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UNAQYD

f]a]ﬁ;ﬁ’ulﬁﬁ'mﬁmmamm%ﬁmq?\laLmiaﬁwﬁmaﬂuﬂizmm N1IATUANAUNINVBINGAS
HaunsafuFafianus iy msnsivaeuarunswnedTiiusuauead (cell proliferation) fufifeld
TunmaeUssina fadunsinwiieiingusrasdiiionsinaounnugniesesislumsfivesing 4 lHun
ArdE ATy e issiansaaeusluTufefuuazeeiu arufudunsuazaunmuy
10438 nan1sAnmIATEINIENUT flangannasulezeflaunsafusintuiinssdulisad
adapted M-NSF-60 yinnsuiadaifinsiuiudioieusu formulation buffer uaziiienaaauarunaiy
Tnginfnuussveenlaunsafuuesansuinsguil %relative potency #l 50% 100% uay 200%
wuinen %recovery aglutnausiiinunszming 80-125% mnuiiinsvesdslim %GOV toundn 25%
drumnududunsaaziaan iz e = 0.9979 Tnefidrsnsiieifimnzasegsening
50-200% relative potency drueunweRTilnadeu passage number YpdLaANA incubation
time Tunsvaaeau wuinawnsaly cell passage Tugasdaus passage 71 4-20 wag incubation time
71 27 war 29 Falus Tner %GV Toenin 25% usnaniAdilaldfinruuannsiuesediod i
seduadeiiu 95% (p = 0.11) mﬂ%’agaﬁwmmmdﬁ% cell proliferation JANMUANNIE AULLY
Aes wagiinmnamuesitiiasgy Sdmuwanzanlunsinliduitinesgulunsie e
AULTIVDY Naunsafu
Ad1Agy: Cell proliferation Wauwnsasy AULSS
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Abstract

Nowadays, biosimilar filgrastim is being to produce in domestic, quality control of filgrastim
products is therefore necessary. The strength examination by using a cell proliferation method is
common used in many countries. The study aimed to measure the accuracy of the methods in
various parameters which include: specificity, accuracy, precision, linearity, and robustness. The
results showed that this method revealed specificity to only filgrastim standard and samples.
They were able to trigger the proliferation of adapted M-NSF-60 cells when compared with the
formulation buffer. For the accuracy, the relative potency of filgrastim standard at 50, 100, and
150% was analyzed and showed that the %recovery were within the acceptance criteria from 80
to 125%. The precision of the method was less than 25% of GCV. Linearity and range exhibited
the r* = 0.9979 in the suitable range at 50-200% of relative potency. The robustness of the method
was tested by modifying the passage numbers of cells and the incubation time. The robustness
indicated that the 4 to 20 passage numbers of cells was able to use and incubation time by 27
and 29 hours, whereas %GCV was less than 25% at 95% confidence level (p = 0.11). All of the
results confirmed that the cell proliferation method had the specificity, accuracy, precision, and
robustness. It is clear that this method is suitable to use as a standard method for the potency
test of filgrastim products.

Key words: cell proliferation, filgrastim, potency
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Hawnsafu (filgrastim) WWuen@aing
findnandeiifitinlngldmalulaTanamlunisan
F9IANUUUTUTINYDINTTHENEA filgrastim 11Te
Granulocyte Colony Stimulating Factor (G-CSF)
W elycoprotein fiflunumdrdalunmsifiusiuay
waruUsshveseadsuiuiadindon Jddiiioan
soznansianmzdadesvivieaialnsilas
Jagtulinisudnendringaaiends (biosimilars)
voslaunsafulunaeusemailosnendiing
FULUU (originator 38 innovator drug) AU
SzuzaesdnSinTuds Feen biosimilars il
ANuAaIeAddukinun I ANUaensde way
Usednsamdvendringduwuy Tutagduen
biosimilars WhsnldiFenaneiundndundiing
Ussnushudildunannssuaunismalulad
Fanmidy iszdundadneifianunsayinly

U3qvslfgauazanusansiadeunadnuas iy
88197 mundnnsudusglenifldannisuane
nauilagshlianfuyunissdalduin s1aenae
gnaadleifisuiuendunuy viliinsithdaenls
wnau® dagtuedringilaunsafudiniudn
Tudssine miisaumvauiiuaunInluies
UjtRnsvesUssmasuiudemaaeuiiiofudu
Tupmnmvesendriaquail fidhdayionsnsaasy
AMLSweARSuTiteUsuanten biosimilars 4
finuanansalunissnwildudelsl F93naaey
AALLTITD387 biosimilars Tnsdiulugazinlag
s lunasanaasd (in vitro bioassay) Tu 2 38
Ao receptor-binding assays waz cell-based
functional assays 1#3® cell proliferation assay @
dmSUITNAROUAULTIVBIE Filgrastim 2x3n
nsufinduIureuwad (cell proliferation)
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finouduessio G-CSF dugaaildiivaaviln
LANFNIFUSIRIENsNAEOU SYFUAIEIdY
YOI ALIZNITEIURANIVINE UT a0 TRA
luminescence 38 colorimetric %38 fluorescence
Juogfuarsnai (substrate) Al Turiale®”
Faiuisedetmummanmefivnzauedis cel
proliferation WagnARBUANIYNABIYEIISNAROU
ANusvessflaunsaRuiteliduitunsgu

Ya3Usenasall

s:l08U3SNISIVY

A15UINTFIUMALAIE 1IN AN THRAN

ansunsgunldidu Filgrastim USP
reference standard AULINTU 0.98 mg/ml
(lot no. FOL526) ¥a%891n U.S, Phamacopeia
drushegeflawnsafuiivhunfnwunainwany
UtmgnanUszneudie Bve A uim 30 Mill
International Units (MIU)/ml wag 48 MIU/ml
840 B wuA 30 MIU/mL 8% C au1m 30 MIU/
0.5 ml uagdo D vuA 30 MIU/0.5 ml 3117w
6 feearabie

\wARINILIRES

a8 Mouse Mus musculus myelogenous
leukemia, M-NSF-60 (ATCC® CRL-1838™)
Juwadfinevauesie interleukin 3 (L-3) way
G-CSF Inglausuaniniwaa (adapt) Tvisiaaala
dmiumsnaaeulaenisnseiueadeaie G-CSF
ALTNTU 1 ng/ml

\n3esilouazgunsal

\n3esguuiizervulalasinan (Micro
plate luminometer) 3u Orion L w84 Titertex
Berthold Useineileasiu ndesganssAuLuy
dUL1837 (Inverted microscope) U CK2 ¥4
Oympus Uizmﬂﬁﬂﬂu A7l (Biological
Safety Cabinet) ﬁaULWWL%@LLUUW Co, (CO,
Incubator) gaumgil 37 + 1°C Ju Galaxy 170R
294 New Brunswick Usgineilgasiiu lulasiwan
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dvnnuunuy 96 vau dnumanla ndndusives
Corning UseinAanigassn,

asnfiuazemsiasate

RPMI medium 1640 (Cat. No. A10491-01,
Gibco) wanftusues Thermo Fisher Scientific
UseinAanigolusni Heat-inactivated Fetal
Bovine Serum (Cat. No. 26140-079, Gibco)
NANAN V03 Thermo Fisher Scientific Uszina
an3geLusni 2-Mercaptoethanol (Cat. No.
21985-023, Gibco) Wanfiaueivas Thermo Fisher
Scientific Usgineanigatusni CellTiter-Glo
Luminescent Cell Viability Assay (Cat. No. G7572)
HERSDUIUDY Promega Useneansgoisng

75 Cell proliferation

MIATINAOUAINLUTIVRIENTaunTaRw”
3¢n cell proliferation ndsNseFuUAd adapted
M-NSF-60 §1u3u 5 x 10° cells/50 pU/vaa luwwam
96 gy SepgvE Ay TIATEIL Ay
Sudu 0.5 ng/ml ﬁ]'mﬁ?uﬁaﬁml,ﬂu two folds
serial dilution (113U 8 dilutions) waIpald
Tumanifiwaduiums 50 pl /vau Avidudu
gavielumanyessitegadidviniu 0.001953,
0.0039062, 0.0078125, 0.015625, 0.03125,
0.0625, 0.125 wa 0.25 ng/ml uazthlutud 37 °C
Tuanmedifl Co, 5% Hunan 29 F3lus Tnedlans
11A5§1U G-CSF fimnandaudu 10 ng/ml 1
positive control Lag assay medium Ju negative
control ifleAsuriania cell proliferation Tae/la
‘quﬂmmaauﬁﬁﬁlgﬂ CellTiter-Glo® Luminescent
Cell Viability Assay (Promega, USA) IagLfu
CellTiter-Glo solution Usu1as 100 pl/%gu
wdihluae luminescence fhewa3as Microplate
luminometer Sq'u Orion L (Titertex Berthold,
Germany) Ainszvideyalagldlusunsy Bioassay
Assist 1ng/l Parallelline model s1891una
nsneaeuilue relative potency FuiAade
1591AEIR (Geometric Mean: GM), dhuldeaiuy
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ATFILINIALR (Geometric Standard Deviation:
GSD) uazAduUszansanuuUsUTIU (% Geometric
Coefficient of Variation: %GCV)

N13AIIAFIUANUYNADIVDIID

FINSNAFUANNTIINE AVITIEImSS
Anugnaes A dudunssnnmsiinsnsiuay
AIUAINY

AU (specificity) Iaen1snseau
adapted M-NSF-60 cell lines measuInIgIY
gilaunsaRuEesig 9 wag formulation buffer
48381 Filgrastim wiiavdvevinnisvadeu 3 41
MNITIATIZRATTU

ANUTiBInse (precision) asiaaauly
2 $ate Idun mavihanluSuieatu (repeatability)
naaeuAIiedneATIERAIAULTeIEN
aunsafiu Bvo A JunsaanReiuduIY 6
fogne nTiesedluiuazialfanu lng
faTziauifien aTei % GOV wagn1aving
#197U (intermediate precision) IngAtAT1ziiAN
ANULSIYBsETIauNTaRN BV A JumsHAnFeIiy
1w 3 91 vhnsiergiinetuiulaeiinsgd
2 AU AATIZINT %GCV Tnsdlinasisansu %GCY
tosndn 25%

A1UQNABY (accuracy) ATIVABUAN
Fo8azN1TAUNGU (%recovery) UIANAIIULT
Y94 Filgrastim USP reference standard Fiwdey
Tsiaadutdudndu 50% (0.25 ng/ml), 100%
(0.5 ng/ml) wag 200% (1 ng/ml) ¥inN15NAEDY
3 81 Tudasyeiafiu fula %recovery il
%recovery = (ﬁ?LQ?ﬂIEJSUEJQ %relative potency
7508 / %relative potency fins1uen) x 100
TnELNeigBaNsU %recovery WinAu 80-125%

AU UEUATINAZY19N1TIATIEA
(linearity and range) ATI9LATIZTWAIAINULT
Filgrastim USP reference standard fin3eu
Tsaranudududndu 50% (0.25 ng/m),

75% (0.375 ng/ml), 100% (0.5 ng/ml), 150%
(0.75 ng/ml) kag 200% (1 ng/ml) ¥in1snagay
3 gufudasseieiu Tiasizvmadulssans
AMUAUNUS (correlation coefficient; r%) wa
%GCV Tneilinueieausu r'> 0.990 wag %GCV
o8N 25%

AUAIY (robustness) TnansiUdaw-
wlasannsvesnvageuiionawason1 e
fio Wasu passage number vouasLFluNg
AATIEAAIANMULTIYT WaLUINANITILATIER
UIATUIUAT % GCV Lasdiinmusisausu %GCV
o8N 25%

n3AAszidayanieaia

AT LEANLAYEDALTINTTUUN
lAwn GM GSD wag %GCV tagldgnsAiuin
selud

In(yy) +...In(y,
GM ="y, Xy; Xy3 .y, = exp [f")

GSD = expSPInGDING2)InGs)..In(yn))

GCV = /expG"(GevSD))z -1 x100%

WaNISANU

N13AIIAFIUANUYNADIVIID

AU NNIZVRITT LAENINTEAU adapt
M-NSF-60 cell lines #e &1 Filgrastim Stfasinan
waz formulation buffer voseaknsaRuuLAaY
S msvngeu 3 ASaseTuiu wudn Sawe
Fegeflawnsaiu 9% A, B, C uaw D a13n3n
nsgfumM i wesadnusziuaIdidy
FfisFuly Tnefidnaasue %relative potency
WU 116.5%, 93.1%, 117.0% Waz 108.6%
mudeu luvaued formulation buffer a8
nﬂ?jﬁa lianaunsanseduliian cell proliferation
Fapn5199i 1
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o ° aa . . a I3 a a .
M99 1 ANUUNEUD9IE Cell protlferatlon GLUﬂ'ﬁ’JLﬂiqgﬁﬂﬁquLLiQGUf’JQEJ"IWﬁLLﬂianILLag formulation

buffer Ingnaaaumiy
ge ﬂ%’»if"i Relative potency % relative potency Formulation Buffer
A 0.63891 127.8 -
0.56203 112.4 -
0.55022 110 -

GM 0.5824 116.5
GSD =. 1.08 %GCV = 8.10

B 1 0.48020 96 -
2 0.48297 96.6 -
3 0.43463 86.9 -
GM 0.4654 93.1
GSD =. 1.06 %GCV = 5.93

c 1 0.62628 125.3 -
2 0.63616 127.2 -
3 0.50244 100.5 -
GM 0.5850 117.0
GSD =. 1.14 %GCV =13.25

D 1 0.57848 115.7 -
2 0.55911 111.8 -
3 0.49428 98.9 -
GM 0.5427 108.6

GSD =. 1.09 %GCV =8.29

*adldifinnsfiusiuiu

ATiesvadis Tufide repeatability
dlovhnsimssiaanuusweseflawnsafy
B0 A JunsHARLAEITUS UL 6 Foee vins
ezl iulagianfeiiu lngdiaseinuse?
WU %relative potency ayﬂmﬁ"mm 85.3 -
112.2%, GM+GSD i1fiu 102.4 +1.11% waz
%GCV WU 10.11 fan519fi 2 dwsunsane

intermediate precision maasﬁmwﬁﬂuﬁ 1 WU
%relative potency Henaglunie 92.6-113.7%
GM=GSD Wiy 102.1 +1.11% wag %GCV Wiy
10.37 ;ﬁmi’lzﬁﬁuﬁ 2 WU % relative potency
9g/lu29 90.97-106.4% GM + GSD Wirfiu 100.0
+1.09% War %GCV Wiy 8.32 fnns1edt 3

= = aa . . PN a
A9 2 AILTEIRS3I98975 Cell proliferation TunisnageuaAULTITOINaLNTaRLIAEN1TAGDU
Tutudagianfeniu

GSD = 1.11. %GCV = 10.11

ﬂ%ﬂﬁ Relative potency % relative potency
1 0.48974 97.9
2 0.56108 112.2
3 0.52746 105.5
4 0.54980 110.0
5 0.42667 85.3
6 0.53067 106.1
GM 0.5121 102.4
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A13°99 3 ANLTIBINSIVETIS Cell proliferation TunsvaaeuauLsvBIsaLnTaRulnenITAdDU

A9U
B fAnsazviaudl 1 fAinszviaudl 2
ATIN
Relative potency % relative potency Relative potency % relative potency

1 0.50513 101.0 0.53204 106.4
0.46286 92.6 0.45484 90.97
0.56874 113.7 0.51582 103.2

GM 0.5104 102.1 0.4998 100.0

GSD= 1.11 %GCV=10.37

GSD= 1.09 %GCV=8.32

AMUYNFADIYDIT UaRIGIEAN Yrecovery
Tgluseeaiwdenlvilaeuusewes Filgrastim
USP reference standard il expected relative
potency WinAU 50%, 100% tag 200% WUl
F1081971 expected relative potency i 50%
AN1T0ATIAANAMULIILAAT GM LAY 47.6%
Waz %recovery Winfu 95.2% wguzfidiaged

expected relative potency 7 100% @313
A539l9A1 GM WnAU 100.3% way %recovery
Wity 100.3% waziilesognsdi expected relative
potency U 200% @11150n53A1ANLLTILA
A1 GM WinAu 223.5 Wag %recovery Windu 111.8%
Fap151971 4

M13199 4 AUNABIYEYTS Cell proliferation Tun1smagaUAI1ULTIVEN Filgrastim USP reference

standard

Expected relative potency (%) Asadl

Found relative potency (%) GM

% recovery

50

100

200

W N =2, WD -, WN -

46.9 ar.6 95.2
40.8
56.2
101.5 100.3 100.3
89.7
110.8
240.3 2235 111.8
2134
217.8

anuduidunsanazdianisiasesd
Ta8ALATIZAIANULSY Filgrastim reference
standard Tn3eslifiavududumindu 50%
(0.25 ng/mU), 75% (0.375 ng/ml), 100%
(0.5 ng/mU), 150% (0.75 ng/ml) kag 200%
(1 ng/ml) ¥nN1IvegeU 3 fnfudasyseiy wui
NaNSTAEEURUSHUALSTSUA L derhen
expected potency kagfn found GM relative
potency W1a1ans g FMAANU Y ANS

anuduiug wutn Iensmiidudunsinaentig
ALY 50 — 200% warfiA1duUszans
AMUEUILS (correlation coefficient: 1) wihiu
0.9979 e unaeifiravua (%> 0.990) wang
Ttudn range fivinsmeaeuianaminzay
INMTAUINAT linear regression L 1 wirfu
0.997924 uazlge F-test Aignwandldianannni
F-test 91n#1974 (critical value for the F-test)
fiszsuanandesiu 95% (O= 0.05) uansin N3
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WudunS99a0nt 9N BATIEN LATWUIIAIAIILLSS
WUSEUASINDTLAUAMUILTY LazA1 % GCV VB4
AMUBLUEIVDINTVINGT WNAU 16.10, 2.28, 9.10,

12.63 auansu I % recovery WU
100.1%, 97.1%, 95.4% uay 99.4%
AN 5

4.85 whay
101.4%,
AUAIAY

o I P | a ¢ aa . .
1957999 5 AMULUULEUATILATYINNITIATILHVDIID Cell prol|ferat|on ELUﬂ"IiV]fﬂﬁ@‘Uﬂ'J"IlILLiﬂ?J@Q

Filgrastim USP reference standard

Expected relative potency (%) Aedt

Found relative potency (%)

GM %GCV % recovery

50

75

100

150

200

W N = WN P WORN P, WD~ WN -

52.7
425
58.1
74.8
73.5
76.9
95.1
89.7
107.2
146.4
1353
147.8
211.2
172.0
216.2

50.7 16.10 101.4

75.1 2.28 100.1

97.1 9.10 97.1

143.1 4.85 95.4

198.8 12.63 99.4

AMUAYTINATILYEEIS Tnensilasuutas
ANNTVRINITNAFDUTIONAdWARENITIATIZY
fio Waeu passage number vouwadildluns
AATERAIANULTET A oA %GCV Wiy 4.59
yonanilevinsiasuulas incubation time
i 29 1Ju 27 $3lus wan1smnaeulsan % GV
Wity 9.76 uaw 7.61 mudu wasdleeuiieu
NANTISIATITNTENIN incubation time 27 wag
29 F7l Tneldadf t-Test: Two-Sample Assuming
Equal Variances wuildfinuuansineiuegig
Tedfayfiseiunnuidesiu 95% (p = 0.111112)
Tneen t-Stat (-2.08) Aidwaald fendesndn
A1 t Critical one-tail (2.13)

DNUSIUNA
A1SAIUANAAINYBIL W ALNTHRL
ANTIVAOUINU physiochemical waz biological
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activity 29981® Fan150571988UAULITIVOIY
Waunsafnazlaid cell proliferation assay lng
Jeiansiins v seadues adapted M-NSF-
60 cells MdaNszHUAY G-CSF aripafunns
wiazwieazldiSn1svnaeu viavessadild
Wnserunanisnageukanaanull vinlinans
ineianussatianusanataiu’” Feldwanun
FRNINAEEUAINLLT BT AUATARUT UL
dielfiiuiBassu Tnefnwwnanmgiuanya
Tunsnageu Wy USinausadildveaau seiu
aududuressegeildlunisveaau Tnevi
nsnageuAIugLURu reference standard F933
Fanntuldszosnailunsmageuysyane 27-29
ala mseruna cell proliferation ¥iléine azaan
sa52lae81uAT luminescence WAYILATILH
%’agaima%ﬁﬂmﬂiu Bioassay Assist version 3.0
1aelY Parallelline model s189MuUNaNISNAGEDU

o



I ! . = ™
wJuA relative potency UanINULNBLUUANS
A U 1 ada a ¢ & aca
guduindsntelun1simsei dudsnunyay
Tinan19iAsgvifigneas Jelaviin1snsivaey
ANUYNADIVBYITLUNITITMBTAY 9 FaranIs
MTIAABUANYNADIVBITNUITTTNWAUTULY
Fanudumie Ingnuinanigsiegaenilannsany
A o Y & Y = % ¥
nhunlddumunulunismaaeuinanseaul
FIUIUGRANNUU Vaueh formulation buffer
Yot usavyinliaunsanseiuls uansliiui
FFTAuIWIIzLaE formulation buffer lafina
ABENITNAADY UBNIINTUNITNAADUAIIUYNA DY
09D IUNITIRMDIOU 9 lAlA AMULTNYI8TIE
PILUUTTUTUREINY YINFIR19TUAULAE
ANULUTRTNU TN USSR oS
AsNAaaUANILTULEUATI nuInsiTudunsa
AABDAYINANTBEATAULUUTY 50-200% Hazdlen
FuUseansanuduiuswinnu 0.9979 AuAIU

aa P & =
Ya9IsaNsaldiwaai passage 4 014 20 wag
incubation time 9 27-29 ¥l449 ngNanISNAEaU
laifanuwanaiuaIInRaNISNAEaU @unsaleis
M TwdvIBunsgulunsinzia LS
Yasenflannsanusalule

asuwa

N1INAADUAIILLIIVBIL AN TARY
Tne 38 cell proliferation ity ensaeaey
AVIYNARIBIIINUT BWIvadeuiianud g
ALY ALTBLaEANAMUYESIS TneTian
%relative potency aglutaa 80-125% Faanansa
iR msgulunseuAuAMA
elaunsanusialula

naanssuUs:MA
VYBYBUAMNTUINGIANANTNITUNNE

o
[

il
arvayusuUszanasiethunldluns@nuiasil
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