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Abstract

Background: Adalimumab is an immunosuppressive drug that works by blocking tumor
necrosis factor-alpha, commonly used to treat autoimmune inflammatory diseases.
The structure of adalimumab is a fully human recombinant immunoglobulin G1 (IgG1)
monoclonal antibody that represents significant specificity for these diseases. At present,
the various brand names for adalimumab are imported and registered in Thailand.
Consequently, an efficient quality control system of the products, including physicochemical
properties and biological activity must be controlled before distribution to the market.
Nevertheless, potency assays are not available in the international monographs. As
a result, potency analysis is essential for the development and standardisation of methods

aimed at increasing laboratory capacity for quality control in a wide range of adalimumab.
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Objectives: To verify the validity of biological activity in adalimumab by apoptosis
technique using U-937 cells as target cells to be used to standardize the method for

laboratory quality control in Thailand.

Methods: This was an experimental study from October 2020 to August 2021 that for
method validation of the biological activity of adalimuab by apoptosis on parameters
including specificity, precision, robustness, accuracy, linearity, and range by using international

standard against the potency of adalimumab.

Results: The results of potency assay demonstrated that this method was specific to the
target cells as U-937 cells of adalimumab. Linearity and range showed an R* = 0.996
in a potency range of 50-100% of relative potency. The %GCV of repeatability and
intermediate precision differed by analysts and days but did not exceed five. The percent
recovery of accuracy ranged from 80 to 125%. In addition, this method exhibited good
robustness as the range of %GCV was from 5.74 to 9.57, with no statistically significant
differences (p>0.05), and the relative potency assay ranged from 80 to 125% compared

to the international reference standard.

Conclusions: The determination of biological activity for adalimumab by the apoptosis
method using U-937 cells as target cells was found to be suitable and reliable for

laboratory quality control for both originator and biosimilars of adalimumab.
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grana FedlmudndudesimundnanimnisiosujifinslunsimuniBunsgiuniiai
W ALLaR el 0193 TANUNTIUINIRTIVIATISRE 10 AALRIUYN § BYiola

INUITENA: DANTIAABUAIINYNABIVBTIBTNITNTINITOONGNENNTININVDILIDLANAL I
mewadna apoptosis Tngldiwas U-937 iWuwadidmune dmsuihunldduisunsgiulunis

AIUANAMNINYDIUTEINALNY

35115338: 1 Jun1sfnwBameaes (experimental research) szwinafaunainu 2563 &9
Waudunau 2564 lUN1INTIAAEUAIINYNABIYEYINTIANATIZVINITRONO NN NTINNYBEN
a¥AALRNUMEIMATIA apoptosis TUNTITADT ANNTUNIE AIUTIES ANUAINY AIUKIY

pnududunsazdnnmvedeu laegldasuinsgivainalunisifiourinnuussduims

NanN1SANYA: 3§ﬁmmﬁi’ﬂwz@iamazm§gLLmUVﬂ%’L%é U-937 Wuwadidvane Janudu
Eunse InauansruduiusiBudunsinasndan1sna@euAIILSe 50-100% fadudszans
uanan1sindula R?= 0.996 ﬁmmﬂmqqﬁgﬂLmuﬁw%ﬂuﬁ’mﬁmﬁu WATAIUNS BRNINLASIE I
lnediAn %GCV doenit 5 dmiuanuuiuvedds wuiilasesaznisaunduagluinas 80-125%
wagdamamuluyndadendne Tngian %GV winiu 5.74-9.57 uaghifiamuansisiu

athalitidAneadia (p>0.05) IngnansiasIERANULSEURns TR TElaaglutg 80-125%
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apoptosis Ingldlwad U-937 Wuwadilmue Wensindeuprugniesuesisnuifinnumuizay

waztndodiolunisiunldduisunsgulunisaivauaunineiesadyuuunduneeuen
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g10zANAYLIU (adalimurmab) {Wuen
Tringnaulalulnausaueuivedildlunisan
pmsUniedniau Suindulsedniauioss
Wy Jadniaugunesd astinku densgn
dunasdntaudnfia (ankylosing spondylitis)
waraldlvaydniay Wudu fnalnnisesngud
Tunsdudalelnlaififeadostugiduiu
981991 Ad Tumor Necrosis Factor-alpha

(TNF-Q)' damalvisyuugiiAuiuvizenssuinms

nuvelindenuinszdunseniauen
N15YINa8adUDIs 19N Vinlra1n1sule

Y W

anas datfusndinanidedlunguenagiduiu
ﬁiﬁmmﬂmiqﬁﬁmmu (immunosuppressive
antibodies) Wudgariveweudlnluledlnayau
(Antithymocyte Globulin: ATG) falslunuu
(Muromonab-CD3, OKT3) unga@ukuu
(basiliximab) anAdgLNU (daclizumab)
UIMAYUUU (natalizumab) BunNdTuy
(infliximab) waslnaguuy (certolizumab)
dnuesidus (etanercept)’

YIAULUU (originator/ innovator)
Y93819zANALLIUAD HUMIRA® Ju fully
human recombinant immunoglobulin G1
(1sG1) vllausnlasuaydfdmsunislgnia
nsunndiiled a.a. 2002 luanigeudni uaz
Huemiavilsifivonmneinaaedsa’ iesn
Arwannsolumssengrisisunizlungulsn
ffimstheshuaunn Sedinsnanuasiunsdou
TugUuuueAdnenads 1wy AMEGEVITA® uay

Exemnptia®’ {udu usiiliosaniduendaing
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AMENURAN588NOVNENYININILDIAYNNT
naeaaulngdd bioassay TUAIATIVAIAINLTS
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UsgansnmuesenTunsiisunaudiming
Faflanusnduidesiaundneninniaos
UfURn1slun1sasI9a@auAInuLg ety
nsfnvpdailsadennalnniseengrduy
apoptosis 1 LTUFULUUTEIITATIVAIAIUL
IPeNSNENTINATTIU LAY EN0EARLLIU
Anudadusing q uvhuFAzendu TNF-Q
fraudaduns 59 TNF-OL padedlignduds
NTUAU TNF receptor vuiagaditinving
wdnseAulansuseneulusiunieluiead
wWasudueulus caspase dswalidulelusiiy
Adouloadulasaramadgniiiane 1hlug
NMIANLVDULARULUY apoptosis Na111T0
Aneunsaevessaanoull caspase fae
Caspase-Glo®3/7 Mlau1503LATIE%HAY
ANULTIENITVSABANNTS d-parameter logistic
regression8 SEMINENTUINTFIULALFHIDE 19N
dloldBAmunzauuds Fvihnisesivasy
ANYNFseIBAMTEUUAMN WS HLAR
ArandesivinTiimuvngay aansovunld
Hudsunsgulunisasigeuninuusslu
HARSUIE10EAAYUIUIINFHARF o Il

M3AIUANANMITULIRTE ALY

[ 3
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1. Lﬁamwaaummgméfawaﬁ%ma
ATINADUNMTBNGNENITINTNTBIE B ANE-
ywuusewmalla apoptosis Wngldigad U-937

Wuwadithmune

2. Wiod il duisnesgulunis
AIUANAMA MY IBEAGLLIUNTUNE T8 ueN

valugunuuenlminazerndends

521 08U75N1579Y
A/N5I9Y

Wun153dedannans (experimental
research) SEWiNABUARIAY 2563 9 LiDU
damen 2564 \Junisnsiadeuniseangns
NNFINNVBIEDEAFLULUMETT apoptosis
iomAnauussvesenlunistudanisinau
209 TNF-Q fiszsumnandudusiig o vesen
eldwad U-937 Wuwadithvane
U3891nINEUA8EN9

fognselululaauealoufived uin
98AAYUAIY S1uau 2 e Ao Bvie A vun
40 mg/ 0.8 ml uaztie B wun 40 mg/ 0.8 ml
NNERFRA19IY wazdiegvelululaauea
WOUAUBR WUANITIEN YUY YUIA 150 mg
$ruu 1 Bve
w3asdlo

1. @19019931Ua1na adalimumab
(WHO 1st International standard, Code
17/236, NIBSC)

2. wadmnziass ldun wad U-937
(ATCC® CRL-1593.2™) \Juwadidwaneg uay
waa WIL2-S (ATCC® CRL-8885™) vJu non-

specific cell
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3. psihsnTaduazasiall taun
RPMI 1640 medium (Cat.no. A10491-01,
GibcoTM), Heat-inactivated fetal bovine
serum (Cat. No. SH30070.03, HycloneTM),
Penicillin-Streptomycin (10,000 unit/ml)
(Cat. no. 15140-122, GibcoTM), Recombinant
human tumor necrosis factor-alpha (Cat.
No. 210-TA-020/CF, R&D systems®), 0.4%
Trypan blue (Cat. No. T8154, Sigma Aldrich®),
Caspase-Glo® 3/7 assay (Cat.no. G8091,
Promega®)

1. \3esileuazgunsal liun 1adeq
lulpsiman3nmesju SpectraMax iD5
(Molecular devices®, USA) AUsUNTY
AAIIENRE SoftMax®Pro version 7.1 W:EJU
wnzideuuuldaiveulaoenledgungd
37+1 oC 5u BINDER® CB170 (BINDER®,

a

Germany) 13V UIVAENLUUAIUANGAINGS
wmaniwizidsasaddunidula wia 96 viau
(96-wells flat tissue culture plate, Corning®,
USA) a@lanidulgaa (Hemocytometer)
(MARIENFELD®, Germany)
Sunsusiunis

1. mAAuLseselunsiuds
M373uvea TNF-O fiseiuanudiudiusing
voselngldiwas U-937 Wuwadidnming
esan TNF-a Wulelalaifidedayyo
neluwad usnseauliaad U-937 fianisme

WUU apoptosis Wunalnnisvitanuveseulesl
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caspase A91U AIDYINYILATEITUINTTIY

]
=

nwsenlvianudutuvedlusfiueviniu
yUFA3eRU TNF-O imnaidutunsdl dawa
T TNF-Q gnéudamuseduamnudaduase
delduiwad U-937 udruuiigaumgil 37 °C
meldanmeitamiueulaoonled 5% Wuna
2 $2l9 AT IANSANEVBAYARLUY apoptosis
AI8N1TATIAN caspase 3/7 activity
Tngldiine1d 153U Caspase-Glo®3/7
FaviufAsenelumaduduansoaniiu

[ 1o

WAIU luminescence INNTINANFY QYN

(%

luminescence MAnTu TneAdganaaziia
NARUAUUSNIUAUTNTUTDIET ATUIEIAN
ANuLssduSorazvesAULSIdUTINS YD
(%relative potency) WigURUATUIATFIUNTO
8191984 Ll parallel line analysis 13
@UN13 d-parameter logistic regression 1oy
Tdlusunsudnsagu SoftMax®Pro uagyinis
RaeUALgNHoswesIslutladusing 4 iile
Sutuiistianuuuivay wasidete fiasth
Wl IWIBnspIUANI I IASTIUENE

2. Was1ao AU 1nuide919a0s
UINTFIULAEFIDE 9 1DEATLYULUMILEINST
\Apamaduuy 1.75-fold serial dilution Twlé
12 ALY AB 1,200 — 2.55 ng/ml (A4
WNTUENS 300-0.64 ng/ml) AAANTHIATFIU
wavshogneen Tamanmnedeasaddvniula
vin 96 Mgy Usuasuauay 25 pl 1

ANMILUUTURY 3 91 waduasaraty TNF-O

>



fennaidudu 12 ng/ml U3anms 25 pl invigu
WlUvad 37 ssewadea neldaniieiid
asuaulaeenied 5% w1 93l udFadiy
wad U-937 fitudunusadsmedlaniviad
melandaaganssad Inewsedlvidanududu
wad 2.0 x 107 cells/ml yinviaa vauaz 50 l
iluunsedunan 2 Filus deasunaniafiu
Caspase-Glo® 3/7 U3u1ms 100 pl nnvgy
wewandue 10 il uduigamgiives
Hunan 1 49lue Tnedestunsiauuasading
dlonsuayhinsenue luminescence #e
in3edlulasinavianesdsu SpectraMax iD5
AATIEAAANNLIIETUTLNTN SoftMax®Pro
TAgmIANUFUN UG TENINeAdQ I lumine
scence algituaudndugvEvelusfiue
TulsiayszAuA1LT919 (300-0.64 ng/ml)
Tneldaunns 4-parameter logistic regression
WAZANLIUANAINLSISUVS (relative potency)
Yag g UiUa1sUInNsgIUeIe parallel line

L% =

analysis IngA150888AINULIIFUNNSIAD

e

Turae 80-125%
3. N1INTIIHBUAIUYNABIVDITD
(method validation)9-10
3.1 NSNAADUAINUTUNIZUDITD
(Specificity) vesfiagneagmayuuulunig
Fudh TNF-0 Fadulalnladedandeiiiodos
AUNI5LAM apoptosis vosLwaatUInue
IPgN"INTIRADUAIAIINLTIVDIL DL ANTYLIY

waremsayguuneling waran1izmeIiu

LaanaaauAIuInIglunIsLanIean
Tngldwadniswilniu Ao U-937 waziaad
WIL2-S Hansvngeufsanunsauandliiuis
AU UNIZVDIIRBNT apoptosis ABLLaa
U-937 Fadumadithvne Tneuansauduius
YRIANEEQYIU luminescence AIUTEAUAINM
\Wuduuesen (dose response) Wi sigmoidal
curve waaglinuanuduiusainanlug1use
\wadaiindu
3.2 MsNAdeURALTIEs (Precision)
szl uieatu (repeatability)
MINIATIVAIAMULSS LastnAsIeh 1 Ay
Sy 6 91 melutuiiontu wazldsetnen
JUNSHANMAEITU WEIUIATREAZ AN
Suimdinduneadusuiadn (Geometric
Mean: GM) ﬁ%ﬁmwummgmmﬁmmﬁm
(Geometric Standard Deviation: GSD) wag
$ovazrduUszansaunUsususvndn
(Geometric Coefficient of Variation: %GCV)
Tng %GCV fasdialaiiiu 15% d1nsunis
AT TULALATINIATIEN (intermediate
precision) AsdUANNLIIAETINIATIEN 2 AU
UIALEY 3 NMIadeUmsTuiu lngldfeeng
gumsHARFEiy Mnthiaseia %Gy
Fadoadaldiiu 25% wazlifiauunnsneiy
NSEnR
4. manadeuaNdudunsarYls
nsnAaeu (linearity and range) lngUseiiiu

3 a v Y ' A A v
ﬂ'l']llL‘U‘LJLSU\TLaum@ﬂm'ﬂ@ﬁﬁﬂ&nmﬁ]@ﬁnﬂiﬁu
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AVILTNTUENSIYIITU 50% (150 ng/ml), 75%
(225 ng/ml), 100% (300 ng/ml), 125% (375
ng/ml) kaz 150% (450 ng/ml) kALY
WUU 1.75-fold serial dilutions laevinnns
npdayu 3 A%s 1udasyAoi A1ALLSS
Rasetlauusziiuanuduiudidadu
T¥NINNA Wexpected relative potency
U %found mean relative potency R
ArduUszansuansnsinaula (coefficient
of correlation; R?) fiosilAunnnin 0.95 uag
A1 %GCV laitAu 25%

5. NNSNAFBUAIULAIU (accuracy)
Ya9IElunsMAIANLLSEIETIANL LT
gns 50%, 100% Wag 150% lagnI1sAuIN
ANS0UATNITAUNAU (%recovery) AINENATT
%recovery = (%found mean relative potency
/ %expected relative potency) x 100 1y
AN %recovery Aadagluyat 80-125%

6. NIINAADUAIIUAINUYDIID
(robustness) Tunslinansnaaeuiiundede
dlefinswasunasnisnageudiuansnsly
INLAY Ao (1) Passage number voulwaa
U-937 fisafiuaeatios 5 passage number
(2) Arududuveawad U-937 i 1.5x10°,
2.0x10° wag 2.5x10° cells/ml wag (3) AL
UANANSYBITEUZIAN UM TULNERAY Caspase-
Glo® 3/7 fio 45, 60 uag 75 Uil laevinnis
NAFOUSIUY 3 AT nTuFUIAAN %GOV
fe9Up8n3IN 25% wazldimnuunnmaieiu

VNGAL
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nsAATIEideya
1. Anszianuusslagldlusunsy
dSa3Uunuaunis d-parameter logistic

regression #41l
A—-D

2. WATILVANRAULSVIANR (GM) Tag

y=D+

¥

gl

GM = Ai/)’l X Y2 XY3 . YN

lln(yi) +...+In(y,)
p n

3. IAs1eviAd e L uuNInggIu

\5u1Adle (GSD) laeldgnsdail

GSD = expPUnG)InG2)In(s),..In(yn))

4. 3As1rANSerarduUsEaAns

ANULUTUTIUIVIRNN (%GCV) Tneldgns

v A

ANU

%GCV = J expIn(GsD)? — 1 x 100

NANTISAN®
N13ATITHIUAINUYNADIVDIID
NANSYNAABUAMNTUNIZVBIID WU
langfog ey mMAYLIUATiANEIN T
Tunstiudansvinaumes TNF-OL idssalsiiin
apoptosis MUTEAUAUTUTUYDIRIDE1IY
Tnefiwad U-937 Wuwadiihvune Ssanunse
LERIANNEUNUSYBIAT luminescence AU

dose response \Ju sigmoidal curve us
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LdinTuluwad WIL2-S uag eamsianguuy
Aanandlusuil 1 uasmyiinsevian relative

potency U94818¥ANRYUIUNG 2 8D WU

[

TANANULSIFUNNSL2A8AD 104.63% WAy
103.86% m1ud1dy Feogluyae 80-125%

AIMT97 1

AR

S

(n)

()

JUN 1 AUdNiusnisiiin apoptosis MUSEAUANUTNTUVEIE1DEAALULU KA MNTEYYWLIY

Toeldwad U-937 Wuwadidwiune (0) wae Wwad WIL2-S Wwwadidvune ()

A13197 1 NANITNAROUMAIANULITIVOIHANTUTIEaY ALY 2 Bvie

Faegns wn s %Relative potency GM GSD %GCV
A 40 mg/ 0.8 ml 1 100.60 104.63% 105 4.45
2 103.70
3 109.80
B 40 mg/ 0.8 ml 1 108.50 103.86% 107 6.33
2 106.90
3 96.60

nanIMAdaUALLTiBs (1) SAs1em
FrluSuientiu wuin i 6 81 ik %relative
potency agluya 80-125% A1 GM winfiu
101.71% uag %GCV Wiy 2.45% (2) Wasen
F19TULAEANNTNILATIZI NUIT NSNARBUY
ANTIUAUYRINNIAT TR ALLAT %GCY

WinAU 4.45% way 2.90% SUAIRU T9UBenI

25% WaENIINAFDUANULANANNIATAYD
NAATIZRIALLSesTAAT I 2 AU
718 Independent-sample t-test wua laidl
auuanasiusgefitodfyiisyfuai
Fastu 95% (p=0.99) uardlrn %GCV Wiy

3.36 Y9Up8NI 25% HIANSIN 2 LAz 3
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A1999 2 Han1TRTvdeUAMNLIINEluIuRgY TnetndesigiauReIny (repeatability)

Qe

]
AN

% Relative potency (%)

6

102.20
100.70
105.60
99.10
99.40
103.40

GM
GSD

%GCV

101.71
1.02

2.45

A9 3 NANITIATIZAANLTS IABtinIlATIz 2 AU AUz 3 ATY A9IUU (intermediate precision)

Y

inAsent A %Relative potency (%) GM GSD %GCV

Al 1 1 100.60 104.63 1.05 4.45
2 103.70
3 109.80

AT 2 1 102.90 104.64 1.03 2.90
2 102.90
3 108.20

GM (n=6) 104.63

GSD (n=6) 1.03

%GCV (n=6) 3.36

NANIVIAERUANMWIL AL
WAL INITNAEBU TUAISMIAIAULSINNLYIS
msmaaumﬁmﬁmmgﬂé’aq wilugn waziduy
WEUASS INENEILATIE AR UL SIENNSITBUAY
mimmgmﬁuaﬁ&hazmmazmﬁa&l,t,uuﬁl,%amq
Inflanudutugnivesusiugninbu 50%,
75%, 100%, 125% Wag 150% WU AIAIINLS
ApziliuUstumusesuanududuree

TaadiAn %GCV WU 3.00-8.22% KLU

AMuuUANFABItaunN 25% Wagilan Y%recovery
aglurig 80-125% AUANS197 4 kaza NN
v v 6 ! ! .
AIMUFUNUDTENINAT %expected relative
potency U %found mean relative potency
WUNTAMNFUAUSLUULTUEUR TS Suali
Tluiirmadeniunaentisen relative potency

50-150% LAz RANUFUNUSAE linear

'3
a a v a

regression fAduUszaNSUAnINITAnaULY

R2= 0.996 éﬁ’ummﬂugﬂﬁ 2

2158159IMN5HAzE1 TN 30 aUUR 1: UNTIAY - LWWIBU 2566 41



A31991 4 HANISATIVADUANAINUBLIINAMUTUTUY 50 - 150% vinsnaaeu 3 Ase Wudasesaiu

Qe

Expected relative potency (%)

ﬂi\iﬁ
50 75 100 125 150

1 46.10 67.70 100.60 125.50 144.70

2 50.00 72.90 103.70 122.80 164.80

3 46.50 77.60 109.80 130.30 141.60
GM 47.50 72.62 104.63 126.16 150.02
GSD 1.05 1.07 1.05 1.03 1.09
%GCV 4.46 6.84 a.45 3.00 8.22
Y%recovery 95.00 96.83 104.63 100.93 100.01

200 -

<

S

> 150 - y = 1.0344x - 3.26

= 2

= R?=0.996

(V]

© 100

Q.

g

s 50 -

L

o

'g O T T T 1
g 0 50 100 150 200
L

Expected relative potency (%)

JUN 2 Audiussendng expected relative potency (%) wagAn found mean relative potency (%)

NANSVAFDUAILAIILYDNID LABNTS
Wasuwlasan1izvesnisuadeuionvdeua
fONTIATIIN WU MsABY passage number
YouTAdINZIAN NMsasUsTznaTunsUY
LavnsiUasuUSnaadnnsaes Tnevnis
Ay 3 ade Basederiu wuh ynade
TS ANEIEIL10DLATIZRAIAIINLT

agfluas 80-125% ilein %GCV Weundn 25%
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%Relative

potency

GM

GSD

%GCV

Passage No.

#13
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117.00

109.40

110.50

102.20

100.70

105.60

109.80

88.20

89.80

112.25

102.81

95.45

1.04

1.02

3.62

243

12.21

USunauwad U-937 1.5 x10°

(cells/ml)

2.0 x10°

2.5 x10°

112.00

97.50

101.60

117.00

100.60

102.20

109.70

97.00

107.60

103.52

106.35

104.62

1.07

1.09

1.07

7.13

8.32

6.62

syeglauNSULTaLRY

Caspase-Glo®3/7 (i)

108.80

110.20

97.40

108.50

105.31

103.86

1.07

1.07

6.80

6.33

106.90

96.60

106.00

106.60

95.30

102.50

1.07

6.32
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