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Abstract: Target Trial Emulation (TTE) is a methodological framework for causal inference based on Real World Data (RWD). Its
core idea is to simulate the design of observational research into a hypothetical Randomized Controlled Trial (RCT) to improve the

internal validity of the research and provide rigorous methodological support for generating high-quality evidence by using RWD. This
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paper systematically summarizes the key design points (eligibility criteria, treatment strategies, treatment distribution, follow-up plan,

outcome index, causal contrasts and analysis plan), implementation steps and key bias (including immortal time bias, prevalent user

bias, time-varying confounding, and selection bias) control strategies of TTE, and analyzes in detail the application of TTE in different

clinical scenarios such as infectious diseases, chronic diseases, acute and severe diseases, tumors, etc., for the use of clinical researchers.

In addition, this study further discusses the challenges TTE faces in confounding factor control, data quality, report consistency and so

on, which still need continuous attention and solution. In the future, the development of TTE research still needs the close cooperation

of multiple disciplines to jointly promote data standardization and application scenario expansion, and provide higher quality evidence

for clinical practice.
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Fig.1 TTE design framework, implementation process, and bias control strategy

3 TTERIEFA

3.1 HERAR: MRSAYSEENBRRITEN
TEBT B IR B G (COVID-19) KiATHAIE,

TTE #) 72 N T 0w B4 R IT AL B-22381, 4

Xie S5 22 EIR N 530 T L%,

VA B 7 =5 7E B2 50 5 E 5 I IR A DX AR K

[ COVID-19 s N EE MR . WML
SARS-CoV-2 J2&JL 1y ey AU i A\ 3 85 998 43 (B
FrAi2H 7 818 Hil, ARiyTHL 78 180 #i). EWIZIE
X RNZ5EE I SARS-CoV-2 Kl & B ) H #7,
FELERTERR N 30d WAEREEAETS, SR« iRER”
RABENL 4L, 454 IPCW “FATELIR AR Z . 45



* 2532 - FAEETH 2026F7H

AT R Drug Evaluation Research

Vol. 49 No.7 July 2026

PR, BRI RE R SR (B BAS AD
Al PR E R COVID-19 A 30 d (FFEAE
TR, IZRCRIEA R RS CREEFR. 12
A IsEET KA BRI S AR — 8. A
LS S R B S 1 B P B A T IR SR

RERTBR LR TTE (15— E R R4,
U1 Wan ZEHUELT- o [F F i L X 2022 4F (%58
E D WHBEFERICE, X BNT 162b2 5
CoronaVac M7t =12 & NEEHH A R0 2% 4
P I 2158 SONEERRES 2 FIBES 3 FIZE T H .
i PSM AT BRI D> i, K Cox Lt
B KBS AT Poisson [FIH M AHICLE 7y, 45 R0
N, FEREE TR, BNT 162b2 £l COVID-
19 BRe. (EBE. HE AT 5 H SR BT
CoronaVac, H. 3 FIFEFRCRMLT 2 7; 2 FhE
NRFMRAEFBLEAL, BNT 162b2 75 %7E 2 78
ol OO L8 ARG, AE AR UG ATY B 28 I o 5T
N2 PR T I E S AN R T 255
3.2 MR HKERTSORE

P8 14 AT, 7454 TTE JiE AL 254
T H S SRR 1A Rt 5 22 A PE0420, 1 Jin
Z:1421P), Osteoarthritis Initiative P\ 7 3E 31T TTE #f
58, BEHRA=1 000 TU HAEHZEAD 4 d 44t
EDAHIT30d RMAHLEAR D XA 1 :
1 A pF o UL, I8 R IR A B AT 2 4
BE VTS R (Rl 30 /N A R BE VT I K 22 57,
SRR R D AN IR ST (KOA) i3
(e AEFEThRE e s E R E NG ER, B
LA R G L H RCT — 8. ZWFRIE Y TTE
JIEE KOA RGURTT Vb AT PRI 2 50,
R i B A 5 T T i R 3 S ST AOOR Al FR AL T
B%,
33 REETY: BTN ERMEIRA

S RE AT AT AE BB 5 A IR 2 L IR ) B
R, T EKEMEITIEL . TTE 44 HLds%
(ML) 43 ZHR, G T 80N 550 P K 48 5k
W Z5E4E T 3 % . 40 Rajendran Z51HEA 3 A
KM ICU ¥3kE/E (MIMIC-IV. eICU. CEDAR),
KA 2 BB ML 5k, ARIE B NS wI AR 48 5 )
AE PR AS PG oy 2 MR AL: P B 8 (RD
AP ECEALES (RW),  F AN [F]E 3R 2 58 35 T
TTE Zr#fr. FBF %I S “ICU AFijs 24h” , &
BEERANBLG 28 d JET-R, EiL PSM Tyt 2k

A, RA Cox LB /b4t 5. 458 R
TN R E AT S 28 d FETS R 2 1) ) < Bk R 7
AN AF A [T AFAE 28 5. SR 2R E R R TT 5
28 d FE TR/ Mg FEHE AT 5%, (E BRI < i R R0
ICU fEBE i K IE 25 52 AN [F) 2% B Th RE R i gk
ST R o 2 [ A T S AN R], R ZH AT FH 24 [
FET- By, RW AR BB T2 25 . 1A
FUEIL TTE J5 k45 & ML TR, Jyfk 3555 (10 FS
HEVRITERAE T OCBEIEYE, RIS PRk T B St SR AL
SRR, A S E R ARt 5% .
34 MEZRNA: KEPEGEERITSESHRIE
PRI IE

FE R 24400, (] TTE HEZE %564 RCT
CLBCNIGIE B St SRR (RWE) Al FEME ) E 2 F
Bto PRt o i KA AEAAEE R, (R ML
PEAFAERE VTR . TR i ¥ X 53 R IR I AR VR 2 55 i)
A, LR LA A i 7™ . Antoine ZEUI3E T
ESME-MBC BAFI#ids, iH 8 WioeHE RCT #EATHE
oL, DLVl 8 Fh = ZERMEALAME (MBC) JRI7 2
W B S AT Rk . FE %8 SUNE IRIBTT T ER
(RS IE], B R RbR B, SRR e
JTREIFMER (SITPW) 5% S ML N KA
W W E B w545 Ba k. @ mdm
3 Wb CEEGTBE . 5
M. PR ZES), S5 REOR 7 WS RCT 4518
TEGT 2 E—8 (HiZ AR RR Y mact
FLIEA PINFE R S B et AR AR e 2 e, D
i8R B A MGt R B A DL e AT B . Bk A]
W, TTE J73E0] FH T s 22 29 B or . 2 T
&R RS, BHAE R RCT #hFmiEdERT, 7
TR AR S 240 0 2050 P 22 5 o
4 TTE EiiaEIHkak
4.1 SEZmERIEE

HF TTE T HERdU LR, BARTERT ER
AT RERLALL RCT, (H 45 FATIAS kit G Hh 52 00 22 14
7 [ A s £y A AU R R e R, Rk AR
RCT. RMfiEE Giit i Came MK, 7l
REAPIERMIRIRS:, FEORRIRS, mgh LAk
WPEEs), Rk, AR TTE KR HEWT AT 50k, 2
WO LA i FAS RNV b 7 vk 25 R IR
THUH W b AR A, /e E-value B Cornfield ¥%;
Fr s RGBSt ST RE TR A B, AR
B (B TE 5)s BA AMIEHRE SCRE, 45645



FA49EFETH 2026F7H

{;35"%4‘753{ ER Drug Evaluation Research

Vol. 49 No.7 July 2026 * 2533

PR IRV # TTE W AR R B AR, B A S
[ B UM AT . o s 2 R0 R B AT
T A VR A e 8 XU, (R 250 o s AR BB
THE R SR, St EEROR .
42 BRRESFREM

RWD Jli &5 Z A%, HAAEE B s
RAFREA—SF )8, Hod 2 d kg R
FRPER IR . R ERE T 2R OE, wbs
AL BT . PR B P AR AR S, (RAESEPRRY H
TR AEAE & A R . 0 Li 25U T TTE 1)
B2 2] (FL-TTE) HEZE, AJsElZ ot oA :UEL
T IBEFARY BT RO AN TE, (AAAETF 2 R
PRME, FEALE, (1D AFEFOEHFERES. WE
Pl AR g EETTHZE S, B B &
IMERE; (2) WA ZHHOEFRILZMONIN, Fig
SEANFEHL X RS AG B SR, (3) %35
O [ T B30 % J50RN B80T 5 A ¥ 1T 2 2 i R R i -
FEEE; (4) ZHUmPRIT T ROl = v BB 5 AN
TN AT, FOTESET R NS Rk, RAETT
EEGUE AWML, B RS S B ) AT 2
TTE BFFCHIGIZ Oz —, 7E4kaitib )y
%, RIS .
43 RE—BUEEIRE

TTE B 70 (1 4R 5 A — 350 5™ = 5 e F 9 )
BB, 1 40N 200 TG TTE () R4 455R
RILRY, 43%HF T AR TTE WFTA XETH, M
57%ARAIA B AR RIS P FOB AN, HE5 AR
A—3, W HIE AR T R OCEEE R BRI
W, ATRERSMSE A AT SR . ZBIBNT 2023 AFEIR H
il i€ TARGET #5147, J#1- 202549 H 3 H
7E BMJUSIRT JAMAUOIFE] I 2 A T (R H bRk 6 1)
5 MIE—TARGET AH), H5 21 MREXKH
MBI, e, 515, ik, &R, Wie.
HAEE 6 MRy, ZA e —ERE Rt TH
A STROBE. RECORD %45 Fi Kiffid: TTE K4
WHAEA. B TARGET BHN TTE #24t 7 #4;
RS HELE, EA 2 RIRE: (D HERiES
ZAFE, M H RS T7 R & R 0 TR R N
Mes (2) 417 TARGET 7 BiE H FRRC-FAT A A
PEBEHLAG R B AR, KA THABRES T Wi
WS AN R 2 79 (3) WFFCH T B R AT
RO IRE AR, XA AR 5 K ER
DR, RS — B0 )8 B Y dE 5, (HEER N

R R, R BV R R
5 Z5iE

TTE W 50ARR T WS AE 50 T 2 2 1) 22 K3t
A, HOFIFH RWD Az s i s R SRR iR 4 7 45
FALAEZE . BEAE B ) S H B R W IR 2 22 )
iR, TTE 1E B — 55040 22 53 #r 1) 3 A AT
FERR LTI, T E AL B AR A - g AN AR I
o AT BT E R A ) S S e R 3
SN 3 AZ AT, BRI R 78 R H
RWD JF Ji& i i 2 5 R A W B A 772048 5. SR,
RMEIRS s 7 AR S — S S PR 7
FREL IR AIfR Y. ok, TTE WF 7RI A AT 75 EE il
IRER 20, FATHFR SR EZRELZFRER
EEE, LRSI BIE RN R, A
15 PR 552 B e A T v Jo DR 3 o

MBEHAR AR FAREGEA G R
SE R

[1] Fu R, Kim S J. Inferring causality from observational
studies: The role of instrumental variable analysis [J].
Kidney Int, 2021, 99(6): 1303-1308.

[21 EZXZ, BEIE mRRATHE—m AR s
EH5WN M) 28 5 . R REREERE AR R AL,
2021: 44-56.

Wang J L, Kang D Y. Clinical Epidemiology: Design,

Measurement, and Evaluation in Clinical Research [M].
S5th Ed. Shanghai: Shanghai Scientific and Technical
Publishers, 2021: 44-56.

[3] Wei Y C, Boyer C, Jia K M, et al. Effectiveness of
nirmatrelvir/ritonavir and molnupiravir on post-COVID-
19 outcomes among outpatients: A target trial emulation
investigation [J]. Emerg Microbes Infect, 2025, 14(1):
2469648.

[4] Chan G CK, Lim C, Sun T Z, et al. Causal inference with
observational data in addiction research [J]. Addiction,
2022, 117(10): 2736-2744.

[5] Hernan M A, Robins J M. Using big data to emulate a
target trial when a randomized trial is not available [J]. Am
J Epidemiol, 2016, 183(8): 758-764.

[6] Andrade C. Target trial emulation: A concept simply
explained [J]. J Clin Psychiatry, 2025, 86(1): 25f15796.

[71 Zhao S S, Lyu H C, Solomon D H, et al. Improving
rheumatoid arthritis comparative effectiveness research
through causal inference principles: Systematic review
using a target trial emulation framework [J]. Ann Rheum
Dis, 2020, 79(7): 883-890.



* 2534 -

FE49EETH 2026F7H

AT R Drug Evaluation Research

Vol. 49 No.7 July 2026

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Al-kassab-Cérdova A, Alarcon-Braga E A, Parra C O, et
al. The target trial framework in global health research:
Barriers and opportunities [J]. J Glob Health, 2025, 15:
03014.

Jeritm, RET, XIVEAH, SF.H bR 0 B e Bkt
eSS Rt E T S A 3], T AERRATR
i, 2025, 46(7): 1262-1268.

Long Z L, Zhao HY, Liu Z X, et al. Global progress and
trend in research of target trial emulation: A bibliometric
and visualization analysis [J]. Chin J Epidemiol, 2025,
46(7): 1262-1268.

Komura T, Watanabe M, Shioda K. Exploring the
application of target trial emulation in vaccine evaluation:
Scoping review [J]. Am J Epidemiol, 2025, 194(10): 3028-
3040.

Durstenfeld M S, Thakkar A, Ma Y F, et al. Association
between coronary assessment in heart failure and clinical
outcomes within a safety-net setting using a target trial
emulation observational design [J]. Circ Cardiovasc Qual
Outcomes, 2024, 17(6): e010800.

Huang H'Y, Wang L, Xu S, et al. Target trial emulation in
oncology: current use and future directions [J]. Mil Med
Res, 2026, 12: 99.

Wang S V, Schneeweiss S, Initiative R D, et al. Emulation
of randomized clinical trials with nonrandomized database
analyses: Results of 32 clinical trials [J]. JAMA, 2023,
329(16): 1376.

FER, JRIK, $hRA, 55, ESEH FUERE S AL R
#: RCT DUPLICATE T H AR [J]. Z5¥ifidT i 2
2%, 2019, 28(11): 757-762.

Shi S'Y, Zhou Q X, Sun F, et al. Real-world evidence and
randomized controlled trials: The outcome of RCT
DUPLICATE [J]. Chin J Pharmacoepidemiol, 2019,
28(11): 757-762.

Cashin A G, Hansford H J, Hernan M A, et al. Transparent
reporting of observational studies emulating a target trial:
The TARGET Statement [J]. BMJ, 2025, 390: e087179.
Cashin A G, Hansford H J, Hernan M A, et al. Transparent
reporting of observational studies emulating a target trial:
The TARGET statement [J]. JAMA, 2025, 334(12): 1084.
Seewald N J, McGinty E E, Stuart E A. Target trial
emulation for evaluating health policy [J]. Ann Intern Med,
2024, 177(11): 1530-1538.

Fu E L. Target trial emulation to improve causal inference
from observational data: What, why, and how? [J]. ] Am
Soc Nephrol, 2023, 34(8): 1305-1314.

Gomes M, Latimer N, Soares M, et al. Target trial

emulation for transparent and robust estimation of

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

treatment effects for health technology assessment using

real-world data: Opportunities and
PharmacoEconomics, 2022, 40(6): 577-586.

EHN, RUNGE, MER, S OBLHE bR 7 1 St
SRR A YT SR 0 B R R R T A R
[7]. HFAERATI 2k &, 2023, 44(9): 1480-1485.

Wang R Z, Xi L J, Yang X K, et al. Application oftarget

trail emulation in real world: A case study of effect of

challenges [J].

statins on mortality in diabetes patients [J]. Chin J
Epidemiol, 2023, 44(9): 1480-1485.

Hansford H J, Cashin A G, Jones M D, et al. Reporting of
observational studies explicitly aiming to emulate
randomized trials: A systematic review [J]. JAMA Netw
Open, 2023, 6(9): €2336023.

Xie Y, Bowe B, Al-Aly Z. Molnupiravir and risk of
hospital admission or death in adults with COVID-19:
Emulation of a randomized target trial using electronic
health records [J]. BMJ, 2023: ¢072705.

Hernan M A, Dahabreh I J, Dickerman B A, et al. The
target trial
observational data: Why and when is it helpful? [J]. Ann
Intern Med, 2025, 178(3): 402-407.

Dahabreh I J, Robertson S E, Hernan M A. Generalizing and

transporting inferences about the effects of treatment

framework for causal inference from

assignment subject to non-adherence [DB/OL]. arXiv:
2211.04876 (2022.11.9). [2025-12-27] https://arxiv.org/
abs/2211.04876.

Andrew B'Y, Alan Brookhart M, Pearse R, et al. Propensity
score methods in observational research: Brief review and
guide for authors [J]. Br J Anaesth, 2023, 131(5): 805-809.
Chesnaye N C, Stel V S, Tripepi G, et al. An introduction
to inverse probability of treatment weighting in
observational research [J]. Clin Kidney J, 2021, 15(1): 14-
20.

Zoccali G. Clinical
nephrology [J]. J Nephrol, 2025, 38(1): 11-23.

Hernan M A, Sterne J A C, Higgins J P T, et al. A structural
description of biases that generate immortal time [J].
Epidemiology, 2025, 36(1): 107-114.

Hernan M A, Sauer B C, Hernandez-Diaz S, et al.

C, Tripepi trial emulation in

Specifying a target trial prevents immortal time bias and
other self-inflicted injuries in observational analyses [J]. J
Clin Epidemiol, 2016, 79: 70-75.

XuWC,YauY K, Pan Y, et al. Effectiveness and safety
of using statin therapy for the primary prevention of
cardiovascular diseases in older patients with chronic
kidney disease who are hypercholesterolemic: A target trial
emulation study [J]. Lancet Healthy Longev, 2025, 6(3):



FA49EFETH 2026F7H

¥k . Drug Evaluation Research

Vol. 49 No.7 July 2026 *+ 2535 -

[31]

(32]

(33]

(34]

[35]

(36]

[37]

[38]

[39]

100683.

Kirkegard J, Gaber C, Heide-Jorgensen U, et al. Effect of
surgery versus chemotherapy in pancreatic cancer patients:
A target trial emulation [J]. JNCI J Natl Cancer Inst, 2024,
116(7): 1072-1079.

RO, R, WL, S5 BT R R g
WEFER RAEWT: F b a8 B St 2 R S48 0 # [].
o [ o A MR R 2% 3, 2024, 31(12): 1743-1752.
Yuan C, Zhou Y L, Cao Y Z, et al. Causal inference in
observational studies based on real-world data: Key points
and case studies for target trial emulation [J]. Chin J Clin
Thorac Cardiovasc Surg, 2024, 31(12): 1743-1752.
FEAE, BISLEE, ER, & H SRR ST B
St TH CERBOT faifr 58 [J]. H EIfEIELS 7 4%
&, 2024, 24(2): 237-242.

Lu C C, Ke L X, Wang Z Y, et al. Introduction and
application of an auxiliary implementation tool(CERBOT)
for target trial emulation study [J]. Chin J Evid Based Med,
2024, 24(2): 237-242.

Scola G, Chis Ster A, Bean D, et al. Implementation of the
trial emulation approach in medical research: A scoping
review [J]. BMC Med Res Methodol, 2023, 23(1): 186.
Martinuka O, le Cessie S, Wolkewitz M. Target trial
emulation framework:  Mitigating  methodological
challenges and application in COVID-19 treatment
evaluation studies [J]. Clin Microbiol Infect, 2025, 31(9):
1475-1483.

Soohoo M, Arah O A. Investigation of the structure and
magnitude of time-varying uncontrolled confounding in
simulated cohort data analyzed using g-computation [J].
Int J Epidemiol, 2023, 52(6): 1907-1913.

Benz L, Mukherjee R, Wang R, et al. Adjusting for
selection bias due to missing eligibility criteria in emulated
target trials [J]. Am J Epidemiol, 2025, 194(11): 3126-
3139.

Wan EY F, Wong Z C T, Yan V K C, et al. Comparing the
effectiveness of molnupiravir and nirmatrelvir-ritonavir in
non-hospitalized and hospitalized COVID-19 patients
with type 2 diabetes: A target trial emulation study [J].
Diabetes Obes Metab, 2024, 26(10): 4653-4664.

Ioannou G N, Locke E R, O’Hare A M, et al. COVID-19

vaccination effectiveness against infection or death in a

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

national U.S. health care system: A target trial emulation
study [J]. Ann Intern Med, 2022, 175(3): 352-361.

Yan V K C, Yang Y, Wan E Y F, et al. Real-world
effectiveness and safety of tixagevimab-cilgavimab: A
target trial emulation study [J]. Drug Saf, 2024, 47(10):
1025-1037.

Wan E Y F, Wang B Y, Lee A L, et al. Comparative
effectiveness and safety of BNT162b2 and CoronaVac in
Hong Kong: A target trial emulation [J]. Int J Infect Dis,
2024, 146: 107149.

Jin X, Ding C, Hunter D J, et al. Effectiveness of vitamin
D supplementation on knee osteoarthritis-A target trial
emulation study using data from the Osteoarthritis
Initiative cohort [J]. Osteoarthr Cartil, 2022, 30(11): 1495-
1505.

Rajendran S, Xu Z X, Pan W S, et al. Multicenter target
trial emulation to evaluate corticosteroids for sepsis
stratified by predicted organ dysfunction trajectory [J]. Nat
Commun, 2025, 16: 4450.

Antoine A, Pérol D, Robain M, et al. Assessing the real-
world effectiveness of 8 major metastatic breast cancer
drugs using target trial emulation [J]. Eur J Cancer, 2024,
213: 115072.

Dickerman B A, Garcia-Albéniz X, Hernan M A. Target
Trial Emulation for Regulatory and Clinical Decision
Making in Cancer [J]. J Clin Oncol, 2026, 44(12): 1139-
1144.

Li HY, Zang C X, Xu Z X, et al. Federated target trial
emulation using distributed data for
treatment effect estimation [J]. NPJ Digit Med, 2025, 8:
387.

Hansford H J, Cashin A G, Jones M D, et al. Development
of the TrAnsparent ReportinG of observational studies
Emulating a Target trial (TARGET) guideline [J]. BMJ
Open, 2023, 13(9): e074626.

Fr52= sk EH|. (TARGET A1 i H brikie im
SNEDFFRE YIRS ) « SREEIE SR (1], WEY,
2025, 56(12): 1164-1174.

Zheng Q L, Zhang W J. Translation and interpretation of
the TARGET
observational studies emulating a targeted trial [J]. J New
Med, 2025, 56(12): 1164-1174.

observational

statement: Transparent reporting of

[FTiEsmit xR iE]



