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Abstract

World Health Organization and stringent regulatory authorities have recently
developed risk management plan (RMP) as a tool for assessing benefit and risk of the
drug throughout its lifecycle. The RMP introduces the concept of risk prevention and
management and incorporates roles and responsibilities of sponsors and stakeholders on
drug safety. Therefore we conducted the research on the development of guidance to
assess risk management plan for drug re-evaluation by using epoetin as a case study. In this
study, we developed guidance on RMP assessment based on the European guideline on
risk management plan to assess the proposed risk management plan of 17 products of
epoetin. We found that most RMPs did not reflect overall safety concerns of the
products within Thailand's context. Thus the proposed pharmacovigilance plan and risk
minimisation measures were inappropriate. We therefore reviewed the risk factors of
pure red cell aplasia (PRCA) induced by erythropoiesis-stimulating agent and found that
active surveillance studies should be conducted as additional pharmacovigilance
activities of the proposed RMP. In addition risk communication focused on health
professionals and patients should also be performed as risk minimisation measures. We
found that the guidance on RMP assessment developed in this study can be used as a
tool for assessing RMPs systematically. In order to effectively implement the risk
management plan, administrative and technical elements of the risk management
system should be developed in short and long term basis within the context of Thailand.

Keywords: re-evaluation, drug control, registration, regulatory pathway
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REMS: Risk evatuation and mitiligation strategy; RMP: Risk management plan; SMP: Safety monitoring program;
FSUR: Periodic safety update report; EFPY: Early-phase post marketing vigilance; ADR: Adverse drug reaction
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SVII: Identified and potential risks
Svill: Summary of the safety concerns

RMP: Part Il Safety Specification

Sl: Epldemlology of the indication (s) and target populatlon (s)
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Si: non-clinical | Slil: clinical trial exposure SV: Post-authorization experience
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Y§IV. pdpu

studies in clinical trials

SVI: Additional EU |

requirement
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218ingadeada 1 ndnduet Auansdeuddunnniterdunuu wasilen epoetin alfa S1u7u 3
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1. Aude991nn1519n (dentified risks)
1.1 Pure Red Cell 7 - PSUR (1) - Phase Il study (1) | - SPC/PI(2) | - Educational
Aplasia (PRCA) - Spontaneous report (2) | - Registry study (1) material (1)
- ladssydszan (1) - Guided - Antibody
questionnaire (1) testing (1)
1.2 Thromboembolic 7 - PSUR (2) - Phase Il study (1) | - SPC/PI(3) -
vascular events - liszydszan (1)
1.3 Hypertension 7 - PSUR (1) - - SPC/PI (4) -
- Spontaneous report (1)
- ldsrydssiam (2)
1.4 Tumor/Cancer 3 - - “ =
progression
1.5 Hypersensitivity 4 - Lissyvssian (1) - - SPC/PI (1) -
1.6 Seizure 5 - PSUR (1) = - SPC/PI (2)
Liszyuszian (1)
1.7 Local reaction at 3 = = - -
the site of injection
1.8 Immunogenicity 3 - E =
1.9 Erythroderma 3 - - = -
1.10 Loss or decline - -
of response
1.11 Off label use in 1 - PSUR (1) - Epidermiological - SPC/PI (1) - Educational
missing information study (1) material (1)
1.12 Premature death 1 - PSUR (1) -
2. mwidssiioraifinduainnaslden (Potential risks)
2.1 Pure Red Cell 5 - PSUR (1) - Registry study (1) | - SPC/P!(2) - Educational
Aplasia (PRCA) - Spontaneous report (2) - GSP&GDP (1) material (1)
- lispyuszan (1) - Detection of
aggregates (1)
- Raising
awareness (1)
- Antibody
testing (1)
2.2 Thromboembolic 1 - PSUR (1) - Registry study (1) | - SPC/PI (1) -

vascular events

- ladszydszan (1)
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progression - ldsyyussian (1)
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2.7 Hypersensitivity 1 " - PSUR (1) - - SPC/PI (1) -
2.8 Cardiovascular 1 - Spontaneous report (1) - - SPC/PI (1) =
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2.9 Chronic renal 1 - Spontaneous report (1) = - -
failure
2.10 Misuse 1 - PSUR (1) - 4 -
2.11 Hyperkalemia 1 - PSUR (1) - - SPC/PI (1) -
3. doyaiidilainsuniaraly (Missing information)
3.1 Tumor/Cancer 1 - Talszydssian (1) - - SPC/PI (1) -
progression
3.2 Myelodysplastic 1 - Tsyyussian () - - SPC/PI (1) -
syndrome - Post-authorisation study
(1)
3.3 Thromboembolic 1 - ldszyuszan (1) - - SPC/PI (1) :
include pulmonary - Guided questionnaire (1)
embolism
3.4 Safety in children 3 - PSUR (1) - - SPC/PI (2) -
and adolescent group - Wsvyussian (1)
3.5 Safety in 3 - PSUR (1) - - SPC/PL(3) -
pregnancy and - Liszydszian (1)
lactation
3.6 Safety in geriatric 1 - - - SPC/PI (1) -
3.7 Drug interactions 1 - - - SPC/PI (1) -
3.8 Overdosage 1 - - - SPC/PI (1) -
3.9 Effects on ability 1 - - - SPC/PI (1) 2

to drive or operate

nime PSUR = Periodic safety updated report, SPC/Pt = Summary of product characteristics/Product information
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m‘%mﬁm%awﬁﬂﬁﬁﬂmiﬂi:cﬁum’;wauauaqmmﬁﬁmﬁuﬁﬁmﬂﬂa fiondnannssaudy co-
stimulatory signal 16 mms’mum'ims';amiﬂumawaq‘[ﬂimwiaaﬁauq Tundnsiueienlvioy
‘IuimwmmmhuaﬂmﬂummLstaammammmwumﬂwsaanqmamqmmwsuaammlﬂwu
Lﬂumuﬁimau FaduimmuaUszansawlunsine faduaisasdeainisnsslinsieang
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LBNATIUTBWIATHIUNTHERET B0 ATt unsiTey awlmﬁulﬂmmﬂmmmﬂa’(,u
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a da

Wama (Good Manufacturing Practice; GMP) aunausiannaluilagiy

1.5) ﬂsumumiwacﬂmLmﬂmmuumwmLanuaaawawamaqmamﬂ’amaéfmmé’%
warmans indvaaurans Ussansain wav/visauvasnioveandedue) epoetin ey
HARAUYPULUULAY SBP (WHO SBP 2010) A9819LYY MﬁEJQWUﬂﬁUiU‘UNﬂiuU’J‘UﬂﬁNﬁG]EJ’]
epoetin alfa fuuuy Fedimdunisivdeuwlandntios (mmor change) Tul W.A.2501-W./.2546
waInudnsudlusangndiainuduiussu PRCA mwquuamamﬂ windsannlauile
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nssmumsﬁana"nLLé’awudwﬁiwmu PRCA anaailan’” Wudy

“LJE]ﬂT]ﬂ‘LlEJ’] epoetin mamumumLUaummsmewaﬂmumuniymumsmam Fald
AssEs e (cell culture) %mamsnﬂumimmmmummawuﬁﬂsiu (genetic stability)
mimaaumsUuLUau%awa%wuaul'sia"luﬁmmwdaamul,t,w (master cell bank) wagsUIANS
\adY9U (working cell bank) PayanisnIuAnlunszuIUNISWAR (in-process control) ANS
wenansliuIavs (purification) uagns¥UIUNNIATITABY (process validation) Salaiifeswonia
wwsguanalutagiu

2, ﬁa%’aﬁuﬁm%’aaﬁuﬁﬂaa

Hadumaiugnssy a1y e lsausesndn eiildlunisine way vaflAuiuvedUle
(immune status) Lﬂu{]%at,aemlumst,ﬂm PRCA @alul w2548 fis1eugUiy anti-r-HuEpo
assooate PRCA U 4 918 2 wazNUTANANANUSTENINaNISIAN anti-r-HuEpo wag HLA DR
81*09°® luUsemelnefinisnszaneiues Haplotype %94 HLA locus lunguiiusanaaiiy
wadlALI8ns HLA typing fam1s19d 7

W]i’NV] 7 msﬂsvmam‘uaa Haplotype 299 HLA locus I‘U‘Uﬁ“mﬂl‘ﬂﬂ Iuﬂawusmﬂamm%aa
(Faulasnnienassnedauneia 28)
183513 HLA typing

MINT538A7184 Haplotype ¥89 HLA locus (HLA-A, -B, -DR) vasngdufuinaafugas lulsvvalng

MLA-A HLA-B HLA-DR
Antigen | Frequency (%) | Antigen | Frequency (%) | Antigen | Frequency (%)

33 13.20 13 7.90 15 17.50
2 28.24 35 4.50 12 16.90
11 27.70 44 4,50 9 11.50
24 17.24 18 3.90 4 11.40
1 2.20 27 3.30 T 8.20
30 2.00 13 7.50 14 7.60
26 1.90 18 3.50 17 6.50
23 0.10 27 330 11 5.70
31 1.34 39 270 18 4.70
3 0.9¢ 15 0.50 8 4.2¢
29 0.6¢ 14 0.10 13 3.60
32 0.05 41 Q.10 10 170
25 0.01 42 0.01 1 0.5¢

WievhmsluTeulfiguiame HLA DR 09 allele fu nguuszannsindifisa wuin nns
nszAeiives allele  Tunguussannsramdsunazyunnfnam wulssunuiovas 2 wawn7
W TgnulssauTosaz10-15 way luusenalnenwy HLA DRO9 Usvannionaz8.4-12.5

fieeunsdnulos Fajil wazaz ™ wuatiniseinisiin PRCA 1Ju 4.1 518 se
100,000 patient-years wagPraditpornsilpa K wazAuy lavinnsAnen case-control study Tu
UsznsiumuasenuauimlnaiSsudisunguiiaelsalafid Ab-positive PRCA (n=24) A
fuaelsaladilaiifin PRCA (matched controls) (n=81) LiteBudiunituduususs Ab-positive

-l
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PRCA iU HLA-DRB1*9 allele wu3nin13nszanesves HLA-DRB1*9 Soway 12.5 lunquvnaeg
Wisuiufesar 1.2 lunduaruay (p=0.002) wazillowSsuifisuauiivesnisnszaneslu HLA-
DRB1*9/other genotype wudoeay 25.0 Tunguneasadeifisutunguauauiiiosas 2.5 el
Anuuansinsetelideddgyvmeatia (p=0.004; OR: 10.8 [95% CI: 2.2-53.7)). e dulsiauain
il HLA alleles 8natiatiae 6 alleles (HLA-A*25, HLA-B*53, HLA-C*12, HLA-DQB1*3, HLA-
DQB1*6 and HLA-DRB1*4) fimudnwusiunsiin Ab-positive PRCA

Tud w./.2528 Praditpornsilpa K LagAnzyn1sAnwILuU case report wu@’ﬂaaﬁlﬁm
anti-r-HUEpo associated PRCA 9113 4 518 fimnuAaUnfineiugnssusiin HLA DRO9 W 4
576 wazlul w.m.2552 Praditpornsilpa Kuazanis "~ WwSeufisunudves HLA allele Tu
Q’ﬂwﬁﬁﬂm’w anti-r-HuEpo associated PRCA 91U3u 22 518, §Uae chronic kidney disease
flegjsyminge cadaveric kidney transplant 1,500 A way UszynsUn@suam 1,800 Auwy
NIN5¥EAIVLY HLA allele unnsneiululuusias allele msnszanefvas HLAA allele Tu
nauUsEIINsRaLnguE ifianuuanssetrelifodfgmieedn (ms1ed 7) uidlensuiioy
ANAYDY HLA-B aLLeLeiusgﬂwﬁLﬁmm’Jz anti-r-HuEpo associated PRCA, ﬁgﬂ’aa chronic
kidney disease Viagjswdwia cadaveric kidney transplant kazuszw1nsUnR WUNIINIZINE
A189 HLA allele wnnananululuusas allele LLazLﬁaﬁwﬂ'ﬁ%t,ﬂﬂsﬁagaiuﬁﬂwﬁﬁ A
anti-r-HUEpo associated PRCA wu11 # onset ¥89n154AnA1I2 anti-r-HUEpo associated PRCA
delderutundt 9 Weutuly wasnunswidlenildiia anti-r-HuEpo associated PRCA Tugn
Faflilu innovative uaz biosimilars waziilvmsiasesiamnuduiugsening HLA DR B1%09
fimaininezidunildlutiodeideswesnisifin anti-r-HuEpo associated PRCA Tuhsaunga
(P15 8) wupNdLUSTiTTeddyn1eadn Tneil odd ratio wihiy 2.89

A19199 8 wallATeivnvadASsuiisunisnsyanefvesauives HLA allele wilnsne Tu
ngugUlefiinneg anti-HuEpo associated PRCA , §U3e chronic kidney disease #iag

faulasannionassnedaangian 26)

, . s 6
¥1I998 cadaveric kidney transplant wagusgs1nsung

Alleles Anti-r-HuEpo-associated Thai national stem cell Potential cadaver kidney P-value
PRCA (n=44) donor (n=3000) transplant recipient (n=3600)

HLA-A

A*2 14 (31.8%) 855 (28.5%) 918 (25.5%) 0.1
A*10 1(2.3%) 39 (1.3%) 47 (1.3%) 0.84
A*11 14 (31.8%) 927 (30.9%) 1220 (33.9%) 0.18
A*24 9 (20.5%) 543 (18.1%) 673 (18.7%) 0.85
A*26 2 (4.5%) 129 (4.3%) 162 (4.5%) 0.95
A¥30 1(2.3%) 42 (1.4%) 58 (1.6%) 0.85
A*33 3 (6.8%) 366 (12.2%) 360 (10.0%) 0.10
HLA-B

B*13 2(4.5%) 189 (6.3%) 245 (6.8%) 0.87
B*18 5(11.4%) 117 (3.9%) 133 (3.7%) 0.07
B*27 2 (4.5%) 99 (3.3%) 169 (4.7%) 0.23
B*35 1(2.3%) 150 (5.0%) 151 (4.2%) 0.59
B*38 3 (6.8%) 141 (4.7%) 176 (4.9%) 0.91
B*44 1(2.3%) 120 (4.0%) 119 (3.3%) 0.68
B*46 5(11.4%) 399 (13.3%) 385 (10.7%) 0.14
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Alleles Anti-r-HuEpo-associated Thai national stem cell Potential cadaver kidney P-value
PRCA (n=44) donor (n=3000) transplant recipient (n=3600)

B*48 1(2.3%) 24 (0.8%) 61 (1.7%) 0.07
B*51 3 (6.8%) 153 (5.1%) 184 (5.1%) 0.86
B*52 1(2.3%) 60 (2.0%) 90 (2.5%) 0.63
B*54 1(2.3%) 36 (1.2%) 54 (1.5%) 0.67
B*55 2 (4.5%) 132 (4.4%) 144 (4.0%) 0.84
B*58 1(2.3%) 147 (4.9%) 144 (4.0%) 0.38
B*60 5(11.4%) 288 (9.6%) 374 (10.4%) 0.72
B*61 3 (6.8%) 69 (2.3%) 83 (2.3%) 0.14
B*62 5(11.4%) 168 (5.6%) 166 (4.6%) 0.08
B*67 1(2.3%) 36 (1.2%) 47 (1.3%) 0.81
B*75 2 (4.5%) 231 (7.7%) 292 (8.1%) 0.65
HLA-DR

DRB1*4 2(4.5%) 351 (11.7%) 371 (10.3%) 0.12
DRB1*8 3 (6.8%) 144 (4.8%) 133 (3.7%) 0.19
DRB1*9 15 (34.1%) 354 (11.8%) 349 (9.7%) <0.001
DRB1*10 2 (4.5%) 60 (2.0%) 83 (2.3%) 0.48
DRB1*12 12 (27.3%) 528 (17.6%) 619 (17.2%) 0.21
DRB1*14 2 (4.5%) 240 (8.0%) 281 (7.8%) 0.69
DRB1*15 7 (15.9%) 534 (17.8%) 655 (18.2%) 0.90
DRB1*16 1(2.3%) 120 (4.0%) 205 (5.7%) 0.06

nsasIInIeugmansiitadedAyrareUsensidiosiansan wu anuusiugilunis
yhueamdssensiinonislifieuszasd puduamiaasugenansniseauiuredanusie
wamsn99 Wudu Fdurnziosdnsomnsuarsmesansganinidelilimualifomea HLA
DRB1*9  allele faw3ulen epoetinuaguanisAnwivas Clinical  Pharmacogenetics
Implementation  Consortium  (CPIC) %ummmﬂugm%ga The Pharmacogenomics
Knowledge Base (PharmGKB) Alsliauslinsiadou HLA Iuéﬂwnﬂﬂuﬁ‘lﬁ%ﬁm epoetin 104
wwImamssnwtulssinalveflanudwuzidilinsiam  HLA DRB1*9 allele nauldsuen
epoetin Vfiorafumsznisinudsnavilunguiidy unmatched  control  vinlvina
msAnulidulumunarifashluldadatelddmiuumenisinwsely

3. adedun1suinisen nsvudanaznisiiuine

INTaYA EPO registry WagN1sNUMIUITIUNTTN WU deliifisneaunsiia PRCA 970
NTUSMITIMNIMaaAdanan (intravenous injection) WULRNIZANIAALANLEG (subcutaneous
injection)  3awvia Msvudwaziivinweniiligniesdinaronnuasanine Feervdaasio
Uszansnn mudasniy dmsussuziaitunislgen

MInTITIRTetlusiuaunIztIsudulssansamuazanulasndela I5neauis
masgIuAmN N T Ing TR etlusenelneuasane smadelissnuitlidunsgu
lunateusznu wu Jgymsunsiianisiniznguusalusiu (ageregation)  AINUANGATIYDS
EULLUUﬂﬁLawyjﬁwma (glycosylation  pattern)  AULANA1IVBIGATHITULN (albumin)
MABAIU UTTYAMI (WU tungsten, leakage of stopper) Fadeorndutledoidsddgd
ﬂiumuﬂuﬂmuwﬂmﬂm PRCA wana Nt mwuﬂmmmummaﬂu (impurities) (194 TUsAY
Suam,sziaa“[mmﬂa (host cell) Tunsuan Tusiuvashiafivuuniu aloumin @15 endotoxin) 7
aawammsﬂsxngu@mu’ﬁmwuauq
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YaduideaiviliiiAn PRCA adutiadeinennansasiolunssuiunswanuay
Aunmveselundnfasieiifitenisienafuisluendaiagduiuy (nnovative r-HuEpo alfa),
r-HUEpo beta wagendringadiends (biosimilars) uariladefiinangiheieaiu nsmevauss
yafiduiu muuansmaiugnssuiisadesfunsiausueufiauy vusums HLA Tagly
FruRmnIMNAsyUYeNaR A Tsrsnuiendaiagiismnetlusanalneuassnassmed
aauawliiuuinsgiulunateussiiu Wy Jgmidiunisiianisinznguueslusiu
(ageregation) mmLmﬂshwaagﬂLLUUﬂWiLauwgfwma (glycosylation pattern) ANULANAIIVDY
gmasniuen (albumin) naaaau UsTYAT (WU tungsten, leakage of stopper) Fudatnenaidu.
ﬂa%’aL?{"mﬁnﬁaﬁﬂizﬁugﬁﬁuﬁuﬁﬁﬂﬁﬁﬂ PRCA  wuanantu Sanudgmiduanievu
(impurities)  (iu TUsfuveswadlends (host cel) luniswdn WWsAuzeasla¥aivuuniu
albumin @13 endotoxin) fidenadiamsnsziunfdufulusuuiug msmsaTiaszinmnm
unsgIuRaniuIzisuiuUstaniamuaraiuvasadslddnnandsuenainnisnuniy
nzidouiundunsEUIUNINER NMSMIUANANAIM WarNRTHIUTBIENUTNAReT diudady
meiugnssudefesdnvifiuduioafulssansawlunsinenndese PRCA  uay
nsfnwe AT uessgmansansisagy fiuuuamansdanisaudseiir g
Lﬂulu“l,éflumaﬂgwLLavmimmmmaQUiv%wu 13 wwimawdnAe msunlanzileudisuen
msﬂﬂ‘mLqumsammsmmLaawaumawmam,ﬂwm wagMsUuAsuIsuSMIENaInsan SC
vV asBuadid

(Faudasainienarssnedamnaian 31)

wNUAWH 8 Yadearnudssvesnsiin PRCA Tundnsdueien epoetin
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szazranlunnssun } nsrudinasiunywlimunsay
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MnuanIAnmdny angIdeladnriagunansussliuumunsdnnisanudsvesen
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epoetin nuansiue FalsziuddyiidSuougeseaslyuiulsesed
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(immunogenicity) #sanunsathunldiludeyalunisdndulaussiiuusslovdiumnubsvesen
wazmMUANINSNNSAIUANAIEBIMINgasialy
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mMsdaiununsdnnisanudsarinssianudssvesinsurauesddegrununsay
sawiimsimuUssiiusasdmiiliiaudlslundnnsmsiai nsvaey fanuuay
Uszilunadugnivesnasnisdanisaandes uanainty aasiinnsusvaruaulfiaants
aduayuatniasetisyaatnsmanisunmd elsigusygmannsaduduionssunisinns
Audealdagnaiiusyansnm AABAIUNNTIALALTFUUNIATIFARUAAN (inspection) ved
AanssunsdiszTauasdamseandeaainnsTden

lusgsren naSgasimunadesdiafunisuins Wur ulsve ngvane Tasadis
234N NiMeInTyARaLazeuysEIM waztaIeadianiaininis Wud wmsgiu dedmua
VENLAMI WUIMNUAZNTEUIUNTS lun1sdavih Useillu anivaeunasinmuuaudanisaanuides
ﬁﬂsamqmﬁmﬁm%ﬁﬁmmL?imqufluéﬁuéfudau dwiugusznaunissnlusesimun
lasvafwasyrarnsunsesiuldamsathunudanisanudsanlfifuendesdiodagnlunis
Joafuuasdanisanudsaninnislden Taganiznsdisefinnuvasafuannislden n1s
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iw3esdlelumsnuniunadeumiueluelng v187¥ng wazenitlaudeags Tngaaswa
fofmuniisrfuieyaiisuduseddlunsdahununissanisaudeaiiudalimsasiy
Ussiamveseuariimstunsidou duduluanamelsy Aifermusluntseniuenansiidy
2aAUsEnaUTBNUNTIAnsAdstluguIaUssLan Wy #1a3gy (generic medicine) 1w
AmusnuanyugsuauUaenstvesslnglfionarsagudefnasuauidueefifiisime
gridhrefimsldsroganiienaauiuilsensu (well-established use) lisifugasdsdnh
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1. ﬁagaﬁ"'ﬂﬂ (General Information)
1.1 38 (Nomenclature)
1.2 1asaa3e (Structure)
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1.3 ﬂmanﬁﬁﬁaiﬂ (General Properties)

2. NsudR (Manufacture)
2.1 gwdn (@19flinnniwie) (Manufacturer(s))
2.2 ABBUIBNTEUIUMINANLALIBAIUANNTZUIUNSHAR  (Description of Manufacturing Process and
Process Controls)
23 msmmmmaﬂ‘u (Control of Materials)
2.4 msmuamumaumswamwmﬂmLLavmmﬁaum (Control of Critical Steps and Intermediates)
2.5 mimwaaummgﬂmawamsumumwamLaas/wsamsﬂimuwa (Process Validation and/or
Evaluation)
2.6 MINAUINTLUIUNIINES (Manufacturing Process Development)
3. MIATIVANWULLANTE (Characterization)
3.1 miuanlasiadauardnuuvianizdus (Elucidation of Structure and other Characteristics)
3.2 @13498Uu (Impurities)
4. n3AIVANINGAUAIEIATY (Control of Drug Substance)
4.1 Yarimuaaniy (Specification)
4.2 33n159A5189 (Analytical Procedures)
4.3 MINTINFABUAIUGNABIVBIIZNTUATIZY (Validation of Analytical Procedures)
4.4 mmmwvwmswamma“iu (Batch Analyses)
4.5 msmmmmma‘uawamwumawwv (Justification of Specification)
5. #INASFIUNTIFNNINTFIU (Reference Standards or Materials)
2UUUAY89N1ULUTTY (Container Closure System)
7. AMUAIENN (Stability)

. 1BNESAUNAAAMYTE (Drug Product) dun
1. anwuzeuardlulsenay (Description and Composition)
2. MINAUMIUNEYNTIU (Pharmaceutical Development)
2.1 ‘ﬁa;&amsﬁﬂmﬁﬁum (Information on Development Studies)
2.2 duusenauvesndnsueien (Components of the Drug Product)
2.3 winfnusid 393U (Finished Product)
2.4 MINWUINTZUIUNTNER (Manufacturing Process Development)
2.5 5¥uuUnuaan1uurussY (Container Closure System)
2.6 AnELURN1938T N (Microbiological Attributes)
2.7 rwdniuldveandndst (Compatibility)
3. M3WaEn (Manufacture)
3.1 gns81AeIUNIIHER (Batch Formula)
3.2 ﬂi“mumimamLau'sﬁmimmmsumumswam (Manufacturing Process and Process Control)
33 mimumﬁuuﬁaumiNamwmﬂmLLa“msmaum (Control of Critical Steps and Intermediates)
3.4 ﬂ’]iﬁ‘l3'3?]?1@Uﬂ'3'1llgﬂfﬂB\WJ’ENﬂin')Uﬂ’]iLLﬁw/’W?@ﬂ’]iUiuLlJ'LINa (Process Validation and/or
Evaluation)
4. M3IAIVANEITUFILAS (Control of excipients)
4.1 Tarimumianig (Specification)
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4.2 TR (Analytical Procedures)
4.3 asuwsiifuvdsiiiinanuyudviedng (Excipient of Human or Animal Origin)
4.4 aﬁUS‘\‘iLLﬁi\iﬁ'L‘ﬂua’lwﬁﬂlwﬂ (Novel Excipients)
5. MsmuAuNARANTiE1FI3U (Control of Finished Product)
5.1 Yanmuaaniy (Specification)
5.2 3n153A5189 (Analytical Procedures)
5.3 MINTIFBUANNYNABILBIITNTIATIZN (Validation of Analytical Procedures)
5.4 MylATIwNIHAAUsazIU (Batch Analyses)
5.5 N3ATIENBULIANIEUIA5 30U (Characterization of Impurities)
5.6 ms%www;wamaﬁaﬁmumLaww (Justification of Specification)
6. msmmgww‘%ai’aqmmgﬁu (Reference Standards or Materials)
7. 52uulnYaIn1¥urussy (Container Closure System)
8. AUANHNIN (Stability)

s

A. tNa1sAUN1sNAdaUAUIIBUTiBUAUlE (Comparability  exercise) 53ud1981323ag
atoATeiuendringd1e8e adaendrfayuasnBniost Tdun
“i‘fam‘?ﬁmqé’wﬁdmﬁﬂ%uL‘?l'&l‘u (Reference product for biosimilars)
BN15UATIEN (Analytical Procedures)
MINTIVFABUAINGNABIVBITINITIATIEN (Validation of Analytical Procedures)
RasauTANIATinIenIW (Physicochemical Properties)
qwémq%amw (Biological Activity)
mmu%egwémz?aﬁaﬂu (Purity and Impurities)
AUAIENIN (Stability)
NInTIRanNYEIame (Characterization)

—_

O N oL e N

ensisEuduieduliuuuenansdrddidfey (Key Literature Reference) FANINANGIU
Yoyanduduidnansmaseuindulumudaimundangin

dudl 3 enssudnguusasdayaililinisAnemnendfin (Nonclinical Part)
enansduiisznaudag
1. 1d¥Inen (Pharmacology)

LE msﬁﬂwﬂuwaamwmaaqLﬁaLU%‘EJULﬁ&mmwmmﬂm"m“lumimauauaqﬁam%ﬁmqﬂé’wEJﬂﬁau,axm%a
’J'm]é"mﬁd (In Vitro Pharmacodynamic Comparability Studies on Reactivity with the
Reference Medicinal Product)

1.2 msﬁﬂwﬂué’m’iwmamLﬁamﬁamﬁaumamﬂﬁm’%mmﬁmﬁammeaqm%ﬁmqﬂﬁmﬂé’umzm‘?n
i’mqé”]\i@ﬂ (In Vivo Pharmacodynamic Comparability Studies on Erythrogenic Effect with the
Reference Medicinal Product)

2. Wwnen (Toxicology)
2.1 rruduiwiliAnainnisliendnq (Repeated Dose Toxicity)
2.2 Avumulawzil (Local Tolerance)
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o a [

tendrsdrsnuliuuuianansdredefidrfsy (Key Literature Reference) wazndngrudoyaiidiudu

LY v

nan1saneindulumuteniivuaningin

daul 4 enarsudngundnsdayanisinemieadlin (Clinical Part)

lonansduiisenaudae

FI8NUNIANYITBITINEYNTIU (Reports of Biopharmaceutic Studies)
ssuMIeaauaulssuisuiulansndrinerrddnlunsasdeusld (Comparability Exercise
Study of Clinical Pharmacology for Each Claimed Indication)
TeunsIagsuANUUIsuisuiulaneadiln Ausnudasadsuarnisiegifuiuluuwiasdoudyd
(Comparability Exercise Study of Clinical Safety and Immunogenicity for Each Claimed Indication)
$1891UY89UTEAUNTAING 19NN MUY (Reports of Post-Marketing Experience)

Wuune T8I UNITIAaeInSalfiigg LLaxQ’iJaaﬁﬁmsnénﬁmﬁaxiw (Case Report Forms and
Individual Patient Listing)

WHUNMITANISALEES (Risk Management Plan)

6.1 Risk Identification

6.2 Potential Risk Identification

6.3 uNuUNIsARAINANUaBATEIINNISIEEY (Pharmacovigilance Plan)

wnastesiulinuuianansdedeiidrfny (Key Literature Reference) uasnangrudayaiiduduna

u

nsaneIndulumudaniivundangln



3. uuamaanizlunisusziiiugn epoetin wuuliningadtansa
MNEANAINIENTIES5UEY N 942/2556
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wwamaawizlunisuszdiuen epoetin wuuendringadieads
vnefdansEnseaansgy 91 942/2556

e1¥ringadandsinududeumsluanauinisianunsalduummeanisussdudefueandiolaudd

a '3

Fn1sasigiuinuigludagiuienslifisanelunisussifiuninuaendouasysz@ninmvesen

[ v =2

Fringadenda msuansnnuviifisnfumandunssuuazirauyaniandvaaumansveseraiylian

D oJD

4
oy

thanliutermunlumseyiing Sousiueniingedeads anuaunsolumsiluasiegidufiududad
Fownszutinetneda TuiigefifisansfnwimendtinuaznisihseYaenulasafovesenmendseangioman
Lﬁaaﬂmmm’mmmm’lumsdaqﬁﬁuﬁuﬁaﬂﬁwé’ﬂgmﬁ%’mLa)u'l,umim‘%wLﬁ&rummmé’waﬁqﬁumﬁmmuﬁgﬁ
TusumnuvaensiouayUsednsam

11 Tngednsadeunssiln fluanailidudeunasiredenisfigativiousnans fedradu duadu
Fadumilndeosluuilassaisluanalidudou wWivuiisuuazasnuuulilaense uiedaringadiondeuns
N&Y \WU interferon Wag epoetin %QifﬂLﬂumiauﬁﬁﬂa"uﬁlﬂmammw (glycosylated protein) #3581l isoform
sy Fadudounnniuazenflarfigardnmudnuas Fafumnuuansnslunssuaunisudnenvdnane
aanTRF AT ML nndunarmaniuasinduaaumans SefinnudasafouazUszansaind
safu nsdffiudngruiuandaiueniingdeds endringedenddndudedlisunsussiliunadnuae
sgavnzay fnsUssiduludnivaaes (prectinical) uazluau lnaduusaznsdlly Weamnudasndoves
Fhamsemealulagiflutgiuliaunsavinesaanauuanmeianals

waeludldtudatmunianzrasen epoetin wuusFringadrends Formualuuuameatud

JudhuaSuvesuuimaludmiunmsussifiuandringediends viauumianisuszidiuees EMA aswaun
yandunssuuazmnafinesiug Geludninaasuadlunywd) msdumaluladaanuasdulumuuuama
vhlulumsusydiueniringadseiavesdinnuamznssunsewnsuazen mawTeudisuiuendaingsnada
(esunuv) Sndusisailunng du dwiududenvesenTringeredddungue epoetin alfa fia Eprex® wa
81 epoetin beta fie Recormon®
1) dayaialy

Erythropoletin  lusywdusgnausensnesilu 165 lwana Fauadszianaumgimadiunne
erythropoietin - nananlauazyimiiinszdunisadradiaidesuns Jagiundnfasiiuseneudie
erythropoietin Lﬂumm%ﬁm%ﬂﬁﬂLﬁammﬂué’ﬂwbﬂlméﬁq IsmﬁammﬂuﬁﬂwmL%aﬁlé’%’ummﬁﬂwﬂ’m
wagmaifuidenveswmueniioldluaunan (pre-donation program)

2) MTNIITUIRIUATITHER

Erythropoietin Al4lun1an1sunmg feen epoetin Fawdnaninaluladfiduieatsnan (recombinant
DNA technology) Ima‘hﬁwaémaqﬁmiﬁumqﬂﬁwumLﬂuwaa"lﬁmﬁ’a (host cell) 81 epoetin Nnudafildluna
MsunmediiddunisFesvaansnesilumiloutu erythropoietin finantulusaneuyudusunnsafuiizluuy

Pogimanuunie  JUkvunIsinzveiimalinaseindyiaumansiazeadaadeyussdnininuay

v
a v ada

aulasadelagianivagredinsiluansneglAuiy n1sasiednvuzianigveslusiuludegiuiisisnig
Wandiaduazdinm
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 —
| APPRLICDSR  VLERYLLEAK EAENITTGCA

EHéSLNENIT VPDTKVNFYA WKRMEVGQQA

VEVWQGLALL SEAVLRGQAL LVNSSQPWEP

LQLHVDKAVS GLRSLTTLLR ALGAQKEAIS

PPDAASAAPL RTITADTFRK LFRVYSNFLR
GKLKLYTGEA (;JRTGD

M_approx. 30 600

sU‘w 1 dwunsaesilunuulsugives erythropoietin i ’IMUﬂIMLaﬂﬁUiuN’IELI 30 Alasasu

LﬁaLLsmmsaanqwéaanmnm%ai’mé’w5@ (reference biological medicinal product: RBP) ta1ans
aaﬂqmﬁléﬂ.’tﬂmmiw:mﬂsaumaumimﬂm muaummmmLLamMmmwmsaaﬂqmwLLaﬂlmuouumLmu
°uaamsaaﬂqwﬁlummammm ImamﬂwwmaauLwawaamwmﬁaaﬂqmﬁwLLanlmqwsmaww“ (specific
activity) 110131 1 uaumbeanaseiiadiniu ileuansinanseangnsliidivann (denaturation)

ﬂ'ﬁ‘VlﬂﬁE]‘Uﬂ’]iﬂﬁﬂﬂaﬂﬂaqiﬁqﬂmLLa”ﬂ'ﬂlJﬂQaﬂ']W Uf”ﬂaUﬂ'JEJﬂ']swa"ﬂ‘UL@ﬂaﬂ‘t‘}m"uaﬁﬁﬂ ﬂ']']ll‘UiﬁVIﬁ
UiﬂqmﬂﬁiﬂULU@ULﬂaﬂa%W EJ’]“U'J'J(ﬂﬂﬂa']EJﬂENC‘]ENN']Uﬂ'ﬁﬂﬂﬂa‘lﬂﬂﬂﬂﬂﬂ'nLﬂu1ﬂm']um’]m5§']u@711GY]T]H'WJ@Q
awqukﬂauuflmuu (European  Pharmacopoiea; Ph.Eur) %348 recombinant erythropoietin
concentrated solution (Ph. Eur: erythropoietin concentrated solution) %3asi1s1usAevsulAdeaty
490 (British Pharmacopoiea) 3o s naaeuduiilfunuvielfifiuiusissuananaual ie (naaitn)

a13199 1 dermundiieateatiurnuuians AuUaenNBuaEAALTRI TR U T Ingadaads

Parameter Method Specification

Host Cell Protein (HCP) Specific Immunoassay The specified host cell protein
limits are determined on a
case-by-case basis, giving
consideration to the capability
of the analytical method
employed. In addition, the
purification process should be
validated to demonstrate its
capability to remove host-cell

proteins to an acceptable level.

Host Cell DNA Threshold method <120 pg/mg rhEPO or < 100
pg/dose

Dimers and related substances | Size Exclusion <2%

of higher molecular mass Chromatography (Ph. Eur. or

alternative validated
method)

Endotoxins LAL-test (Ph. Eur. 2.6.14) < 20 1U/100,000 IU rhuEPO




Parameter Method Specification

Bioburden Membrane filter method < 10 CFU (colony forming
(Ph. Eur.) units)/10 mL

Bioactivity Normocythaemic mouse 100,000 -"150,000 1U/mg
assay (Ph. Eur.) OR rhuEPO
Polycythaemic mouse assay
(Ph. Eur.)

Sialic Acids Sialic acids Minimum of 10 mol of sialic

(Ph. Eur. monograph for
rhuEPO or

acids
(calculated as N-

61

alternative validated acetylneuraminic acid)

method) per mole of erythropoietin. An
upper limit for sialic acids shall
also be established on a case-

by-case basis.

%’aﬁwumﬁmmLﬁ'm‘b’aaﬁ’uLmaa“lﬁmﬁaﬁgﬂué’miﬂiﬁu (host cell protein: HCP) floute Wulaneandu
mmuaa%wmmaaaa (bioburden) mmamwusﬂ.ummawaﬂawmwakmmuLLu'meaa EMA QRPITOR b
msaanqwsmwamw‘luswmamaamsmﬂmaqawm’mmmaﬂawu 193897 3mse wuuwuﬁwumsmmi
ﬂsumuwaameaamLmqmammmﬂmlmamum (reticulocyte) @28 rhEPO 'qummmaamﬂwﬂm
(normocythaemic mouse) mimmmuwumﬂmﬂsaumwawLﬂumnmsmuwaaammwaisﬂmams
NNIFIUYBIBIANITEUTETAN mumimﬂmawﬂuiumiwamm51 U msfignivnadaninlaiiosndn 100,000
ngainaseladnsuvas rhEPO amqmamaqLLawmsaamqwsmwamw’tuswﬂwsuawmmumswammsaa‘tu
wawaamvlm (ANdE 80 - 125% AULIILINAT 100,000 vwainasieliadniuwas rhEPO)

IuﬂwswmsmmmmmmaﬂmmLﬂumaau,amnmﬂismmaUIﬂiqaﬁwanUsmunummammmmu
msmsaumEJULLavmsmmﬂmaﬂwmvLawwvuwmsmummimﬂaauiﬂsqaﬁwaqiﬂmumsumuﬂﬁmmau
seufimiatuly ( Rugll aRegl) lelevasy (soforms) mMangnauvelusiu nsduredlusiuuay qmvm
i mammﬁmiamﬁvmavmﬂuﬂmﬁmwﬂmaﬂwmvmm Aldlunsruviunsmageuioufisuuasnng
ATINAUSNVULIANY WARIRIAITT 2

a

ﬂmaﬂwmuLawwummimﬂmmaﬂmumimammewwammiamaumwm Lﬂi’]"ﬁml‘ljmﬂiuiﬁﬂ

o a

mamwamemaﬂwmum‘lmaaswwadﬂmuLLaumsLmmawmmﬁ‘ulamesuaqmimmglmaawmmu 6N
LLamlvsmummmamaﬂawaaiuLLUUl@I%W@im (isoform)  warn1saauUadlusAunaulasia (post-
translational modification) mmm‘u’nmﬂmaﬂaqmam‘%aumaunummammaaq nasguulainlassadaugy
nma\ﬂuLaﬂauiﬂsmqu%amnuwuﬁu disulfide EJEINQW]?NTJ%JVN ANNaNyYIAivatUats C uay N Iagld
mﬂiuiamuaaamlmmes';mﬁvuﬂmwammauwﬂim (peptide mapping) LLavmaaLﬂiwwwaskummu
ﬂmamumaﬂﬂsmumamﬂm peptide mass fingerprint Iagly matrix assisted laser desorption/ionization-
time of flight (MALDI-TOF) mass spectrometry (3 2) m'ﬁLﬂiﬂ:ﬁmimﬁ'auﬁ@jmLLM?U‘U@&%’Q?mﬁamdﬁy’d

svorlnduarszorlna (near - and far ultraviolet circular dichroism analyses) mslaiduivedluns
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LU?EJULVIEJUIﬂiﬁU‘UENIﬂNaTN‘V]WEJﬂQJLLa“(ﬂ(ﬂEJﬂlJ u@ﬂﬁ]’]ﬂuﬂmﬁNUﬁﬂ’luﬂiuﬁl/ﬂﬁLLa“ isoforms  AISULEASES
5‘1JLLUUV]ﬂﬂaEJG}'mi“WJNEﬂ‘U’J’JG’lﬂﬂﬂﬂ&]ﬂﬂ\iLLa“EJ’]‘U’J’WmEJNB\‘i

m3eil 2 BnsiFeuifieulassadieeddsiu msduiuveslsfuuargniniedanm

Molecular attributes Methods

Composition,primary structure Peptide mapping (LC-MS), Peptide mass
fingerprint (MALDI-MS), MALDI-TOF, Sequencing

Higher-order structure conformation Far and near UV CD spectroscopy, Thermal
stability, NMR, SPR, ELISA

Post translational modification conformity Mass spectrometry, GC-MS, HPAEC-PAD

Polarity charge, isoforms RP-HPLC, CZE

Size, detection of aggregates, physical conditions SDS-PAGE/Coomassie, HP-SEC, AF4, AUC

Binding Cell assays, SPR, ELISA

Biological activity Cell assays, In vivo assay

LC-MS: liquid chromatography-mass spectroscopy; MALDI: matrix assisted laser desorption/ ionisation; MS:
mass spectroscopy; TOF: time of flight; UV CD: ultraviolet circular dichroism, NMR: nuclear magnetic
resonance; SPR: surface plasmon resonance spectroscopy, ELISA: enzyme-linked immunosorbant assay; GC-
MS: gas chromatography-mass spectroscropy; HPAEC-PAD: high performance anion-exchange chromatography
with pulsed amperometric detection; RP-HPLC: reverse-phase high-performance liquid chromatography; CZE:
Capillary zone electrophoresis; SDS-PAGE: sodium dodecyl sulfate polyacrylamide gel electrophoresis; SEC:
size exclusion chromatography; AF4: asymmetrical flow field-flow fractionation; AUC: analytical
ultracentrifugation

Aeain1slinszilaseadneues N-glycans uag O-glycans F9Usznausensiaseviinmaidaiien
(monosaccharide analysis) N1sMTI9dNWMEIANIEYRINITAlYaEEN NITIATIERETY (sequence analysis)
183 N-glycans uaz O-glycans m‘lumuﬂmmwuavﬂ%mm

v
o

Thvinnsuandiuny u'mmaﬁwmﬁﬂamﬂa'aEmﬂmeé’maﬂﬂiammzLwnﬁialﬂé'muﬂ’mﬂﬁﬁaumaa
wjihaandanuuiandiisane mﬂuummuwlmﬁiﬂ%LemW’Iﬂsaa%'wmawsgﬂwmmﬁ’aﬁqﬂﬁfhﬁmmﬁ
RaunAvsely

“lmmaumumawmﬂmwnmmma (sub-fractionation) maammmﬁvwmLmumwwmawmmma
(site-specific glycan analysis) LLa“LLEJﬂ"UuWU@\WMUWWlﬁ AwIsNsdunsaleaidn (SIaLyLatlon) LaenNs
3Lﬂiwmmmmmmawmmﬂuimmmmwauuuawiwwﬂﬂlm (antennarity) wena Nty FeuanwiLL
mmaammq Yoy N-acetyl galactosamine msmmns@l&umaﬂwmmﬂﬂmmmwwauuumaiwamﬂlmm
u,asmmemsmmmmaﬂﬂaswm Buuhilmsfumjesisiaifuviiseandia (O-acetylated sroup)

v1¥ingadteadssacldSunmaaeuegneniterLiisames eI T AT gRRHIuN1SATITdUAINY
aﬂmawadm’i?mi’lm smmmﬂmm‘ﬂuiaamammmu HP-SEC %38 ultracentrifugation chromatography
w3 AF-4 \fieuanslifiude dimers wiomsinie navluansdrAgvsendndiugie UanIINNITNAABURIY
mmmwuaqmswmmmamamtm AITNAABUNITTINNGNYBIlUTAULazNISaatefveslUTAY (19
pondiady) Fsmmeasudeuldessiuen wagludureanismageuainuasann Wsliiulanssuauns
wamuuiulmawaﬂiwumammw mumLmﬂﬂ,wmummmamama%aamsmam"lmmazgu
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3) msAnwitlaldnisinwmendin
3.1) Msfnwnandunacans
3.1.1) msfnwluvasannass
LﬁaﬂizLﬁummumﬂm’wLﬁﬂdﬁ’ﬂﬂﬂﬂ’;ﬂﬁﬁ%m (reactivity) szwinsendringadnenfauazenringdneda
NveyInIrfosdiiayaTadiasiey (bicassays) WisuisueTringadnendaasenringonsds  (Wu
NsANINITIUAURISU Mslasesinisasyresead) %’agaméwﬁwmaahumaﬁaQLLé”J@hﬂﬂ’]ﬁLﬂswﬁﬁm
ADINN
3.1.2) msfnwludnivaass
wamsmmﬂsmmmmaammemmmammmmama 2818770071989 AIsISBULTBUIENITIATIEN
Tudninaaesfiwunzay (19U mouse assay WUU polycythaemic Vﬁ’e) normocythaemlc m’mmﬂawa\‘i
annnglsy suauauawlmmﬂmiﬂm-mmqmiw“wmuﬂmmw) uanani FoyarfiuAuAotugrininfiudie
doaunsenaldminmsAnseunduiwielrediy
3.2) Msfinwfiwinen
aemuaamsmauamsmnmmmLﬂuwmmﬂwmmq 1 msfinwludadaneiugivanzay 1wy sy (rat)
szgznaNsAnwldmstsenii 4 e visll mswmimLﬂuwmemﬂumsmauauawamuﬂmu
mmmmﬂmmmwuLawwvﬁluammaaqamauaa 1 anewug ma'mmumwm’tumiﬂmﬂmmLﬂu
Awdlelendng
nsfnvundyinerdunaendts Ryinerdunisiasyiug nsnenagRug uazn1sneuziievessn
epoetin Wilfdutermaiilufigosilunseasusuniaain

4) nMsAnwnendin

4.1) MIANWIUNEYIAUFNERS

AuanUAMLnduRaumanivendringaienduars1iiingd1eds maRarsanannsinviuuuled
Tnedneifieansaiien (single dose cross over study) siafidaenldRmiuardndvasnidenda Arsiatsan
oanadnsguaniiludszenslunisfine wuineildasdonantaeiiliveadunsiwanuduiussewing
IWINLUBTNTIBUAUBIEET WisTlmesUgunlvecnduaaumanifefuilinsiw (Area Under the Curve:
AUQ) uarmsfiwweivieniAenuidudugean (maximum Concentration: Cmax) uazA1A3sd3n (half-life:
T1/2) vion5udnenainwanaan (apparent clearance: CL/F) ail #ioaruunvaulunvennuviaiion

=2

(margin of equivalence) Minnzaunsu n1sesnuuuMIAnmlFdedsnnuuanieesratedingdodngn

LY

naeadeamuazdal iR wazn1seengvisues epoetin FatufuILIAYEIEN

4.2) Msfnwaundunarans

m?dswL:JuLna‘nwamam’smnﬂumwuﬂumsﬂmanLUS&JUmemumamaumam mmmmﬁ‘lmms@a
’Luaamaumwwwaaﬂstmmauwuss“mwwmmmLLavmsmauauaqmam ’Lumsmmiﬂa‘lumﬂsmm
nstudunudadoaunsiidiliasgiuituieumng awaﬂ Fauugth i duivdmandawamansly
msUsuLuquﬁwaqm epoetin LmeNImJmiaammwmiuummmmLaammqvﬂ,uLaimmmmﬂummmmu
(surrogate marker) ¥BeUsEAVEANUBIET epoetin Hatiy nsfnwmeraindadslaifigngd (endpoint) 7
WugaEy

4.3) M3ANWIUSEANT NN PATN

[
va o

ﬂalﬂmsaaﬂqmsmaqm epoetin ‘Luwﬂ‘uauﬂwaumuumuauﬂu WiruRelde1auaneNe LN
WiolWAnnanideanis mmmmmawamﬂamumaﬂw@mi‘nmuu 215981 N1sUIMSENTuanunsedanle
NS avaanLdanfnLe
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81 epoetin - H1ANUYaDAfEN TN HUiednnudayilas Luaamﬂmsﬂsvmulfuﬂsvmﬂmmummima
Fuunardnsmsiiuvesslalnadu sanmsduslulnaduenaunnsslugfiisudasse uenanTuuLuIn
guarasanisiieudrdaitadedu Wy Usuiunisazauveamanlusianie seavdlulnaiuuas
erythropoietin fiflagifu wazanmarudutheluaiy Wy Smssniay Dudy

ANIWIgumMuUsEaME M edinsenine@ringadeadauazendringenede ikansnievangu
nsfnsmeedinediiesaesnsfnuiuIouiisunguguunuuuugy (randomized, parallel group clinical
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AMANUIN

Specific Guidance for Erythropoietin Biosimilars

Biosimilar products are very complex molecules and, therefore, cannot be treated as
conventional generic drugs. Although varieties of assay methods are available, they may not be
adequate to reliably predict the safety and efficacy of biosimilars. The demonstration of
pharmaceutical equivalence and pharmacokinetic bioequivalence of conventional generic drugs is not
applicable to the approval of biosimilars. The immunogenicity of recombinant therapeutic proteins
has become a significant safety concern. Ultimately, only clinical studies and post-authorization
pharmacovigilance to monitor potential immunogenicity will provide definitive evidence for product
comparability to the innovator product with respect to safety and efficacy.

Some biosimilar molecules are relatively simple and easy to identify and isolate. An example
is insulin, a peptide hormone with a relatively simple molecular structure that is comparatively
straightforward to be identified and copied. Some biosimilars such as interferon and erythropoietin,
which are glycosylated protein with different isoforms, are more complex and rather difficult to
characterize. Differences in a manufacturing process may lead to structural variations and different
pharmacodynamic and pharmacokinetic properties of a product, which has a different safety and
efficacy profile. For patient safety, it is important that appropriate characterization as well as
preclinical and clinical evaluation of a biosimilar product are carried out on a case-by-case basis in
case when negligible deviation from the reference product is evident, as results with current and
evolving technology are unpredictable.

The following guideline deals with specific requirements for erythropoietin biosimilar products.
The requirements described in this guideline are in addition to what is described in general guidelines
for biosimilars. If no specific point related to quality, efficacy, safety, risk management, and
pharmacovigilance is mentioned, it means that they are mentioned in the main guideline, and must
be followed. Pharmaceutical development and all other parameters (preclinical and clinical) should
represent the current state-of-the-art, and must meet relevant Thai FDA general biosimilars guideline.
Comparability to the reference biotherapeutic (innovator’s) product (RBP) for all aspects of production
is mandatory. The choice of the reference products for erythropoietin biosimilar products, epoetin alfa
is Eprex®, and epoetin beta is Recormon®.

1. General Outline

Human erythropoietin is a 165 amino acid, which is classified as glycoprotein mainly produced
in the kidneys and responsible for the stimulation of red blood cell production. Erythropoietin-
containing medical products are currently indicated for several conditions such as anemia in patients
with chronic renal failure, chemotherapy-induced anemia in cancer patients, and for increasing the

yield of autologous blood from patients in a pre-donation program.
2. Manufacturing considerations

Erythropoietin for clinical usage is produced by recombinant DNA technology (epoetin) using
mammalian cells as expression system. All erythropoietin in clinical use have a similar amino acid
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sequence as endogenous erythropoietin but differ in the glycosylation pattern. Glycosylation
influences pharmacokinetics and may affect efficacy and safety, particularly immunogenicity.
Physicochemical and biological methods are available for characterization of the protein.

| APPRLICDSR  VLERYLLEAK EAENITTGCA
EHCSLNENIT VPDTKVNFYA WKRMEVGQQA
| VEVWQGLALL SEAVLRGQAL LVNSSQPWEP
| LQLHVDKAVS GLRSLTTLLR ALGAQKEAIS
PPDAASAAPL RTITADTFRK LFRVYSNFLR
GKLKLYTGEA CRTGD

M approx. 30 600

Figure 1. Primary amino acid sequence of erythropoietin, having molecular weight of approximately
30 kDa

When the active substance from the RBP is isolated in order to perform the comparative
analysis at the active substance level, the applicant shall demonstrate that the isolated active
substance used in the comparability exercise is representative of the active substance present in the

RBP. Isolated material should be tested to verify the specific activity of >100,000 IU/mg to rule out
denaturation.

Drug substance release and stability specifications include tests for drug identity, purity, content
and potential microbiological contamination. Biosimilar shall be tested to ensure that it conforms to
the current European Pharmacopeia (Ph. Eur) monograph for recombinant erythropoietin
concentrated solution (Ph. Eur: erythropoietin concentrated solution), Testing following the current
USP will require alternative or additional methodologies. Alternative or additional testing
methodologies may be used with justification. (Table 1.)

Table 1. Specifications related to purity, safety and potency of biosimilar drug substance

Parameter Method Specification

Host Cell Protein (HCP) Specific Immunoassay The specified host cell
protein limits are
determined on a case-by-
case basis, giving
consideration to the
capability of the analytical
method employed. In
addition, the purification
process should be validated

to demonstrate its capability




Parameter

Method

Specification

to remove host-cell proteins
to an acceptable level.

Host Cell DNA

Threshold method

<120 pg/mg rhEPO or < 100
pg/dose

Dimers and related substances
of higher

molecular mass

Size Exclusion
Chromatography

(Ph. Eur. or alternative
validated

method)

< 2%

Endotoxins LAL-test (Ph. Eur. 2.6.14) < 20 1U/100,000 IU rhuEPO
Bioburden Membrane filter method < 10 CFU (colony forming
(Ph. Eur.) units)/10 mL
Bioactivity Normocythaemic mouse 100,000 - 150,000 IU/mg
assay (Ph. Eur.) rhuEPO
OR
Polycythaemic mouse assay
(Ph. Eur.)
Sialic Acids Sialic acids Minimurm of 10 mol of sialic

(Ph. Eur. monograph for
rhuEPO or

alternative validated
method)

acids

(calculated as N-
acetylneuraminic acid)

per mole of erythropoietin.
An upper limit for sialic
acids shall also be
established on a case-by-

case basis.
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The specifications are relevant to the host cell protein (HCP), host cell DNA, bacterial
endotoxin, bioburden based on Ph.Eur monographs and EMA guideline. The in vivo biological activity
of the drug substance in biosimilars product is determined using a bioassay based on the
measurement of reticulocyte stimulation induced by rhEPO in normocythaemic mice (Ph.Eur). The
method is routinely applied for release of drug substance. This is compared to a standard preparation
of the European Directorate for the Quatity'of Medicines - the EPO BRP (biological reference
preparation). The World Health Organization International Standard for recombinant human
erythropoietin may be used as a primary reference standard as an alternative to the EPO RBP.
According to the monograph, the specific bicactivity should be at least 100,000 1U/mg rhEPO in
consecutive batches of drug substance. The in vivo biological activity of all batches should be within
the accepted range specified by the rhEPO (80-125% range, potency to exceed 100,000 IU/mg).
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Biosimilar products are required to demonstrate comparability in terms of protein structure to an
existing epoetin alfa and beta as part of the approval process. This comparability and characterization
exercise include testing for primary and higher-order protein structure, isoforms, aggregates, protein
binding and biological activity. Some of the many analyses and characterization techniques that were
included in the comparability and characterization exercise are shown in Table 2.

Using a set of orthogonal state-of-the-art analytical methods, an extensive characterization
program shall be conducted for drug substance to elucidate structural features of the protein
backbone as well as the carbohydrate moieties. Biosimilars product and comparator epoetin alfa shall
be demonstrated with similar isoform pattern and post-translational modification. The primary
structure shall be confirmed to show that the molecule has an intact protein structure with correctly
linked disulfide bonds and integrity of the C-and N-termini using the state of the art techniques
including peptide mappings as well as by peptide mass fingerprint analysis using matrix assisted laser
desorption/ionization- time of flight (MALDI-TOF) mass spectrometry (Table 2). Near- and far
ultraviolet circular dichroism analyses shall be used to indicate the comparable conformational in
secondary and tertiary structure. In addition, the polarity/charge, isoforms shall be demonstrated
conformable pattern between biosimilar and comparator epoetin alfa.

Table 2. Methods applied for comparison of protein structure, binding and biological activity

Molecular attributes Methods

Composition,primary structure Peptide mapping (LC-MS), Peptide mass
fingerprint (MALDI-MS), MALDI-TOF,
Sequencing

Higher-order structure conformation Far and near UV CD spectroscopy, Thermal
stability, NMR, SPR, ELISA

Post translational modification conformity Mass spectrometry, GC-MS, HPAEC-PAD

Polarity charge, isoforms RP-HPLC, CZE

Size, detection of aggregates, physical SDS-PAGE/Coomassie, HP-SEC, AF4, AUC

conditions

Binding Cell assays, SPR, ELISA

Biological activity Cell assays, In vivo assay

LC-MS: liquid chromatography-mass spectroscopy; MALDI: matrix assisted laser desorption/ ionisation; MS:
mass spectroscopy; TOF: time of flight; UV CD: ultraviolet circular dichroism, NMR: nuclear magnetic
resonance; SPR: surface plasmon resonance spectroscopy, ELISA: enzyme-linked immunosorbant assay; GC-
MS: gas chromatography-mass spectroscopy; HPAEC-PAD: high performance anion-exchange chromatography
with pulsed amperometric detection; RP-HPLC: reverse-phase high-performance liquid chromatography; CZE:
Capillary zone electrophoresis; SDS-PAGE: sodium dodecyl sulfate polyacrylamide gel electrophoresis; SEC:
size  exclusion chromatography; AF4: asymmetrical flow field-flow fractionation; AUC: analytical
ultracentrifugation
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Structural analysis of N-glycans and O-glycans shall be done. It comprises monosaccharide
analysis, sialic acids characterization, sequence analysis of N- glycans and O-glycans qualitative and
guantitative basis.

The total glycan pool released from the backbone shall be subjected to fractionation and if
necessary further sub-fractionation can be performed in order to yield sub-fractions of sufficient
purity. Further analysis of the sub-fractions shall be done to identify and/or exclude unique or

unusual structures.

Site-specific glycan analysis and classification of the glycans with respect to sialylation and
antennarity on each level of sub-fractionation need to be done. Positions of N-acetyllactosamine
repeat on antennae, lack of sialylation of antennae, position of fucosylation shall be elucidated and

presence of O-acetylated groups shall be confirmed.

Extensive testing of biosimilars using validated assays, including state-of-the-art methods for
HP-SEC, ultracentrifugation chromatography and/or AF-4, shall demonstrate dimers or aggregates in
the drug substance or drug product. In addition to standard pharmacopoeia requirements for
parenteral drug products, aggregate testing, and testing for protein degradation (e.g., oxidation) should
be performed at release and stability to assure no impact to these gualities owing to the formulation
process, and to demonstrate manufacturing consistency from batch-to-batch.

3. Preclinical issues

3.1 Pharmacodynamic Studies

3.1.1 In vitro studies

In order to assess any alterations in reactivity between the biosimilar product and the RBP, data
from a number of comparative bioassays (e.g. receptor-binding studies, cell proliferation assays), many
of which may already be available from quality-related bioassays, should be provided.

3.1.2 In vivo studies

The erythrogenic effects of the biosimilar product and the RBP should be quantitatively
compared in an appropriate animal assay (e.g. the European Pharmacopoeia polycythaemic and/or
normocythaemic mouse assay; data may be already available from quality-related bioassays).
Additional information on the erythrogenic activity may be obtained from the described repeat dose
toxicity study.

3.2 Toxicological studies
Data from at least one repeat dose toxicity study in a relevant species (e.g. rat) should be
provided. Study duration should be at least 4 weeks. In this context, special emphasis should be laid

on the determination of immune responses.

Data on local tolerance in at least one species should be provided. If feasible, local tolerance

testing can be performed as part of the described repeat dose toxicity study.

Safety pharmacology, reproduction toxicology, mutagenicity and carcinogenicity studies are not

routine requirements for non-clinical testing of products containing EPO as active substance.



71

4. Clinical studies

4.1 Pharmacokinetic studies

The relative pharmacokinetic properties of the biosimilar product and the RMP should be
determined in single dose crossover studies using subcutaneous and intravenous administration.
Healthy volunteers are considered as an appropriate study population. The selected dose should be
in the sensitive part of the dose-response curve. The primary pharmacokinetic parameter is AUC and
the secondary pharmacokinetic parameters are Cmax and T1/2 or CL/F. Equivalence margins have to
be defined a priori and appropriately justified. Differences in T1/2 for the IV and the SC route of
administration and the dose dependence of erythropoietin should be taken into account when the
studies are designed.

4.2 Pharmacodynamic studies

Pharmacodynamics should preferably be evaluated as part of the comparative pharmacokinetic
studies. The chosen dose should be in the linear ascending part of the dose-response curve. In single
dose studies, reticulocyte count is the most relevant and it is therefore recommended for
Pharmacodynamics marker for assessment of the activity of erythropoietin. On the other hand,
reticulocyte count is not an established surrogate marker for efficacy of erythropoietin and therefore
there is no suitable endpoint in clinical trials.

4.3 Clinical efficacy studies
The mechanism of action of erythropoietin is the same in all currently approved indications but
the doses required to achieve the desired response may vary considerably and are highest in the

oncology indications: Erythropoietin can be administered intravenously or subcutaneously.

Recombinant erythropoietin has a relatively wide therapeutic window and is usually well
tolerated provided, that the stimulation of bone marrow is controlled by limiting the amount and
increasing rate of hemoglobin. The increasing rate of hemoglobin may considerably vary between
patients and is dependent not only on the dose and dosing regimen of erythropoietin, but also other
factors, such as iron stores, baseline hemoglobin and erythropoietin levels, and the presence of

concurrent medical conditions such as inflammation.

Comparable clinical efficacy between the biosimilar product and the RBP should be
demonstrated in at least two adequately powered, randomized, parallel group clinical trials.
Confirmatory studies should be double blind to avoid bias. If this is not possible, at minimum the
person(s) involved in decision-making (e.g. dose adjustment) should be effectively masked to
treatment allocation.

Sensitivity to the effects of erythropoietin is higher in erythropoietin-deficient than non
erythropoietin-deficient conditions and is also dependent on the responsiveness of the bone marrow.
Patients with renal anemia are therefore recommended as the target study population as this would

provide the most sensitive model. Other reasons for anemia should be excluded.

The clinical trials should include a “correction phase” study during anemia correction and a

“maintain phase” study in patients on erythropoietin maintenance therapy. A correction phase study
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is important to determine response dynamics and dosing during the anemia correction phase. It
should only include treatment naive patients or previously treated patients after a suitably long
epoetin-free and transfusion-free period (e.g. 3 months). It is recommended that the comparative
phase be 6 months in order to establish comparable clinical efficacy of the biosimilar product and the
RBP in patients with stabilized hemoglobin levels and erythropoietin dose. Shorter study duration
should be justified.

The study design for a maintenance phase study should minimize baseline heterogeneity and
carry over effects of previous treatments. Patients included in a maintenance phase study should be
optimally titrated on the RBP (stable hemoglobin in the target range on stable erythropoietin dose
and regimen without transfusions) for three month. Thereafter, study subjects should be randomized
to the biosimilar product or the RBP and followed up for a least three and, ideally, six months to
avoid carry over effects.

In the course of both studies, erythropoietin doses should be closely titrated to achieve
(correction phase study) or maintain (maintenance phase study) target hemoglobin concentrations.
The protocol should clearly pre-define the dose adjustment algorithm. Hemoglobin target range and

titration schedule should be in accordance with current clinical practice.

In the correction phase study “hemoglobin responder” (proportion of patients achieving a pre-
specified hemoglobin target) or “change in hemoglobin” is the preferred primary endpoint. In the
maintenance phase study “hemoglobin maintenance rate” (proportion of patients’ hemoglobin levels
within a pre-specified range without transfusion) or “change in hemoglobin” is the preferred primary
end point. Erythropoietin dosage should be a co-primary endpoint in both studies. The fact that
erythropoietin dose is titrated to achieve the desired response reduces the sensitivity of the
hemoglobin-related endpoints to detect possible differences in the efficacy of the treatment arms.

Equivalence margins for both co-primary endpoints have to be pre-specified and appropriately
justified and serve as the basis for powering the studies. Transfusion requirements should be included
as an important secondary end point. Since erythropoietin doses necessary to achieve target
hemoglobin levels differ in pre-dialysis and dialysis patients, these two groups of population should
not be mixed in the same study.

Clinical comparability has to be demonstrated for both routes of administration. This is best
achieved by performing separate studies, e.g. correction phase study in a pre-dialysis population using
SC erythropoietin and a maintenance phase study in a hemodialysis population using IV
erythropoietin.

4.4 Clinical Safety

Pure red cell aplasia (PRCA), due to neutralizing anti-erythropoietin antibodies, has been
observed predominantly in renal anemia patients treated with subcutaneously administered epoetin.
Because antibody-induced PRCA is a very rare event and usually takes months to years of
erythropoietin treatment to develop, such events are unlikely to be identified in pre-authorization
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studies. In addition, possible angiogenic and tumor promoting effects of erythropoietin might be of
importance in selected population.

Comparative safety data from the efficacy trials are sufficient to provide an adequate pre-
marketing safety database.

The applicant should provide at least 12-month comparative immunogenicity data pre-
authorization. Retention samples for both correction phase and maintenance phase studies are
recommended. For detection of anti-erythropoietin antibodies, a validated, highly sensitive assay
should be used.

4.5 Risk management plan (RMP)

Within the authorization procedure the applicant should present a risk management program
and pharmacovigilance plan. In order to further study the safety profile of the biosimilar product,
particularly rare serious adverse events such as immune mediated PRCA, safety data should be
collected from a cohort of patients representing all approved therapeutic indications. Developing RMP
for any given drug needs to be carried out with reference to other products.

In order to appropriately attribute adverse events in a patient to a specific epoetin product,
substitution by pharmacy without traceability should not be allowed. The physician’s prior
involvement and consent should always be included in the decision to substitute a biosimilar for a

reference product (or vice versa) and the substitution should be properly documented and traceable.

The applicant should give a risk specification in the application dossier file for the medicinal
product under revision review. This includes a description of possible safety issues related to
tolerability of the medicinal product that may result from a manufacturing process different from that
of the innovator. In the application dossier, the applicant should present a risk management plan or
pharmacovigilance plan in accordance with current EMA procedures and guidelines. This should take
into account risks identified during product development and potential risks.

The compliance of the marketing authorization holder with commitments (where appropriate)
and their pharmacovigilance obligations will be closely monitored. The marketing authorization holder
should address reports and any other information on tolerability of the biosimilar that the company
has received. These reports or information must be evaluated and assessed by the marketing
authorization holder in a scientific manner with regard to causality of adverse events or adverse drug

reactions and related frequencies.

The development of a good RMP that will meet key stakeholder expectations will be based
on many different factors, but knowing what has already been required for similar products in the past
should be a starting point. For further information on this issue, ICH topic Q9 can be used.
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