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Appendix 1. Methodological Differences to the Protocol

We initially set out to identify ‘implicit’ emulations of a target trial as well as studies which
explicitly state the study as an attempt to emulate a target trial. However, there are many ways
by which a study could emulate a target trial without doing so explicitly. Therefore, to contain
the scope of this study, we made a post-hoc decision to exclude studies from our analysis which
we initially identified as implicitly emulating a target trial. The studies excluded at this stage

are listed in Appendix 5.
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Appendix 2. Complete Search Strategies for All Databases

Medline
1 (emulat* adj5 trial?).mp. 177
2 (target adj (trial? or experiment?)).mp. 668
3. (observational adj (stud” or research or data)).mp. 217117
4. ((real world or rwd) adj2 (stud* or research or data)).mp. 11627
5. (routine* adj2 data).mp. 8107
6. (comparative effectiveness adj2 (stud* or research or data)).mp. 5817
7. (emulat® or propensity score? or (causal adj2 (inference? or analys?s or effect*))).mp.
51359
8.3 or4 or5 or 6 or7 284549
9.2 and 8 89
10. (target adj (trial? or experiment?)).ti. 95
11. 1 or 9 or 10 254
Filtered for time (2012-2022) manually after search

Embase
1. (emulat® adj5 trial?).mp.
2. (target adj (trial? or experiment?)).mp.
3. (observational adj (stud” or research or data)).mp.
4. ((real world or rwd) adj2 (stud* or research or data)).mp.
5. (routine* adj2 data).mp.
6. (comparative effectiveness adj2 (stud* or research or data)).mp.
7. (emulat® or propensity score? or (causal adj2 (inference? or analys?s or effect*))).mp.
8.3or4or50r6o0r7
9.2and 8
10. (target adj (trial? or experiment?)).ti.
11.1or9or 10

psycINFO
noft(target trial emulat*) OR ((noft(real world data) OR (noft(emulat* trial)) OR
noft(observational) OR noft(routine* data)) AND noft(comparative effective*) AND

noft(causal infer*))
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70
71
72
73
74
75
76

Web of Science
(TI=(emulat* trial)) OR (TI=(real world data) OR TI=(routine* data) OR
TI=(comparative effectiveness study comparative effectiveness research or
comparative effectiveness data) OR (TI=(emulat® or propensity score?) AND
TI=(causal inference or causal analysis or causal effect”))) AND ALL=(target trial or

emulat” or target trial emulation)

note: 7’ is used as a wildcard symbol to capture different spellings
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Appendix 3. List of Phrases Deemed to Indicate Explicit Emulation of a Target Trial
Target trial emulation, emulate* neartarget trial, emulat” trial, emulat* near randomi?ed trial,

trial emulation, randomi?ed trial emulation, hypothetical trial emulation, trial replication.

note: 7’ is used as a wildcard symbol to capture different spellings
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Appendix 4. Operational Definitions for Items of the Emulation of the Target Trial

Protocol element

Requirements to be deemed reported

Eligibility criteria

Stated all characteristics that define inclusion in the target trial

Treatment strategies

Stated the treatment strategies under comparison

Treatment assignment

Stated that randomization was assumed conditional on baseline covariates

Outcome(s)

Stated the outcome(s) of interest

Follow-up

Described the observation period of participants, including when follow up

starts and ends

Causal contrast(s) of interest

Stated the estimand(s) of interest: e.g., intention-to-treat effect, per-protocol

effect

Analysis plan

Described the statistical analyses, including methods by which covariates were
adjusted to emulate randomization, e.g., matching, standardization, inverse-

probability weighting

© 2023 Hansford HJ et al. JAMA Network Open.
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Appendix 5.: Items Extracted That Are Not Included in Commonly Used Reporting
Guidelines (STROBE, RECORD, ISPOR)

Does it state whether the study was preregistered?

Is a reason given that an RCT was not possible?

Does the study describe itself as a target trial emulation?

In regard to the definition of treatment strategy, which of the following do the study
report: duration, type, frequency, dose, other, none)

In what form does the study present the target trial / emulated protocol?

Assignment procedures: Stated that treatment strategies were assigned based upon the
assumption that randomization is being adequately emulated, or that baseline
variables were adjusted for, given the baseline covariates are reported.

Time zero: Does the study explicitly report how time zero was defined?

Causal contrast(s): Does the study explicitly report the causal contrasts / estimands of
interest?

Does the study report if there are any potential unmeasured confounders?

Does the study report how confounders were selected?

Which casual assumptions are reported in the paper?

Does the study describe similarities / differences between the ideal hypothetical
randomized trial and emulation?

Is a table comparing characteristics of participants between the two (or more)
treatment groups presented?
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Appendix 6. Reasons for Study Exclusion at Level of Full Text
Not in English language (1)

1. Pigeot I, Kollhorst B, Didelez V. [Secondary Data for Pharmacoepidemiological Research -
Making the Best of It!]. Gesundheitswesen. Nov 2021;83(S 02):569-s76. Nutzung von
Sekundardaten fiir die pharmakoepidemiologische Forschung — machen wir das Beste draus!
doi:10.1055/a-1633-3827

Not in humans (1)
2. Van Cuong NK, B. T.: Phu, D. H.: Van, N. T. B.: Hien, V. B.: Thwaites, G.: Carrique-Mas, J.:

Choisy, M. Effects of prophylactic and therapeutic antimicrobial uses in small-scale chicken
flocks. Zoonoses and Public Health. August 2021;doi:http://dx.doi.org/10.1111/zph.12839

Not in field of medicine (1)
3. Vagni GB, Richard. Earnings and Income Penalties for Motherhood: Estimates for British
Women Using the Individual Synthetic Control Method. European Sociological Review.

2021;d0i:10.1093/esr/jcab014

Not an observational study (16)

4, Atkinson AK, Michael G.: Clayton, Tim: Carpenter, James R. Reference-based sensitivity
analysis for time-to-event data. Pharmaceutical statistics. 2019;d0i:10.1002/pst.1954
5. Dehaene |, Roelens K, Smets K, Decruyenaere J. Relevance of the antenatal

corticosteroids-to-delivery interval in the prevention of neonatal respiratory distress syndrome
through the eyes of causal inference: a review and target trial. Archives of Gynecology and
Obstetrics. April 2022;305(4):885-892. doi:https://dx.doi.org/10.1007/s00404-021-06213-5

6. Hsu GGM, Eric: Scheuer, Nicolas: Ramagopalan, Sreeram V. Keeping it real: implications
of real-world treatment outcomes for first-line immunotherapy in metastatic non-small-cell
lung cancer. Journal. 2021;doi:http://dx.doi.org/10.2217/imt-2021-0237

7. Jang H, Lee YB, Moon H, et al. Aspirin use and risk of hepatocellular carcinoma in
patients with chronic hepatitis B with or without cirrhosis. Hepatology (Baltimore, Md).
2022;76(2):492-501. doi:10.1002/hep.32380

8. Mack CD, Pavesio A, Kelly K, et al. Breaking barriers: studying fracture healing in the
BONES program. Journal of Orthopaedic Trauma. 2021;35:522-S27.
9. Maguen S, Madden E, Holder N, et al. Effectiveness and comparative effectiveness of

evidence-based psychotherapies for posttraumatic stress disorder in clinical practice. Psychol
Med. May 18 2021:1-10. doi:10.1017/s0033291721001628

10. Persson E, Waernbaum |, Lind T. Estimating marginal causal effects in a secondary
analysis of case-control data. Statistics in Medicine. 2017;36(15):2404-2419.
doi:https://doi.org/10.1002/sim.7277
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170
171
172
173
174
175
176
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180
181
182
183
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185
186
187
188
189
190
191
192
193
194
195
196
197

11. Sachs MCS, A.: Gabriel, E. E. Aim for Clinical Utility, Not Just Predictive Accuracy.
Epidemiology. 1-May 2020;doi:http://dx.doi.org/10.1097/EDE.0000000000001173

12. Simmonds KP, Burke J, Kozlowski AJ, Andary M, Luo Z, Reeves MJ. Rationale for a Clinical
Trial That Compares Acute Stroke Rehabilitation at Inpatient Rehabilitation Facilities to Skilled
Nursing Facilities: Challenges and Opportunities. Archives of Physical Medicine and
Rehabilitation. 2021/09/01/ 2021;doi:https://doi.org/10.1016/j.apmr.2021.08.004

13. Smith MJ, Mansournia MA, Maringe C, et al. Introduction to computational causal
inference using reproducible Stata, R, and Python code: A tutorial. Statistics in Medicine.
2022;41(2):407-432. doi:https://doi.org/10.1002/sim.9234

14. Spera EG, Giovanni: Allegra, Dario: Stanco, Filippo: Maugeri, Andrea: Quattrocchi,
Annalisa: Barchitta, Martina: Agodi, Antonella. CBMS - Randomized G-Computation Models in
Healthcare Systems. 2018 IEEE 31st International Symposium on Computer-Based Medical
Systems (CBMS). 2018;d0i:10.1109/cbms.2018.00021

15. Stensrud MJ, Young JG, Didelez V, Robins JM, Herndn MA. Separable Effects for Causal
Inference in the Presence of Competing Events. Journal of the American Statistical Association.
2022/01/02 2020;117(537):175-183. d0i:10.1080/01621459.2020.1765783

16. Stensrud MJS, Louisa H. Identification of vaccine effects when exposure status is
unknown. arXiv: Methodology. 2021;doi:NA

17. Tobias DKL, M. What would the trial be? Emulating randomized dietary intervention
trials to estimate causal effects with observational data. American Journal of Clinical Nutrition.
1-Aug 2021;doi:http://dx.doi.org/10.1093/ajcn/ngab169

18. Usman MSP, B.: Butler, J. Target trial emulations: bridging the gap between clinical trial
and real-world data. European Journal of Heart Failure. October
2021;doi:http://dx.doi.org/10.1002/ejhf.2331

19. Yusuf E, Rosendaal FR. Valid Evidence for Diagnosis and Treatment of Infections in the
Intensive Care Unit: Beyond Randomized Control Trial Study Design (Trial Emulation and
Machine Learning). Editorial. Journal of Clinical Medicine. July-1 2022;11(13) (no
pagination)3600. doi:https://dx.doi.org/10.3390/jcm11133600

Not a target trial emulation (92)

20. Bakker LJ, Goossens LM, O'Kane MJ, Uyl-de Groot CA, Redekop WK. Analysing electronic
health records: The benefits of target trial emulation. Health Policy and Technology.
2021;10(3):100545.

21. Bakker LIG, L. M. A.: O'Kane, M. J.: Uyl-de Groot, C. A.: Redekop, W. K. Analysing
electronic health records: The benefits of target trial emulation. Health Policy and Technology.
September 2021;doi:http://dx.doi.org/10.1016/j.hlpt.2021.100545

22. Beaudoin FLG, Roee: Merchant, Roland C.: Clark, Melissa A.: Swor, Robert A.: Jones,
Jeffrey S.: Lee, David C.: Peak, David A.: Domeier, Robert M.: Rathlev, Niels K.: McLean, Samuel
A. Persistent pain after motor vehicle collision: comparative effectiveness of opioids vs
nonsteroidal antiinflammatory drugs prescribed from the emergency department-a propensity
matched analysis. Pain. February 2017: 2022-01-27
2017;doi:http://dx.doi.org/10.1097/j.pain.0000000000000756
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23. Bijlsma MJW, Ben: Tarkiainen, Lasse: Myrskyla, Mikko: Martikainen, Pekka. The Impact
of Unemployment on Antidepressant Purchasing: Adjusting for Unobserved Time-constant
Confounding in the g-Formula. Epidemiology (Cambridge, Mass).
2019;d0i:10.1097/ede.0000000000000985

24. Brennan BP, Schnabel J, Pope HG, Hudson JI. Antidepressant use and risk of intubation
or death in hospitalized patients with COVID-19: A retrospective cohort study of clinical
effectiveness. Frontiers in Psychiatry. 2022;13(NA):NA-NA. doi:10.3389/fpsyt.2022.951065

25. Brenner SKOG, B. P.: Krajewski, M. L.: Charytan, D. M.: Chaudhry, S.: Mirza, S. H.: Peev,
V.: Anderson, M.: Bansal, A.: Hayek, S. S.: Srivastava, A.: Mathews, K. S.: Johns, T. S.: Leonberg-
Yoo, A.: Green, A.: Arunthamakun, J.: Wille, K. M.: Shaukat, T.: Singh, H.: Admon, A. J.: Semler,
M. W.: Hernan, M. A.: Mueller, A. L.: Wang, W.: Leaf, D. E.: Walther, C. P.: Anumudu, S. J.:
Kopecky, K. F.: Milligan, G. P.: McCullough, P. A.: Nguyen, T. D.: Shaefi, S.: Baskin, S. M.:
Shankar, S.: Valencia, J. D.: Pannu, A.: Hayes, M. M.: Grandin, E. W.: Waikar, S. S.: Kibbelaar, Z.
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1134  Appendix 7. Subgroup Analysis of Reporting of Target Trial Protocol and How It Was Emulated,
1135 by Reporting Guideline Use

Value Count (N (%))
Used reporting No (n=157) Yes (n=43)
guideline?
How the protocol of the emulated | Not fully described 54 (34) 15 (35)
target trial was reported | Only in text 50 (32) 19 (44)
Table 54 (34) 9(21)
Both target trial protocol and its | Yes 73 (46) 13 (30)
emulation described explicitly as
such?

Description of how the target trial was emulated?

Eligibility criteria | Yes 151 (96) 42 (98)

Treatment strategies | Yes 149 (96) 42 (98)

Assignment procedures | Yes 142 (90) 31 (72)

Outcome(s) | Yes 152 (97) 42 (98)

Follow-up | Yes 146 (93) 40 (93)

Causal contrast(s) | Yes 112 (71) 34 (79)

Analysis plan | Yes 153 (97) 41 (95)

Specification of time zero (i.e., | Yes 128 (82) 37 (86)
baseline)

1136  * Operational definitions of target trial protocol items are described in Appendix 5.
1137
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