O avaduopevoc pOAoC TwV
Bloopostdbwv mAb : kawvotoutLa
Kol aohpaAeLL

OEOAQPO2 AHMHTPOYAAZ
AEKTOPAZ PEYMATOAOTIA2 AlNO
80 ETHZIO EMIZTHMONIKO 2YMMNOZI0 ENEMY
XANIA ATMNPIAIO2 2016
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BIO-OMOEIAEZ - SIMILAR
BIOTHERAPEUTIC PRODUCT (SBP)

( )
‘Eva BIoAoYIKO TTPOIOV TTOU Eival TTAPOUOIO OO0V aPopa OTNV
TTOIOTNTA, OTNV AC@AAEIO KOl OTNV OTTOTEAECHATIKOTNTA UE
TO BIOBEPATTEUTIKO TTPOIOV AVAPOPAG TTOU £XEI NON AdEIN

" J

WHO Similar biotherapeutic product (SBF)

( ’ \ EU&South Korea  Similar biological medicinal product

[TolyKOGLOG —
; Canada Subsequent-entry biological [SEB)
Opvavltouoq U5 & Australia Biosimilar
Yyelag Japan Follow-on biologic
\ j India Similar biologic
Brazil Binlogic product
Metico Biocomparable


http://www.google.gr/url?url=http://www.pedaids.org/blog/entry/frequently-asked-questions-the-new-world-health-organizations-hiv-aids-trea&rct=j&frm=1&q=&esrc=s&sa=U&ei=Uc1qVd_lL4ntUt-NgJAE&ved=0CBkQ9QEwAg&usg=AFQjCNEJtAvBJWiJ0UnnUgndlUAD3W0L5A

BIO-OMOEIAE2 - SIMILAR BIOLOGICAL
MEDICINAL PROCUCT

a To BLo-opoeldeC ival Eva GOPUOKEUTIKO TIPOIOV TIOU TTEPLEXEL )
ua ekboon tng SpacTIKNC ouailag, Tou apxLkou BLoAoyLkou
doapuakou, tou €xeL eykplBel (bapuako avadopac). To BLo-
OMOELOEC £XeL amtobeifel opoloTNTA LE TO GOPUOAKEUTIKO TIPOIOV
avadopac ooov adopd ota TTOIOTIKA XOAPAKTNPIOTIKA, 01N
Bloloykr Spaotnplotnta, otnv Ao @AAEIO Kol
OTTOTEAECHATIKOTNTO TOU UE BAoON Lot OAOKANPWHEVN AOKNON
OUYKPLOLUOTNTOC

- J



http://www.google.gr/url?url=http://inspiredpharma.com/2012/01/23/eu-gmp-annex-16-update/&rct=j&frm=1&q=&esrc=s&sa=U&ei=LtBqVbKZIsz9Ur-NgLAI&ved=0CCsQ9QEwCw&usg=AFQjCNEF69llPfQzK-ABjCawlgzeHQJWNA
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H ntpokAnon tTwv BLOAOYLKWV TTOPOYOVIWV

* H BloAoyikoi mapayovteg €xouv aAAdaéel ta dedopéva tn Bepaneia moAAwv
coBapwv acOevelwv

* H naykoouia damavn ywa xprion BlroAoylkwv Bepamelwv SLopkwg av§avetol

* H Oepaneia pe Blo-opostdn Oa pnopolce va 08NYNOEL OE OCNUAVTLKN E£0LKOVOMNON
TOPWV , LE AMOTEAECHA IEPLOCOTEPOL aLcOEVEIC vaL Exouv mpooPacn o€
OLMOTEAECULOTLKEG OEparmeieg

Kootog BloAoykwyv Bepamnetwv naykoopimwg>
1000

800 - 17.5% m Biclogics
14%
(billisons) o e Medicine expenditure

400 - $796bn {excluding biclogics)
$565bn

200 -

0 . |

2006 2012

1. Jones J and Panaccione R. Biologic therapy in Crohn’s disease: state of the art. Current Opinion in Gastroenterology 2008; 24(4);475-81;

2. Curtis JR and Sing JA. The Use of Biologics in Rheumatoid Arthritis: Current and Emerging Paradigms of Care. Clinical Therapeutics 2011;33(6);679-707; 3. Sanchez-Carazo
JL. Present and Future of Biologic Therapy in Dermatology. Actas Dermo-Sifiliogrdficas 2008;99:89-90; 4. Data from IMS Institute for Healthcare Informatics. July 2012; 5. Data
from IMS Institute for Healthcare Informatics: The Global Use of Medicines: Outlook through 2017, November 2013; 6. Sinclair A and Monge M. Delivering Affordable
Biologics from Gene to Vial. Economic Challenges for Manufacturing Biologics in the New Millennium. BioProcess International 2010;8(3):16-19 ; 7. Scheinberg MA and Kay J.
The advent of biosimilar therapies in rheumatology — “O Brave New World”. Nature Reviews Rheumatology 2012;8:430-436.



TOP SELLING DRUGS 2012

1. Humira

2. Enbrel

3. Advair/Seretide
4. Remicade

5. Rituxan

6. Crestor

7. Lantus

8. Herceptin

9. Avastin

10. Lipitor

Data from Evaluatepharma 2012

FORECAST TOP 10 SELLING

DRUGS IN 2018

1. Januvia  (diabetes)— $9.7 billion

2. Humira (arthritis) — $8.2 billion

3. Avastin (cancer) — $7.5 billion

4. Enbrel (arthritis) - $7.2 billon

5. Revlimid (myelodysplastic syndrome) —
$6.75 billion

6. Prevnar 13 (pneumococcal vaccine) — $6.72
billion

7. Rituxan (cancer) — $6.3 billion

8. Lantus (diabetes) — $5.9 billion
9. Remicade (arthritis) — $5.8 billion

10.  Advair (COPD) - $5.7 billion




REVENUE { $mn})

BIOOMOEIAH - ANAINTY=H

Projected Sales of Expiring Patents

Biosimilars Global Revenue forecasts

il

4(11%)

=
8
2
=
=
=
Q
wv
—]

22
(50%)

2011 2012 2013 2014

2010 2011 2012 2013 2014 YEAR OF US PATENT EXPIRY

YEAR * Biopharmaceuticals ~ Biosimilars

Adalimumab (Humira) 2018 2016

Etanercept (Enbrel) 2015 2028 (extended)
Infliximab (Remicade) 2015 2018
Insulin Glargine (Lantus) 2014 2014
Rituximab (Mabthera) 2013 2016
Bevacizumab (Avastin) 2019 2017
Insulin Aspart (Novomix, Novorapid) 2015 2015

Interferon Beta-1A (Avonex, Rebif) Expired Expired

Trastuzumab (Herceptin) 2014 2019
Glatiramer Acetate (Copaxone) 2015 2014
Pegfilgrastim (Neulasta) 2015 2014
Ranibizumab (Lucentis) 2016 2016

Expired dates may vary country by country in the U

Source: IMS MIDAS. 06/2013. IMS Patent focus: Copaxone mav see a conventional aeneric coov. not a biosimilar



BIOAOTTKOI MAPATONTE2 - KO2TO2

*  “Ta BLOOMOELSN popouV va
BeAtiwaoouv tnv npdcfacn Twv
aocBsvwv os Blodoywkég Oepaneieg
Kol vet GUVELODEPOUV TN
BlwoLOTNTA TWV GUGTNHATWV
UYELQC TWV EVPWTTALIKWV KPATWV.

*  “Etol, n dtaBeolpotntd toug
npoodEpel Suvntko 0deAoC yLa T
Juothpata Yyeiog tng EE, evw

anotelei pia emutAéov Oepamevtikiy

grmloyn”.

volume, DDD

EU+ NO;, CH total biosimilar
accessible market by product type,
% of DDD, Mat to M6 2011

200

rlilliors
— — —
[ — | — [ —

e 33 8 15

1 19

Biosimilar

S T T
MATto MATto MATto MATto MATto
Mo M6 Mo Mp MG
2007 2006 2008 2010 2011

Non-Ref, Product  mRef, Froduct

EU + NO, CH share of biosimilar
accessible market by product type,
% of DDD, Mat to M6 2011
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1 1%
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MG 2007 M5 2008 MG 2009 M6 2010M5 2011

Biosimiler  mhon-Ref, Product  wRef, Product

European Commission. What you Need to Know about Biosimilar Medicinal Products. Process on
Corporate Responsibility in the Field of Pharmaceuticals Access to Medicines in Europe.

A Consensus Information Document, 2013



BIO-OMOEIAH

Table 1 Biosimilars for rheumatic diseases for which data have
been published in peer-reviewed journals or presented at

® international scientific meetings
Reference product Biosimilar molecules
Adalimumab ABPS501

INFLIXIMAB -,

._,.-".'_,.- ",
' m (i
A : ZRC-3197
\ Benepal
GP2015
E-t -t HD203
dNerCep ar
Infiiximab BOWO15t
a-P13t
PF-06438179
52

RENFLEXIS® Riwdimab 710

. P GP2013
infliximab 05280586

Domer T, et al. Ann Rheum Dis 2016;0:1-9.



Table 1 | Biosimilars in development for the treatment of inflammatory diseases? 5557

Reference drug

Biosimilar*

Manufacturer

Status as of July 2015

Adalinmurmalk

Etanercept

Inflixinmalk

Tocilizumakb

Rituximakb

ABP 5041
BI695501
SBS5

GP2017
PF-06410293
CHS-1420
ONS-2010
LBAL

BCD-0O57
Mo23

BOWOSO
(N.D.)

SsSB4
GP2015C
CHS-0214

TUNEX® (ENIALL)

LEECO101

DWpP422
PRX-1068
AventT™
BX2922

sB2
PF-O06438179
MNI-O7T1
BCD-055

ABP 710
BOWOTO
(N.D-)
BCD-020
CT-P10O
SAIT1041
TLOA1
PF-05280586
GP2013
MK-8808
ABP 798
(N.D.)

Amgen Inc. (USA)

Boehringer Ingelheim Pharmaceuticals Inc. (Germany)
Samsung Bioepis (South Korea)

Sandoz Pharmaceuticals AG (Switzerland)

Pfizer Inc. (USA)

Coherus Biosciences Inc. (USA)

Oncobiclogics Inc. (USA)/Viropro (USA)

LG Life Sciences Ltd (South Korea)/
Mochida Pharmaceutical Co.. Ltd (Japan)

Biocad (Russia)

Momenta Pharmaceuticals Inc. (USA)/
Baxter International Inc. (USA)

EPIRUS Biopharmaceuticals Inc. (USA)

AET BioTechnology Ltd (Germany)/
BioXpress Therapeutics SA (Switzerland)

Samsung Bioepis (South Korea)

Sandoz Pharmaceuticals AG (Switzerland)

Coherus Biosciences Inc. (USA)/Baxter Intermational Inc.

(USA),/Daiichi Sankyo Co., Ltd {Japan)
TSH Biopharm Co., Ltd (Taiwan)

LG Life Sciences Ltd (South Korea)/
Mochida Pharmaceutical Co., Ltd (Japan)

Daewcong Pharmaceutical Co., Ltd (South Korea)
Protalix Biotherapeutics Inc. (Israel)
Avesthagen Ltd (India)

BioXpress Therapeutics SA (Switzerland)
Samsung Bioepis (South Korea)

Pfizer Inc. (USA)

Michi-lko Pharmaceutical Co., Ltd (Japan)
Biocad (Russia)

Amgen Inc. (USA)

EPIRUS Biopharmaceuticals Inc. (USA)
BioXpress Therapeutics SA (Switzerland)
Biocad (Russia)

Celltrion Inc. (South Korea)

Samsung Electronics Co. Ltd (South Korea)
Teva Pharmaceutical Industries Ltd (Israel)
Pfizer Inc. (USA)

Sandoz Biopharmaceuticals AG (Switzerland)
Merck Sharp & Dohme Co. (USA)

Amgen Inc. (USA)

iBio Inc. (USA)/GE Healthcare (USA)

Clinical trials (phase Il completed in RA and psoriasis
Clinical trials (phase Il in RA)

Clinical trials (phase Il in RA)

Clinical trials (phase Il in PsA)

Clinical trials {phase | completed; phase Il planned in RA)
Clinical trials (phase |l planned in psoriasis)

Clinical trials (phase | completed)

Clinical trials (phase | completed)

Clinical trials (phase 1)
Clinical trial (phase I)

Preclinical studies

Preclinical studies

Clinical trials (phase Il in RA; completed)

Clinical trials (phase Il completed in psoriasis)

Clinical trials (phase Il in RA and psoriasis)
Clinical trials (phase Il in RA)
Clinical trials (phase Il in RA)

Clinical trials (phase I)

Clinical trials (phase I)

Preclinical studies

Preclinical studies

Clinical trials (phase Il in RA)

Clinical trials (phase Il in RA)

Clinical trials (phase Il in RA)

Clinical trials (phase | in AS)

Preclinical studies

Preclinical studies

Preclinical studies

Clinical trials (phase Il in RA)

Clinical trials (phase Il in RA)

Clinical trials (phase I/l in RA; prematurely ended)
Clinical trials (phase Il in RA; prematurely ended)
Clinical trials (phase I/l completed in RA)
Clinical trials (phase I/l in RA)

Clinical trials (phase | completed in RA)
Preclinical studies

Preclinical studies

Abbreviations: AS, ankylosing spondylitis; N.D., name not yet defined; PsA, psoriatic arthritis; RA, rheumatoid arthritis.

Darner, T. & Kay, J. Nat. Rev. Rheumatol. advance online publication 18 August 2015

doi:10.1038/nrrheum.2015.110
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Elval ta Blo-opoeldn yevoonuo 1l
dappako’? 02
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BIOAOTIKA MPOIONTA — MAPATQrA TH:
BIOTEXNOAOT'A2

KaBapad aviiowpata

MNopaywyn amo YEVETLKA TPOTIOTIOLNUEVA KUTTOPO
Ag€van mapoywyn oTo EpyacTnpLlo

Me ouvinén n yevetikn nebodo

ApAdon UCLKWV OVTIOWUATWY

Meragopa yovibiou Eppoliaopdg

Ly

AvBpawiTmiva
PO VOKADVIKG
AVTICWHaTa

Movriks pe yovidia avBpwmng ig

Chinese Hamster
Ovary (CHO) Celis




Ta BroAdoyka pappaka eivat 100 pe 1000 popeg peyaAltepa amo
QUTA XNULKO dapLoKol

Comparison of small-molecule drugs and biologic products

SMALL MOLECULE DRUG SMALL BIOLOGIC LARGE BIOLOGIC

Aspirin Human Growth Hormone Monoclonal antibody
21 atoms ~ 3000 atoms ~ 25,000 atoms

* To uopLo NG aomipivng eivat mavw armnod 1000c|>opsq ULKPOTEPO ATTOTL VAL LOPLO uOVOK)\wVLKou
avtlowpatog. Ta Bto}\ovLKa HOPLA ElVOL ONUAVTLKA LEYAAUTEPA KL TILO TIOAUTIAOKA LOPLOL OE CUYKPLON

HE Ta GAPHUAKA LE ULKPA HOPLAL.

Sekhon BS and Saluja V. Biosimilars: An overview. Biosimilars 2012; 1:1-11



BIOAOTIKA KAI XHMIKA ©®APMAKA

Xnuka pappaka BloAoyka pappoka
Muwkpad, amAng SoUNAG HopLa, TTAPAYOVTAL LE XNULKA MeyaAa, moAUTAoka popLa, tapayovtal o€ {wviava
avtidpaon KOTTapQ

OAodLa avtiypada prmopouv va mapaxbouv xnuka MNapayetal and povadikr KUTTapLkn oslpd. OAOLSLa

avtiypada dgv propouv va ntapoxbouv

ATtAn dopn, UMopPEL va XapaKTNPLOTEL AN PWC MoAU noAuntAokn dopry, dev pumopet va
XOPOAKTNPLOTEL TARPWG
J€ YEVIKEG YPOUMEC TILO oTaBegpd Mpwteiveg, mMoAU gvaiodnteg otig aAAayEg Tou

TEPLBAAAOVTOC, ATMALTOUV ELOLKEG CUVONRKEG

Muwkpn mOavotnTa AVOGOoyoVvVIKOTNTAS, E(vVal TOCO MeyaAn mbavotnta, meldr) to BloAoyikd dappoka
ULKPA TIou Eedellyouv Ao TO OVOCOTIOLNTLKO elval peyalec npwreiveg
cvuotnua

Bhupinder Singh Sekhon Vikrant Saluja; Biosimilars 2011:1 1-11



[ENO2HMA kot BIO-OMOEIAH

e Eival to akpBég avtiypado svog dapuakou PIKPoU
HoplakoU Bapouc, ocuvtiBetal pe xnukn LEBodo Kal eival
SOMLKA KoL AELTOUPYLKA (BLO PE TO TIPWTOTUTIO

e EUKOAN avarmapaywyn
e Anatteital anodetn Boicoduvapuiag

[evOoonuo

/

* To BLO-OHOELSEC Elval TOPOOLO LLE KATIOLO AAAO BLO}\OVLKC')\
dAappako mou €xeL NN eykpLOei yla avBpwrivn xprnon

B LO = (papuako avadopdag) Kal AVAUEVETOL VO EXEL TTOPOOLO
TIPOPIA ATOTEAECUATIKOTNTOG KoL OPAAELOC UE EKEIVO

O O E l. 6 é e MoAUTAokn Stadkacia avamapaywyng
u q o Amaute(tol OAOKANPWHEVN AOKNGON CUYKPLOLLOTNTOG

(rigorous comparability exercise) /
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Ann Bheum Dis March 2013 Vol 72 No 3

Biosimilars in rheumatology: the
wind of change

Christian K Schneider

The sentence “biosimilar and bio-
logical reference medicines are similar
but not identical’ (also used byw Dorner
ef «f) 1s perhaps one of the most fre-
quently misunderstood sentences in the
history of biosimilars and has almost
become a mantra when raising concerns
around bilosimilars.



PERSPECTIVES

OPIMNIOMN
The advent of biosimilar therapies
in rheumatology—“0O Brave New World”™

NMortorn A. Scheinberg and Jonathan Kay N-Et RE"r". thmtor 31 43{:'_43.5 |:2|:| 12}

The role of biosimilars in the treatment of
rheumatic diseases

Thomas Domer,'? Vibeke Strand,® Gilberto Castafeda-Hernandez,”
Gianfranco Ferraccioli,® John D lIsaacs,®” Tore K Kvien,® Emilio Martin-Mola,®
Thomas Mittendorf,'® Josef S Smolen,'' Gerd R Burmester’

Rheumatology 2014;53:389-390
doi:10.1093/rheumatology/ket210

R H E U MATO I—-O GY Advance Access publication 22 July 2013
Editorial

Biosimilars in rheumatology: perspective and
concerns

What all rheumatologists should know?

The changing landscape of biosimilars
in rheumatology

Thomas Dérner, " Vibeke Strand,? Paul Cornes,” Jodo Gongalves,” Laszld Gulacsi,®
Jonathan |<a\)rfr Tore K KV]EH,B Josef Smolen,g'm Yoshiya Tanaka;” Gerd R Burmester'

Ann Rheun DiE 2016:0:1-9.



TA BIO-OMOEIAH YINMAPXOYN 2TH EYPQIIH

AlNO TO TO 2006

-
o I
01/2010: JCR EPO Alfa 07/2012 Remsima

08/2007: EPO Alfa H. I 9/2008: Filgrastim Ratiopharm
08 v Abscamed 9/2008: RatioGrastim

-

. 9/2008: Biograstim
o —— "
04/2006: Omnitrope

{

E X 6/2010: Nivestim
04/2006: Valtropin 12/2007: Retacrit 2/2009: Filgrastim Hexal _
|

BT A
& &

o - |l o e o e o
2006 2007 2008 2009 2010 20m 2012

. EPO-alpha . EPO-zeta . G-CSF - MAb . Somatropin

21



Table 1 Prior changes in manufacturing processes

Product Manufacturing change Result

Interferon oZA Biferonics biopartners had master cell bank but could not produce identical product. No approval
Inadequate validation, stability and impurities present formation of aggregates led fo
Immunogenicity

Interferon B1A: Produced by biogen in new mammalian cel ling. The resuling product, Avonex, had reduced  Initial production stopped

Avonex immunogenicity compared with that produced in original CHO cell fine” Subsequent product improved

rHuEPQ: Eprex 1998: ortho biotech switched protein stabliser from human serum albumin to detergent Aqgregate formation led to formation of anti-EPO Abs
polysorbate B0, with variations in storage and handiing; 2003 infroduced prefilled syringe w/ | and 175 cases of pure red cell aplasia 19%-2004
rubber plunger’

phSTNF-R:lg: Manufactunng processes yielded product with diffenng glycosylation patterns, resukting in

lenercept diferences in phamacokinetics and efficacy” "

Muromonab aritox: ~ Switch o manufacturing in dialysis tubing resuted in loss of efficacy” ™
CD5 plus

Primatised «CD4: Working cell bank switched to facilitate manufacturing scale-up. Resulted in CD4 T cel

clenoliximab deplation and loss of efficacy” "

Darbopostine: Batches produced between 11/2008 and 4/2011 show different sialylation rate, suggestnga  lerative manufacturing change

Arnesp manufaciuring change'>

Rifuximab: Mabthera  Variaion in bafches with expiration dates between 92007 and 10/2011 suggests a lierative manufacturing change
mantfaciuring change”

pI5TNF-R:lg: Major diferences in glycosylation pattem after 2009 suggest a manufacturing change' lterative manufacturing change

etanercept: Enbrel

CHO, Chingse hamster ovary; EPO, erythropoietin.
Dorner et al Ann Rheum Dis 2013



REMICADE: AAAATE2 MOIOTIKQN XAPAKTHPIZTIKQN
TOY MOPIOYMETA THN ETKPIZH

1991 1 ", e 254 1965 1996 1997 R
BLA

Clmcal Pha=e BLA preparaton Reviow & ap

v lopment I

Phase | Phase ) n n
l ‘ Meta-peTadpOUOTIKEG TPOTIOMOLGELG
oo ey (vAukoZuAiwon, peBuliwon, ofeibwon,
‘ '
—— | | Anopivwon) oto TEALKO AKPO TWV OULVOEEWY
M M

Bicreactor ‘ T Serum free T Media'time | Time
Purfication t :‘ Fewer steps ,‘ aX ! ax
F o madation 1 [’ Liguid W Lyo
Morsdactisred ots 2 5 3*

* Usead 1o damonsirate PrOCess Corrsisiancy

Manufacturing Changes Post-approval
- coen o o o o Type |I1A
N e o Type IB
e e 20 © MUBCOBENINs + © . TypeD
7/24/19%6 47192001 11142004 10/ 1002006 782009 4172012 12/27/2014

No Clinical Trials Repeated After Manufacturing Changes

1. Wojciechowski et al. In: Process Scale Bioseparations for the Biopharmaceutical Industry. 2007:508.
2. European Medicines Aoency. REMICADE™ procedural steps taken and scientific information after the authorisation. Accessed October 12, 2014



MABTHERA: AAANATEZ NOIOTIKQN XAPAKTHPIZTIKQN

GO glycan (rel. area %)

TOY MOPIOY ME

TA THN ETKPI2H

a b C
—60 - L
2 o 140
Acidic Basic % 50 | [ °
: i (5]
variants variants Ei 0 @ 120 4 L4 [ ]
o 3 = '
Post-change ;30 g &
2 =100 1
c >
® 1)
§ 20 4 =
S 801
Prechange -2 10 ¢ of a
Ctg O
o O
- — T A - - )
14 18 22 26 30 08.2007 12.2008 05.2010 09.2011 < 08.2007 12.2008 05.2010 09.2011
t (min) Expiry date Expiry date
d e f
2.0 *
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1.6 GOF
- o Pre-change Man5
124 ° 3. ™S 6o
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Schiestl et al Nat Biotechn 2011



ENBREL: AAAATEZ2 MOIOTIKQN XAPAKTHPIZTIKQN
TOY MOPIOY META THN EIKPI2ZH

Basic variants (rel. area %)
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Schiestl et al Nat Biotechn 2011

variation
to EMA
or FDA



TA BIOAOTIKA MPOIONTA MAPOYZIAZOYN EITENH
METABAHTOTHTA (INHERENT VARIABILITY)

. ~Non-identicality” is a normal principle in biotechnology.
. No batch of any biological is ,identical” to the others

2
1 u Acceptable
1 variation
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Ol METABOAE2 TQN BIOAOTTIKQN MOPIQN EINAI
EMOYMHTE2 ATNO TI2 ETAIPEIE2Z NAPATQIH2

|

Current situation summary kw=% Totally new fermentation process AMGEN

|
|

Different Master Cell Bank™ and only similar results

* Originators often :
to previous approach

make changes to their

manufacturing | « Pharmacokinetics: 25% higher AUC in single-
processes after launch | dose study in dogs

- Originators do no or | | * Antigenicity: higher antibody response in dogs
limited c"_"'“' testing : * Quality attributes: comparable (not identical)
to confirm impact of 3
process change on | + Pharmacodynamics: comparable (not identical)

product efficacy/safety . hemodynamic parameters

* Human safety, efficacy, and immunogenicity

* Regulators well were all comparable (not identical)

equipped to manage |

manufacturing changes . However... no clinical studies concluded with the
;' commercial scale product (only 2.000L scale tested.
| not 15,000L)

|
|

Source: 2008 EPAR Vanatons Report
'Creating Master Cell Bank for boreacions instead of roller botes



TA BIOAOTIKA MPOIONTA NAPOYZIAZOYN EITENH
METABAHTOTHTA (INHERENT VARIABILITY)

Changes in the manufacturing process after approval

o 5 10 1% 20 25 30 35 40

MabThara® I - - | J - | |
Remicade®
Enbral®
Husmira®
=
£

Rolctemra®
Simponi®
Cimzia®* WM
Rilonacept Regansron®
Naris®

Banlysa®

Christian Schneider Ann Rheum Dis 2013
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STAAIA MAPATQIHZ BIOAOTIKQN MPOIONTQN

K'

Cloning of
specific gene
sequence into
viral or non-
viral Vector

Transfer
into host
cell for
expression

. 2

Cell
expansion

4 "W
Protein
Protein ':\““"z
roug
production filtration and
centrifugation
e > @

y R 48
Protein Protein
purification by characterization
chromatography and stability
o A 4

Different

operating
conditions

Different
binding
and elution
conditions

Different
methods,
reagents,

reference
standards

Manufacture of biopharmaceuticals and sources of variation between manufacture of innovator biopharmaceutical

Indian J Pharmacol. 2012 Jan-Feb; 44(1): 12-14.



H NMAPA2KEYH TQN BIOOMOEIAQN AMNAITEI
KAINOTOMEZ TEXNOAOT'IE2

Molecular Biology Downstream Analytcal Process Design
w':] Biology Processing Development *Process
oCel Line *Pnmary Separabon  *Method Development Charactenzaton
Devesopment Punficaton * Method Quakfication +*Robustness Studies

Charactenzaton *Transfer 10 QC *Process Vakdadbon
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TA BIOAOTIKA MPOIONTA MAPOYZIAZOYN EITENH
METABAHTOTHTA (INHERENT VARIABILITY)

Original reference —
product Biosimilar

.0
Despite minor Principle of
physicochemical “ e 2 [b
— “comparability”[®]
differences e P y

a. Personal slide. Courtesy of Dr Fernando de Mora.
b. European Medicines Agency.



m European Medicines Agency

June 2005

ICH TopicQSE
Comparability of Biotechnological/Biological Products

Step 5

NOTE FOR GUIDANCE ON BIOTECHNOLOGICAL/BIOLOGICAL PRODUCTS
SUBJECT TO CHANGES IN THEIR MANUFACTURING PROCESS
(CPMP/ICH/5721/03)




A2KH2H 2YTKPI2ZIMOTHTA2

v MNowdtnta (quality)
v AoddAetla (safety)

v’ AntoteAeopatikotnta (efficacy)

QSE Assessment

[T] Preclinical

[] Phasel

nopaywyn
NPOETOLLAOLA
enetepyaoia

[C] Phase lll

l

i

In vitro studies Determine if in vivo

studies are needed

In vivo studies

PK/PD studies

-

Safety and efficacy

= Assess
binding
to target(s)

= Assess signal

= Necessary only if
factors of concern
identified, e.g. new
post-translational

transduction modification
and functional structures
activity/

viability

= Focus of study
depends on
the need for
additional
information

= Single dose cross-over or parallel

group designs preferred
= PD markers selected on the

basis of their clinical relevance
= Affinity is a key determinant of
the PK and PD profile of mAbs
and soluble receptor constructs®32
= Close reproduction of conformational
structure for biosimilar mAbs and
soluble receptor constructs is
needed to ensure comparable

biological effect4®

Dérner, T. & Kay, J.

= No clinically
significant
difference
in efficacy to
reference product

= Compare severity
and frequency of
adverse events, in
particular for
immunogenicity

Nature Reviews | Rheumatology



Table 4 Methods for QSE assessment of biosimilars

Attributes Methods

Primary sequence (peptide map and amino acid IE, HPLC, gel electrophoresis

sequence analysis), immunogenicity (immunoassay)

other identity indicators

Potency Cell-based bioassay, gene expression bioassay, ADCC, CDC
Conformation Mear/far UV circular dichroism spectroscopy, Fourier transform infrared

spectroscopy, X ray crystallography and differential scanning calorimetry

Glycosylation Monosaccharide composition analysis, oligosaccharide profile, CE, LC-MS,
MS/MS, ESI, MALDI-TOF

Phosphorylation Peptide mapping with M5

Truncation SE-HPLC, gel electrophoresis, AUC, peptide mapping with M5, RP HPLC

Glycation Peptide mapping with (M5, HPLC), methylation, isomerization (RP HPLC)

Pegylation HPLC, CE

Aggregation SE-HPLC, gel electrophoresis, Light scattering and AUC

Oxidation Peptide mapping with M5

Deamidation Capillary IEF, peptide mapping with M5, and CEX-HPLC, C-terminal lysine
(capillary IEF, peptide mapping with M5, and CEX-HPLC), misfolds (RP-HPLC)

Host cell proteins ELISA, DMA, endotoxin (Limulus amebocyte lysate assay)

Binding Cell assays, spectroscopy, ELISA

Biological activity Cell assays, animal models

Abbreviations: IE, ion exchange; HPLC, high performance liquid chromatography. ADCC, antibody-dependent cell-mediated cytotoxicity, COC, complement-dependent
cytotoxicity: CE, capillary electrophoresis: LC-M3, liquid chromatography—mass spectroscopy; M5/M3, tandem mass spectrometry: ESI. electrospray ionization; MALDI-TOF,
matrix-assisted laser desorptionfionization time of flight M5; AUC, analytical ultracentrifugation; CEX, cation exchange; IEF, isoelectric focusing; SE, size exclusion; RP-HPLC,
reverse phase HPLC: ELISA, enzyme-linked immunosorbent assay, QSE, quality safety and efficacy.

Sekhon and Saluja Biosimilars 2011;1:1-11



2TAAIO 1: 2YTKPI2ZH MNMOIOTHTA2

EKTEVEC TPOYPOLULLOL XOPAKTNPLOMOU KOTA TN SLAPKELA TOU OTIOLOU CUYKpivovTal
ol PUOCLKOXNHLKEC Kol BLOAOYLKEC LOLOTNTEG TToL TEpLAAUBAvouv:

— JUotaon, PUOLKEC LOLOTNTEC KoL TIPWTOYEVAC / avwtepn ta&n SouNng
— YrnoBaBuwon kot otabepotnta ( m.x oéeibwon, Sipeplopog)

— KabBapotnta

— MEeTA-peTadpaOTIKEC TPOTIOTIOLNOELC

Primary and secondary structure

*—ﬁ\ /\’\‘/#‘ e .
\ "x l
s

- \[ ¥

5

Won Park et al, ARD, 2013
EPAR Inflectra (EMA), September 2013

EMA Guideline on similar biological medicinal products
containing Biotechnology-derived proteins as active substance: quality issues.
EMEA/CHMP/BWP/49348/2005



2TAAIO 2: MH-KAINIKH 2YTKPIZIMOTHTA

*  Onwc kot pe omotodnmote PLoAoyko, ta fLo-opoetdr) urtoBAaAAovtol o€ TTPO-KALWVIKEG UEAETEC
nipv Ste€axBolv KALVIKEC SOKLUEC O avBpwWTTOUC

*  Ta dedopéva ouvBwg cUAAEYOVTAL HECA ATTO EVOL TIPOYPOUUO LEAETWY OE OXETLKA (WLKA N
avBpwriva HOVTEAQ :

— Invitro tests
* JYUvdeon He 1o otoxo(oug) (m.x. umodoxeig, avtiyova, Evivua)

* H petaywyn onuatog Kot Asttoupytkn dpaotnplotnta / BLwoludtnTa TwV OXETIKWVY
KUTTAPWV

* Tote maipvetal n anodaon ,wg TPOG ToLa EKTAcn ,Kal ov Xpelaletal, enumtAEoy, in vivo
TEOT

Antibody critical attributes

%‘L

Affinity to TNF-a

Affinity

Specificity

N

Uns ) - .
'%-‘L I'NF -a trimer
} 25

Anti-TNF IgG antibody

Ne ot ve potency |

4

EMA Guideline on similar biological medicinal products containing

biotechnology-derived proteins as active substance: non-clinical and clinical issues. ee p e . e
AR Inflect rem )

EMEA/CHMP/BMWP/42832/2005 Rev. 1. 03 June 2013 nflectra (EMA), September 201

Won Park et al. ARD. 2013



2TAAIO 3: KAINIKH 2YTKPIZIMOTHTA

2 UYKPLTIKEC LEAETEC PAPUOKOSUVOULKAC KOl

bGOPUAKOKLVNTLKAG
v 3& UYLElC EVANLKEC
v’ 3 000eveic pe peUHATIKEC TTAOAOELC

O TTANBUCPOC TNG MEAETNG Ba TTPETTEI va gival

AVTITTPOCWTTEUTIKOC VIA TIC EVKEKPIUEVEC OEPATTEUTIKEC

gvOEIgEIg TOU TTPOIGVTOG AVAPOPAG Kal va gival

guaiodnTog yia Tnv avixveuon moéavwyv dila@opwv PeTagU TOU

B10-0POEIBOUC KAl TOU papuAKoU avagpopdg.

161ec pappokvnTikeg kat dappakoduvapkee WLotntec eivatr ANAPAITHTEZ

aAAa OXI APKETEZ yia va eifouv tnv Looduvapia og 6tL adopd TNV KAWLIKN

QMOTEAECUATIKOTNTA KAl aodAAELa HETAEL TTpOlovTOC avadopac - BLo-opoeldouc



2TAAIO 3: KAINIKH 2YTKPIZIMOTHTA

e OL MLKPEC aAAOYEC OTO LOPLO UTIOPEL val
obnyouv o€ dlapopeC o€ OTL APopa TLC
BLOAOYLKEC LOLOTNTEC

* AvoooyoviKotnta

Anti-ldiotypic
Fab Antibody

V4

Type 1

e Anti-idiotypic antibody
e Paratope-specific

e Inhibitory

e Neutralizing

e Detects free drug

Drug target

Lo

Type 2

e Anti-idiotypic antibody
¢ Not paratope-specific
e Not inhibitory

e Detects total drug (free,

partially bound, fully
bound)

Type 3

e Drug-target complex

specific antibody

e Not inhibitory
e Detects bound drug

exclusively



2TAAIO 3: KAINIKH 2YTKPIZIMOTHTA

* JUYKPLTLKEC KALVIKEC LEAETEC KALVLKNC OATIOTEAECLATIKOTNTOC
v AUAéC TUDAEC

v" TUXOULOTIOLNUEVEC

v' looSuvapiog

v' Mn - KOTWTEPOTNTOC

Higher equivalence limit {1.18) I

AB - 1 |_|

Castaneda-Hernandez G, etal AMD Open 20151:e000010.



AOKIMAZIE2 ETKPI2ZH2 BIO-OMOEIAQY2

MeAETN
OUYKPIOINOTNTAG —
B1o0-ou0€IdN

®aong lll kKAIvikég peAéreg
Daong Il

) ) ) KAivikég
®dong Il KAIvikég peAETEG HEAETEG

PK /PD

®daong | KAIvikég
PK /PD MEAETEG

Ddong | KAIvikég peNéTEG [Mpo-KAIVIKO
TTOOYPAUUA

[Mpo-KAIVIKO
TPOYPAUMA

Xnuik6g

AEITOUPYIKOG XOPAKTNPIOPAOG TOU POopiou
(BroAoyIKEG 1IB10TNTEG)

BioAoyiko 1Tpoidv

PuaoIKOXNUIKOG XapaKTNPIOUOG TOU Popiou
(ouoTaon, XNUIKES 1I816TNTEG)

avagpopag



Remicade™
Enbrel™
Humira®™
MabThera™ (RA)
Orencia™
RoActemra®™
Simponi™
Cimzia®
Rilonacept Regeneron™
Hans™

Benlysta®™

Oomnitrope™
Valtropin®
Binocrit®
Silapo™
Ratiograstim™
Zarzio®
Nivestim™

Time to positive opinion issued by
the European Medicines Agency (days)
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Christian Schneider Ann Rheum Dis 2013



AANNATH OEPAMEIAZ -
AlMO TO NMPOION ANA®OPAzZ- 2TO BIOMOEIAE2

333 = Adverse

= Inefficacy

Blake T, et al. BMJ Musculoskel Disord. 2014;15:290.



NOR-SWITCH STUDY

AcBeveic pue PA, WA, Az, pwpiaon kat IONE pe tn voco o Udeon Kal
otaBepn Bepamneia yla 6 LAVEC

Inflectra ™

Remicade®

| | | —
Week O Week 6 Week 30 Week 54

Tuyatomoinon oAokAnpwBnke 6/15 koL TA AMOTEAECHATO OVOLEVOVTAL 0TO TEAOC Tou 2016



ANATQIH ENAEIZEQN

Table 3 Regulatory guidance on extrapolation

Agency Requirements for extrapolation

Europe » In certain cases it may be possible t exrapolate therapeutic similarity shown in

one indication to other indications of the reference medicinal product.

Case-by-case decision based on the “totality of evidence'.

Possible safety issues in different subpopulations should also be addressed.

Indication of a biosimilar must be the same as its reference product

Similarity must be demonstrated by comprehensive comparative characterisation.

Type and design of trials using sensifive populations and end points must be

capable of detecting changes in the end points chosen.

p Consider route of administation; posology and PKIPD profiles in each indication
considered.

Australia™®  p In certain cases it may be possible 1o extrapolate therapeutic similarity shown in
one indication to other indications of the reference medicinal product.
» Possible safety issues in different subpopulations should also be addressed.

Japan® ¥ Extrapolation to the Japanese population should be justified according to the ICH
guidelines.

Canada® *

¥ rv¥v¥ wyuwr

usa® » Use a study population and treatment regimen adequately sensitive.
» Sufficient scientific justification for each condition.
» Only for conditions of use previously licensed for the reference product.
» Demonstration requires detailed information regarding similar mechanism of action
between biosimilar and reference product.

PK/PD, phammacmkinetic/pharmacodynamic.

Issues preduding extrapolation

Justification will depend on, for example, clinical experience, available
literature data, whether or not the same mechanisms of action or the
same receptor(s) are involved in all indications.

»  Minor differences in active ingredients or mechanism of action.
» Differences in pathophysiology of the diseasels.
» Differences in clinical experience compared with reference drug.

Justification will depend on, for example, clinical experience, available
literature data, whether or not the same mechanisms of action or the
same receptor(s) are involved in all indications.

Japanese guideline describes that it may be possible o extrapolate

from one indication to other indications of the reference product if the
mechanism of action is the same.

Extrapolation based on totality of the evidence.

Dormer T, et al. Ann Rheum Dis 2016;0:1-9. doi:10.1136/annrheumdis-2016-209166



The changing landscape of biosimilars
in rheumatology

Ann Rheumn Dis 2016,0:1-9.

Thomas Dérner,? Vibeke Strand, Paul Cornes,* Jodo Gongalves,> Laszl6 Gul4csi,®
Jonathan I(ayrfr Tore K Kvien,® Josef Smolen * ™ Yoshiya Tanaka,'" Gerd R Burmester'

International experts panel meeting — Frankfurt 2015

AVAAUTLKOG, AETTTOUEPN G XOPOKTNPLOUOC TOU Blo-opostdolg

IXeOLOOUOC KALVIKWV LEAETWV

OLKOVOULKA ETIITTWON — B€TIKA — 0TA CUCTAMATA UYELOG

Avaykn yta value — based medicine

DOAPMAKOENATPYMNNIZH




BIO-OMOEIAH KAI AAAATES STHN ATOPA TQN
BIOAOTIKQN (N. KOPEA)

15 prveg peta tnv KukAodopia tou
BLo-opoeldou¢

*AUENON TWV MWANOCEWV KOL TOU
npoiovtoc avadopac Kal tou Blo-
opoeldoug

»Meilwon tng {NTnong ywa etanercept

"Meilwon tn¢ {nTnong yla
adalimumab

Number of claims

8

D
X%

et g

’5::‘ ° 02"
* Enercept o2

Infliximab \
Introduction of the
biosimilar infliximab
] ¥ 1
2012 2013 2014
Time

Kim et al, ACR 2015, Abstract 1273
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BIO-OMOEIAH

Source: Journal of Managed Care & Speciaity Pharmacy, Vol 21, No. 3, March 2015,



The Coalition of State Rheumatology
Organizations (CSRO)

* More than 82 percent of respondents believe that the U.S.
Food and Drug Administration (FDA) approval standards for
designating a biosimilar as "interchangeable" must be
very rigorous to ensure patient safety;

* Over 75 percent of rheumatologists surveyed say the FDA
should mandate that biosimilars have a different non-
proprietary name than the innovator biologic medicine;

* Nearly 96 percent of rheumatologists surveyed said the
FDA should require labeling to identify a medication as a
biosimilar and distinguish any important differences
between it and the innovator biologic.



AOKIMAZIE2 ETKPI2ZH2 BIO-OMOEIAQY2

MeAETN
OUYKPIOINOTNTAG —
®dong Il KAivikég peAéreg Blo-opoegIdn

®dong llI

KAIvikég

MEAETEG

PK /PD

PK/PD ®dong | kAIvikég
®daong | KAIvIkKEG peAéTEG MEAETEG

Mapatipnon oT1o Naparnpnon oTo
EPYAOTNPIO — N EPYAOTAPIO — N
KAIVIKEG MENETEG KAIVIKEC UEAETEC
A&g1Toupyikog
) GINTGTS XOPOKTNPIONOG TOU Hopiou
OPAKTNPITUOG T (BroAoyikég 1816TNTEG)

Mopiou

QuoikoXNMIKOG
XOPAKTNPICHOG TOU HOpiou
(avaAuTIKEG 1810TNTEG)

BioAoyiko TTpoidv
avagpopacg
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View Of US Pharmacists

Confidence In Biosimilar Substitution (% Of Respondents)

1= not confident

3

Level of confidence

5 = very confident

M If both products share the same
active ingredient or non-proprietary
name?

M If both products did NOT share the
same active ingredient or non-
proprietary name?

W If both products did not share the
same active ingredient or non-
proprietary name because of a prefix
or suffix?



