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A=A A F, 7 @A AUC, 9 Chas 2 trapezoidal rule?} 3
FEE Ed AEHed, 2 wd F 4¥ EFEARIFS AL
71830l 8l 90% AlEibE Adbeig. w4 A wed B
7152(80.00~125.00%) ol =32 2% =

HEE o wekahglth

3

M
1%
ofr

A E2E Type I Error®t Powers &-83F3t} Type I Errori=

AAZ T AAZE FE5FAE E7stal w54 Vs Moy HlEesoR

A5 wdE vEs ulsty, & AFeAE F = 1.0 264 AlEdHol A&
s Fsta F5 RS WA X HEE AAETH(Yu et al, 2018).
1.0xDosexk, , _ _ 1.0xDosexk, .
CRef(t):W o k"t), CTest(t):W e k"t)

dtil - Powers AAZ F AAZF vl EFstal Qs ol

2R BEA 7|2 Wold vl&S E AFE3s9tH(Zhang et al., 2023).

1.0xXDosexk, 4,

( 0.8xDosexk,
Vik,— k) ©

—kt
k) ¢ e ")

- ei kut), OTest (t) =

w3t 7zt 4= 9AYZ(MCAR, MAR, MNAR), =% (5%, 10%, 20%),
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AAY WEAS(CV = 30%, 40%, 50%) 2 32} $=(n = 24, 48, 72) 9]

Zgel  wel AlEdHeldE

HH (Complete Case Analysis,

F 1008 wE Sysgod, w4

Mean Imputation, Multiple Imputation,

Maximum Likelihood Estimation)™® &S W3t AlE#H oA A=

heatmap WFEZ AlZtsbso zb Al WHe] wifE Bl BHEA AolE

APRA o7 BTt

© A7 AEdeld 24 4

2001) 7hel=ekls} 7E okF
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& Aols BACCA = AFA7E LA 789 JIAdAE 4

et

¢bds]  Agsta, AZFo] glv 4179 HolETE

ggtol B

st d5ge 2@ dolHe uEshA da AATORA 49

A YAH Mean Imputation)= AZo] HHAEE 779 ¥ 3o tfl

AT AN BSE e APAE B

=

o7 AZAE gAYk

o AN (MD 2 Aol st 78] Il diE w9 go] eofd
5708l BiAI gk (MIL~MIS) & st A5& Retsigint. o= &4 Rls
ZlHko g Fd Aol ofE sl wEE aEste]l A HARE
et WA ew, b ASgtel tall 5700 A o]l A EsIh o) F

of WA AN HelHAE zzh BA

o
o
i

A5Ho2 B3Y 273

|

bt

o

=
=

Ho +%= FYMLE) = d5ge A4 diAsHA o, A4 45 dolHE

7Rt 2 7hs % $h=(likelihood) & 748t A5gS YAH o2 HASI=
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AUCint, Crax, Trax, tiz 58 T8 ¢F&dz AxE dide
A, H A, s diAN, A= F4R, XGBoost 71 WAlEY
71, 283 olE &8 e A WA (MI(XGBoost)) & oA 7HA
A5 Ay WHe HEsty d9E vl - F4EAn Ed 90%
A= T3] 80.00%~125.00% W9l el 2FEHE=AE 7eor A=
SN W AR wE glslon, dRan, ¢4 a3, AV a%E
AAstel AFA Ay Wo] AF AA Qe mAE IFES EAETh
o]= 98] =3 gy} 4 (Mixed Effects Model) S &8st 14 & 7 (Fixed

Effects) &} F2F¢ &3 (Random Effects)E 1183}
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AT 23

I11.

1. PK &g 9 90% A3t

30 X) x]_;:}_gl

- =

S A=A E

o7

90% Al FF3to]

o

o

ol

o]
=

713813 v vl & (GMR)

H(MLE),

L0

N
4
o

A

#

g3 diAH D,

H+ diAH (Mean),

(CCA),

T

S

71%re]  XGBoost, 1@

EREE

744 ek,

o4

3

MI(XGBoost) 7}A]

Fau &3 90% A=

)

Crnax®l 71

~
fils)

21(80.00%~125.00%) Wi

H
™

=,

ol

7%

AUC,

97.83~105.57%% 7}

2% dyE A En, Ml

=

o

15

o

=

%o

97.52~108.24% =,

e

102.7%,

T
—_
fi7e)

Mo

ol
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Mean W< GMR©] 103.8%, AZFF7H 99.72~108.08% % F+ oAl
2 Bab 94 FH07 AF ko] AAHT FA4 A" Ado] AT

WS GMRo] 103.6%, AlEF7HE 91.83~116.89% %2 oA W = 7%
B2 AF S Below, spstgte]l 7l HE el sk AEEA
2224 BAH o Qo] H4A sAlo] He stk MI(XGBoost) S GMRO]

104.2%, A ZFHF7E 100.06~108.44% = e Oow, HEE o

e

s Ba
A 2k wAre] ejAEe) Aol mlwA FA PP A,

Coax®IA %= ARG Aol FlHity. CCA RS GMRe] 103.3%,
2 F) TS 93.94~113.60% = AUC S fFARHA & 7S Rl Ml=
GMR©] 106.1%, A7+ 96.51~116.73% %3 1L, Mean< GMR®] 105.8%,
AF TS 96.73~115.67%%2 F WH BT 7lE W delA kg Ed
FH%S Bt MLEE GMRe] 110.5%, A FHE 99.63~122.56% %
M we TUEE w3 orm, XGBoost: GMRO] 104.3%, A#H7HE
90.60~120.06%% 7Fd %> Tt 7+ ot 24 ekghe yERh
MI(XGBoost)¥=  GMRe]  106.5%, AFFS 97.08~116.46%=

veRkom, 71 e el mlad kg Al dakE B3l
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7 WHE AUC, % Coax® 24

AAEFA T AUCOIA &= Aokl Hatgke]l 718 w2 Wi MLE(379.5
T 149591, 1 HE MI(369.7 + 135.2), MEAN(367.0 * 134.7),
MI(XGBoost) (367.0 £ 134.8)7} v FFox w3ttt CCAE 358.0

+ 139.299°7, XGBooste 714 2

w

50.1 £ 150.8= 7]Fsl3dth

tjxoko A= MI(357.7 £ 127.8)7F 7 =s8kth MLE+= 352.8 £ 128.5,

MEAN 352.8 £ 126.09% FY3+ A4S HIh XGBoost= 336.1
+ 141.092 7} ey, CCA(352.0 £ 132.6) ¢ MI(XGBoost) (351.7
+ 126.2)= F Fo|dvh. AwbHo® AlFoko] fiRokHTE AUC

Batgkel  =kew, MLE=  AAl 2 Aol7h 7Hg Zlal, MEAN

Coax®NA = AJBeE = MLE(114.0 £ 38.07)7} 7F& =<F3, MI(111.5
+ 35.32), CCA(110.5 £ 36.12), MI(XGBoost) (110.0 £ 35.50),
MEAN(109.5 * 35.67), XGBoost(105.5 * 41.09) <o]gith oz

745 CCA(106.8 =+ 36.22), MI(105.6 =+ 3541)7F ¥lwZ] =

3:3

i,
XGBoost(100.3 * 39.64)7} 7Fd Ytk MLE(103.4 =  35.94),
MEAN(103.9 * 35.39), MI(XGBoost) (103.9 =+ 35.46)+= Z3t
FEoldnh AloRE BEE WHelA tiEofRT H2 Chu #e EAOH,

MLE®NA AA] 2t Zfo] 7} 743 2T

39



AUCiyri= AUC S AR A&S Btk Aldekol s MLE(411.7 =+
172.2)7F 7b8 ®9ka, MI(400.5 *+ 157.0), MEAN(397.0 =+ 156.4),
MI(XGBoost) (396.7 + 156.5), CCA(385.9 *= 160.4), XGBoost(378.8
+ 172.9) <woldu. tiRek: MI(B84.6 + 146.5)7F 7P ¥k,
MEAN(378.9 *+ 144.4), MLE(379.6 + 147.1), MI(XGBoost) (377.5 =+

144.7), CCA(377.2 * 150.6), XGBoost(360.9 =+ 159.8) <=oltt.

N
BN
12

HT}

Hlir
flo

ARt o2 AUColM %= Aldefe]l o = Holew, 7

s
=

P g A =95 AUC S A9 Ikt

Tmax= MEAN, MLE, MI oA Aok iz BT
0.834171(0.33~2.00) .=  FdstA  dErsth whd, CCA WA=
Algleko]l  0.83A1%F, tiFeFo]l 0.80AIFCR  AFQ xo]lE HIUE EI
XGBoost % MI(XGBoost) ®WHoA= 7z Algekizxek 7
0.86-0.82A17F,  0.84-0.82AI1F0. 2 zfold Ko, HAl#d 7|¥ o=
WRlel| Al mA et HAZF AP SS AlAFSH

tipe AWPAC R 6.6~6.9A7 W3 el alglem, AUC/AUC: Bl&->
BE el e oF 94%E Yrhd HEd MEH] o|Fops S
AlALSETE o5 A Xy BT HUl AR AMEEAE AN, AT

N wds FuAne Bed 5 o

40



W
P —

—_
1o

Fol

I

°©

Fo]
ANg
A #] -1ko]

A
pul

A 3}of]
71Eel 24

A
a3

TR YEROU

] 2 = o

)=]

A
2ol

O

-

TOoE YATOZAN
_1_]]?]__~

MI¢}

o

1)

L
ol

=

a5

[e)

=

L

%% GMRO]

[e]

Y

a=gk

T

Itk MI

AR

(o]

T

o
TC &

tot. XGBooste  Hlo]E 9

Q3

=

Ft}. Mean
)

s

POk
T

AT 7t
MI(XGBoost)
Ao Fo)7F o F-Hr.

=
.

ﬁo

Hlo
Ho

1

;.Oﬂl

FE% 9 A=

—

FA Aol7h

4 3o

41



A
o

543

AM AL 7}

—

7, AA S

g

2

o

AN

N
T

sk
=

B

o

)

o
o
N

Hhd | Meand CCAE # 8o

tt}. XGBoost+=

493

Plo
Ho

;O#I

o

B

<]

Ass

A 71 3%

glout,

77}

AxEZE &g

SRR

At} MI(XGBoost) &=

Q
a3

= H

7}l A

iy

o

AR 09

A2

e A

=

= AL

Al

R

42



¥ 1. PK 3&tug 9 90% A F3keA A=X Al #H E Aol

PK Parameter

METHOD Al oF B
(Mean=*=SD)

CCA 358.0 £ 139.2 352.0 = 132.6
MI 369.7 + 135.2 357.7 £ 127.8
AUC, MEAN 367.0 £ 134.7 352.8 + 126.0
(hr - ng/mL) MLE 379.5 + 149.5 352.8 £ 128.5
XGBOOST 350.1 + 150.8 336.1 + 141.0
MI(XGBOOST)  367.0 = 134.8 351.7 £ 126.2
CCA 385.9 + 160.4 377.2 £ 150.6
MI 400.5 + 157.0 384.6 + 146.5
AUCiy MEAN 397.0 £ 156.4 378.9 £ 144.4
(hr - ng/mL) MLE 411.7 + 172.2 379.6 + 147.1
XGBOOST 378.8 £ 172.9 360.9 £ 159.8
MI(XGBOOST)  396.7 = 156.5 377.5 £ 144.7
CCA 110.5 + 36.12 106.8 £ 36.22
MI 111.5 + 35.32 105.6 + 35.41
G (nagfnl) MEAN 109.5 + 35.67 103.9 £ 35.39
MLE 114.0 + 38.07 103.4 + 35.94
XGBOOST 105.5 + 41.09 100.3 £ 39.64
MI(XGBOOST) 110.0 *+ 35.50 103.9 + 35.46
CCA 0.83 (0.33~2.00)  0.80 (0.33~2.00)
T () MI 0.83 (0.33~2.00)  0.83 (0.33~2.00)
MEAN 0.83 (0.33~2.00)  0.83 (0.33~2.00)
MLE 0.83 (0.33~2.00)  0.83 (0.33~2.00)
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XGBOOST 0.86 (0.33~2.00)  0.82 (0.33~2.00)
MI(XGBOOST) 0.84 (0.33~2.00)  0.82 (0.33~2.00)

CCA 6.73 £ 1.21 6.52 + 1.21
MI 6.83 £ 1.50 6.61 = 1.22
1 (D) MEAN 6.84 £ 1.50 6.60 = 1.21
MLE 6.88 £ 1.51 6.64 = 1.28
XGBOOST 6.84 + 1.50 6.60 + 1.21
MI(XGBOOST) 6.80 = 1.50 6.58 £ 1.22
CCA 93.7 + 3.3 94.1 £ 2.8
MI 93.4 £ 3.4 93.8 = 3.0
AUC/AUCix MEAN 93.4 £ 3.4 93.9 + 3.0
(%) MLE 93.2 * 3.5 93.7 £ 3.2
XGBOOST 93.5 £ 3.4 94.0 £ 3.0
MI (XGBOOST) 93.5 + 3.4 93.9 + 3.0
AUC, Crnax
LOWER UPPER LOWER UPPER
CCA 97.83 10557  93.94  113.60
718t g & MI 97.52  108.24 96,51  116.73
(90% A=ET3h) MEAN 99.72  108.08  96.73  115.67
MLE 100.63 112.89  99.63  122.56
XGBOOST 91.83  116.89  90.60  120.06

MI(XGBOOST) 100.06 108.44 97.08 116.46
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CCA "WHolX+= sequence(p = 0.9736), period(p = 0.5225),
treatment(p = 0.4792)%2 EE IAHZIHANA Fost =pol7t vERYH

gk,

MI W oA+ sequence(p = 0.6087), period(p = 0.4984), treatment (p

= 0.4953) 2 R& 1A aFgelA Folt 2ol7t YERA] ekt

Mean "WHolA+=  sequence(p = 0.6629), period(p = 0.5647),
treatment(p = 0.1249)% RBE @I Fos o]zt YERYH|

orsrt.

MLE ®Hol-+= sequence(p = 0.8528), period(p = 0.3034),
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treatment(p = 0.0689)% REE A IA Fst zol7t YEREA]

i
XGBoost WA+ sequence(p = 0.6908), treatment(p = 0.6244)+=
Fo8kA] kO period(p = 0.0342) &= EAFORE F3HA

Gepskeh ot maled 7] o

Ay

Kol Al7] b wAIgE Zpole] WIZFEHA

NeE S 9ee AAbeke, delHd AAAR dEe] Wa# XGBoost
FnEE S4o] wely AR A48 & A

MI(XGBoost) WA+ sequence(p = 0.6867), period(p = 0.6574),

treatment(p = 0.0946) 2 X& IZaHANA [t =fo]7} HERYA]

Mo

AeoA= BEE d5A AHE wWHelA  sequence,

period, treatment E3¥7} FA A O 2 o 5F# LUt} (% 3).

CCA oAM=  sequence(p = 0.7195), period(p = 0.2390),
treatment(p = 0.5674)2 XE& HGHANA [t =ol7} YERYA]

¥sket.

MI #H oM += sequence(p = 0.5457), period(p = 0.1618), treatment (p

= 0.3339) 2 ®e g adels ol 2ol7F yEhbA] ekt
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Mean WH¥oA+= sequence(p = 0.4985), period(p = 0.3074),
treatment(p = 0.2972)% REE @I AA Fos Zol7t YERYH|

Fske.

MLE WM += sequence(p = 0.8670), period(p = 0.1817),
treatment(p = 0.1125)% REE @I Fos =Fol7F YERYH|

3k,

XGBoost HWHHo|A+= sequence(p = 0.5164), period(p = 0.2713),
treatment(p = 0.6183)2 X& IHGHANA [t =lo]7} YERYA]

stk

MI(XGBoost) ®WHeM+= sequence(p = 0.5360), period(p = 0.2722),

treatment(p = 0.2624)%F EE nHZINA Fo3st =pol7t yERYH

olel o], AFA Hal Wl wl AUC, 7l=dAeE 548 &
XGBoost?] period effect)ollr] EAACZ HFo3t Adrt HzE v,
Coax AWFEOo=E ASH Ay W odFS 1 g kgdoe=w

Jebte.

olgldt Ayt AUCIE ok A =EFS FHAoR Wt
AEZA, AEA A Aol we ny wuPgshl wed S Uss
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kel

2.

Afastel tg A% Ael W 8 Ao] (AUC)

Effect METHOD Den DF F—Value P—value
Sequence 39 0.00 0.9736

CCA Period 39 0.42 0.5225
Treatment 39 0.51 0.4792

Sequence 45 0.31 0.6087

MI Period 45 0.83 0.4984
Treatment 45 1.09 0.4953

Sequence 45 0.19 0.6629

AUC, MEAN Period 45 0.34 0.5647
Treatment 45 2.44 0.1249

Sequence 45 0.03 0.8528

MLE Period 45 1.08 0.3034
Treatment 45 3.47 0.0689

Sequence 45 0.16 0.6908

XGBOOST  Period 45 4.76 0.0342
Treatment 45 0.24 0.6244
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Sequence 45 0.16 0.6867

MI
Period 45 0.20 0.6574
(XGBOOST)

Treatment 45 2.91 0.0946
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kel

3.

AFa] e A5 A2 P 8 20| (Coa)

Effect METHOD Den DF F—Value P—value
Sequence 39 0.13 0.7195

CCA Period 39 1.43 0.2390
Treatment 39 0.33 0.5674

Sequence 45 0.47 0.5457

MI Period 45 2.28 0.1618
Treatment 45 1.20 0.3339

Sequence 45 0.47 0.4985

Cmax  MEAN Period 45 1.07 0.3074
Treatment 45 1.11 0.2972

Sequence 45 0.03 0.8670

MLE Period 45 1.84 0.1817
Treatment 45 2.62 0.1125

Sequence 45 0.43 0.5164

XGBOOST  Period 45 1.24 0.2713
Treatment 45 0.25 0.6183
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Sequence 45 0.39 0.5360
MI

(XGBOOST) 1 eriod 45 1.24 0.2722

Treatment 45 0.29 0.2624
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H

Aggroza  FA i 7 Fi3, ol®E Qlal AA HEAte] FHAHo]

MI W GMR 103.7%, Al1#737F2 99.65%~107.92% =2 eI,
AZow et EFAAS sk dAAA 4 AHE E F vk Mean
GMR 103.9%, A3 99.72%~108.05%%, Hak Al 544 #Aalo]
P FAE ] AFpte] AARY FA Yehds A o] Q.

MLES GMR<  102.5%, A7 97.59%~107.58% 4T} o=
Egadny Zntez s uPak wkeS vtgste] A& dig B3 S

A FAS Az A Ert. XGBoost®= GMR 104.6%, A2 -7F

¢

97.63%~111.88%= tHA 71# ¥ = 74 Hglom, Al 7F Zo] #AA

FAgkel dist EEAel AdiAom Atk HelA siA Al FUt

Coax 71X E FARE Adol #FEUY. CCAS GMR< 104.5%,

rJ

AME TS 94.79%~114.08%= AUC S mizb7HA=2 7V & F3&

A5t MIE GMR 107.1%, A& 4-7F 97.59%~116.87%, Mean< GMR
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Hoon AP ZL FAFIYT. MLEE GMR 110.6%,

100.33%~122.07% = 7} & T4 7FE §©e AFHFES

XGBoosti= GMR 109.5%, 4Al1¥57F 99.55%~120.59%% 7|+

AUCS A%, Adeke MLE(369.8 + 136.7)°14 7F4 & HAA4ES

B3, 2 FHE MEAN(366.9 =+ 134.7), MI(366.6 =

134.7),

CCA(362.6 £ 142.2), XGBoost(356.1 * 141.8) «o= usr). oz

ek MLE(361.9 £ 135.97F 7} =kow, MI(352.9 =+

126.1),

MEAN(352.2 + 124.6), CCA(353.2 £ 135.3), XGBoost(339.3 =

Coax® A%, Al¥eke MLE(114.9 =+ 38.6D)°A 714 =&

Helow, MI(109.4 = 35.70), MEAN(109.4 *+ 35.69), CCA(110.0 *

36.71), XGBoost(108.4 =+ 36.61)7F AR F=o=2 eyt

tfzokol A= CCA(104.8 + 33.93)7} 7 =%k, MLE(103.6

MI(103.0 £ 34.87), MEAN(102.3 = 33.71), XGBoost(99.7
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x4 452 Ay W oked gebvE W 90% AlFRE Hlw
PK Parameter
METHOD Aok oz ok
(Mean=*SD)

CCA 362.6 £ 142.2 353.2 = 135.3

MI 366.6 = 134.7 352.9 £ 126.1

AUC; (hr - ng/mL) MEAN 366.9 £ 134.7 352.2 + 124.6
MLE 369.8 + 136.7 361.9 + 135.9

XGBOOST 356.1 + 141.8 339.3 + 130.9

CCA 391.5 + 164.6 379.3 + 155.3

MI 396.5 = 156.4 379.0 £ 144.5

AUCjys (hr * ng/mL) MEAN 397.0 + 156.4 378.3 £ 143.0
MLE 399.8 + 158.6 390.2 + 157.2

XGBOOST 384.9 £ 164.2 364.3 £ 149.8

CCA 110.0 = 36.71 104.8 = 33.93

MI 109.4 + 35.70 103.0 = 34.87

Crmax (ng/mL) MEAN 109.4 *+ 35.69 102.3 £ 33.71
MLE 114.9 + 38.61 103.6 + 34.53

XGBOOST 108.4 *+ 36.61 99.7 + 36.01
CCA 0.85 (0.33~2.00)  0.81 (0.33~2.00)
MI 0.84 (0.33~2.00)  0.82 (0.33~2.00)
Trmax (hr) MEAN 0.84 (0.33~2.00)  0.82 (0.33~2.00)
MLE 0.84 (0.33~2.00)  0.82 (0.33~2.00)
XGBOOST 0.85 (0.33~2.00)  0.86 (0.33~2.00)

CCA 6.73 £ 1.59 6.51 + 1.30

s () MI 6.83 = 1.50 6.60 £ 1.21

MEAN 6.84 = 1.50 6.60 = 1.22

MLE 6.80 £ 1.53 6.67 + 1.27
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XGBOOST 6.76 £ 1.54 6.54 £ 1.25

CCA 93.7 £ 3.5 94.0 £ 3.2

MI 93.4 £ 3.4 93.9 £ 3.0

AUCy/AUCint (%) MEAN 93.4 £ 3.4 93.9 £ 3.0

MLE 93.5 £ 3.5 93.7 £ 3.2

XGBOOST 93.6 £ 3.5 94.0 £ 3.1

AUGC Crmax

LOWER UPPER LOWER UPPER
NeEFH & CCA 98.82 106.43 94.79 114.08
(90% A 2770 MI 99.65 107.92 97.59 116.87
MEAN 99.79 108.05 98.25 116.29
MLE 97.59 107.58 100.33  122.07
XGBOOST 97.63 111.88 99.55 120.59
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X 5. AEHAE 53 A5 WAYUST U AS5EC & POWER, TYPE 1 ERROR H| 1

Mechanism

MAR

MNAR

MCAR

Rate Method Power Type 1 Error
CCA 98.8+10.9 1.7+13.0
59 MEAN 98.1+13.7 0.9+9.5
MI 99.4+7.7 2.6+15.9
MLE 98.9+10.2 1.5+12.2
CCA 99.1+9.5 1.9+13.7
10% MEAN 98.7+11.4 1.1+10.4
MI 99.3+8.3 1.8413.3
MLE 99.0+9.9 2.5+15.6
CCA 99.2+8.9 2.7+16.2
20% MEAN 98.56+12.2 1.5+12.2
MI 99.24+8.9 4.0+19.6
MLE 98.2+13.4 3.8+19.1
CCA 99.3+8.4 0.7+8.3
50 MEAN 98.9+10.5 0.9+9.5
MI 99.6+6.3 1.5+12.2
MLE 98.6+11.6 2.3+15.0
CCA 98.9+10.5 1.7+13.0
10% MEAN 99.1+9.5 1.0+£10.0
MI 99.4+7.7 2.4+15.3
MLE 99.5+6.9 3.3+18.0
CCA 98.8+10.9 2.7+16.2
20% MEAN 98.9+10.4 1.7+13.0
MI 98.7+11.3 3.9+19.4
MLE 98.56+12.1 8.2+27.5
CCA 97.8+14.7 15.6+36.3
59 MEAN 99.7+£5.5 1.2+10.9
MI 99.5+7.1 2.6+15.9
MLE 98.7+11.2 2.4+15.4
CCA 97.5+15.7 63.9+48.1%
10% MEAN 98.8+10.9 1.4+11.8
MI 99.6+6.3 4.4+20.5
MLE 98.5+12.2 5.2+22.2
CCA - -
20% MEAN 99.5+7.1 1.4+11.8
MI 98.2+13.3 6.2+24.1
MLE 98.7+11.2 17.4+37.9
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ABSTRACT

Comparison of Missing Data Handling Methods in
Estimating Pharmacokinetic Parameters and

Evaluating Bioequivalence

Beomseok Kang
Department of Health Informatics & Biostatistics
The Graduate school of Public Health
Yonsei University, Seoul, Korea
(Directed by Professor Minjin Ha, Ph.D.)
Study Background

In bioequivalence (BE) studies, missing data frequently occur due to
factors such as subject dropout or sample processing failure, which may
compromise the reliability of pharmacokinetic (PK) parameter estimation
and BE determination. Despite growing interest, few studies have

systematically compared the effects of various missing data handling
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techniques in BE trials.

Study Subjects and Methods

This study analyzed clinical data from a 2X2 crossover BE trial to
examine the impact of six missing data handling methods—Complete Case
Analysis, Mean Imputation, Multiple Imputation, Maximum Likelihood
Estimation, XGBoost—based Single Imputation, and MI(XGBoost). The 90%
confidence intervals of PK parameters (Cpax, AUC,)) were computed for
each method, and BE conclusions were compared. Additionally,
simulation studies were conducted under varying sample sizes,
coefficients of variation, missing data mechanisms (MCAR, MAR, MNAR),
and missing rates to evaluate the Type I error and power for each

method.

Study Results

Multiple Imputation (MI) consistently yielded robust performance across
real and simulated data. MLE was also effective under MAR assumptions.
In contrast, CCA and Mean Imputation led to inflated Type I error rates
and reduced power, especially under high missingness. XGBoost—based

methods showed high prediction accuracy but suffered from overly wide
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confidence intervals, affecting BE decision stability.

Conclusion

Among the tested methods, MI demonstrated the most balanced
trade—off between statistical validity and practical feasibility. However,
careful consideration of the missing data mechanism and data structure is
crucial during the analysis planning stage. This study offers practical

recommendations for method selection in regulatory BE evaluations.

Keywords: Bioequivalence, Missing Data, Pharmacokinetics, Multiple Imputation

(MI), Maximum Likelihood Estimation (MLE), XGBoost, Simulation

92



