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bioJioriyHi npenaparu

[IoTeHmiaga MeIUYHOro 3aCTOCYBaHHS KIITHHUX Ta TCHHUX
010JI0T1YHMX IIpenapariB
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CTpyKTypa Ta GyHKUiiT MKA

Murine Chimeric Humanized Fully Human
(0% human) (65% human) (> 90% human) (100% human)
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Generic suffix -omab -ximab -zumab -umab

Potential for immunogenicity




CTpyKTypa Ta OYHKLUiT MKA

(A) Naked mAb [E
Complement

g Inhibit receptor
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k , / Induce apoptosis Immune checkpoint

Inhibitors
Inhibit ligand
// binding
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Antibody-drug Conjugate

Radioimmunotherapy

Immunotoxins

siRNA particles Genetically
modified T-cell

(D) Bispecific mAb

(B) Conjugated mAb (C) CAR-T cell

Charmsaz, S., Scott, A. M., & Boyd, A. W. (2017). Targeted therapies in hematological malignancies using therapeutic monoclonal antibodies against Eph
family receptors. Experimental Hematology, 54, 31-39. doi:10.1016/j.exphem.2017.07.003
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Table 1

Biosimilar mAb and Fc-fusion products approved in the EU, the US, or Japan.

Innovator product Biosimilar Approved year
Nonproprietary name?® Trade name Company EU us Japan
Remicade infliximab Inflectra Hospira 2013 - -
infliximab Remsima Celltrion 2013 - -
infliximab Flixabi Biogen 2016 - -
infliximab Zessly Sandoz 2018 - -
infliximab-dyyb Inflectra Pfizer/Hospira - 2016 -
infliximab-abda Renflexis Samsung Bioepis - 2017 -
infliximab-qbtx Ixifi Pfizer - 2017 -
infliximab BS1 Infliximab BS for LV. infusion [NK] [CTH] Nippon Kayaku, Celltorion - - 2014
infliximab BS2 Infliximab BS for L.V. infusion [Ayumi] [Nichiiko] Ayumi, Nichiiko - - 2017
infliximab BS3 Infliximab BS for LV. infusion [Pfizer] Pfizer - - 2018
Humira adalimumab Amjevita, Solymbic Amgen 2017 - -
adalimumab Cyltezo Boehringer Ingelheim 2017 - -
adalimumab Imraldi Samsung Bioepis 2017 - -
adalimumab Hefiya, Halimatoz Sandoz 2018 - -
adalimumab-atto Amjevita Amgen - 2016 -
adalimumab-adbm Cyltezo Boehringer Ingelheim - 2017 -
MabThera rituximab Truxima, Blitzima, Ritemvia, Rituzena Celltrion 2017 - -
rituximab Riximyo, Rixathon Sandoz 2017 - -
Rituxan rituximab BS1 Rituximab BS Intravenous Infusion [KHK] Kyowa Hakko Kirin - - 2017
Avastin bevacizumab Mvasi Amgen 2018 - -
bevacizumab-awwb Mvasi Amgen - 2017 -
Herceptin trastuzumab Ontruzant MSD 2017 - -
trastuzumab Herzuma Celltrion 2018 - -
trastuzumab Kanjinti Amgen 2018 - -
trastuzumab Trazimera Pfizer 2018 - -
trastuzumab-dkst Ogivri Mylan - 2017 -
trastuzumab BS1 Trastuzumab BS LV. infusion [NK] [CTH] Nippon Kayaku, Celltrion - - 2018
trastuzumab BS2 Trastuzumab BS LV. infusion [DAIICHI SANKYO] Daiichi Sankyo - - 2018
trastuzumab BS3 Trastuzumab BS LV. infusion [Pfizer] Pfizer - - 2018
Enbrel etanercept Benepali Biogen 2017 - -
etanercept-szzs Erelzi Sandoz - 2016 -
etanercept BS1 Etanercept BS for S.C. Inj. [MA] Mochida - - 2018
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Development of biosimilar therapeutic monoclonal antibody

Comparability
assessment

v Efficacy
v Safety

Reference product Biosimilar

-

Biosimilarity is established based on the data showing
the comparable quality, PK/PD, efficacy and safety.



A. Ishii-Watabe, T. Kuwabara / Drug Metabolism and Pharmacokinetics 34 (2019) 64—70

Risk
Management plan

Risk
Management pl

Comparative clinical studies
* PK/PD

* Safety and efficacy

* Immunogenicity

Clinical studi

Comparative
non-clinical studies
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Innovator product Biosimilar




BU3IHAYEHHA

IMyHOreHHICTb - 30aTHICTb aHTUreHy BUKNUKATU IMYHHY BIAMNOBIOb
He3aneXxHo Big IMyHHOI cneydIYHOCTI

CTyniHb IMYHOreHHOCTI 3aneXxuTb He TiNbKW Big BNaCTUBOCTEW MOJIEKYIN
aHTUreHy, ane i Big 0OaraTtbOX €K30reHHUxX, e€eHOOreHHUX doakTopiB Ta
IHOMBIAYarbHOCTI NauieHTa



PaKTOPU, AKI BU3HAYAOTb IMYHOrEeHHICTb NMpenaparTis

Factors influencing immunogenicity of proteins
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Pharmacokinetics and Immunogenicity

Aggregation/ .. . .
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All of these factors directly or indirectly contribute to or
are influenced by protein heterogeneities and can impact
PK and/or immunogenicity
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[ ONOBHI MeXaHI3MW IMYHOTeHHOCTI

* PeaKuia imyHHOI cuctemu Ha l'BIT -T-xennep-
3a/1eXXHa rymopasibHa BiaANoBiAb

* AHTUTING - BUCOKOadiHHI 3 niatunamum 1gG (I1gG1 i
1gG4)



RATHIYHI NpOoABUN IMYHOT€@HHOCTI

* Micuesi peakKuii: 6in1b NPW HAaTUCTKYBAHHI, rinepemis,
3aTBepAiHHA | cBepbiXK B micui iH eKLi

* CUCTEeMHI peakKLii: 3aranbHa cnabictb, pUHIT, cydbdpebpuibHa
TemnepaTtypa, binb B ropni, Kawenb, 6inb B M’A3ax, cyrnobax,
HabpAKK, 3aTpyaHEHE AMXAHHA, NAAIHHA TUCKY TOLLO

* BinaaneHi: ayToiMyHHI, aneprivyHi, imyHonponipepaTmnBHi
3aXBOPHOBAHHA



Bumorn 4o meToaiB 0OCTEXEHHA

P> XapaKTepucTnKa aHaniTUYHNX
MeTo/iB

P CtaHaapTU3aLuia meToais,
CTaHAAPTHI maTepianuy, FHME
AKICHI KOHTpO/i Ta Banigauis EEEN
MeToaMK




PiISHOBMAHOCTI KINbKICHOTIO
BU3HA4YE€HHA aHTUTIN

P MeToamn CKPUHIHTY

P MeToau, aki NiaTBEPANKYIOTb NPUCYTHICTb
AHTUTIN

P MeTtoam rpaaadii cneumndiyHOCTi aHTUTIN

PI\/IeTo,u,M BU3HAYEHHA HEUTPANI3YHOYMX
AHTUTIN



CyyacHe M3HA4YeHHA aHTUTIN

* IMyHOpepmeHTHUIN aHani3 (IPA)
* [ToBepxHEBUWN N1A3MOBUN PE3OHAHC

* Henpamoi imyHodayopecueHcil
* XeMostoMiHICUeHUll




Cy4yacHe BM3HA4YeHHA aHTUTIN

How to test immunogenicity?

Did the patient develop Anti Drug antibodies (ADA)?
- Immunoassay
e.g. ELISA, biosensor (SPR)

Patient l ‘ True positive?

sample - - - Confirmatory assays

-

What can we learn about the ADA produced?
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-
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Are those ADA neutralizing?




KNITUHHI MeTOAU OLIHKWK
IMYHOreHHOCTI

* ADCC — aHTUTINO3aN1eXHA KANITUHHA LMTOTOKCUYHICTD
* CDC- KoOMmnnemeHTapHoO3aNeXHa LUTOTOKCUYHICTD

* PDCC- dparoyunTtapHo3anerkHa LUTOTOKCUYHICTb

* ANONTO3 IMYHOKOMMNETEHTHUX KNITUH




ANTOPUTM OLLIHKU IMYHOT@HHOCTI

Bigbip 3pa3kKiB NaLi€HTIB y BUSHAYEHUX

«-» 3pa3Ku

. ) «+» 3pasKu
M (NEIT LIRS L

«+» 3pasKu

Bu3Ha4yeHHsA MNigrBeparkeHi «+» BuaHayeHHs

XapPaKTEPUCTUK: XapPaKTEPUCTIK:

OuiHKa Kopenauil MiXK oXxapaKTepM3oBaHUMM aHTUTIIAMMU Ta
KAiHiYHOlO Bignosiaato Ha 6ionoriyHun npenapar

KinbKicHe BU3HaUeHHA KAIHIYHMX MapKepiB i OLiHKa KNiHIYHOI|
BianNoBiAi B NaLWiEHTIB



IMYHOreHHICTb - be3neKa Ta epeKTUBHICTb

* JIOKabHi NOCTiH EKLiMHI peaKku,ii
e CUCTEMHI NOCTIH EKUINHI peaKuii

* KniHika:mianria,atpanria,binb ronosun, 3aauLLKa,
TaxikapAaia, Tpmeora

* 3HUKeHHA biogocTynHOCTI
* 3MiHa PapPMaAKOKIHETUKM
* 3miHa po3nogainy MKA, B 3B’s3Ky 3 ytBopeHHAM LLIK

* 3HMKEHHA KOHUEHTpaLii — BTOPMHHA HeePEKTUBHICTb
— HenTpanisytoui AT

* [lepcucteHuia senunkol KinbkocTi AT Ta LUIK
* 3HUKEHHA edeKTUBHOCTI iHWKNX MKA

* SHUXKEHHA YYTANBOCTI AiarHOCTUYHUX TECTIB



[lepcnekTnBa NOAO0NAHHA IMYHOT€@HHOCTI

 Komn’toTepHe moaentoBaHHA — NPOrHOCTUYHA OLIHKA
IMYHOreHHOCTI

* HaaBHicTb enitonis,3a4aTHMX 3B’A3yBaTmca 3 HLA DR
aHTUreHammn 2-ro Knacy

* MeToaoMm reHHol iHXeHeplil Bnaanntn 3 moaekynm MAT T-
XennepHi enitonn abo BHECTU TONAPOreHHi NOCNiAO0BHOCTI



MEPCOHAJTISOBAHE JTIKYBAHA MNMCOPIA3Y
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APMIS. 2019 May;127(5):386-424. doi: 10.1111/apm.12934.
Personalized medicine-concepts, technologies, and applications in inflammatory skin diseases.



https://www.ncbi.nlm.nih.gov/pubmed/31124204

ETANERCEPT

Mol Diagn Ther. 2012 Feb 1;16(1):29-34. doi: 10.2165/11594660-000000000-00000.

Pharmacogenetic analysis of TNF, TNFRSF1A, and TNFRSF1B gene polymorphisms and
prediction of response to anti-TNF therapy in psoriasis patients in the Greek population.

Vasilopoulos Y1, Manolika M, Zafiriou E, Sarafidou T, Bagiatis V, Kriiger-Krasagaki S, Tosca A, Patsatsi A, Sotiriadis D, Mamuris Z, Roussaki-Schulze A.

= Author information

1 Department of Biochemistry and Biotechnology, University of Thessaly, Larissa, Greece. iovasilopoulos@bio.uth.gr

* Positive response to etanercept, poor response to infliximab
and adalimumab in Ps.

* Carriage of TNF -857C or TNFRSF1B 676T alleles was associated
with positive response to drug treatment in patients treated
with etanercept (p =0.002 and p =0.001, respectively).



ADALIMUMAB

Mol Diagn Ther
DOI 10.1007/540291-016-0198-2 CrossMark

SHORT COMMUNICATION

A Pharmacogenetic Study of Psoriasis Risk Variants in a Greek
Population and Prediction of Responses to Anti-TNF-x
and Anti-IL-12/23 Agents

Sofia Masouri' - Irene Stefanaki' - Giorgos Ntritsos” - Katerina P. Kypreou' +
Eleni Drakaki' - Evangelos F,vangelnu“ « Electra Nicolaidou' -
Alexandros John Stratigos' - Christina Antoniou’

Table 1 Associations between rs10484554 and response to anti-tumor necrosis factor alpha (anti-TNF-o) agents

rs10484554 Infliximab Etanercept Adalimumab Overall
Good response: Non-response: Good response: Non-response: Good response: Non-response:
PASI PASI PASI PASI PASI PASI
>75 [n (%)] <50 [n (%)] >75 [n (%)) <50 [n (%)) >75 [n (%)) <50 [n (%)]
T 54.8) 1(4.8) 2 (6.5) 1(25) 0 3(33.3)
CT 57 (54.8) 10 (47.6) 17 (54.8) 1(25) 18 (60) 2 (22.2)
CcC 42 (40.4) 10 (47.6) 12 (38.7) 2 (50) 12 (40) 4 (44.5)
p value 0.007 0.032
Total 104 21 31 4 30 9

One sample of good responders to adalimumab failed genotyping for rs10484554

PASI <50 psoriasis area and severity index score improvement of <50 %, PASI >75 psoriasis area and severity index score improvement of
=75 %

Positive response to adalimumab in Ps, poor response to ustekinumab in Ps



USTEKINUMAB

Mol Diagn Ther
DOI 10,1007/530291-016-0195-7 CrossMark

SHORT COMMUNICATION

A Pharmacogenetic Study of Psoriasis Risk Variants in a Greek
P and Prediction of R to Anti-TNF-a
and Anti-IL-12/23 Agents

Sofia Masouri' + Irene Stefanaki' + Giorgos Ntritsos®  Katerina P. Kypreou' +
Eleni Drakaki' - Evangelos Evangelou® - Electra Nicolaidou' -
Alexandros John Stratigos' - Christina Antoniou"

Table 3 Single-nucleotide Good response: PASI >75 [n (%)] Non-response: PASI <50 [n (%)]
polymorphisms significantly
associated with response to rs151823
ustekinumab therapy cc 18 (100) 2 (50)
CA 0 2 (50)
p value 0.026
Total 18 4
1s26653
GG 11 (61.11) 0
GC 7 (38.89) 3(75)
CC '] 1 (25)
p value 0.016
Total 18 4

PASI <50 psoriasis area and severity index score improvement of <50 %, PASI >75 psoriasis area and
severity index score improvement of >75 %

Positive response to ustekinumab in Ps
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Figure 1. Clinical response to ustekinumab in HLA-
Cw*0602-positive (Cw*06POS) and HLA-Cw*0602-negative
(Cw*06NEG) patients. Efficacy data were analysed by inten-
tion to treat: non-responder imputation. A) Proportion of
PASI75 responders in Cw0O6POS (n = 47) and CwO6NEG
(n = 69) patients (total n = 116); *p = 0.038; **p = 0.026.
B) Proportion of PASI75 responders in CwO6POS (n = 42)
and CwO6NEG (n = 56) patients under standard dosage of
ustekinumab (total n = 98); *p = 0.04.

USTEKINUMAB

Psoriasis

pharmacogenetics:

HLA-

Cw*0602 as a marker of therapeutic
response to ustekinumab



NlepxaBuuii
ExcnepThuid

ewrp PO3POBJIEHO:
MO3 Ykpainu

[epxaBHe NiANpUEMCTBO

«[lepxaBHui ekcrnepTHMi LeHTp MiHicTepcTBa OXOpoHU 3A0pOB’A YkpaiHu»

YKJIAJIAUL:

JNlikapcbKi 3acobu Ha OCHOBI
MOHOKJOHaNbHUX aHTUTIN

Penen3zenTu:

METOAWYHI PEKOMEHOALYI

i et AR M UL

JlepxaBHe mignpueMcTBo «JlepkaBHUN €KC-
nepTHuii  UeHTp MiHicTepcTBa OXOPOHH
30pOB’s YKpaiHH;

JIpBiBCHKMH HAIlIOHAJIHUIA MEIUYHHH YHI-
BepcuteT iMeHi Jlanuna ["anmunsKoro;
HauioHanpHa MeIMYHA aKafAeMis MicCIsau-
riomuoi ocsity imeni I1.JI. Hlynuxka.

Yon’sk B.B., 1. men. H., mpod.;
Iorsomkina I'.O., k. Mex. H., IOIL.;
Bicioxk F0.A., 1. men. H., npod.;
Ko3znoB M.I., k. mexn. H.

Byrenko I'M. - akagemik HAH Vkpainny,
akagemik HAMH Vkpainu, nupexrop IncrTu-
TYTy T€HETHYHOI Ta peTeHEPaTHBHOI MEAUIIH-
a1 HAMH Vxkpaiuu, 3aBigyBad BiAmiry Kili-
THHHHX Ta TKAHHHHHUX T€XHOJOri# [acTuTyTY
IEHETHYHOI Ta PETeHEPaTHBHOI MEIMIUHH
HAMH Vkpainu, 3aBigyBad gaboparopii na-
todisionorii Ta iMmyHosorii IncTUTYTY repon-
tonorii HAMH VYkpainu

Jlitye B.L. - 1. men. H., mpodecop, 3aBia-
yBau kadenpu KiiHi9HOi Ta naGoparopHOi
imynoJorii, anepronorii Hanionanexoi me-
MUYHOI aKajeMil IMiCJISJHUIIIOMHOI OCBITH
imeni I1.JI. Hlynuka

Kosryn JLI. - K. Mea. H., 3aCTyIHUK AHPEK-
Topa 3 KJIiHIYHMX nuTaHb [lepxaBHoro min-
npueMcTBa «/JlepxaBHuii excnep'rmm LEHTP
MinicTepcTBa OXOPOHH 3710POB’s YKpaiHu»
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