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The implementation process of simulation technology
in clinical trials and case practice

LI Ruo-bing, WANG Jing-zhao, WANG Jun
( Center for Drug Evaluation, National Medical Products Administration, Beijing 100022, China)

[ Abstract] Simulation technology is an effective tool to improve the success rate of clinical studies, with
applications at all stages of clinical research. This paper illustrated the content, requirements, and issues in three
parts: simulation plan, implementation, summary, and evaluation. In the case practice of survival analysis, the
article assumed a scenario where time-to-event data does not meet the proportional hazards assumption, using an
exponential cure rate function model with a delayed effect. The simulation aimed to study trial design factors such
as the average hazards ratio, sample size, and number of events. The results demonstrated that non-proportional
hazards assumptions significantly impact the trial hypothesis, follow-up time, and analysis time. Using normal trial
design methods based on the proportional hazards assumption could lead to reduced test power and unreliable interim
analysis results. Simulation technology could better support the design and implementation of clinical trials. Finally,
the paper discussed the importance and impact of scenario assumption in simulation implementation and execution.
Also, it is pointed out that the complexity of simulation should be considered to improve the feasibility of simulation
execution.
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500 25 55.0 275 0.74 0.639 36 23.7
500 25 57.5 287.5 0.73 0.703 39 29.9
500 25 60.0 300 0.72 0.764 46 52.8
500 25 62.5 312.5 0.71 0.798 71 109.4
500 25 65.0 325 0.72 0.819 202 175.1
500 25 67.5 337.5 0.72 0.822 203 189. 1
500 25 70.0 350 0.73 0.823 205 192.3
550 27.5 50.0 275 0.76 0.533 32 18.9
550 27.5 52.5 288.75 0.75 0.609 34 21.1
550 27.5 55.0 302.5 0.74 0.66 37 24.1

1414
Cy" PEHARG 2023 F55 32 555 14 1



Chinese Journal of New Drugs 2023,32(14)

gk 1

S G i i) FORCE S L FE T4 HR T I 31T i ] SF- 3 i 15 1 T8
/1l /A H /% /1l /1A /A
550 27.5 57.5 316.25 0.73 0.723 41 29.5
550 27.5 60.0 330 0.72 0.783 48 52.7
550 27.5 62.5 343.75 0.72 0.818 71 108.3
550 27.5 65.0 357.5 0.72 0.833 202 171.5
550 27.5 67.5 371.25 0.73 0.832 204 188.9
550 27.5 70.0 385 0.74 0.832 205 191.7
600 30 50.0 300 0.75 0.6 34 19.3
600 30 52.5 315 0.75 0.67 36 21.6
600 30 55.0 330 0.74 0.721 39 24.7
600 30 57.5 345 0.73 0.775 43 30.1
600 30 60.0 360 0.72 0.831 50 50.6
600 30 62.5 375 0.71 0.871 93 113.7
600 30 65.0 390 0.72 0.88 202 175.2
600 30 67.5 405 0.73 0.88 204 188
600 30 70.0 420 0.73 0.88 206 190.9
650 32.5 50.0 325 0.76 0.628 36 19.9
650 32.5 52.5 341.25 0.75 0.681 38 22.2
650 32.5 55.0 357.5 0.74 0.739 41 25.2
650 32.5 57.5 373.75 0.73 0.802 45 29.8
650 32.5 60.0 390 0.72 0.845 52 49.7
650 32.5 62.5 406.25 0.71 0.884 88 112.5
650 32.5 65.0 422.5 0.72 0.898 202 174
650 32.5 67.5 438.75 0.73 0.899 204 186.9
650 32.5 70.0 455 0.73 0.899 206 190.1

A Al UE 3, 2 F AR > 60% I, B 253 #r
FSF [12) 601 SF- 357 B 177 BF 0] Sk 25 180, 2 PR o 4 3l
Hh i At 0 2 AN G IR 2 53 0 45% 1 30% 1R
DR I Y B SRR > 60% N T A8 9 L2 )
BETA 23 KA — B F A, FEREAS 5 550 ] J2 LR
19 60% i, B AR HF- 2 HR 2358 0. 72,10
IR BE AR JE 80% , 1E 600 {6 B 7 £ (1) 60% =
PEE (5 5% 1) B, R 30 -3 HR 25 0. 72 B RLRE A
F| 83. 1% ,7F 650 £ A 1 1) 57. 5% F 4 % (1% 5
2) i, HAG B P-4 HR J 0. 73 fYRLHEILF 80. 2%

o5 TR R 1 ORI 5 2 BB WE 2P 1 HR
TR IR M B oK o (E PR PR iR 4 & i, T 2%
B B 2 BT B 100 RS- 35 i 5 BsF ) 3R AT 25 e B B
e ffs 1 g 2 050 iz, ik E Adl
AR A e B R AT BRI R 1515 B 2 B
T 2B B AR L f 2 43 BT I TR 0 SF- 2 B 7 B ]
PO TS R L, DR A A a0 1 A ) o AR A v

BT, T DR 5 2
4 it

TE A I PRI ST 4% 7 T ER PR m i s o 75
AL AR AT L E e A TR 5 % 3 o 5 40 ) B S5 G o
5 T 4% 7 T R 25 H 5, A A A 6 34 3 S i
ARG ST BB AR AT U R B R
B, B TR LR AR T U R S RN E RS, s
e AR 55 15 T L 30 26 S 4 I 1) 05 A A v 3 30
BEIR I Y 1 068/ e PR BF 7 ml AR G, AL
AR LA I PR A 56 T T B4R R AR () B2 0 it 6 1
M 200 E — i R b R I R 2 TR R I
PRt T 5 U, 78 AF B PR it 38 4% 1 1 L
TR R B e & e A ot bR AR
S LB R B AR AR S TR B0 13t

R AR B SEHER 2 B IR R T A R 1 m
AR5 T 07 5 % 155 5% M 5% 19 78 43 TR A% OF UG 1 T
AE (45 SR IR DR 25 76 b3 i R SE B ep, b T

1415 CEgj'
PEHARG 2023 F55 32 555 14 1 ‘



Chinese Journal of New Drugs 2023,32(14)

AR 45 e A1 B T ABRE T S i 280 A A KR R R
e, AR AL St ) BIF 5 v ) 22 2 i R G 2 TR I
R RE R o 1 ST B A AR £ I [R)AS RT o D
B FIE 7 8IS R W TS R AR B 5 [ Al B
56 2 0 IR A AT RH L B9 3 R TR i Y
PR AE ERR, DLkl S i By Bl D5 s 1)

BEALL T3] T5 58 I 107 25 R AR DL 09 52 A, e
LSS EaRaNEE o AN PP WIL U E U £ /RS ]
DYEEIIEANELE N SRS =R IS S RV E V]
AER 2L/ EE LR o PRI B3 5 78 0 % 8
B ALL B0 AT AP, I AT e A T 3 6 i PR DL AT RE
A /N FB TH AA E R RN A R T iR
e RN A o R SCH N S B b, (LB X RE AR
AN BT TR, A A R A A [ E
B o] R S A i 2 i A AL [ D 4 H
20 foif , fA 7 S B i PRATE S rp 52 302 19 A 4 38 B2 OF A
SERAT A B3, PR AU I R AR B K 4
I 2R A 0 o PR 0k 7 P A A R G 45 SR R AT e R
B, 778 73 25 R B 52 P [

25yl AR AR A B B LE T 90 8 E 259
F19 11 PR 7280, DA T 255 40 W 245 9 ) DRI 9 4 o 54
PR BRAE — 52 BRI b al LU TH il PR 3 56 1) A 2
AR B AR AR AU AR AT 2 89 1 PR 25 2R sl AU
PR B i PRI 5T 09 TR AT e A PR Z 1 . A I
TE AT FASEABLEE A I, 07 AR 406 8 A 25 W B 24z f% A2 24
T JIT Ak B B, A s A 48 A 114 LA A TR 7 A
F4 I 308 55

[ & % x # ]

[1] ABBAS 1. Modeling and simulation in clinical trials[ R]. Spri-
ngSim (MSM). 2016: 1.

(2] RG24 W= A8 R 24 i WD vp ol Y51 5 A9 25 W B R 4L
A4 SB[ EB/OL]. (2020 — 12 ~31)[2021 —12 =23 7. hi-
tps://www. cde. org. cn/zdyz/domesticinfopage? zdyzldCODE =
e0651af6eba8cc2 f5f31efb7add1f0a0.

[3] Food and Drug Administration (FDA). Adaptive Design Clinical
Trials for Drugs and Biologics Guidance for Industry[ EB/OL].
(2019 =11 =29)[2021 =12 =23 ]. https://www. fda. gov/reg-
ulatory-information/search-fda-guidance-documents/adaptive-de-
sign-clinical-trials-drugs-and-biologics-guidance-industry.

[4] Food and Drug Administration (FDA). Interacting with the FDA
on Complex Innovative Trial Designs for Drugs and Biological

Products[ EB/OL]. (2021 - 01 - 22) [2021 - 12 - 23 ]. ht-

1416
Cy" PEMBRE 2023 F3532 55 14

[5]

[12]
[13]

[14]

[19]

[20]

[21]

tps://www. fda. gov/regulatory-information/search-fda-guidance-
documents/interacting-fda-complex-innovative-trial-designs-drugs-
and-biological-products.

EFPIA MID WORKGROUP, MARSHALL SF, BURGHAUS R,
et al. Good practices in model-informed drug discovery and de-
velopment: practice, application, and documentation[ J]. CPT
Pharmacometrics Syst Pharmacol, 2016, 5(3) : 93 —122.

GAL J, MILANO G, FERRERO JM, et al. Optimizing drug de-
velopment in oncology by clinical trial simulation: why and how?
[J]. Brief Bioinform, 2018, 19(6): 1203 - 1217.

SMITH MK, MARSHALL A. Importance of protocols for simula-
tion studies in clinical drug development[ J]. Stat Methods Med
Res, 2011, 20(6) : 613 -622.

GIOVAGNOLI A, ZAGORAIOU M. Simulation of Clinical Tri-
als: a review with emphasis on the design issues[ J]. Statistica,
2012, 72(1): 63 -80.

O’KELLY M, ANISIMOV V, CAMPBELL C, et al. Proposed
best practice for projects that involve modelling and simulation
[J]. Pharm Stat, 2017, 16(2): 107 - 113.

O’KELLY M, ANISIMOV V, CAMPBELL C, et al. Proposed
best practice for projects that involve modelling and simulation
[J]. Pharm Stat, 2017, 16(2) . 107 - 113.

WEBER J, MANDALA M, VECCHIO M, et al. Adjuvant thera-
py with nivolumab (NIVO) versus ipilimumab (IPI) after com-
plete resection of stage III/IV melanoma: updated results from a
phase III trial ( CheckMate 238) [J]. J Clin Oncol, 2018, 36
(Suppl 15) ; S9502.

HARRELL JR FE, HARRELL JR MFE. Package  hmisc’ [J].
CRAN, 2019 235 -236.

HOWIE LJ, PEPPERCORN JM. The ethics of clinical trials for
cancer therapy[J]. N C Med J, 2014, 75(4) ; 270 - 273.
SHAMY MCF, STAHNISCH FW, HILL MD. Fallibility: a new
perspective on the ethics of clinical trial enrollment[ J]. Int J
Stroke, 2015, 10(1) : 2 —6.

ROSENBLATT M. The large pharmaceutical company perspective
[J]. N Engl ] Med, 2017, 376(1) . 52 -60.

TANG C, SHERMAN SI, PRICE M, et al. Clinical trial charac-
teristics and barriers to participant accrual; the MD Anderson
cancer center experience over 30 years, a historical foundation for
trial improvement[ J]. Clin Cancer Res, 2017, 23(6) . 1414 -
1421.

AU, FITR, 8. WU Ge it AE L 25 Al S
R R LI]. R 2 Tl Ze A, 2022, 53 (11): 1606 -
1611.

AR, A, FR. BIBOR N TG R BT 5T 8 SR
B WA AR BGTL B BT [T]. P25 2¢ a8, 2023, 32(2):
198 -204.

GIRARD P, CUCHERAT M, GUEZ D, et al. Clinical trial sim-
ulation in drug development[ J]. Therapie,2004,59 (3): 287 -
295, 297 -304.

VEYRAT-FOLLET C, BRUNO R, OLIVARES R, et al. Clini-
cal trial simulation of docetaxel in patients with cancer as a tool
for dosage optimization [ J]. Clin Pharmacol Ther, 2000, 68
(6): 677 -687.

GIRARD P. Clinical trial simulation: a tool for understanding
study failures and preventing them [ J].
Toxicol, 2005, 96(3) : 228 —234.

Basic Clin Pharmacol

G0 M/ % H #2023 -04 - 04



