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Digital Twin Technology in Clinical Drug Research: Application Progress
and Regulatory Strategy Analysis
WANG Jingzhao'?, PAN Jianhong'?, Li Min'
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[Abstract] Artificial intelligence (Al)-enabled digital twin (DT) technology, as an emerging technological tool, creates virtual replicas
of real patients by accurately simulating their characteristics, offering new approaches to clinical drug research. This review
systematically describes advances in the application of DT in clinical drug research: DT technology uses mechanism-driven quantitative
pharmacology modeling and data-driven Al modeling as its core implementation methods, and can be applied to key scenarios such as
trial protocol optimization, treatment response prediction, construction of virtual control groups, and assistance in participant
recruitment. This review further analyzes and compares the relevant regulatory policies of major global regulatory agencies, points out
that global regulation is characterized by "convergence in direction and localization in detail," and advocates a risk-based regulatory
framework. It also notes that the current application of DT technology in clinical drug trials still faces multiple challenges, including data
quality control, model credibility assessment, and the formulation of regulatory standards, and it proposes feasible recommendations for
practical application. This review provides important references for promoting the standardized application of DT in drug clinical
research and informing the formulation of regulatory strategies. Overall, DT technology holds significant potential for improving clinical
development efficiency and supporting research in special fields such as rare diseases and pediatric medicines; however, at the current
stage, it remains only suitable as a tool to assist in trial design and decision-making in exploratory research and cannot yet fully replace
confirmatory clinical trials.
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Hh— Iz A 4 AR B DT Rl el
WAL 25 7 o) — A e i o FHRSOR . 456 P
UL HY () 525 B H S L LS F E RCT 1, k48
BP0 AT LAk 254 WP AT 7 A BRI S 2 TR A

3 BERBOWN

AT, ERREZAA B E E AR E] AT
TEMESI 2T 207 IR LRI T, DY iR E R 2
ML ARSI E A IE PR WA SR, LS| Al
FORTELZG W RO ST BRLE . ST 4Bk E
24 i LR A4 A ORI TRIZ A 1 R

FDA EMA NMPA
20204 (E S FUIEE TR
Bk 5 R4S R GRAT) )
20214F:  (FF 7oA Ea it S
F 2 S SRR 1 B RN GRAT) )

20224F:  (EFXTPROCOVAJ M 20224F: (N TR RELRIT Al it

§ HAEEIL) oG 5 )

S 203 (T HRT PR

T PRI M BT R 2023F: (24 i I A T

S 20034 GEMEEMERhi e HRAARESR

S HUSHEMTIEED

20254 (SR SRR I S
PSRN T Re N 25 B (%))
20254F:  (EZMSAEWHIRITR
RN TR RE S M4 )

20244 (ZGEh IR N TR RE gAY
N FH 3 5 L)

20264F: (LIt Rk RIF N TR BESEER)  (GAIP)

(FDA 5SEMABKA & Ai)

FDA: EEEMZ50 L EETR; EMA: ERNZE SR ; NMPA: FEZ25 50 B S; PROCOVA: TR MM iR 7 i

3.1 £ FDA BT
FDA F 2023 4F & Ay H F IR IRWFSE i i
B ok B nY B B 2 R ) (Digital Health

Technologies for Remote Data Acquisition in Clinical

Investigations) F5 R, A AT RIS 15 75 5 15 IR A%

FRERAE MBI A FIF9E, SR A R Ak T A5
AL O CERURE BT BUE R . i dE R iL
TE A0 B i T 4 OR 58 UE 5 ) GE  (verification &
validation, V&V) MM EK . FDA ST HE f7E
TR Ffd B+ R (digital health technology, DHT)



816 |

D

2T

S 202649 450% HEoM

AR Y B AR TP, BNZEOAR R R g
TR S WA BRI R

FDA 1 #% #8 5 i 95 {g B b 0> (Center for
Devices and Radiological Health, CDRH) F 2023 AR
KA QPRSI i S S BB T )
(Assessing the Credibility of Computational Modeling
& Simulation in Device Submissions) 5", %7I§
PR T T T R A b S A T AR DA Y iE
FHMESE , 25t A i) DT L &AL T 5122 A 5
wrz%.

FDA T 2025 4F 1 H &A1 CRFh i A9
Hil R N TR R & (R )
(Considerations for the Use of Artificial Intelligence to
Support Regulatory Decision-Making for Drug and
Biological Products) %, X} 5 %45 J& FDA B4
BEXT 24 i 55 A= Wy it M A TR SR AL N R S
SCIE, S AT TEZ R AE Wil i A i v SRR WA TR
PR T — AT UG AL AT {5 FE PP AR AE R, A
RISy “BEASEZA " (AL XSRS DTmk B ) il
PORERT GERICGEIBTERRE) 2 Mgk
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(WA HESR , DM SRR ERr, [FIR R RE 4Bk
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