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ABSTRACT

Purpose: A statistical similarity evaluation to compare pharmacokinetics(PK) profile data between nonclinical
and clinical experiments has become a significant issue on many drug development processes. This study
proposes a new similarity index by considering important parameters, such as the area under the curve(AUC)
and the time-series profile of various PK data.

Methods: In this study, a new profile similarity index(PSI) by using the concept of a process capability in-
dex(Cp) is proposed in order to investigate the most similar animal PK profile compared to the target(.e.,
Human PK profile). The proposed PSI can be calculated geometric and arithmetic means of all short term
similarity indices at all time points on time-series both animal and human PK data. Designed simulation ap-
proaches are demonstrated for a verification purpose.

Results: Two different simulation studies are conducted by considering three variances(i.e., small, medium,
and large variances) as well as three different characteristic types(smaller the better, larger the better, nominal
the best). By using the proposed PSI, the most similar animal PK profile compare to the target human PK
profile can be obtained in the simulation studies. In addition, a case study represents differentiated results

compare to existing simple statistical analysis methods(i.e., root mean squared error and quality loss).

® Received 22 Febraury 2021, 1st revised 5 April 2021, accepted 19 May 2021

1 Corresponding Author(sshin@dau.ac.kr)

(© 2021, Korean Society for Quality Management

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0)  which permits unrestricted non-Commercial use, distribution, and
reproduction in any medium, provided the original work is properly cited.

% This work was supported by the National Research Foundation of Korea (NRF) (No. NRF-2019R1F1A1060067).



146 J Korean Soc Qual Manag Vol. 49, No. 2: 145-159, June 2021

Conclusion: The proposed PSI can effectively estimate the level of similarity between animal, human PK
profiles. By using these PSI results, we can reduce the number of animal experiments because we only focus

on the significant animal representing a high PSI value.

Key Words: PK profile, Profile similarity index, Human and animal experiments
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Table 1. Terminologies and Their Associated Explanations for Pharmaceutical Processes

Terminology Explanation
PK Pharmacokinetics
AUC Area under the curve
Cax The highest blood concentration
T ax The time at the highest blood concentration
PK profile Pharmacokinetics over time
Genetic drug A drug that contains the same substance with different formulations from the original drug
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[ Derivation, comparison and analysis of similarity index ]

Figure 4. Statistical Simulation Overview

Table 2. True PK Concentration Data by Target and Bias

Time(hr) Target SB MB LB
0 0.0 0.0 0.0 0.0
0.33 32.5 32.4 33.0 26.0
0.67 74.0 71.7 74.2 53.8
1 103.8 98.8 99.0 77.0
2 89.8 85.6 75.0 102.3
3 59.0 56.9 47.6 90.8
6 25.8 25.2 20.6 52.3
12 11.7 11.5 9.4 25.9
24 5.5 5.5 4.4 3.6
48 2.7 2.7 2.2 1.2
72 1.8 1.8 14 0.1
120 1.1 1.0 0.9 0.5
168 0.8 0.7 0.6 0.8
336 0.4 0.4 0.3 0.3
504 0.3 0.3 0.2 0.1
672 0.2 0.2 0.2 0.1
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Table 3. Standard Deviation and Specification of Target PK Concentration Data

Time(hr) o; SS MS LS
0 0.0 0.0 0.0 0.0
0.33 34.0 68.0 102.0 136.1
0.67 27.2 54.5 108.9 151.0

1 24.9 49.7 99.4 149.0
2 12.1 24.2 48.3 72.5
3 10.9 21.7 43.4 65.0
6 11.0 21.9 43.9 64.8
12 6.3 12.7 24.7 31.0
24 4.2 8.5 14.7 18.9
48 3.8 6.8 10.6 14.4
72 2.4 4.3 6.7 9.0
120 1.1 2.2 3.3 4.4
168 0.8 1.5 2.4 3.2
336 0.4 0.7 1.1 1.4
504 0.3 0.4 0.7 0.9
672 0.1 0.2 0.3 0.4
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Table 4. Summary of similarity evaluation results of Simulation |

Bias Variance DSl Pl RMSE Lo 53
SS MS LS SS MS LS function
SV 1.9 1.9 1.9 1.7 1.9 1.9 1.4 7.0
SB MV 1.3 1.3 1.3 1.2 1.3 1.4 1.2 11.2
LV 0.9 0.9 0.9 0.8 0.9 0.9 1.1 17.0
SV 1.6 1.6 1.6 1.3 1.3 1.4 5.6 8.9
MB MV 1.0 1.0 1.0 0.7 0.8 0.9 5.5 14.8
LV 0.8 0.8 0.8 0.6 0.6 0.7 5.5 19.2
SV 1.0 1.0 1.0 0.9 1.1 0.7 13.5 15.2
LB MV 0.8 0.8 0.8 0.8 0.9 0.6 13.9 19.0
LV 0.7 0.7 0.7 0.7 0.8 0.5 13.5 22.2
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Table 5. Summary of similarity evaluation results of Simulation [l

Bias Variance Pl Pl RMSE Lo oS
SS MS LS SS MS LS function
SV 1.9 3.8 5.7 1.7 3.8 5.7 1.4 7.0
SB MV 1.3 2.7 4.0 1.2 2.7 4.1 1.2 11.2
LV 0.9 1.8 2.6 0.8 1.7 2.6 1.1 17.0
SV 1.6 3.1 4.7 1.3 2.5 4.3 5.6 8.9
MB MV 1.0 1.9 2.9 0.7 1.6 2.7 55 14.8
LV 0.8 1.6 2.4 0.6 1.3 2.2 5.5 19.2
SV 1.0 2.0 3.0 0.9 2.2 2.2 13.5 15.2
LB MV 0.8 1.7 2.5 0.8 1.9 1.7 13.9 19.0
LV 0.7 1.5 2.2 0.7 1.7 1.6 13.5 22.2
4,2 A 9+

AR ATtelAe= 4.19] SAA AlEElel Y] WE-S viRe® AA el vl PK profile M B7HE
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Figure 5. Human and Animal PK profile
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FAH H71E =88] Slel DS 285kl PK profileS ¥53161% 0, 21 Hlo] ¥l Table 69l A A5
i, 19 WE 183 Figure 63 2o

Table 6. Average PK profile of Human, Animal A, Animal B, and Animal C using DS

Time(hr) Human Animal A Animal B Animal C
0 0.000 0.000 0.000 0.000
0.33 70.698 82.085 66.494 58.579
0.67 88.584 100.000 47.549 74.178
1 100.000 93.075 100.000 100.000
2 83.573 78.008 92.370 85.288
3 54.651 45.391 58.847 56.070
6 12.617 12.801 13.138 12.191
12 4.603 5.721 5.578 4.134
24 6.061 4.340 4.429 2.901
48 3.533 3.240 2.647 2.758
72 3.371 3.323 2.122 2.553
120 2.899 2.128 1.926 2.379
168 1.651 2.117 1.465 1.619
336 1.361 1.327 1.152 1.302
504 0.538 0.958 1.166 0.936
672 0.570 0.537 0.781 0.927
—s—Human
100.0 -4 Animal A
—+- Animal B
80.0 Animal C
E 60.0
o 400
S
® 200
00 ==t a3
0 033 067 1 2 6 12 24 48 72 120 168 336 504 672
Time(hr)

Figure 6. Human and Animal PK profile using DS
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Human ™¥] Animal A, Animal B, Animal C%] PK profile A H7} A= o}l Table 7 Lok}t -4,
RMSE$} Loss function 23, Human¥} Animal C7} 7Fg fARHA UYERSA|WE RMSEE 5% H12] 2}o]Z, Loss
function &% 3t #AE] ApolE a1efdh A0 R F=o] A7l wE Aol argfshA| el Stk whEbA FEC]
A7) BAA A3 AV B A PSLy PShawdl B3V B, PSL,° 785 Animal A, B, C 25 1 o)<
2 Y o]& fAMIS tiAlR WSSkt Seolt)h 71 5 Animal B gho] 1.67 o[ o2 fAMIS - wisahe
o2 Yehdth PSLy8l 78-F, Animal A%t Animal C] g2 0.67 o8tz A S vl WhabA] Kol 21e %ot
™, Animal B 1 oJo® FAMS dAR wshs ZloR vebkth wab PSL, PShus
Animal B7} Human¥} 7 Aok detsch

Table 7. Summary of Similarity Evaluation Results for PK profile of Animal A, Animal B, and Animal C versus
Human PK profile

T Animal A Animal B Animal C
RMSE 18.8 9.6 7.5
Loss function 274 16.3 12.2
PSlm, 1.234 1.861 1.236
PShmie 0.551 1.221 0.587
5. 7JE %‘
B AT Q4 A9 veld A8el 44 Bk Slal Zestel fA4 ASRPSDE Ak, 2ol o
ste] mahel A ASESDSt Z12e BAH 44 WL WHES ol gstel BAF ABdelaE S,
Ane v Sn DaAel FASYAT NS AEstel 08 602 nYsjel $HF Simulation 19] 2

O~
T 0
| wioll AR 2 ghol EEHUAL, PSLy A5-3& vk st

3}, PSl,S 05 WF 2 o 143
TrAvG - 22 Zpol 7k skl AR HARel Akl A ek FAMY AF(PSD #hol WAl =&
o Z18]al 71E AR 7 Rl RMSEw 22 AR ol B AR gho= e H9laL, Loss functions
ZbfAR W Akl AR I gk SIStk e sHy S5 W7 7IEe 88t A0l SS, MS, LS )
05 1, 2, 302 Ag3te] ANEH NS 58 Simulation 19 A¥}, 23U FAA A5(PSD] Ao} FAbo]
AdFE 22akd FAP A(PSD b S mE3H R 71 7AMY B2 WS RMSE: 22 Hap7)E] A
g phor =EEQa, WAL AXW g SUkehs Ao® YeRgth 3 Loss function 2k |2 W £4ko] A
A kol S7kske A

2o

{0

SAA AlEE ol ARE 7o sl Al 4 Al Hldd A7 9] PK profile #AMY H71HE 38kl

A3 H7ES S867] A DS 7|Hke 2 4t PK profiled %3S 23813 5 Human WH] Animal A, B, CY

PK profiled] tj3F A3}= vln X319} 2 A3, 7189 A3 H7F w2l RMSE ¥ Loss function®] 4-$-=

Animal C7} Human?} 71 frARstchaL yelsket., ol of @] PSL, Y PSLys 483 45, Animal B7}F 7Fg frAL

g Ao ® Yty & Al Ak AR Alge ARt mE 7S RE Fof & ¢ 9leH, PK profiles 7]

o 2 FAMS Hrlslr] wjEo] 9# el Eete] 7S Ab83= RMSES} Loss function®] 5l vlte] &
o

RS
F2 WP Aol won], EAY Aee e uth & FEAS ZErta @ Aot
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2 =EolA 8% Simulation 2 AR AT AdE T B S AlbE Z23d FA AH(PSDE

DI-H1Y G A8 9] AUC EE Cy, TS 0] 3 3325 Wlarsh 210] oh]e} PK profiled mefske] A2+
o 8 wet AR W AAsste B8 2700 ueh et B3 9 e Agow g
A% pedstol FA Bl s sl SoREe) APt B0 e FREE o|§) /1ENE Agste] Aol
Psa) WEe] wut YA fAH B4 ERE AT @ 5 ok ool @ Anks BAF SueN 94
3|l Mg B BAE Bt ﬂsw Bk Qe A% A7 Bk 58S oud. 1ejus
£ g MO St U2 QP FUoler 3 02 gaut At g Hua gaE
MBS 7 AR AL FERE R, ok MY ABE B B4 S AGE AFe1m, 2L
2 Aol weh e Qy-ula o) BAE A4S BgE S e @7k Bag ol
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