQ GAPUAKA [ibrutinib, idelalisib]
aoBeveic mou Sev €xouv mapel AAAn Beparneia

Sequencing Tou yovidiou TP53 oe 6houg Toug XAA acbBevelc, oe cuvduaouo pe FISH, mpwv tnv
évapén Bepaneiag (except in the palliative situation):

- yla tnv enthoyn mpwtng Bepamneiag

- IPLV Ao KGO emopevn ypappun Bepaneiag

AMNAoUxnon Twv e€oviwv 2-11 pe Sanger sequencing 1 NGS

100—1

7541

50

25

(Actionability)

Overall survival

— 17p deletion

= TP53 mutation

— 17p deletion and
TP53 mutation

= No TP53 mutation
or 17p deletion

48 72 96
Months

120

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



Meptntwon 1

2015/08
fuvalko 63 sTwv Kww8Uvou XAA

MoAU uPnAov

Nepdokuttapwon, avorpia, Stoykwpevol Aepdadeveg
Kuttapopetpio pong: turkn XAA (score 5)
KAwviko 2tadlo: Binet C

FISH MovoaAAnAwkn dtapeon EAAewdn tov 13q14.3 (75%)

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

TP53 yoviblakn avalvon péow Sanger Sequencing (2015-08-23)
Aev aviyveuBnke naboyovo TP53 variant



I
[lepumttwon 1
FISH MovoaAAnAwkn diapeon éAAewdn tov 13q14.3 (67%)

TP53 yovidiakn avaAuvon péocw NGS (2017-01-26)
Variant (Protein) VAF Depth Interpretation

p.S215G 3363 Pathogenic

TP53 yovidiakn avaAvon péocw NGS (2015-08-23)
Variant (Protein) VAF Depth Interpretation

0.5215G 4352 Pathogenic



Ol ULKPOL, HETAAAQYUEVOL KAWVOL EXOUV onpacio

TP53 unmut
- Subclonal TP53 mut
— Clonal TP53 mut

100 Pairwise comparisons
2 i P < .0001| P = .011
g 80 P =44
=
)

2 40 4
o
o 20 -
o P < .0001
0 5 10 15
Years

Nadeu et al, Blood 2016; 127(17):2122-30



Neptmtwon 1

Me tn yvwon avtn to 2015, Ba siyate mpoPel o€
XnNueloavoooBeparmeio?

Aev umtapyxel O€on yLa xnUELO-avoooBeparmeia

otnv TP53 petaAlaypevn XAA

Ibrutinib

«a game changer for TP53 aberrant CLL»
MpoteiveTtal we 1n ypapun Bepartreiag




Lovtédo KAOLOOLKN G Beparmeiag

Medicine of the present

Cancer patients 2 o 0 0 O

eg : colon cancer II II II II II

® O
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one treatment

fits all
\_ J




Lovtédo KAOLOOLKN G Beparmeiag
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one treatment
fits all?
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Medicine of the present
®© 6 6 0 O

Cancer patients
with [FVEVEVEVIN
eg : colon cancer II II II II I'I

i
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Effect No effect Adverse effects



Ol KAQOOLKEC Beparelec elval cuyva ...

QVATIOTEAECLATLKEG

/

Depression

Asthma

Cardiac

_Amythmias
Diabetes

Migraine

Arthritis

Osteoporosis

Alzheimer's

RRARYTYYYYE )

RRARVTVTVTE
RRARVVTVTVE
RRRKV VWAV E
RRRRRVTVTTE
RRRRRTVVVVTE
RRRRRVATVVE
RRARKR A VTV

IMPRECISION MEDICINE




oL KAOOOLIKEG Bepamelec unopel va ivad ... 87'['.[3}\(1[38(@

1 00,000+ die each year

from

Adverse Drug Reactions

Source: FDA

2 EKATOMPUPLA VOONAELEG

100 &1c USD kdoToc yLla to cuotnua uyelag




Ol KAALOOLKEC Bepareieg pnopel va eivat oA ... OLKpLBéq

Heart Failure drugs
beta blockers $345 million — $575 million

Cholesterol drugs
statins $3.8 billion -

$8.8 billion




Medicine of the present: one fits all

& ® )
Cancer patients with @ & ‘
Ol¥l ¢
e.g. colon cancer

Therapy

Effect No effect Adverse effects

Awadopetikni

avtanokplon

AladopeTiko
YEVETLKO MPodiA



Medicine of the future: Precision
Medicine
o (o O

Medicine of the present: one fits all

5] ® ) )
Cancer patients with ©® ‘
L ANC)
e.g. colon cancer

(*] @ ‘ Cancer patients with
e.g. colon cancer

Blood, DNA, urine and tissue analysis

\ ¥
\/

Effect No effect Adverse effects Effect



yiaTti Topa?

(&D) npoodarteg e§eAifelg otn Protexvoloyia

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

0110
0010101100
S 0101101010010
‘ ——— 0001010 Q

v anokwdikonoinon aAnAouyiag avBpwrnivou DNA| aAAnAovxnon
VEaG yevlag, Next Generation Sequencing (NGS)
v gpyaleia yla Tnv avaiuon Blodedopévwy peydAou dykou

VEEC SLAYVWOTLKEC TPOCEYYIOELG 0TNV KAWVIKA TTPAEN
(biomarker diagnostics)

@ otoxeupéveg Oepaneieg (targeted therapies)

4

OTOXELON ELSIKWY TTABOAOYIKWY LUNXAVIOUWY

Medicine of the future: Precision
Medicine

‘ Cancer patients with
‘n e.g. colon cancer

Blood, DNA, urine and tissue analysis

_ N
\JJ‘ &% ® Biomarker diagnostics

ﬁﬁ\ \ 'ﬁmﬂ‘
=" - Tgigpeyte

Effect



C 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 hand in hand with or even precedes the
development of a highly specific drug

“companion diagnostics”

example: Metastatic melanoma - mutation in an oncogene called BRAF-V600

Tue companion diagnostics market
is growing at an incredible rate?

US $1.8 bnin




PERSONALIZED O 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

REAL-WORLD Observational clinical studies = generate RWE

EVIDENCE FDA will also consider the evaluation of observational clinical studies
PROGRAM using RWE to support product effectiveness determinations.



Watson and Crick
Molecular structure of Nucleic Acids: A




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 of a
DNA sequence as | wanted and | could make it on a
fragment of a specific size that | could distinguish easily.
Somehow, | thought, it had to be an illusion.




The polymerase chain reaction - Epapuoyn

PML/RARA -
XIHAIPIKO YyoVisio

1994
rovaika, 24 etTov

Altia TpooéAevong
KatapoAn Suvausowy,
EKXLHOOTEIG

AlGyvwon | HIKOOOKOTTIO
O€&cia pyuehoyevng Aevxaipia

Aldyvwon | PCR
O€&¢ia TTPOPLEAOKLTTAPIKN
Aevxaidia

1994
O¢pameia —
ATRA+xnueioBeparteia

2020

APIOTN YEVIKN KATACTAON
SIELOLVTPIA TTWANTEWV
uNTéPQ 2 TTaIdicdv



Frederick
Sanger

197



NUCLEIC ACID SEQUENCING?

Nucleic acid sequencing 1s a method for determining
the exact order of nucleotides present in a given DNA
or RNA molecule




Sanger Sequencing - the method

(2 ©
o make multiple copies attach a
of a segment primer
denature dsDNA R R
using heat ') ») ) \f)
(5 (6]
grow complementary denaturate the
chains until termination dye grown chains

120 130
GAT AAATCT GGEZJEBTATT TCC

polymerase solutions

electrophorese the

HAOP>AOAN> 00O

1. The dsDNA fragment is denatured
info 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 aftached.

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 is randomly added.

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

7. The fragments are separated by

electrophoresis and the sequence is
read.



Sanger Sequencing - Eqpappoyn

Immunoglobulins IG
Variable region
mutations

2009
rovaika, 65 eTov

Altia TpooéAevong
Toxaiog alaToAoyIkog
ENeyxog

Aladyvwon | Xpovia
AEUPOKLTTAPIKNA AELXAIUIa

MNpodyvwon | Sanger
Sequencing

2009
IGV 95% (mutated) - good
prognosis

2021
APIOTN YEVIKN KATACTAON



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 AMIMUNITION
IN THE WAR AGAINST

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?

THE, - /<
HUMAN
GENOME

. ;/
A
A Averican Association Mu!ou




ECENEN TV YEVETIK(bV UEBOSWYV avixvevong
ELEPNUATA-OQOCNUA Gt APATONOYIKES

Discovery of
1(9;22) CML

Cytogenetics

KAKONOEIEC

Discowery of
Y15:17) AML

4

First identification
of mutaticns in

First identification
of mutations in Completion of

Human Genome Project

oncogenes tumor suppressors
Sanger sequencing |
FISH
DOLSCL subtype
classification
cep [
Copy-number characterization of
ALL, AML, CLL, CML,
OLBCL, MM
SNP/CGH arrays
Complete genomes of
CLL, DLBCL, ETP-ALL,
FL, HCL, MM, WM
AML genome
Massively parallel sequencing
! I 1 | |
I T T T 1
1980 1990 2000 2012

1970



MeBoboAoyieC aAANAOLXNONG VEAC YEVIAG
(Next generafion sequencing, NGS)

Whole-genome sequencing (WGS) avaAuon OAoL TOL YOVISIOUATOG -
AvayvopIon COPATIKQV TTAPAANAY®V, COYKOION TNG AAANAOLXIAG TOL

VEOTTAACUATOG YE TNV AVTIOTOIXN PLCIOAOYIKN (germline).

Exome sequencing avaAuon TNG TTEPIOXNG TOL YOVISIUATOG TTOL KWSIKOTTOIE YIa
TTOWTEIVEG

Targeted resequencing otoxevpevn aAAnAovxnon PCR amplicons yia Tnv availvon

OULYKEKPIMEVWV YEVUIKQV TTEPIOXwWY (amplicon sequencing).

Exome= 1% Targeted, x%

Copynght © 2012 Unversity of Washington



NGS workflows include four basic steps



1.Library Preparation

The sequencing library is
prepared by random
fragmentation of the DNA
or cDNA sample, followed
by 5" and 3' adapter
ligation.

Alternatively,
“tagmentation” combines
the fragmentation and
ligation reactions into @
single step that greatly
increases the efficiency of

A. Library Preparation

Genomic DNA
i Fragmentation
p=u ] T
-,
Adapters -— —=
- [r—
i Ligation
L —————
= T —
Sequencing
Library

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



2. Cluster Generation

The library is loaded
into a flowcell where
fragments are
captured on a lawn of
surface-bound oligos
complementary to the
library adapters.

Each fragment is then
amplified info distinct,
clonal clusters through
bridge amplification.

When cluster
generation is

B. Cluster Amplification

l F
Bridge Amplification [
Cycles
q l
1 3
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.



3. Sequencing

SBS technology uses a
proprietary reversible
terminator—-based method
that detects single bases as
they are incorporated into
DNA template strands.

As all four reversible
terminator—bound dNTPs are
present during each
sequencing cycle, natural
competition minimizes
incorporation bias and
greatly reduces raw error
rates compared to other

+Aa~hnAlAAIAac

C. Sequencing

Sequencing Cycles ( )
- Digital Image

Data is exported to an output file i

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.



4. Data Analysis

During data analysis and
alignment, the newly
identified sequence
reads are aligned to a
reference genome.

Following alignment,
many variations of
analysis are possible,
such as single nucleotide
polymorphism (SNP)or
insertion-deletion (indel)
identification, read
counting for RNA

mmaoathAaAe Alv/iAANAANRAT I A~

D. Alignment and Data Anaylsis

ATGGCATTGCAATTTGACAT
TGGCATTGCAATTTG
A AGATGGTATTG
Reads GATGGCATTGCAA
GCATTGCAATTTGAC
ATGGCATTGCAATT
AGATGGCATTGCAATTTG

Reference
Genome

AGATGGTATTGCAATTTGACAT

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



Next Generation Sequencing
platforms from trusted names

v  — B
- @&y
\/




Next Generation Sequencing - Epapuoyn

2017
Avépag, 62 TV

Aldyvaon . ) ,
Xpovia AepugpoKLTTApPIKNA Aevxaipia U I I mﬁ E i

Mopiakr) avaivon | NGS
TP53 pathogenic variant

O¢pareia
Ibrutinib

2020

APIOTN YEVIKN KATAOTACN
OpBoTtrebikdG o€ TTANPN
SpaoTnploTnTa



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
§
f
f‘l
X

-

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

m NATIONAL CANCER INSTITUTE
NCI - National Cancer Institute

o2y U.S. FOOD & DRUG

FDA - Food and Drug Administration e

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 for cancer

Creation of a national 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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World Health
Organization

NONCOMMUNICABLE DISEASES (NCDs)

THE THREAT Key Facts

NCDs are responsible for
HOHOAT =10
71%

Cardiovascular Chronic Cancer Diabetes Of a“ deaths WOI"IdWide

diseases respiratory (41 million people)
diseases

i
0000

Cancer the second leading cause of death

globally, 9.6 million deaths in 2018
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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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Mastocytosis 3.23% ®
MDS/MPD 3.23% ®
CLL 3.23% ®

ADMINISTRATION 10/25 personalized medicines approved in
2018
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°he economic impact of cancer in 2010 was USS 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.

* For more than a century, cancers have been
classified by the organ or tissue
— with therapies geared to those specific areas

 As more is learned about the basic biological
processes in cancers, a new perspective has

emerged
umina’



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




Genomic Alterations in Cancer

Point mutations Copy Mﬂﬁ@.ﬂté’nﬁﬁSﬁﬁS
) -
AGT Amplification =
Arg —
CGT
/ Cys
TGT
cet Ser
Gly \
GAT
Asp
Activation of oncogenes-
GCT ERBB2 in breast cancer
Ala
GTT Deletion

Activation of oncogenes-
RAS genes in many cancers
Inactivation of TS genes-
TP53in many cancers
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TS, tumor suppressor -
. . Inactivation of TS genes-
CML, chronic myelogenous leukemia RB1in retinoblastoma




Genomic Alterations in Cancer

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

Maior classes
Copy number alterations

()
Amplification =

Activation of oncogenes-
ERBB2 in breast cancer

Deletion i

(1 T TRV

Inactivation of TS genes-
RB1 in retinoblastoma

Translocations
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Activation of many genes-
BCR-ABL in CML



Characterization of Cancer Genomes

Technnlnaies
Molecular alterations in cancer Current clinical Emerging clinical
technology technology
|_Point mutations (substitutions/indels) | - —
Capillary sequencing

Gly

,//\\‘\ Pyrosequencing

AGT CGT TGT GAT GCT GTT . .
Arg Cys Ser Asp Ala val Quantitative PCR

Point mutation Rb in retinoblastoma

TP53 in many cancers ddPCR
Many other TS genes
Chromosomal aberrations (copy number gains or losses ;
| (copy g ) [FisH, iHC , daPCR | Massively parallel

WWELL ) WELL ) sequencing
0 D TET ]

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

[Translocations, fusion genes | FISH, IHC

MMOETTI D
+
['] IUl-
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

ERBB2/3

Breast Cancer

Other?

ERBB2 PIK3CA
E Melanoma F Head and Neck Squamous Cancer
D Colorectal Cancer

Other?

Other?

(PTEN and CDKN2A are

f tl tivated EGFR, -
PIK3CA requently inactivated) e
G Ovarian Cancer H Glioblastoma Multiforme
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Cancer Genomes Are Dynamic

WGS is a snapshot
GSis asnap Cancer genomes

Certain mutations reflect paternal and/or maternal variation are noft static.

Additional somatic mutations accumulate through life In cancer, one

snapshot is not
enough.

"Driver"” mutations cause cancer, “passenger” mutations are carried along

Additional drivers evolve and diversify the cancer

Some alter aggressiveness...
...which may be freatable

Others may alter treatment response, leading fo relapse

§i)
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(iR - Z' v Relapse
IO DR Bl ® | DES SN T DRSS { DL { SRS | SIS | 5
Germline : : Cancer Cancer (ER )
Somatic (Primary) (Metastasis)

Treatment

umina



Evolution of Cancer Genomes

Primary vs. metastatic tumors

NUMBER 6 - FEBRUARY 20 2012

VOLUME 30 -

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




Evolution of Cancer Genomes

Tumors change in response to treatment

Example #1

Chronic Myelogenous Leukemia (CML)

Contents lists available at SciVerse ScienceDirect

Leukemia

Research

) Resen
Leukemia Research Reports =

ELSEVIER journal www.elsevier.

Brief Communication

Strategies to circumvent the T315I gatekeeper mutation in the Bcr-Abl @cmw,,k
tyrosine kinase

Prithviraj Bose ***, Haeseong Park >, Jawad Al-Khafaji®!, Steven Grant #>-<def*

e T315I] “gatekeeper
mutation” leads to

Example #2

Non-Small Cell Lung Cancer (NSCLC)

Contents lists available at ScienceDirect
Respiratory Investigation

journal homepage: www.elsevier.com/locate/resiny

Review

Acquired resistance of non-small cell lung cancer @Cmm,,k
to epidermal growth factor receptor tyrosine
kinase inhibitors

Fariz Nurwidya®, Fumiyuki Takahashi, Akiko ) kami, Isao Kok
Motoyasu Kato, Takehito Shukuya, Ken Tajima, Naoko Shimada,
Kazuhisa Takahashi

umina



Intratumoral & Intermetastatic Clonal

Haotarnocanoityy

A Biopsy Sites

Rl (G3)
R3 (G4) QO LngQ
Q Metastases
M2a
RS (G4) o
§ - : Chest-wall
R — [ B 2 ¢ M2b metastasis
R7 (G4)
phric
metastasis
M1
B Regional Distribution of M
Ubiquitous Shared primary Shared metastasis

umina




ntergatlent Genetic eterogenelty

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

B Point mutations
B Copy number changes
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LAUNCH

August 2018

Funding 2018-2021: 5.4 M€
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2018: 4 units

11/2018

Framework agreement with the

Ministry of Health
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AIMS

Optimal diagnosis & management
of patients regardless of where they live.
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

sxrve IATPIKH
https://oncopmnet.gr/ Oﬂ rK P I /\B E I nl
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S 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 cancers  panel 58 genes
TARGETS GENES referrals by hematologists and pathologists
AND DISEASES ... all blood cancers

— Hereditary cancer syndromes _panel 42 genes
referrals by oncologists, hematologists and
pathologists

breast cancer

ovarian cancer

colorectal cancer

pheochromocytoma

_____ clinical suspicion of another hereditary cancer syndrome
axrve IRTPIKH
AKPIBEIA
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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

airve IRATPIKH
AKPIBEIR
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— 15t STEP

—— e-Referral system

—— Clinical Report editing, generation and
distribution

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

—— Sample inventory

DATA — 2 STEP

MANAGEMENT —— Bioinformatic pipelines (adopt Big Data Technologies)
—— Tool to support clinical interpretation of variants

—— Common pipelines, centralized platform

— 39 STEP

—— Centralized NGS file storage, variant knowledge
database

srve IATPIKH
AKPIBEIA
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INTERLABORATORY
QUALITY : :
ASSESSMENT T
G RIALS

. Accreditation after ISO 27001
: GDPR compliance



HPMN
WEBSITE
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CONSENT
FORMS
INSTRUCTIONS

@ @ & https:/foncopmnet.gr/?page_id=260

axrve IATPIKHE
AKPIBEIAX

craa

‘Evtuna ouyKatdeesong

0bnyieg npoetopaciag Kat peTapopdg dSeiyparog

EONIKO
AIKTY®

K

K

IATPI
Pl

0

&3



PRECISION

MEDICINE: i THE NETWORK DIAGNOSTICS PUBLICATIONS conTACT

Research bylaws

Scientists from Member Institutions as well as non- Every proposal must be submilled Lo and incluce the

following

participating Institutions are welcome to submit

RE S E A RC H research proposals to the Scientific Committee. cise description of the osed study, including the scientific rationa

state-of-the-art, study objectives and the design of the study,
* provisional budget (if applicable
will evaluate the p or scientific co
udy proponents, faimess of research, appropriateness of the requested

budget, and protection of memi nts, g authorship. Approval is

required before launching an

The Sclentific Committee must be Informed of any Intention to present
(publication and/or scientific communication of any sort) work performed under

the auspices and/or an behalf of the HPMN
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SCIENTIFIC
PUBLICATIONS

Front. Immunol. 2021 Jan 20;11:612244

Clin. Cancer Res. 2020 Sep 15;26(18):4958-4969
BMC Bioinformatics 2020 Sep 29;21(1):422

Blood 2021 Apr 8;137(14):1895-1904

Blood 2021 Mar 11;137(10):1365-1376

Blood Adv. 2020 Apr 14;4(7):1357-1366
Haematologica 2021 Mar 1;106(3):682-691
Leukemia 2020 Oct;34(10):2545-2551

Blood 2019 Mar 14;133(11):1205-1216

Frontiers in Oncology 2021, in print

Critical Reviews in Oncology / Hematology. 2020; 146, 102859
Blood. 2021 Oct 7;138(14):1249-1257
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NEXT
STEPS

Certification of public and private diagnostic labs -
in collaboration with the relevant authorities

Development of new diagnostic protocols for wide
clinical implementation

Introduction of extended panels, whole exome and
whole genome sequencing in clinical diagnostics

Research studies for the identification of novel
predictive/prognostic biomarkers

Prospective real world studies

airve IRATPIKH
AKPIBEIR
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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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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 ia In Europe - improving cancer care through broader access
Patiens Codlition p to quality biomarker testing

International Quality Network for Pathology



THE STATE

OF BIOMARKER
TESTING

IN EUROPE
QUALITY

AND ACCESS

IQNE:=




MULTI -
BIOMARKER
TEST

INTEGRATION

Western Europe

Uptake

[o] T 'y

Nordics & Baltic

Timing Uptake

&R uk 9% &3 DEN
OFRA 21% & SWE  Leader 33%
@ DE Leader 12% $FN Follower 17%
O RE 8% @uT Follower 18%
(O BEL 22% SLAT  Follower 3%
QO NED @ EsT Follower <50%
QLux Follower <50%

Central Europe
QAUT 25%

Southern Europe

Timing

Uptake

@POL  Leader 10%
Timing Uptake @CRO  Average 3%
OnmA Leader 2% ©HUN 14%
@ spPA 2% @ Follower <50%
€5 GRE 1% @SLK  Follower 0%
@POR  Leader 31% (ROM  Follower <50%
MLT  Follower N/A* & CZE 0%
(£)CYP  Follower 31% @BUL  Follower <50%

Integration is calculated based on the average scores for NGS timing and uptake of NGS testing

Time available:
NGS: Time from introduction of any NGS test modality
W Leader - Mostly >5 years

Average - Mostly 3-5 years

B Follower — Mostly <3 years

Uptake:

NGS uptake: Average % of all biopsies currently analysed using NGS
technology

W High - >75%9%
Medium - 50-75%

M Low - <50%

European Cancer
Patient Coalition

efpia

€S GRE

Available in academic
/ private facilities,
broader uptake limited
by significant funding
restrictions



Illustration M: Test quality
EQA participation

TEST
QUALITY

N

[ ——

Lab (ISO) accreditation

Directional

Key - average proportion of labs participating in at least one
EQA scheme:

W High - 590%
Medium - 75-90%

W Low - <75%

EQA participation calculated based on the average proportion of labs
participating in at least one EQA scheme

150 accreditation determined based on the proportion of labs that
are IS0 accredited within each country

European Cancer f *
Patient Coalition e pl a

€= GRE

Funding constraints
limit EQA participation
and ISO accreditation.
Not a legal
requirement, often
driven and supported
by Pharma
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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



FeVETIKOI BIOSEIKTES OTIC AEUPIKES KAKONOEIES
oTtnv emoxn TnG larpikng Akpipeiag

AvaoTtacia Xatr{nébnunTpiouv
AievBouvTpia Epevvay, INEB | EKETA

NAS

INSTITUTE OF APPLIED BIOSCIENCES
INSTITOYTO E®PAPMOIMENQN BIOEMIZITHMQN
CENTRE for RECEARCH and TECHNOLOGY-HELLAS




