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Abstract

Wor[d Health Organization and stringent regulatory authorities have recently

devetoped 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 deve[oped 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 shoul.d be conducted as additional pharmacovigil.ance

activities of the proposed RMP. ln 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. ln 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, dru g contro[, registration, regu|.atory pathway
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i i ^J -il-i--_.ae{_i , ,j ! s ^ dnlllltau'iYQvtnfltu vl{u01atl,|sJtltoufrovtreril'rfrnrurfrul lprarira'nlsilyo::ll,1frro.lnrrltuaul
o u d Y,g v .^-^y- )^- e, j !r1 vJ^6,,, ! ! v^:.11:'uJana'lflunlllJtau{ vttunr:ovFlo'inruufn?r:vnh:nrurfru.:frloiflfr'ldnirntrlrfiu{ytrrua:{LrF]

d' ,a o j t u 6tvu s 6| d.j j Z q ,tuunl: t!: uLJtvl ulJ t.lv!1J?1:Jn Lrl nulr nlo u Lal^r1u"[un:nirinr rl ra u.lriuhiar:rr:nrl:y:Jl [unl Lrl{
\lv t , a

u TIJ r fu Lf't 0 u'1.1 ttyl a :.:

t1u m o u fi 3 a ir w r n : n r : u r { ra' o nlu n r : dt u-n n ? r tt Le u.i
d, v d q .9--u-___ ! j,1 v- o u yst!un1:a:1.1v]'l{ ta on Lunr:nru nldrfoar rr rfr u.:frld'rior:il10'aa'leiu n?1:Jdlriru rrfrrTo u

61 , - i d .j - v A , jq {, Jro, qv*ttvannr:!'llJflFl?llJLfiUl (uantaul nn loudru Ltau n.:n?lilra-ul) fitturlumor.firifraruleirfru
al:J'l:n Llilxrfruuu'tvttta vfidr uir:rlunr: airr:l n: n 1:vn{ rf; o n ,i'0fia..tu..l ro urito o n rflu 2
^q^.--- ^.-!-- 4 .v d a e
t u n o u u o a 6 o n r : a 5r.: l.J l n : n l : yt l.t tfr o n tta y n r :i t n : r y r,ir r.: in' o n ri.: fi

3. 1. nr:aixillrt:fll:yt,t{rfi on

n'l:6'rrnr:n':r:rtfiullrruLailtul:rUv11a'r0r:6uq? l-nt{y#nnrrFr?!nilrrau#rnr:rorfr rqjuiid

nl:oon"L!oqqlln n1:riruunlrvra{TuB urirxn{rtrial}.r1:flannrruifiu.ra,r"Lu:voilfiaolfr-ltoi
u 1o

quV6Y
rl'lriunr:afr{}J1n:nr:n"rra-qn1:flrrJ?llola16onkYiB#{nrilnflu}r.tu raioi66udf16':vqtilu

Lr,.,r t.l n'r ?,t fi z n r :l.?in'r : r { n ? 1 :^l Le u {'Lu n r : o-o rir d'r n? r il Le u.r

8

wwi*liiffiiiili$

ttur*H:-:f*ffitrrzffilM

1;atJlrn:*ri{},

*-,.$!5F{i1&:&,x

xr:rxt&+i:



1Vvvq94<nflulr'luil5otloftri'l-Lunr:airrvr':taondrnrr:kiu#nnr:aixa::ri iunurnr: ttavriJqn{rl!r
fror:ml:cnol6'ra

3.2. nr:i rnr:rvviutrf; on

nr:l:vrfiur.J:vfrvGnrr nrrlrflutrjtritorrrriavrrn:nr:yn.1ta'on rrirtdsiru zunrJ:vlutri
i ' \vu YfrnrrrirovlpiYu:ufi'lzuan:vvt!vrriruuo:::rvio#reruzoryrr16onrvrrirriurfiol{rfludo:rn"Lunr:
ue6)6)o^yru,
flaau Lo Lunl:Fll Luulrunusro Lr.J

dusroufi + nr:n-nf;utq
e Y' + ! I o - ; Z Xuo o u a o ytLJuflufl0ulunr:taonlrm:nr:frtvlruail'[un1:drfrrnrr:rrfrul ri'.:frzundrurtrr-nf;u"Lrd'ol

\vv v A o ? -j ".-l 
v

lfiYurioryafiilotfiutvt"{qrnn1:l:smun?lrJLeu{ {fi'fieirutri'rf;u doraurrrn:uoflraFri:?}r1i',i
t0]Jatt.:tvnua0u' ttu nflvLilu fzuuo::l nt:"[fi'{frriruldrduilaruiril'luciuF,,or"r.6vrir'lfil
tiu?vl1':iloalY:1JzulJ1,11Jrvtmnaulo ot'rtuzuunrnfr 3 nr:miofru'Lqoroavfr'oufrrnr:sio:o.r nlT
il:vfirJ:vuol tlaufl't:tFrttu ufio u6onrrsr:nr:firflufiarlr:ndrriqn.]ril rear"L#aoar"[u:yrirfi

a 4 Y dt q t\ r51 ,6 ua s , ^u0lr5!LptuavttluLtJ.Lotlurtl!frtiF Inu{uiur:nrurfiururayfr'fieiruLi'rfiufuir1Enrgrv16oirlriu

ur{un 1ilfi 3 n r :o'rr n r : n r r il rd u { drtt] ei n r : m-n f, uto
U

o

o

a

a

a

u o - ^ 6l- 4 u .jua n tn6u?]Lunl:FnaL La ta o n:ir Fl: nt:d'nnr:q.:utd ur

n?rilarilr:il'Lunr:q-o nr:nrrtt tfiar"ror or nin:
.jJ.t

Tvplt.l nl:u 0l:lnrrl reial nrll rtor]u (Risk Threshold)
Yquldu

n uu u Lu n r :q or n r : n': rrl rfr et r :r :r fi .: vr :-rnr a r n :fi 6'0.:1d

Fl ? 1 :.J a't :J't : rt t o I frfi o v YII o u n r : o-Ft n I : r) ? 1 }.1 re u.i
CJ

od,iu
n r r il sir rfl u fr I y sr'o I rir ufr u fl 1 : Ft.t l rr zu u fll frr r lt{

vd_o
lJUFrouyt 5 Fl'truunl5
d, " j ,-,-r;.-us fl avj ! v ttuunlTullJla:n'l:L'lUon?riltAu{.LfiJfllG frtfl{frrflurdo{ualuei?u rllu rraY6alnyaru

urjrulru tlJlJu tllFloFlff114fl::].t ntnton"uu {udurtrrg rflurlu n1:fl"tLfru.iruflIonrari:yal
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----_- .9 c ; & 4_-rs ! tv4 y 4 q il X -,n? 1lJa1L:a trlrtuttl0r,ltia? u Lo td U t?illJ'lil1JvtlJ'1yl"luriugr oufi fr.lnu'irrar n nril frfi;irulpirf; utrirrir1!. 61 4 y ,-' y t 6)ea vq qv:?LJLun'l:4fln1:n?1ilLAulmlurtt5:lm'u qcdru'[vlufroe?r].rL{l'lattavTrinr:arilauurionr:fr'nBu1o
- A .:-i- +-il.' .3 .v c . e t Jxflnl:Fl'l'llJtas'ilJlnu{tu 0nvt{ttlunl:taslJ451{n1t}.Jfr'l?t'u$ olrinrrlf .iiorurlnr:fr0a1: 66ay
-.t1 6 v 6) o t u
na Ln n1 :u:1,1',1 :O n n1: Lun r :ilrl ruiu nlu

.rimorfi 6 nr:nomru |:vrfiuzua*aufl.r:yr1ryr?u

rflunalnlunl:n?!nil 6erFrrilzuarravil:vf;yrBnrn?0{nr:rilrfiu,:ru6'nnr:n?rilrdu.i rfiiot#
!::q{flqil:yatri*avrrJruilrufiriruunl{ uavar:rr:0uffhlun:fifizuanr:r{rrfiulrukirflutrlnrl

&- a, ^ -: ^ v
ttt'lu uanalnfra-ltilunr:frornudrfinrrurf;urlvrrfrof,uyioh.i rnio.:fiofiidl:vifiuzua uiu nr:lflr

us 4 d:vill:nra5onl:t6!Ll?u nr:ofilT'ruirrlril{fieiru16'ufia rflu6'u vr'odnr:r-r,"[ri'finr:finsrr:r
l:s ifi uzua lfl u:yuuFraoFrtir.: rrarro.lnt:{'fl n1:n.trrl rf; aq

J
fl t:4041: (Communication)

nr:doar:fileiufluriuorouqnviruto.:nr:o-nnr:n?1ilrAu{uririlurYumoufid'0.:rirrfiurru

r]aooL?41?o{n'lr{0flr:n'l1ilteu{ nirur',nn'.trd'onr:nrr:lrdu,:fia-nrcruunl:?il.i1ur{Jufil rtavrifi
U

ri:uleirf,aorounnrirln-uluririavriuFrourro.r{ru 6t6'o.ro,nl#finr:f;oar:fin,lrrvarrrnyfi
-r_ e q & A o .J o v ^lJ:sffvl5tl1v'{ 

,vlnr:a-oar:n1u-L1r tfro"[ra'!qarn:v1n:vd'uartr:nfioar:riu16'rjrlSl-O'ar:rr:nr{r1o
r.Juuruu{rfrnuto.: ttavfitEur:16'fur:rrrJrgrarfiufrofluornnr:r.JXrinrir :?ilfi{ r.raflr:

.iortuulru uavnr:froal:nluuon tfioaYrrnrrruirlol#n'ulJFrnaflluuon l:yrrru f;orrnru
t o q 4 Vu , '

r, r {'l vil"hilofilr n r rtr irlr fi o ua y a u r : n oyo n r : rn u uf; u rt6'o d r r fi rJ : v fr vrBn tn
t c o .i o- 3u:y tfiuvla nto{ n1:eio fi 

.l : lrFl'ril

o tnr:ovr{Jufffioar:
U

. "[n:qvr{Jufri!ar:
U

o r1o.:nr:doar:ovt:

. fr0,:nr:doar:rir ui6nr:uavqiosvrr{ter

n :o!.1 1unl:6'n n r :nr 1lr ia' usdrt 6'u l'nr: rilriurtduru ufrr In u'Lu,ri : l vr fl ? : : 1e 1 950
, iv u

tl:vrunvr=druulttd'? rriu araioorrinr o'rnqr* rBrrjrnr:6'onrrn?.u.jreu{ (risk management) :rrld
I A Uq Y

0ur{45{a'lLutruor'runr:rl:vri'ufla irfrrdrtrirnr.zuurrurulu'LrIlut'ruFiruFi.xl orir.rn{rlrrrl rriu
Jnarnnr:t.tu dutilo n1:a{ru nr:l3vr:Tnrr{fl1: nr:liur:olrin: {1u6'1un?l:^rrJaonfiulu

qnal?1n::lJ riruiuru6'ruatrl:ruatfinr:r.J:vunp{nr:{'rrnr:nx.l}.Jrdu{il.r"ld lnaravlrvnr:d'onr:
.-a-y- J v yL?\0FrilFr:o{dlitrodo:rttavnr:6'tn:o.iafln.]?\?o{l:ut.t.l,uornnr:16':-la*priad,:nnnl}.tffflr.r1?\

n]?odrlt'riu n1:fi41:il'tnT:hiar:{nnrBufi.:rfluar::au?.ru#rin:rvv{yrr,,rurilr.o"Lutirr6'u
vlfl?::le 1'970 nr:'ldrflutnrio.rfio rfiorial:il'rri'r1,1unRirrrn:oruniln1y!0.]nanrn',,"lra0..t,
l:vnalnr:ttavlul::urnrfifi'?h nr:o-ernr:uriltrlryrarnr:rJuriiournfruro,ifrururrj.1'Lul6rr..,n
uail il{ n a Lar: tnfi rflu6'u o v ulut6"ir n'rre-fl nl rFr'lrl rd artd'Yr n r:vfzu uryrs.i"Lurfrr uur 6q ua v
tu0Yr alfl n1: Lttl-lutn50{nodrvtful'luurlor'rug:i0,7fi2al:yTa6jmol urvru'lu:r.Jlowaniryr.rUU
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nr:Liu lrdrruvrrlrirual6l:ruvd.rfizuari:sTurim ou uyrulu:r.Jr or nr:6lnr:ordr ur ndou nr:u - '' -u r

fl o'r rYu rai o a or zu n n : y u I ri o a r n'r tr fl o.i rJ : v r r r u

rirraiunr:rj:yunpild'lu6'ruar16'finT:drua-nnr:uayrnrtorfiolunr:oionr:nrrrlrrf;exrrld
a u ; :'a u"[u:vuqrunt?\vr1{tnaitn::]r1frilil1nf,u[ufloqflu 

fr'rdrunr:fi'2u1u1 nl:zuan flr:fl:ya1uu''] fl1:r -- i

rl:?aao! (inspection) n:vlrunr:6uronar:uavtJ:vurusirfuurnaon':lo:fiirttolrt-rurdrfrr!
9 d ,& A a, < d yu 

o"

Ltauuldlt;a:rJfr,lfrrtluultnfrrauulfirfsrn 6rn:olnraufilnr:l{inn6u rirrirayalu u::anilvru I - -i-'' -- -i - i- '-
v.jqvo!,-aor,ow't

rnu?"4qfr'l{draarn u0ne'lnuu u{ilfl1rdrlt]tdlunr:r-l:vrfrunr:luriiouoafirryfirfiarrjo.:rilI-i
A v r o y o v a 

"l'tzu d n n'ru "n a r ua u a { tt? 0 do llurio.r zu fi F] B I ( c |.e a n ro o m )" "
rloE liuorrinrioul:iula ntriuuvrjrtrirjrnr:i'prnr:LrauaFrFr?'ul rf, a.:rornfr rrfiru"fiurv1#{u r6ir--fu

nnrrrllr:'tludrt{ri!frqn::lrirrilrruaurriourinarorl#rfiollulriu :vwnr:6'onr:nruuf;u,lyioruzuuUU
- i qvd, u o
{nnr:nrutfrBrarrr:nl{rflunatntunr:l:vrfrurl:vTarririrn?rtlreu.i?0.:urkiodr.:riorflo.iaao0

dq t 3 r o?.ia:iliatolzudnfiuvta1 ttauLooFronr:t#rifirfiu':dollu:yLi1JU1fiuuLru'Lunr:n':r-lrrltriurfiUl

rl:vTutrirr,rflon'irnrmr:tfius#rrurinr:iq-t.rfi'ruur yoao! zufisr nr:at'r"L{ul nr:druur uavnr:l{ur(12)
.),!od'"Lu!:vrvrnfifi:vwnr:n?un:ru'rfrrdilmntrifinr:rilLru'lAa'[unr:q"flrir$r.runr:d'e]nr:Fr11:J

4 dt v o iqtdaqlrltlu{orirvuqilfi'Lunr:ouryrFrvrurfiuugi'riuur drtri'ifrorlrn:nr:18rqn'Lunr:florniuuay
I

y_ j q. t v , yd t u s a j ! y v 4anfl1:n'1"):.1Lau{a1n n1: Ltul LF}u P,J!:u n0u nr: rrav ryilaru Ln rd ulr til u':{os r{urllulrytua yn?1tJ

Yu fr oroulufl 'r:q $an?rrtla o nn-r o r n nr :ldarg

rirra:-lrJ:vtvrn'[un{lortfiuurravl:vrv]fllilu ri.rnror6'u:y!un1:rfl1:ui{dun:ruqrnnl:
ldarrrluarlnr:toiflura#n fi.:flriorirn-otunr:r.-l:varuufiorluqorrirj:vnortu:yr.lr.lrrirt{6'ru,iu"''

nr:finrsr3r.JtLL!n'r:vtl,t?t'tlvrut1-l'uugirilaruavnr:rirtrJdnr:ilfrfl6(') fl!'j'):y!!{ruurasTn:rairs! -- -'- -ii ---d,J'

nrulua-ttriallr:nLdoillartordauaur"Lrirfjurro:riorfior 6'rurinr:n:?aff0unlrI.rlaoofiuurav
qN,Yu

rJ:vfruEnru'[uriunoufiuflutfluu (Pre-marketing) til{nr:frnmrlnrurJaonfiuuav!:vfrvrBnrn
u ty

1ro{u1vd'.iarndfr'owarn (Post-marketing) eiwlat#itosi'rfiolunr:il:yrfrurJ:yTuujnlr:nrrlrf;ar
^._--._1 2,., ' J da { d q slJo{u'lLrtourlototilo{F}noq?{a:frinzufrmi'rue/r nr:vtLluruy}utf,uuatruul?0.:tyutau?i?utr,tni6l
A y , --t- < d I u q v, 

- 
otilnorn{oilaalnrir{tJrvtvrfl14ion1:flouvrurfluuIneLafin:lororrir]:yno!nr:Lo.r rnu}Ju-u

e qv+ - & d <
rlo tauo ttuv"lrifrnr:llzuu't:uu1Jfl1:?u?rvLrJUuLrauylJvt']uytyL! uuritYuur"Lri'rfiolTurrYut{Ju:vr.lu
4 , - i 4 v i ru ,- e

tnurnru:vu!n1:a:flnl:n?l]JtAu{?15orrzuuaflnr:n?lilrau{ nr':uritrjrilnr:r.Jilifinr:f,uvrvrfiuu
v T^-.!- ---- - .jd qv vairiuurflr:Jun'narna LelutSilvtFraou:uulJn1!u1 epoetin rrauu'tyl].tLrr,Juytltytxu-LurraruaSonrrllu

L-2 tl eilzualri"Lui) zssa fl;vvr:1{ar6r:ruatt6'oonnXr,r:rruhi'fi?finr:fiuvryr!'uuLruuurfir{orq
Ie < d , ^--;-(a,5) . q vy 4 u inarunalcinto{ur.ivtu{"- *avrirvrurr-Lfn'or!nr:o'nlirIriunl:a*nn1Tn?'t]JrAu.l a'rvrfuar

epoetin alfa unv beta 16'riruunifinr:duvrvrf,tu 2 .iiolyx6ourfir':-nn'lr,lriuaytrfirimn
-Y-- -< Y o q ! il u vo o oi 

t 
'narunal uav6otdrtte.lunt:a'anr:nrrrrfrar uonarnfiuleiflrira'qn:yyt:?{a'tol:ruat#lrrfflr

d o q .. v (6) 
' 

q d u! rd ", 

t 
I

vrvtf,ausirilur epoetin piru'"'or.itl:finu rl.:trifirrurvrl{nl:!:urfruur,lun'tiQ-Frn1:n'l1ilrAu.i
4Xd, "i4ov, 4sjd.j
{.1Ltu?vl'l{uQvLLluLn:0{:Joa1Frila0n1:yluvl?u?tuuuuusirilu't LnuLailrvurfr!nruudalq.l



Uilfi 3
a<l 4
?5n1:f[nu1

d,a
ttlunr:6nutrfilrJ6u-fint: (action research) Tnufinrcrrfi{niln1il rfioilisuurLru'ty1{n1:

il:vtfiuuruunr:o'onr:n:rutduworur Torunr:i6'uronar:rravurraoril6^ri6 neirr6o n1::?ur?rJ
Y44yrdrad
t0!ailvt1JUun1:uu1 n1:ffunu?lanoruvrlitrnr:odrlrtlu:yll nr:Ttn:ryutonar: nr:il:yttt
neil uavnr:uoraoldruu':vrrfili'ruurtflutllSrr-a#lrirtoruffluvrvrl'uuririlar epoetin mrrtrirfr'r

fl:vv1:?{alor:ruqtfi 942/2556 rio.: uri'LrvrvrfiauoirYr:ur epoetin rflpr alfa *ay beta-- z
:vuyr?a1n'l:iq-ufr'.:ttri finurau 2556 fiq n:nnrrr:r 2557

9y

t un0un1:flnu']lJo.:u

1. finrgritn:rvr,i'rilialrfiu!n?1r.rttg]nrir.:tor:vtlrlnr:rfir:vr-rnnrlilaonfiaornnr:ldar
rldu

to'lrJ:vtvnlvrurfruurYuarna uavfinre'rrru?yr1{arnatunr:rJ:vrfrurrzuunr:d'flnr:rlrr:trf;ur"Lunr:

{uvtvuf,auttauvuvt?uvtvrfiuusirir.lar leru"Lduururrarnafifinrrlrirrroulunr:o-orirrrasl:yrfru
[zuunr:o'enr:n:utfiul td'urj rail':a.:'ruFr?1JFr]JU1?o{aufl11\qI:rJ (European Medicine Agency;
EMAID olrinr:aru1:Lrauulrjolr..J:vruoauigomBnr (United States Food and Drug
Administration ; US FDAIU) ttav!:vturtfrr]u {ef,armaceuticals and Medical Devices Agency;
PMDA)(e) F]nonouuriruruarnari',01 ,rrfr'orrrrrrrr*nrruuur,rnar:firfiurcjoq rrdr6'rrt6on
uurvrrnr:l:v ufr uuzuunr:o-ornr:nru rfi urfi rurrvar Iou nr:rJ:vq:rnq'ldou

2. o-nliruururtnr:il:vtfruttzuunr:{rrnr:nrr:trf;urrorur Tnuirn:rvdr,raornqio 1 uav
rirrauo'[!nr:rJ:vt:rn{ldouuiavtauoFrtuv0unT:rtnt:rail]vfrouuyruuvil'aurirYlur epoetin
,--- o u A q u d
Fl 1ilA')AU !y,{ 0 Lyn: u trautou

3. druururqnr:il:srfrur fildlilvrpraorttlorunr:irn:ryfuavil:vrfruuzuunr:o-nnr:nrrr
.e-.-61- w d o utaulLu*riavrirtoufi"Ltuvur-t-aun'rYru1 epoetin :?l.r 17 zufrmfirus{Ioarilornnt:91:?eaoun?1il

v!
ao glna otl o't tilouTuor uzuunr:d'n nr:nr rr rf; u r"[u rrria vu-rdo ri't Guideline on good
pharmacovigilance practices (GVP) Modul'e V - Risk management systems *frrynao.l
il:vtfiunrrtlu?vt'l{'', o'.tnlfu r-nl:vqraq'ldoarfioirn:rsdrrlirurfiarzuanr:r-J:yrfruror
rir.l:vrfiurrrinvriu ttdra:tJnanr:l:vrfiurraulryrror-ia::nr"lunr:l:sifruuasdrrru.ryxr l1l,fi

4. finrgrirni:rvr,{,Joo-ura'arlunr:ifrnnr-:vhn:vgnh^jaixrfiordonuot{n1rt (pure Red!

Cell Apl.asia; PRCA) trnnr:tr7ur epoetin ufrrrFr rfiotriaur:a{rrvirzuanr:l:vrfruuzuunr:
ui
ohnr:nt,ltltfrultolelr epoetin triodrttr,tlrvarrYudoufrqqi{tuuiLyrolrJ:yryrnluu louyuvrru
? : : ru n : : lJ rra v ro n a r : fi r fi u.: rio,: vrsrtu ura v ri r nJ : v iu n

5. o-odrzuanr:l:vufruuzuunr:{'rrnr:n':r:rrf;atro.lur epoetin Inunr:il:yt:rneiildorJtuay
Lauon6uvoun::iln1:La?\rsfiovluruvrvrfiauairir.lur epoetin nurird'lrfioi#u,rrr.,rfiulou



uvtyt' 4

,.ran1:finu1

,iarll:finulil:vno!0i?u 3 dmtfrrrri q.t zuanr:rlialrfiuunr:uurrnrirtro.r:vllnr:rf,r
:vl-{n:tlilaonfiaotnnr:'ldaTtorrJ:vrvrntyiurfialrilarna 4.2 *ururtnr:r]:vrfrurrzuun1:
si
t''qnr:nrrutfrerrlols.ir 4.3 zuanr:uflao.i"[drru']yr1,tn1:il:uufruilzuunr:{'nnr:n':rltf,u{ro.tur

epoetin

4.1 ,{anr:trjiuurfiuunrruuqneirrro{:uuun1:rfir:virnarurjaonrYuornnr:'[{ur
t o.rr.J:s ru nlfl u rfi u u fTu ar n a

v6u u u , -.4t- J ,d d vnruu$l?Q u LovllJ?1?u?:5iln:TlJ o u1l tUu:sll rrI o nlSuu rfruu:yu! n'trntu nl ur q1uFl? 1uu-i

ilaorrfiuornnr:1{artarl:vtvislvrurfiurrYuarna n!'i1 'tuarnafiuu?yr1.inr:6'alirrravr..J:vrfiu
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lunT :fr nnr].rFl?'rilnaro rnf; ouyrrarvr6otri
- . ao

- ion::rufrrrfrrlunr:rflr:v':-':nrulaoorfiuornnr:l{u, drrfluuiolil firl:vlutriraiotri
s ' o i .y 4.

- lnr:lirlnr:frnrcrfruauo (fi1fi) aril1:6raoLrirnr:rufiarriln?rilreu{o'rnnr:ldur"L6'odrqriu.:lroyiotri
d d, q ,qq < 4 q I

tLav]Jn?'']ut1-11.J L! Lq LunlTflnurcl50 L].t

i+ua4\4,- tttlulltau0]JtLl114l.l'lultnvnl?lunt?a110{LtF]nvflxn::ilFtaoFtaunl::lunluriatu:.llufl}rysoLLi

3. uruunr:finutJ:vf,vrBn''r?'ru1fia'.:aondaaln (Pl.ans for post-authorisation efficacy studies)!

- nr:finurr.J:vsvBnrntorzufinnlru,ilfinruaonnfrornlrronar:rirtoduvrvrriuurirYraryiotri

- nr:frnrgrfrtauofiri16t1li{unnrio'rnrJ?"Frqil:ufi.:riyn'nvriotri irayfin'r:oonulJ!n'rriq-urfio?Erru

tJ o u rr n n'r :l.ff u r r,ri ohi

4. urn:nr:ann?1ilreu.: (Risk minimisation measures)

- Lonal:ril#!u'rtLfin{{o}Jnn?r}.rLeu{rirn'ruornnr:"L"iiuruav{o:Jnfifl.:h-ivr:rlyiorLrnhl16'oeirr
vv!

n:!fi?uuavrfiulllaraiohi

- finr::vrrrrr:rrdurfirflutltd'rrnnr:"[{artfluronar:rirrYr:uryiotrj yrnnrurf;ar6'rnrimfidoqa

tfi urvro'irfi nr rrr#ln'udfli n?'llln o n JYu ua vrJ:vfr vrBn rrnrtu nr :ldur
- tonar:rirrilurfinr:uaor{olnnrr:.rrf;s{a1flflr:"1{ur lrrunr:"hirirfirvrlrvalrrava-nrEu{tflun'rrryriq
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q1:1{fi 1 rru?vr'r{nr:il:y rfi uuruunr:6'q nr:nr.',, rduo
4 Y Y a .io
vt-nnm'olaonna'otti'uttu':vixfrrirvtun tdu rrururrnl:aoulroflar:rirrYlur yio SmpC rfluolu

d'

- illrn:nr:ann?lilnatotnf;ouurrurra6oki n1:oonttu!ronar:rirrirulLrayu::aniru"]i'finrrilrur.J1ya]r
q'q"Lu 

n r:a n nr ril na 1o rna' ouy rr uryiotri
- fr o n : : :rlu n 1 : a fl n ? 1 lJ Ld a r fi rau o fi n'r r il r14 ln y fi rJ tta y rfi u { v,r o yi otri

ds -i ^ c -- d 4 ! ' a u r d d - i- ilnQn:::Jtlltltrlx.lLunl:ann?1l.JtAu{u50Ltr ilon::rnlnar':ilrr':ury}J'lua:JLLaytrlaluon'lnxriltAu.i

14:0 U.J

-:vuriuliBiq-ufirrrrLr'i'fltauttavtuil'rsar"Lunr:irrrravil:vlfru!:yf;uBnrwto{fron::}llun1:ann']r}.r
iaq'

rau{u:0 L}J

- nr:rJ:vfiun?rlrd']tEa?orfrqn::iltfr:rrfir"Lunr:aon'ttrreu{fin''r:riryuornrus{t{6irlyflrr,riohi

5. a:ilttr'lun1:6'nn1:n?rutdu,: (Summary of the risk management ptan)

- *zu u n r : 6'o n r : n r u rf, u { r14 u 1 s a }.r ni! zu fr n airu,}4fi yi 01il

- fi nr :uaorda rfi q qi{t{o dt rur r ya l r,riohJ

- :r-J uu u or riil : v n ou ua y n r ur frl{fi n r r r rur r y arL rTr.l riei r urai otri
- fi n r : o-or : rJ uu u 1t o,t rrr.r u n I I fi rir r.l u o yi otri

6. druuprnr:U:srfiuqir (When an update is being assessed)
4u q ' tr a q y

- I n a :; a-Lu n rfr l rfr l"[u ri r u r o I n ru dn rgru v 6'r u n r u I a o o n-a rat otrjti

- *zuunr:tflr:virnnulaoon-tiqrnnr:'L{urfinr:i.,'f;uuutlarorixuuurvalraiohi (sirrflu6'oslir:rJ:rrir
49 6) 

',:JI0]JA Lyil)
d,

- l= n r : | : v tfr u rl : s fr y 6 n r fl r o n l.J I Ft :.r i : a n n r r :L rf; a,: rai otri
v q ,i

- {otauo"[unt:tlaEJutLila.::J'rn:n1:aonrrrrrf;ur (nrtlnrrrlsirr{]u) finrr:rrylrva:rr,liotri
4v q 

'i< o dt y d- ttdorya'lulfriltittuv'irsfrutjuovsr'orfrnr:l:srruar.Jqaro{n?'r:rrdeL.ruayrj:yTEJrdodrlrfluurtnr:u-1

U:ALil

4.3 9{an'r:vroraorl{rturil'r{n1iil:sufiuuzuunr:e-qn1:n?,'rilrf,asro.rur epoetin
nrruv#io-ut6'drrrurvrrldr.:fr'uh]vroa or"LffLu nr:i rn:ryduav!:v rfru*zuun1TQ-ofl't:Fr?ril!

dq'oL4doutau{Lutlrravnirtoun-L'uvtvtfluuririuur epoetin nurir#ln:vt1:?.ia'toliru4rfi 942/2556 Gat
rrri'Ltvrvrfiauriritar epoetin tfro a[fa uav beta filrirraunt#fiir:ouatrndurirrouritryyuflau

U qU
o u \V ad d d u O I d u , 4nr5lur tqt 2 aS no *llaril:fnn"lvrl uavLrlilltlrf,rinnndruna*l (Biosilmilars) nru"Lulufi tl
l.rnrlnil 2557 vnfriuoriryinfikiurffltvrvrfierurirflur epoetin ir#': ryololrr'rrfiunr:nrt
LLzut,tn'l:Q-anr:nrr:.,ldu{Ltau:'ru'i'ruzuanr:rirrflunr:nuuzuufrru(u) rfionr:lrirrauoflriYuoufliln 18U 1U

<,o24dou
:'lu BurirtoutlLtlvtvtl=erusir:-rar epoetin tflo atfa irav beta liruru oo ririu a1n 17 6onr:6r
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i , u \.v d u j
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et1:1{fi 2 a1ilzuanr:durirtourittvrsrfiuuririuar epoetin ntrr{rdlfl:uyt:?{aloliruq$
fr gqz/zsso

9r?u''r6l'tnaJq
Ad&d
?Eflllt uvlstueru

gt'1:ug1

o1u'tu

,{aflnfuryl

01u?u

,.lluOUil',lFl

ooqd
o1u?un1ua[m [t?ls[uuu

oo
allucrl

erythropoietin beta
duo!

u1t't?Fln tuu 1 I 6

erythropoietin alfa
6r

u11J??nn Lut] 10 11 36
u<

u1t??afinal unn.r 6 6 .i. d

I?U 1.7 18 60

%u q Y , ^nruvryid'uki'l:vtfiuuzuunr:{'nnr:n:urf;uvnorur epoetin Tnuritcrnnl:n:?aao!n?l}.1
.v&6)rvyu

a0nna0{10{LuOel'lLuLLelavurtonu Guideline cn good pharmacovigil.ance practices (GVP)

Module V - Risk management systems nanr:a:?aaor.llw'jl Tnuairutvrqjuilunt:a-ofl'trFr'11:.t
A vu 
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; q t e. c , 

-
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a']51{fi 3 a:r]zu
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:'lun1: n110vr 5',ttJ

1 2 3 4 5 6 7 a 9 10 I1 12 13 14 15 t6 77

:' riaqradxldsa.: ar6nrYruii 11
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5

2.2 nrrrsun'l'rutlao nn-u
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9

z.l nr:tdur'lun1 :yrfl aa.l

yn.:nf;fln
9
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nr:rqao.iyrr{nf;in

9

2.5 r.l:yal nr:ainr:"[{ar

ua'.:trYiroururn

o

z. r da rirraueifi l rfi :rii, viu
i

nT55v!n?1il[AU{

8

2.7 nruudurtrnnr:'[dar
A ic. q."-

LtAU n?1! lff U.lY] t!1,] L1.l LFr 0 1 n

nr:'[{ar

- nruGurornnr:l{ur 11

- Fr't't:J ta u.tyl0'10 !nFttualn

nr:"[riur

12
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a
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9
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?JO{nuto{il:un0! rravfifrilouculFrualu:'rakifinr:ruaFr{toilafiu-.ttrivr:rlvriotro, ri'rfinr:lriu i o --li-

uaor.:rio:;arYtna'rrfizuarionr:ttanrcjo].Jadrudul n6onr:rauauzuurfir:vr-ln'lu!aoorri'aornnr:1{!r

r u rfi e.rra ei x r{l u:vr.rr.r
x y^v t1 y^ 

"to - d u r 6 uuonornfl nruv{i{'uki'iun:rvfiui:rtfrudarnjrnrruunnrirrtol{or-jl'Ldtolar epoetin fi
u Yu & d o
i6'ilf,uvrvrf,uu'luil:vrvrntvrurYuar epoetin oluruulrflFr alfa rras beta fif,uvrvrl'uu"Lu

rir.ll:vtyto (Eprex LLav Recormon) aqrl16'ornmr:xfi 4

nr:rtfi 4 nnuunnrirsto.:rioilr1{rosur epoetin alfa u6v beta fiduvrvrriuuririrur"Lurl:vrvrn
1 v v A& d o v q ,

Lv u nr a r n u rr! tJyt ruyr u ru u u rir il u r"Lu m r I | : y rvr a

roL.r Lfl t0Lr.l lljyr0umlFl

lunr.rrl:v tyrr 1'rr-:vrvq'[vru (drLrLr.rfi nnlcus{)

US* UK* EU** i],t'u'1iflfl Llrtl u''t11?? nflna''ru na.:

1. nltTnu'rtayfla't.ituill-l?uLn't1u.505.t (CRF) y5o l:r,Lo,!

rioY': (C<O) fr r'i onraiohirnl o nlsl

11 6

, ,,, , -='1 t-u, , -. ,2. n15:nii1 laxn0rn Lur.ililu HiV il,o:LU.t zidovuoine 6 3

3. nlTae Al.l.ogenic Btood Transfustion lufrtrufifrnr:
ilrFl'ninuirjlerrfr uriaodry:-usruro.: [avYnrsrrill:ufr oiolnr:

q d;Y,, o da ;
afl n1:iu ta0qyto uylu tuni ilyt tJL? u c u LL ia ^t y rt n 11! La u.1

| \ ev
flon1T[0:uta0Fiylf]LLytu y:0 De. -operative red blood

ce|.I mobiIization

E 6

+. {r-lrufilit autotogous blood Canatron program vrio
q ,Av e a
lrLurutrno lnr:rfrltdoalflrilul-:r"^o"o"l I io'r n r

2 1

4s
5. tayF01.i L1J L:nLYL:{ LL.t:tU o.tt

5. t nr :fnurlafi nor.itt.ri!rulry rEr Non-myero id
!

{,v
maLt gnanctes y t05! n1:: nulo? u L1 tnLU'tiJo

6 4

v I a a acwu
5.2 n1::nb1 Laynn't.1 Lur.J1.l?uLrv r5.:yt Lqrit urrnrrUrl]o 2 1

5.3 nr::hrcrIafi nt r.rluffilruu v l5l ulu Solid tumor fi
L9t:U U1rnl.JL.t',t!o

1 1

s. + n r :Ynur {th a fi fr 0.: n r :a o n r :i! 16 o q y er uil u n :ni!
aq B .

rv r5r'Lu:vltldr ryfr ol uio r:c r5,:1f, n m ultipl.e myeloma

1 1

6. I:n1afi nnr.: rfi ellrnnrufr ol n fi c.lo{ n:y er n

(myetodyspl.astic syndrome)

2

z. 1:nlafinrr.rfifiarrynrrn rheumatoid arthritis 1
s r. i

8. fn ur ar r.J r u'l:n ro or d ).0 
u fi I fiu : y 6'r- r o I [ ryt h ro po iet i n'lu

n:uLtata00

1

9. I:nlafrnorwln6')!yn anemia of premature: triinur
nrrcla,;norlm n nr:rrnor n ryF nlutruv avrn::d,l,fi,iryiu
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a
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ornn)'t:'r{fi 4 fl!'i1 fi'ilorjrtddoururntul:srvrntyrafilrnn'ir{orj.rtrTlurirlrJ:sivtfl1ro.i
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syndrome) I:nrTafrnorlfifiarivrrlorn rheumatoid arthritis fnrcrl:FrroorilnufiurTl:y6'lrorq
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q ' , 4 av 'ay.j , y d . .jai o ,4 d o vLuFl'l{lJ:utvlfi{{lJfl01-J.iLllvltint.tn?'r uona']nUu lur epoetin vraurilroun-Ltyrvttuurlriuarrrul
d u v 4 a v tA I t
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il1 n : n't :a fl n? 
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rd u.ifr ,.iil ou ru r n iau o a :l 6'.t et 1 51 {fi 5u qo a
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Lttiunl:Q 0n1:n?1tJ!a
vau

fln1:Jt0n.1?aFl5 u.ill 0 { u 1 e poeti n $u n n 1 :Jllo n'{? a Ft'l un? I 3J il a o n fia
nrrilrds.r

o q g ri
01u'luHa9nilflvr

:runrurdar
drurufi on::r rfl r:vi.:nrrlrJaaorYuorn n1:'tdur qirutuursl:n'r:annru rdur or n nr :tdar

^ ir
n0n::ilyl? [1.J nQn::il [Yr]i [9rrJ fion::lri'drl fl0n::tJtytltIflil

1. nmurfiu.:ornnr:tdur (ldentified risks)

1.1 Pure Red Celt

Aptasia (PRCA)

7 PSUR (1)

Spontaneous report (2)

l":^i:v.ur.l:vrnvr ( t)

- Phase ll stuCy (1)

- Registry study (1)

- Guided

questionnaire (1)

- sPc/Pl (2) - ECucational

materiat (i)

- Antibody

testinq (1)

1.2 Thromboembotic

vascutar events

7 - PSUR (2)

- tri:vlrJ:vrnu (t)
- Phase lll study (1) - sPc/Pt (3)

1.3 Hypertension 7 PsuR (1)

Spontaneous repolr (1)

b]:vtrr.l:vinvr (2)

. SPC/PI (4)

1.4 Tumor/Cancer

proqresslon

a

1.5 Hypersensitivity 4 1, .-. ,, t"-, ^- r.rrdiuu!rusrrr .-/ - SPC/PI (1)

1.6 Seizur-^ 5 . PSUR (1)

- kjrvur-l:vrnvr (1)

- sPaPt Q)

1.7 LocaI reaction at

the site of injection

3

1.8 lmmunoeenicitv 3

1.9 Erythroderma a

1.10 Loss or decline

of response

3

1.11 Off label use in

missing information

I . PSUR (1) - EpidermioLogicaL

study (1)

- SPC/PI (1) - EducationaL

material (L)

1.12 Premature death t - PSUR (1)

2. nrru rf, arfi aro fi oduorn nr:1{Eir (Potentiat. risks)

2.1 Pure Red Cell

Aplasia (PRCA)

PSUR (1)

Spontaneous report (2)

tri:vlrl:vrn'n (t)

Reqistry study (1) - SPC/PI (2)

- GSP&GDP (1)

- EducationaL

material (1)

- Detedrion of

aggregates (1)

- Raising

awareness (i)

- Antibody

testlng (1)

2.2 ihrcmboembotic

vascuLar events

1 . PSUR (1)

- i:"i:vurl:vin,n (1)

Registry study (1) - SPC/Pr (1)
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o'ruaufi on::lrfi r:yilorutJaasrfiuornnr:l{en qiruruilrfl :nr:a onarilrdu.rornnr:1tar
fion::lrirhJ Ada

n0fl:5il[?iItfiil fion::lfirlil n0fl:tiltl1iltnI
2.3 Disease

proqression

L - Spontaneous report (1) - SPC/PI (1)

2.4 Tumor/Cancer

proqression

5 - PSUR (1)

- til:vrlrl:vrnvr (t)
- Phase lll study (1) - sPC/Pt (2)

2.5 Congestive heart

faiture

1 - Spontaneous report (1) - SPC/PI (1)

2.6 Survival impact 1 - Spontaneous report (1) - SPC/PI (1)

2.7 Hypersensitivity 1 - PSUR (1) - sP?Pr (1)

2.8 CardlovascuLar

disease

1 - Spontaneous report (1) - SPC/PI (i)

2.9 Chronic renaI

faiLure

1 - Spontaneous report (i)

2.10 Misuse 1 - PsuR (1)

2.11 Hyperkalemia 1 - PSUR (1) - SPC/PI (i)
e. doqlafi u-{kifl :ruuEorrnlil (Missing information)

3.1Tumor/Cancer

proqression

1 - lil:vurJ:vrnvr (l) - sPc/Pr (1)

3.2 MyelodyspIastic

syndrome

1 - h.i:vlr.l:vmyr (t )

- Post-authorisation study
(1)

- SPC/PI (1)

3.3 ThromboemboLic

include pulmonary

embotism

1 1, i.-. ,, t.- .* r r ,

'dauJUJeh. 
/ \I/

- Guided questionnaire (1)

. SPC/PI (1)

3.4 Safety in children

and adolescent qroup

3 - PSUR (1)

- lil:vlrl:vrnvr (t)

. SPC/PI (2)

3.5 Safety in

pregnancy and

Iactation

3 - PSUR (1)

- lrj:vrrJ:vrnn (i)
- SPC/PI (3)

3.6 Safety in geriatric 1 . SPC/PI (1)

3.7 Druq interactions 1 . SPC/PI (1)

3.8 Overdosaqe 1 - SPC/PI (1)

3.9 Effects on ability

to drive or operate

1 - sPC/PI (1)

l4lJ1utvq PSUR = Periodic safety updated report, SPC,zPl = Summary of product characteristics/product information

ornriu nruv*-l^6'ut6'!:uffiultruun1:a-aflr:pr?lHrfiusF]rilrru?vr1{n1:il5urfrufitri'q-etirf,u
!

q j .J o , o .jqv ,d
Lunr:rtvt= l tilodrzunnr:r.l:vrfruvr-kirrnlSarrfiulniulpranr:r.J:yr:inrildouvrl'irrYrl:ymuynnu

t!!q

ff'lil'l:fltJ:stfiunrluuruxsr-tneimtrirraufizuaa:ilaoon60{riu d'rfia1ilzuanr:l:yffiuuavrJ:vrdu
qOUU
flrymrtrd'rg d'rmr:rrfi 6
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n1r'i{fi 6 a:rJzuanr:il:v fi uuzuunr:d'nnr:nrurfi urrolrtr epoetin ( t z zuamd'ruq{)

dt a v
0.: nu:un 0u ltayfi ? ta u0 u
,o a v aJag(qirurur,r 6 nn'ru rifr fr {o qa )

aqrJara nr:rJii rfi u uasd:t udufl ryrarrir dry

r. {orya'i'lhJroqzuf, rrn'ruq4 ( t t zufr nrYru"}4)
v tqq I v 4\v-

- u 1.r Fn : u : v u lJ 0 u't LtJ tt J Ft :.: n u [0 n ff I : n 1 n u u't yl 
L o :u 0 u flJ 1 a

v tqy ' -hv- o^o , q

- lJ0u.r LlJ1J1ia?uyr L0:!0u1]n LuUiyLilfl Lylu LIJaaoFta0{nuaIna

2. n ru#nuruv d'runrr r:.iila o q n-u

2. 1 :vlr oiyrrlrroIdorjll{ua y nd:"ril:vtrn:
u ,- t.

ru'lvlil1u (5 r{aFnrufl)

2. 2 n 1 r r y u Fr't u r-l e e r, fiu c r n n r : 6'r vr y'lrL'lti
d.

11T{FrAUn (9 0Jnnntu?t)

z. g riola nr:lfriuartlnr :fi nu'rvlrsn fr fi n
!

(cl.inicaI triaI exposure) (9 zufr nfirud)

2.4 nri:^ni:vtrn:fih-lrifi nr:6nuru xnfr fi n
vd.

(9 ,"raanilfl)

2.5 rJ: v au nr:nin r:ldu r raa'rkiiu o u ru r sr

d.
(9 

'JAnflfufl)
2.6 dorirraunrfi Iufir"Lunr::vun':u lf; at (8

,.JAflnilfl)

2. 7 nr r :t rf; u{o r n nr :'lda I ua s n':'t I rf; er.rfi o r o

^ 3 qv
tnfltuolnnl: tflu1

- nmilrf; u.iqrnnr:hiar (i t zu6nfiruq{)
! ! -i- nru rfr u.:yr oro ufr nf, uor n nr :'lda'r

(tz 2f;mfi'ruc4')
y Auq,

- douafi fl.:hjy:ruy6orrotrJ (: r,r fr nnirui)

2.8 aqrJdo #r':a drunr rrL rf; ul (s zufi nnlcre{)

d':ulr,rniuanrdora nrua-nuruvdrunrrrlaaerfiufi a-tlil avfrauilaeul

#.r r a 6'r u n'r r ! il a o o n-u r o r zu fr rr 
"rYru 

qf I u n r fl : r l #r n': u ra' u.r

;ir dry o r n n r :1riu r e, : tr rd Ex;{r rYrp fi o r o r fi n f, u o r n n r :lfr u r LLa u
w A-q ' d
r o ! a fr a-{'Lrjy: r urai o r r prl,r.l In eru' t : zu fi n fiuq{ fi fi do:ra u x d':ugv

m r ! vr fl 'r 14u Fr rt i lJ rru?yr 1.rlJ o.r a y n r r al: il uri do r a dslil r?1 x.r 1 u a rt|) '-:n:u{r?u a:ufl.:u
, q { qro o -iq o 

'- a? u 114 fU LU L0 U',t hr a nr : fl n u'l y Lxr Lt y 1 n n au n LLa u I T : Fi n u'l

vn r n fi fl n :rrr fr'.: il a n r : 6n ur u6o n r : 6'n f, ul o fi'r1u ria v ri x il : v ru rr
AiAy

r ri rn :r vvtn ruahuruy pirun': r tl n o nr fia

- ruri a v sr'r 5-! : v t.l n r rtt rf, u,: rn' u r flut{Fi rl fru iti u t:^i :v u'i r fitt
! q , ; . - 6y i a, i

n? 1! La U.i t:J :3 ! n ? 1 1.r ta U.la 1 n ru i 1 n n 1 : Lt u'ryr r! uy u 01.J :u tljutv

P RCA rfl u fr'u : r u yrs.i n r : {'n | : y m y n : u rf, a.: u-rl:^i ru I r v a n

- u r l zu 6 n firu q{ rir u u n o ru a-n uru y rir u rr r u rJ a o o n-ul rr u n r :
iq o '7lU7?U?::run::3.1{n Lt] Lrfl 0{ehafl ncuyt nur0.l

- u r { i, 6 n Jiru dri' n I :ldu rtu rl : u r 1 n : ! r {r. q :rln ut:.i fl n r : fi n ur
q .q 'd , - A i

: o.: : u LLFr nr l fl 'r i Ltfr Fr.: 1l o n-q : a dr u nr ttl il a o or n-o [a y n ? 1 :J !a u {vt
- 

g qv 4 v .J-q,
o r t ti n f, u q r n n r :"[du r r,ri o do 4 a fi a-.:tri vr : r u,zE o r r or u r a'hJ lri u

T Id U V
L!u,Ja n'rip1fl 19'ryr1{n fi ufl auuauut0il aUtuailDnr?\ tLau F]'l'uJ

rl a o o rtuluqioil.:"ld lvtye todys ptastic synd rom e 6.1 nr': : : v r.l rfl u
v !-q 

'tar avr u"rhivr:ruy5orrour uttl rfl u6'u

3. rtruunr: ufi r:si':nrr:r!ao nfiuor n nt:'l{ur
3. 1 nr:rfl r:yi'.:n:uila oon-uarnfl t:ldur

(t t firanfiru'li')
o-o

3.2 ilon::u ufr l ufr l"[r. a r:rf, r:yl-lnl'rl
laooR-uar n nr:l{ur (a zufr nfiruqi)

- d:ului!rrzuunr:rfi r:virn':uilaoorfiuor n nr:lderru-{tri

n:ouna:Jfl 0n':ranrun:ulaooJr-uil nirBnr:fi sir rfl ueloq:vulutl

n ru a-n uru v rir u n : tL il a o n fiu

- n:ril ra'uqor n PRCA rou.J:v uu aly uff {n'ir si1':l:v ryfi rr n uri$

ft f; ornlruqi'dru1.,rr! raualri'fl nr:rilr:s':-lnrr:irJa oodEjqr n nr:l{err
l' 'a

ti,.rr.rvt-rlril uriu:rarruornr:l:"ill'.tt]:ya.iriornnr:l{urIF}ua:in:"io

: r g.: r u n : i r r.J a o o n'u r o r zu f; Er firuq{ n r il d'r.1 u': a r lvi r #u e.r n iiu! r.i
.-i - ;

a'l : 1.1 vl L6 u a n a fl : : 1.r tr^ il L Fr 1.1 tt u fl 1 Ta.: yt y tu u u r.t 1J'l u fl 1 : n o Ft r 1.1

ufl r:v':-.ro drrlnfrtotor PRCA

4. Lrriunl:fi nulu:vau5nlyJUlya{a0naFla'lF]
!

,.
(2 ,iaflniuryl)

d tq Mv v i-a, d .
,iantril?ta'lu L1,ifu L:.J LFrivulja:Jaytu't Lilyti'tul,i:0utgr1r'tu LUa{ Lxttutv

-i
tt,.]un'l: fl nulu:v ayt5fl'rv\ ulua{00 fl ana 1ay t}lu1va}r

5. 1.r1rtifl r:afl nrurf; u.:
-q o i

5. 1 nin::!vr't tU [un]:afl n?'']ilLau{
d,

(9 r.Jaflnrufl)

5.2 fi r n:::"r ufi I rfr rL"Lunr:aon?1! reu.i
d\(z zuaflflfufl)

zu a' n firue{d'r u"lu r! ra u or r n : n r :il il rJ :s uo n a r T ri1,Yu u 1 Tn u :r' z
r!

zu a fl n rufl u La u o a o n : :r rfi r ufr llu n r : f; o a r : do u a n r u tf, u r tt ri
v

! n a 1 fl : yr r.i n 1 : rtu,r d ua v fr'r.J x u LLfl'lL n'l rA : ? u r.r i a : n l : n a n ? r iJrU
! vt, d ! e a

ra fl { u.r Lu rT 1l r u fl il Lra v L,/,i u.i 1\ 0 ru 0.i i 1 fl lJ 0 
H 

a q 6ua n,.9fu v fn LJ

nn r r ! a o q fiu ulh^i a v,i'o u da n-r r a rir u n': r u il a o sr n-er r o r zu f; n nTu q{
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dtv,
0{nu5sn0u lta yu?tJou0 u
.o a v aiar
(qiru ru r{ 6 nn'ru ryifi fi do u a )

a:rJs{an1:il:vrfi uuaeil :yrdufl ruyr eiT 6'rulsv

'lunrvr:rr

6. a:iluzuunr:o'onr:n':rluf, ut (s zuf; srrYruq{) - ai r ulra r! a'.:t ri a v fr'o u rio n-c': n 6'r u n'r r u ! a a n ri'u r o.: r.r fi Fuiiu ei'

;i.lr.latr.iiuruunr:{o nr:rr:rr rf; urtriuaurcaLr

7. fllnilu?n (S r.ranfiruq4) drulv rulr.6'ovir6{virl#{orl al:v nolnr:rJ:v rfi u'Lrie:!fi'lu

?ril1 uruq PRCA yrrufil nrrytt n:vnnl:"iair.: ufi o 160 o LLo.:or?: (Pure Red Cet I Apt asia)

a1nn1T't{fi 5 ttav 6lunrvr:':ri!!zuun'ria-qflr:n:rrrf;uqfiriYuourursrrauou-{r10{l.JYr:rJ:r
I A o, v v u u , o, ' 

iu q

rfr:rrfrl'1fi'avfrouriorYl':apirunrr:rlaoprfiarorzuFfln-iud Tnu6'orriYr.ll:l*zuunr:ufir:virnrrrl
I

l rf; u tt#rr,r u r v a I rfl o I q r n uzu u n-l n ri r r fll fi rio 4 nl:-i
Y s v d ao I '

n:Lfl?uFtllLtu'tvt't.t Lnutalrrvriorfiqrir'LuLBurronr.J:urvrntvrufirauirnrrvtrn:ynntriaYr.rrfior
!

4 d, i o u qy r 4 < d y\,
tfroflrqlnr?:t[]un?lilrf,utrirrirpornnr:"Lriar ncirr6o In:rnr:arvrvul'uufrtlrarfiafiprnrr

!
A 9 v t 9 .- I 4 v 6) ya - J

4ilqrn'urionruErl epoetin Lnunr:dorrLrvrrl"l6frrrari.r rfror.l:yrfru:sr-.lrniyurq:o{ PRCA *ay
rJ:vrfiuil:vsuBnrvrtorar epoetin"'' ,',oo',r01-finr:nito.rnr:rfior PRCA 1ro.:l:yLyrfllvralufl

2553 rj:vlrru 1:2068(18' fi.rrrnn'ir'lurirrr]:vrvrnf:vtrru 50 rvir rrayfirrurTrilufilfluvrnfl tufl
2557 rl:vlr{u 1.6:1000 nu-fl ufiorfiurrir:rurrulurirrrJ:yrunfirlt]:ylrru 1:3000 nu-fl(tn)

9a v < d a dq - ;nruvzulo'adldnrgritn:rvvtrd'i.3rr1unr:ifio PRCA rrnnr:'LqYur epoetin Tnaulyrut,

1::0Jn::ilLtavtonar:firfiurriorfr'rturunvri'rrr..l:urrfl rfiol#atrLr:fl?'r{rratunr:uflr:v':-lnrrr:

f; urfitv:rrvar Touzuanr:irn:ryvinrufl1uru1 epoetin
6l r -I : du u o - i< v
Luu:utYflLvluLtav,.Janl:vtlJvl?u?::6un::1.rtv,{iltm}.J at}.t't:fl?tn:rv?ttjqaua-lnryvIilyan0'tu
ariuauu'jrfinrrtr#uniuiiriunr:tfio PRCA viod{ilarjoFr11}.rrJnonfiaornnr:"[{ur epoetin

. q u I a hY
1. U00tJo1un1:9{an "oLrn

1.1) ;rJrulr-lfl1:tfl'ru"llO.1ra:^idrnrn (gl.ycosylation pattern) fizuarioqrualu-Burrrn#r

oaunrami (pharmacokinetics) Ltau0rari.iriario!:vBvrBnlv!ttaun']'r].trJaoqn-u
A y ,. .r !i d lv , v d o u as o

Lu0.1Ft?u epoetin ilnt1]orvlljuvlutlJt.ruL? (unr?u darbepoetin) lrir0lt0{n:o0v3JLuL1.r

flru polypeptide ivrfiouf,u erythropoietin fizufrn"Luirrnruilluri uriunnrirlriufi glycosylation
I

.i .. d v t. .(20)pattern fil glycosylation fizuarioq6uaLfiAv]'r{LR#"daauarfiFri (pharmacokinetics)''"' ora6i{2a

rio rl : v fr vrE n 1vi Ia v n'] 1il | a o orfia: r:r fi.: n r: Fr o ! a u o.: LL a u n 1: a;r { t o.t : v u u n fi dl riu
(immunogenicity) "Lut't intended copies epoetin finrurzarn?1a1utr'rntuuitor;tJur.;rnr:

Vt

tntuto.iuildrnla fitfi:rulrunr:finrcrfirruato.1flr:n:v6'uafrfrlriufifinrlnfrornfiYlrolrYr.lrtui!!u

PRCA 'jr :r'nrrlrfiurdo.rrYr glycan epitope uril:.iu:rr.lrflntolvqjdrnrafiall.r'r:nn:seluU1
.- q Y I d a v t a u X td | 6 ,'o

tmmunogentcity La LLavu{1.1:'.lu.1'luFl?'tua}Jilu01J0.1fl1:tnnfl1?u0uL}J1\'tlJTva{F]lJ0.114}Ju'tF]la

tfln Neu5GC uas al.fa-ga|. fi.:rflu glycan fih]ar:rr:nd',rrn:rvr,itd"lulqrsrirflotorntun:vulunr:

iiqrulnr:loiaufisuautt:ifitrTlunr:riar6":ro.rv:"irirnrallJqrn6lull?o{luuti ufiom:':qaolJnr:Ut
Y q d r d o iC vtt i4 av v

a:l'lttouauool\1r1r ].in'l11.JQ'rLTrrvnl glycan epitope uLur.r!?uvliln1:F]0uaL0{1J0{4}Jqilnu
6r .- .iqy - - .. q u 6 d , & '! ' X

tJfllnrt Luur epoetin vtLt CHO ce[ Lunr:a{rq:ruuul epoetin qvr]nr:lurtlouuilUlnlatuart
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hrio
16'6'r1uar dynepo fi1il16"1d cHo cel.[ rflurqraflri'orrr-uriuqstilfiu:,jrlrnra Neu5GC uav atfa-gat

6t og 4 qvil - ou u o 
u 

r'Luar 
epoetin friluvrvtr-t-auliriuu''rfidoa.:a-utu glycosytation pattern fiusrnrirlqrnar:

'J'rF]:5ru 
(BRP) ttauurfi??-nndrl6rd':qiruflurlorfinr:uao.lua-n_orurfi:rrfiul#rfialnofioyiuaol

gLycosyl.ation pattern ?o{$riau,'iAprfiruq4' lerui6vrrrfilfrneirnfi uuJi6r.,ofirivrarfirdofio16'
t.D dru a ggregation fi zua rionr:1fi n im m unogenicity
__i.r.< ..^ jot y u , t, < (21) y d, t j
ul LU:nuvlntuflvllJ Ln:{flT't.l{u{0unnov rn nnr: rnru nail nluto.iLl:fru'"'trir r[Jull ra nafi

"[radf,urravvirl#rfrrr 
repeated epitope r.rorln:raYirh]:fiu firqvrirt#nr:aqd1r0{nr:n:yolu

4v v - 
I

vrr{nilriilriua't:.J'l:trtfiu0ttoufrtauLrlnnilaolu,reirfiurYlirlnrarLurydtfr a.tnudnfilLyrrfifinr:
,irtu o', Bi nocrit@ fr16'rYur uu' o,1J,1.U fl ,l ! A A U tA U { yi 1.: n 1 u n 1 : t n r u n a I t o,: tt-l : F r"t o.: a r e po eti n

airilur epoetin alfa fi:rurrututruvfir.il:vnolar:ld'r,irnr:i6'uvn{nafrnr{!.jrfirirJruao,iT1ufi! - - u-
fiornr: PRCA 1utruvldur BinocritD urrdourujr'Lfr'frryrj.:virt#r10.:uannr:ii'ayrrirrfiflnhj uav
ploturarrvtqfirirlrirnn nncn fi lfioduriu'ir ar Btnocrit@ finrrrrlaoon-Erifiurilo rfio
v | ""uo
rltJ:vnounr:leifinrvrodr.:avtdanl,rr-r'jr"lurjumounr:u::afi6'orrrry:rfir,uor prefilled syringe
i- 6)e' '.2"--24;o,ty, A y,,JtoLflunl:LtLauu tungsten -- - ' rrit'luSouulororvrrirhJulul-nr:luriioutol Na polytangstate
(l.eachate) rfiozualniuar epoetin fi!::qr{rhtunruraa-rriu nr.1'irrfionr:rufiu.:rjrTrl:fiul#rf;u
4n11141flfl1:lirara disulfide bond fiod:vu'irrT:rranaEnQln tungsten dlzualrirfion.t:tnrun6jil! I - 

- 
-- J---. i

riu"ilolTr.l:fiu epoetin qvr#ulei'ir nr:rnrvna'rLrorTr.J:6ur7ur{luflrd'afirirfiryri'rnr:rfinnrrv
aa!au0,1vl'1.:nfr{iln'ufifinrrririrn-ry!1fl LLavFr?:r{Juflqo-u?"rrrfrrunr:n?unilnrurrlrnrur1rj:6u

u!1 q

fr'rvruor1rL'l#rfru1u:vo-r:firiruun 
q q

1.3) rrr,)3tuBavrB arr:ljaoon-utrnvntrilttT.llJ0.:fi.r:ri.rn'cy.uo,rur epoetin
-d,nrrillSavrBl:rflq r n nr:rJu rt ouor nLJ:fiuor n rrarifr'orfr'u rflua-nrsruvfifi.:rl:valrilu arfi

<S'r a d, r -io u 
u

ilhJ:F]urtlueiruil:vnolfillufltqL-Lfi:rutrunanr:n:roirn:rvrf'[uriorn-.rnrim uav#r{o#rrnnfi.r
v u s .+. .d r { 6l a u elZ5) c vA X. e?0fl{?an0!:il1ruL!:F}uvttJuutJouLurdnCru"n --'ornorrin':'r15fr'jrnr:iluli]ouqrnTrl:ot'udu1 

1u
d ddv^ 

.^^-----9e q ao , ^ 
j d,alaFlflruryl0'lail1LYtnqnl:n:smunttvFro!auo.:llrlqfrqlri'ufrfinrJnfr vrorqrfroornnr:i?ilrt1u co-

stimulatory signal lfi 6.:nn:t#finr:n:ronr:rJrirf outolftJ:o'uyioar:du1 tuarfrmfiru",i'url,i'od
q - i. hy u'Lu:vpl'ufrriruuoliuonqrnf,nruu:lro{FT'rurdlfiryrirraunn",:ornqrdrxdrnrurorarfifilr-l:fiu

uflud:ur]:vnol fi':tflum-rrirvrun!:vivrBnrvr'Lunr::-nle'r n-{riunr.::qv6'oqfinr:m:rrirnr:rvvinrrr
v

rt:{u0{u'1fl't

1.4) Ll'rFl:51unr:zufrnurfi'lr-nqfinrtLr{rriryrianr:.il:vnlunun'lnu1 epoetin fi16'trn:rru
tonal:i1l:o{}rlFtrotunr:zufrnar er rrarfidurvrr.r'uu orqtilrflutrjnr:rrno.l+{arnalu

uaa!u a{art!uFl0{un1:ttao':14n'ntrurrfurfrl"Trraol'jrI:.:lluzufrn epoetin t6'lrm:prui6nr:
o.ja

t{a nvr a (Good Ma n ufactu rin g practice; G M p) nru rn rucr1ar nalurJocliu
1.5) n:vlrunr:zuf;nfiumnrirrrYuuflrfiurrfinriouolad.wiarionrua:ru-6urrfrrurna-r

I

lranrami tn#tanuarani rJ:vf;vrEnrn uav/u6onrrlrJaoon-aro.:2f;nfirur4 epoetin ,iofirfl,
4y

zuannruEtnuLtuuLLav SBP (WHO SBP 2010) pr-rodrlrtiu fi:rurrunr:r]:-lr]:sn:vlrunr:zuanur
!

epoetin affa rluuutt fi.:d'prrflunr:uJf;uuttr-]asu6nriou (minor change) lufl n.rr.zs 4t-yt.n.2546
tifrrwl'jrnr:rrfi'ltrr-rna'r'rfinrrl#:rniur5fir: pncn fiui:i6r6uodrrrrn urivr#rqrntfrufflt
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n :u ! ? u r-t1 :n-q n rim udr nl'i rfi :r u I ru p RCA a n a I fr'rTa n''o' rfl u rlu
3 tu

uonornilar epoetin urlrirufifiuvrvtflaufinr:uuaq,:ua-norufrrun:yl':unr:2a^n fil'ld
n',r,*,r,dolrtad (ceI cul.ture) rio4arfiurfiunr:nlnrr'.turirulr',ili'uon::r (genetic stability)

n1:iloao!nr:rJutf outoloafivruavhialuournrr:ltari6'uull (master cell bank) L[auournr:
rtadlirlru (working cetl tank) doranr:n':r:nl1un:yr:runr:26n (in-process controt) nr:

oY a J
uunar:'Lfr.l5qui (purification) Ltaun:u!1unr:Fr:?efiol (process validation) u'lh-irfia.rvloqrr:r

6)q

lJ1fr:fi1u41flA LU!AlUU

- q,r v.id e u
2. ilod'ufr ril ur?lo.: riu eidr Et

q u v 
-^--^ ^: - -l-- , .lcq u 4e u y,,

!aouvll{TluDn::}.1 01u tl\Fl L:a!:viirn? LlvrLdLunr:fnu1 uaun!6ilriuflo.iriil1u
(immune status) rflurJod'urdar"Lunr:rfro PRCA fis"Lufl n.rt.2548 fi:rurrufi'rJru anti-r-HuEpo

!

associate PRCA dru'lu 4 :tu('u' ttavnufinru#lyriu6:vy'jrqnr:rfrn anti-r-HuEpo Llay HLA DR

B1JogQ'''$"Lu!:stvrnlmufinr:n:vorun-rro.r Haplotype lJO{ HLA locus lun{rfirirrna16:r
Rad

rtaalnaiBnl: HLA typing o-lmr:rrfr 7

nr:r.:fi 7 nt:n:votu6'rto.l Haplotype llo.i HLA locus lul:urv]fitvtu lunq'ilfiuiqrnrar6riurad
1

Ioui6nr: HLA typing 
(piottla':orntonar:dr':dlvlretal 28)

nrrn:;rruoi:ra{ Haptotype ta.! HLA tocus (HLA-& -8, -DR) rosn{l6uSornardlrsafluil::grn1yru

IlLA.A iIH-D I.{LA_DR

Antigen Frequency (Yo) Antigen Frequency {96'} Antigen Frequenry (96)

73 I t-cu 1? 15 r7-sI

2 35 4.50 L2 16.!0

11 ?7.74 44 9 1 i.50

24 It-.34 10 4 1i.40

L 2.2t1 27 3.30 7 8.20

30 2.tt 13 7.90 14

26 1.90 18 3.90 17 5.50

23 0.10 27 i.30 11

1l :)9 39 2.7n 15

3 0.90 15 .t-:, , 8

29 ,.6C L4 0.10 I3 ).D\.1

32 c.05 0.1c 10

25 0.01 42 L c.5c

J o ,d d , o vd
tilorirnr:til5aurfiar..ltatvtu HLA DR 09 allele rir: n{l!:vtrn:'lnfr'rfiu{ }l1J?'] nr:

n:uoluFt-?1rot al[e|.e "lun{:^rrJ:vt1n:nornrfiuuttavrull']Afirrir rlrJ:u].t't6lt;oElau 2 rrrirrr
totfiuuutl:vll1il;ouav 1O-15 ttau '[ur.i:vrvrnlyruvlu HLA DROS ri:vlrrufouav8.4 -L2.5(")

fi:rurrunr:finr*rlnu ralit *ur.*r''o' v\1rolGn1:flint:rnq PRCA uflu 4.1 :ru rio
100,000 patient-years utnvPraditpornsilpa * uorr*r"')16'r,irnr:finu1 case-control study "Lu

!:vtrn:firtl?uav?J'r?rnurqlTquuJiurrfiurn{l{r-huI:alorfifi no-positive PRCA (n=24) riu

(tJral:ntnfihJifrn PRCA (matched controls) (n=81) rfiou'urjunrrri#:rraTudro.r Ab-positive
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PRCA fli HLA-DRB1*9 al.lele rnrrl,irfinr:n:voran-:nol HLA-DRB1"9 iouay t2.5 lun{lytnao,:
4a9

rfru!ri'uiouav r.2"Luneiln':lnu (p=9.692; riayrfioujiuurfiulnrufirolnr:n:vqrEJFl-r'Lu HLA-

DRB1x9/other genotype lluiouav 25.0lundrvinaorrfiorfiarLiYlnq'lnrrlnrLfiiouav z.s drfi
dUnrutinnrirlodrtfrriurirdryvrxafifi (p=0.00+; OR: 10.8 l95o/o Cl: 2.2-'53.7)),tnur1i,ilut6'rauo'jr

fi Hm alLeles dnodrrriou 6 au.eles (HLA-A*25, HLA-B*53, HLA-C"12, HLA-De81"3, HLA,

DQB 1*6 and H LA-DRB 1 
*4) fi nrr:r#:rfiuiirTl nr: rfi o Ab-positive PRCA

vi, i ^lufl u.rr.2S28 Praditpornsilpa K ttavnruvrirnr:finurulu case report nr:{rJ':ufirfrn

anti-r-HuEpo associated PRCA riruru 4 :1u finrrrrfiorrJnfrurqn\on::ilrfin HLA DR09 fi'{ 4

:ru rrav"Lufl n.fr.2552 Praditpornsilpa Kuravnrcur''u'16'rliulrfiulnrufiroq HLA allel.e "Lu

et, <l ^
{drafrtfronttv anti-r-HuEpo associated PRCA siruru 22 s:u, {r-lra chronic kidney disease

fiod:vra'jr.r:o cadaveric kidney transplant 1,500 nu rray rJ:vtrn:rJnfisiruru 1,800 nunl
n'l:n:ua1ufr"l1,o.t HLA al.Lele runnrir.:riutr-ltuririav all.e[e nr:n:vqrEJ6'rro{ HLA-A allel.e lu

Z , 3)a 'o dv .j _, , tr ,d dnailU:ut1n:il{41}JnailuLtJ}.rn?r}.rttnnntrourrr1Jaa-rnngrrranm (nr:xyr 7) umrnour]Saurfruu

n?13Jfifl0.i HLA-B allel.e'[urirhufitfi0arrv anti-r-HuEpo associated PRCA, fft]ru chronic

kidney disease fioqj:vra'jr.:r, .uduuuric kidney transplant *ayrJ:yrrn:ilnfi llunr:n:sara
pr''rclot HLA a[e[e rrnnrixriulr.Jturrriav allele *avrflolirnr:irrr:rvridola"Lu#r]rufifi nrryUU
anti-r-HuEpo associated PRCA vrl'jr fi onset 1;o{n1:Lfran1?v anti-r-HuEpo associated PRCA
J ov

rfro'l{ururun'jr 9 rdouflubJ uravvrrnr:ruflu':rjrhirfrq anti-r-HuEpo associated PRCA luerr
!'Aa,
vr"tfrit]u innovative uav biosimilars iuavtfiovirnr:irn:rvdnrrl#1fi'ud:vy'irl HLA DR B1*09
! , t d, .io f ^ o e
frnro?rUrovttluvfrt"[uflqt"uufrurtosnr:rfrn anti-r-HuEpo associated PRCA lufr',:arlna'l

I

(mr:rrfi 8) nr:nrrld'erfiurififiriurirn'nrvrrsafro TqErfi odd ratio rvirnll 2.89

el1:'l{fi 8 zuaitrr:rvr,ivrrrafrfrilEuurfiulnr:n:vqrueirrolnrufitoi HLA allele tfrorirtl"Lu
--t-.?-'t- i - . vtt . i ,nql{drafrifrnnrrv anti-r-HuEpo associated PRCA , tir-l':u chronic kidney disease fiod

:vu'jx:o cadaveric kidney transplant ttavil:vtrn:lfla 'd'"'looorntonar:drri.vlrlurat 
26)

A([etes An ti-r-Hu Epo-associated

PRCA (n=44)

Thai nationaI stem ce[[

donor (n=3000)

PotentiaL cadaver kidney

transp(ant recipient (n=3600)

P-vatue

HLA.A

A*11

A"26

A*30

A*33

14 (31.1ah)

1(2.30k)

14 (11.3061

9 (.2A.50k)

2 (4.5a/o)

1 (23ak)

3 (6.8Vo)

855 Q8.5o/c)

39 (t.30k)

927 3A.9aA)

543 (18.10,6)

729 (4.3o/o)

420.4ak)

366 (12.20k)

91.8 i,25.5ck)

47 (1.3o61

122A e3.9%\

613 (78.7o/o)

162 (4.5ak)

58 0.6ak)

360 (10.00/o)

0.11

0.84

0.18

0.8s

0.95

0.85

0.10

HLA-B

B*13

B*18

B*27

B*35

B-38

B*46

2 (4.50k)

s (11.4%)

2 (4.5ok)

| (2.30k)

3 (6.80,6)

1, (2.3o/o)

5 (71..4ak)

189 (6.3ok)

717 (3.9o/o)

99 (3.30k)

150 (5.00/6)

741 (4.7a/c)

120 @.aak)

399 (t33ak)

245 (6.8ak)

1.33 G.7ak)

169 t4.7ah)

\51 (4.2ak)

176 (4.gak)

119 33ak\
385 (10.70,6)

0.87

0.07

0.23

0.s9

0.91

0.68

0.14
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Attetes Anti-r-HuEpo-associated

PRCA (n=t14)

Thai nationat stem ce[[

donor (n=3000)

Potentiat cadaver kidney

transptant recipient (n=3600)

P-vatue

8.48

8.5 1

B*52

B.s4

B*55

B-58

8.60

8*61

B*62

B*67

B*75

I (2.30k)

3 (6.8%)

t (2.30k)

1. (2.30k)

2 (4.5o/o)

t (2.3%)

5 (11.406)

3 (6.8ak)

5 (11.40,6)

1{,23ak)

2 (4.5ak)

24 (0.8ak)

153 (5 1%)

60 (2.0ak\

36 0.2ak)

132 (4.4ok)

A7 (q.gok)

288 (9.6ak)

69 (2.30,6)

168 (5 6%)

36 0.2%)

231 (.1 .7oh)

61 (1..7ok)

184 (5 1%)

90 (2.5ak)

54 (1.50,6)

144 (4.00k)

744 (4.0o/o)

314 (r0.40k)

83 (2.30k)

166 (4.6%)

47 (1.3%)

292 (8.tok)

0.07

0.86

0.63

0.67

0.84

0.38

0.72

0.14

0.08

0.81

0.65

HLA-DR

DRBl-4

DRBl-8

DRBl*9

DBBl-10

DRBl*12

DRBl*14

DRBl*15

DRBl*16

2 (4.50k)

3 (6.8%)

1s (34.1%)

2 (4.5ak)

12 (27.3%)

2 (4.5ak)

7 (15.9ak\

L (2.3a/o)

351 (71..lc,h)

144 (4 8%)

354 (11 8%)

6A l2.Cak)

528 (17.6%)

240 (8.0%)

534 lt7.1ak)

QA @.]ak)

371(t0.30k)

133 (3.7a/o)

349 (9.10k)

83 (2.3%)

6t9 (17.20k)

281 (7.80k)

655 (78.2ok\

205 (5.7ak)

a.t2

0.19

<0.001

0.48

a.2l

0.69

0.90

0.06

n1:rr:'levr1rfi'uooranififlq6'u6{rn-ruvalErL:vnr:fislo.rriqr:ru'r Lriu n'l1ilrL:^iudllunr:
to

q J ! ,< | 4 , t d u
vl1ulEJnl','rilrau{Fron1:!flfr01n'tTLlJ1\{1.J:va{n n11}.tftiln1vt1{tfl:u5fltan:fl1:u0}J:1JlJ0{a.in:tfl0

d,v
ruanrra:?Q tuuFlu tr"Lutuvfior6n:or.nr:rlauu'rlJo.!.a,rYoominra-lt:^ilfrrirr,tun"Lri6'orn:rq HLR

DRBl*9 allele riourilt#u1 epoetinrLavftanrifi;1tot ClinicaI Pharmacogenetics

lmplementation Consortium (CPIC) filur.ruuryr:luorudoqa The Pharmacogenomics

Knowledge Base (Pharmcrg) fitilrauo"L#sr:roaoL HLA tufrdruvlnoufitriiuur epoetin :1ilfi.iU9

uu'tvr']{n1:fnur"lurJ:v rvrrrtvru frtrinr r{r riuvrirl#n:rour H LA DRBl*9 allele riout6'ir u r
Z,X d, a oa r <d, oqv

epoetin vnuorott-lut?\:tun1:frn:g'tFr{na1't?irLunaltltiJu unmatched control virLvzua
< I r d, r , ri o \ a yy o J o v-

nr:6nurtilttlutilmurnruryifiqvdrldlridrsOrrfio'[rio-oli'ruuryr{n1:fnulrioh

r. fl o{u drunl:uBul:u'r n1 :rud{ uaunT : rfi uYnul

a'tnflo:Ja EPO registry LLavnr:vrlJvr?u'r::tun::r r Lrir u-rhifi:rurunl:tfro PRCA oln
!

nr:lJilr1:u1vn{uaonra'oetrir (intravenous injection) 'lruraurvnr:f;nl6'vrfi.: (subcutaneous
&,du!q,vd,;in.lection) :1t.]vt.: nl:tua{Ltavtn!:nulurvLilfln9t0i}.lilaF0n'11}JFt{at'11^ru'1 fl{0144{ilaFlo

r.J : v f; yrBn ryr F)? till a o n n-u dr rail : v u y rr a rlu n r :"Lria r

n1Tfii:?aern:rvr,{LufrrunfrJfl'rflaudrau'uu'ur]:vf;vr6ntlrrravn?1illaonf,uki fi:ratrufil
I

l'ter:filunilarflu1fi?irtnfifidryilrurntotr,Jt, rra'Lu a ua vrirrr.l:s rvrn6rfi:r arudrtriuirlrn:orudtrA
6)rdtqytrd
Luvaru!:vrdu rtu rJryvrrdrunl:rRonr:rnlunailro{hJ:6u (aggregation) Fr'11}.JttflnFt't{?o{

gr.Jurunr:tfrrvrririrrrra (glycosylation pattern) n?1]rirnnri1{1J0{an:ei'rilur (albumin)

anofleu ll::aJiruvr (t'tiu tungsten, leakage of stopper) filrf,o'jrorqrtiuflod'urfrusritrirgfri
Y ^v - i o o v o

n:voiunfr{rrYufidr'lrirfin PRCA uonalnfiu u-{v{Ll:q]i/rd'ruf;ri6or.lu (impurities) (rtiu hj:fru
qqtqu

1ro.rL%adt#orfru (host cell) tunr:zuem h:fiuto{t?iafiluilrriu albumin ar: endotoxin) fi
f<vavu6ldi

a{ il4 6r{ n 1: n:u Flu{il qil nu Lu nlJ U 0u.l
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flod'ur?iulfirirt#rfrqr PRCA(3')uil.trflufltr-ufiufrnornzufrnfiruqiurlun:vu':unr:zufrmuav

niunl?',1?o{urtuzuamnlruvlurfifidonr:firrittriufr'r"Luarfir{nqfiurutu (innovative r-HuEpo atfa),

r-HuEpo beta ttavurfi':':-nqn6runf;r (biosimilars) uayflro-ufiufiqqrnr.i'rhaifierrrYr.l nr:elo!auo{
^v - i i y

vrtniln:ifl=u n':r:tttnnnt{yr1{fi'uon::rvrrilur.rjo.:n'r.lnr:tauoLroufireu r.lun"rurarjr Ht-A Tnalu$li
Y 4 u d4 t d v -jo , !,q , qqrunilnrvllJl9l:fi'lu?olzua-mn'ruvr fr:rulru':rurilrinnfrdruuluyr"{'Luil:ytyfiluurtavrirlil:ytvrnfii4 I

'4rr6l,dqiln'lflltlairutrm:i1u'[uua1uil:urfiu niu flrprarrirunr:rfrprnr:Lnlunrix.]lJolhJ:fiu
1

(aggregation) nru*nnsi't.iflo.i:lttullnr:rorra{rirnrfl (glycosy[ation pattern) nlr]Junnri1.tlto.l

an:ririuar (al.bumin) naonQu l::1firud (ttiu tungsten, [eakage of stopper) fi.rrfio'iroror{Ju
e-.! u .j . - .j v av u ! o q y a v t

tloouuaula'rn'ruvtn:vnuJr:rnx.Jfluvrurtrarfin PRCA Lonarniu a-lyruflruyr6'rufrrr6orju
(impurities) f,t, Tlrarrou,rod"L,i'ord'u (host ceu.) fun..rruj, ftrarrlrfrfafirlulrril
albumin ar: endotoxin) fid.:zuafirnr:n:vr1'uqfiqlriulu,rllo'Ll nt:Fr:?nirn:ryv{nrruaryr

lrn:truzufrn.n'ruvitv'ti:aduriurj:v?yBnruuavnrrllaonfrat6'dnvrr.:vtdoronr',nn'r:ytuvt?u
doutai^rqv

vlvtl-lt.l1.lrl-):Llulrl'tufl:ulJ?unrTr.JaFr n1:n?!qlJqilnlyl Ltnuliri:iitJto.ranrufrzudnur arurloo"tr
vuy.urlvluon::ilu-tfralfinrcruirrfrrrfiarrirr]:vfruBnrrnrlunr:virurunrrlrfialrio pRCA LLau

n1:flnu1n?1ilnLlnlfl'tut0:utnranifirDr:6uAt pxr]uiru':yrlnr:dnnr:nrrlrdulfrr{rillilrnrr:r
t d - -_1 -

dt \,\qtUuirJlq"[uilr.:lfrflfruavnr:urirfirurrorrJ:vrr.uufir uurvir.wrdn6o nr:urfrhlvryrl^uuririrar
9/o-judnr:qnviruzuunr:o'onr:alrrttfrurtoruriavzuannruryl LLaunl:l:r.ln.l6aui6liyr:alotnnr:fin SC

d1 ,. o -3tlJU lV :',lUAvt0tjptfl {u

uplunrufi 8 flo{anrrutf;uqtornr:ufrn pRCAluzuFnficldur epoetin 
a"o"'-r:irr'ordr:drri'arrotat3i)

13oii'trrfiurniu{i-ha

- il ::r lrttiil i:r1tl:-:t,;:^.ii-:

. t l. f l il !'- r-r l':'l':

xofl15u:1,t'l:tj1

- n 11efl r"-i I ifl i:-,):i.J{,r

;'ri:'i 311fl i.iJ'A I tl i

- il rltiili}: rlij:1|fi 5 fl 11

,dra .:a4l:,r!i1:a*,t: i

trnzuanr:finrcrdrlglu nruvfio-atri{rnira:lzuonr:l:vffiuurr,lufl'r:e-nn1:Ft?'t}.rreu.i?o.iurU1

epoetin vrnzufrr,firuvi firfirl:v16r,rirrirpfiryir,oriryrn6'olrurihr.lYurJql6'sfl

I



. n1::1u:?luauitn:1uv{zuanr:finurfit:.j"L.rivn.:nfrflnttaynr:finururlnfrfinto,r
zufrmdrudqru,ro rrr#onlTvruvr?u:'lurrunr:finrgryionr:n-nf;utqrororrin:n':unrar vr'rluua,

4 '- y
ri r r il : v ru rt rfr o I il rJ 1 q rua-n rsru y 61 u n 1 1 3.r I a o o n-a"L#iy :r r s a l

o LLtlufl't:Lfir:vitn':rrrilaoqfiuqr n nr:"1{u'r6'orl ilrl:llri'nr:ol nnr fro n::tnr:rfir:yr-lt9

nrr:rilaoofiuornnr:ldur udu:vuu:ru{luornr:hifi.:rl:varriornnr:"[{urTnuafin:10 riryYt
d. i. - <

nrrltfrulfirirrYrylnataurv PRCA LLaunlluullirl:v3vrBzua (l'oss of efficacy) sr'rrflu6'owir

fion::lnr:rfir:vrirfil:n rfrltfil riru:yrl'uliSfir,,rlryalrfiol#vr:rlfilorjfinr:nj turortolli

r1 ry r,l r rra v rJ o 6'u a r rvr ot t o r riri n y n': u r f; u.r
i ' dy a v

1.11fl:n1:afln?1ilLau'i1rorrrornvnanfril",{fror!f!r.J:.:l#rvr:^rryalrillrrinyn':rlrf;er.: ri'.1
q

,i,u,
lrn:nr:fr'rh] rdu nr:rjilr.J:raarflLLavronar:rirrir,ur nr:{prvirronar:riTrilur;irvrill:vtrtu
a'rra:-ln:r:rrdurfir{rdrunr:fiflon::rrfirrfrr rtiu nr:f;oar:Inun:rn1ufr#lt.ilarl,ivr:rLfilflqq-u
;"!-udd,v!

tfr u r ua v uut y 1 { n1 :a a Fr'r'r 3J tfi u.r I o.: r.J a m n rue{ ufl u 6'u

nruvaiii'u16'rjlLtu?vr1{ n1:rJ:v ifru *zuunr:{'n nr:nrrlrrf,u'1fifie!r.du uo, uu nr:il:y rfiu!
-julzuunr:tJnnr:nlutfrul?o.tu1 epoetin tauorionruvdrlrul:yrfiuyvrflausiriuur epoetin 6'ru

uzuunr:o-nnr:nrulf;ul fi.:fi0.:rirl:vnrurio,,*rdrirf,urrrruartrlafin?yrur 1:nlpr trvritivtur
YtAdu'

zutl:vifruvtstl-uun"riuurfr'rtuutavuond'rfrq6irflfl{rurrruun:::.tfl'rro'r141:LLayu't rrruyvirrrur'16'u '''-

fror:mttzuunt:q-nnt:nrrrtFarro.rur epoetin rtrrrru?yr'r.rnr:l:yrfrufiyTnrurfiu ufrrfie..ranr:
A y U V 9av
Tial:illaoFtnn 0.iflufl1t Fltuu u1Q u
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uildqilLravriorauouruy

aqrJnranr:finur
hu'4!,=.-__ r f, 4 _v- aj J o 06nilvtJ?0u Lo? LFI:'tuvtLu?ur':v[nardarntl trzuunr:o]qnr:nrrl tfr urtol u r tn orir:rr lfflunr:

muvruvvttl'uurfrilarto.:u't epoetin Iou#nra'onuururrr0.iaufl.tyral:il:1lffLunr:lt'zuur
Ltu?vil{nl:tJ:vrfiurrzuunr:i'nnr:n.:rlif;ur lfio.:trnfi:ruay16ufl{rq^uorr;unounr:q-q?ir

s, o --i-- ? dt y a oLlr'lun1:QflFl?'liltau{vla:laruttavtt]u:uull tta":6rrirlrvinao.:r.J:yrfiu*zuunr:o-nnr:nrurf;a,r
to':n'rrio*ffl'Lvrvtfiuuririuur epoetin s:ru'ru tz 2frnfiru"fi wr:'jru.,pyrrfir^Telurduriru"L#nr:
rJ:vrfrurfluhiodt.:rflu:uuu utunF]rlorriil:vno!r0.:rLrJunr:q-nnr:n:rlrf;urodrrt'orou fir
ar:rr:nldl:vtfiuttzuunr:t-nnr:nlutf,a.:trioil Inutri'zuanr:rirr:mfiaorrndolrYuriunruyrirrru
tJ:vtfruustfiuusr'rilur epoetin riruttzuunr:o'nnr:nrurdurdrfiorriil:ynolro,lq[rdartrryriru
rixl u

zuanr:il:vtfruiralunr:tYnnr:n:urf,anro{u1 epoetin ul.jr Iqu;irulu*irrzuunr:6'nnr:
nrutdulfirauoflltilaoqndolfl!ltu?vn.r-r rSryrarrirrYrpfivru6onr:{'u,r,irqrua-nrvruyrirunrrr
^t_-- _u. j-I , v v u vuaoonufru]{l}lavvr'ouriori'lradrun':rrrJaonn-utorzuf;mfiEuqi'lufl.n^r:?r] ,r'o^r-,rrdrr;irryrutrn

qv 
-' " 

t Y , o - '

nr:L{ur nr1trtfraleirrirpfiorcifrnfiuornnr:tdur uavdorafialtilvr:ruvr$orrqh drrirutr,rnj6jt6'
q vY ' 

U

ltldorlaqrn:rutrunr:finrcrfilil'tdv]r.:nfif,n:rurrunr:finurflr.inafifl:.rEJ{rufl1:finrgruionr:
uAqcv
nnduLotorolnn:nr:uo:raIi'l"Lu*nvrirrrJ:vrvn lnaravrrynrrrtif,urluuilyrrorrJ:vrvrnlvru "lu
Ya
otrunr:oinriruzuunr:tflt:vr-tnrrl!aonfierornnr:tdurflu'ir rituiurltrin:ouerq,dorir.:noiru
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2finfiru",{Lunrvr:u16'tvr:rrvalSrdu na'mfi0fr'o,rfinr:6'nvitrzuunr:rilr:vr-rnrrrtilaooJr-ua1nfl..):
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Evaiuation)

2.6 nr:lVzuulfl:vu?!nlizufrn (Manufacturing process Deveiopment)

3. nlistI?06'nuorsronry (Characterization)

3.1 nr:ttanlln:taYxuav#nuruvta,nrvdul (Elucidation of Structure and other Characteristics)

3.2 ar:16orJu (lmpurities)

4. n1:n?uquinq6ufr'rardr6'ry (Controt of Drug Substance)

+. t doriruuprranrv (Specificaflon)
--ad4.2 ?6n1:?rn:luy (AnatyticaI procedures)

4.3 nr:n:?aaounrrltanfro.rto.:i6nr:irn:ryd (Validation of AnaLyticaI procedures)
ad

4.4 nr:i rn:rvr,inr:zu fi n uria v!u (Batch Ana lyses)

+.s nr:duor rvrtzua'uorrjo riruun ravrr v (J ustificatio n of specification )

5. 611:tJlsriorura3aiaquln:g1u (Reference standards or Materiats)
6. :yuufloso{r'l"lguuur:! (Container Ctosure System)
7. n?1ila{flnrvl (Stabitity)

s. ro n d1 :eiluat 6 nnirue{s1 (Dru g prod uct) tdud
1. dnurucaruasdrud:cnau (Description and Composition)
2. nr:fizuururqun#tn::il (pharmaceutica I Devetopment)

2.1 {alanr:6nrcr?t'zuur (lnformation on Development Studies)

2.2 dnulzvaourorzufrsrfirudur (components of the Drug product)
to 4

2.3 r{andruvteirr5r:rJ (Fin shed p:oduct)

2. 4 nr:llTzuu1fl :vu?un 1:zua n (I.ra n ufacuri n g process Develo pment)
2.5 :vr.llilnto.in'tlJuuLJ:la (Conta iner C l.os u re System)

2.0 nrualr-ifr yrsoafl riyar (M icrobiol.o gica I Attri butes)
U u \y

2. 7 n I u uqh nIulo't aI r.r a n firu.a{ (Co m pati b i l.ity)

3. nr:arf, n (Manufacture)

3.1 am:ursioiunr:2frn (Batch Formu[a)

3'2 n:vlrunr:zu6nuavi6n1:n?uqiln:vulunt:26n (Manufacturing process and process Contro[)
3'3 n15n?unlrYunounr:zuAndeirdryrracar:a-ofluni (ControI of critical. steps and lntermediates)
3.4 fl1iFn'laao!ntrrnn6'o.rto.1flTU1J?l-Jfl1:*nvluionr:il:ytiuzua (process Validation and,/or

Evaluation)

4. n'l?n?unud1:il!{uri.r (Controt of excipients)
q. t dofirilupl raurs (Specifi cation)
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+.2 i6nr:irn:rvd (Anal.yticaI procedures)

4.3 ar:U:luri.rfifirivei.rrirrfroornrrludraioa''rl'5 (Excipient of Human or AnimaI Origin)

4.4 a1 :il5{ rrilfi riluar:tfr olrarj (Novel Excipients)

5. n1:a?uquarf,nfiruc{drriogrJ (Controt of Finished product)

S. t rjo riruuot ranrv (Specification)

--Adaa5.2 ?0n'lr?tF,t:rvu (AnalyticaI Procedures)

5.3 n1:n:?aaounrt:nnrlowosi6nr:ira:rvd (Validation of Anatytical procedures)

5.4 nr:i rn:ryr.inr:zufr rt uriaviu (Batch Ana t yses)

5.5 n1:n:'ladnuruv ravl rv.ualar:16oilu (Characterization of I m p urities)

S. O n r:druat tywlaroldo riruun raury (.J ustification of Specificatio n)

6. 6l1rlJ1 sr:Erura3oiaqul sn61u ( Referen ce sta nda rd s or Materia ts)

7. :suuflorro{nltusu:t! (Container Ctosure System)

8. a?1iln{6rr]1}r (Stabitity)

n. tanar:d1un1:modauarruu.J3uurfiuufi'uld (Comparabil.ity exercise):tra,jr.rarfieinrltY 4 v d u y a { - 9 u i\9
n a 1 u n a { n u u't t? ? 9t 0 6 1 { d.: yr.l rt r a r dr a o.l ua y zu 6 n n ru si 16 uriIt

. J d u v o .*tu ,a1. 1Jou1{??r)n0rro.lvt [trrJ5ar.l.vruu (Reference product for oiosimil.ars)
^ad2. ?0fl15?tn:tuu (Analyticai. Procedu'es)

3. n15fl:?nfio!nrrlnnrlolto.ri6nr:irn:rvvi (validation of Anal.ytical. procedures)

q. nfuailUElvt't{tnilntanrn (Physicochemicat properties)

5. qvrdvrr.:firnrw (Bio[ogicaI Activity)
J:6. nrruiauBuavfrl16orJu (purity and tmpurities)

7. ur',ru'lun']* (stabitity)

B. n1:Ft:?aa'nucuuLafllu (Characterization)

tandl:fi{d1ilriru{r{frul#uuutona-r:dr.r6.rii'drdn; (Key Literature Reference) :au#rradnfru
gdaqtad
riaqafi Euf,u'irfi ruanr:upraau,ir ufl uhJsrru{adtauontnri,re

ei:uid 3 rondl:r4#ngruuan.:riaqa{lilu"ltinr:dnuru1.:nefin (Nonctinicat part)
ronar:drudtj:v noufrru

t. rnfr't?vrur (pharmacotogy)

1.1 nr:finuT"luvaonunaar ifra ujiau rfr arnrrrL urn n rirrtunr:nouauarriourfirr-nnnfrr u nf;s ruav urflr
r-orodx6.: (ln Vitro Pharmacodynamic Comparabil.ity Studies on Reactivity uyith the
Reference MedicinaI Product)

< q u t __ ! rd o -^_ i- rs d 4 4 u , a dt.2 nr:flnu1[uan:rnaollllatU5uuufrulzuarr:"ll'rrJilrrurfrorfroorrromto.:ar6rigrnndrunfrrriavurf,r

inqdx6.r (ln Vivo Pharmacodynamic Comparabi[ity Studies on Efihrogenic Eflect with the
Reference MedicinaI product)

2. fiuivrur (Toxicotogy)

z. 1 nitilLlJu?\leyLnaQlfl tlrL1,1u-iir1 (Repeated Dose Tcxicity)

2.2 p,1iuy1\Lavlrvfi (Loca l. Tolera nce)
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ronar:{rtduhf,uuutanar:drt6.rdeirdry (Key Literature Reference) uacu#ngrudaqad6utiu
aranr:Finutitfluh.Jmrudo ritruod.rneir:

rieu{i + ranar:u#ngruuaoq,fiouanr:frnurutnf,fin (Ctinicat part)

ro n ar :;irudr.J: v nor rir u

1. :ru'lrunr:finurrarfi:mahn::l (Reports of Biopharmaceutic Studies)

2. :1u.i'tunlivtoaoun':rurilBuurfiuuriulpivrrrrnahivrurn6frnlururiayrjor-j.:ki (Comparabil.ity Exercise

Study of C[inical Pharmaco[ogy for Each C[aimed lndication)

3. :1u{run1:vrnaoun:rrrrJiuurfiuuf,ukivrr':nafln rirunrutiaorifiuruavnr:rioqfr{riiuluuriavrjoilrl{
(Comparability Exercise Study of Clinica[ Safety and lmmunogenicity for Each Claimed lndication)

4. :rulruto.ttJ:valnt:oiva-.iornnr:druilruur (Reports of Post-Marketing Experience)

5. ttuul'lail:rulru'uetfiunr:vnaorn:firirr1 ruavfir-hufifinr:na'rrfiluriay:ru (Case Reoort Forms and

lndividuaI Patient Listing)

6. uzuunr:d'onr:nrurfiul (Risk Management p[an)

6.1. Risk Identification

6.2 PotentiaI Risk ldentification

6.3 ttzuu nr: fi or n rrt n r r I il a a n a-u l'r n n r :"Lria r ( p h a rm acovi g i l.a n ce p l.a n )

9 I qY I - i " -uonar:tirldu ltiuuuuonar:drr6':firirn'ry (Key Literature Reference) uayud'noludoryafiEuf,uata
nr:fi nutir rfl utrjmtrdorit,ruq 6'rn iirr
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3. ttu?vn { rfl }r1 u'Lun r:rj :v ufi uur epoeti n rruu fi e irr q n dr er n 6.:

frrurir et:n :uyrr?{6r101:rud l ii g qu 2556
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uu 2 vr 1.: ra v'n s'[u n r :d : s rfi u a r e p oeti n rru u eJ r fi a in q n dr a a 6.:
,roe,
fir eJ rird'{n:uvrr? {6t151:6uq?J fi g qzt zsso

urfirim6ln6'randrfinru,fr'udouurrhranalrn6.:1ilaur:ntduurur.rnr:il:vrfiui6urfiuurarricgldufifiltad a d ruluflqqfufrorohiufiurflolunr:il:srfiunrrr!aoon-uuavrJ:sfrvBnrrtorur't5fr15ltot1uyu1fllJ 
r

flrr-nqnr#rundr nr:rranrnruryirrfiurf,uuxm*'rn::ruavdrar:;aurrrn*'toaunrapritoturarflrgtilaur:n
l!

rirlirtduflu{oriruunlunr:ouri6vrvrfluusiri!urfiriornnrfrrunfir n?'r3.rar}.r'r:{r'lunr:t{iuar:rionfrfrlriur{Jufr.rfi
t!uj

v v , 
^ O i < a < aa U u u t Y

srorn:vyfnodr.:Et"tufiqerfirfiurnr:finururrnr6finrravnr:rflr:virnruilaonfiutorurnruva-loon{fr0{FralFl
!^'d4Y

LrioFrflalr.rn?uaur:ntunr:rionfi6:rrYufrov"t#ya'nrrufirYoroulunr:u]iu!rfiuun':un6randrfiuur6'uuu!vt-s
!l

lu6'r u nr ur.J a o q n-a rua vil: s f, vrBn tn

d v Y 4 a ds !q ,- v t 6 4
u'tt'l?fl6rna1una.:lJ1{ljufl riLLLanavrLiltltoutLav{1un0fl'rrlraQ!}1:0ttunal: r]?aur{ttu 0uaau

siul
-i a, ,q d ;* a { x , d u v 4
frrrt]uru!l"uriaafllufrflln:rairrTrranahir"udou rrjiuurfiur.lrravaonrruu"Lrilorum:r uriurtrrnnnaluFra{u't{

It

n{l u'du interferon ttav epoetin fi'r6'nufluhJ:fiufifin{rrhflra}l'rtn1u (glycosyl.ated protein) v6ofi isoform
i, - ; - v t ! ^ d { - il ' o a !

vrorrrnu frrdrtourrnn'irrravarnfiovfi4oriqrua-nuruv rYrulunrrrrrnnrirr'[un:vurunr:zufrnorodrzuario

nruarilGfrruln:{af'r{ nruuronrirrrarma'rnartraniuavma-rraunrani firfiorr:rrJnoorfl-uttavrJ:vSvrBnrufi

Frl{nu n:ruvl}]uan51u?'lttFrflFn{fl1JU11J??nfl0't{0.1 u11J??Frnna'ruFta{0'tLuuFro{Ln:!n1: ,

oejr.:turrvar finr:r.l:vrfrulua-n'Svroaor (precl.inicat) rraclunu Tororflurrsiavn:oillJ ufionrrlilaoofiutot
fr'thu tu:rv rvrn1ula6fifluflaouiutriarilr:ny'ruruzuaerfln?1ilttnflrirrn-rniimloivi

uurvrr.:rio"hJffl'ilfrud.ri',ruorailruro.rur epoetin uwarfir':-nqnfrranf;r {orirvuprluuurvrrrariud

utJueiruiairta{u1J?vr'r.:vr"?lla'ryilnr:rJ:sul-uurfi':inqnfrrundr y6orruryrrnr:il:vifluto.x EivA nr:frruur

vrtun#tn::ruavvrr:rfrrnoi6u1 (,fi'{tud'n'Syoaoriravluriursei) nr:iflurvrnTuTaEdrqnuavuflut,JrrrLtLu?vn{
-l P d u v 4
ri'rtr.ilunr:r]:vrfruarfrrrnnnaluna.iro{a1un.:ruFrruuflr:!n1:oryr:ttauu1 nr:rrJiaurfiarriuurfirinndr.:6r

I

(urrluuur.r) siriflu6'awir1uv1n1 oiru riryiud'r16ontorurfi':inqdir6rlundlar epoetin al.fa 6o Eorex@ LLav

Ut epoetin beta 6o Recormon@

- u &v.
1) rja{ail?[U

Erythropoietin lurr.4utitJ:vnor:ri':ern:novfrIu 1651lrana 6rur-jrrJ:vunvrnruraqjrirnrafirrtnrv

erythropoietin zufrrrtrnlnuavdryrirfin:v6'unr:air.irfinu6ooun.i rJqQliuzufrnfiruqi'fiil:vnorri':u
. dt .jqeo u l * 

t 
" '

erytnroporetrn !uuulrlLtarvt5,rL:nurionorrtu(tJraT:nln6oi.:1:nr16onorr"lu#r-l':u:rvrisfr16'iuur"nfir-irrioU!
d4

*a v nr : tfr u tdo oro.r FrlJ ro{ rfi olfftuournfl (pre-do natton program)

2) nr:fi or:curdrunr:zuf; qt

Erythropoietin fi"Ld'Luvirlnr:tuvtvti 6oa: epoetin drzufrrrornrvrnlu1aE6rsuraaruzua! (recombinant

DNA technotogy) Tfleil?irtaei'uold'r,,ir#urqndruur.,rflurtadl#orrt-u (host cetl.) u1 epoetin vrntfinfrl"Iluvrrl
!

44 o v d as 4 ' . 3 o t <

nr:rmvrerilrirn'unr:riurtorn:novfrlurvfiouril erythropoietin fizufinfiuluirrnrurquduuiunnsixfiufr:rJurrr.r
9t

torvridrnrafirrrnrv:rJurunr:rnrvrorraririrnrafizuariornd'rqauflraFrirravarodrzuariorJ:vSvrBn'rlrLLauuuu.

errrilaonn-uToulonrcodrrErnr:rfluar:rionfr6:rnlu nr:rt:rqdnrcruvrailrvro{Iil:6u1uflooriufivro.riBvrrr
!rl

ddd

v{anatnilttaufl?n11/\
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APPRLICDSR VLERYLLEAK EAENITTGCA

EHCSLNENIT VPDTKVNFYA

VEVWQGLALL SEAVLRGQAL

LQLHVDKAVS GLHSLTTLLR

PPDAASMPL HTITADTFRK

GKLKLYTGEA CRTGD

WKRMEVGQQA

LVN$SQPWEP

ALGAOKTAI$

LFRVY€NFLH

lf,approx. 30 600

3Ud r rir6'un:provfrluruuurJor4frtor erythropoietin fidryrinhrraqaf:vlrru :o frIa6'amlu

!J4ue6
tilotLUnalioonqilEoonarnatfrr'lTnndrror (reference bio[ogicaI medicinal product: RBP) iyiorjrar:

oonqrdfildltIldiun:rvriuJiuurfiular:;irriry {iroqryrmri'oruan.:"tfirfiu'jrar:oonqvrdfiruunli'riurflun-ruyu
iq d u e a r o ; <t d.j qed d.Jt0{a1500nqilf,Luu'l1J??Fl610'1.10't Lpruvtrrr:vnaourvralraouirar:oonqyEfrurun'LdfrqvrEfrravlrv (specific

activity) lrnn'jr 1 rtauvil'ruarnarlofrafrnYr rfiauaot'jrarroonqv,dtrlrfiuanrvl (denaturation)

fl15vaao!n1:ilnorJa'ouar:ritriryutavn?1ilF).ian1?\ rJ:vnoloi:unr:fraorjrona'nunjrolur nruuBavrBUi
riSilrrunr:r.irtf.r,flt1ofirr urflrinnadrandrrlorrirunr:ynaorl#fiulodrrflu}Jnrrltlrn:grunuoir:1u1r0.1
avnrr^ruT:f ru-r,:.1riu (European Pharmacopoiea; ph.Eur.) ,;'r"il;".";";;i erytrropoietin
concentrated so[ution (Ph. Eur: erythroooietin concentrated solution) vriorir:rlifirliriurTnrfluarju
flo1r.iu (British Pharmacopolea)vioiBvrnaeu6u,ffLduvruraiol{1,frr#ufi6,:uaorrrysrzuat{6'.:u (srr:rrfit)

1 lonlvuovLnu?fl0{n!n?r}.1!54u8 oru!aoqfi'arlavn?'l]Jl!i{.uatar:;irnrutolurf,:.:inanarunH
Parameter Method Specification

Host Cel.[ Protein (HCP) Specific lmmunoassay The specified host ce[[ protein

limits are determined on a

case-by-case basis, giving

consideration to the capabitity

of the anaLytical method

employed. ln addition, the

purification process should be

validated to demonstrate its

capability to remove host-cell'

proteins to an acceptable level.
Host Cell. DNA Threshol'd method <120 pg/mg rhEPO or < 100

pg/dose

Dimers and related substances

of higher molecular mass

Size ExcIusion

Chromatography (Ph. Eur. or

al.ternative val.idated

method)

<2o/o

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

9r1t1{yl
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Parameter Method Specification

Bioburden Membrane fitter method

(Ph. Eur.)

< 10 CFU (colony forming

units)/10 mL

Bioactivity Normocythaemic mouse

assay (Ph" Eur.) OR

Polycythaemic mouse assay

(Ph. Eur.)

100,000 -' 150,000 tUlmg

rhuEPO

SiaLic Acids Sia[ic acids

(Ph. Eur. monograph for

rhuEPO or

alternative val.idated

method)

Minimum of 10 mot of sialic

acids

(calculated as N-

acetylneuraminic acid)

per mote of efihropoietin. An

upper limit for sialic acids shall

also be established on a case-

by-case basis.

y o d ; e v @y - !" v <, dtorilvunilrl?'ltJtnu?1lo.in'uttaa"[riorrt-uvr-r"luriruhJ:6u (host cet.[ protein: HCp) firduro rdulprvron8u
odla

siruruoafrv'lfrrraaooqj (bioburden) rrrldorirvrunlurir:rerrro.ifiyn1ilerl:liravuuru.r{ro.t EMA nr:fra1:ru1
J - q , d u y < 3 q .ooo - d &nr:00nqYDvl1.1lJ'ltl1?\L1J:1{nlu?0{ar:a'rrIrUto.iuril?iflcndranfrlriu'[i:':^6frrirnr:rvdlurrrutrtnr:inn1i

n:v6'uttadtfior16onrrnrfiu-rroBryrfiuIml:^jalu:nj (reticutccyte) 6'ra rhEpo lu,,i!fif,rfio16oounrr.Jnfi
(normocythaemic mouse) a.r::.rr fl:g1ufiirl ri'ff,rli uu rfi u"J o r a Lfl ua r:r: r n:orul olaunru rI:rJ116oar:
1.11Flifi'luta{olrinr:ourflulan vrtldar:rirn'rytolurluiunr:26n#n.1trj nr:fiqvrdvrx6lnrrfuiriounir 100,000

,, 
-

uilruarnariofrafrnilrtrol rhEPo oeiT{siolflocuaunl:oonqvrdvrrrflrnrnluir.rnruro{u.}uniunl:2fr916r:oa"[u
^u d u q y. t ^u 

I 1 {

?\auvruOil5uLet (rirvla=u 80 - l25o/o nllllLL:.tl.Jlfln'ir 100,000 uri':ua'tnariofraFnYlrol rhEpo)

lunr:tior:rurulflriflondr unf;rsir rflu6'ar uranr n r:nJiuu rfi urTn:{fiYr{ra{Ll:fiurir a rfi.:{m q olu uru
n1:Ll.Euu tfi u! LLavn't:Ft:?aqrua-nucur,r*.rrirrr.r'r u:?ltfi.: n1:yrflfiolTFr:,:aixro,rTr.J:6uvrvr:v onilfiLrnfr rrau

u.i o ir, ^ 
I ' ' a -!-----

:vnYt.Lfrrvflofrull (1fiunfi nfraqfr)loTtvioil (isoforms) n1:rn'iundLrflo{1!:6u rrriinro{Il:6uuacovt6rrr
duilrnrn fr'rodxiEnr:itn:rvriutavtvrnflnnrrni?onrua'flu6uurar rufihTtrtfl:u1J?unr:yraaourfsu.Jrfiurrravnr:
ar?anfu#nufuu Lail1u tlan.ia-{Fr.nl{fi 2

rl6ua'nuruu Laflruuo{fl1:dr rirp 6'ort6'Yu n1:n:?ai re:rvrie d'rre:ou aasrpi.t ul1oi6i rn:ryr.{vr-tdivrnluTa 0

alaoLlfottao{qildnuilvLflln:lairlto{T!r6utlaufl1:rflru?a{urinriTr.Lloun:erflo{a1:.{lrirufuiodxqYerrou 6'ol
ttaol.:tfirliufi{r]?'lilnd1unfil'uo'::r.jitur:toltyiail (isoform) lLnvnr:n-orLLrJarTil:fiur,la',rruJa:ri'a (post-

translational modification) tolurfirisrnnfrrunf;trfionJiuurfiuufluurfir{nqdr.l6.: 6'ar6uu'uki.jrln:.:airrilmt

{l^to'lllraqafiTilrfiufitijolrir.tfi'uov disulfide odxnn6'os:rur'u .rluall:niron]alu c uav N Tnuld! - !--'------"-.--^t-.t-+& \v d 4tYnLuLautna{6n'La'ttrinl:Ttn:rvvnr:tiutn"':tosturJlvrri (peptide mapping) rravnr:irn:rydrfio:vlrfroruas
nfuailu-Ato.lTrl:fiurirurvrnfrn peptide mass flngerprint Touhi matrix assisted laser desorption/]onizatjon-
time of flight (MALDI-ToF) mass spectrometry (nr:rrfi 2) nr:iur:rvr.inr:rffiuufirixuryrurorY,:firyflorjr{vrs.l

!

:vuv"Lnd*av:vuvlna (near - and far uLtraviotet circul.ar dichroism anal'yses) nr:ldr{JurTr,.jldlunr:
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rrJEuurfiulTn:t;rJtorln:.:airtv1fiu4fruavnfiunfr urno',ndq*a:lifioirurl:rolrYruo, isoforms nr:uaorrfir!
-..--.r ! y , d v e 4 4 u v:u LLUl_'VrnA 0 U9t',tilty14?'t.1u1t ?inana-]unal uavurilr{nn drrdl

4i
9t1:1{yt z i6nr:uJBur:rfiurln:rairrro.:Tr.J:6u nr:{'u,iura{Iilrfi!rLaunvrBvrrrfi.:nrrnr
Motecutar attributes Methods
Com position,primary structure Peptide mapping (LC-MS), Peptide mass

fingerprint (MALDI-MS), MALDI-TOF, Sequencins

Higher-order structure conformation Far and near UV CD spectroscopy, Thermal

stabil.ity, NMR, SPR, ELISA

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

Potarity charge, isoforms RP-HPLC, CZE

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

Binding Cel[ assays, SPR, ELISA

Biotogical activity Cet[ assays, ln vivo assay

LC-MS: liquid chromatography-mass spectroscopy; MALDI: matrix assisted laser desorption/ ionisation; MS:
mass spectroscopy; TOF: time of ftight; UV CD: uttraviotet circu[ar dichroism, NMR: nuclear magnetic
resonance; SPR: surface plasmon resonance spectroscopy, ELISA: enzyme-linked immunosorbant assay; GC-
MS: gas chromatography-mass spectrosci'opy: HPAEC-PAD: high performance anion-exchange chromatography
with putsed amperometric detection; RP-HPLC: reverse-phase high-performance [iquid chromatography; CZE:
Capi[|'ary zone etectrophoresis; SDS-PAGE: sodium dodecyt sulfate polyacrylamide gel. electrophoresis; SEC:
size exclusion chromatography; AF4: asymmetricat flow fie|.d-fl.ow fractionation; AUC: anatyticaI
u |'tracentrifugation

6'olfinr:irn:'rvriln:lai1{fl0.: N-glycans LLau o-glycans f,.:r-l:vnau6'runr:irn:rvfrirnralfr.rrdur
(monosaccharide analysis) nr:m:txa-nufl,Jvrafl1vro{ni01floyAn rr:iro:ryr,{eirpiu (sequence analysis)
to{ N-g Lyca n s LLau o-gtyca ns rfolu'i',tuq *n1y{ rrayilil1 r ru

qyo , ,3 A ALvvlrnr:uuna?uuridrFrrafi'rvrrnfrrJaoileia uor. unlya-rto,:Iil:fiuirav rru nriotrj6noun.irovtddru.uor
vLluln1aviln?'l3JU5audtflu{v,to atnundrei?uvrln'frhjire:ryfln:rait,rtoluridrnramanaQ!?liln.t1rJu
a'adqrU!

,{auna14:0 Lrl

dl,Y,u'Luirriav'liunouta{fl1:ttunra:.irirnra 
(sub-fractionation) frorfinr:irnr:ryririrrryrituanryrawlilLltnla

U

(site-speciflc g[ycan analysis) Ltaurtur]tfrorarr,r{drnra 6'rui6nr:ifr1n:qtrorFn (siatyl.ation) tLaunl:
iun:rvrinr:GulfrrtotvilnriTularn:srrfrldouruaraT,nf;u.J:J':uri (antennar.ity) !onarnriu fr'aluran.irirrrvrril

^ _Y
n1:Llu{a?ci161 l.J0.114ti N-acetyl galactosannine nritlfln:nltorfrnfiy:lnri]r.l'Lorpr:nrfrt{ouluaruTrnrdryirJlyri
ttavsirutvillnr:rfrrLrjrrttaullna:tllrt 6ufiu'jrfinr:rBlylosrrfiafisiruyriroonfrrqu (o-acetyl.ated group)

< u v 4 I \Yv t U 4 y 
^da 

a!,u'11,??Fl0Flaluna{na{Lrtiunr:voraouou'i{flir.1rJ?r.irfru{1\oprroiEirnr:rvufrrirunr:Ft5laao!n?1tJ

nnfr'oltotnr:iln:rvr,{:ufilnr:l{rvrnTuTafiriranriryil Hp-sEC yio ultracentrifugation chromatography
raio AF-4 rfiorransl#r#ufir dimer, ,irn',r,n1vndill!a1:eirrYryraiozufrnfiru",{ur uoflo1flfl.riyroaoun1tt
1.1'ln:51u1Jotoir:ruTjrpi?uutAflttdx n?:yrFrffo!nrT:xLlndilro{Iil:fiugtavfl1:fia1uFl-iro{Til:6u (rdu

i,q
oonfrrririu) filnt:unaorriaur.Jdouriruul [avlud?uro{nr:y]rraounl1}.ro{an1y\ rfiohi'riutq.i1fl:yu?ufl1:

o & n 'nu,rifrmriuh^iki'ei{zuan:uvt!FioF'6un1?\:ufi'rrrarxlri'u#uflwr:r:"ffLdrraroro.inr:2frsr"[urrriaviu

I
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3) nr:fi nurdtl'ltinr:fi nururr n6fi n
g. 1 ) nr:finrgryrr m#.uua qmni

3. 1. 1) nr:finurluuaonrnaor
tr,

tfrotJ:vffiun:uumnrirtifrarriunrrlhrjfrfriur (reactivity) :vu'jxurfirinqndruaf;.ruayurfirr-nndxOl

{Ylorlryrmourlonritriolafirirn:rvvi (bioassays) 116orrfiuuur6rinnnfrrundruasarfirinn6'rr6r (rdu
4uuuo

nr:Hnr*rnr:ojufr'uririu nr:itn:rvdnr:uoir-utotrraei)riolauradrfiuaruri':uoroflodudrrrnnr:irn:rvdpiru
v - ! _'

qiln1fl

3. 1.2) n r:fi nurlua-m'5u nao.l
:_.d4duy*Auy4vqd,ian't:tuuLJ:lt1ilt!atn0flunr0rnurtlfFnearundsuayarilrfnndrl6t nr:ruiuurfruuorunr:iun:rvy

qu4i"[udnivrnao.:frtvlrval (t'tiu mouse assay uru poLycythaemic uio normocythaemic ntlsir:.]u1flo.l
aranrnul:rJ doXafloroi6'ornnr:finurfirirn:rvr.{frrunrunrn) ,.nr',nd riolauyil16lufiurn,uqvrdnr:ufrrdor
rf; o or u n r o r 11 fi o r n n r : fi n rgr n r r l i {J u fi rv ur' o1 rfr u r dr 1

4aa
J.Z) n1 :fl nulTrlg',t y] u't

t , 4v
odxfounr:fr{olanr:finurnrrliflufiurfiolfie.rrci'r1 t nr:6nurlua'n'5arur"'u{firvrrval rtiu yu (rat)

:uuvt?41n1:finurh^in'::rioun'ir 4 fr'rJerrr.i ri'rfl n'::frnr:rurrflurfirrrrgrfielrniunr:nalauoltoufirilrYu
d 4 Jo ^, . ) r ^ 

u I

or:ilnr:frnu1n?1lrvt!Lar\rvfrlua-sr'Sunaorodrrfioer l aruvl-uri fr.roror{Jueirur,tfirlunr:6nurnrur{Ju
^ 4 qu X
1119t1]0 tyu'tt16l

nr:finurmd'tivur6'run:rltilaoon-u firgivror6'runr:roirlyl"'uri nr:rionaruvliud uaynr:rioryr5.:.uorar!t1
.. I ttydt v o l,'1 ,iu oq v d aaepoeti n ttJ LFI tuut0 nlyuoyn L!vr rtolvr r Lu nl:lr oa ouo ruvl5nrfr fr n

4) nr:finurvrr{nf;fin

4. 1) nr:finrgroirum#toauorani

nrua}.]t6vrsin#toaurranitaru16rfnnndrunf;.:ruavaiSrfrndrrdr nrr:rior:rurrrnnr:finrgrrrutr{
s'daZo
LauaflulLYIUtnittour (singl.e dose cross over study) fr'.:friprarifr'frryfiiuayf;nr.llryaon16oprrir n.::ll^or:rur
oraral-n:a"unrtdrfluri:vtrn:tunr:finur turnurfikinrr:16onorntirrfil:"uorr#un:rylnrua''rn-u6:vy.irr
luraur[!aunr:nalauolriaur flr:rfrtrtoir]-rrLnfrra':rnfr'toaunrasri6ofiufl6'n:ril (Area Under the Curve:
AUC) tiavvrr:rfrrsroivrfrunfrfionrurdldr6uq, (maximum Concentration: Cmax) uavrirnr$.:fiin (ha[f-l.ife:rvu

TL/2) uiaat:'u{'norornl^qararir (apparent clearance: CL/) vrtlfi olotrirrauorouLflaro,lrrr111lvirrfiul
(margin of equiva[ence)fitvlrvalriou nr:oonuuunr:finrcrlfi'rirfilfilnrrlrrnnrirqtotrirn6rfrinufiadrrrdr
traonu6orin"rrravfinr{rtd'frrufir *avnr:oonqrdrou epoetin firfiurilrurflflo.ru.r

4.2) nr:fi nurriru ma-tvla nrani
nr:l:vtfrumdtnanraninr:rtlurirunfi.rlunr:finrgrur.lBurrfiuu6'rurn#roaurrrani.uurnurfitrior:od

6)!.3!
Luarutdupt:ltrf,utoqn:rvln'lrlallfi'ud:vv'ixrurnul$aunt:aouauotrioa.r"lunr:finurTprul#arnYrrn'ur

nr:#udruruufiot6ooirrxfiri'rtrjioBry16rrfit?ufinrrluurrvarfi4or fl,:rruvdrl#rtlum-rr.j.rfivrlrnahyraoranilu
----r' ^ d ^-^^!:.^ ,.^'l*"-r^'"^^-^^ r -,^^ -; . 

t " 
- < !q , o a A a, - , xn15U:uLlJlJflvlDl0{u1 epoetin unulLlilnr:uolfitirnr:ri!sirururfrnraaotrun.rfifijroBryrfrufrrtjuri'rilrfrrrvru

(surrogate marker) tolrJ:vfivrBnlilto{u'r epoetin rirriu nr:finurursnfrfin6.lrirhJfiiorqG (endpoint) fi
I

t14U1yAu

4.3) nr:6nurr-l:vf; vrBnrnvrxnfr f, n

nalnnr:oonqrdto.lur epoetin luvrrdoilrtr?fioun-frriu,yfio,-,riu ruriturourfil{orournnsirrriulrrlt

tvlo[t'ttiotzuafrn'otnr: turourfia.:fian6oturourludorj.rl{rirulvr5livtur nr:l3yr:urfiuarll:ndorlrirlfr'
fi 'rvri.:yioraa o n 16o n rf r frki
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u'r epoetin firj':tnrrrrrJaonfiun{rr (r.JrurTnvruriourtri6 rflotornnr:n:v{ultn:vqrnnnnrrqrToru
UI!U1

o <s s o - o <s s q vt t 3 -81ur1rtLauoFriln'l:Lr\ilfl0.:61ilInaiu o-a:rn1:Lfrilalillnaiuorounnrirrlufrr-haurinv:ru !ofl81fl"uunuru1fl

u1$asn1i1{n15"1#urudru-.:fifl00-u6u niu lSrrrunr:acailro{rv6n"Luirrnru:vriudlllnafruuav
. aa , 

^ 
d t,

efihropoietin fifio{16l Llavffrrlvrn?1lu6ur-Jrulutruvriu ttiu finr:dnuar rflu6'u

n?1ilrvi1rfiuilrirul:vEvrBnlflur{nAfrnivv'jrqurflrr"oqnfr'runf;ruavur6rr-nndrrdr l#uanseiruvf,n6ru
€ AA

n1:frnu1vr1{n6flnodr.rriouaornr:finurfiuJiaurfiuun{l{turuuruu{r (randomized, paralleI group clin]caI

trial.s)fifirird'rfl'nvrflfiau (power) ufiurno nr:finrcrfilddueiun'::r{JuLr!!ilntjnaorvxrfioflorriuono vrn

rfluhlhili' odr.rrioufiqorlnnafirfiu':riorn'rnr:o'rrfrulo (rdu {tlYururorur) 6'orhiv:rrl'lrryrhuoqjn{r1o

n':rutrriour epoetin lun{rfitror efihropoietin riufirLrnn'jrndlfih"irla raun11}rhfieirfiurir.lnr:

aoua!o.rlrortrn:vorn r-urir 6,uurrir1fi'6nurluair-hul:nrrf;onor':fifiarrynornl:ntn uasn'r:dofr'Lhol:nrf;oor!ui!
J-

11.i01fl A1 LvA0U00nAl n n1:fl fl 191

<airyvdssnr:frnurvrlnfrfrnnr::ru "tjrrfirurTlt:vrYrdhTnarlu (correction phase)" ttav "ti?.:fint:vrYl

dTlTnaf,u (maintenance phase)" lounr:fin"srtjxfiruff1t:v6'rdlllnaf,uriufinrueirrYrgrionr:fi0'ri6u1n1:
gtolauo{ttavuurorurfftri ttavnr:finurturir-hofihirnutriYuur epoetin rrriou u6ouurrur epoetin lrrrfiruas
kii6'Yura'oorodr.rrioa 3 16ou #.:duuvritir:vusr:arfi6nurnjiurrfiurrJ:vsvrBnrufirvirrfiur:vra'irrurflrimn

I

n#runf;trYuarfrrinqdrrBrnr:tflu o 16ouloa{r-hufi:voiuBhTnafluuavrurnnl:1#ur epoetin finsfii!
4 d'A , &u d d

5 s u u L? a 1 n 1 : fl n ul fl a u n ? 1 u Ft 0.: u ty Ft ti a tfl u.1 1jt 0

gr.luulnr:6nurdrvirtirtfirx:voludhlnaf,u n?Taon?'ruLrprnrirrrorflra-ufiugrui#rioufiqor :tlyretna

arnnr:ldurlu'rit.:rioutri'riaufiao oiriuiunr:finur6'0,rl#frtjrulriYuurflrinerdrr6.:rflurxa1 3 ro'ou rfiorJiu
l!t

u { I a 6}y !r qy - ; e a.a qr{ il o t vt, J ov:uo!aLilLnau!LvFl.:Y] LFtueJulflu'rLtavr,t:t.:nt:Lyurln':rtn.:vrrre?tuavLl:-nl:Lr,ltaan trnuuotalzuilrurfro1y
d u v a 4 d u v d a dt I y ^ 4 & ,a , ,- a . r rl i . !u'lt??fln01.10lv:0u11?'tFtrFtatuna{ uLavnonrrrr]uL'taT0ur.it.au 3 ;eoutuLrl (6 rn0u yrnlirLor) nriayanrdullr

zu ao r n n r :lri'ur ti:r ri o u

lu:vvdr.:nr:finurvr'raortix nr:riiurulFru'r epoetin odrrriouiflurioultJrfiolrfl6'nrrrirdrdutor
{ I a q t-l A a u dS I d u -J - as saLlLnalunrr:ulrvlru (trlfrun-Lu:vor'rdlltlnaeu) ?riofrrsr:voiu (ri':rfrnl:vpi'u81:"rInafru) *zuunr:finurnr:
riruuorlrfrt-rrroudxr,tflrfir*utvtxnr:lirrurorar rirfrd'ato,rdTrInal^ufifr'0,rfl1:LLauarixnr:lirru'rou.rn?:

dt 4 r ,ovo.i e. -
LUU LU Fr 1r.t rru? r?rUfl ! ar LUUU a 0uu

lutir.:fiurrilt:vri'u6luTnafru nr:ld " rinorauorBlllnatu " (#oriruta.:oi,thufifi:vrirBTrTnafruou'Lu"rix
!!

tflrv:rru) y6o "nr:rt]duurrtja.rr;ordTrTnaf,u" r{.luoouFr.Jrufr rirunr:finurtixfinx:v6'ldhTnafru nr:1{ri4!
u*<"o"n:rnr:n,::vd'uE1lr1rarju" (#o;i:urot:vd'lilr.Irarluluti':l:rJry:*'ruTnu1rj16'Yu16oo) vr6o "nr:uJa'auula.:

:vn-ltaldhTnal-u" uflunorqfrr-lglqfr ,n'u 2 nr:finrsrn::'L{r,JrqE.r'r epoetin rflulouFrJr:r4fr6'ru ,rur'oum
o 4 y.

rirf,.rd'io'irnr:riou1 r-J:-r.lturnur epoetin rfiolfinr:nor-rauo.:fi.rrflrylnu euaflnrulrtoqonqfrfia-!fi'udfi!
u { s ^ i a, o.iqq

:vor'uElllnar3u fr'rrtlulnqfrvr*lffLu"r:rfraorjnruurorrrr6'ru"L:vFyBntryrolurluuriavnri:rvroaolki

nr:6'rrfrun'tr:luvirufiur (equiva[ence margin) to.:1oufiri'.rao.r av6'orfin.rrri.rurulurtnt{dxyrjr*ayfi
v

Fl?'llltvlJlual:rlvr-lhTtunr:rirurcurira'rnr:voraar.l (power) tornr:6nul n?::?3rfl']:t#rf;onlirfluqprufrvtfru

alfrrirn'atrn'ra vt"lf, turotto.tu'r epoetin filirl#:vriudTrTnariufirrflry:rru fierurrplnrjrrriu'lurirJ':u:vuvriou! v I - --
r 4 u Vtt , 4 d v I

n'r:vionrAon nnlirjra:yuyrnlonraoor ilhinr::r:^nj:vrrn:fi'.:aolndtou'[unr:finurrdurniuv 1 n_ -

fd d aa o dt y o q u il a4 .ia! 4 un15tU:uutvtuu?11{nauflorrrJuoor6flulnr:Lyurynaorlo yrlvrnfrafln't:uunn't:Fnutn'u itiu 1u

nr:finurrixurilt:vnludTllnafiuluffr-lrufirirhifr'orrnlon16opr"t#ur epoetin Terudnr{rt6'firr.rri.: drunr:finur
I u S S a q vtt ey I d ctvd v 4t1{n{:velu8lilLna!1]11JillxuvlFro{vl0nra0fl Lvraqul eooetin idtyrlyaoolaoflrir

7
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4.4) arurjaoorn-uyxnfr fr n

Pure red cell. aplasia (PRCA) fitfrprtrnar:4firlruvrruriorlru erythropoietin nl16'r.joulufrr-hurf,oorox

ornT:n'lsrunvriolfildYuEJt epoetin lnudnidrl6'firuu-.: riruu,rnfiaT:nfr6'ruvrrruaflurrjrtriufro pRCA rfluq!
dj \yv vqv 1t 4 4 <, d,q q ,< uq I r cw d !l &tvFlnl:tuvl?\!Lnu0utLauLn['unart[Juroouy5ortJuIJ-Lunr:iilour,rF]nrTil 6trilhiilrvluln-lunr:frnurfrEutof,u

--..-i-- - i .. 6r , ;vtvttluu uonalnfrFt?1!41:J1:nto.:ut epoetin'[unr:n:vriunl:6il.iuaonrf;onlrailrraynr:eilrailnr:roBrgtor
ru o { 0 n 0 1 Q }.t n ? 1 il a 1 n 6U et 0,.1 ! ? u u 1 { n u [u n r : 0 n ur F] r u

nlitiliu! tvt'ulrio:ra6'runruilaorrfiufi16'orn nr:finur frruil:vfrrrrBnrrfio'ir rfi urnofiov u{luqrudora4!

pirunr ula o o fiur or ur ri ouo o n eivio r fl a 1 er

urdou
6t'uo{uvrvtfruueirir:urn'r:rirdolau.JEurrfiurnrrrarur:nlunr:lfluar:rionfrdlriufifinrgrodrrrjou tzt - !- -- -- u s

.4, Z 3 o et v d d r i4 u { I ! - a< <to0u vt.tutLuvulluLnUFt?0Ul{alnnt:drrsr.Ul.lrrrr.t:yet'udhJlratu"revtjrrfrn.::yd'l6}1JIra!u nt:sr:.t0y-tat:
AY t I

nfrm'ruvrurio6'ru erythropoietin e'::ldiBirn:rvdfrflnrrrharuavl6'ilruflr:Fr:?efiounrur-rn6'orrrfrr
!!

4.5) [ilunl:i'nnr:nturfiul (Risk management plan: RMp)
9-.-- * d_- 9 y , 3 < o u d s ,Lufl:uu?un1:'uuvtvtilausirilrur ritof,uvrvir-t=uusilfletrnr?:ttafl.ifriTl:ttnir]n1:6'0n1in?''rilreu,i rtau

Ltt'Jun1:tfl1:st-.:nlrltiaonfiatorar nr:n-nurn':rlrJaonfiuro.:arflrinondrunf;llnuranryrvrnnr:nitrifit
t dv A v 

I I

l:valrtirutt:tfrrliou uiu PRCA fiifru':{orrlunfr6'runru fr'oqi6r:riolanrrlrilaonfiulnunr:finuritjdi.:yrir
q Yt, o u 'nu)"vu a - -- y ; - u < ) y o a sLu,{u?uLuvnfl0!'iltvlLniu0!iln nr:x-ruururzuunr:qr"onr:orrtLrfralro.lzuanrYrudraf,.:1 rlalrirrfrunr:}oru6{srn
Y a u cA y
10il ato.i r.Jannilfl 0uFl? u

nliiiluu'tttvtun-ulouiruur6'orflua-n-o'rufin:':oaounairiri'rrl=01r,1fiM:nriluovjrur epoetin ririutyu
' 

q v a il tanatytrFlLvFlflr:ruLu'lttj:valri nl:fi'qFu1o1,h{o.r eooet'r n#^anf;lrr.nuu't epoet'.r dr.:6.: (yioluwxl#u{u
d . qv
frnu) nr:'[ri'rruvidfid':ui':llunr:n-ofrulouav0uuorl#ldar:rvrr":fiuT"ouflud'nmuLrava:?oaounairl6'

v 3 - i.y",",^^----^.:^-'^^.^. ,- -- --^ . x avzutaf,uvtviuauririuarnrr:{'ovir'[oriruunin'e]r,{unillrfirr'rurana.r:n-r?oiJl.JyruruuuFr.r:uur LLauLy
<o^i:rlntriroBurelrfiarriuri:vt6unrrllaon:iufiororfinf,ufi.:rfiarriorn-unrrlyuriour filorrrfluzuail1a1fl

fl:vu?un1:r,l6slvt^umnrirlhJorn{zu6nur6'uttu! rirofluvrvr,]ausr"rYrornr:uan{66,iun1:i-qntin?llrfiuryBoUV

tttiunl:tflllvi.inr,l}lilaoqfiatorurmr!nTUU?un1:LrauLLlJ't111.:ro.: EMA rfofl#r:ldruarfiurfiunrrlufiurfi
,^^^i^.q-.- ---, u i ! .' u

Lnn{uLttiu14irrn-zuurzua*nflrunuavnrrrLrfru.:fieirriryilr"L,iTturr:o-flfr Rtvtp d'ru

vd'lornteiiltlrirricpnr:duvrvrfluusirYuurru#': ifio(YuouryrnkiYu:rarruuavdo:3a6u1 rfiurrYunrut lu

uurioar {Yuor.lryrnrlotdrnr:U:vtfru:rutruluardo4a,rri',fiuiruru-nn',:vir{ayulfl.tamirfiurrYualLuFr"llo.i! I v 'rbliilrrdrr r\drtu ttl tbly

rv n n r : nitri fi r r.J : s a r rir,ri o o r n r :t:-i fi qJ : v a s ri LLa y Fr r r l fi fi r fi er fi u
n1T?Vrrr!lttrJunr:6'otnr:nrurf;u.:fi6fiuoqjfiuuarurloo-r rYofl'r',orilfruqrn{olaro.rul epoetin siriu6u

tv!-,1,-v
rour{1 fi rnr ufi nr :eil RM p (yr nyr:ru{orya ) :u#l fi nurdol a uil rfr :r'Lu,J :v,6urjo r n tCH e9



66

,t1Ftzuu?fl
Specific Guidance for Erythropoietin Biosimitars

Biosimi[ar products are very complex motecules and, therefore, cannot be treated as
conventionaI generic drugs. Al.though varieties of assay methods are avai[abte, they may not be
adequate to reliabty predict the safety and efficacy of biosimitars. The demonstration of
pharmaceuticaI equivalence and pharmacokinetic bioequiva[ence of conventionaI generic drugs is not
app[icab{'e to the approvaI of biosimil.ars. The immunogenicity of recombinant therapeutic proteins
has become a significant safety concern. Uttimate[y, on[y cIinicaI studies and post-authorization
pharmacovigitance to monitor potentiaI immunogenicity wil.l' provide definitive evidence for product
comparabi[ity to the innovator product with respect to safety and efficacy.

some biosimiLar mo[ecules are relativety simple and easy to identiflT and isolate. An exampte
is insutin, a peptide hormone with a relativel.y simpl.e molecular structure that is comparatively
straightforward to be identified and copied. some biosimitars such as interferon and efihropoietin,
which are gtycosylated protein with different isoforms, are more comptex and rather difficult to
characterize' Differences in a manufacturing process may tead to structuraI 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
prectinicaI and ctinicat evaluation of a biosimitar 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
evotving technology are unpredictable.

The following guideline deais with specific requirements for efihropoietin biosimi[ar products.
The requirements described in this guideline are in addition to what is described in generaI guidelines
for biosimitars' lf no specific point related to quaLity, efficacy, safety, risk management, and
pharmacovigitance is mentioned, it means thai they are mentioned in the main guidetine, and must
be fotlowed. Pharmaceutical development and a[{. other parameters (prectinica[ and cl.inical.) shoul.d
represent the current state-of-the-art, and must meet relevant Thai FDA general biosimilars guideline.
Comparabitity to the reference biotherapeutic (innovator's) product (RBp) for aI aspects of production
is mandatory' The choice of the reference producs for erythropoietin biosimitar products, epoetin alfa
is Eprex@, and epoetin beta is Recormon@.

1. Generat Out[ine

Human erythropoietin is a 165 amino acid, which is classified as glycoprotein mainLy produced
in the kidneys and responsibl.e for the stimulation of red bl.ood cetl production. Efihropoietin-
containing medical products are currentty indicated for severa[ conditions such as anemia in patients
with chronic renal failure, chemotherapy-induced anemia in cancer patients, and for increasing the
yield of autologous br.ood from patients in a pre-donation program.

2. Manufacturing considerations

Efihropoietin for cl.inicat usage is produced by recombinant DNA techno[ogy (epoetin) using
mammatian cetls as expression system. Al.l efihropoietin in c[inical use have a simitar amino acid
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sequence as endogenous e1,{hropoietin but differ in the glycosyl.ation pattern. Glycosylation

influences pharmacokinetics and may affect efficacy and safety, particul.arl.y immunogenicity.

Physicochemical and biologicat methods are avail.ab[e for characterization of the protein.

APPHLICDSR VLERYLLEAK EAENITTGCA

EHCSLNENIT VPDTKVNFYA WKRMEVGQQA

VEVWQGLALL SEAVLRGQAL LVNSSQPWEP

LOLHVDKAVS GLRSLT-TLLR ALGAQKEAIS

PPDAASAAPL HTITADTFHK LFRVYSNFLR

GKLKLYTGEA CHTGD

M, approx. 30 600

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

VVhen the active substance from the RBP is isolateC in order to perform the comparative
analysis at the active substance [evel., the applicant sha[l. demonstrate that the isolated active

substance used in the comparabiLity exercise is representatlve of the active substance present in the
RBP. lsolated materiaI shouid be tested to verify the specific activity of >100,000 lUlmg to rul.e out
denaturation.

Drug substance retease and stability specifications tncLude tests for drug identity, purity, content
and potentiaI microbiologicaI contamination. Biosimil.ar sha|.I be tested to ensure that it conforms to
the current European Pharmacopeia (ph Eur.) monograph for recombinant efihropoietin
concentrated sotution (Ph. Eur: efihropoietin concentrated sotution), Testing following the current
USP will require atternative or additionaL methodologies. A[ternative or additional. testing
methodotogies may be used with justification. (Table 1.)

Tabte 1. Specifications reLateds re[ated to purity, safety and potency of biosimi[ar drug substance

Parameter Method Specification

Host Cell. Protein (HCP) Specific lmmunoassay The specifled host cell'

protein limits are

determined on a case-by-

case basis, giving

consideration to the

capabitity of the analyticaI

method emp[oyed. In

addit on, the purification

process shoul.d be validated

to demonstrate its capability
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Parameter Method Specification

to remove host-cel.l. proteins

to an acceptable [evel.

Host Ce[[ DNA Threshol'd method <120 pg/mg rhEPO or < 100

pg/dose

Dimers and related substances

of higher

motecutar mass

Size Exc[usion

Chromatography

(Ph. Eur. or a[ternative

vaLidated

method)

< 2o/o

Endotoxins LAL-test (Ph. Eur. 2.6.14) < 20lu/rc0,000 lU rhuEPO

Bioburden Membrane fitter method
(Ph. Eur.)

< 10 CFU (colony forming

units)/i0 mL

Bioactivity Normocythaemic mouse

assay (Ph. Eur.)

OR

100,000 - 150,000 tUlmg

rhuEPO

Pclycythaemic mouse assay

(Ph. Eur.)

SiaLic Acids Sia[ic acids

(Ph. Eur. monograph for

rhuEPO or

alternative vaIidated

method)

Minimum of 10 mol of sialic

acids

(ca[culated as N-

acetylneuraminic acid)

per mol.e of erythropoietin.

An upper limit for sjaUc

acids sha[ also be

established on a case-by-

case basis.

The specifications are relevant to the host ceLl protein (HCP), host cel.l' DNA, bacteriaL

endotoxin, bioburden based on Ph.Eur monographs and EMA guideline. The in vivo biotogical activity
of the drug substance in biosimi[ars product is determined using a bioassay based on the
measurement of reticutocyte stimu[ation induced by rhEPO in normocythaemic mice (Ph.Eur). tfre
method is routinely appl.ied for retease of drug substance. This is compared to a standard preparation

of the European Directorate for the Qua[ity of Medicines - the EPO BRP (biological reference
preparation). the World Heatth Organization lnternational Standard for recombinant human

efihropoietin may be used as a primary reference standard as an alternatlve to the EPO RBP.

According to the monograph, the specific bioactivity shoutd be at least 100,000 lUlmg rhEPO in

consecutive batches of drug substance. The rn vivo biol.ogicaI activity of al.I batches shoul'd be within
the accepted range specified by the rhEPO (80-L250/o range, potency to exceed 100,000 lUlmg).
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Tabte 2. Methods

Biosimilar products are required to demonstrate comparability in terms of protein structure to an

existing epoetin alfa and beta as part of the approvaI process. This comparabil.ity and characterization

exercise include testing for primary and higher-order protein structure, isoforms, aggregates, protein

binding and biotogical activity. Some of the many analyses and character]zation techniques that were

included in the comparability and characterization exercise are shown in Table 2.

Using a set of orthogonaI state-of-the-art analyticaI methods, an extensive characterization

program shal[ be conducted for drug substance to elucidate structural features of the protein

backbone as weil as the carbohydrate rnoieties. Biosimi[ars product and comparator epoetin alfa shal.t

be demonstraied with simi[ar isoform pattern and post-trans[ationaI modification. The primary

structure sha[l' be confirmed to show that the molecul.e has an intact protein structure with correctty

linked disulfide bonds and integrity of the C-and N-termini using the state of the art techniques

incl'uding peptide mappings as we[l' as by peptide mass fingerprint anal.ysrs using matrix assisted laser

desorption/lonization- time of flight (MALDI-TOF) mass spectrometry (Table D Near- and far

ultraviol.et circui.ar dichroism analyses shaI be used to indicate the comparabl.e conformationai. in

secondary and tertiary structure. In addition, the pol'aritylcharge, isoforms shal.I be demonstrated

conformable pattern between biosimi[ar and comparator epoetin alfa.

comparison of protein structure, bi and bio acti

Motecutar attributes Methods

Com position,primary structure Peptide mapping (LC-MS), Peptide mass

finqerprint (I/ALDI-lv1S), ivlAlDl-TOF,

Sequencinq

Higher-order structure conformation Far and near UV CD spectroscopy, Thermal

stabi[ity, NMR, SPR, ELISA

Post trans[ationaI modification conformity Mass spectrometry, GC-MS, HPAEC-PAD

Po|.arity charge, isoforms RP.HPLC, CZE

Size, detection of aggregates, physicaI

conditions

SDS-PAGE/Coomassie, HP-SEC, AF4, AUC

Binding Cell assays, SPR, ELISA

Biol.ogicaL activity CelL assays, ln vivo assay

LC-MS: liquid chromatography-mass spectroscopy; lvlALDl: matrix assisted taser desorption,/ ionisation; tu1S:

mass spectroscopy; TOF: time of fl.ight; UV CD: uttraviolet circu[ar dichroism, NMR: nuclear magnetic

resonance; SPR: surface ptasmon resonance spectroscopy, ELISA: enzyme-iinked immunosorbani assay; GC-

ItlS: gas chromatography-mass spectroscopy; HPAEC-PAD: high performance anion-exchange chromatography

with putsed amperometric detection, RP-HPLC: reverse-phase high-performance tiquid chromatography; CZE:

Capittary zone electrophoresis; SDS-PAGE: sodium dodecyl sulfate potyacrytamide geI electrophoresis; SEC:

size exctusion chromatography; AF4: asymmetrica[ flow fie|.d-flow fractionation; AUC: analyticaI

ul.tracentrifugation

for
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Structural analysis of N-glycans and O-glycans shaI be done. lt comprises monosaccharide

anatysis, sialic acids characterization, sequence analysis of N- glycans and O-gtycans qualitative and

quantitative basis.

The total glycan poo[ 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 ana[ysis of the sub-fractions shal.[ be done to identify and/or exclude unique or

unusuat structures.

Site-specific g[ycan analysis and classlfication of the gtycans with respect to sialytat]on and

antennarity on each level of sub-fractionation need to be done. Positions of N-acety[lactosamine

repeat on antennae, lack of siatylation of antennae. position of fucosylation shall be e[ucidated and

presence of O-acetylated groups shaLl be confirmed.

Extensive testing of biosimi[ars using val.idated assays, including state-of-the-art methods for

HP-SEC, uitracentrifugation chromatography and/or AF-4, shal[ demonstrate dimers or aggregates in

the drug substance or drug product. ln adoition to standard pharmacopoeia requirements for

parenteral drug products, aggregate testing, and testing for protein degradation (e.g., oxidation) shoul.d

be performed at release and stability to assure no impact to these qualities owing to the formulation

process, and to demonstrate manufacturing consistency from batch-to-batch.

3. PrectinicaI issues

3.1 Pharmacodynamic Studies

3.1.t ln vifro studies

ln order to assess any alterations in reactivity between the biosimil'ar 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 availabte from quality-related bioassays, shoutd be provided.

3.I.2ln yiyo studies

The efihrogenic effects of the biosimilar product and the RBP should be quantitative[y

compared in an appropriate animal assay (e.9. the European Pharmacopoeia polycythaemic and/or

normocythaemic mouse assay; Cata may be already avail'abl.e from quality-related bioassays).

Additional information on the erythrogenic activity may be obta]ned from the described repeat dose

toxicity study.

3.2 ToxicologicaI studies

Data from at l.east one repeat dose toxicity study in a re[evant species (e.g. rat) should be

provided. Study duration should be at least 4 weeks. ln this context, speciaI emphasis should be [aid

on the determination of immune responses.

Data on [ocal to[erance in at least one species shoul'd be provided. lf feasib[e, local tolerance

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

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

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



II

4. Ctinicat studies

4.1 Pharmacokinetic studies

The relative pharmacokinetic properties of the biosimi[ar 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 andTL/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 preferabl.y be evaluated as part of the comparative pharmacokinetic
studies. The chosen dose shou[d be in the linear ascending part of the dose-response curye. ln single

dose studies, reticulocyte count is the most relevant and it is therefore recommended for
Pharmacodynamics marker for assessment of the activity of efihropoietin. On the other hand,

reticulocyte count is not an established surrogate marker for efficacy of erythropoietin and therefore
there is no suitab[e endpoint in ctinicaI trial.s.

4.3 C[inicaI efficacy studies

The mechanism of action of efihropoietin is the sarne in ail. currently approved indications but
the doses required to achleve the desired response may vary considerably and are highest in the
oncotogy indications: Erythropoietin can be administered intravenousl.y or subcutaneousi.y.

Recombinant efihropoletin has a re[atively wide therapeutic window and is usually well
toterated provided, that the stimulation of bone marrow is control'[ed by timiting the amount and
increasing rate of hemoglobin. The increasing rate of hemog[obin rnay ccnsiderably vary between
patients and is dependent not only on the dose and dosing regimen of efihropoietin, but also other
factors, such as iron stores, basetine hemogl.obin and efihropoietin levels, and the presence of
concurrent medlcal conditions such as lnflammation.

Comparable clinicaL efficacy between the biosimil'ar product and the RBP shoutd be

demonstrated in at Least two adequately powered, randomized, paraLl.el group cl.inical tria[s.

Confirmatory studies shoul.d be double bt]nd to avoid bias. lf this is not possible, at minimum the
person(s) invotved in decision-making (e.g. dose adjustment) shoul.d be effective[y masked to
treatment aItocation.

Sensitivity to the effects of erythropoietin is higher ln erythropoietin-deficient than non

efihropoietin-deficient conditions and is also dependent on the responsiveness of the bone marrow.

Patients with rena[ anemia are therefore recommended as the target study population as this would
provide the most sensitlve model. Cther reasons for anemia shou[d be excluded.

The clinical tria[s should inc[ude 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 dynamlcs and dosing during the anemia correction phase. lt

should only include treatment nave patients or previously treated patients after a suitab[y long

epoetin-free and transfusion-free period (e.g. 3 months). lt is recommended that the comparative

phase be 6 months in order to estab[ish comparabi.e clinica[ efficacy of the biosimilar product and the

RBP in patients with stabilized hemoglobin leve[s and erythropoietin dose. Shorter study duration

should be justified.

The study design for a maintenance phase study should minimize basetine heterogeneity and

carry over effects of previous treatments. Patients inc[uded in a maintenance phase study should be

optimal.[y titrated on the RBP (stable hemoglobin in the target range on stab[e erythropoietin dose

and regimen without transfusions) for three month. Thereafter, study subjects should be randomized

to the biosimilar product or the RBP and fo[[owed up for a least three and, idea[y, six months to

avoid car'ry over effects.

ln the course of both studies, efihropoietin doses should be closel.y titrated to achieve

(correction phase study) or maintain (maintenance phase study) target hemoglobin concentrations.

The protocol should cl.early pre-define the dose adjustrnent a[gorithm. Hemoglobin target range and

titration schedule shou[d be in accordance with current clinicaI practice.

ln the correction phase study "hemoglobin responder" (proportion of patients achieving a pre-

specified hemoglobin target) or "change in hemoglobin" is tne preferred primary endpoint. ln the

maintenance phase study "hemog[obin maintenance rate" (prooortion of patients' hemoglobin leve[s

within a pre-specified range without transfusion) or "change in hemogl'obin" is the preferred primary

end point. Efihropoietin 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 ]n 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 studles. Transfusion requirements should be inctuded

as an important secondary end point. Since efihropoietin doses necessary to achieve target

hemog[obin levels differ in pre-dialysis and dialysis patients, these two groups of popul.ation should

not be mixed in the same study.

Ctinical 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-dia[ysis population using

SC efihropoietin and a maintenance phase study in a hemodialysis population using lV

efihropoietin.

4.4 Cl.inicaI Safety

Pure red ceLl apl.asia (PRCA), due to neutralizing anti-efihropoietin antibodies, has been

observed predominantLy in rena[ anemia patients treated with subcutaneously administered epoetin.

Because antibody-induced PRCA is a very rare event and usua[y takes months to years of

erythropoietin treatment to deve[op, such events are unLikeLy to be identified in pre-authorization

r
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studies. ln addition, possible angiogenic and tumor promoting effects of erythropoietin might be of

importance in setected population.

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

marketing safety database.

The appl.icant shoul.d provide at least 12-month comparatlve immunogenicity data pre-

authorization. Retention samples for both correction phase and maintenance phase studies are

recommended. For detection of anti-erythropoietin antibodies, a vatidated, highl'y sensitive assay

shculd be used.

4.5 Risk management ptan (RMP)

Withjn the authorization procedure the applicant should present a r]sk management program

and pharmacovigi[ance plan. In order to further study the safety proflie of the biosimilar product,

particularty rare serious adverse events such as immune mediated PRCA, safety data shou[d be

cottected from a cohort of patients representing att approved therapeutic indications. DeveLoping RMP

for any given drug needs to be carried out with reference to other products.

ln order to appropriate[y attribute adverse events in a patient to a specific epoetin product,

substitution by pharmacy without traceabi[ity should not be allowed. The physician's prior

invotvement and consent shoul.d always be incIuded in the decision to substitute a biosimil.ar for a

reference product (or vice versa) and the substitution should be properly documented and traceab[e.

The appiicant should give a risk specificaticn in the application dossier file for the medicinaI

product under revision review. This inc[udes a description of possibl'e safety issues related to

tolerabi[ity of the medicinal product that may result from a manufacturing process different from that

of the innovator. ln the app[ication dossier, the applicant shoul.d oresent a risk management pl.an or

pharmacovigilance plan in accordance with current EMA procedures and guidelines. Thls should take

lnto account risks identified during product development and potentiaI risks.

The compliance of the marketing authorization holder with commitments (where appropriate)

and their pharmacovigilance obligations wi[l. be closel.y monitored. The marketlng authorization holder

should address reports and any other information on tolerability of the bicsimilar that the company

has received. These reports or information must be evaluated and assessed by the marketing

authorizatlon holder in a scientiflc manner with regard to causality of adverse events or adverse drug

reactions and related frequencies.

The development of a good RMP that wil.[ meet key stakeholder expectations wi[ be based

on many different factors, but knowing what has already been required for similar products in the past

should be a startlng point. For fur'cher information on this issue, ICH topic Q9 can be used.
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