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UNU

Human granulocyte colony stimulation factor (G-CSF) W glycoprotein N¥M#UIN
muqumsa%’wmazﬂaﬂﬂ&iaﬂLﬁmﬁaﬂmwﬁmﬁﬂm?\la (neutrophil) aananlunszgn (bone marrow)
Pegfilgrastim Wuenhiinssinlusau recombinant human G-CSF (r-metHuG-CSF), Filgrastim
nuluanazas polyethylene glycol (PEG) 21a 20 flamadu lagluianazae PEGylated G-CSF gn
Mtafieses two disulphide bridges lutanaiizwne 38,000 mMaay vaush Filgrastim Hznalszan

s . Q( 1 \J . . 4‘ = n \J
18,800 MaGiu e Pegfilgrastim aangndmelusumealdununi Filgrastim fiasnniizinaluanalnain
= 1y ' = . . . < [y =~
Jegnausanmalaledasnin™ > > ¥ Faen Pegfilgrastim waz Filgrastim fnalnmseangnimilouny da
wsnuinlnsile ddevslalumssnmn fe Toieanstaznmmsiianizinlnsilaludenan (Neutropenia)
a0aUAN5alu29M3LAa febrile neutropenia wazanguamsniueansinigaanmsiia febrile neutropenia
1u;§'ﬂmﬁ1&i”%’ummﬁﬁwﬁmﬁa%’ﬂwﬂmuu‘%q (anIU chronic myeloid leukemia waz myelodyplastic
syndromes)™ >

Jagtiuimsudnendringaasads (biosimilars) wesen Pegfilgrastim lunaigUszmasiuny
Uszindlng (dasanendringeuuuy (originator %38 innovator drug) AIUIEHEIAVBNENEUAILE)

v o W v = o YVl tu a [ gy @ = d' v =
luilgiuendringessedahinldGanmmzsnundanaridringlssinldsdunlannnnszuiumsinalulad
v & a o { o Y a M v o v '
Famuwunuu wnzlurdesasinansanliuignslagaazainsaanadaugaanvaslailusged o
e v o’d‘ v a 1 dyd o v v a v d‘ = %
nanmsuailszleminlannmsudasnguiife midasdunumsedalaann neeazgnasiiaiisuiuen
duuwuy MlimsEhdsenlannau®®” msmuauaumwzesen#iingaaeadasmmsdnmilsaudisy
(comparability study) AUgFIINQAULUY ¥3ENTNINTFINEWEN (reference product) TagUsziiunemu
AN (quality), non-clinical uas clinical®® ' FenFringaaaadzinnuaaadaluuiammw

QJ = = o =~ L v o o =1 = = v = =
anulaaany wazlssanimwivenzriingauuuy dmsumsAnmilaudisuaaamn mswieuiiay
= L2 vV = L v a = = = v acia d = o
e ingameadInUNIINeIIUNENElagmMsdnmFauiisunuy head-to-head feiFiaNzitdeIny

4 L

Taed8medimu (biological), tAliMeW (physicochemical) wazniANAUINE) (immunological)
dhumsi3autiisueu non-clinic waz clinic 3auiisuanringameadenuasNasgIUENBlans
watl3autiisulszansmuuazenulasads asiasgudndeildmsiugumsndadeiuaasnns
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Yaendasaeitiiatsuaniien biosimilars Hilemwuaansalumssnmleniali Fisnasauanuuseween
biosimilars lagdrulngazialasdr35lunesanaass (in vitro bioassay) Fefifienil 2 53 fe
receptor binding assays waz cell-based functional assays %38 cell proliferation assay"® ipaan
Yaguudalafiidnasgrudmsunasauanuuswesen Pegfilgrastim luussine ﬂmz@%ﬂﬁqﬁmuﬁﬁﬁu Tog
daulasnniBienzdaanuusevesen Filgrastim Ty U.S. pharmacopeia® @@ 35 cell proliferation
assay lagazSamsifinunuzausadnnaususia G-CSF lagvhmsnagaumadndeuiisuivas
nasguEeds ludunsumsiennisazaaunu3naed ssduanudaturaseniivangay uas3smasuna
mMINagau s‘z“hmmsn*?wh luminescence %58 colorimetric %158 fluorescence "z”iyuagiﬁ'uaﬁsf'iy’ﬁu (substrate)
Adhumiiolat™ ® nnusnasainlalas1slusunsy parallel-line analysis uazenunaiiue srelative
potency"® HaIMINRLAFN N MINENLE) ANATDUANNYNABNYDNIB LUWINT@ S 7 laua anname
amandudunsiuazdnmadiesnsd anausiy anudies wazenuameedi’” dweldiiisnespulumsm
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MDA EITNINIFIU
900953 7U Pegfilgrastim USP reference standard ANULENTY 1,000 ng/ml (lot no. FOM527)
10 U.S. Pharmacopeia d§1u@2ae8en Pegfilgrastim Mnusem (8%a) Usznauae 8 A 2110 6 mg/0.6 ml

a v a v oo v o v A v
#via B 2110 6 mg/0.6 ml azevio C U0 6 mg/0.6 ml IUGEINUNIUIU 6 VINOYYVID

BASINZIA

wad Mouse Mus musculus myelogenous leukemia, M-NSF-60 (ATCC® CRL-1838™)
finaudusna interleukin 3 (IL-3) uaz G-CSF wazlSuamuimaslaiianaldmSumsnasay
lagmsnszquizadaieg G-CSF anududy 1 ng/ml

wa3asiiauazaunsal

1A394 auljasenuululasiwan (Microplate luminometer) Ju Orion L %83 Titertex
Berthold Uszineieasuil napiganssminuuduniasn (Inverted microscope) 1 CK2 284 Olympus Useine
du §5illsfe (Biological Safety Cabinet) gautnz@auuyld CO_(CO, Incubator) gamgii 37 + 1°C
U Galaxy 170R 2839 New Brunswick Uszinagasuil lulastwandumnuuuu 96 wan finuwanle udadomd
2849 Corning UszmAansgaLusm

m‘smﬁuazmmmﬁymmaﬁ

RPMI medium 1640 (Cat. No. A10491-01, Gibco) WanA®9iuas Thermo Fisher Scientific
UseinAansgaLnin) Heat-inactivated Fetal Bovine Serum (Cat. No. 26140-079, Gibco) NANN N
284 Thermo Fisher Scientific Usztnaanigatusn) 2-Mercaptoethanol (Cat. No. 21985-023, Gibco)
nanfAuviuas Thermo Fisher Scientific Uszindanigaia3n CellTiter-Glo® Luminescent Cell Viability
Assay (Cat. No. G7572) WanAaizad Promega Uszindanigainsm

MI0FaUANNUTILA8IS Cell proliferation

MIATATDUANNLTBNEN Peghilgrastim 1935 cell proliferation lagandeanuanNsovpusas
M-NSF-60 ﬁamﬁmtﬂwzfaﬁl.ﬁuﬁwmuLﬁagnnssﬁuﬁaﬂm Pegfilgrastim Feomaideugadildlums
nadau (assay medium) wazdnmelumsnadauiiuluaudmneanadinsumsienziainnusen
Filgrastim"* loanszduwad adapted M-NSF-60 91131 5 x 10° cells/50 ul/vgn lutwan 96 waw
fEdagEuaraINIIUie TN UENRY 0.5 ng/ml MntuFenadu two folds serial
dilution (117U 8 dilutions) udrgaldluwaniifwaduimnes 50 ul/van anudutugaieas
faghefiaiiiy 0.001953 - 0.25 ng/ml Feienuudunsaamdiensd iwanliisi s7°C
Tugnneni CO,_ 5% e 20 il Taefasanasgu Pegfilgrastim Ainnududy 10 ng/ml {u positive
control ttaz assay medium Hlu negative control diaasunaria cell proliferation Iﬂﬂi"ﬁqﬂﬁﬁmwﬂﬂau
Ehl,%’wagﬂ CellTiter-Glo® Luminescent Cell Viability Assay (Promega, USA) Taaiin CellTiter-Glo
solution U33195 100 ul/vigu wdhluTna luminescence A81A394 Microplate luminometer Siu Orion
L (Titertex Berthold, Germany) 3Lﬂiﬁzﬁﬁaga‘[ﬂﬂ€lﬁﬂitmiu Bioassay Assist lagl% parallel-line
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model SenunaLlua %relative potency MuIaAILRdLs2IANA (Geometric Mean, GM), dudeaiuu

A . L. v a £ .
19550U521080 (Geometric Standard Deviation, GSD) wasmaniszandanuuwlsusiu (%Geometric
Coefficient of Variation, %GCV)

MINATAUANINYNABIYAIID

msnagauamEInz Anauduasuaz M HIeTeR anuusiy AnaLfies waranNAmY
20975

ANNIIUWIE (Specificity) lagnsnszduyasd adapted M-NSF-60 6288158105511 0
Pegfilgrastim éﬁ’aﬁhﬁﬂ wae formulation buffer 28480 Pegfilgrastim Ltdazéﬁ'ﬂ MMINeFaU 3 529?”1
msienzinedu Tosfnarimsingen fo wmemanaspuuasdamenniuiimmnsonssduiad
adapted M-NSF-60 lsifimsutsaiinsnnu dru formulation buffer zavsenlaianansonseduliiaad
WYz ia e e NI

anuiudunsauazg e (Linearity and range) a519t@9emaNuLss Pegfilgrastim
USP reference standard fita3asliienenudasudadiu 50% (0.25 ng/ml), 75% (0.375 ng/ml), 100%
(0.5 ng/ml), 150% (0.75 ng/ml) uaz 200% (1 ng/ml) MMINAFIU 3 sgﬂ Wudaszaany Ias1zim
Mdndszansmsaadula Coefficient of determination; r*) uay %GCV laglinamigansu r*> 0.990 waz
%GCV 1pani 25% nasinseaNsulannamsnadauaInmsin pre-validation 2835 snagau”®'®

ANNLU (Accuracy) ATIAFBUMSBEAZMIAUNGU (%recovery) UBNAMANNILTIWBN Pegfilgrastim
USP reference standard ﬁm%ﬂﬁ'ﬁmﬂmﬁuﬁuﬁmﬂu 50% (0.25 ng/ml), 100% (0.5 ng/ml) LLas 200%
(1 ng/ml) ¥hmsneasau 3 o Ailudastaany munm swrecovery aail

%recovery = (@hmﬁ'ﬂwaq s%relative potency ﬁ’a’ﬂlﬁl/%relative potency ﬁ“ﬂ‘ﬂ‘Uﬂ'ﬂ) X 100
Tognamisausu g%recovery WNNU 80-125%

AMNLTE (Precision) asaaauly 2 wida laud msvhalusudeoniu (Repeatability) nagau
anufisslaedenzdaanuuswaen Peghlgrastim &va A FUMSHAMALINUIUIY 6 IBEN NIMT
Anmsiluiuasnandendu Tasgiensiauds Jansin %GOV wasmshideiu (Intermediate
precision) TagdiaszdaanuLsween Pegfilgrastim f3a A JUMSHAALAEINUIIUIY 3  Thmsesed
giuiu Toae3iazd 2 au Inszim %GCV Teaiitnamiaansu %GCV Waanin 25% nasimssaniula
NANINAFIUINMTIN pre-validation adismnagau’®'®

aNueIn (Robustness) lagmsilasunlasdnnzassmsnadauiiadinadamsdenziae
Wy passage number 2a9aaRlElumIenziaanuusien Tagld passage number 12, 16 waz 19
Tumasnagau uananniilavnmsasuutasnmilalumsus (incubate) Tael#i 27 #lue waxi 20 1l
waziwaMAeNRINMUIN %GCV lasfitnasisansu %GCV daan 25% nasimsaansulaan

(18,19)

RNMIM pre-validation a4IGMINAFDU

mﬁmswﬁﬁagamq a06

Annziuazuaalasadfidanssan laun GM GSD uas %GCV lagldgasaunealiil

In(y;) +...+In(y,)
n

GM = /y1 X y; Xy3 .Yy = exp
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GSD = exp(SD(ln(yl).ln(yZ),ln(ys),...,ln(yzv)))

%GCV = \/ expn(GSD)? — 1 x 100

We

MINAFIUANNYNGABIABIIE

ANMTNNIZYBNIS LoeM Nz adapt M-NSF-60 cell lines aneen Pegfilgrastim fwae
wae formulation buffer 289en Pegfilgrastim udiazéiva vnmsnadau 3 a1 dhaduiu nuhilemnzsta
e Pegfilgrastim &va A, B was C mm‘mnizﬁumstﬁuﬁwmuwmmaﬁmmzﬁummLﬁuﬁuﬁtﬁuﬁulﬁ'
Toesidinasua s%relative potency Whiu 115.3%, 108.1% Waz 102.8% museu luwaieil formulation

buffer zaenmnévialisinnsonszaulviia cell proliferation aauaaalumsnd 1

q' o aa . . a I'd .
MINN 1 AN cell proliferation Tun1sitasIzANNLSIwReN Pegfilgrastim wagy

formulation buffer laanaaaumaIu

fiva ﬁ%\‘l‘ﬁ %relative potency formulation Buffer
1 101.2 - ¥
A 2 123.1 -
3 122.9 -
GM 115.26
GSD 1.12
%GCV 11.30
1 111.4 -
2 123.0 -
3 98.7 -
B
GM 108.06
GSD 1.16
%GCV 14.78
1 103.5 -
2 113.9 -
3 92.1 -
C
GM 102.78
GSD 1.11
%GCV 10.67

a8 NN aM SN IUIY
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ANutidunTIarTMIeNLY logdneieanuuss Pegfilgrastim reference standard
= Yt vV v T W
wwsenlidianudntuynu 50% (0.25 ng/ml), 75% (0.375 ng/ml), 100% (0.5 ng/ml), 150% (0.75 ng/ml)
waz 200% (1 ng/ml) MMsneday 3 B Wudaseaany WUNHAINMINAFBULUSHUMNTEAUANNITNLY
{ o 1 v . o ° Y a £
Wa1@ expected potency waz@ found GM relative potency aasNATWLazAUIMMIMFNUTZEND
v v ' v A v ' v o a1 W a £ v o
aNudunus nunlanswndudunsensansieanudngy 50 - 200% wazliaduuseansmsandula
Coefficient of determination; 1) (NU 0.9967 FIENUNUNNMWUA (r*> 0.990) waAd iy range
NMmMInagauiaNuINzdNIAMSMUIUA linear regression LAM r’ AU 0.9967 wazla@ F-test
nemnuleieaInn F-test :na519 (critical value for the F-test) Astauanudasy 95% (o=
0.05) wamN NN UFUNTIPAZ1NIINATILY LaLWUNAANNUSILUTHUATNADILAUANNINTY Uuay
A %GCV 2a90NNUNUENYBINITMEUMNNY 3.33, 4.73, 13.09, 15.20 Uz 14.05 MNSAU N %recovery
WA 91.6%, 101.6%, 96.0%, 108.3% WaY 106.5% MNANU AILTNIUAITINN 2

a51i 2 enuduiduasiwazdansieseiveadd cell proliferation Tumsnadauanuusezas

Pegfilgrastim USP reference standard

expected relative P found relative
AN GM % GCV %recovery
potency (%) potency (%)

1 45.1

50 2 44.8 45.8 3.33 91.6
3 47.6
1 78.5

75 2 78.2 76.2 4.73 101.6
3 72.2
1 107.9

100 2 83.4 96.0 13.09 96.0
3 98.2
1 167.3

150 2 137.8 162.4 15.20 108.3
3 185.6
1 249.2

200 2 190.9 212.9 14.05 106.5
3 202.7
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v aa v 1 o ' A o Y .
ANNUNUDBIID LEAIMIEA %recovery Laglumpenimsanlvimnnuusias Pegfilgrastim
USP reference standard #1 expected relative potency WU 509, 100% W&z 200% WUTNGIBENT expected
relative potency 9 50% 13500 5IAMANNUTLAAT GM WNAU 45.8% WAL %recovery WNNU 91.6%
UENBENNN expected relative potency f1 100% &13150057ale@ GM AU 96.0% Way %recovery
v @ P2y % v a . < v Y
AU 96.0% WazLiindaea expected relative potency tiu 200% sansaamiamanuuselaam GM

WA 212.9 WAL %recovery WNAU 106.5% T18ALLDIAAIUTAILUMTND 3

MINN 3 ANNUNUYBNID cell proliferation Tumsnadauanuusezas Pegfilgrastim USP reference

standard
expected relative P found relative
AN GM %recovery
potency (%) potency (%)

1 45.1

50 2 44.8 45.8 91.6
3 47.6
1 107.9

100 2 83.4 96.0 96.0
3 98.2
1 249.2

200 2 190.9 212.9 106.5
3 202.7

ANiiaaradds luids repeatability diammsienzdaanuuswecen Pegfilgrastim fivia A
FJUMSHANGEIMINIUIY 6 e IMFIANHluTuLasnafeInY loglinnziaude wul %relative
potency BgjluzNa) 89.2 -~ 120.4%, GM+GSD (U 102.06+1.10% Waz %GCV AU 9.70 GILEA
Tumsil 4 §mSumsdne intermediate precision waq@tﬂswxﬁﬂuﬁ 1 WU %relative potency Hen
8glu29 97.0 - 117.2% GM + GSD iU 104.33 + 1.11% udz %GCV WU 10.20 Q"itmwxﬁﬂuﬁ 2 WU
grelative potency aeluz9 88.2 - 97.29 GM + GSD WNU 92.73 £1.05% waz %GCV Ny 4.87
fauaaslumsd 5

ANMANNAINUZaNs lasmswasuwlasdnisaasmnagauiianadanadamsienzyd fe
Wasy passage number 2augadnlFlumsinnzimanuusien A lam %GOV uhiu 4.97 wananii
Tevmswasuulas incubation time Mniiu 29 (B 27 32lue wamsnagaulaem %GCV whiu 10.96 uaz
11.12 ;Muaeu sauaaslumaei 6 uazmaen 7 wazdlawdsuiisunamsdenzisznine incubation
time 27 W8z 29 "zai"ﬂm logldadd t-Test: Two-Sample Assuming Equal Variances wunlidianu

UANFNNUNTEAUANNTBNY 95% Laae t-Stat (1.56) NenwIaladeiaenine t Critical one-tail (2.13)
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M5NN 4 ANNLNE9YBIIS cell proliferation Tumsnadauanuusewasen Pegfilgrastim #va A lag

maneaauluiunaznandeny lesiensiaudenny

ﬂ%ﬂﬁ %relative potency
1 100.2
2 89.2
3 104.1
4 120.4
5 101.4
6 99.5
GM 102.06
GSD 1.10
%GCV 9.70

MINN 5 ANNLNEIE89I5 cell proliferation lumsnadauauLsIaeeen Pegfilgrastim 8veo A
Toamanadaudniy logeieszviaainy

4 %relative potency
GENL N P P U P P
WILAIISHAUN 1 WILATIHAUN 2
1 117.2 97.2
2 99.9 93.0
3 97.0 88.2
GM 104.33 92.73
GSD 1.11 1.05
%GCV 10.20 4.87

MINN 6 ANNAINUIBIID cell proliferation lumsnadauanuusivasen Pegfilgrastim &via A lio
1Udau passage number BUADEN LElUMTIATIEH

Cell passage number %relative potency GM GSD % GCV
12 107.8 101.82 1.05 4.97
16 98.5
19 99.4
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]
IS4

MYNN 7 ANNAINUBBNID cell proliferation Tunmsnadaunnuusezase) Pegfilgrastim 812 A
watlasunanlgly incubate 91 37 °C a0 29 Flaw Wu 27 Hlua

Incubation time

( P ) %relative potency GM GSD %GCV
L3N
95.3
29 80.3 90.98 1.12 10.96
98.4
98.3
27 98.3 104.79 1.12 11.12
119.1
a 4
FJAIIU

HeMaNadaUANNgNAaadis wuhAsinanundenuiiwzesis Taawuhmwsiad
¢ Pegfilgrastim ﬁﬁwm‘lﬁtﬂuéf'sLmu’lumswmaauﬁwanswj”u’lﬁﬁhmuma&ﬁuﬁu amuz#t formulation
buffer zasenuaazniialiainsanszqule uaaslvtiiuiisienuduwzuas formulation buffer lxfina
famInadau uamnnﬁvmimaaummgnﬁ'awaﬁ%‘luwwmﬁma%%’u61 Toud anuieadianauuurhn
TuTudeniu yhaeheiufu uasanausiuzesis wuhehunaeilunnmniieas masnagauanuiudunse
wuhnoiduduaseaaadimsasaranuEngy 50 — 200% uazimanUszanimsdadulauhiu 0.9967
ANNAIBdIaanInTolFmadh passage 4 §9 20 uaz incubation time 7 27-29 3l lagramnagay
Tdfienuuandmenuannramsnagau ‘[ﬂﬂﬁ"ﬂﬂm‘smumqmmwmqm Pegfilgrastim 2w@sIadaUNIEY
physicochemical waz biological activity 2891 F1msasIasauaANNLTwadn Pegfilgrastim 21853
cell proliferation assay lagaziamsiinsuinaaawasues adapted M-NSF-60 cells NAINTEO U
Pegfilgrastim %ﬂﬁ'mﬂﬁﬁammwiaxuﬁwx‘l{i‘i%mswﬂaau FAYDUYaaN1E FEMIBUNIMINATAULANG
fuly denalimamsiensiianuuandafu® > yannniifiasmsmagauanuusisieisou q laud
35 receptor binding assay IG]EIT?}'LGI%EN flow cytometer Tumsiausane Pegfilgrastim ﬁ%’uﬁ’u G-CSF
receptor Uaz35M53IM binding kinetic Tae35 Surface Plasmon Resonance (SPR)®® snmsdnulas
Biotherapeutics Group of NIBSC Fuflugudnmanasgiunas WHO lédaadanamsmnasmuuasasl
WeeUUiamsens 9 v 24 weal §Udns noviesd §Uams 1435 cell proliferation assay 11w 13 VasUfliams
1% M-NSF-60 cell line sufluwadziinieafuildlumsdnmiiisuay 2 #eafiams tléismssue
luminescence wilauitldlumsnmil Mnaguwemamasaunuhiasfiamailfizeduaismssuwa
manadeumiiaumsanmiliien %GCV asnh 25% wazild %GOV midlafieutuiesfidmsildized
wadimssuwananall wu 1Fmseuarlas colorimetric (MTT) uananiianseIua luminescence
svaznmnlFlumsnadausuniiladeustds colorimetric®® ffidasmilsidlummasaudedainann
auil A wadnldlumsnesaumsigmwaurads lifmsvudlauwuaiids Wosuaslulaswaraun sl
maéﬁmumiﬂsxﬁuﬁm G-CSF Lﬁasl,ﬁmaﬁﬁmmh@iamsmz@iﬂﬁﬁuﬁwmuﬁmm Pegfilgrastim @79
1Fiwad passage 71 4-20 lumsnageu Mnwamsansmaeidiulaiisiammnselslumsasaien

{ v o a ¢ Ul?lol:d'?l'

AnNuseen lan 3 e Nldlumsdnmn udnidiluigainaassldivaiedumenas
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ABSTRACT Pegfilgrastim is a growth factor that stimulates the growth of white blood cells.
At present, there is no standard method for determining the potency of this drug in any international
pharmacopoeia Therefore, a cell proliferation assay was developed by stimulating the adapted M-NSF-60
with diluted drugs at a suitable concentration. The increasing number of cells was measured by using
luminescence substrate. The results were analyzed using a parallel line analysis program to determine
the drug potency. After the method had been validated, the results showed that pegfilgrastim could
stimulate the adapted M-NSF-60 multiplication. For the accuracy, the %recovery within the acceptance
criteria from 80% to125%. The precision of the method, the %GCV of repeatability and intermediate
precision were 9.70 and 9.65, respectively, with a linearity and appropriate range between 50-200%.
The linearity and range exhibited the r* value of 0.997. The robustness of the method was tested by
modifying the passage numbers of cells and the incubation time., the %#GCV was <25% and there was no
significant difference at the 95% confidence level. All data show that the newly developed method is
suitable for use as a method for determining the potency of pegfilgrastim 3 brands used in this study.

For other brands of drugs must verify the method before applying.

Keywords : Pegfilgrastim, Potency, Cell proliferation, Method validation, Method development
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