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(Biotherapeutics & Biosimilar: Manufacturing & Clinical Development)
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® Jayanounsfnymiendiln (Pre-clinical data)
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“Biologics have a complex manufacturing process”

813290 (Biologics)
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UM 1 81%230q: WA luwanadlidin

Large complex molecules
(e.g., IgG antibody)

Modified from I. Markovic, 2007

* Produced by genetically modified living cells in a complex
biotechnological processes (i.e. optimized and controlled
temperature, pH, oxygen, feeds, etc.).

e Examples: monoclonal antibodies.




JUT 2 endidiluanavuiain: duasizinianadl (Small molecules drugs: chemically

synthesized)
Small molecules
(e.g., aspirin)
e Synthesized through a series of chemical reactions.
e Manufacturing process can be reproduced to yield an
identical end product (i.e. a generic).
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ASPIRIN IgG ANTIBODY
(CHEMICAL MEDICINE) (BIOLOGIC MEDICINE)

S5 Y
21 25,000

ATOMS ATOMS

3
150 6,000,000

PARTS PARTS

SIZE

COMPLEXITY

(

J

NILUIUNIINANL1YITNY (Biologic Production)
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[ 4 Establishment of genetically

engineered cells that produce
the desired product

‘ Transfer into
‘ host cell

Scale-up and
manufacturing of
large quantities

Fermentation
Cloning into Bacterial or
DNA vector mammalian cell ‘
produces protein
Downstream
processing and
purification

Formulation

81%213ngAa1EAGe (Biosimilars)
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ORIGINAL BIOLOGIC BIOSIMILAR

(Above are not actual molecular structures)
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5UN 6 Yumaumsvadunzileoy (Stepwise approach)

O OL
@ ONGOING

MONITORING

INTERCHANGEABLE

‘ \) APPROVAL

@ SWITCHING STUDIES
& BIOSIMILAR APPROVAL
ﬂé ASSESS PATIENT RESPONSE
% COMPARATIVE STUDIES

CHARACTERIZE MOLECULE
STRUCTURE
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® AuNNYBINAASWIN (Quality data)
® Joyanaun1sAnyImandin (Pre-clinical data)

e JayanisAnymnepdin (Clinical data)
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T Tnnadendaildsunismaseuudludy Analytical test dndandnuae 1wy Tassaing
sUsemiIelUsiu Mavuitou luumnssanendunuuviosdsts asthaindnwselutudeuaddnuas
natin Tnginnuszsasdvasmsfnmendningadnoadslunisedin Ae WeAnwiiedimnieuinludiu
UseAvBamuazanulasafeduendradavidesdusuunielsl mindeyaludu Analytical test uansin
pvisaadlidniu Analdieviaesasdaunmniseainuieutu Srenmazannsoannisfinwinms
maindlasuduasld Tngeavhnisanwisaus Pharmacokinetic, Pharmacodynamics, Similarity test
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Clinical (Many Phase Il & IV trials,
Pharmacovigilance)

Non-clinical

Non-clinical
Analytical / Analytical \
Reference biologic product Biosimilar product

na;uﬂizmniﬁlwiamsﬁnm (Sensitive population)

“aull (sensitivity) vesnuuiassnsfinenlunywduazan1izvesnisdine” dududmsunis
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o Usznslumsiinw fe nau (doe) fUhefifllonaunniigafiazliiuusslovianmsin
uazlmefayduunanuusansesEiedringadeadaiuendedld 1wy
o MIANWIE trastuzumab TugtisuziFadunszezusn fldsumssnwuuy

neoadjuvant %39 adjuvant

o M3ANYIEN rituximab Iuriiﬂaa follicular lymphoma 38 rheumatoid arthritis
o M3ANYILT bevacizumab Iuéﬂ’m Non-small cell lung cancer (NSCLC)

o nsAnuesinlunguuszmnsiitidnvaimiiouiu (homogenous) uazlmevieiis
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Aspects of development Biosimilar candidate Originator product
Clinical Design + Comparative vs. originat[)r = Superonty vs. standard of
(normally equivalence) care (SoC*)
[ Patient Population - Sensitive and homogeneous | -  Any

(patients are modeis)

Study Endpoints +  Sensitive = Clinical outcomes data or
- Clinically validated PD accepted/established
TETTas surrogates (e.g., OS and
PFS)

Safety +  Similar safety profile to - Acceptable benefit/risk

originator profile versus SoC*
[ Immunogenicity = Similarimmunogenicity - Acceptable benefit/risk

profile to originator profile versus SoC*

Extrapolation to = Possible if justified - Not allowed; clinical trials

additional indications required in each indication

= o & P P~ o v
NMFANHIUNDUIUNZLUYU (NPUNUBINULLUU)

*In some cases SoC may not exist

OS: overall survival; PD: pharmacodynamic; PFS: progression-free survival; SoC: standard of care
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AMULANAN9YRINITAIRas UM andvrau1ans uazn1sAnenufisuinlun1ssnen

Tun1s@nwranuiisuwinlunisdnw ssdinisfavuanisifmesfiuanarsfudimiunis
WIBULiigu Pharmacokinetic equivatence way Therapeutic  equivalence  lugdiuveq
Pharmacokinetic equivalence studies uuauu%m Standard endpomt ey Equivalence marglns
Un@ald ualunisilTeuiiisy Therapeut|c equwalence tu n15iue Endpoints QuﬂJU@EJﬂ“U
NamnmmLLaumaUﬂwmmmiﬂﬂm wuuaaﬂmmavﬂimlﬂu (Fap151971 2)

Fsmsrmusveuin Equivalence thi msazfinnsaniadedeluil

. maiden Equivalence margin fwnzaslumsvhnsideendringadiondeiumsagyiing

\Fonanmnansadanazmgraniisinwilaelideyaiiflegudn ietestunindululsd

anuviliszansnnluszevenadeluld

« AN Meta-analysis @5u Endpoint lngn1sfinydeyavesnadnsingionsds wag

Confidence Interval #15UTUIAYBINGNFIDE

. Margin meadnesazUszneuluieladoswiollil

o fesllmuEIAYNIsAALn



o 91984 Therapeutic effect size MABIn1551891UlU Randomized controlled trial

(RCT) MiEusndmiunandueionadadssuiiguiumaiun

« Response endpoints AI59ZAAMUFLNUSTUNATZIZE1IU8S Survival outcomes

a = & . . Y A ' ]
. MINRANTANDNISL@eN Equivalence margin Asazdodiinisseeusgslussla

Endpoint

Equivalence margins

Confidence intervals

Sample sizes

Pharmacokinetic equivalence Therapeutic equivalence

* Geometric mean ratio * Case-by-case, e.g. ORR often
reported

* [0.8,1.25] * Case-by-case, depending on

drug, indication, endpoint

90% CI e  Typically 95% CI

e Likely around 100 e Likely more than 600 patients
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Manufacturing process
(e.g., host cell proteins, other
contaminants and process Biological activity
changes) (e.g.,

Characteristics
of the protein
(e.g., molecular structure, ) ;
sequence variation, novel ‘ |_mmunost|mulat0w0r
epitopes, aggregates, immunosuppressive)
degradation products,
oxidation and

deamination) Immunogenicity

'. Formulation
Patient-features , ' ‘

(e.g., patient age, immune
status, genetic factors, Dosing & route of

concomitant medication, Unknown administration
disease state)



[y

nsnszRunIsnevauswnegiiduiulaeedringeraiavuls Ineunndnidueinisilasuuss wu

A N & a Ao | I3 & cs' L o o 8 Y a ] o
AU WIeluUsufdnen egnslsnmuniionnisinulaldvesin uwailAfaNanIzNUABNIISNYININI
AD NSNALDUAUDARDAIUEN (Anti-drug antibodies; ADAS)

wouRueRResiuen (Anti-drug antibodies; ADAs) Aigliifn:

. msauﬁ”wqwémaam%ﬁmq Faliszavsnmendosas Wy coagulation factors, Epoetin alfa
wag Pure red cell aplasia-PRCA, Thyroid peroxidase antibody Wag ‘thrombocy‘topenia)10

. mshesensinudeeduiiedefilunevds @i igfuuuiasedringedeade)

o indvRaumansvesetaringiialuaindu fe o1agnidnnsumeldiStuiodiaindiiung (i
insulin, growth hormone)

o UfATEINITUIEN

«  UfRTenitviautndlduailaensdavieveadvasnidon

[ o

Aaagevalssiunsnszdun1snauaua NN iAuiusiaen i Tngadenss

[ 1

N13NTLAUNTNBUAUDININTANTUFRETIINgAGI8ARS somatropin (Recombinant human growth
hormone, rhGH)11
o uansusiyeildlunsinuimanding host cell protein (HCP) TutSanags ddlunszdunsvhauy
YoaUAUBATAEEY growth hormone (GH)
o 1fiBU 60% veUledin1sasne anti-GH antibody Tuvasfinisldendnsdaiadios 2%
o msvlinFaiaginnuuiqrduntu tefiumadida HCP 18 warannisifinmneuaussn
piiAufule
N13AIAINY anti-Erythropoietin (anti-EPO) Antibody lugtae 2 efdngmnnsanyvnenadn 39
Hudthefildsuen HX575 (erlmifinTnstunandoudundaingrdreateiu Erythropoietin (EPO)) 113
Tt ilednwinmglafinansanlsalamewuin flhenilsneiin Pure Red cell Aplasia (PRCA) way
lvdesgAnsAnyineuiivue uwiideyaannnisinwazseyiterlivsednsamineuinesivenauwuy
? warluvszmalvefisienuniaiin PRCA  lugthodnnuniaiildondaingadreadsiu EPO vinls
wanSasivandldidunasideunisdusiingedieadaves U iesanlaiiiunisussifiung
Weudssiulfuesenogiadunn

nseyuumsldeniaingadreaisdutavslddu (Extrapolation)

msfiedringedendaignAnulunduiinelsants 1wy Tsausdeen s1dringadrondaiun
wgniusedlasdiinnuaniznssunsemsuaze (FDA) Wldiitenssnunlsnduse 1wu TsauziSedld
Ty Hudu lunsaluuul Soni “N159ULU” (extrapolation)
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Reference Biosimilar
Product candidate

: .-Stru ctural/quality attributes-' i BIOSIMILARITY

{/Biological function (assays) \ BIOSIMILARITY
p |
AMED FUAED) g BIOSIMILARITY

' I, - Ly
‘ Sensitive indication -

h. ~

o

LN
Less sensitive | |
indication /

BIOSIMILARITY

Extrapolation justified

n1saRNIUARIAITNAIUANNUADASY
o msiideyarnulasniuves¥ringaaenddudeuddneyuuly
o W IngRYIMsAnwIneedtnlulsavsed clinical setting Mwnneneiu o1vdewalvidiveyaniy
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[ a S a 2 a a LY aM v [ = a a
o ANUTuRwLTUTINALas RN Annnsshwnlanalidulusud vieinainnisi
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= 1Y) =~ 15 = 1% o « I Ao
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AiAuAY
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Plan)

nuhszierulasaieauegn (PHARMACOVIGILANCE)
nuihszfsenuiasafedueiiinnudfyetrdedmivendringadiends:
o doyannulasadvesiidite a nafleldsunseyElitungsdeuduen Wosmnmstu
neidouvoseniiianiduneuiiduas
«  nuhszgtirnuvasnsemusnfidunaiidutisduunanuunnssiuanuasafosening
eI ARIUEN819B e
o Wudeyariieuiiurnuvasafovesendringadnendsiigneyuululdludoudddu weesngn
PnhglunaanarlolugUlisatuda
ogslsfimuisenTringnneiin liinesluenduuuy wienthingadends dfesendanuih
se¥ernuvaendofuguuuunaiididunisegifin (Bu nsmenueimslifisUszasd) uaziidei
WAy Wlelrussaidmang
T ingadnendsindudesiiendnualionns vieidomensiamzivsngluluden
ietaelviieduteyadoundunendsnsldenls

Yauoawanfousi

doifunisvagliauihssYimnulaesadesuenarnisinaumanisallifsusyasdiiuly
peailUszAvEn Nty sausisnsteatumvaunuenesidlivngay s1daingrietaingadiendai
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