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ABSTRACT

Purpose: This study carried out the Quality by Design (QbD)60 process to verify the effectiveness and equiv-
alence of the finished D—antigen quantitative test method, and compared the OFAT-based method validation
and test result acceptance criteria with the Analytical Quality by Design (AQbD)-based method validation
and test method. This is a study on how to reduce the risk of delay in permit change by increasing the
reliability of permit data in the existing method by statistically analyzing the results.

Methods: With the QbD60 process, the effectiveness and equivalence of the D—antigen quantitative test method
were verified with the data of the existing test method and the new test method.

Results: Method validation tests are performed based on AQbD. Critical Method Parameters are identified
through risk assessment, and single/combined actions are verified by designing and performing tests for
Critical Method Parameters (analysis of variance, full factorial design method). Method validation can be effec—
tively accomplished with the QbD60 process.

Conclusion: The use of QbD60 can be used to achieve satisfactory results for both pharmaceutical companies
and regulators by using appropriate statistical analytical methods for method validation as required by regu-
latory agencies.
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BT A D-3 AR AN AT oA ASets e ook AAZINE F2 = 3HQuality by
Design, QbD)6A| 1r}® 2 A2~ S28)3to] ©hlM<=A]¥ (One Factor At a Time, OFAT)7|5ke] AJ3 ] wig]d|o]
Ak A A3t 518 753 e Bl e el A Al 485 = o) ofEEE L= 5kehg (Analytical Quality
by Design, AQbD)7|Wke] Al igjdo]ds} Al A3k SA wAste] 7] W EG s7kakze] A EAdE
o] 37} WA AA glaaE AT Wl gk Aoltt 7ol Al o] oAl %819 € 3] (International
Council for Harmonisation of Technical Requirements for Pharmaceutical for Human Use, ICH) Q2¢l Ul}é
Al gl go| & OFATH o1, AJdH] W dAFo] D-3HY 3k 5418 v &2A deldidsr,

Q.= [s}
& Q‘ﬂé‘} : H“ﬂﬁﬂ(&sl{ Assessment, RA)E 3] %’4 A ale] TE/E 285 T8kl AN A
5o S FAT 5 A, AGY WP A T D-3U FF FEAS FAN o YFsel A9

o] MEES HEAA 7 F1sIG17] wiol AlZt=
T & 2+8-(Interaction) S EQ1eA] Xt} A

a
o] B A4 QbD6A LA} TEAAS

o W o) dA] AE *—éiﬂ"ﬂ sk =8 Yol olF Hetks) T3t
o ’\]fﬂ W] AeS =olar, S FAE & e WS Aokt QbD6A v} Define @Al oA &= A1 H
o] B3 (Analytical Target Profile, ATP)?} XA &HE 8 A (Critical Method Attribute, CMA)¢] Z3% =2 A o]s}

‘,Zil’, Measure @A o A= SAA A8 BA - Anglyzed Aol A= 918 H 7HRisk Assessment, RA)S E3] CMAY
FeS FE I 22 (Critical Method Paremeter, CMP)E A3}, Improvettlol A= A3 A1 &S Ea
Al MeElgol Ay} 55A4S A58, Control A= dEH(Out Of Target, 00T)2 RUEH A&S
SHalar CMPell i3 @2 A= Control Strategy, CS)E =H3ItHKim and Kim, 2022).

D-a9l el ARg-sh= Ao tal A& Axste] o] & AT AW Aol gk A AokA 5 7]l
A& 57kt Adol astal, At AR e de]dat 7] EA I At AEH e 558S slsalor gk
Am7F v EE A 87 % | gl

o] Hof A 77 B wjZel] G433 = 4 vk ICH Q20 W& A
W WA A, ol g D-3d 3% 5548 HE R GAgliet, o5 AQbD7]NR] A
W g Ele] S 919k QbD6AIrF 2R ALY R sklal, AAER I AFHT IS &83 AHE Al
SITE Al WA A, S digk D-F4 3 559 FAHSE fFEte] 7t WA Ao A Ak
o] AE A THKim and Rhee, 2017).
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QbDE 1992 Joseph M. Juran BHAF7} A|ekatgith, AQbDE QbDS} EY 3 1] o] 24 uiii o] sfdto)] -85
AL, A7t 2 ol u e E B A etA ofokEe] 1 F7] Adnte] AA ot Aes duEA FAE F
AEF AAIG 2o thKim and Kim, 2022). ZE2A| 204 A2 F Qe 2|22 A4de BAYH Jos Alest
= B4 799 (Method Operable Design Region, MODR)S AAsl= d ARt}

QbD6A| 2rk= Alokslol]l P A go] Eojof sli= QbDE 6A|1nt TRAER 88 = Qle% 19k W2 o]
ok D-3& wlole] o] &S el o R A FAHEGA)el 7S Fag QlAfo|th whaba WAl
D-39 s FAAedE o 14 AAste] wejstal Stk D-34l Akl AHE = FAE Alxste olE

o83 At AlHE el IS QbDEA v TRAAR ATHRIT
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2.1 ICH

ICH= ook 8718 A% =7Pd a7 AKo] Aolate] 871 #gox Edadh u]&3} 7|7ke] Ag g o= <l
o] 7HA e 9 3 Ao R Q1% A5 Eolofo] B #AIE A LA 19909 W=, FHARED),
PEo FLR AT o] 717 HA2 oJokE 57wl QAN FAA 2fola, JARES FYE F
3 7fo] =gkl e AN ElaL AFo] o|oFE 7l @ FALEte 2 AElsith $-Euets 20164 1190 6 A sdTo
2 719)59] YtHKim and Rhee, 2017).

of ok M H FA #AT 9] 7]E wWAeA] gus) AA 9 A dAl A RE AlFET TG tiek 22 ol
A FZRYE Sall ook EFFo] WAHA ¥EF shate FA9] QbDE AQbD+= ICHA kel =3taL
HKim and Rhee, 2017).

ICH 7Fo]=ghele 47pA 2 B3 ol itk Q7o = Quality Guidelineo]th. Q848 Q117k41] QbDSF AQbD
o Ak 7t =7k AA O etk ICH Q11 APIFA 378 7S $18 QbD Hd2S Awskgial, AQbD +
A ek el A QbDF T WAlS W 4= 9tk Table 1& ICH 7he]=akgloll 4 QbDSF AQbDel #HEE Q8, QI,
Q10, Q119 tiste] A o= thi= Abgel s oFaqlt.

Table 1. ICH Guidance Document

ICH Q8 ICH Q9 ICH Q10 Dev;ﬁ?ﬂiﬁ -
Pharmaceutical Quality Risk Pharmaceutical p,
. Manufacturing of Drug
Development Management Quality System
Substances
Understanding and Understanding and - . .
control of the Design control of Critical Quality Maintain apd control QbD relative to Design
. compliance Space
Space Attribute

QbD= o] oFsro] AnbaQl Al g H Ldi]olal, AQbD= ok Tidel B om A geljof sz Al

W o) dE weh o R el AAHE ICH7L 7ho] =83 th(Helen, 2013). Table 2= QbD9} AQbDS] Hat
£ Hlusgitt

QbDE EFAE ALK Quality Target Product Profile, QTPP)E Adto =z #hA4|7} A ZhE 1, QTPPY 93
T IAFHDEA(Critical Quality Attribute, CQA)S RAE &3] =&t =25 CQAY 9&s v 434
W (Critical Process Parameter, CPP)E EA14<Q +HE S A58t 2ta, CPPY s8H9leta & 4= 9+
A E7HDesign Space, DS)& EZ3gtt}, ojw AAAE Y F whgxAwA He] ARR-Hh CPPe #eldeErs 71

ol
o
R
%

AL el AAbel =99 Kim and Rhee, 2018).
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AQbDE ATPE Aogro = A7} A2t Y. ATPY 938 = CMAE RAE 53 =&t ==9 CMA9
FEFE T CMPE TA4 FHE &3l Asste] 2, CMPe] 38¥ 9]l MODRES A@AEY & w33 H A

HE A8t =&t George, 2013).

QbDellA QTPP= 3 ah 3t shaabad of FA 83 o], CQAE 7HEAt B3l A o] QTPPE B/ A
T8 B ¢ e A A Rl CPP= CQAd A A9l F3ks = s7gwWaolar, #eh#3l Whiow
slof gt DS AAE7He] Jid o= shte] A1) FEQl gho] ofue}, W9lE A ste] CPPY] 3-89 E 9
o 18] 3l CSE A7gstaL, olWl= CPPE MAH BE WE agfsjof gtk AQbDA = A8 52 Aldw4]

k
rE o e 2

=2

£ datal AEske Aol HAoltt ofo] EAM ] F3xQl ATPE Aggth me]a iAW E a4 CMAS A
APtk CMAE ATPE 24 8=A o FE dpebdd = =5 AdAo] Hojof gtk RAS Fall CMAY F&e F=
CMPE dAata, o] vz #3h2Ql WS wh=A] ARgsjof afal, DOEY 37154 58 Wol AHgaiM Aes &

th o] 5ol HFH CMPell thek CSE AAste] Al Weldolds ¢hast ®rk(Kim and Kim, 2022).

Table 2. QbD and AQbD Approach

Step QbD AQbD
1 QTPP ATP
2 CRA CMA
3 CpPP CMP
4 Design Space MODR
5 CS CS
6 Execution Pilot Batch Method Validation

QbD$F AQbD B &4 o2 HUEFHSI AAE t2 2 A ]Qﬂﬁi Assta, 2
F55 A& Fegstt), QbD7E 9ok A Adte] L2 A 2~Ehd AQbDE 9]¢ ot
£ 93t =R A2~ o)tHKim and Rhee, 2018).

& QbD6A| 1} (22 A

3.1 Define

AA HA Y] 23 ANEE Y-yA/MNE £38) 2183, Productel] th3t CMAEE AA3A &55 EFeAw
(Logic Tree)® M=tk ATPE sk, D-3d 3 A3 a4 5 AEA, A%, HAE A5l 55

A(Equivalence) 715 A8S Fdtalo] Table 33 Zo] A3k T)
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Table 3. ATP(Analytical Target Profile)

Category

Information

Product development stage

Commercial

The Product quality attribute to be measured

Relative Potency of LBVC Drug Product

Intended use of the method

Batch Release, Stability

Concentration of the analytic

100 DU/mL( > 60DU/mL )

Intended assay type (ICH Q2/USP)

Assay for content/Bioassay

Analytical Technique

ELISA(Enzyme-Linked Immunosorbent Assay)

Table 49} Zo] ICH Q2(RDY USPd| 7tol=of ofate] CMAS] &5 &4 5 4U/d(Precision) A28 ¥
5 (Systemic Variability), 8=+ 14529 H%5(Inherent Random Variability) 3502 ICHolA A3},
% A% (Assay for Content)ol] L& ojoF & Qlzte]t}. R 9J(Range)= WA ©91¢] b8 A (Stability) 54 A1E
olm2 A3} Ei(Target) ¥ HIAE Edsof v vlwrl5A(Comparability) F #HS(Primary

Validation)®5F o}y AW W7o w2 vl 75(Comparative Validation) %= 2 2.3}

Table 4. CMA(Critical Method Attributes)

Category Information
Precision <20%GCV
Accuracy -17% ~ +20%Relative Bias
Range 4.8 ~ 12.0 DU/mL
Comparability -17% ~ +20%Relative Bias
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8381901, Table 49} 22 71% AAL Ao} AL vwrbsAe] AdH Ha 205 1838t A48t
o= 714 8860 DU/mL) T 25 %(100 DU/mL)o A £20%E 118)8te] 4.8 DU/mL, 12.0 DU/mL=Z 2 A3}

ek D-39l AP AW A% NG EEF} GA TS FA

KN
Potency)E 7ot A=A (Bioassay)o|th. A ghgFo] opd Hl& = ALt = A Shaolnz WEE A W
(Percent Relative Bias, %RB) @& ARt} %S tiv] AA(D Y Al &)@ FH =+ Figure 13
o] ZI/A 4 BAR 38l Antilog -2 RHETL 22 Wdlejoyt Ayt BXE 2o 27 HElkshe
tlolHE HAgste] 718185 A9 (Geometric Coefficient of Variation; GCV) @S AMHE8FATHSeo and Byun,
2021).
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Vs

Koz _ .| @1 0Os @y-intercept for the Standard(S) and Test(T)
p = antilog —/— = - Slope
. B p  : Relative Potency

Figure 1. Antilog Equation

3.2 Measure

D &9 TF AP Fad¥d 5545 715 WdlA Jid Wi o= AAEGith Table 5olA Al iz
dlole] A= W B WS SO FAL] PR & Pe AP} GRS WEfe] JAES w1, 19
o] A7} 3E wiste] AfAs Bokedl, 299 At 27e] Feeet AUwg sl Tl 2S5k
the A3k T W Afolehs W0 @ Ao shubel WEE 248 b 49 drkd, A e 29
FHS B3 245 Bl Fadel OFATORZE & ¢ gl wEa8-S o Hof B} Fdsia gt A
A HATRE A BAd = WA A 59 Ao|vhE B 5 AT w5 1 Apolet AT E ASe| "k
ol 71E W e 54 e 5

Table 5. Method Validation: Traditional Way and New Approach
Mgthgd Category Traditional Way New Approach
Validation
?n accordancg with ICH. QZ’ Repeatability and in—lab precision in
semi—nature and 1n—.lab precision are one test design (Balanced Design)
Method Separ§t§d and implemented according to USP1033
Design Repeatability: Tester 1, repeat 6 m m
Precision times T et || e
Precision in the laboratory: Tester 1, | —=== T ﬁm" =
Tester 2, repeat 3 times :
Result Calculate %RSD(Relevant Standard | Calculate IP(%GCV) using Var(Run),
Analysis Deviation) between measurements Var(Error) through ANOVA
Metl_lod Only 1 tester tested Tester 1 and Tester' 2 tested the same
Design design
Accuracy
Result . .
. %Recovery(95%CI) %Relative Bias(90%CI)
Analysis
Method Test by changing only 1 condition | Identify CMP through RA and test it
Design (instrument, reagent, etc.) (OFAT) with full factorial design
Robustness
Result GRecover %Relative Bias
Analysis . Y Identify main effects and interactions
Check whether the confidence interval
. Result Ratio calculation between of the difference between the
Comparability . measured values before and after the
Analysis measurements before/after change L.
change is within the upper and lower
equivalence limits
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S & CMAY d&s& F+= CMPE A3t & =#olA= RAE §3 CMPAA W
Holl sl Adrgaieh A3 9 ﬁ"w?- HAE T2A 2 WS T wd Ei*ﬂiﬁr AR ZRAAR uFERgIt) Z2A
S (Fishbone Diagram)& &3 &9l ‘T2 xx QJ&'s gty 1=

(e}
2 @7}3}“3} 1714 918449 (Risk Priority Number, RPN):= Azt = (Severity)
Z

O
m

=
X ‘ﬂa%L(Occurrence) x A& E(Detectability)E Al2Fet gholth, CMAG] 43S F+ CMPE R} AlZb e S o) A

=

o gFo] Fal(score=4), BA WEE F7Fo]H(score = 3), AE37|E oJE & (score = 5ol Y2 4§ PRNS
4 x 3 x 5 =60°]tHCho and Lee, 2022).
A% = YE 5 A (Input Control) A= 7} CMAY 7] x]= 9Gdko] nju]sk(score=1)ol4] F(score=5)2] HY= A

5 i, AR 98 A A7t 2Ass RIEF Ya(score=DolA E&(score=5)9] ME s T
S Ao AFo] F&(score=1)olA o] &(score=5)2] M= o] 3t M5 o CMPFEE 474
gt o] dTtell= RPNol 208 Z¥shs 495 CMPFHEE HAs3iH

Table 6. Risk Assessment Table

Risk ID# Process Step Process Input Severity Occurrence | Detect ability RPN
1 Plate Coating Humidity 1 1 2 2
2 Washing Buffer Preparation 2 1 3 6
3 Sample Incubation Sample dilution 4 5 3 60
3.4 Improve

A% APHAE CM

o =212

o @A A 827
]

AU GBoz P

% B47HAnalyst), 29 LHDay)e] W] B2 WEA
9 2

o
= = h
gk T]&}Ql(Balanced Design) 2.2 Algste] 4k #45 B3k EA g4 (Variance

[ day1 }[ day? }[ day1 }[ day? ]
HBEBHDRnREEnnn

Figure 2. Precision Design for Improve

Az} A8 n|ZoF-(US Pharmacopeia, USP)10339] AthA 3= (Relative Accuracy) 3%l u}z}
ok 417 H(Analyst D, £417F 2(Analyst )7} 98 TRl o2 2k Azt 3314 S48t
Aol e HAE Azt SHUE AAdRIR Mebelal, ZaWS ghe] Pt £

9 235 FHst @S st USP10339] AlikAlel| whe} %RB(Relative
£o.2 o] Zgk(Nominal Potency) HiH] 54 gk(Observed Potency)®] “&th# 2l
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HaH%Relative Bias)= -2.1 ~ 2.3 %% 3|8 7](-17%<%RB<20%)& =53 31861311, 5714 5 %(36 ~
141% Potency leveDol Al 90% 218 F7to] 08 X &sla A5t} &}gto] 88 7] Wo]m 2 F%(Potency level)
o] w2 He] e (Bias Trend)S 2 Helsteit.

A% APAd B4 SARS A= L%ﬂ ALt o8 FAES gelgith USP1033¢] 3.1%
715el whel A%l WE Var(Run)@ A3 QA1) W5 Var(Brror)S AXFeth Run®] #4+3} Errore] #4F 3hS
stolgtt}. Var(Error)s U ¥ 5 (Within-run Componentﬂ Variability) &2 MSE(Mean Square Error)® #4F
4 Atk Var(Run)S #7HH%(Between-run Component?t Variability)® Zth MSRun)& Var(Error)+
Replicates(n)*Var(Run)©]aL, 7} A| g A7} 3814 SA381e] AlgS A8 7] witoll Replicates(n) 30|22 Var
Run)Z Azlshd (MS(Run) - Var(Error))/30] ¥t} USP10331H Ak2lel wet F1H8 9 E(Intermediate
Precision, IP)& Akttt 2808 dUsy W sS X7 agste] [PE AMe 235 A3 + k.
Figure 33 o] [P W5 A4 (Coefficient of Variation, CV)& :ll“}i, ETHAH0)E oWz vie gholth

il

HN

3}
=

fag
CV =—
H
Figure 3. Coefficient of Variation Equation

7J‘J'l”(Robustness) AR BAL AFAEH S ol &3t 2% A E T
olxtE XA, vEtE w2

01% gkol Aol & Artstel 7153t Aiest A= o8 7|Ed Ut

<20%)% welshe] A shak 7k A 2

T EAEAgE {93 xE sel
Hla7Ps Y ARAAE BN B E ATADEE Aol 73814 &

ahoith SAUS AAE Wgksal MINITAB21 2 15el] YJlakgict,
A, 71 A Adma WE gro] SARAY HARAQ) AtdS W

S A3}t Figure 49F o] P-gkol 242 0.373Before: 71& AlEH), 0 34(After /‘11‘1‘ AlEH)

0} O O O o
IEoR == -rr./]
F5 0.058 Y AR Al 7|E A 23 AEES i3-S 821513 a1, Figure 5914 P-3k 0.05320.2
oE 0.05RT ZBZ A4t 7]E A|FH FAto] tEX] 3-8 I8t

a8 l‘
% Il i
g 50 / 0

3 1 1

Figure 4. Normal Probability Plot: Before, After Figure 5. Test for Equal Variances: Before, After
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Figure 63 #o] &5 AAS &l At 71+ A4 =2 98 gk 3 Ael(Indl7i-In7]15) 9] 90% A= +-3F
o] 554 7= WS FRIskinh okt gk -0.1823, g9t 2 0.182320.2 A3, Hudy e 7ES A%
ste] Aol
T AARE B3 2t V1S AlEel 21wk gk 1 2kol 9] 90% A1F]1F [0.0265289, 0.0781470]°] &
A 71 [-0.1823, 0.1823] Ul & SIH3ith. 2ot AT} 71&E AT 554 A4 A, 44wt
90% AN FFHe (3%, 8%)Z F54 & 7% [-17%, 20%] WE BE At 90% A1F Sl A o)A Al#9l
-

A A B gol 71E AW 24 gt FEevn @ 5 9

(LEL = Lower Equivalence Limit UEL = Upper Equivalence Limit)

-02 -0 Q0 o 0z

a for Mean(After} - MeanBeforel: (-0 14622, -2.017798}
Ci is within the equivalence fnterval of -0 1823, 0.1823). Can ciaim equivaience.

Figure 6. Two Sample Equivalence Test

B
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o
oxl
I
o
M
1%
rﬂ
—Vi
H

Figure 73} 2o 554 A4 2
ATt 718 A I Aol 7t 554

(e}
ol7] 913 BAA) 1EE A8l mEARK: G
_]

able 79] MINITAB 2423} 245 5% 3ol A
3}

Sophn b el of 979 Selakalch 24

08

001

Difference

Figure 7. Power Curve for Equivalence Test with Paired Data

At 715 AW S T Aol SAM R Sl wel Adyol MAHTRE dSH s S At b



=

glEjo] A Al

Y

I

-0.0488
[}

0.0488
H

3|

&

Difference
=4

stol A

15

i

1Ak AQbDe] 7]

Power
0.97
0.97

A

i}, ol

O]
pi

e

=

=

Table 7. Equivalence Test with Paired Data Result
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Figure 7. XBarS Control Chart

4.2 &

Bolohis AT 1AM 5 3l Al 2 ot Il Aok 22 Ao SAkR e}
feM = QD] &nkE Ao AlEettHKim and Kim, 2022).

OFATO.2 AR Bedlo]de 3k Aol that s|7kakz.2] Al#4do] F-=ate] 57171 A5
7h it 2 A At Al HAd A, $o D-3 3 TS S R 4Tsk] Al
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