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ABSTRACT
Objectives Target trial emulation is an approach that is 
increasingly used to improve transparency in observational 
studies and help mitigate biases. For studies declaring 
that they emulated a target trial, we aimed to evaluate the 
specification of the target trial, examine its consistency 
with the observational emulation and assess the risk of 
bias in the observational analysis.
Design Methodological systematic review reported 
in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta- Analyses statement.
Data sources The database MEDLINE (Medical Literature 
Analysis and Retrieval System Online) was interrogated for 
all studies published from 1 January 2021 to 3 July 2022. 
We performed an additional manual search of 20 general 
medical and specialised journals that spanned the same 
period.
Eligibility criteria All studies that declared emulating a 
hypothetical or real randomised trial were eligible.
Data extraction and synthesis Two independent 
reviewers performed the whole systematic review process 
(screening and selection of studies, data extraction and 
risk of bias assessment). The main outcomes were the 
definition of the key protocol components of the target trial 
and its emulation, consistency between the target trial and 
its emulation and risk of bias according to the ROBINS- I 
(Risk Of Bias In Non- randomised Studies - of Interventions) 
tool.
Results Among the selected sample of 100 studies, 24 
(24%) did not specify the target trial. Only 40 studies (40%) 
provided detailed information on all components of the 
target trial protocol. Eligibility criteria, intervention strategies 
and outcomes were consistent between the target trial and 
its emulation in 35 studies (46% of those specifying the 
target trial). Overall, 28 studies (28%) exhibited serious risk 
of bias and 41 (41%) had misalignments in the timing of 
eligibility assessment, treatment assignment and the start of 
follow- up (time- zero). As compared with studies that did not 
specify the target trial, those that did specify the trial less 
frequently seemed to have both time- zero issues (39% vs 
52%) and serious risk of bias (26% vs 33%).
Conclusions One- quarter of studies declaring that they 
emulated a target trial did not specify the trial. Target 
trials and their emulations were particularly inconsistent 
for studies emulating a real randomised trial. Risk of 
methodological issues seemed lower in observational 
analyses that specified versus did not specify the target 
trial.

INTRODUCTION
Observational studies often face criticisms in 
their ability to estimate the causal effect of an 
intervention as compared with randomised 
experiments.1 Nevertheless, randomised 
trials may not always be feasible due to ethical 
considerations, the complexity of inter-
ventions that need to be assessed, and the 
substantial resources needed for measuring 
outcomes over a prolonged follow- up period 
or including a sufficient number of patients 
to detect a small yet significant intervention 
effect. They also take time to yield results, 
which may pose a challenge when the assess-
ment of intervention is time- sensitive, such 
as during the urgency of the COVID- 19 
pandemic. Therefore, observational studies 
are the preferred option for certain research 
questions. Target trial emulation has been 
proposed as a structured methodological 
framework that would improve confidence 
in observational analyses by making more 
transparent the causal question at hand and 
helping to mitigate biases.2–5 This method 
relies on defining key components of the 
protocol of the target randomised trial that 
would have been conducted to answer the 
causal question of interest and emulating 
each of the components using observational 

STRENGHS AND LIMITATIONS OF THIS STUDY
 ⇒ The reporting of this study complies with the 
Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses statement.

 ⇒ The risk of bias in observational analyses was as-
sessed with ROBINS- I, a dedicated tool for such 
studies.

 ⇒ The search strategy considered only studies pub-
lished between 2021 and 2022, limiting the gen-
eralisability of the results and preventing from 
studying any time trend.

 ⇒ The evaluation of the consistency between the 
target trial and its emulation was limited to major 
differences.
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data. Among the key components, the definition of eligi-
bility criteria, intervention strategies to be compared, 
outcomes and the causal contrast may help accurately 
identify the research question and its associated causal 
effect.4 6 7 These components also encompass the inter-
vention assignment and start of follow- up, which are 
critical because their timing should align with when eligi-
bility criteria are met to avoid time- zero- related biases.6–10

The number of published studies declaring to emulate 
a real or hypothetical randomised experiment as an 
objective or in their methods has been increasing over 
the past decade, especially after the publication of a 
paper that provided a comprehensive description of the 
approach.5 While the approach may seem increasingly 
popular, there is a need to assess whether the method is 
being correctly applied and reported and to assess what 
is the methodological quality of these observational anal-
yses. Therefore, in this methodological systematic review, 
for observational studies stating that they emulated a 
randomised trial, we aimed to evaluate the specification 
of the target trial, examine its consistency with the obser-
vational emulation and assess the risk of bias in the obser-
vational analysis.

METHODS
This is a methodological review complying with the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses guidelines for reporting11 (checklists are 
provided in the online supplemental table S1 and S2). 
A protocol was written before starting the review and is 
available in the supplemental material (see online supple-
mental appendix 1).

Search strategy and study selection
We searched MEDLINE with the Embase search engine 
for studies declaring that they emulated a real randomised 
trial with observational data. We chose Embase over the 
PubMed search engine because only Embase search 
equations can include textual distance. The search algo-
rithm is provided in online supplemental appendix 2 in 
the supplemental material. To obtain a comprehensive 
overview, we also interrogated search engines with the 
keywords “emulate”, “target trial” and “trial emulation” 
in the following general medical journals: Journal of the 
American Medical Association (JAMA), New England Journal 
of Medicine (NEJM), the BMJ, The Lancet, Annals of Internal 
Medicine, JAMA Internal Medicine, Nature and Nature Medi-
cine. We also searched for additional references in special-
ised medical journals with the highest impact factor in 
their specialty in 2021: The Lancet Infectious Diseases, The 
Lancet Neurology, The Lancet Diabetes and Endocrinology, 
The Lancet Respiratory Medicine, The Lancet Global Health, 
European Heart Journal, Journal of Hepatology, Gut, Journal of 
Clinical Oncology, World Psychiatry, Annals of the Rheumatic 
Diseases and Blood. We added this manual search because 
abstracts may not always mention the use of the target 
trial emulation approach, and search engines of journal 

websites can perform full- text searches of keywords. This 
manual search was limited to high- impact factor jour-
nals, as we expected that target trial emulations would 
be perceived as high- quality studies and would predom-
inantly be published in such journals. The search was 
performed on 3 July 2022 and was restricted to studies 
published after 1 January 2021.

Any study that declared emulating a hypothetical (ie, 
that has never been conducted for real) randomised trial 
or emulating a real one (ie, the randomised experiment 
does exist) using observational data and comparing two 
or more interventions was eligible. Studies interested in a 
prognostic factor or interventions delivered to clusters of 
patients were excluded, even if designed as an emulated 
target trial. We additionally excluded all interventional 
studies (or observational analyses that used data from 
it), before–after studies, narrative or systematic reviews, 
preclinical and veterinary medicine studies, genetic 
studies, pharmacokinetics and/or pharmacodynamics 
studies, studies that aim to validate a statistical model, 
health economic studies and case reports. The eligibility 
was assessed independently by two reviewers (NST and CS 
or GLM) by screening titles and abstracts, then full texts 
whenever necessary. Any disagreement was resolved by 
discussion to reach a consensus.

Data extraction and risk of bias assessment
Two reviewers (NST and GLM or MB) independently 
extracted data for all selected studies according to a 
standardised data extraction form. Disagreements were 
resolved by consensus. Information was retrieved from 
the article identified by the selection process. In addition, 
for observational analyses with a preregistered protocol, 
we retrieved the protocols on websites for study registra-
tion ( ClinicalTrials. gov and the European Union elec-
tronic Register of Post- Authorisation Studies). In the case 
of a study attempting to emulate a real randomised trial, 
we also retrieved information on the randomised trial 
most of the time from the original article and for one 
analysis on study registration websites ( ClinicalTrials. gov, 
International Clinical Trials Registry Platform) because 
the results of the trial were not published.

We collected the following general characteristics of 
the study: location of the corresponding author, source 
of funding, reason for conducting the study (eg, to 
emulate an unfeasible or unethical randomised trial in 
real life), source of observational data (eg, claim data-
bases) and if the target trial was a hypothetical or real 
randomised trial. For both the target trial and its emula-
tion, we collected information on the following seven key 
protocol components: eligibility criteria, intervention 
strategies, intervention assignment, outcomes, follow- up, 
causal contrasts of interest and statistical analysis plan.5 12 
The target trial was deemed specified if at least one of the 
aforementioned components was explicitly reported as a 
protocol component of the ‘target trial’ or reported as 
a characteristic of the randomised experiment that was 
emulated in the observational analysis. Special attention 
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was paid to the observational analysis features from which 
biases could arise, including the definition of time- zero 
(start of follow- up) and its alignment with the time when 
eligibility criteria were met and the intervention was 
assigned as well as the complexity of the interventions 
being studied. An intervention was deemed complex if 
it could change over time based on postbaseline param-
eters (dynamic strategy), involved multiple interventions 
in a single arm (joint strategy), or incorporated a grace 
period, allowing the intervention to be received within a 
specified timeframe after the start of follow- up. We also 
assessed the statistical models used to infer the effect 
of the intervention in the observational setting and the 
exploration of residual confounding, with the calculation 
of the E- value13 or the use of other controls (eg, nega-
tive outcome controls with expected null associations 
with the intervention).14 The risk of bias in studies was 
assessed with a slightly modified version of the ROBINS- I 
tool.15 The ROBINS- I tool is designed to evaluate the risk 
of bias in non- randomised studies of interventions and is 
the preferred tool to be used in Cochrane reviews of such 
studies.16 It takes into account the concept of a target trial 
for evaluation of the methodology of the observational 
analysis and involves answering specific questions related 
to potential biases before, during and after the interven-
tion. The tool requires some expert knowledge from the 
reviewers relative to the potential confounders and coint-
erventions for the given research question. As we could 
not provide this knowledge for all research questions, 
our assessment was based on the confounders and coint-
erventions that were listed by authors in the articles and 
whether the statistical analysis accounted for them prop-
erly. We added a signalling question to this tool, ‘Do time 
points of eligibility assessment, intervention assignment 
and start of follow- up align for most of participants?’, 
that overlaps the signalling questions of the selection 
bias domain ‘Was selection of participants into the study 
(or into the analysis) based on participant characteristics 
observed after the start of intervention?’ and ‘Do start 
of follow- up and start of intervention coincide for most 
participants?’, and evaluated the biases that might arise 
accordingly, as reported elsewhere.8 9

If several target trials were emulated in the article, we 
collected only information regarding the first reported 
target trial (and the first reported emulation in case of 
multiple emulations). For more information on data 
extraction and assessment of risk of bias, see online 
supplemental appendix 3.

Data synthesis
Characteristics of both the target trials and observational 
analyses were described according to the nature of the 
target trial: real target trial, hypothetical target trial or 
no target trial specified. We then assessed the consistency 
between the target trial specification and its emulation 
for the following protocol components: eligibility criteria, 
intervention strategies, outcome, follow- up, causal 
contrasts of interest and intervention effect measure 

chosen in statistical analysis. The full research question 
(PICO: population, intervention, control and outcome) 
was considered consistent if the eligibility criteria, inter-
vention strategies and outcome were consistent. See 
online supplemental table S3 for more information on 
when the target trial and its emulation were deemed 
consistent for each component. We compared the risk 
of bias among studies that specified the target trial (at 
least one key protocol component was documented) and 
those that did not, for each domain of the ROBINS- I 
tool.15 Finally, when target trials were real, we assessed 
the consistency in results by using the full statistical signif-
icance agreement (estimates and their 95% CIs on the 
same side of null in the target trial and its emulation) as 
proposed elsewhere.17 18

Patient and public involvement
No patient or public participant was involved in the 
design, conduct, analysis or the reporting of findings of 
this methodological review, which only reuses published 
data. There are no plans to disseminate the results of the 
study to patients and public participants.

RESULTS
Search results
The Embase search engine and manual searches in 
selected journals yielded 481 and 100 records, respec-
tively. Of these, 100 records were included in the meth-
odological review (see online supplemental figure S1 for 
the selection process).

Study characteristics
Infectious diseases were the predominant medical field 
(30 studies, 30%), with a high proportion of research 
questions related to COVID- 19 (21 of 30 studies). Most 
studies (90 studies, 90%) had at least one author affili-
ated with a biostatistics or epidemiology department. In 
64% of studies, the source of funding was from public 
or not- for- profit organisations. Reporting guidelines were 
followed in 28 studies (28%), and the protocol of the 
observational analysis was available for 12 studies (12%). 
The main motivations for conducting the research were 
to evaluate the real- world effect of the intervention (39 
studies, 39%), the lack of reliable evidence in previous 
observational studies that were possibly biased (29 
studies, 29%), the unfeasibility of a randomised trial (21 
studies, 21%) or to compare the results of the observa-
tional analysis with those of randomised trials (19 studies, 
19%). In 59 studies (59%), the authors mentioned in 
their article that the target trial emulation approach 
would enhance the reliability of the study (see table 1 and 
online supplemental table S4 for more information on 
general characteristics).

Characteristics of the target trials
In 24 studies (24%), none of the key components of 
the target trial protocol was specified. Eligibility criteria 
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(69%), intervention strategies (73%), intervention assign-
ment (68%), outcome (64%), follow- up (56%), causal 
contrast (56%) and statistical analysis (47%) were indi-
vidually specified in the 100 selected studies, respectively 
(figure 1). The full research question was documented in 

62 studies (62%) and all seven key protocol components 
in 40 studies (40%). The reporting of protocol compo-
nents did not vary according to the quartile of journal 
impact factors nor according to general and specialised 
medical journals (online supplemental figure S2). The 
target trial may have been fully specified more frequently 
if an epidemiologist or a biostatistician was present in 
the two first or last positions of authorship of the related 
article (44% vs 21% in studies where there were no epide-
miologist or a biostatistician in the two first or last posi-
tions of authorship, (online supplemental figure S2). Of 
the 76 observational analyses that specified the target trial 
(ie, reported at least one of its protocol components), 
18/76 (24%) aimed to emulate a real randomised trial 
(16 unique randomised trials because two were emulated 
twice by two separate observational analyses; see online 
supplemental table S5), and 58/76 (76%) targeted a 
hypothetical trial. Key components of the protocol of the 
target trial were less frequently specified for a hypothet-
ical than a real target trial (online supplemental figure 
S3). Although all real target trials reported the objec-
tive of demonstrating the superiority or non- inferiority 
of the intervention, this feature was not reported for 
56/58 (97%) hypothetical trials. Eligibility was based on 
postbaseline characteristics (measured after the start of 
follow- up) in 5/51 (10%) hypothetical target trials that 
specified eligibility criteria. Active comparators were used 
in 12/18 (67%) of real target trials but only 23/55 (41%) 
of hypothetical target trials that specified the comparator 
strategy. Among the 56/76 target trials (74%) that spec-
ified the causal contrast, per protocol (PP) effects were 
estimated less frequently for real target trials (in only 
3/17 trials, 18%) than in hypothetical trials (24/39 trials, 
62%). Further details can be found in online supple-
mental table S6.

Consistency of protocol components between the target trial 
and its emulation
In the 76 emulations of studies that specified at least one 
component of the target trial protocol, eligibility criteria 
(39/76, 51%), intervention strategies (58/76, 76%), 
outcome (55/76, 72%), follow- up (44/76, 58%), causal 
contrast (51/76, 67%) and intervention effect measure 
(36/76, 47%) were consistent between the target trial 
and its emulation, respectively (online supplemental 
table S7 and figure S4). Notably, the follow- up was longer 
in the target trial for only four studies (7% of 56 studies 
for which both follow- up of the target and its emulation 
were specified), shorter for 9/56 studies (16%) and equal 
for the remaining 44/56 studies (79%). The consistency 
was lower across most protocol components for 18 emula-
tions of a real target trial than for the 58 emulations of 
a hypothetical one, particularly with respect to eligibility 
criteria (1/18, 6% vs 38/58, 66%) and follow- up (5/18, 
28% vs 40/58, 69%). The full research question (eligi-
bility criteria, intervention strategies and outcome) was 
consistent in 1/18 (6%) of studies emulating a real target 
trial and in 34/58 (59%) a hypothetical one. Overall, 

Table 1 General characteristics of included articles (n=100)

Main medical field

  Infectious diseases, COVID- 19 21 (21%)

  Cardiology 12 (12%)

  Oncology 11 (11%)

  Other infectious diseases 9 (9%)

  Endocrinology, metabolism and nutrition 9 (9%)

  Nephrology 9 (9%)

  Neurology 7 (7%)

  Obstetrics, gynaecology and reproductive 
medicine

6 (6%)

  Haematology 5 (5%)

  Gastroenterology 4 (4%)

  Others 7 (7%)

Location of the corresponding author

  North America 48 (48%)

  Europe 36 (36%)

  Asia 15 (15%)

  Oceania 1 (1%)

At least one author affiliated with a biostatistics, 
epidemiology or data science department

90 (90%)

Funder

  Public or not- for- profit 64 (64%)

  For profit 2 (2%)

  Both 10 (10%)

  No funding 10 (10%)

  Not reported or unclearly reported 14 (14%)

Use of reporting guidelines 28 (28%)

  STROBE guidelines 23 (82%)

  RECORD or RECORD- PE guidelines 4 (14%)

  ISPOR guidelines 3 (11%)

  Reporting guidelines for propensity score 
analysis

1 (4%)

Registration of the study 7 (7%)

  EU PAS register 2 (29%)

  Clinicaltrials.gov 5 (71%)

Availability of the protocol of the observational 
analysis

12 (12%)

EU PAS register, European Union electronic Register of 
Post- Authorisation Studies; ISPOR, International Society for 
Pharmacoeconomics and Outcomes Research; RECORD, 
REporting of studies Conducted using Observational Routinely- 
collected Data; RECORD- PE, RECORD statement for 
pharmacoepidemiology; STROBE, STrengthening the Reporting of 
OBservational studies in Epidemiology.
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14/76 observational analyses (18%) achieved full consis-
tency for all the evaluated protocol components, all 
emulating a hypothetical target trial (figure 2).

Characteristics of observational analyses
Overall, 79 articles (79%) reported the use of at least one 
database of routinely collected data to emulate the target 
trial (see online supplemental table S8 for more informa-
tion). All observational analyses were performed with a 
cohort design. Eligibility of participants in the analysis was 
based on postbaseline characteristics in 22 studies (22%), 
whereas 14 studies (14%) did not exclude prevalent users 
of the intervention. Complex intervention strategies were 
studied in 33 studies (33%). The authors reported the 
causal contrasts of interest in 70 studies (70%), with 43/70 
(61%) analyses estimating the observational analogue of 
the intention- to- treat (ITT) effect, 32/70 (46%) the per 
protocol (PP) effect and 12/70 (17%) both (table 2).

In terms of statistical analysis, 13 studies (13%) used 
directed acyclic graphs to identify potential biases 
(online supplemental table S9). Regarding the design, 
18 studies (18%) used a sequential trials analysis and 
10 studies (10%) the cloning, censoring and weighting 
method. 58 studies (58%) used a sole propensity score 

estimated with baseline confounders, and 18 (18%) used 
g- methods (g- formula, inverse probability weighting with 
time- varying weights, or doubly robust methods). Of the 
76 studies performing survival analyses, 51/76 (68%) 
reported the intervention effect as an adjusted HR, and 
35/76 (47%) presented weighted or standardised survival 
curves. Controls for residual confounding were reported 
in 21 studies (21%), and 13 studies (13%) reported an 
E- value (table 2). The median number of participants 
included in the analysis was 9286 (Q1;Q3 1264;70 570), 
with fewer participants in studies that emulated a real 
target trial (median 2346, 1015;14 076), see online 
supplemental table S10 for further details.

Risk of bias of observational analyses and time-zero issues
Overall, the risk of bias was serious in 28 studies (28%) and 
moderate for all others. No study was classified at low risk of 
bias for confounding (online supplemental table S11 and 
figure S5). The risk of bias due to the selection of partic-
ipants was serious for 16 studies (16%); no study exhib-
ited a serious risk of bias due to deviations from intended 
interventions. The information bias for intervention and 
outcome was serious in 10 (10%) and four (4%) studies, 
respectively, and the risk of bias due to missing data was 

Figure 1 Summary plot of the specification of the target trial protocol components (n=100). Each bar represents the 
specification of the key protocol components of the target trial. The full research question was deemed specified if eligibility 
criteria, treatment strategies and outcome protocol components were specified for the target trial.
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serious in six studies (6%). The risk of serious bias seemed 
lower in studies that specified the target trial compared 
with those that did not overall (20/76, 26% vs 8/24, 33%) 
and in most domains, especially in the classification of 
interventions (4/76, 5% vs 6/24, 25%) and measurement 
of outcomes (1/76, 1% vs 3/24, 12%; figure 3).

When focusing on time- zero issues, 41 observational 
analyses did not align time- zero (start of follow- up) with 
the time when eligibility criteria were met or with inter-
vention assignment (online supplemental table S12). 
The most common problem was immortal- time bias and 
selection bias due to postintervention eligibility (16/41 
studies, 39%; see online supplemental table S12). The 
risk of bias of these 41 observational analyses with time- 
zero misalignments was deemed serious for 20/41 of 
them (49%). Time- zero issues seemed less frequent in 
studies that specified the target trial compared with those 
that did not (29/76, 39% vs 12/24, 52%).

Comparison of intervention effect in real randomised trials 
and their observational emulation
Among the 18 studies that emulated a real randomised 
trial, 15 observational analyses (83%) had a similar 

intervention effect measure and could be compared 
(online supplemental figure S6). All randomised trial 
analyses were performed on the ITT or modified ITT 
population, whereas 3/15 emulations (20%) estimated 
an observational analogue of a PP effect. We found full 
statistical significance agreement in 7/15 studies (47%). 
In the remaining studies, contrary to what was estimated 
in the randomised trial, the intervention effect in the 
observational emulation was not statistically significant 
in 6/15 studies (40%) and was statistically significant in 
2/15 studies, in favour of the intervention of interest 
(13%). In 5/15 emulations (33%), the 95% CI of the 
estimate was wider than the one of the estimates of the 
targeted randomised trial.

DISCUSSION
Main findings
We conducted a methodological review of a recent sample 
of 100 studies declaring that they emulated a target trial. 
Among these studies, 24% did not, strictly speaking, 
emulate target trials because the target trial was not 

Figure 2 Summary plot of the consistency of the target trial and its emulation for studies that emulated a real or a hypothetical 
target trial (n=76). Bars in light colours represent the consistency of studies that emulated a real target trial and bars in dark 
colours represent the consistency of studies that emulated a hypothetical target trial. Consistency was assessed only if both the 
target trial and its emulation specified the considered protocol component, and deemed not evaluable otherwise.
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Table 2 Characteristics of observational analyses

Overall (n=100)
Studies emulating a 
real target trial (n=18)

Studies emulating a 
hypothetical target trial 
(n=58)

No target 
trial specified 
(n=24)

Eligibility criteria

  Users of the intervention

  New users 86 (86%) 14 (78%) 52 (90%) 20 (83%)

  Prevalent users 14 (14%) 4 (22%) 6 (10%) 4 (17%)

Eligibility defined on 
characteristics observed during 
follow- up

22 (22%) 5 (28%) 10 (17%) 7 (29%)

Look- back period to assess 
eligibility (in years)

54 (54%) 10 (56%) 36 (62%) 8 (33%)

  Median(Q1;Q3) 1(1 1) 1(0.49;1) 1(1 1) 1(0.44;1)

  Minimum/maximum 0.08/9.5 0.49/9.5 0.25/3 0.08/1

Intervention strategy*

Complex strategy 33 (33%) 9 (50%) 19 (33%) 5 (21%)

  Dynamic 4 (4%) 0 (0%) 4 (7%) 0 (0%)

  Joint strategies 17 (17%) 8 (44%) 6 (10%) 3 (12%)

  Grace period 16 (16%) 2 (11%) 12 (21%) 2 (8%)

Pharmacological intervention 67 (67%) 15 (83%) 36 (62%) 16 (67%)

Comparator strategy*

Nature of comparator

  Active comparator 46 (46%) 14 (78%) 23 (40%) 9 (38%)

  No intervention or usual care 40 (40%) 2 (11%) 24 (41%) 14 (58%)

  Other comparator strategies 14 (14%) 2 (11%) 11 (19%) 1 (4%)

Pharmacological intervention 46 (46%) 15 (83%) 25 (43%) 6 (25%)

Outcome†

Efficacy and/or safety 
assessment

  Efficacy 50 (50%) 9 (50%) 22 (38%) 19 (79%)

  Safety 13 (13%) 1 (6%) 11 (19%) 1 (4%)

  Both efficacy and safety 37 (37%) 8 (44%) 25 (43%) 4 (17%)

Nature of outcome

  Binary 19 (19%) 4 (22%) 6 (10%) 9 (38%)

  Continuous 5 (5%) 0 (0%) 2 (3%) 3 (12%)

  Time- to- event 76 (76%) 14 (78%) 50 (86%) 12 (50%)

Follow- up

Length of follow- up (in years, if 
applicable)

  Median(Q1;Q3) 2(0.5;6) 2.21 5 2(0.43;5.75) 1(0.28;5.75)

  Minimum/maximum 0/20 0.3/11.6 0/20 0/18

Causal contrast(s) reported by 
authors

70 (70%) 14 (78%) 46 (79%) 10 (42%)

Observational analogue of ITT 
effect

43 (61%) 9 (64%) 25 (54%) 9 (90%)

Observational analogue of PP 
effect

32 (46%) 4 (29%) 26 (57%) 2 (20%)

Both observational analogue of 
ITT and PP effects

12 (17%) 1 (7%) 9 (20%) 2 (20%)

Continued
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Overall (n=100)
Studies emulating a 
real target trial (n=18)

Studies emulating a 
hypothetical target trial 
(n=58)

No target 
trial specified 
(n=24)

Other causal contrasts 10 (14%) 4 (29%) 5 (11%) 1 (10%)

Design for emulation

Sequential trials analysis with 
emulation several times of a 
trial

18 (18%) 0 (0%) 12 (21%) 6 (25%)

Cloning, censoring and 
weighting

10 (10%) 1 (6%) 8 (14%) 1 (4%)

Statistical methodology

A priori sample size or 
computation of anticipated 
power

5 (5%) 3 (17%) 2 (3%) 0 (0%)

Propensity score analysis (with 
baseline confounders)

58 (58%) 16 (89%) 26 (45%) 16 (67%)

Use of g- methods‡ 20 (20%) 3 (17%) 13 (22%) 4 (15%)

Exploration of residual confounding

Controls for confounding 21 (21%) 5 (28%) 14 (24%) 2 (8%)

Reporting of E- value 13 (13%) 0 (0%) 8 (14%) 5 (21%)

*First reported ones.
†Primary outcome or first reported outcome.
‡g- formula, inverse probability weighting with time- varying weights and/or doubly robust methods; studies that used inverse probability of 
treatment weighting only with a single weight at baseline were not counted in g- methods. Statistical techniques were not mutually exclusive 
(eg, a sequential trials analysis with the use of a propensity score weighting in each sequential trial).
ITT, intention- to- treat; PP, per protocol; Q1;Q3, first and third quartiles.

Table 2 Continued

Figure 3 Summary plot of ROBINS- I assessment of risk of bias according to specification of the target trial. Bars in light 
colours represent the risk of bias of studies that specified the target trial and bars in dark colours represent the risk of bias 
of studies that did not specify the target trial. The target trial was deemed specified if at least one protocol component was 
documented. The risk of bias in the selection of the reported result was assessed only when a protocol was available for 
the observational study (n=12). For a given study, the overall risk of bias was the highest risk of bias observed in one of the 
individual risk of bias domains.
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specified at all. The full research question was specified 
in 62% of studies and all seven key protocol components 
in 40%. Regarding the consistency of the target trial and 
its emulation, the full research question was consistent 
in 46% of studies specifying the target trial, but this was 
rarer for studies emulating real target trials versus hypo-
thetical ones (6% vs 59%). The overall risk of bias was 
considered serious in 28% of studies and moderate in 
the remaining studies. Time- zero issues were present in 
41% of observational analyses, with approximately half of 
these resulting in a serious risk of bias. Risk of serious 
biases and time- zero misalignments seemed less frequent 
in studies that specified the target trial than those that did 
not. When comparing the results of real target trials with 
their observational emulations, less than half reached the 
full statistical significance agreement.

Strengths and limitations of the study
This methodological review has several strengths. First, 
we conducted a comprehensive review of the use of the 
target trial emulation approach. Second, we reported this 
study in accordance with the guidance specific to this type 
of work.11 Third, we thoroughly assessed various aspects 
of the selected studies, including the specification of the 
target trial for each key protocol component, its consis-
tency with its emulation, the causal inference techniques 
used by authors and the risk of bias of the observational 
analysis, with a focus on time- zero issues. Fourth, the use 
of the ROBINS- I tool was particularly relevant in this 
review because it is based on the definition of the hypo-
thetical target trial that is being emulated in the evaluated 
observational analysis.15

Our study also has some limitations. Regarding the 
selection of studies, we assessed only a recent sample of 
studies due to limited resources and could not evaluate if 
the understanding of the target trial emulation approach 
has evolved over time. Consequently, our study sample is 
also biased towards research questions related to COVID- 
19, thereby limiting the generalisability of our findings. 
Regarding the risk of bias assessment, the ROBINS- I tool 
relies on expert knowledge to define confounders and 
cointerventions for a given research question, which we 
were not able to provide in our evaluation. Instead, we 
considered only the confounders and cointerventions 
reported by the authors of the studies, thereby limiting 
our assessment of the confounding domain, which might 
have the most significant influence on the overall risk 
of bias evaluated by the ROBINS- I tool, according to a 
previous study.19 Another limitation was to consider the 
target trial as specified if at least one protocol component 
(not all) was documented. This definition is practical 
and was used for this review to classify studies that were 
clearly not an emulated target trial. However, this defi-
nition should not be considered the minimum require-
ment to qualify an observational analysis as a target trial 
emulation. Additionally, our evaluation of consistency 
could only identify strong deviations from what was 
targeted, as this assessment was related to the reporting 

of intervention strategies, which was overall poor. Simi-
larly to what Hansford et al reported, we found a very low 
reporting of dose, duration and frequency of treatment 
strategies (data not shown)20 and decided to assess only 
major deviations from intervention strategies that were 
actually targeted. For example, the control arm was an 
active comparator in the observational analysis whereas it 
was a placebo arm in the target randomised trial. In addi-
tion, we used an empirical threshold of three discrepant 
eligibility criteria to deem an emulation inconsistent with 
its target trial about this protocol component, which 
might have been too strict, in particular for observational 
analyses that emulate a real target trial. Finally, our eval-
uation of the risk of bias was not blinded to target trial 
specification, thereby leaving open the possibility that 
the observed differences between studies that specified 
or not the target trial could be attributed to this absence 
of blinding.

Difference in results with existing studies
Recently, three methodological reviews were published 
almost simultaneously, focusing on the target trial emula-
tion approach.20–22 The initial review identified 38 studies 
attempting to emulate a trial up to the beginning of 2021, 
while the subsequent review identified 96 studies up to 
the beginning of 2022.21 22 Across these two overlapping 
samples of studies, the results were quite consistent with 
ours, with studies pertaining to the same medical fields 
(cardiology, infectious diseases and oncology studies 
were the most represented ones). The statistical analysis 
features were also similar, notably regarding the use of 
time- to- event outcomes and propensity scores to adjust 
for confounding. The authors also focused on methods 
to account for immortal time- biases and not surprisingly 
showed a frequent utilisation of the cloning, censoring 
and weighting and sequential trials approaches (12% and 
29% of studies respectively in21). Even more recently, an 
international initiative has been proposed to establish 
reporting recommendations for target trial emulations.23 
This initiative began with a systematic review of studies 
using the target trial framework.20 Dates of publication of 
the 200 included studies spanned from 2012 to the end of 
2022, again with the inclusion of only studies that explic-
itly applied the framework. The results of this review 
echoed our findings regarding general characteristics and 
statistical analysis features. Interestingly, this last review 
additionally focused on the reporting of the approach 
and showed that only 87 studies (44%) described both 
the target trial protocol and its emulation protocol sepa-
rately, which roughly corresponds to the proportion of 
studies (40%) in our study sample that defined all the 
target trial components.

A significant difference in our review compared with 
previous ones lies in our study selection criteria. We 
opted to evaluate studies that claimed to emulate either 
a hypothetical or a real randomised trial, regardless of 
whether such emulation was indeed conducted. This 
broader eligibility allowed us to compare the risk of 
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bias of studies that specified the target trial to those that 
actually did not, which was not performed in the other 
reviews, and provided some insights about the potential 
effect on bias mitigation of the target trial emulation 
approach. Another key difference is our assessment of 
the consistency between the target trial and its emulation. 
Indeed, one of the goals of the target trial emulation is 
to ensure transparency regarding the intervention strate-
gies targeted and those assessed in observational analysis. 
This evaluation is intricately linked to the counterfactual 
theory of causality, and in particular to the consistency 
assumption.3

Specification of the target trial
In our review, one- quarter of studies did not define the 
target trial. This situation is a significant concern because 
specifying the components of the target trial serves the 
dual purpose of enhancing transparency and mitigating 
biases. This may be attributed, in part, to a misunder-
standing of the method. Indeed, confusion may have 
emerged between the target trial emulation framework 
and sequential (or nested) trials analysis, a statistical 
design based on the specification of the target trial 
that helps mitigate immortal- time bias because the first 
studies entitled ‘emulated target trials’ used this partic-
ular technique.2 24 In our sample, 25% of studies did not 
explicitly specify the target trial despite declaring that 
they performed a sequential trials analysis. In addition, 
the target trial could have been actually conceptualised 
by authors but not reported in the article. Of note, the 
likelihood of complete reporting of the target trial was 
greater with target trials that were real randomised trials 
than hypothetical ones because we extracted their char-
acteristics in the original publication of the randomised 
trial and not necessarily in the article of their observa-
tional emulation. Finally, thinking of epidemiological 
research questions within a causal inference framework is 
still uncommon, and the term ‘emulated target trial’ may 
have been only strategically included in certain studies to 
enhance their chances of publication.

Use of causal inference techniques
To mitigate biases in the observational analysis, the studies 
often used advanced statistical techniques of causal infer-
ence, such as g- methods for time- varying confounding3 or 
inverse probability of censoring weighting for selection 
bias.25 Regarding the immortal- time bias, a sequential 
trials design24 or the cloning, censoring and weighting 
strategy26 27 were also applied quite frequently. Methods 
to explore residual confounding (eg, negative control 
outcomes14 or calculation of the E- value13) were reported 
in almost one- third of studies. The causal contrast of 
interest was defined in 70% of studies versus 19% in a 
previous methodological review of observational studies 
that did not specify the target trial,28 thereby suggesting 
improvement of the transparency about the causal effect 
at hand with the framework.

Risk of bias of observational analyses
The risk of bias in our study sample can seem high in that 
no study was considered a low risk of bias, but these results 
must be mitigated by the stringency of the ROBINS- I tool, 
particularly for the confounding domain: the risk of bias 
can be considered low only if no confounding is expected 
for the relation between the intervention and the given 
outcome.15 In a methodological review29 of a sample of 
systematic reviews of observational studies that used the 
ROBINS- I tool, the average risk of serious/critical risk 
of bias across studies was 54% as compared with 28% of 
observational analyses in our review. Therefore, the risk 
of bias in our study sample may be actually lower than 
in previous assessments. In addition, the risk of serious 
bias was less prevalent in studies that defined the target 
trial: even if we could attribute this effect to the use of 
the framework itself, there may be other reasons for 
differences (eg, expertise of researchers, involvement of 
biostatistics department affiliated authors, etc). Finally, 
we found a higher proportion of time- zero issues than 
in a previous methodological review of observational 
studies:9 41% versus 19%. However, in our assessment, 
we collected all time- zero misalignments, even the ones 
that did not have a serious risk of bias, for example, in 
the case of excluding patients on postbaseline character-
istics, but in a very limited proportion. Consequently, this 
apparent discrepancy may be explained by considering 
only time- zero issues that induced a serious risk of bias in 
the previous work.9

Consistency of the target trial and its emulation
For studies that emulated a hypothetical target trial, the 
consistency was quite good not surprisingly, as it was easy 
to adapt the protocol of the target trial to fit in the avail-
able observational data. This should not be considered 
a real issue, as the target trial is typically a pragmatic 
trial in case of a hypothetical target trial and therefore 
close to a real- life setting.5 For the emulation of a real 
randomised trial, consistency between the target and 
emulated trial protocols becomes more of a focal point. 
Indeed, benchmarking the observational analysis with 
the results of the real randomised experiment is often an 
objective. In our study, we observed poor consistency in 
key protocol components between real target trials and 
their emulations, particularly for eligibility criteria. While 
our assessment of consistency may have been stringent 
for this specific aspect, it is important to note that this 
result can also be attributed to the inherent limitations of 
emulating randomised trials within observational settings. 
Randomised trials typically involve restricted populations 
with specific characteristics that are challenging to repli-
cate in observational data.30 31 The difficulty in emulating 
real randomised trials was explored in a recent compre-
hensive work, called the RCT- DUPLICATE initiative 
(Randomised Controlled Trials Duplicated Using Prospec-
tive Longitudinal Insurance Claims: Applying Techniques 
of Epidemiology).18 In a sample of 32 studies that emulate 
a real target trial and were performed by the same team 
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of researchers, 16 (50%) were qualified as ‘close’ emula-
tions of the real randomised trial. This qualification over-
laps with our definition of consistency between the target 
trial and its emulation but is not completely identical (eg, 
the authors assessed the existence of a run- in period in 
the real randomised trial that may have selected adherent 
participants to interventions), which may explain the 
observed differences. The full statistical significance 
agreement also seemed better in their sample (75% 
vs 47% in ours). These results may be explained by the 
particular expertise in observational analyses of this 
team, whereas our study sample comprised trial emula-
tions from various teams. Moreover, the sample size of 
observational emulations they performed was larger than 
in our review, thus improving the precision of the esti-
mations and the odds of concluding to the full statistical 
significance agreement. Finally, a recent meta- analysis of 
the RCT- DUPLICATE initiative data suggested that the 
heterogeneity in results between the randomised trials 
and observational analyses could be explained by three 
characteristics of the target trial: treatment started in the 
hospital, discontinuation of some baseline treatments at 
randomisation and delayed onset of drug effects.32 We 
unfortunately did not assess these characteristics in the 
target trial, but a different distribution of them in our 
sample of studies may also explain the apparent discrep-
ancy with the results of the RCT- DUPLICATE initiative 
regarding consistency.

CONCLUSIONS
In this methodological systematic review investigating the 
target trial emulation approach, one- quarter of obser-
vational analyses did not specify the target trial. For the 
remaining studies, target trials and their emulations 
were particularly inconsistent in those emulating a real 
randomised trial. Observational analyses that defined the 
target trial seemed to have a lower risk of methodological 
issues than those that did not.

Furthers directions
While the target trial emulation appears to be a very 
promising approach to improve transparency and miti-
gate bias in observational analyses, our data underscore 
an urgent need for the upcoming recommendations for 
its reporting.23 These guidelines will serve as a crucial 
step towards enhancing both the utilisation and compre-
hension of this approach. Still, if our aim is to enhance 
the level of evidence derived from observational studies, 
conducting an observational analysis as a target trial 
emulation might not be enough, and a recent proposal 
suggests that a more comprehensive process of inferential 
analysis, integrating the target trial approach, is necessary 
to obtain causal effects from observational data.33 There-
fore, such a framework will need to be evaluated as well.
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Table S1.  PRISMA 2020 checklist 

Section and Topic  
Item 
# 

Checklist item  
Location where 
item is reported  

TITLE   

Title  1 Identify the report as a systematic review. NA 

ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. p3-4 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing knowledge. p5-6 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. P6 

METHODS   

Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. p8 and Appendix 
3 

Information sources  6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the 
date when each source was last searched or consulted. 

p7 and Appendix 
3 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. Appendix 2 and 3 

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record 
and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process. 

p8 

Data collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the 
process. 

p8 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each study 
were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect. 

p8-9 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any 
assumptions made about any missing or unclear information. 

p8-9 and 
Appendix 3 

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each 
study and whether they worked independently, and if applicable, details of automation tools used in the process. 

p9-10 and 
Appendix 3 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. NA 

Synthesis methods 13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and 
comparing against the planned groups for each synthesis (item #5)). 

NA 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data 
conversions. 

NA 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. NA 

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the model(s), 
method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used. 

NA 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). NA 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. NA 

Reporting bias 14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). NA 
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assessment 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. NA 

RESULTS   

Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in 
the review, ideally using a flow diagram. 

p12 and Figure 
S1 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. Figure S1 

Study characteristics  17 Cite each included study and present its characteristics. Appendix 4, 
Tables 1 and 2, 
Figure S2, Tables 
S4-S11 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. Table 3, S11, 
Figure 3 and S5 

Results of individual 
studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision 
(e.g. confidence/credible interval), ideally using structured tables or plots. 

Figures 1-2 and 4, 
Figure S3-4 

Results of syntheses 20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. NA 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. 
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect. 

NA 

20c Present results of all investigations of possible causes of heterogeneity among study results. NA 

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. NA 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. NA 

Certainty of evidence  22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. NA 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other evidence. p25-26 

23b Discuss any limitations of the evidence included in the review. p24-25 

23c Discuss any limitations of the review processes used. p24 

23d Discuss implications of the results for practice, policy, and future research. p30 

OTHER INFORMATION  

Registration and 
protocol 

24a Provide registration information for the review, including register name and registration number, or state that the review was not registered. p7 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. p7 

24c Describe and explain any amendments to information provided at registration or in the protocol. NA 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. p31 

Competing interests 26 Declare any competing interests of review authors. p31 

Availability of data, 
code and other 
materials 

27 Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included 
studies; data used for all analyses; analytic code; any other materials used in the review. 

p31 
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Table S2.  PRISMA 2020 for abstracts checklist 
 

Section and Topic  
Item 
# 

Checklist item  
Reported 
(Yes/No)  

TITLE   

Title  1 Identify the report as a systematic review. Yes 

BACKGROUND   

Objectives  2 Provide an explicit statement of the main objective(s) or question(s) the review addresses. Yes 

METHODS   

Eligibility criteria  3 Specify the inclusion and exclusion criteria for the review. Yes 

Information sources  4 Specify the information sources (e.g. databases, registers) used to identify studies and the date when each 
was last searched. 

Yes 

Risk of bias 5 Specify the methods used to assess risk of bias in the included studies. Yes 

Synthesis of results  6 Specify the methods used to present and synthesise results. Yes 

RESULTS   

Included studies  7 Give the total number of included studies and participants and summarise relevant characteristics of studies. Yes 

Synthesis of results  8 Present results for main outcomes, preferably indicating the number of included studies and participants for 
each. If meta-analysis was done, report the summary estimate and confidence/credible interval. If comparing 
groups, indicate the direction of the effect (i.e. which group is favoured). 

Yes 

DISCUSSION   

Limitations of evidence 9 Provide a brief summary of the limitations of the evidence included in the review (e.g. study risk of bias, 
inconsistency and imprecision). 

Yes 

Interpretation 10 Provide a general interpretation of the results and important implications. Yes 

OTHER   

Funding 11 Specify the primary source of funding for the review. Yes 

Registration 12 Provide the register name and registration number. NA 
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Table S3. Reasons for inconsistencies in the target trial and its emulation  
 

  Reasons  

Eligibility criteria 

 Post-baseline eligibility criteria in emulation  

 Major deviations in reproduction of eligibility 

criteria (3 or more discrepant eligibility 

criteria, not related to the observational 

setting) 

Intervention  Not the same interventions assessed 

Users of intervention  New-users versus prevalent users 

Comparator  Not the same comparators assessed  

Intervention strategies 
 At least one inconsistency for intervention, 

users of intervention or comparator 

Primary (or first reported) outcome  

 Primary outcomes were different in target 

trial and its emulation 

 If co-primary outcome in the target trial, and 

emulation considered only one of these 

outcomes as main outcome, the target trial 

and its emulation were deemed consistent 

Follow-up 

 Exclusion of beginning of follow-up (for 

example, the first 3 months of follow-up) 

 Length of follow-up discrepant of more than 

10% 

Causal contrast  

 ITT in the target trial versus only 

observational analogue of a PP effect in its 

emulation 

 If the target trial reported both ITT and PP 

effects, and its emulation only one, the two 

of them were deemed consistent 

Intervention effect measure 
 Hazard ratio in the target trial versus risk 

difference in the emulation  

 
List of abbreviations: ITT, intention-to-treat; PP, per protocol. The target trial protocol seldom provided clear 
details on how outcomes were measured. Similarly, information on the precise route and/or dosage of 
pharmacological interventions was rarely available for both the target trial and its emulation. Consequently, 
these aspects were not taken into consideration during our consistency evaluation. 
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Table S4. Additional general characteristics  
 

  All studies (N=100) 

Reasons reported by authors for conducting the study   

To assess the real-world effect of the intervention 39 (39%) 

Previous observational studies were possibly biased 29 (29%) 

The randomised trial is unfeasible 21 (21%) 

To benchmark observational analysis against randomised trial 
results 

19 (19%) 

To explore discrepancies in the previously published literature 16 (16%) 

Results of randomised trials are pending 11 (11%) 

Randomised trials were inconclusive on this particular 
research question 

9 (9%) 

To compare two interventions that have never been compared 
to each other in randomised trials 

6 (6%) 

The effect of the intervention needs to be assessed rapidly 5 (5%) 

Other reasons 33 (33%) 

Reference for using the emulated target trial framework provided 81 (81%) 

Hernán et al. "Using Big Data to Emulate a Target Trial When 
a Randomized Trial Is Not Available"[1] 

65 (81%) 

Hernán and Robins "Specifying a target trial prevents immortal 
time bias and other self-inflicted injuries in observational 
analyses"[2] 

13 (16%) 

Dickerman et al. "Avoidable flaws in observational analyses: 
an application to statins and cancer"[3] 

7 (9%) 

Hernán et al. "Observational studies analyzed like randomized 
experiments: an application to postmenopausal hormone therapy 
and coronary heart disease"[4] 

7 (9%) 

Other references 7 (9%) 

Number of target trials in the article   

Median [Q1;Q3] 1 [1;1] 

Minimum / maximum 1 / 262 

Number of emulated trials in the article (median [Q1;Q3])    

Median [Q1;Q3] 1 [1;2] 

Minimum / maximum 1 / 262 

 
Abbreviation: Q1;Q3, first and third quartiles.  
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Table S5. Characteristics of real target trials 
 

  Real target trials (N=16) 

Main medical field    

Oncology 7 (44%) 

Cardiology 3 (19%) 

Gastroenterology 2 (12%) 

Rheumatology 2 (12%) 

Dermatology 1 (6%) 

Endocrinology, Metabolism and Nutrition 1 (6%) 

Results of randomised trial published 15 (94%) 

Availability of the protocol of the study (including registration on a 
clinical trial website) 

16 (100%) 

Multicentre study 16 (100%) 

Location of study sites   

Europe 14 (88%) 

North America 12 (75%) 

South America 4 (25%) 

Africa 3 (19%) 

Asia 8 (50%) 

Oceania 5 (31%) 

Duration of the inclusion period (in years, median [Q1;Q3])    

Median [Q1;Q3] 3.5 [3;5.25] 

Minimum / maximum 1 / 8 

Blinding   

Open-label trial 11 (69%) 

Blinding of participants 5 (31%) 

Blinding of investigators and/or caregivers 5 (31%) 

Blinding of outcome assessors 7 (44%) 

Number of participants included in the analysis   

Median [Q1;Q3] 616 [324.5;3681] 

Minimum / maximum 36 / 12834 

Statistical significance for the intervention effect  8 (50%) 

 
There are only 16 unique real target trials to describe, as two of them were targeted twice by two separated 
observational analyses. Abbreviation: Q1;Q3, first and third quartiles. 
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Table S6. Characteristics of the target trial for the studies specifying it 
 

  
Overall 
(N=76) 

Studies 
emulating a 
real target 

trial 
(N=18*) 

Studies 
emulating a 
hypothetical 
target trial 

(N=58) 

Design       

Experimental design    

Parallel 75 (99%) 18 (100%) 57 (98%) 

Not evaluable 1 (1%) 0 (0%) 1 (2%) 

Statistical hypothesis tested    

Superiority 15 (20%) 13 (72%) 2 (3%) 

Non-inferiority 5 (7%) 5 (28%) 0 (0%) 

Not reported 56 (74%) 0 (0%) 56 (97%) 

Eligibility criteria specified 69 (91%) 18 (100%) 51 (88%) 

Users of the intervention    

New users 61 (88%) 18 (100%) 43 (84%) 

Prevalent users 8 (12%) 0 (0%) 8 (16%) 

Eligibility is defined on characteristics 
observed after the start of follow-up 

5 (7%) 0 (0%) 5 (10%) 

Intervention strategy specified 75 (99%) 18 (100%) 57 (98%) 

Complex strategy  28 (37%) 9 (50%) 19 (33%) 

Dynamic 4 (5%) 0 (0%) 4 (7%) 

Joint strategies 13 (17%) 7 (39%) 6 (11%) 

Grace period 12 (16%) 2 (11%) 10 (18%) 

Pharmacological intervention 51 (68%) 15 (83%) 36 (63%) 

Comparator strategy specified 73 (96%) 18 (100%) 55 (95%) 

Active comparator 35 (47%) 12 (67%) 23 (41%) 

Placebo 3 (4%) 2 (11%) 1 (2%) 

No intervention or usual care 25 (33%) 2 (11%) 23 (41%) 

Other comparator strategies 11 (15%) 2 (11%) 9 (16%) 

Outcome specified 64 (84%) 18 (100%) 46 (79%) 

Number of primary or co-primary 
outcomes 

   

Median [Q1;Q3] 1 [1;1] 1 [1;1] 1 [1;2] 

Minimum / maximum 1 / 11 1 / 2 1 / 11 

Time point of outcome is defined 55 (72%) 18 (100%) 37 (64%) 

Time point of outcome (if applicable, in 
years) 

   

Median [Q1;Q3] 2 [0.5;5.25] 
2.9 

[0.6;7.38] 
2 [0.46;5] 
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Minimum / maximum 0 / 20 0.08 / 10 0 / 20 

Efficacy and/or safety assessment    

Efficacy 24 (38%) 9 (50%) 15 (33%) 

Safety 10 (16%) 1 (6%) 9 (20%) 

Both efficacy and safety 29 (46%) 8 (44%) 21 (47%) 

Nature of outcome    

Binary  10 (16%) 4 (22%) 6 (13%) 

Continuous 1 (2%) 0 (0%) 1 (2%) 

Time-to-event 43 (68%) 14 (78%) 29 (64%) 

Not evaluable 9 (14%) 0 (0%) 9 (20%) 

Follow-up specified 56 (74%) 18 (100%) 38 (66%) 

Length of follow-up (in years, if 
applicable) 

   

Median [Q1;Q3] 2 [0.5;5.88] 
4.15 [1.85; 

8] 
1.88 

[0.42;5] 

Minimum / maximum 0 / 20 0.49 / 10 0 / 20 

Causal contrast(s) specified 56 (74%) 17 (94%) 39 (67%) 

ITT 41 (73%) 13 (76%) 28 (72%) 

Modified ITT 3 (5%) 2 (12%) 1 (3%) 

PP 27 (48%) 3 (18%) 24 (62%) 

Other causal contrast  7 (12%) 4 (24%) 3 (8%) 

Statistical analysis specified 47 (62%) 18 (100%) 29 (50%) 

First reported intervention effect measure    

Hazard ratio 27 (73%) 14 (78%) 13 (68%) 

Risk difference 4 (11%) 0 (0%) 4 (21%) 

Relative risk 2 (5%) 1 (6%) 1 (5%) 

Odds ratio 1 (3%) 1 (6%) 0 (0%) 

Other 3 (8%) 2 (11%) 1 (5%) 

A priori sample size calculation 19 (25%) 18 (100%) 1 (2%) 

 
A hypothetical target trial was considered specified if at least one of the seven key protocol component was 
documented. * Two real target trials were emulated twice. As a result, the description of real target trials 
corresponds to a total of 16 unique randomised trials. List of abbreviations: ITT, intention-to-treat; PP, per 
protocol; Q1;Q3, first and third quartiles. 
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Table S7. Consistency between the target trial and its emulation 
 

  Overall (N=76) 

Studies 
emulating a real 

target trial 
(N=18) 

Studies 
emulating a 
hypothetical 
target trial 

(N=58) 

Eligibility criteria consistent       

Yes 39 (51%) 1 (6%) 38 (66%) 

No 28 (37%) 17 (94%) 11 (19%) 

Not evaluable 9 (12%) 0 (0%) 9 (16%) 

Users of intervention consistent       

Yes 65 (86%) 14 (78%) 51 (88%) 

No 4 (5%) 4 (22%) 0 (0%) 

Not evaluable 7 (9%) 0 (0%) 7 (12%) 

Intervention consistent       

Yes 72 (95%) 15 (83%) 57 (98%) 

No 1 (1%) 1 (6%) 0 (0%) 

Not evaluable 3 (4%) 2 (11%) 1 (2%) 

Comparator consistent        

Yes 69 (91%) 14 (78%) 55 (95%) 

No 3 (4%) 3 (17%) 0 (0%) 

Not evaluable 4 (5%) 1 (6%) 3 (5%) 

Intervention strategies 
consistent 

      

Yes 58 (76%) 10 (56%) 48 (83%) 

No 6 (8%) 6 (33%) 0 (0%) 

Not evaluable 12 (16%) 2 (11%) 10 (17%) 

Outcome consistent       

Yes 55 (72%) 12 (67%) 43 (74%) 

No 7 (9%) 6 (33%) 1 (2%) 

Not evaluable 14 (18%) 0 (0%) 14 (24%) 

Follow-up consistent       

Yes 44 (58%) 5 (28%) 39 (67%) 

No 12 (16%) 12 (67%) 0 (0%) 

Not evaluable 20 (26%) 1 (6%) 19 (33%) 

Causal contrast consistent       

Yes 51 (67%) 15 (83%) 36 (62%) 

No 4 (5%) 3 (17%) 1 (2%) 

Not evaluable 21 (28%) 0 (0%) 21 (36%) 

Intervention effect measure 
consistent 

      

Yes 36 (47%) 15 (83%) 21 (36%) 
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No 3 (4%) 3 (17%) 0 (0%) 

Not evaluable 37 (49%) 0 (0%) 37 (64%) 

All previous protocol 
components consistent 

      

Yes 14 (18%) 0 (0%) 14 (24%) 

No 18 (24%) 15 (83%) 3 (5%) 

Not evaluable 44 (58%) 3 (17%) 41 (71%) 

Full research question 
consistent* 

      

Yes 35 (46%) 1 (6%) 34 (59%) 

No 23 (30%) 15 (83%) 8 (14%) 

Not evaluable 18 (24%) 2 (11%) 16 (28%) 

 
The consistency between the target trial and its emulation is reported in this table, for studies specifying at least 
one protocol component of the target trial. If the protocol component was not specified either in the target trial 
or in its emulation, the consistency was not evaluable. For more information on the definitions of inconsistent 
protocol components, see Table S3. *The full research question was consistent if eligibility criteria, intervention 
strategies and outcome were consistent.  
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Table S8. Data used in observational analyses 
 

  Overall (N=99*) 

Studies 
emulating a 

real target trial 
(N=18) 

Studies 
emulating a 
hypothetical 
target trial 

(N=58) 

No target trial 
specified in 
the studies 

(N=23*) 

Number of databases         

Median [Q1;Q3] 1 [1;2] 2 [1;3] 1 [1;2] 1 [1;2] 

Minimum / maximum 1 / 6 1 / 5 1 / 6 1 / 4 

Routinely collected data**  79 (80%) 18 (100%) 43 (74%) 18 (78%) 

Data source**         

Claims and/or EHR databases 
of public or not-for-profit 
healthcare providers 

40 (40%) 7 (39%) 25 (43%) 8 (35%) 

Claims and/or EHR databases 
of for-profit healthcare providers 

17 (17%) 8 (44%) 7 (12%) 2 (9%) 

Other patient's record 
databases 

7 (7%) 0 (0%) 2 (3%) 5 (22%) 

Registries 27 (27%) 7 (39%) 15 (26%) 5 (22%) 

Cohorts 21 (21%) 0 (0%) 16 (28%) 5 (22%) 

Other sources 12 (12%) 4 (22%) 3 (5%) 5 (22%) 

Specificities of the databases**         

National databases 46 (46%) 11 (61%) 24 (41%) 11 (48%) 

Profession-specific databases 14 (14%) 1 (6%) 8 (14%) 5 (22%) 

Disease-specific databases 39 (39%) 7 (39%) 23 (40%) 9 (39%) 

Participant's location**         

Europe 38 (38%) 7 (39%) 24 (41%) 7 (30%) 

North America 48 (48%) 12 (67%) 24 (41%) 12 (52%) 

Asia 14 (14%) 1 (6%) 9 (16%) 4 (17%) 

Oceania 14 (14%) 0 (0%) 0 (0%) 1 (4%) 

Transcontinental database 3 (3%) 0 (0%) 3 (5%) 0 (0%) 

 
*One study did not report the data used for the analysis. **At least one database with these characteristics for 
the study. List of abbreviations: EHR, electronic health records; Q1;Q3, first and third quartiles. 
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 Table S9. Characteristics of statistical analysis in observational analyses 
 

  
Overall 
(N=100) 

Studies 
emulating a 

real target trial 
(N=18) 

Studies 
emulating a 
hypothetical 
target trial 

(N=58) 

No target trial 
specified in 
the studies 

(N=24) 

Statistical hypothesis tested         

Superiority 4 (4%) 1 (6%) 2 (3%) 1 (4%) 

Superiority and non-
inferiority 

1 (1%) 1 (6%) 0 (0%) 0 (0%) 

Not defined 95 (95%) 16 (89%) 56 (97%) 23 (96%) 

Participant's eligibility over time         

One time during follow-up 63 (63%) 18 (100%) 34 (59%) 11 (46%) 

Several times during follow-
up 

34 (34%) 0 (0%) 22 (38%) 12 (50%) 

Unclear definition of start of 
follow-up 

3 (3%) 0 (0%) 2 (3%) 1 (4%) 

If eligibility criteria are met 
several times during follow-up, 
choice of time-zero*  

    

First eligible time 5 (15%) 0 (0%) 4 (18%) 1 (8%) 

Random choice 1 (3%) 0 (0%) 1 (5%) 0 (0%) 

Sequential trials analysis 18 (53%) 0 (0%) 12 (55%) 6 (50%) 

Time-zero of the matched 
exposed participants for the 
unexposed ones 

8 (24%) 0 (0%) 3 (14%) 5 (42%) 

Other time points 2 (6%) 0 (0%) 2 (9%) 0 (0%) 

Statistical modelling         

Use of a Directed Acyclic 
Graph 

13 (13%) 1 (6%) 8 (14%) 4 (17%) 

Selection bias     

IPCW 27 (27%) 2 (11%) 20 (34%) 5 (21%) 

Adjustment for confounding     

Adjustment for baseline 
confounding 

99 (99%) 18 (100%) 58 (100%) 23 (96%) 

Adjustment for time-
varying confounding 

12 (12%) 0 (0%) 11 (19%) 1 (4%) 

Propensity score analysis 
with baseline confounders 

58 (58%) 16 (89%) 26 (45%) 16 (67%) 

PS weighting 42 (72%) 12 (75%) 22 (85%) 8 (50%) 

PS matching 25 (43%) 10 (62%) 8 (30%) 7 (44%) 

PS stratification 1 (2%) 1 (6%) 0 (0%) 0 (0%) 
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PS adjustment 2 (3%) 1 (6%) 0 (0%) 1 (6%) 

Use of high-dimension PS 2 (3%) 1 (6%) 1 (4%) 0 (0%) 

Use of G-methods  20 (20%) 3 (17%) 13 (22%) 4 (15%) 

G-formula 8 (8%) 2 (11%) 6 (10%) 0 (0%) 

Doubly-robust methods 6 (6%) 1 (6%) 2 (3%) 3 (12%) 

IPTW with time-varying 
weights 

8 (8%) 0 (0%) 7 (12%) 1 (4%) 

Controls for confounding 21 (21%) 5 (28%) 14 (24%) 2 (8%) 

Negative outcomes 14 (67%) 3 (60%) 10 (71%) 1 (50%) 

Positive outcomes 5 (24%) 2 (40%) 3 (21%) 0 (0%) 

Negative exposures 1 (5%) 0 (0%) 1 (7%) 0 (0%) 

Survival analysis 76 (76%) 14 (78%) 50 (86%) 12 (50%) 

Adjusted hazard ratios 51 (68%) 11 (79%) 33 (66%) 7 (64%) 

Weighted or standardised 
survival curves 

35 (47%) 7 (50%) 25 (50%) 3 (27%) 

Competing risks analysis 27 (27%) 5 (28%) 17 (29%) 5 (21%) 

Subdistribution HR 9 (33%) 3 (60%) 6 (35%) 0 (0%) 

Cause-specific HR 5 (19%) 0 (0%) 5 (29%) 0 (0%) 

Use of composite outcome 13 (48%) 4 (80%) 5 (29%) 4 (80%) 

Other methods to account 
for competing event or unclear 
method 

5 (19%) 0 (0%) 4 (24%) 1 (20%) 

 
*Time-zero is the start of follow-up. List of abbreviations: IPCW, inverse probability of censoring weighting; 
IPTW, inverse probability of treatment weighting; PS, propensity score; HR, hazard ratios. Studies that used 
IPTW only with a single weight at baseline were not deemed to apply g-methods but a regular propensity score 
analysis. Statistical techniques were not mutually exclusive (e.g. a sequential trial analysis with the use of a 
propensity score weighting in each sequential trial). 
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Table S10. Results of observational analyses 
 

  Overall (N=100) 

Studies 
emulating a real 

target trial 
(N=18) 

Studies emulating 
a hypothetical 

target trial (N=58) 

No target trial 
specified in the 
studies (N=24) 

Reporting of 
flow diagram 

81 (81%) 17 (94%) 48 (83%) 16 (67%) 

Number of eligible participants to the analysis*  

Median 
[Q1;Q3] 

9533 [1302;66739] 
6137 

[1015;17747] 
11049 

[2934;73373] 
15318 

[1101;178562] 

Minimum / 
maximum 

141 / 7619682 236 / 822640 178 / 3327088 141 / 7619682 

Number of included participants in the analysis  

Median 
[Q1;Q3] 

9286 [1264;70570] 
2346 

[1015;14076] 
12693 

[2872;87094] 
8388 [481;105806] 

Minimum / 
maximum 

141 / 2698176 142 / 168692 178 / 2698176 141 / 2066296 

First reported intervention effect   

Hazard ratio 45 (45%) 11 (61%) 28 (48%) 6 (25%) 

Risk 
difference 

27 (27%) 3 (17%) 18 (31%) 6 (25%) 

Relative risk 8 (8%) 4 (22%) 3 (5%) 1 (4%) 

Odds ratio 7 (7%) 0 (0%) 3 (5%) 4 (17%) 

Mean 
difference 

4 (4%) 0 (0%) 2 (3%) 2 (8%) 

Other 9 (9%) 0 (0%) 4 (7%) 5 (21%) 

Result 
statistically 
significant for 
the primary (or 
first reported) 
outcome 

57 (57%) 6 (33%) 36 (62%) 15 (62%) 

 
*In six studies, the number of eligible participants to the analysis was not evaluable. Abbreviation: Q1;Q3, first 
and third quartiles. 
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Table S11. Risk of bias of observational analyses 
 

  
Overall 
(N=100) 

Target trial 
specified in 

studies 
(N=76) 

Target trial not 
specified in 

studies 
(N=24) 

Causal contrast of interest       

Assignment to intervention 52 (52%) 37 (49%) 15 (62%) 

Starting and adhering intervention 48 (48%) 39 (51%) 9 (38%) 

Bias due to confounding       

Low 0 (0%) 0 (0%) 0 (0%) 

Moderate 94 (94%) 72 (95%) 22 (92%) 

Serious 6 (6%) 4 (5%) 2 (8%) 

No information 0 (0%) 0 (0%) 0 (0%) 

Bias due to selection of participants       

Low 58 (58%) 47 (62%) 11 (46%) 

Moderate 24 (24%) 17 (22%) 7 (29%) 

Serious 16 (16%) 11 (14%) 5 (21%) 

No information 2 (2%) 1 (1%) 1 (4%) 

Bias in classification of interventions       

Low 61 (61%) 50 (66%) 11 (46%) 

Moderate 29 (29%) 22 (29%) 7 (29%) 

Serious 10 (10%) 4 (5%) 6 (25%) 

No information 0 (0%) 0 (0%) 0 (0%) 

Bias due to deviations from intended 
interventions 

      

Low 72 (72%) 54 (71%) 18 (75%) 

Moderate 28 (28%) 22 (29%) 6 (25%) 

Serious 0 (0%) 0 (0%) 0 (0%) 

No information 0 (0%) 0 (0%) 0 (0%) 

Bias due to missing data       

Low 68 (68%) 54 (71%) 14 (58%) 

Moderate 25 (25%) 18 (24%) 7 (29%) 

Serious 6 (6%) 4 (5%) 2 (8%) 

No information 1 (1%) 0 (0%) 1 (4%) 

Bias in measurement of outcomes       

Low 73 (73%) 60 (79%) 13 (54%) 

Moderate 22 (22%) 15 (20%) 7 (29%) 

Serious 4 (4%) 1 (1%) 3 (12%) 

No information 1 (1%) 0 (0%) 1 (4%) 
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Bias in selection of the reported result        

Low 9 (9%) 6 (8%) 3 (12%) 

Moderate 0 (0%) 0 (0%) 0 (0%) 

Serious 3 (3%) 3 (4%) 0 (0%) 

No information 88 (88%) 67 (88%) 21 (88%) 

Overall bias       

Low 0 (0%) 0 (0%) 0 (0%) 

Moderate 72 (72%) 56 (74%) 16 (67%) 

Serious 28 (28%) 20 (26%) 8 (33%) 

 
The target trial was deemed specified if at least one protocol component was documented. The risk of bias in 
the selection of the reported result was evaluated only in cases where an observational analysis protocol was 
available (N=12). For a given study, the overall risk of bias was the highest risk of bias observed in one of the 
individual risk of bias domains. 
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Table S12. Time-zero issues and biases that might arise, according to specification of the 
target trial  
 

  
Overall 
(n=100) 

Target trial 
specified in 

studies (n=76) 

Target trial not 
specified in 

studies (n=24) 

Time-zero (start of follow-up) is defined 97 (97%) 74 (97%) 23 (96%) 

Time-zero aligns with the moment of 
eligibility assessment 

70 (72%) 56 (76%) 14 (61%) 

Time-zero aligns with the moment of 
intervention assignment 

66 (68%) 52 (70%) 14 (61%) 

Alignment of moments of eligibility 
assessment, intervention assignment, 
and time-zero 

56 (58%) 45 (61%) 11 (48%) 

Biases that might arise from time-zero 
issues 

41 (42%) 29 (39%) 12 (52%) 

Prevalent user bias 6 (15%) 3 (10%) 3 (25%) 

Prevalent user bias and selection 
bias due to post-intervention eligibility 

12 (29%) 10 (34%) 2 (17%) 

Immortal time bias and selection bias 
due to post-intervention eligibility 

16 (39%) 10 (34%) 6 (50%) 

Immortal time bias and 
misclassification of intervention 

7 (17%) 6 (21%) 1 (8%) 

 
The target trial was deemed specified if at least one protocol component was documented. The risk of bias that 
might arise was classified according to the four failures emulation categories proposed elsewhere[8,9] 
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Figure S1. PRISMA 2020 flow diagram 
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*Others: evaluation of statistical models by simulation studies (n=6), randomised trial, before-after study, preclinical study (n=3), emulation of a cluster randomised trial (n=2), use of randomised 
trial data (n=4). 
**manual search using the search engine of the following journals: the Journal of the American Medical Association (JAMA), the New England Journal of Medicine (NEJM), the BMJ, The Lancet, 
Annals of Internal Medicine, JAMA Internal Medicine, Nature, Nature Medicine, the Lancet infectious Diseases, The Lancet Neurology, The Lancet diabetes and endocrinology, The Lancet 
Respiratory Medicine, The Lancet Global Health, the European Heart Journal, The Journal of Hepatology, Gut, The Journal of Clinical Oncology, World Psychiatry, Annals of the Rheumatic 
Diseases, and Blood. 

From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. 
doi: 10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/
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Figure S2. Reporting of the target trial according to quartiles of journal’s impact 
factor, type of journal and position of epidemiologist or biostatistician in authorship 
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Figure S3. Specification of the target trial characteristics, for hypothetical and real 
target trials 

     

 

Legend: Each radius of the disk represents an observational analysis and each concentric layer one of 
the key protocol components of the target trial to specify. Green indicates that the protocol component 
is specified in the description of the target trial and red indicates that no information is available. Two 
real target trials were emulated twice in two separate observational analyses. As a result, the description 
of real target trials corresponds to a total of 16 unique randomised trials. 
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Figure S4. Consistency of the target trial and its emulation for hypothetical and real 
target trials. 

  

 
 
Legend: Each radius of the disk represents an observational analysis and each concentric layer one of 
the key protocol components of the target trial that should be consistent for the target trial and its 
emulation. Green indicates consistency between the target trial and its emulation and orange 
inconsistency between the target trial and its emulation. Grey indicates that the protocol component was 
not specified in the target trial or in its emulation, so the comparison was not possible. See 
supplementary Table S3 for the reasons for deeming the target trial and its emulation inconsistent. 
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Figure S5. Traffic-light plot of ROBINS-I assessment 
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Figure S6. Comparison of intervention effects in real target trials and their observational emulations. 
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Legend: the intervention effects in navy blue are the ones produced in the randomised trials, and the ones in aquamarine blue are those from their emulations. 
The column “intervention effect” contains the point estimate for each analysis and its 95% confidence interval, except for the randomised trial point estimates of 
studies 76 and 93, for which a 96% confidence interval was reported. The column SA reports the full statistical significance agreement (SA if present). The 
column “N” contains the number of participants included in the analysis to estimate the intervention effect. The column “Causal contrast” reports whether the 
analysis was an intention-to-treat (ITT) or modified ITT analysis or a per protocol (PP) analysis. Of note, the causal contrasts are those from our own assessment 
(because authors did not always report it). For the rules to classify the causal contrast, see Appendix 3. The columns P, I, C, O represent the consistency 
(consistent: +, inconsistent: -, not evaluable: ?) of the target trial and its emulation for the definition of eligibility criteria, intervention, control and outcome, 
respectively. In Boyne 2021, Abrahami 2021, Franklin 2021 and Khosrow-Khavar 2022, a non-inferiority trial was emulated; all other observational analyses 
emulated a superiority trial. In Abrahami 2021 and Franklin 2021, the same trial was emulated (ClinicalTrials.gov identifier NCT01179048) as well as in Dickow 
2022 and Kim 2021 (b) (NCT01288352). For references of studies, see Appendix 4. 
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Appendix 1. Protocol and deviations 
 
The protocol was written before starting the study. We initially planned a meta-

epidemiological analysis to compare the magnitude of treatment effect between real 

target trials and their observational counterpart, which was not conducted due to lack 

of studies that emulated a real target trial in our study sample.  The search algorithm 

mentioned as “in appendix 1” is identical to the one provided in the appendix 2 of this 

supplemental material.  
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Protocol 
 
Introduction 
 
Pharmacoepidemiology focuses on the effectiveness and safety of healthcare 

products (drugs or medical devices) in real-world settings, after marketing 

authorization. This assessment is central for decision makers[1], but also for patients 

and caregivers, to get the most accurate information about the expected efficacy and 

safety according to the patient’s medical background[2]. 

Although randomized controlled trials are considered the gold standard for evaluating 

a healthcare product, this design is often synonym of restrictive eligibility criteria, small 

sample size, and short-term outcomes, and may not be adapted for the aims of 

pharmacoepidemiologic studies[3]. On the other side, even if they are inherently far 

much closer from the real-world conditions, observational studies are considered to 

provide a lower level of evidence[4], because of the biases they can suffer from.  To 

address the issue of biases and warrant causal inference in observational studies, 

Hernán and colleagues[5] formalized a framework to emulate randomized trials in the 

context of large datasets, including claim databases, cohorts or registers. Basically, 

this approach consists in fitting as much as possible to a hypothetical or real clinical 

trial protocol (the “target” trial). All protocol components i.e. eligibility criteria, treatment 

strategies, treatment assignment, outcomes, follow-up, causal contrast and statistical 

analysis are defined for the target trial and then emulated within observational data. In 

addition, the adequate statistical strategy can be applied only if the emulated trial is 

defined precisely[6]. Some well-conducted emulated trials were able to replicate the 

treatment effect of their randomized controlled trial counterparts[7]. However, like any 

observational study, these emulated target trials can be jeopardized by methodological 

flaws, and more specifically, like any pharmacoepidemiology study, by immortal-time 

bias, that can occurs if time-zero, the specification of eligibility criteria and treatment 

assignment do not match[8,9].  

The number of new publications self-reported emulated target trials based on 

observational data is rapidly growing, and may represent a subset of heterogeneous 

studies. Here we aim to methodologically review for the first time all the self-reported 

emulated trials, and studies that claims to replicate real clinical trials with observational 

data, and to evaluate their methodology.  
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Methods 

 
This is a methodological review of emulated target trials complying with the PRISMA 

statement[10] (the checklist will be provided with the final report). This protocol was 

written before starting the review. 

 

Search strategy 

 

We will search Medline and Pubmed (not Medline) with the Embase search engine, for 

emulated target trials or studies that aim to replicate a clinical trial with observational 

data.  We chose Embase over Pubmed search engine because of broader options for 

the Embase search equations. The search algorithm is provided in appendix 1. To get 

a comprehensive overview, we will also interrogate search engines with the key words 

“emulate”, “target trial”, “trial emulation” of the following general journals: the Journal 

of the American Medical Association (JAMA), the New England Journal of Medicine 

(NEJM), the BMJ, The Lancet, Annals of Internal Medicine, JAMA Internal Medicine, 

Nature, Nature Medicine. We will also search for additional references in specialized 

journals: the Lancet infectious Diseases, The Lancet Neurology, The Lancet diabetes 

and endocrinology, The Lancet Respiratory Medicine, The Lancet Global Health, the 

European Heart Journal, The Journal of Hepatology, Gut, The Journal of Clinical 

Oncology, World Psychiatry, Annals of the Rheumatic Diseases, and Blood. These 

journals have been selected because they have the highest impact factor among the 

journals that publish original research of each medical specialty in 2021. We added 

this manual search because abstracts may not always mention the use of the target 

trial emulation framework, and search engines of journal websites can perform full-text 

search for key words. The search was performed on July 3rd 2022. 

 

Eligibility criteria 

 

Any study that states to aim or is designed to emulate a hypothetical clinical trial or 

replicate an existing one from observational data and comparing two interventions (or 

exposures) or more will be eligible, published between 1st January 2021 and 3rd July 

2022. Studies interested in a prognostic factor or interventions delivered in cluster of 

patients will be excluded, even if designed as an emulated target trial. We will 
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additionally exclude all interventional studies (or observational analyses that used data 

from it) , before-after studies, narrative or systematic reviews, preclinical and veterinary 

medicine studies, genetic studies (including genome-wide association studies and 

mendelian randomization designs), pharmacokinetics and / or pharmacodynamics 

studies, studies that aims to validate a statistical model (e.g. with Monte-Carlo 

simulations), health economic studies, and case reports.  

 

Selection process  

 

The screening of titles and abstracts, as well as the assessment of full texts will be 

independently performed by two reviewers (NST and CS or GM) and any disagreement 

will be solved by discussion to reach consensus. The selection process will be 

represented with a flow diagram[11].  

 

Search of corresponding sources 

 

We will interrogate the databases of registered studies (clinicaltrials.gov, International 

Clinical Trials Registry Platform:  ICTRP) and the European Network of Centres for 

Pharmacoepidemiology and Pharmacovigilance (ENCePP) website to retrieve the 

protocols of the selected studies.  

In case of emulated trial replicating a real clinical trial, we will search the corresponding 

target trial from the reference list of the emulated trial and by interrogating study 

registries.  

 

Data extraction  

 

Two reviewers (NST and GM) will independently extract data for all selected studies 

according to a standardized data extraction form. Disagreements will be solved by 

consensus with the help of a third reviewer if needed. 

We will collect the following items: 

- General characteristics: name of authors, date and journal of publication, source 

of funding  

- Author(s) affiliated to a department of Biostatistics, Epidemiology, Public Health, 

or Data sciences, or a Clinical Research Unit  
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- Aim of emulation: e.g., emulate an unfeasible or unethical clinical trial in real 

life, find a potential new indication of an already approved intervention, explore 

discrepancies between previously published observational and interventional 

studies, initial assessment of efficacy before completion of clinical trial, as 

reported in the introduction or in methods  

- Reporting by authors of increased reliability of the study by the use of the target 

trial emulation framework 

- Cited references for methodology of target trial emulation (articles, others) 

- Source of data:  

o Routinely collected data[12], claim and/or electronic health records 

databases of for profit or public and not-for-profit healthcare providers, 

registries, cohort studies  

o Patients covered by the database: specific population (e.g. veterans), 

countries of residence of patients.  

- Pre-registered or published protocol for the observational analysis  

- Target trial:  

o Specification in the article (at least one protocol component of the target 

trial defined)  

o Real or fictional, reference of the potential published target(s) trial(s) 

o Only for real target trials:  

 Blinding (open-label trial, blinding of participants, caregivers, 

investigators, outcome assessors) 

 Number of centers 

 Countries in which the study was conducted 

- Methodology of both the target trial and its emulation: 

o Definition of the objective: 

 Population: new- users, prevalent users  

 Intervention: pharmacological, non-pharmacological, static or 

dynamic treatment strategies 

 Control: active comparator, no treatment  

 Outcomes 

o Design of study 

 Parallel or cross-over design 

 Superiority, non-inferiority or equivalence trial 
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o Eligibility criteria 

o Modalities of treatment assignment i.e. randomization or statistical 

methods to simulate randomization (see below)  

o Definition of the primary outcome: 

 Unique, multiple or composite  

 Type of variable (binary, continuous, time-to-event) 

 Aim of analysis: efficacy, safety or both 

o Definition of time-zero (start of follow-up) and duration of follow-up  

o Statistical analysis strategy applied to the primary (or targeted) outcome; 

for co-primary outcomes, only the first reported one will be studied: 

 Adjustment variables (baseline or post-baseline confounding, 

time-varying confounding) and methods to adjust 

 Causal contrast(s) employed in the statistical analysis and their 

definitions  

 Intention-to-treat analysis  

 Per protocol analysis 

 Treatment effect measure (RR, HR, OR, difference in means, 

difference in probability, etc.) 

 Computed sample size, actual sample size for real clinical trials 

- For the emulated trial, we will also assess the following points: 

o Eligibility criteria: timing for eligibility, and time spent in the database 

before being potentially eligible (look-back period), use of post-baseline 

characteristics (collected after time-zero of the study, see below for its 

definition)  

o Definition of time-zero (start of follow-up): 

 Unique or multiple eligible time for patients 

 Modalities to define time-zero: first eligible time, random choice of 

eligible time, nested trials including all eligible times  

o Grace period, which is the delay between meeting all eligibility criteria 

and starting treatment and maximal duration of this grace period 

o Statistical analysis (only for the first reported targeted outcome):  

 Modalities for adjusting for confounders: e.g. use of a propensity 

score, inverse probability weighting, g-methods, doubly robust 

methods 
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 Use of cloning, censoring and weighting[13] 

 Methods to take into account informative censoring (e.g. by 

inverse probability of censoring weighting) 

 Internal controls in the analysis for residual confounding  

- Results for the targeted outcome in the emulated target trial, and in real clinical 

trials, if applicable 

- Consistency between the target trial specification and target trial emulation:  

o In methodology, for key components (eligibility criteria, treatment 

strategies, outcomes, follow-up, chosen causal contrast and intervention 

effect measure for statistical analysis) and reason for.  

o In results in case of real target trial with evaluation of the regulatory 

agreement[14] 

Evaluation of consistency will be performed according to our own evaluation.  
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Risk of bias  
 

Two reviewers (NST and GM) will assess the risk of bias of included studies according 

to an adapted version of the ROBINS-tool[15]. Disagreements will be solved by 

consensus. 

Briefly, the ROBINS-tool proposes to assess the risk of bias of non-randomized studies 

of interventions, according to consideration of a target trial for the observational 

analysis, and answering signaling questions relative to pre-intervention, at intervention 

and post intervention potential biases.  

Due to the specific risk of bias of emulated trials according to the timing of assessment 

of eligibility, the timing of assignment to treatment strategy and time-zero in the 

study[8], we will add one signaling question that will assess if these three times 

coincide, and evaluate the risk of selection and/or immortal-time bias associated 

with[8]. 

 

Statistical analysis 

 

Descriptive statistics 

The methodological features (including the risk of bias) of both the target and the 

emulated trials will be described with numbers and percentages for qualitative 

variables and median with first and third quartiles for quantitative variables. We will 

also present qualitatively the causal inference statistical techniques employed in the 

observational analysis and methods to deal with immortal-time bias. Characteristics of 

emulated target trials will be described according to the following subgroups: replicate 

a real clinical trial, emulate a fictional target trial or no target trial specified.   

 

Meta-epidemiological analysis  
 
If the number of real target trials is sufficient, with available results and with the same 

outcome between emulated trials and real target trials, the difference in treatment 

effects between the target trial and the emulated trial will be evaluated by a two-step 

meta-epidemiological approach[16]. First, for each real target trial and its emulation we 

will compute the difference between treatment effects (ratio of odds ratio for binary 

outcomes, or difference in standardized mean difference for continuous outcomes). 
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The difference of treatment effects will be then pooled by a random-effects meta-

analysis model[17]. 

 

Statistical analysis will be performed with R software, version 4 (R: A language and 

environment for statistical computing. R Foundation for Statistical Computing, Vienna, 

Austria. URL https://www.R-project.org/). The package meta will be used for the meta-

epidemiological analysis.  

 

Funding  

No dedicated funding will be used to conduct this review. 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2024-086595:e086595. 14 2024;BMJ Open, et al. Simon-Tillaux N



 37 

References  

 

1  Skydel JJ, Luxkaranayagam AT, Dhruva SS, et al. Analysis of Postapproval 

Clinical Trials of Therapeutics Approved by the US Food and Drug Administration 

Without Clinical Postmarketing Requirements or Commitments. JAMA Netw Open. 

2019;2:e193410. 

2  Dreyer NA. Making Observational Studies Count: Shaping the Future of 

Comparative Effectiveness Research. Epidemiology. 2011;22:295–7. 

3  Strom BL, Kimmel SE, Hennessy S, editors. Pharmacoepidemiology. 1st ed. 

Wiley 2019. https://doi.org/10.1002/9781119413431 

4  Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on 

rating quality of evidence and strength of recommendations. BMJ. 2008;336:924–6. 

5  Hernán MA, Alonso A, Logan R, et al. Observational Studies Analyzed Like 

Randomized Experiments: An Application to Postmenopausal Hormone Therapy and 

Coronary Heart Disease. Epidemiology. 2008;19:766–79. 

6  Hernán MA, Robins JM. Using Big Data to Emulate a Target Trial When a 

Randomized Trial Is Not Available: Table 1. Am J Epidemiol. 2016;183:758–64. 

7  Dickerman BA, García-Albéniz X, Logan RW, et al. Avoidable flaws in 

observational analyses: an application to statins and cancer. Nat Med. 2019;25:1601–

6. 

8  Hernán MA, Sauer BC, Hernández-Díaz S, et al. Specifying a target trial 

prevents immortal time bias and other self-inflicted injuries in observational analyses. 

J Clin Epidemiol. 2016;79:70–5. 

9  Suissa S. Immortal Time Bias in Pharmacoepidemiology. Am J Epidemiol. 

2008;167:492–9. 

10  Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an 

updated guideline for reporting systematic reviews. BMJ. 2021;n71. 

11  Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic 

reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009;6:e1000097. 

12  Nicholls SG, Langan SM, Benchimol EI. Routinely collected data: the 

importance of high-quality diagnostic coding to research. Can Med Assoc J. 

2017;189:E1054–5. 

13  Maringe C, Benitez Majano S, Exarchakou A, et al. Reflection on modern 

methods: trial emulation in the presence of immortal-time bias. Assessing the benefit 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2024-086595:e086595. 14 2024;BMJ Open, et al. Simon-Tillaux N



 38 

of major surgery for elderly lung cancer patients using observational data. Int J 

Epidemiol. 2020;49:1719–29. 

14  Franklin JM, Pawar A, Martin D, et al. Nonrandomized Real‐World Evidence to 

Support Regulatory Decision Making: Process for a Randomized Trial Replication 

Project. Clin Pharmacol Ther. 2020;107:817–26. 

15  Sterne JA, Hernán MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of 

bias in non-randomised studies of interventions. BMJ. 2016;i4919. 

16  Sterne JAC, Jüni P, Schulz KF, et al. Statistical methods for assessing the 

influence of study characteristics on treatment effects in ‘meta-epidemiological’ 

research. Stat Med. 2002;21:1513–24. 

17  DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 

1986;7:177–88. 

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2024-086595:e086595. 14 2024;BMJ Open, et al. Simon-Tillaux N



 39 

Appendix 2. Search equation used in Embase 
 

#1 ([medline]/lim OR [pubmed-not-medline]/lim) 

#2 (‘simulat*’ OR ‘emulat*’ OR ‘replicat*’) NEAR/12 (‘trial’ OR ‘trials’ OR 'intervention study' 

OR ‘randomiz*’ OR ‘randomis*’) 

#3 (‘target trial’:ti,ab,kw OR ‘target trials’:ti,ab,kw) 

#4: #2 OR #3 

#5 (‘real-world’:ti,ab,kw OR ‘real-world’:ti,ab,kw OR 'comparative effectiveness':ti,ab,kw OR 

'comparative effectiveness'/exp OR 'observational':ti,ab,kw OR 'observational study'/exp OR 

‘non-interventional’:ti,ab,kw OR ‘noninterventional’:ti,ab,kw OR ‘non-interventional’:ti,ab,kw 

OR ‘non-experimental’:ti,ab,kw OR 'quasi experimental study'/exp OR 'quasi 

experimental':ti,ab,kw  OR 'quasi-experimental':ti,ab,kw OR 'quasiexperimental':ti,ab,kw OR 

‘nonexperimental’:ti,ab,kw OR ‘non-experimental’:ti,ab,kw OR 'natural experiment'/exp OR 

'natural experiment':ti,ab,kw OR ‘non-randomized’:ti,ab,kw OR ‘non-randomised’:ti,ab,kw OR 

‘nonrandomised’:ti,ab,kw OR ‘non-randomized’:ti,ab,kw OR ‘non-randomised’:ti,ab,kw OR 

‘health-care database’:ti,ab,kw OR ‘healthcare database’:ti,ab,kw OR ‘health-care 

database’:ti,ab,kw OR ‘health-care databases’:ti,ab,kw OR ‘healthcare databases’:ti,ab,kw 

OR ‘health-care databases’:ti,ab,kw OR ‘claim-data’:ti,ab,kw OR ‘claim-data’:ti,ab,kw OR 

‘claims-data’:ti,ab,kw OR ‘claims data’:ti,ab,kw OR 'administrative health data':ti,ab,kw OR 

'administrative health data'/exp OR 'patient coding':ti,ab,kw OR 'patient coding'/exp OR 

'administrative claims (health care)'/exp OR ‘administrative claim’:ti,ab,kw OR 

‘administrative-claim’:ti,ab,kw OR ‘administrative-claims’:ti,ab,kw OR ‘administrative-

claims’:ti,ab,kw OR ‘claim database’:ti,ab,kw OR ‘claim-database’:ti,ab,kw OR ‘claims-

database’:ti,ab,kw OR ‘claims database’:ti,ab,kw OR 'electronic medical record'/exp OR 

‘electronic medical record’:ti,ab,kw OR ‘electronic medical file’:ti,ab,kw OR ‘electronic 

medical records’:ti,ab,kw OR 'electronic health records':ti,ab,kw OR ‘electronic medical 

files’:ti,ab,kw OR 'electronic health record'/exp OR 'electronic health record':ti,ab,kw OR 

‘electronic health records’:ti,ab,kw OR ‘electronic database’:ti,ab,kw OR ‘electronic-

database’:ti,ab,kw OR ‘electronic-databases’:ti,ab,kw OR ‘electronic-databases’:ti,ab,kw OR 

‘routinely collected data’:ti,ab,kw OR 'routinely collected health data'/exp OR ('patient 

registry'/exp OR ‘registries’:ti,ab,kw OR ‘registry’:ti,ab,kw) OR ('cohort analysis'/exp OR 

‘cohort’:ti,ab,kw OR ‘cohorte’:ti,ab,kw OR ‘cohorts’:ti,ab,kw) OR ('longitudinal study'/exp OR 

(‘longitudinal’:ti,ab,kw AND ‘studies’:ti,ab,kw) OR ‘longitudinal studies’:ti,ab,kw OR 
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(‘longitudinal’:ti,ab,kw AND ‘study’:ti,ab,kw) OR ‘longitudinal study’:ti,ab,kw) OR ('prospective 

study'/exp OR (‘prospective’:ti,ab,kw AND ‘studies’:ti,ab,kw) OR ‘prospective 

studies’:ti,ab,kw OR (‘prospective’:ti,ab,kw AND ‘study’:ti,ab,kw) OR ‘prospective 

study’:ti,ab,kw) OR ('retrospective study'/exp OR (‘retrospective’:ti,ab,kw AND 

‘studies’:ti,ab,kw) OR ‘retrospective studies’:ti,ab,kw OR (‘retrospective’:ti,ab,kw AND 

‘study’:ti,ab,kw) OR ‘retrospective study’:ti,ab,kw))  

#6 ('phase 1 clinical trial'/exp OR 'phase 2 clinical trial'/exp OR 'phase 3 clinical trial'/exp OR 

'systematic review':ti OR 'systematic review'/exp OR 'Mendelian randomization analysis'/exp 

OR ‘meta-analysis’:ti OR 'economic evaluation'/exp) 

#7: #1 AND #4 AND #5 NOT #6 

#8: #7 AND (2021:py OR 2022:py) 
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Appendix 3. Supplemental methods  
 
 
Search of corresponding sources 

 

For observational analyses with a preregistered protocol, we retrieved the protocols of the 

selected studies on websites for study registration, as for example Clinicaltrial.gov or the 

European Union electronic Register of Post-Authorisation Studies (EU PAS register).  

In case of a study attempting to replicate a real randomised trial, we also retrieved information 

on this clinical trial most of the time from the original article; and for one analysis on study 

registration websites (clinicaltrials.gov, International Clinical Trials Registry Platform:  

ICTRP), as the results of the trial were not reported in a publication.  

 

Data extraction and risk of bias assessment  

Two reviewers (NST, GLM or MB) independently extracted data for all selected studies 

according to a standardised data extraction form. Disagreements were solved by consensus.  

We collected the following items: 

- General characteristics: name of authors, date and journal of publication, location of 

the corresponding author, source of funding  

- Author(s) affiliated to a department of Biostatistics, Epidemiology, Public Health, or 

Data sciences, or a Clinical Research Unit  

- Reason to conduct the study, e.g., emulate an unfeasible or unethical clinical trial in 

real life, as reported in the introduction or in methods 

- Reporting by authors of increased reliability of the study by the use of the target trial 

emulation framework 

- Cited references for methodology of target trial emulation (articles, others) 

- Source of data:  

o Routinely collected data[5], claim and/or electronic health records databases of 

for profit or public and not-for-profit healthcare providers, registries, cohort 

studies  

o Patients covered by the database: specific population (e.g., veterans), 

continents of residence of patients.  

- Pre-registered or published protocol for the observational analysis 
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- Definition of the target trial, that is, at least one characteristic defined among the 

following ones: eligibility criteria, intervention strategies, intervention assignment, 

outcomes, follow-up, causal contrasts and statistical analysis. 

- Target trial (if they were several target trials in the article, only information on the first 

reported one was collected):  

o Real or hypothetical, reference of the potential published target trial 

o Only for real target trials:  

 Period of recruitment and duration 

 Blinding (open-label trial, blinding of participants, caregivers, 

investigators, outcome assessors) 

 Number of centres 

 Countries in which the study was conducted 

- Methodology of both the target trial and its emulation:  

o Study design: 

 Parallel or cross-over design 

 Superiority, non-inferiority or equivalence trial 

o Eligibility criteria: 

 New- users, prevalent users  

 Definition of eligibility criteria on characteristics observed after the start 

of the follow-up (post-baseline characteristics) 

o Intervention strategies to be compared (regarding the first reported ones): 

 Intervention: pharmacological, non-pharmacological, static or dynamic 

(i.e. the intervention can be modified according to post-baseline 

characteristics), joint interventions (several interventions at the same 

time are started at baseline)[1,6], grace period to receive the 

intervention, that is, a delay between meeting all eligibility criteria and 

starting of intervention. The intervention was deemed complex if it met 

any of the following criteria: being dynamic, joint, or implemented with a 

grace period. 

 Control: active comparator, no intervention or usual care, other 

comparator strategies (e.g., delayed intervention)  

 Main outcome and its time point 

o Modalities of intervention assignment (randomisation, index date for the 

intervention strategies)  
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o Definition of the primary outcome: 

 Type of variable (binary, continuous, time-to-event) 

 Time point of the outcome  

 Aim of analysis: efficacy, safety or both 

o Definition of time-zero (start of follow-up) and duration of follow-up  

o Causal contrast(s) (as reported by authors and according to our own 

evaluation):   

 Intention-to-treat analysis  

 Per protocol analysis 

 Other causal contrast  

o Statistical analysis strategy applied to the primary (or targeted) outcome; for co-

primary outcomes, only the first reported one was studied: 

 Adjustment variables (baseline or post-baseline confounding, time-

varying confounding) and methods to adjust 

 First reported intervention effect measure (relative risk, hazard ratio, 

odds ratio, difference in means, difference in probability, etc.) 

 Computed sample size, actual sample size for real randomised trials 

- For the observational analyses, we also assessed the following features: 

o Eligibility criteria: moment(s) when eligibility criteria are met, and time spent in 

the database before being potentially eligible (look-back period) 

o Definition of time-zero (start of follow-up): first eligible time, random choice of 

an eligible time, emulation of sequential trials[4,7]  

o Statistical analysis (only for the first reported targeted outcome):  

 Methods for adjusting for confounders, e.g., use of a propensity 

score[8,9] or g-methods[6]  

 Emulation of sequential trials[4,7] 

 Use of the cloning, censoring and weighting method[10,11] 

 Use of inverse probability of censoring weighting to account for selection 

bias[12] 

 Methods to account for competing risks[13] 

 Internal controls (positive or negative outcomes, positive or negative 

exposures)[14] and reporting of E-value, that is, the minimum strength 

of association, on the risk ratio scale, that an unmeasured confounder 

would need to have with both the intervention and outcome, conditional 
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on the measured confounders, to fully explain away the intervention–

outcome association[15],  

- Results for the targeted outcome in the emulated target trial, and statistical 

significance (if the tested statistical hypothesis was not specified, the absence of a 

difference between groups was assumed to be the null hypothesis), and in the real 

targeted randomised trial, if applicable 

- Consistency between the target trial specification and target trial emulation:  

o In the methods, for key components (eligibility criteria, intervention strategies, 

outcomes, follow-up, causal contrasts, intervention effect measure chosen for 

statistical analysis) and reason for. The rules used to deem the target trial and 

its emulation consistent or inconsistent are reported in the Table S3.  

o In the results in case of emulation of a real target trial, by assessing the full 

statistical significance agreement, as reported elsewhere[16]. The full statistical 

significance agreement was met if the estimates of the intervention effect in the 

target trial and its emulation were on the same side of the null (zero in case of 

superiority target trial or the non-inferiority margin in case of a non-inferiority 

target trial) 
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Risk of bias  

Two reviewers (NST, GLM or MB) assessed the risk of bias of included studies according to 

an slightly modified version of the ROBINS-tool[17]. Disagreements were solved by 

consensus. 

The ROBINS-I tool is designed to evaluate the risk of bias in non-randomized studies of 

interventions. It takes into account the concept of a target trial for the observational analysis 

and involves answering specific questions related to potential biases before, during, and after 

the intervention. The tool also requires also some expert knowledge from the reviewers 

relative to the potential confounders and cointerventions for the given research question. As 

we could not provide this knowledge for all research questions, our assessment was based 

on the confounders and cointerventions that were listed by authors in the articles and if the 

statistical analysis account for them properly. 

We added a signalling question to this tool, “Do timepoints of eligibility assessment, 

intervention assignment and start of follow-up align for most of participants?”, that overlaps 

the signalling questions of the selection bias domain “Was selection of participants into the 

study (or into the analysis) based on participant characteristics observed after the start of 

intervention?” and “Do start of follow-up and start of intervention coincide for most 

participants?”, and evaluated the biases that might arise accordingly, as reported 

elsewhere[2,18]. 

In the ROBINS-I tool, signalling questions are adapted according to the causal contrast of 

interest in the analysis (“to assess the effect of assignment to intervention”, which is an 

observational analogue of intention-to-treat effect, or “to assess the effect of starting and 

adhering to intervention”, which is an observational analogue of the per protocol effect). In 

the review, we chose to assess the risk of bias of the first reported causal contrast for the 

main outcome (or first reported outcome) in the analysis. If the causal contrast was not 

defined by authors, we classified the studies according the following rules: for as-treated at 

baseline analyses of sustained interventions, or assignment to interventions based on initial 

prescription, the effect was classified as an observational analogue of an intention-to-treat 

effect; for on-treatment analyses of sustained or not-sustained strategies, the effect was 

classified as an observational analogue of a per protocol effect. The risk of bias in selection 

of the reported result was assessed only when a protocol was available for the observational 

analysis. Finally, the risk of bias was assessed among studies that specified at least one key 

protocol component of the target trial and those that did not. The ROBINS-I assessment was 

reported with summary plots and traffic-light plots, using the robvis tool[19].   
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Appendix 4. List of the 100 studies included in the review 
 

  Reference 

Yiu 2021 

Yiu, Zenas Z. N., Kayleigh J. Mason, Philip J. Hampton, Nick J. Reynolds, Catherine 
H. Smith, Mark Lunt, Christopher E. M. Griffiths, Richard B. Warren, et BADBIR Study 
Group. « Randomized Trial Replication Using Observational Data for Comparative 
Effectiveness of Secukinumab and Ustekinumab in Psoriasis: A Study From the 
British Association of Dermatologists Biologics and Immunomodulators Register ». 
JAMA Dermatology 157, no 1 (January 1, 2021): 66-73. 
https://doi.org/10.1001/jamadermatol.2020.4202. 

Mei 2021 

Mei, Hao, Jiping Wang, et Shuangge Ma. « An Emulated Target Trial Analysis Based 
on Medicare Data Suggested Non-Inferiority of Dabigatran versus Rivaroxaban ». 
Journal of Clinical Epidemiology 139 (November 2021): 28-37. 
https://doi.org/10.1016/j.jclinepi.2021.07.001. 

Peterson 2021 

Peterson, Rosemary G., Rui Xiao, Hannah Katcoff, Brian T. Fisher, et Pamela F. 
Weiss. « Effect of First-Line Biologic Initiation on Glucocorticoid Exposure in Children 
Hospitalized with New-Onset Systemic Juvenile Idiopathic Arthritis: Emulation of a 
Pragmatic Trial Using Observational Data ». Pediatric Rheumatology Online Journal 
19, no 1 (July 5, 2021): 109. https://doi.org/10.1186/s12969-021-00597-z. 
 

Qiao 2021 

Qiao, Nidan, Ming Shen, Wenqiang He, Min He, Zhaoyun Zhang, Hongying Ye, 
Xuefei Shou, Yongfei Wang, et Yao Zhao. « Comparative Effectiveness of 
Endoscopic versus Microscopic Transsphenoidal Surgery for Patients with Growth 
Hormone Secreting Pituitary Adenoma: An Emulated Trial ». Clinical Neurology and 
Neurosurgery 207 (August 2021): 106781. 
https://doi.org/10.1016/j.clineuro.2021.106781. 

Atkinson 2021 

Atkinson, Andrew, Marcel Zwahlen, Diana Barger, Antonella d’Arminio Monforte, 
Stephane De Wit, Jade Ghosn, Enrico Girardi, et al. « Withholding Primary 
Pneumocystis Pneumonia Prophylaxis in Virologically Suppressed Patients With 
Human Immunodeficiency Virus: An Emulation of a Pragmatic Trial in COHERE ». 
Clinical Infectious Diseases: An Official Publication of the Infectious Diseases Society 
of America 73, nᵒ 2 (July 15, 2021): 195‐202. https://doi.org/10.1093/cid/ciaa615. 

Cho 2021  

Cho, Kelly, Sarah C. Keithly, Katherine E. Kurgansky, Arin L. Madenci, Hanna 
Gerlovin, Helen Marucci-Wellman, Annie Doubleday, et al. « Early Convalescent 
Plasma Therapy and Mortality Among US Veterans Hospitalized With Nonsevere 
COVID-19: An Observational Analysis Emulating a Target Trial ». The Journal of 
Infectious Diseases 224, nᵒ 6 (September 17, 2021): 967‐75. 
https://doi.org/10.1093/infdis/jiab330. 

Lyu 2021 

Lyu, Beini, Micah R. Chan, Alexander S. Yevzlin, Ali Gardezi, et Brad C. Astor. 
« Arteriovenous Access Type and Risk of Mortality, Hospitalization, and Sepsis 
Among Elderly Hemodialysis Patients: A Target Trial Emulation Approach ». 
American Journal of Kidney Diseases: The Official Journal of the National Kidney 
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