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ABSTRACT  57 

 58 

IMPORTANCE 59 

When randomized trials are unavailable or not feasible, observational studies can be used, if 60 

assumptions hold, to answer causal questions about the comparative effects of interventions 61 

by emulating a hypothetical pragmatic randomized trial (target trial). Published guidance to 62 

aid reporting of these studies is not available.  63 

 64 

OBJECTIVE 65 

To develop consensus-based guidance for reporting observational studies performed to 66 

estimate causal effects by explicitly emulating a target trial. 67 

 68 

DESIGN, SETTING AND PARTICIPANTS 69 

The TARGET (TrAnsparent ReportinG of observational studies Emulating a Target trial) 70 

guideline was developed using the Enhancing the Quality and Transparency of Health 71 

Research (EQUATOR) framework. The development included (1) a systematic review of 72 

reporting practices in published studies that had explicitly aimed to emulate a target trial; (2) 73 

a 2-round online survey (August 2023 to March 2024; 18 expert participants from 6 countries) 74 

to assess the importance of candidate items selected from previous research and to identify 75 

additional items; (3) a three-day expert consensus meeting (June 2024; 18 panellists) to 76 

refine the scope of the guideline and draft the checklist; and (4) pilot of the draft checklist 77 

with stakeholders (n=108; September 2024 to February 2025). The checklist was further 78 

refined based on feedback on successive drafts. 79 

 80 

FINDINGS 81 

The 21-item TARGET checklist is organized into six sections (abstract, introduction, 82 

methods, results, discussion, other information). TARGET provides guidance for reporting 83 

observational studies of interventions explicitly emulating a parallel group, individually 84 

randomized target trial, with adjustment for baseline confounders. Key recommendations 85 

are to (1) identify the study as an observational emulation of a target trial; (2) summarize the 86 

causal question, and reason for emulating a target trial, (3) clearly specify the target trial 87 

protocol (i.e., the causal estimand, identifying assumptions, data analysis plan) and how it 88 
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was mapped to the observational data, and (4) report the estimate obtained for each causal 89 

estimand, its precision, and findings from additional analyses to assess the sensitivity of the 90 

estimates to assumptions, and design and analysis choices. 91 

 92 

CONCLUSIONS AND RELEVANCE 93 

Application of the TARGET guideline recommendations aims to improve reporting 94 

transparency and peer review, and help researchers, clinicians, and other readers interpret 95 

and apply the results. 96 

 97 

  98 
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When randomized trials are unavailable or not feasible, observational (non-randomized) 99 

data can be used in an attempt to emulate a hypothetical pragmatic randomized trial—the 100 

target trial.1–4 The target trial framework has two steps: 1) specifying the causal questions in 101 

the form of the target trial protocol defining the causal effect of interest (causal estimand), 102 

the key assumptions, and the data analysis plan, and 2) describing how each component of 103 

the target trial protocol is mapped to the observational data. When followed correctly, the 104 

framework should eliminate some biases that are due to an incorrect use of the observational 105 

data (e.g. selection bias due to inclusion of individuals after initiation of treatment or other 106 

biases that generate ‘immortal time’5,6), so that investigators can focus on other sources of 107 

bias due to limitations of the observational data (e.g., confounding, measurement error and 108 

missing data).1 109 

 110 

The target trial framework aims to improve the conduct of comparative effectiveness studies 111 

that use observational data by providing a structured approach to study design, data 112 

analysis, reporting, and assessing risk of bias.7 The framework’s value is increasingly 113 

recognized by investigators,8,9 regulators,10,11 research organisations12 and journals.2 114 

However, published studies using the target trial framework have been inconsistently 115 

reported; often not reporting key aspects of the target trial protocol.13,14 Guidelines for 116 

observational studies such as STROBE,15 RECORD16 and their extensions do not capture 117 

some key nuances of target trial emulations, and there is no specific guidance for the 118 

reporting of studies emulating a target trial.14 119 

 120 

The TARGET (TrAnsparent ReportinG of observational studies Emulating a Target trial) 121 

guideline was developed for reporting analyses of observational data that explicitly aim to 122 

estimate causal effects by emulating a target trial. It consists of a checklist to be used when 123 

writing or reading research reports, which is presented in this Special Communication 124 

alongside additional information for items. A glossary of terms used in this article and in the 125 

checklist appears in Table 1.  126 

 127 

DEVELOPMENT OF TARGET 128 

The TARGET guideline was developed according to the Enhancing Quality and Transparency 129 

of Health Research (EQUATOR) guidelines.17 A detailed description of the methods is 130 
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provided in our published protocol.18 First, we conducted a systematic review to investigate 131 

the reporting of published studies that explicitly aimed to emulate a target trial and identify 132 

available reporting guidance.14 Second, we performed a 2-round online survey from August 133 

2023 to March 2024, which involved 18 expert participants from 6 countries, to reach 134 

agreement on the importance of candidate items selected from previous research and to 135 

identify additional items. Third, a three-day expert consensus meeting involving 18 panellists 136 

was held in June 2024 to establish the final checklist; panellists included methodologists, 137 

statisticians, clinical trialists, epidemiologists, clinical researchers, clinicians, evidence 138 

synthesis experts, representatives from industry, and journal editors. Fourth, internal (n=13) 139 

and external (n=95) piloting was conducted with potential guideline users from September 140 

2024 to February 2025 to ensure acceptability and appropriateness of the draft checklist and 141 

accompanying descriptions. Checklist item wording was finalized following consolidation of 142 

the piloting feedback and through iterative discussions. 143 

 144 

The TARGET guideline is intended as a standalone reporting guideline for studies emulating 145 

a target trial. The international consensus process produced the 21-item TARGET reporting 146 

checklist (Table 2). eFigure 1 presents the flow of items through the 4 stages of checklist 147 

development. Briefly, the systematic review identified 44 items for reporting observational 148 

analyses emulating a target trial, which were evaluated in the online survey. Following the 149 

consensus meeting and internal and external pilot, modifications were made to the wording, 150 

presentation and grouping of the items to produce the 21-item checklist.  151 

 152 

TARGET CHECKLIST 153 

We present the TARGET checklist alongside additional information for items. Details on the 154 

rationale for and interpretation of each item, and examples of reporting, will be provided in 155 

a separate “explanation and elaboration” document.  156 

 157 

Checklist items are grouped according to the typical structure of original investigations 158 

reporting research results: abstract (Item 1), introduction (Items 2-4), methods (Items 5-7), 159 

results (Items 8-14), discussion (Items 15-16) and other information (Items 17-21). Subitems 160 

contain related information within the same topic.  161 

 162 
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The checklist is organised with two items presented side by side: the target trial specification 163 

(items 6a-g) which outline the causal estimand, and emulation of the target trial (items 7a-164 

g), describing how the causal estimand was mapped to the observational data.  165 

 166 

When using the checklist, all items and subitems should be reported in sufficient detail and 167 

clarity in the manuscript or supplementary materials. Although the checklist provides one 168 

natural order in a report, the specific placement and sequence of items may depend on 169 

author preferences and journal style. 170 

 171 

Abstract 172 

Item 1a. Identify that the study attempts to emulate a target trial using observational 173 

data. State the study objectives and briefly summarize the specified target trial. 174 

Readers should be able to identify from the abstract that the study used observational data 175 

to emulate a target trial, which supports easy identification and appropriate indexing of the 176 

study design. Avoid terminology such as ‘emulated trial,’ ‘emulated randomized/clinical trial’ 177 

which may lead readers to mistake the study for a randomized trial. Include a clear statement 178 

of the study objectives and causal questions through a summary of the target trial such as its 179 

eligibility criteria, treatment strategies, end of follow-up, outcomes, and causal contrasts. 180 

 181 

Item 1b. Report the data sources used for emulation. 182 

Knowledge of the data sources used to emulate the target trial provides context for assessing 183 

robustness and generalizability of the study findings and feasibility of emulation. State that 184 

the analysis used observational data and that individuals were not randomly allocated to the 185 

treatment strategies of interest.  186 

 187 

Item 1c. Summarize key assumptions, statistical methods, findings and conclusions. 188 

Provide a concise summary of the approaches used to identify and estimate the causal 189 

effects, including key assumptions made due to absence of randomisation (e.g. no 190 

unmeasured confounding) or other potential sources of bias (including measurement error 191 

and missing data, e.g., due to loss to follow-up), methods used to adjust for confounding, 192 

findings (e.g., descriptive results and point estimates with corresponding measures of 193 

precision for treatment effects) and conclusions. 194 
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 195 

Introduction 196 

Background  197 

Item 2. Describe the scientific background of the study and the gap in knowledge. 198 

Report the relevant scientific background and rationale for the study, including prior 199 

research, to illustrate the knowledge gap addressed.  200 

 201 

Causal question 202 

Item 3. Summarize the causal question. 203 

Summarize the causal question specified by the target trial protocol including the target 204 

population (eligibility criteria), treatment strategies compared, end of follow-up, and 205 

outcomes. The acronym PICO (Population, Intervention, Comparator, Outcome) has been 206 

used to summarize some of these components.19 207 

 208 

Rationale 209 

Item 4. Describe the rationale for emulating a target trial with the available data. Cite 210 

randomized trials informing the design of the target trial if applicable. 211 

Describe why the specific gap in knowledge (causal question) may be addressed by 212 

emulating a target trial (study design) with the available data. Where the target trial was 213 

designed based on a completed or ongoing randomized trial, cite the trial publication and/or 214 

its registration and protocol to provide readers with additional context for the causal 215 

question.  216 

 217 

Methods 218 

Data sources 219 

Item 5. Cite the data sources used for the analyses and for each one describe the following: 220 

original purpose, type, the geographic locations, setting and time-period. If relevant, 221 

describe how the data were linked or pooled. 222 

A detailed description of the data sources usually should include the original purpose (e.g., 223 

research, routine clinical practice), type (e.g., electronic health records, claims, registry), the 224 

geographic locations where the data were collected (e.g., countries, regions), setting (e.g., 225 

hospitals, primary care, general population), time period, and if applicable, how multiple 226 
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data sources were linked or otherwise combined. Where available, describe quality metrics 227 

(e.g., reliability and validity of data elements) for the data sources used. 228 

 229 

Item 6. Target trial specification  230 

Items 6a-h describe the target trial protocol. Specifically, Items 6a-6f clarify the causal 231 

question (see Item 3) by specifying elements of the causal estimand. Item 6g describes the 232 

assumptions made to identify the causal estimand, and Item 6h describes the data analysis 233 

plan (estimator). The target trial specification outlines the hypothetical pragmatic 234 

randomized trial that could be emulated given the constraints of the observed data. 235 

 236 

Eligibility criteria 237 

Item 6a. Describe the eligibility criteria. 238 

The eligibility criteria indicate the specific population to which the results apply (target 239 

population). Describe the criteria and conditions for recruitment into the target trial (e.g., 240 

demographic characteristics, diagnostic criteria, disease stage, treatment history).   241 

 242 

Treatment strategies 243 

Item 6b. Describe the treatment strategies that would be compared. 244 

The treatment strategies compared in the target trial should be described in sufficient detail 245 

to allow their implementation. This may include information on treatments or interventions, 246 

dosage or intensity, method of administration, frequency, duration, decision rules for 247 

initiation and discontinuation (including any grace period after baseline within which 248 

interventions must be started and allowable reasons for discontinuation), allowed 249 

concomitant treatments, and monitoring rules. If a treatment strategy is defined as ‘usual 250 

care’ or ‘non-initiation’, describe what that would constitute.  251 

 252 

Assignment procedures 253 

Item 6c. Report that eligible individuals would be randomly assigned to treatment 254 

strategies and may be aware of their treatment allocation. 255 

The target trial, by definition, is a trial where individuals are randomly assigned to one of two 256 

or more treatment strategies to answer a causal question of interest,1 and are generally 257 

aware of the treatment strategies they receive.20  258 



 

  10  

 259 

Follow-up 260 

Item 6d. Clarify that follow-up would start at time of assignment to the treatment 261 

strategies. Specify when follow-up would end. 262 

In randomized trials, the commencement of follow-up typically aligns with the time an 263 

individual meets the study eligibility criteria and is randomly assigned to a treatment 264 

strategy (time zero). Confirm that follow-up would start at the time of assignment to the 265 

treatment strategies and describe when the follow-up period would end for each outcome 266 

as well as the possible reasons, such as the end of the study, loss to follow-up, death, or other 267 

events. 268 

 269 

Outcomes 270 

Item 6e. Describe the outcomes. 271 

A description of the outcomes includes how and when they would be measured or assessed 272 

in the target trial. If relevant, indicate which outcome would be considered the main outcome 273 

of interest.  274 

 275 

Causal contrasts 276 

Item 6f. Describe the causal contrasts of interest, including effect measures. 277 

Typical causal contrasts of interest are the effect of assignment to the treatment strategy 278 

(intention-to-treat effect) and the effect of receiving the treatment strategy under full 279 

adherence to the protocol (per-protocol effect). When relevant, indicate how competing 280 

events were defined and incorporated into the causal contrasts.21 When applicable, quantify 281 

causal contrasts via both relative effect measures such as the risk ratio and absolute effect 282 

measures such as the risk or mean difference. 283 

 284 

Identifying assumptions 285 

Item 6g. Describe assumptions that would be made to identify each causal estimand. 286 

Describe the variables, if any, related to these assumptions. 287 

If there are no losses to follow-up, the effect of assignment (intention-to-treat effect) can be 288 

validly estimated under assumptions that are expected to hold due to the randomized 289 

assignment. However, additional assumptions are required when there are losses to follow-290 
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up (and, for some estimands,22,23 when there are competing events). Correctly estimating a 291 

per-protocol effect requires additional assumptions such as the absence of unmeasured 292 

baseline or time-varying confounding.24 293 

 294 

Data analysis plan 295 

Item 6h. For each causal estimand, describe the data analysis procedures and any 296 

associated statistical modelling assumptions, including approaches for handling missing 297 

data. 298 

Describe the data analysis procedures for the target trial including methods to address 299 

potential selection bias arising from loss to follow-up or other types of missing data. When 300 

estimating a per-protocol effect, describe any methods to adjust for confounders. When 301 

using statistical models, describe the modelling approach and the functional form of 302 

variables in models (e.g., variable transformations, use of product or “interaction” terms). 303 

Describe any subgroup or sensitivity analyses. The data analysis plan for each causal 304 

estimand should be reported separately.  305 

 306 

Item 7. Target trial emulation  307 

Items 7a-h describe how the components of the target trial were mapped to the 308 

observational data (Item 5), including how all variables were measured or ascertained.  309 

 310 

Eligibility criteria 311 

Item 7a. Describe how the eligibility criteria were operationalized with the data. 312 

A description of how the eligibility criteria were ascertained in the available data sources 313 

(e.g., using codes from the International Classification of Diseases). Describe any 314 

imperfections in the mapping of eligibility criteria of the target trial due to data limitations.  315 

 316 

Treatment strategies 317 

Item 7b. Describe how the treatment strategies were operationalized with the data. 318 

A description of how the components of the treatment strategies were ascertained or 319 

defined using the data. This may include specifying any treatment codes or dictionaries used 320 

(e.g. the Anatomical Therapeutic Chemical classification) and any information used to 321 

determine adherence to the treatment strategies. 322 
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 323 

Assignment procedures 324 

Item 7c. Describe how assignment to treatment strategies was operationalized with the 325 

data. 326 

The concept of an individual’s ‘assignment’ to a treatment strategy in the target trial (Item 327 

6c) is operationalized as their classification by the investigators into a treatment strategy 328 

using the observational data. Describe how individuals were assigned (i.e., classified) to each 329 

treatment strategy (e.g., based on a new prescription of a medicine) at the start of follow-330 

up. The assumption that random assignment might be emulated through adjustment of 331 

baseline confounders is described in 7g. For treatment strategies that cannot be 332 

distinguished at the start of follow-up, report the approach used for classification into 333 

treatment strategies (e.g., cloning6,25).  334 

 335 

Follow-up 336 

Item 7d. Clarify that follow-up starts at the time individuals were assigned to the 337 

treatment strategies. Describe how the end of follow-up was operationalized with the 338 

data. 339 

Starting the follow-up (time zero) when each eligible individual is assigned (i.e., classified) to 340 

a treatment strategy can avoid design-related biases in observational analyses.5 Describe 341 

how the follow-up period of the target trial was operationalized in the observational data, 342 

including how the reasons for the end of follow-up were ascertained in the data (e.g. 343 

ascertaining deaths through a mortality registry). For studies that compare treatment to no 344 

action (e.g., usual care), report when the start of follow-up was operationalized for 345 

individuals in each group (e.g., all, the first or a random time eligible).5 346 

 347 

Outcomes 348 

Item 7e. Describe how the outcomes were operationalized with the data. 349 

A description of how the outcomes were ascertained with the observational data including 350 

any differences to the target trial. This may include detailing the codes or algorithms used to 351 

identify the outcomes, highlighting whether any validation activities have been conducted 352 

or referencing previous validation activities.  353 

 354 
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Causal contrasts 355 

Item 7f. Describe how the causal contrasts were operationalized with the data, including 356 

effect measures. 357 

A description of the observational analogs of the causal contrasts (Item 6f). The effect of 358 

assignment can be operationalized as the comparison of groups classified into different 359 

treatment strategies at time zero, regardless of whether they follow those strategies 360 

afterwards (e.g., the effect of initial medication prescription, regardless of adherence). Per-361 

protocol effects can then be defined equivalently to those in the target trial (e.g., the effect 362 

of initial medication prescription and continuation as specified in the protocol). When 363 

relevant, describe how competing events were ascertained and clarify that they are 364 

incorporated into the contrasts as in the target trial.21  365 

 366 

Identifying assumptions 367 

Item 7g (i) For each causal estimand, describe assumptions made to identify it, including 368 

assumptions regarding baseline confounding due to lack of randomization.  369 

Due to the lack of randomized assignment, the identification of causal effects likely requires 370 

the assumption of exchangeability (comparability) conditional on baseline variables (i.e., the 371 

assumption that there is no unmeasured confounding conditional on those variables). 372 

Describe and justify the choice of baseline variables, if any. 373 

 374 

Like in the target trial with randomized assignment, the identification of causal effects may 375 

require additional conditional exchangeability assumptions to handle loss to follow-up, non-376 

adherence (for per-protocol effects), and competing events. Describe the corresponding 377 

choice of variables proposed for conditional exchangeability. 378 

 379 

Item 7g (ii). Describe how the variables related to these assumptions were 380 

operationalized with the data.  381 

The variables may include those that relate to baseline confounding, and those necessary to 382 

handle loss to follow-up, non-adherence or competing events. Include a description of how 383 

the variables were defined and ascertained from the observational data.  384 

 385 

Data analysis plan 386 
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Item 7h (i). For each causal estimand, describe the data analysis procedures and any 387 

associated statistical modelling assumptions, including approaches for handling missing 388 

data. 389 

Describe modifications to the data analysis methods of the target trial needed by the 390 

emulation using observational data. This may include modifications to adjust for 391 

confounding due to lack of randomization, to accommodate eligibility at multiple times (e.g., 392 

emulation of sequential trials5,26), and to handle treatment strategies that are not 393 

distinguishable at time zero (e.g., cloning25,27). All models used should be described.5,25,27 394 

Reporting the statistical software (name, version, any specific packages) used is useful for 395 

reproducing analyses. 396 

 397 

Item 7h (ii). For each causal estimand, describe any additional analyses conducted to 398 

assess the sensitivity of the results to the choice of operationalizations, assumptions and 399 

analysis. 400 

Report all additional analyses conducted to assess the sensitivity of the results to the choice 401 

of operationalization of the components of the target trial, identifying assumptions, and 402 

data analysis. Providing a rationale for the specific biases investigated can help readers 403 

understand how the potential threats to study validity have been addressed. Sensitivity 404 

analyses may include outcome or population controls,28 and quantitative bias analysis.29  405 

 406 

Results 407 

Participant Selection 408 

Item 8. Report numbers of individuals assessed for eligibility, eligible, and assigned to each 409 

treatment strategy. A flow diagram is strongly recommended. 410 

Knowledge of the number of people assessed for eligibility and the number of individuals 411 

excluded (and with reasons provided) gives useful insights into the degree and type of 412 

selection. A flow diagram (e.g., as described in the CONSORT (CONsolidated Standards Of 413 

Reporting Trials)30 guideline) helps visualize participant selection and classification into 414 

treatment strategies. When individuals contribute to multiple trials (e.g. sequential trials)5 or 415 

treatment strategies (e.g. cloning),25,27 provide the number of unique individuals and the 416 

total analyzed in the flow diagram. Terms such as ‘person-trials’ or ‘clones’ can be helpful to 417 

differentiate numbers analyzed from unique individuals.  418 
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 419 

Baseline data 420 

Item 9. Describe the distribution of characteristics of individuals at baseline, by treatment 421 

strategy. 422 

Describe the distribution of relevant characteristics of individuals (e.g., demographic, 423 

clinical) by treatment strategy at baseline. When appropriate, reporting baseline 424 

characteristics before and after adjustment for confounding (e.g., when using 425 

standardization, inverse probability weights or matching) can help readers assess the 426 

comparability of groups based on the measured characteristics. When cloning is used,25,27 427 

characteristics can be reported for all individuals combined at baseline (because 428 

characteristics will be identical between treatment strategies) and by treatment strategy at 429 

the first time during follow-up when the treatment strategies become distinguishable. 430 

 431 

Follow-up 432 

Item 10. Summarize length of follow-up and describe reasons for end of follow-up for each 433 

treatment strategy and causal contrast. 434 

Describe the duration of follow-up for each treatment strategy and causal contrast. For 435 

analyses that include censoring, report the number of individuals who were censored for 436 

each reason (e.g., loss to follow up, non-adherence) by treatment strategy. It can be helpful 437 

to report the evolution of individuals at relevant times during the follow-up in the flow 438 

diagram (Item 8), including censoring events, competing events, and outcome events. 439 

 440 

Missing data 441 

Item 11. Describe the frequency of missing data in all variables, by treatment strategy 442 

when applicable. 443 

Report the extent of missing data, if any, in all variables used to operationalize the target trial 444 

protocol (e.g., variables used to adjust for confounding, outcomes, and any other relevant 445 

variables).  446 

 447 

Outcomes 448 

Item 12. Describe the frequency or distribution of each outcome, by treatment strategy. 449 
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For time-to-event outcomes, report number of individuals with the outcome, and estimated 450 

absolute risks over time, with measures of precision. For other outcomes, report relevant 451 

measures such as proportions, median and interquartile range, mean and standard 452 

deviation.    453 

 454 

Effect estimates 455 

Item 13. Report the effect estimates for each causal contrast with corresponding measures 456 

of precision, including both absolute and relative measures of effect when applicable. 457 

Estimates of relative and absolute effect measures need to be accompanied by measures of 458 

precision.  459 

 460 

Additional analyses 461 

Item 14. Report results of all analyses to assess the sensitivity of the estimates to choices 462 

in operationalization, assumptions and analysis. 463 

Reporting and comparing results obtained from sensitivity and other additional analyses 464 

(outlined in Item 7h) helps readers assess the robustness of findings and appropriately 465 

interpret the study findings.  466 

 467 

Discussion 468 

Interpretation 469 

Item 15. Provide an interpretation of the key findings. 470 

The key findings with respect to the causal questions should be concisely summarized. 471 

Interpret the key effect estimates in the context of their precision, under the identifying 472 

assumptions (Item 7g) warranted for causal interpretation. 473 

 474 

Limitations 475 

Item 16. Discuss the limitations of the study considering differences between the target 476 

trial and its emulation and the plausibility of assumptions, including assumptions 477 

regarding baseline confounding due to lack of randomization. 478 

Discuss difficulties that stem from the use of the available observational data to 479 

operationalize the target trial protocol components (i.e., eligibility criteria, treatment 480 

strategies, start of follow-up, or outcomes), including components that could not be well 481 
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mapped to the data and the reasons for the incomplete mapping (e.g., quality, validity or 482 

coverage of the data). Address the plausibility of assumptions, including no unmeasured 483 

baseline confounding due to lack of randomization, and incorporate considerations 484 

regarding the sensitivity analyses (Item 14). 485 

 486 

Other Information 487 

Items 17-21 describe additional information required across health and medical research: 488 

ethical approval (Item 17), study registration (Item 18), sharing of study data, analytic code 489 

and other materials (Item 19), funding sources (Item 20), and conflicts of interest (Item 21). 490 

 491 

 492 

DISCUSSION 493 

The TARGET guideline provides consensus-based recommendations on the minimum items 494 

that should be reported in observational studies that aim to estimate causal effects by 495 

explicitly emulating a target trial. This guideline is intended to provide authors with a tool to 496 

help them report essential information so that readers, peer reviewers, and editors can more 497 

easily evaluate the validity and usefulness of their work. The target trial framework1 was used 498 

alongside the CONSORT30 and STROBE (STrengthening the Reporting of OBservational 499 

studies in Epidemiology)15 checklists as a point of departure to create specific reporting 500 

guidance for studies that explicitly emulate target trials.17 Through this process, the guidance 501 

was informed by empirical evidence,14 expert consensus, and consultation with a large group 502 

of individuals representing relevant stakeholders and end users. To improve accessibility, the 503 

TARGET checklist will be made publicly available online (target-guideline.org) and indexed in 504 

the EQUATOR Network website.  505 

 506 

The application of the target trial framework1 to analyses of observational data is rapidly 507 

expanding across study designs,31 settings32 and methods.33 The scope of TARGET covers 508 

observational studies of interventions explicitly emulating a parallel group, individually 509 

randomized target trial, with adjustment for baseline confounders due to lack of randomized 510 

assignment. It is anticipated that as the target trial framework continues to be used and 511 

applied to different settings, the guidance will be updated and extensions developed to 512 

accommodate changes.  513 
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 514 

The purpose of TARGET is to improve the transparency, completeness and accuracy of 515 

reporting. It should not be interpreted as an attempt to prescribe reporting of studies emulating 516 

a target trial in a rigid format restricting the choice of methods or the style of exposition. The 517 

checklist items should be addressed in enough detail and clarity in an article (including 518 

supplementary material), but the order and format for presenting information will depend 519 

on author preferences and journal style. For example, the target trial specification and 520 

emulation could be concisely formatted reported in a table (templates available at target-521 

guideline.org) but are not required to be. The TARGET guideline was not designed to be used 522 

as a tool to assess the risk of bias or quality of a target trial, however, improved reporting of 523 

necessary information can facilitate systematic reviewers applying various assessment tools 524 

(e.g., ROBINS-I to assess risk of bias)7. Also, although not the explicit intention, the TARGET 525 

guideline may help to improve the methods and conduct of observational analyses explicitly 526 

emulating a target trial by further serving as an educational tool and clarifying the issues that 527 

should be addressed.34 528 

 529 

Limitations 530 

The guideline attempts to support comprehensive and clear reporting of analyses of 531 

observational data that explicitly emulate a target trial, but does not describe all settings, 532 

methods and assumptions that may be required in this evolving field. The guideline focused 533 

on the most common applications of the target trial framework,14 emulation of a parallel-534 

group trial with adjustment for confounders, providing the minimum essential items to be 535 

reported for these studies. The TARGET guideline does not, for example, specifically intend 536 

to guide the reporting of target trial emulations that use instrumental variable estimation or 537 

other methods for confounder control which require additional information. 538 

 539 

CONCLUSION 540 

TARGET provides guidance for reporting analyses of observational data that aim to estimate 541 

causal effects by explicitly emulating a target trial.  542 

  543 
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Table 1. Glossary of Terms Commonly Used in Studies Emulating a Target Triala 

 

Term Explanation 

Causal contrast The comparison of the outcome distributions under two different treatment strategies. Examples of 

causal contrasts are being assigned to one vs. another treatment strategy, irrespective of whether people 

actually receive the treatment assigned (the intention-to-treat effect), and the effect of fully adhering to 

one vs. another treatment strategy as specified by the protocol (the per-protocol effect).  

Causal estimand The causal effect that would be estimated to answer a causal question of interest. Key components of the 

causal estimand are the target population (eligibility criteria), the treatment strategies, the outcome, the 

timing of follow-up, and the causal contrast (see above).  

Confounding Confounding occurs when groups receiving different treatment strategies differ in their distribution of 

prognostic factors at time zero.35 When there is confounding, differences in the outcome distribution 

between treatment groups may be explained by differences in prognostic factors rather than differences 

in treatment. A key concern for target trial emulation is whether some confounding bias remains after 

adjustment for measured confounders. 

Design-related biases 

 

Design-related biases refer to those that arise from decisions made by investigators’ when designing their 

analyses of observational data,1,5 rather than biases associated with the observational study design (e.g., 

confounding, measurement error). Common design-related biases include selection and misclassification 

which may produce periods of time in the analysis when an individual cannot develop an outcome of 

interest (immortal time). These biases are due to misalignment of the start of follow-up (time zero) with 

the time an individual becomes eligible and is classified into a treatment strategy; selection bias may arise 
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when eligibility occurs after assignment to a treatment strategy (selection depends on the outcome) and 

misclassification bias may arise when assignment occurs after eligibility (classification depends on the 

outcome).6,36 

Identifying assumptions Informally, assumptions that link the causal estimand to the observed data. Some examples of identifying 

assumptions for the per-protocol effect are37 

1) Within levels of the adjustment variables, groups receiving each treatment strategy at each time 

have the same counterfactual risk of the outcome (conditional exchangeability).  

2) For every combination of the adjustment variables, there is a non‐zero (i.e., positive) probability of 

receiving each treatment strategy at each time.  

3) The treatment strategies are sufficiently well‐defined.  

Target trial framework A methodological framework for causal inference from observational data which applies the design 

principles of randomized trials. This involves designing observational analyses to explicitly emulate a 

hypothetical pragmatic randomized trial that would answer the question at hand: the target trial. The 

framework has two components, specification of the target trial, and mapping that target trial to the data 

(emulation). 

 

a Explanations adapted from Hernán et al. 202037 & 20251 
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Table 2. TARGET Checklist of Recommended Items to Address in Reports of Studies 
Emulating a Target Triala  
 

Item no. Checklist item 

Abstract 

1 
a 

Identify that the study attempts to emulate a target trial using observational data. State the study 
objectives and briefly summarize the specified target trial. 

b Report the data sources used for emulation. 

c Summarize key assumptions, statistical methods, findings and conclusions. 

Introduction 

2 Background  Describe the scientific background of the study and the gap in knowledge. 

3 
Causal 
question 

Summarize the causal question. 

4 Rationale 
Describe the rationale for emulating a target trial with the available data. Cite randomized trials informing 
the design of the target trial if applicable. 

Methods 

5 Data sources 
Cite the data sources contributing to the analyses and for each one describe the following: original purpose, 
type, the geographic locations, setting and time-period. If relevant, describe how the data were linked or 
pooled. 

6 

Target trial specification 

Specify the components of the target trial protocol that 
would answer the causal question. 

 

7 

Target trial emulation 

Describe how the components of the target trial protocol were 
emulated with the observational data, including how all 
variables were measured or ascertained.  

 Eligibility criteria  Eligibility criteria 

 a  Describe the eligibility criteria.  a 
Describe how the eligibility criteria were 
operationalized with the data. 

 Treatment strategies  Treatment strategies 

 b 
Describe the treatment strategies that would be 
compared. 

 b 
Describe how the treatment strategies were 
operationalized with the data. 

 Assignment procedures  Assignment procedures 

 c 
Report that eligible individuals would be randomly 
assigned to treatment strategies and may be 
aware of their treatment allocation. 

 c 
Describe how assignment to treatment strategies was 
operationalized with the data. 

 Follow-up  Follow-up 

 d 
Clarify that follow-up would start at time of 
assignment to the treatment strategies. Specify 
when follow-up would end. 

 d 
Clarify that follow-up starts at the time individuals were 
assigned to the treatment strategies. Describe how the 
end of follow-up was operationalized with the data. 

 Outcomes  Outcomes 

 e Describe the outcomes.  e 
Describe how the outcomes were operationalized with 
the data. 

 Causal contrasts  Causal contrasts 
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 f 
Describe the causal contrasts of interest, including 
effect measures. 

 f 
Describe how the causal contrasts were operationalized 
with the data, including effect measures. 

 Identifying assumptions  Identifying assumptions 

 g 
Describe assumptions that would be made to 
identify each causal estimand. Describe the 
variables, if any, related to these assumptions. 

 g.i 
For each causal estimand, describe assumptions made 
to identify it, including assumptions regarding baseline 
confounding due to lack of randomization.  

    g.ii 
Describe how the variables related to these 
assumptions were operationalized with the data 

 Data analysis plan  Data analysis plan 

 h 

For each causal estimand, describe the data 
analysis procedures and any associated statistical 
modelling assumptions, including approaches for 
handling missing data. 

 h.i 

For each causal estimand, describe the data analysis 
procedures and any associated statistical modelling 
assumptions, including approaches for handling missing 
data. 

    h.ii 

For each causal estimand, describe any additional 
analyses conducted to assess the sensitivity of the 
results to the choice of operationalizations, 
assumptions and analysis. 

Results 

8 
Participant 
selection 

Report numbers of individuals assessed for eligibility, eligible, and assigned to each treatment strategy. A 
flow diagram is strongly recommended. 

9 Baseline data Describe the distribution of characteristics of individuals at baseline, by treatment strategy. 

10 Follow-up 
Summarize length of follow-up and describe reasons for end of follow-up for each treatment strategy and 
causal contrast. 

11 Missing data Describe the frequency of missing data in all variables, by treatment strategy when applicable. 

12 Outcomes Describe the frequency or distribution of each outcome, by treatment strategy. 

13 
Effect 
estimates 

Report the effect estimates for each causal contrast with corresponding measures of precision, including 
both absolute and relative measures of effect, when applicable. 

14 
Additional 
analyses 

Report results of all analyses to assess the sensitivity of the estimates to choices in operationalizations, 
assumptions and analysis. 

Discussion 

15 Interpretation Provide an interpretation of the key findings. 

16 Limitations 
Discuss the limitations of the study considering differences between the target trial and its emulation and 
the plausibility of assumptions, including assumptions regarding baseline confounding due to lack of 
randomization. 

Other information 

17 Ethics 
Provide the institutional research board or ethics committee that approved the study and approval 
numbers, if relevant. 

18 Registration  State whether, when and where the study protocol was registered. 

19 
Sharing of 
study materials 

Provide information on whether data, analytic code and/or other materials are accessible, and where and 
how they can be accessed. 

20 
Funding 
sources 

Provide the sources of funding and detail the role of the funders in the design, conduct and reporting of the 
study. 
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a Republished with permission from the TARGET group. The TARGET Checklist is licensed by the TARGET 

group under the Creative Commons Attribution- NoDerivs (CC BY-ND) 4.0 International license.  
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