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O Biodcikteg am_iapyaﬁeurmn Epeuva -

Ot Brodeikteg elvon LETPTGLUA YOPUKTNPIOTIKA TO OO0 AVTOVAKAODY Kol
eKPPALOVY PUGIOAOYIKEC, PUPUOKOAOYIKEC KOl TTOOOAOYIKEC d1aOIKAGIEG

Ot Brodeikteg eltvon yprouot:

» 270 va kabopilovy véo vTOKATAOTOTO. KAIVIKG TeALKG, onuela. (Surrogate
clinical endpoints): ocnuepa amoiteiton TEPIGGOTEPT KAIVIKN EPEVVO DOTE
va, emPefarmBovv Brodeiktec g vTokaTAGTATO TEAIKA CGMUEiQ

» 270 va emAEYovY vITOTANBOVOUODS 0G0V UE OLOPOPETIKO TPOPIA
KIVODVOD/OPEAODS: GTILEPD DITAPYEL CTILAVTIKOG OYKOG TANPOPOPLOV
CYETIKA LE TN TpoPAentikn aia TV PLOdEIKTOV OGOV aPopl 6TV
OVTOTTOKPLIOT GTO PAPLOKO 1] GTN TPOOOO TNE VOGOL
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O Proodeiktec (biomarkers) sivar o KA€101 yio ™ petaxivnon amd tnv
avTIANYN TOL «Eva PAPLLOKO Y10 OAES TIC TEPITTOOEIS) TPOC TN TPOGEYYIOoN
TOV «TO0 GOOTO PAPLOKO, GTI GOOTY 00GT], 6TO GMOGTO TANOLOUO acOEVOVY
(eCatopkevuévn Bepanein)

Ot Prooeikteg m¢ TeMKA onUEia 1] GUUTANPOUOTIKES LETOPANTEC, AVOUEVETOL
VO, ETLTOYOVOLY TOV PLOUO EMITLYIOG GTNV AVATTUEN VE®V POPUAKOV

~ O1 Prooeikteg mailovv onuoviikd poAo 0Gov apopd:

# 2TOVLC EPELVNTEC KoL 0T Prounyavias ota TAAicLo TNG EPELVOC KOl
AVATTUENG POPULAK®V, KoL

s 2T1c vtevBVVEC apPYES ASIOAOYNONC 0T TANIGLA TNC OLUOIKOCTOG £YKPLOTG
KUKAOQOPIaC




O1 BioBeiKTEC atn TapuakeUTiKh ‘Epeuva
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~ 2Xuvnlomg, Plodeikteg aoQAAELNC 1) ATOTEAEC LATIKOTITOS OVATTOOGOVTOL
TPOTA, GE TEWPAUATOLMO KO KATOTLY «UETAPPALOVTALY 6TOV AvOp®TO

O1 BrodeikTeg TOL YPMNGIUOTOIOVVTOL GTO OPYLKA GTAOIO TG KMVIKNG EPEVVAC
VOGS TNPILOVV TO GYEOLOCUO KOBOPIGTIKAOV Y EYKPIOT KAIVIKOV LEAETMOV, KOl
£T01 GLUUETEYOVV TN PEATIGTOTOINGT TS AVATTLENC CTOYEVUEVDV
Oepamelv

- AMaayeg o€ Proogikteg petd and Oepaneio mbavov kabpeptiCovv
QOPLOKOSVVOLIKT/KAMVIKT OVTOTOKPLOT) G€ QAPLOKO (VITOKOTAGTOTO CTLLELID)
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O1 Biodeikreg otn, Pappake

Kvpieg Oepamevtikég katnyopieg
OV Y PN GLUOTOLOVVTUL:
» Kapkivog
e Amewovion (FDG-PET)
e Iotoloyia (Ki67, EGFR)
e Aipo (PSA)
s Kapolayyetoxo
e CIMT (xapot. viép.)
¢ QCA (mocot. ctepavioyp.)
« IVUS (evooayy. vmep.)
e All, yoAnotepOir, TOAVHOPPICUOC
MEA
* Metafolkd Noonuata
(OocteomOpmon)
« FEA-QCT/MRI
« DXABMD (oot. mokv.)

e
utikh Epeuva o o~

Kvpwo tpofiqpata wov
e€eralovrol:

]

]

I"evopukoi Prodeixteg

Metatponn} flodeKT®V GE
VITOKOTAGTOTO KAIVIKA TEALKA!
onueia,

Enucdpmon Prodeiktov

‘Eyxpion kukAo@opiog papuakmv

VO OPOVG UE PLOdETKTEC G
VTOKATACTOTO TEAKA oMUELN
Evapuovion optopaov Kot
0ONY1IOV/KATELOLVTIPLOV YPOUUDV




e I'evoumon Biodeikreg-
SapUAKOYEVOUIKA. - éapuakovevenxn —

- O opiopdg tov yevoukod Brodeikm (genomic biomarker) amoteiel KA1 o

Kaavonon g gappakoyevopkns (pharmacogenomics, PGX) kot tng
papuakoyeveTikng (pharmacogenetics,PGt)
[EMEA/CHMP/ICH/437986/2006, Nov.2007].

o I 8vo,umog Bwésm‘mg éva petpnowo DNA 1/kon RNA xapamnpwruco
70 OTTO{0 YPNGILOTOLEITON MG OelkTng (PUGLOAOYIKDV BloAoyikmv TOPELDY,

TOOOLOYIKOV KOTOUGTACEMV 1/KOl AVTATOKPICEMV O BEPATEVTIKES N
dALeC TapeUPACELS

¢ Dapuaroysvourkny. H pehétn g motkKiAdTNToS YOPOKTNPIOTIKOV TOV
DNA ka1 tov RNA 6¢€ oyéon e avtomokpion 6€ QAPLOKO

o Dapuaroyevetikny: H pehétn e mokihdTnTog 6tV aAAnAovyio Tov
DNA cg oyéon pe aviandkpion 6€ QAPLOKO
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Fevopikoi BlO'EEiKTeg e e

[EMEA/CHMP/ICH/437986/2006, Nov.2007]

- "Evac yevouikog Brodeikinc umopel va eivot to HETPo:
# TNC EKEpaoTC Yovidiov (gene expression)
# TNC Acttovpyiog yovidiov (gene function)
s TNnc pvOuiong yovidiov (gene regulation)
O opiopdg Tov Proociktn dgv mepropiletal e avOpwmva OelypaTd, aALd
coumeptAapPavet ostypota amd 100G, AOOYOVOVS TAPAYOVTEG, Kot (Mol

O opiopdc Tov Prodeixtn dev meptAaPAverl Tn LETPMNON KAl TOV
YOPOUKTNPIGUO TPOTEIVOV Ko yauniov MB upetafoiitov
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[EMEA/CHMP/ICH/437986/2006, Nov.2007]

‘Evog yevopuog Brodeikng pmopet va omoteheiton amo £vo 1 TEPIGGOTEPQ
DNA 1y/xar RNA yapoktnplotikd

DNA yopoxtnpiotikd teptlaufavouy:

¥
¥
¥
¥
¥

¥

¥

nolvpopiouot amlov vovkAeotidiov (single nucleotide polymorfisms)

amidtomot (haplotypes)

uetafAntomra emavoinyemv Bpayémv aainiovyiwv (Variability of short sequence repeats)
tpomomomoaelc tov DNA (DNA modifications) m.y. uebviicoon

drarypapég N elcaymyég aniov(wv) vovkieotidiov(wv) (deletions or insertions of (a) single
nucleotide(s))

nopolAayEg op1fuod aviypaemyv (Copy number variations)

Kvuttapoyevetikéc avadlatdEES: LETATOMIOELS, AVTIYPOUPES, OLLYPOUPES, OVOUOTPOPES
(cytogenetic rearrangements: translocations, duplications, deletions, inversions)

RNA yapoktnpiotikd neptiapupfavoov:

- & ¢

aAlnAovyiec too RNA (RNA sequences)

emineda ékppaocng tov RNA (RNA expression levels)

eneEepyacio Tov RNA: cuppaen, s10pfwon (RNA processing: splicing and editing)
enimedo, rukpoRNA (microRNA levels)




= “Fevopikoi Biodeikrec—
Bap|IaKOYEVOIKA - BAPPAKOYEVETIKR = =

[EMEA/CHMP/ICH/437986/2006, Nov.2007]

Dapuorxoysvouikny (PGX) H perétn mg nouqkomwg YOPOKTNPLOTIKOV TOV
DNA ka1 tov RNA 6¢g oyéon pe avtandkpion 6€ QAPUAKO

¢ap,uakoy8vgnmy (PGt) H peAiém ™S TOIKIAOTNTOG OTNV dAANAOLYIO TOV
DNA o€ oyéomn ue avtomoKpion G€ QAPLOKO

» H PGX xou n PGt epappdlovtor otnv avakdivyn kot avAartuén eopudkonv Kabmg
Kol 6T oLVNON KMVIKT TPOKTIKN

3 2TOV OpO «PappoKo» coumepIAaUfavovtal TG0 To «LTd £pevva eapuoko» (IMP)
660 Kot To «@appoko» (MP

p>H OVTOTOKPIOT) GTO PUPHOKO TEPAOUPAVEL TIC POPUOKOKIVITIKES O1OOIKAGIES TNG
amoppodenong (absorption) ko g d1dBeong (disposition) kabmc kot e dpaong
(pappokodvVOLLIKN)

» Ot opiopoi tov PGX kot PGt dev mepthapfdvovy mpoteopuikt| (proteomics) kot
uetaforopkny (metabalomics)




~ Fevopikoi BiodeikTeg

o 4
BappaKOYEVOMIKN = BAPPAKOYEVETIKA = = =
[EMEA/CHMP/ICH/437986/2006, Nov.2007]
H €peuva o1 QopUOKOYEVOUIKT KOl GTT) QOPUOKOYEVETIKY] GTNPILETOL OTN
YPN oM PLoAoYIK®OV OEYLUAT®V
AleBvidg omodekTol opilouol yio T kwdikomoinon (Coding) tov Broloyikmv
OELYLATOV, KOOMC Kl TOV 0EO0UEVOV TTOV TAPEYOVV, OLEVKOAVVOLY TN YPNoN
TOUC GTNV £PEVVA VEMV QUPLOKEVTIKOV TOpEUPAGEDV
Kodwonroinon Aetypdtov: Avayvopicio Kodikoromuéva (S/d) Avevoporomuéva Avovoua
2HVOECT TPOCOTIKMY GTOLYEIWDV Noa Nat O Oy
KOl YEVOLUK®V 0EQ0UEVOV
Aviyvevoiuommro Now Now Oy Oy
Avvototnta TopakoAovinong, No Noat O O
TPocHaEaipecng 0E00UEVHV
IIpoctacia g ®¢ ovvnOmg OTMC OTIC TO, AMOTEAECLOTO.  TOL OTTOTEAEGLLATOL
EUTIOTEVTIKOTNTOS KO KAMVIKEG LEAETEC OEV GLVOEOVTOL TTLOL TOTE OEV MTOV
TOV TPOCHOTIKDOV OEGOUEVDV LE TO dTouO OLVOESEUEVL

LLE TO ATOUO
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O1 BiodeikTeg we-Ymokaraorara TeAika Znyeia., =

Yroxatdortoro teAiko onueio (surrogate end-point)*: Eivou évog
(QOaPUOKOIVVOUIKOG) BLOOETKTNC O OTO10C UTOPEL VO OVTIKATAGTIGEL £VAL
KAviko tedkd onueio (clinical end-point)

» Khviko telkod onueio: eivar EKEIVO TO YOPAKTNPLOTIKO 1) EKEIVI M
LETAPANTN OV avTavoKAQ TG 0 acbevig acBdaveTal, Aettovpyel 11 TOGO
otdotnua o emProcet

‘Eva vrokataototo teAKO onueio emAeyetal pEca amd EVOEICEIS TOL
TOPEYOLV TTOPOTNPNGELC EXONUMOAOYIKOV UEAETMOV, OEPATEVTIKOV
mopeUPdoemv, TafoPLGIOAOYINC Kol AAL®Y ETIGTNLOVIKOV TPOCEYYICEDMV

‘Eva vrokataoctoto tehko onueio Ba mpénel va mpoPAEneL To mOAVO KAVIKO
O0@eLOC M TN Thovn KAvIKN BAGP™N, 1] TRV omovsio avToV

* Controlled Clinical Trials, 22: 485-502 (2001)
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Bloogikte : : ,
7~ Buoodgikteg og Yrmokataotato TeAkd
Xnueia
ippaxodvvepkoi (pharmacodynam s I[IOovov vo pn mpoPrémovy o alnOwo

BrodsikTeg KMVIKO amoTtéleca

Ynokotdototo
(surrogate) Tehko
onueio

» H ocvoyétion toug pe 1o KAviKo
ATOTEAEG O TTIOAVOV VOL OLPEPEL
AVAUESO OTIC OEPATEVTIKES KOt YOpieg

¢ H pétpnon tov KhMvikon
OMOTEAEGLOTOC UTOPEL vau Unv €tval
TOGOTIKT)

» Eivou d06K0Aoc 0 kaBopiopog Toug
OGOV QPOPA GTNV OGPAAELDL

IpoPrentikoi (predictive) ) - =
BLodeikTE o H am6oeiEn g aiag kot xpnoiuoTnTac
TOVG YIVETOL LOVO KOATOTLY OVAAVGTC

LEYAAWDV KAVIKOV HEAETDV
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» 701 BiodeiKTec wg Ynwokataotata-TeAika Inyeia:

»

KaTweAl erwidpaonc (surrogate threshold effect)* — -

YyeTkog kivovvog (Hazard Ratio) 0.55 670 ypoviké drastnpa empimong yopig emosivoon g vosov (PFS)
roapéyel vy PefordTnTo EvoeONEVC ATOTELECRATIKOTTOS 6T1] 6UVOAIKI emPioon (OS)

4 - Difference in Clinical End-Point /,
3 - %
w
O o -
&=
2 A o R2=0.88 [0.81,0.95]
&
=
o O . 2
Bl Difference in Biomarkers
= -
) -1
b Surrogate
s -2~ threshold
= -3 // effect

1 |

-4 3 2 £ O 1 2
Treatment effect on PFS

(W=
A

* Michael Hughes, Dept. of Biostatistics, Harvard School of Public Health
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Emikdopwon: Eva mpoooeuTIKE avEAVOUEVO ETTITEOO AELOMIGTIOG GTNV
£E160PPOTNGCT 0PEAOVC KO KIVOUVOL
O BaBudc a&lomoeTiog IOV ATOLTEITAL OLOPEPEL GE OYEDT LIE:
» To mpoiov
» Tn Bepamevtikn katnyopio
s Tnv (avtikeluevikn) eE1l6OPPOTNGCT 0PEAOVS/KIVOVVOL
« ITocotikn a&loAdynon 0QELOVS/KIVODVOL

e Dapuokooikovokn eE€taon kdoTovg/amotelecuatikotntog (m.y. Quality
Adjusted Life Years, QALYS)

H enuchpmon mopapével pio 010pKng ol00tkacia LLE TNV 0ol 1) KOTovonon
TOV BLOOEIKTOV BEATIOVETAL GLVEXDC LECO OO TEPOUOTIKO OTOTEAEGLLOTOL
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EmkUpwon BI955IKTUJV 1

- «Emcopoony Blodeikt®dv cuyva £ival GLVOVLUT UE «otOO06» PLOOEIKTOV
~ Xnuepa ogv gtvan EexaBapo to TOTE Evag PlooeikTng elvol EMKVPOUEVOS

" ITTowo onueio Tov KMVIKOU amoTeEAECUATOG TPETEL VA, EENyeiton amd Evay
Blodeiktn, £T61 MOTE 0 P1odeiKTNG VA Elvol EMIKVPOUEVOC;

" TTowec Oo pémet va givon ot Tipéc tov Tovredeotn ITodamine Aniynonc R?;

- Egpdoov o Brodeiktng uaalov mpoPAEmel KAVIKO OQELOC TOPE TO AMOOEIKVVEL,
no10¢ Ba wpémel va givar 0 amodektog Paduog a&tomotiag (degree of certainty:
95,0-97,5;);
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- Znuepa, vrapyet afefordotnto 0GoV apopd GTNV OIOO0CT] KO YPMNGLULOTNTO,
TOV PLOOEIKTOV
# 2ZvvooeveTton 1 emidpacm e Oepameiac mdve 6Tovg Prodeikteg pe v

enidpaon g Bepameiog TAVED 610 KAVIKO TEAMKO onueio (KAviKN
OTOTEAEGLLOTIKOTNTA);

# Oa pmopovoe M enidpaon wog Oepaneioc ntdvo oe kKdmolov Prodsiktn va,
Exel mpoPAentikn acio Kot Yo AAAO PAPLOKO TNG 1010,C 1] OLOUPOPETIKNC
BepomevTIKNC KaTnyopiog;

- Topéyer n emucdpoon (validation) tov Brodeiktav tn Avon;




«Y#0 'Op{Uc» ‘Evkpion-KbkAowopiac
[EMEA/127318/2007,.March 2007] —

-~ «Yro opovgy (conditional)/mpoowprvey (provisional) éyxpion: pia dadikocio
gykpicemg KukAopopiag (marketing authorisation) gapudikov 2 otadiwv:
aPYIKA Lol TPOGMPIVY] £YKPLOT) OTOV 0 AOYOS OPELOVS/KIVOUVOL OEV EYEL
evielmg kaBopioOel,  omoia akolovOeitar amd T TANPN EyKpion

- H dwdwaocio avtn mpoteivetan yio amelnTikég yio tn (o1 vOGoug, Yo
«OPPOVEY PAPLLOKO, KOl Y10, AALEC COPOPES KATATTAGELS

- H dwdwaocio «omd opmv» £ykpiong umopet va epaprocdet puovo otov
VTAPEOVY GNUAVTIKEG EEEMEEIS GTOVE TOUEIS:

» Awyeiptong kivdvvoo (risk management),

¢ Doppokosmoypvmvnong (pharmacovigilance), ko

» Emdpwonc Proociktmv, 0mov 1 £ykpion Ba eCaptdtor amd Tovg
Brodeikteg Kt 0oV 0 KaBoPIoUOS TG OmoTEAECLOTIKOTNTOG OO
EMTLYYAVETOL LE LKPOTEPO aPlOUd acOEVOV, KPITNPLO ETAOYNG TOV
omoimv Ba gtvar o1 Prooeikteg

-
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- XNUOVTIKN TPO000C £xEL Tapotnpnoel o1 QaPULOKEVTIKY EPELVO KOl
avVATTUEN 0TV ¥PNGLULOTOLOVVTOL TPOPAETTIKOL PlodeiKTES YL L) TN
KaTavonon g mavng eTinTmonC mov £Yel Eva Vo £PELVA PAPLLOKO, Kol [3)
TO GYEOLUCLLO KAIVIKOV UEAETMOV GTOYEVUEVIC KOl EEATOUIKEVUEVNC Bepameiog
- Ev to0to1g, mepiocdtepn OeHeAdONG EMGTNUOVIKN YVMOGOT ATALTEITOL £TGL
®oTE VoL TPOKPOoLV PlodEIKTEC (G VITOKATACTATO TEAMKE oNUEin

~ Eivon onuovtikd ot emotnUovikn KovoTnto Kot 1) popurakoflopumnyoavio vo,
Lolpalovton UE TIG EYKPITIKES apYES TIG EEEMEELC TAV® GTOVG PlOOETKTEC,
KOO®C Kol 01 OTTOL0I0NTTOTE VEMTEPIGLOL VO KUETAPPALOVTOLY £YKOPO, GE
oomyieg

O ovveyng 01A0YOC LETAED ETAYYEALATIOV VYELOG, Bropunyoaviog Kot apymv
glVOL O CNUAVTIKOTEPOG TTOPAYOVTOC Y10 TN TOYVTEPT AVATTUEN
(ACPOUAEGTEP®V) POPUAK®DV
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ApooTikd 6GLOTATIKE VIO Epevval, 1 AVATTLEN TV omoiwV Pacileton o€ ProoeikTeg

90 rr

80
70

60

50
40
30
20
10

0

# of Companies

Oncology All indications
B Pre-clinical
[ Early clinical (Phase I-l1a)
[] Late clinical (Phase lib-1V)

[Imyn: Tufts CSDD, 2015
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H xpnon prodeikTwv-oxn KAvikn 'Ep{va otnv OykoAoyia 2
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~ XT0 GUVOAO TV KAVIK®OV LEAETMV Ol OTOIEC GTO GYEOLAGLO TOVG
YPNoLLomolovy Prooeikteg, o 73% elvan otnv oyKoAoyia.

XTI TOPATAvVE 0YKOAOYIKEG LeAETEC, TO 49% €&’ VTV YPNGILOTOLEL

papuakoyevoutkovs (PGX) Brodeiktec yio v emA0YN N TN S10CTPOUATOOT)
TV aclevov-e0elovimv.

~ XT0 GVLVOAO TV KAWVIKOV LEAETMV Ol OTOLES Y10 TNV ETAOYN 1 TN

OO TPOUATMOON TOV 0oeVDV-e0EL0VTOV YPNOILOTO100V P100ElKTES, TO
94% eivon otV oykoAoyia:

33% oG€ KopKivo TOV LOGTOV

20% o€ un-KpOKLTTOPIKO KOPKIVO TOL TVEDLOVOG
13% o€ kapkivo Tov opOov Kot TayE£0g EVIEPOL
11% oe Non-Hodgkins Aéupmuo

IImyn: Clinica Medtrack Intelligence, Citeline, 2015
[Inyn: Tufts CSDD, 2015
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OyKOAOYIKEG LEAETEC OTIC OTOIEC YPMNGILOTOLOVVTOL PLOJEIKTES Y10l TNV ETAOYN M
TN OGTPOUATOGCT TOV acOevav-eBelovtdv

1800 50
1600 45
2 1400 40
o
& 1200 ® 2
° 1000 o
j: ah % §
: % §
15
400 10
a— 5
0

2005 2006 2007 2008 2009 2010 201 2012 2013 2014

B # trials testing biomarkers only
[7] # trials selecting/stratitying using PGx biomarkers
= % trials selecting/stratifying using PGx biomarkers

IImyn: Clinica Medtrack Intelligence, Citeline, 2015



m
7 H xpnon ProdeikTwv-otn KAivikn 'Ep{va othv Oykoloyia..
/4 e

TOP-5 POPULAKEVTIKOV ETALPEIDOV (YOPTYDOV) Ol OTOIEC YPMNGIUOTOLOVV BLOOEIKTEC
Y10L TNV ETAOYN 1] T OO TPOUATOON TOV aclevodv-e0elovTtdv

400 60

350

300

250
200

150

% All Ongoing Trials

# of PGx Trials

100

50

National Cancer Roche Novartis GlaxoSmithKline AstraZeneca
Institute

B # of PGx biomarker selection/stratification trials — % all ongoing trials by sponsor

IImyn: Clinica Medtrack Intelligence, Citeline, 2015



H |Ga,omra smrdx'oug Ekpaong kKAIVIkng~€peuvag He R Xwpic
/ TN XphHon PlodeIKTWV: -—
KAIVIKEC HEAETEC O HN-HIKPOKUTTAPIKO KAPKIVO TOU mveUHova

B siomarker M Non-Biomarker

% Transitioning to Next Phase
n
o
o
Q

172 Number of compounds completing phase 9

N N
Phase One Phase Two

Imyn: Journal of Thoracic Oncology, 2014, 9 (2), p163
Imyn: Parexel Pharmaceutical R&D Statistical Sourcebook, 2018/2019



xoug ekpaon KNG Epeuvac

-~ ThoavoTnTa exnr
/ TN Xenon pl@lmwv 2016 — —

uE K Xwpic™

Phase 1 to Phase 2 Phase 2 to Phase 3 Phase 3 to approval Overall

Therapeutic group Total phase  POS,,,% (SE. %) Total phase  POS;1. % SE, % Total phase POS; zpp. % (SE, %) POS, % (SE. %)
transitions transitions transitions
Oncology No biomarker 9349 28.0 (0.5) 4773 174 0.5) 1159 336 (14) 1.6 0.2)
With biomarker 1136 43.5 (1.5) 742 388 (1.8) 77 63.6 (5.5) 10.7 (1.9
All 10 485 29.7 0.4) 5515 20.3 (0.5) 1236 355 (14) 2.1 (0.2)
Metabolic/ No biomarker 1532 445 (1.3) 1438 339 (1.2) 1086 520 (1.5) 79 (0.8)
endocrinology With biomarker 7 57.1 (18.7) 2 50.0 (354) 15 200 (10.3) 5.7 (13.9)
All 1539 44.6 (1.3) 1440 340 (1.2) 1101 51.6 (1.5) 78 (0.8)
Cardiovascular  No biomarker 1241 39.6 (14) 1027 379 (15) 962 622 (1.6) 93 (1.0)
With biomarker 7 85.7 (13.2) 5 100.0 0.0) 2 100.0 (0.0) 857 (13.2)
All 1248 399 (14) 1032 38.2 (1.5) 964 62.2 (1.6) 95 (1.0)
CNS No biomarker 2181 404 (1.1) 2050 30.2 (1.0) 1141 51.1 (1.5) 6.2 (0.6)
With biomarker 42 548 (7.7) 42 28.6 (7.0) 15 533 (12.9) 8.3 (64)
All 2223 40.7 (1.0) 2092 30.2 (1.0) 1156 51.1 (1.5 6.3 (0.6)
Autoimmune/ No biomarker 2506 389 (1.0) 2106 254 (0.9) 964 63.7 (1.5) 6.3 (0.6)
inflammation With biomarker 9 55.6 (16.6) 14 35.7 (12.8) 5 60.0 (21.9) 119 (16.8)
All 2515 390 (1.0) 2120 255 09) 969 63.7 (1.5) 6.3 (0.6)
Genitourinary No biomarker 359 343 (2.5) 287 289 2.7 212 66.5 (32) 6.6 (1.5)
With biomarker 5 80.0 (17.9) 0 N.A. NA. 0 N.A. N.A. N.A. N.A.
All 364 349 (2.5) 287 289 2.7) 212 66.5 (3.2) 6.7 (1.5)
Infectious No biomarker 1961 39.7 (1.1) 1453 347 (12) 1069 75.1 (1.3) 104 (0.9)
disease With biomarker 6 66.7 (19.2) 27 44 4 (9.6) 9 100.0 (0.0) 29.6 (16.8)
All 1967 398 (1.1) 1480 349 (1.2) 1078 753 (1.3) 10.5 (0.9)
Ophthalmology  No biomarker 180 52.2 (3.7) 274 347 29) 207 749 (3.0) 13.6 (2.8)
With biomarker | 0.0 (0.0) 3 333 (27.2) {] N.A. N.A. N.A. N.A.
All 181 519 (3.7) 277 347 29) 207 749 (30 13.5 2.8)
Vaccines No biomarker 733 408 (1.8) 761 329 (1.7) 609 854 (14) 114 (1.3)
(infectious With biomarker 0 N.A. N.A. 5 0.0 (0.0) 0 N.A. N.A. N.A. N.A.
disease) All 733 40.8 (1.8) 766 326 (1.7) 609 854 (14) 114 (1.3)
Overall No biomarker 20 042 34.7 (0.3) 14 169 268 04) 7409 590 (0.6) 55 (0.2)
With biomarker 1213 445 (14) 840 386 (1.7) 123 60.2 44) 10.3 (1.6)
All 21 255 352 (0.3) 15 009 274 04) 7532 590 (0.6) 57 (0.2)
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Imyn: Ed Stopke and Justin Burns, BioMedTracker, Sagient Research Systems, May 2016
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Katnyopiec:

~ Avamtuén Kot £YKPLoT TOTOYPOVA LE TO QAPLLOKO
- Avamtuén kot £ykpion aveEdpTnTa. oo TO EAPLLOKO

- Xpnon yopic £ykpion and puOUGTIKES apYES

2NUOVTIKO TEPLOPIGTIKA GMUELQL:
- Test Ordering
- Test Performance
Results Reporting

[TBaveég Avoelg:
- Exmaidogvon emaryyeAuatiov vyesiog
- KaAbdtepeg kat mo gvaicOnrteg teyvoroyieg (my NGS, digital PCR, digital pathology)
~ Avantuén dwdikociov mapakorovdnone CDX (life-cycle strategies)

Imyn: Kaufman et al., Cancer 2014, 120: 2657-64
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Avamtoén kot £yKpion TavtoOYpova e TO PAapuaKko (8, TapoukdTtm)
Avantoén ko £ykpiomn avedptnra and 1o eapuoko (14)

Xpnon yopic £ykpion anod pvOuotikéc apyéc (>30)

Year of
Drug Indication Biomarker/Test Approval
Herceptin Breast Cancer HER2 1998
(trastuzumab)
Xalkori Non-Small Cell ALK 2011
(crizotinib) Lung Cancer
Zelboraf Melanoma BRAF V6OOE 2011
(vemurafenib)
Kalydeco Cystic Fibrosis GS551D 2012
(ivacaftor)
Perjeta Breast Cancer HER?2 2012
(pertuzumab)
Gilotrif Non-Small Cell EGFR 2013
(afatinib) LLung Cancer
Tafinlar Melanoma BRAF V6GOOE 2013
(dabrafenib)
Mekinist Melanoma BRAF V6OOOE 2013
(trametinib)

IInyn: Tufts CSDD, Impact Report, May/June 2015, Vol 17 (3)




Evkekpipéva pappaka. (US FDA) otnvsoykoAoyia Ta omoia
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diagnostics) n piodeiktwv: 2004-2015

B Biomarker with no CDx
B No Biomarker
____IBiomarker with CDx

Iy FDA & IMS, 2015
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- To 2017, to 1/3 t0v papudkwv mov eykpidnkav otig HITA (CDER, FDA)
agopovoayv o€ eatokevpéveg Oepameiec (personalised medicine): amod ta
OLVOMKG 46 £YKEKPILEVO PAPLOKA LE VEX OPACTIKA cuaTotikd (New molecular
entities/NMES), ta 16 gdppaxa (34%) Katnyoplomolovvtol ¢ eE0TOUIKEVUEVES
Oepameiec.

- EmutAéov, yia mpaotn @opa to 2017 10 US FDA evékpive 3 yovidrokég Bepamneiec,
o1 omoieg emiong avikovy otnv e€atoutkevpévn (personalised) Oepomeia,
OE00UEVOL OTL KUETOULOGYEVETUL EVO PVGLOAOYIKO YOVIOl0 GE KVTTOPO 6T OEon
EVOC YOV1010V OV AEITEL 1] TOL OEV AELTOVPYEL COOTA, LE GTOYO VO 010pODCEL
CUYKEKPIUEVES YEVETIKES O1OTOPUYEC 1 VO pLOUICEL KUTTAPIKES AE1TOVPYIEC.

IImyn: Personalised Medicine Coalition, February 2018



~ ——Eykekpipéva Eappaka (NMEs) ané-to US FDA
/- Egatopkeupévng Oepaneiac (personalised medicine)— -

40%

30%

20%

10%

0%

2014 2015 2016 2017

IImyn: Personalised Medicine Coalition, February 2018
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Personalized Medicines Approved in 2016 and 2017

Drug Name

Alecensa (alectinib)

Tagrisso (osimertinib)

Cotellic (cobimetinib)

Nucala (mepolizumab)

Aristada (aripiprazole lauroxil)
Lonsurf (trifluridine and tipiracil)
Repatha (evolocumab)

Daklinza (daclatasvir)

Praluent (alirocumab)

Rexulti (brexpiprazole)

Diseaselcondition

non-small cell lung cancer
non-small cell lung cancer
advanced melanoma
asthma

schizophrenia

advanced colorectal cancer
high cholesterol

chronic hepatitis C

high cholesterol

schizophrenia

IImyn: Personalised Medicine Coalition, February 2018

Decision to Treat Affected by:

ALK biomarker

EGFR biomarker

BRAF biomarker

cosinophil level

CYP2D6 biomarker

VEGF, RAS and EGFR biomarker
familial hypercholesterolemia
genotype 3 biomarker

familial hypercholesterolemia
CYP2D6 biomarker




Drug Name

Orkambi (lumacaftor and ivacaftor)
Cholbam (cholic acid)

Ibrance (palbociclib)

Rubraca (rucaparib)

Exondys 51 (eteplirsen)

Epclusa (sofosbuvir and velpatasvir)

Tecentriq (atezolizumab)

Venclexta (venetoclax)

Zepatier (elbasvir and grazoprevir)

Kisqali (ribociclib)
Bavencio (avelumab)

Zejula (niraparib)

Austedo (deutetrabenazine)

Ingrezza (valbenazine)

Brineura (cerliponase alfa)

Alunbrig (brigatinib)

Rydapt (midostaurin)

Imfinzi (durvalumab)

Nerlynx (neratinib maleate)

Vosevi (sofosbuvir, velpatasvir and voxilaprevir)
Idhifa (enasidenib)

Mavyret (glecaprevir and pibrentasvir)
Verzenio (abemaciclib)

Mepsevii (vestronidase alfa-vjbk)

Hemlibra (emicizumab-kxwh)

Diseasel/condition

cystic fibrosis

bile acid synthesis disorders

advanced breast cancer

advanced ovarian cancer

treatment of Duchenne muscular dystrophy
chronic hepatitis C infection

advanced/metastatic urothelial cancer and
metastatic non-small cell lung cancer

chronic lymphocytic leukemia

chronic hepatitis C infection

advanced breast cancer
metastatic Merkel cell carcinoma

recurrent epithelial ovarian, fallopian tube or
primary peritoneal cancers

chorea assoc/w Huntington’s disease
tardive dyskinesia

CLN2 type Batten disease

metastatic non-small cell lung cancer
acute myeloid leukemia (AML)

advanced urothelial carcinoma

reduce the risk of breast cancer recurrence
hepatitis C

relapsed or refractory acute myeloid leukemia
(AML)

hepatitis C
advanced breast cancer

Mucopolysaccharidosis type VII
(Sly syndrome)

hemophilia A

Decision to Treat Affected by:
F508del/CFTR biomarker

various single enzyme defect biomarkers
ER and HER2 biomarker

BRCA1/2 biomarker

DMD mutation biomarker

HCV genotype status of viral infection

tumor PD-L1 expression levels

chromosome 17p deletion biomarker status

HCV genotype |1 and 4 biomarker status
of viral infection

HR and HER2 biomarker
tumor PD-L1 expression levels

BRCA mutation biomarker

CYP2D6 biomarker
CYP2D6 biomarker
TPPI1 biomarker

ALK biomarker

FLT3 biomarker

PD-L1 expression levels
HER2 biomarker status
HCV genotype status
IDH2 biomarker

HCV genotype status
HR and HER2 biomarker
MPS VII biomarker

factor VIII antibody status



~ ~TFovidiakéc Oepancicc eykekpipévee-and 1o US FDA
s~ EEaropkeupévng Oepaneiag (pe;sonalisJ medicine)— -

Gene Therapies Approved in 2017

Therapy Name Diseaselcondition Nature of Therapy

Kymriah (tisagenlecleucel) acute lymphoblastic leukemia (ALL) Genetically modified autologous T-cell immunotherapy
Yescarta (axicabtagene ciloleucel) large B-cell lymphoma Genetically modified autologous T-cell immunotherapy
Luxturna (voretigene neparvovec-rzyl) retinal dystrophy Fully integrated gene therapy to correct a specific RPE6S

mutation in retinal cells

IImyn: Personalised Medicine Coalition, February 2018
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- XToV apliuo TOV QapUAK®VY 1 KLKAOQOopia TV omoiwv eykpivetal pe fdon
Brodeikteg yio e€atopukevuévn Oepaneia (personalized medicine), Oa tpémel va
Tpoctefohy Kot ToANOTEPO QAPLLAKO, TOV oToiwV 1 €voelén (Indication)
TPOTOTONONKE LE TN ¥P1)OT PLOJEIKTOV.

X onUOVTIKO aplBuod 101 KOKAOPOPOUVT®MV QUPUAK®V, ETOVITPOCIIOPICTNKE LE
ueyoAvtepn axpifeia o TAnBvouUOC TV acBEVOV GTOV 0TOIOV aVOUEVETOL TO
BEATIGTO amOTEAEGLO, LE TN PO PlLOdEIKTOV:

Revlimid (lenalidomide) Tecentriq (atezolizumab) Alecensa (alectinib)

Keytruda (pembrolizumab) Kalydeco (ivacaftor) Zelboraf (vemurafenib)
Ibrance (palbociclib) Zykadia (ceritinib) Opdivo (nivolumab)

Adcetris (brentuximab vedotin) Sprycel (dasatinib) Sovaldi (sofosbuvir)
Bosulif (bosutinib) Perjeta (pertuzumab) Tasigna (nilotinib)

~ Tlapdoetypo: n eméktoon g EvoeiEng e xpnong tov Keytruda (pembrolizumab)
€ OAOVC TOVG TPOYWPTNUEVOLS GLUTTAYEIS OYKOVC aveCapTnT®c BEoNC e T YpNon
Brodeiktmv™

(* microsatellite instability-high/MSI-H 4 mismatched repair deficiency/dMMR)
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- O1 omavieg vocot eivarl coPapeg Kot ypovieg acoBEVEIEC, 01 OTOTEC TPOOOEVTIKA
0ONYOLV GE TANPN AVIKOVOTNTO KO TEPLOPILOVV TO TPOGAOKIUO ETPimoNC.

Ot omavieg vOGot eival cuyvA omoTELECLA YEVETIKOV UETAAAEE®VY (80%), TO O€
50% TV TacyOvVTeV Eivol TaldLd.

- Xmdviec voool eivort avtéG Tov tpooariovy Arydtepovg amd 200.000 avOpmmovuc.
Ev touto1g, vmoroyiletoun onjuepa Ot wepimov 10 7% t0oL TANOLGUOV GTIg
OLVETITUYULEVEC YMPEC TTAGKEL OO LU CTTAVLN, VOGO, 0 apliuog 0€ TV TooYOVIMV
LEYOAMVEL ETNCIMC.

O apBuoc tov ondviav vocmv avédvet: To 2009 vanpyav 5.857 kotoryeypoUEVES
omavieg owatapayEs eve to 2016 o apBuog tovg Eptace otic 6.084, mov onuaivel
nepimov 30 véeg omdvieg acbéveleg eTncimg.

- YrmoloyiCeton 0T1 0T1¢ 6.084 Katayeypauuéves omavieg acbéveteg (2016),
eumAckovtal 3.715 drapopetikd yoviota.

- H ypnion Proociktov £xel moiEel Tov omovdotoTeEPO POAO GTN KATAYPOPT] CTAVIOV
VOO®V OAAG KO GTT) LETEMELTO KATATUNGY] TOVG GE AKOUN KPOTEPOLG (Ko
CTOVIOTEPOLG) OLOKPLTOVS VITOTANBVGLOVC.

IMmyn: Murray Aitken and Michael Kleinrck, Quintiles/IMS Institute, October 2017
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Year ~ Oncology ~ CNS — CV  Other  Total
1996 7/12 37 113 14536 25/58
2006 12/54 0/10 17 171 24/142
2016 17/125 353 29  17/146  39/333

CNS = Central Nervous System; CV = Cardiovascular; Other includes anti-microbial,
metabolic, and genetic diseases

Imyn: Christopher-Paul Milne, Zachary peter Smith and Wendi Ni, Tufts CSDD, Impact report, May/June 2018
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Imyn: Christopher-Paul Milne, Zachary peter Smith and Wendi Ni, Tufts CSDD, Impact report, May/June 2018
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Challenge

A) Variability in expression, severity, and/or course. B) Geographically dispersed
population, C) Small population. D) Selecting among multiple pathways, E) Lack
of endpoints, outcome measures, etc.. F) Required flexibility in regulatory decision
making, G) Biology of disease not understood, H) Natural history not well known,
I) Translating new knowledge into useful knowledge. J) Other

Imyn: Christopher-Paul Milne, Zachary peter Smith and Wendi Ni, Tufts CSDD, Impact report, May/June 2018
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Metaotatiko¢ kapkivog opOov & moyeog evrepov

MeTaoTatTik0¢ KapKivog TOU oG TOU > Avoyvwpilet tov VEGF
Mn- LIKPOKUTTAPIKOC KAPKIVOC TOU TTVEUMOVX oy
» Mnyoaviopoi dpaonc:

(Tpoxwpnpévog, peTaotatikdg, o1 TAXK®ING) v Avaotol

Kapxivog tou vedpot (mpoywpnuévog, XYYELOYEVESTIC

HETAGTATIKOC)

Koapkivog twv woOnkwv (mpoywpnpévog)

Kapkivog twv coAnityywv
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VEGF-A and ICAM-1 Gene Polymorphisms as
Predictors of Clinical Outcome to First-Line
Bevacizumab-Based Treatment in Metastatic
Colorectal Cancer
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A bstract: Bevacizumab is used to treat metastatic colorectal cancer (MmCRC). However, there are still no
available predictors of clinical outcomes. We investigated selected single nucleotide polymorphisms
(SINPs) in the genes involved in VEGF-dependent and -independent angiogenesis pathways and
other major intracellular signaling pathways involved in the pathogenesis of mCRC as an attempt
to find predictors of clinical outcome. Forty-six patients treated with first-line bevacizumab-based
chemotherapy were included in this study with a 5 yvear follow up. Genomic DNA was isolated from
w hole blood for the analysis of VEGF-A (rs2010963, 1570360, rs699947 ), ICAM-1 (rs5498, rs1799969)
SNPs and from tumor tissue for the detection of genomic variants in KRAS, NRAS, BRAF genes,
PCR and next genceration sequencing were used for the analysis. The endpoints of the study were
progression-free survival (PFS) and overall survival (OS). The VEGF-A rs699947 AJA allele was
associated with increased PFS (p = 0.006) and OS (p = 0.043). The ICAM-1 rs1799969 G/A allele was
associated with prolonged OS (p = 0.036). Finally, BRAF wild type was associated with increased OS
(p = 0.027). We identified VEGF-A and ICAM-T1 variants in angiogenesis and other major intracellular
signaling pathways, such as BRAF, that can predict clinical outcome upon bevacizumab administration.
These identified biomarkers could be used to select patients with mCRC who may achieve long-term
responses and benefit from bevacizumab-based therapies.

Keywords: pharmacogenomics; anti-angiogenetic therapy; colorectal cancer; survival; bevacizumab;
predictive biomarkers; VEGF-A; ICAM-1;: BRAF
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Figure 1. Progression-free survival (PFS) from the treatment initiation of patients with VEGF-A rs699947
A/A vs. C/C (31.1 vs. 10.1 months, p = 0.006).
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Figure 2. OS from treatment initiation of patients with VEGF-A rs699947 A/A vs. C/C (52 vs. 18.1 months,
p = 0.043).
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Figure 3. OS from treatment initiation of patients with ICAM-1 rs1799969 G/A vs. G/G (48.7 vs.
29.1 months, p = 0.036).
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Correlation Between Bevacizumab Exposure and Survival in
Patients with Metastatic Colorectal Cancer
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Figure 1. Kaplan-Meier curves of overall survival according to median trough bevacizumab levels between cycles 2 and 30.



