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Abstract

Background/Aims: There has been growing interest in better understanding the potential of 

observational research methods in medical product evaluation and regulatory decision-making. 

Previously, we used linked claims and electronic health record data to emulate two ongoing 

randomized controlled trials (RCTs), characterizing the populations and results of each RCT prior 

to publication of its results. Here, our objective was to compare the populations and results from 

the emulated trials with those of the now published RCTs.

Methods: This study compared participants’ demographic and clinical characteristics and study 

results between the emulated trials, which used structured data from OptumLabs Data Warehouse, 

and the published PRONOUNCE and GRADE trials. First, we examined the feasibility of 

implementing the baseline participant characteristics included in the published PRONOUNCE 

and GRADE trials’ using real-world data, and classified each variable as ascertainable, partially 

ascertainable, or not ascertainable. Second, we compared the emulated trials and published RCTs 

for baseline patient characteristics (concordance determined using standardized mean differences 

<0.20) and results of the primary and secondary endpoints (concordance determined by direction 

of effect estimates and statistical significance).

Results: The PRONOUNCE trial enrolled 544 participants, and the emulated trial included 

2226 propensity scorematched participants. In the PRONOUNCE trial publication, one of the 32 

baseline participant characteristics was listed as an exclusion criterion on ClinicalTrials.gov but 

was ultimately not used. Among the remaining 31 characteristics, 9 (29.0%) were ascertainable, 

11 (35.5%) were partially ascertainable, and 10 (32.2%) were not ascertainable using structured 

data from OptumLabs. For one additional variable, the PRONOUNCE trial did not provide 

sufficient detail to allow its ascertainment. Of the nine variables that were ascertainable, values 

in the emulated trial and published randomized controlled trial were discordant for 6 (66.7%). 

The primary endpoint of time from randomization to the first major adverse cardiovascular event 

and secondary endpoints of nonfatal myocardial infarction and stroke were concordant between 

the emulated trial and published randomized controlled trial. The GRADE trial enrolled 5047 

participants, and the emulated trial included 7540 participants. In the GRADE trial publication, 

8 of 34 (23.5%) baseline participant characteristics were ascertainable, 14 (41.2%) were partially 

ascertainable, and 11 (32.4%) were not ascertainable using structured data from OptumLabs. For 

one variable, the GRADE trial did not provide sufficient detail to allow for ascertainment. Of 

the eight variables that were ascertainable, values in the emulated trial and published randomized 

controlled trial were discordant for 4 (50.0%). The primary endpoint of time to hemoglobin ≥7.0% 

was mostly concordant between the emulated trial and the published randomized controlled trial.
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Conclusion: Despite challenges, observational methods and real-world data can be leveraged in 

certain important situations for more timely evaluation of drug effectiveness and safety in more 

diverse and representative patient populations.

Keywords

Target trial emulation; real-world data; observational methods

Introduction

Rigorous double-blind, randomized controlled trials (RCTs) are considered one of the 

gold standards for comparing the safety and efficacy of medical interventions.1 Although 

randomization and blinding minimize confounding and selection bias, RCTs often have 

important limitations, including strict inclusion and exclusion criteria; enrichment factors; 

recruitment and retention difficulties; modest sample sizes; under-representation of women, 

older adults, people from lower socioeconomic strata, and racial and ethnic minorities; high 

costs; long timeframes; and short follow-up durations, all of which can limit generalizability 

of their findings to real-world clinical practice.2 Accordingly, there has been growing 

interest in better understanding the potential application of observational research methods 

to medical product evaluation and regulatory decision-making for medical interventions 

already in clinical use, including the necessary data standards, policies, and methods to 

ensure that evaluations using real-world data are rigorous and reliable.3

Several previous studies have replicated the results of completed RCTs using observational 

methods applied to real-world data,4-9 and some researchers have suggested that 

observational data can be relied upon as evidence when RCTs are not possible or 

available.10 However, less is known about emulation of ongoing RCTs. Emulating RCTs 

prior to, rather than following, their publication could help avoid the potential biases 

introduced by trying to replicate the results, rather than emulate the methods of RCTs 

that have already been completed and disseminated among the scientific community. 

Additionally, real-world emulation can contextualize RCT findings with respect to their 

generalizability to diverse settings and populations. In order to determine the feasibility 

of emulating ongoing RCTs, we conducted two trial emulations using linked claims and 

electronic health record data, anticipating the populations and results of each trial prior 

to publication of its results.11, 12 Specifically, we emulated the PRONOUNCE trial,13 a 

phase 3b RCT comparing cardiovascular safety of degarelix and leuprolide among patients 

with prostate cancer and cardiovascular disease,11 and the GRADE trial,14 a pragmatic, 

randomized, parallel-arm trial comparing four second-line glucose-lowering drugs among 

adults with moderately uncontrolled type 2 diabetes on metformin monotherapy.12 The 

primary publications for these emulation trials demonstrated the feasibility of this approach 

to generate timely data on comparative effectiveness and safety prior to the publication 

of the actual RCTs.11, 12 With the recent publication of the primary results of both 

the PRONOUNCE and GRADE trials,13, 14 comparison of our findings with those RCT 

populations and results can enhance our understanding of the appropriate role of using 

real-world data to emulate clinical trials of medical products.
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Our objectives for this study are therefore threefold: 1) to compare the RCT participants 

to patients identified in real-world data after application of the pre-specified trial eligibility 

criteria; 2) to compare the final primary and secondary endpoint results from the published 

RCTs with the emulated trials; and 3) to use these findings to provide insight into the 

advantages and challenges of conducting emulations of ongoing trials.

Methods

Initial identification of ongoing trials

Using ClinicalTrials.gov, we previously identified two comparative effectiveness and safety 

trials that were ongoing and unpublished at the time of our search. We limited our sample 

to trials that: 1) tested a drug that had already received U.S. Food and Drug Administration 

approval and been available for use for at least 3 years; 2) examined the use of that product 

for cardiovascular disease or diabetes management; 3) planned to enroll 500 patients or 

more; 4) recruited patients from sites in the U.S.; and 5) focused on outcomes that could be 

reasonably ascertained from insurance claims or electronic health record data. Based on our 

search, the PRONOUNCE (A Trial Comparing Cardiovascular Safety of Degarelix Versus 

Leuprolide in Patients With Advanced Prostate Cancer and Cardiovascular Disease)15 and 

GRADE (A Comparative Effectiveness Study of Major Glycemia-lowering Medications for 

Treatment of Type 2 Diabetes)14 trials were selected.

In the emulation of the PRONOUNCE trial, the primary endpoint was the time to first 

occurrence of a major adverse cardiovascular event, a composite endpoint defined as all-

cause death, nonfatal myocardial infarction, or nonfatal stroke. The PRONOUNCE trial 

major adverse cardiovascular event outcome was modified to include all-cause rather than 

cardiovascular mortality, as cause of death is not available in our data. In the emulation of 

the GRADE trial, the primary endpoint was time to primary metabolic failure, calculated 

as days to hemoglobin A1c ≥7% while receiving the assigned medication, with eligibility 

for outcome ascertainment starting at month 3 after the index date (analogous to the first 

quarterly hemoglobin A1c assessment in GRADE). The hemoglobin A1c outcomes were 

modified from the GRADE trial, where confirmation of an elevated result with a repeat 

hemoglobin A1c was required, as this is not done in routine care. Secondary outcomes are 

listed in Supplementary Table 1.

Trial emulation

Two separate retrospective cohort studies were conducted using deidentified administrative 

claims data from OptumLabs® Data Warehouse, which includes electronic health record, 

medical and pharmacy claims, laboratory results, and enrollment records for commercial 

and Medicare Advantage enrollees, representing a diverse range of racial and ethnic groups, 

ages, and geographic regions across the U.S. The findings of both retrospective cohort 

studies have been published11, 12 and the Supplementary Materials includes additional 

information.
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Statistical analysis

Comparison of trials and emulated trials.—First, we compared the total sample 

sizes and baseline characteristics of participants included in the emulated trials and 

published RCTs. Variables included in the published RCTs were assessed for feasibility 

of implementing them in real-world data. Variables were classified as ascertainable if it 

was possible to develop a computable phenotype using available structured data, including 

diagnosis codes, procedure codes, medications, and laboratory test results. Variables were 

classified as partially ascertainable if it was possible to develop: (a) an approximate, but not 

exact, phenotype using available structured data, (b) an approximate phenotype for variables 

where the RCT was not detailed enough in the specification of their eligibility criteria 

(e.g., only mentioning ‘lipid-modifying agents’ instead of the specific medications), or (c) 

an exact phenotype using available structured data, but the data were not available for all 

participants (i.e., laboratory measures available for a subset of the cohorts as a result of 

agreements between OptumLabs and commercial laboratories but not the complete sample). 

Finally, variables were classified as not ascertainable if it was not feasible to develop a 

computable phenotype using available structured data.

We then recorded and summarized the baseline characteristics of participants of all 

ascertainable or partially ascertainable variables from the RCTs, including those that were 

not included in the initial emulations but were part of the published versions of the RCTs. 

Pairwise comparisons were conducted between the total populations for the emulated 

trial and published RCT variables, with standardized mean differences <0.20 considered 

concordant.16

To compare the primary and secondary endpoints between the emulated trials and published 

RCTs, we characterized the effect estimates for each outcome based on its statistical 

significance (e.g., P-value <0.05 vs ≥0.05) and direction (i.e., “increased” for relative effect 

estimates greater than 1 or mean differences greater than 0, and “decreased” for relative 

effect estimates less than 1 or mean differences less than 0). As in previous evaluations,5 

effect estimates from matched pairs were considered to be concordant if 1) there was 

concordant direction of the emulated trial and published RCT effect estimates and both 

effect estimates were statistically significant or 2) the emulated trial and published RCT 

effect estimates were both non-statistically significant. Effect estimates from matched pairs 

that did not fulfill criteria (1) or (2) were classified as discordant. As secondary measures 

of concordance, we determined how often the emulated trial and published RCT effect 

estimates had overlapping 95% confidence intervals.

The Mayo Clinic institutional review board exempted this study from review and the 

requirement for informed consent because it used preexisting, deidentified data.

Results

PRONOUNCE trial emulation

Data ascertainment for participant characteristics.—The PRONOUNCE trial 

stopped enrollment at 544 (275 in the degarelix arm and 269 in the leuprolide arm) of 

the 900 planned patients because of difficulties with recruitment and fewer than expected 
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primary endpoint events. The emulated trial included 2226 propensity score-matched 

participants (1113 in the degarelix arm and 1113 in the leuprolide arm).

Among the 32 baseline variables included in Table 1 of the PRONOUNCE trial publication, 

one variable, prior hormonal therapy (unless terminated at least 12 months prior to trial), 

was listed as an exclusion criterion on ClinicalTrials.gov but was ultimately not used as an 

exclusion criterion in the published RCT. Therefore, while investigators of the RCT included 

patients who had received prior hormonal therapy (8.1% of their cohort), our emulated trial 

cohort excluded them. Of the remaining 31 baseline variables (Table 1, Supplementary Table 

2), 9 (29.0%) were ascertainable, 11 (35.5%) were partially ascertainable, and 10 (32.3%) 

variables that were not ascertainable using structured data from OptumLabs. Additionally, 

the published RCT did not provide sufficient detail to ascertain the ‘other’ prostate cancer 

therapy variable, using structured data from OptumLabs (i.e., did not specify what is 

included in ‘other’).

Comparison of emulated trial vs. published RCT participants.—Of the nine 

participant characteristics that were ascertainable using structured data from OptumLabs, 

6 (66.7%) were discordant between the emulated trial and published RCT. The men included 

in the emulated trial were slightly older than the men included in the published RCT 

(Supplementary Table 2). Men in the emulated trial were also less likely to have received 

prior radiotherapy and radical prostatectomy than those in the published RCT. Men in the 

emulated trial were less likely to have a history of myocardial infarction and hypertension, 

but more likely to have a history of coronary, carotid, or iliofemoral revascularization and 

dyslipidemia.

Of the 10 variables that were partially ascertainable, 7 (70.0%) were discordant. Men in the 

emulated trial were more likely to be Black or African American and less likely to be White 

than those in the published RCT (Supplementary Table 2). Mean total serum cholesterol was 

higher in the emulated trial than the published RCT. Men in the emulated trial with available 

prostate specific antigen data (38.0% of the cohort) had higher mean values than those in the 

published RCT. Men in the emulated trial were less likely to have received cardiovascular 

disease medications, agents acting on the renin-angiotensin system, and β-blockers than men 

in the published RCT.

Comparison of emulated trial vs. published RCT results.—The primary endpoint 

of time from randomization to first major adverse cardiovascular event and secondary 

endpoints of non-fatal myocardial infarction and stroke were concordant between the 

emulated trial and the published PRONOUNCE trial (Table 3). Overall, the hazard ratios 

from the emulated trial were in the same direction (major adverse cardiovascular event: 

hazard ratio 1.18 [95% confidence interval, 0.86-1.61], myocardial infarction: hazard ratio 

1.16 [0.60-2.25]; and stroke: hazard ratio 0.92 [0.45-1.85] as those observed in the published 

RCT (major adverse cardiovascular event: hazard ratio 1.28 [0.59-2.79]; myocardial 

infarction: hazard ratio 1.59 [0.38-6.67], and stroke: hazard ratio 0.90 [0.18-4.46]). 

Importantly, none of the results reached the threshold for statistical significance for either 

the emulated trial or the published RCT. The hazard ratios for the secondary endpoint 

of all-cause death were in the opposite direction, with a statistically significant hazard 
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ratio observed in the emulated trial (hazard ratio 1.48 [1.01-2.18]) and a non-statistically 

significant hazard ratio observed in the published RCT (hazard ratio 0.84 [0.32-2.18]).

GRADE Trial emulation

Data ascertainment for participant characteristics.—The GRADE trial enrolled 

5047 participants (approximately 1260 per each of the 4 study arms), while the emulated 

trial included 7540 patients (weighted) (4168 in the glimepiride arm, 572 in the liraglutide 

arm, and 2800 in the sitagliptin arm). The glargine arm had to be excluded from the 

emulation trial analyses due to inability to achieve balance on baseline covariates.

Of the 34 baseline variables described in the GRADE trial publication (Table 2, 

Supplementary Table 3), 8 (23.5%) were ascertainable, 14 (41.2%) were partially 

ascertainable, and 11 (32.4%) were not ascertainable using structured data from OptumLabs,

Comparison of emulated trial vs. published RCT participants.—Of the 8 baseline 

variables that were ascertainable using structured data from OptumLabs and were listed in 

Table 1 of the GRADE trial baseline characteristics publication, 4 (50.0%) were discordant. 

Participants in the emulated trial were older and less likely to be male than participants 

included in the published RCT (Supplementary Table 3). Overall, participants in the 

emulated trial were less likely to have neuropathy but more likely to have retinopathy than 

participants in published RCT.

Of the 14 participant characteristics that were partially ascertainable, 9 (64.3%) were 

discordant. Participants in the emulated trial were more likely to have completed some 

college and to have received blood pressure and lipid-lowering (medications than those 

included in published RCT (Supplementary Table 3). Participants in the emulated trial 

were less likely to be identified or classified as current smokers and have urine albumin-

creatinine ratio <30 mg/g. Participants in the emulated trial had higher hemoglobin A1c, 

total cholesterol, triglycerides, and serum creatinine levels, with correspondingly lower 

estimated glomerular filtration rate levels than participants in the published RCT.

Comparison of emulated trial vs. published RCT results.—The primary endpoint 

of time to hemoglobin A1c ≥7.0% was concordant between the emulated trial and the 

published RCT for some, but not all, pairwise comparisons (Table 4). Overall, the hazard 

ratios from the emulated trial were concordant in direction and significance (liraglutide 

vs. glimepiride for primary metabolic failure: hazard ratio 0.57 [95% confidence interval, 

0.43-0.75] and liraglutide vs. sitagliptin for primary metabolic failure: hazard ratio 0.55 

[0.41-0.73]) with those observed in the published RCT (liraglutide vs. glimepiride: hazard 

ratio 0.87 [0.79-0.96] and liraglutide vs. sitagliptin: hazard ratio 0.39 [0.63-0.76]). However, 

the emulated trial found no significant difference between sitagliptin and glimepiride with 

respect to achieving primary metabolic failure (hazard ratio 1.03 [0.94-1.13]), while the 

published GRADE trial found a statistically significant difference between them (hazard 

ratio 1.27 [1.14-1.39]). Similar patterns were seen for the outcome of secondary metabolic 

failure. Results for the other secondary outcomes were concordant, with neither the 

emulated trial nor the published RCT finding significant differences between the drugs in 
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achieving tertiary metabolic failure or any of the examined microvascular, cardiovascular, 

and other secondary endpoints.

Discussion

In our two trial emulations using linked electronic health record and claims data from 

patients managed in routine practice settings across the U.S., we found that despite 

differences in baseline characteristics of accrued participants, the results were mostly 

concordant between our emulation of the PROUNOUNCE and GRADE trials and the 

published RCTs. Our experience, while demonstrating the feasibility of emulating trials 

prior to their publication, also identified important challenges and opportunities for the use 

of emulated trials as complement to RCTs evaluating efficacy and safety of approved drug 

products. Most notable challenges related to the ability to reasonably ascertain eligibility 

criteria and certain baseline participant characteristics from insurance claims or electronic 

health record data and the reliance on data elements with variable levels of missingness. 

At the same time, our emulated trials suggest that observational methods and real-world 

data may serve as a complement to RCTs, providing more timely, less expensive, or larger 

evaluations of drug effectiveness and safety in potentially more diverse and representative 

patient populations in certain situations.

Our experience highlights that target trial emulations are most likely to be feasible when 

they are evaluations of the comparative efficacy and/or safety of two or more prescribed 

therapeutics among relatively broadly-defined populations. Certain categories of target trials 

are difficult or impossible to emulate using real-world data, including placebo-controlled 

trials, trials using behavioral interventions as controls, and trials of unapproved therapeutics 

or those available over-the-counter. Target trials to be emulated should also have indications, 

key eligibility criteria, and endpoints for which it is possible to develop computable 

phenotypes using structured data, including diagnosis codes, procedure codes, medications, 

and laboratory test results. Target trials with characteristics or endpoints based on clinical 

measures, changes in symptom scoring, patient reported outcomes, or other unstructured 

data are less feasible to emulate as these variables cannot be routinely ascertained using 

claims data, even when linked to electronic health record data. While common data models 

that provide standardized data organization for the detailed patient information available 

within real-world data may expand the types of target trials that are feasible to emulate, 

these models have not been widely adopted by health systems.

If these characteristics can be met, there are important advantages of applying observational 

methods to real-world data. First, trial emulations can be completed at a fraction of the 

time and cost of a traditional RCT. While the PRONOUNCE and GRADE trial emulations 

were designed and conducted within 18 months, the RCTs took 5 and 10 years to complete, 

respectively. When RCTs take a long time to complete, it can undermine their relevance and 

ability to inform clinical practice. For instance, by the time the GRADE trial was completed 

and published,14 more contemporary treatments, such as the sodium-glucose cotransporter-2 

inhibitor class of glucose lowering drugs, became available and widely used.17, 18
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Second, trial emulations do not face the same recruitment challenges as RCTs, which 

can allow for larger and more generalizable real-word populations. For example, the 

PRONOUNCE trial was terminated early due to slower than anticipated enrollment, which 

meant the emulation cohort was nearly four times larger than the underpowered RCT.13 

Our trial emulations also captured diverse populations, including older adults, racial and 

ethnic minoritized populations, and patients with multiple comorbidities, who are often 

underrepresented in clinical trials.19 It is essential that the evidence used to assess treatments 

is based on a population similar to the people who will ultimately use the treatment. 

Third, real-world data sources can provide a wide range of potential characteristics and 

outcomes. Lastly, by following the target trial framework,10 which was developed to inform 

the methodological considerations for conducting causal comparative effectiveness analyses 

using real-world data, emulations can attempt to avoid design flaws that often undermine the 

evidence generated by nonrandomized studies.

Despite the advantages of conducting trial emulations, we encountered several challenges 

that limited our ability to fully compare participant characteristics and final results from 

the RCTs with emulation trials. Although we implemented the eligibility criteria of the 

RCTs as closely as possible,11, 12 we found that across both trial emulations, fewer than 

30% of the baseline patient characteristics reported in the trial publications were fully 

ascertainable using structured data in OptumLabs. Nearly all laboratory measures were 

classified as either partially or not ascertainable because these variables were only available 

for a subset of the emulation trial cohort because of agreements between OptumLabs and 

commercial laboratories (and most other claims data do not have any laboratory results 

available). Notably, while use of a health system’s electronic health record rather than claims 

data would allow for more complete capture of laboratory and other clinical parameters, 

this would likely limit overall sample size and generalizability, and require significant effort 

for extraction of variables from unstructured data. Overall, the emulated trial and published 

RCT cohorts were significantly different across most fully and partially ascertainable patient 

characteristics, which highlights the fact that even when closely emulating the eligibility 

criteria of RCTs, RCT and real-world populations are inherently different under the current 

RCT paradigm.20 These barriers to RCT external validity are due to the fact that many RCTs 

capture a highly selected population because of the kinds of health systems that participate 

in RCTs (i.e., primarily academic), and the burden of RCT participation on patients (e.g., 

multiple lengthy in-person visits). While pragmatic trials seek to improve generalizability 

and external validity of their findings through less stringent eligibility criteria and study 

procedures, they, too, are often limited by where they can be conducted and the types of 

patients able to participate.21 Therefore, trial emulations using real-world data sources are 

an important source of evidence of treatment effectiveness and safety because they use a 

population that more closely resembles the general population of patients with the disease of 

interest, spanning a wide range of disease complexity and comorbidity, and as such may be 

more representative of the settings and patients using the therapeutic.

Our experience also highlights that trial emulations are unable to account for all the 

differences between how medications are used in clinical practice versus evaluated in an 

RCT. Although we were able to identify an adequate number of patients receiving both 

interventions evaluated in the PRONOUNCE trial emulation, we found that that relatively 
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few patients started on degarelix without switching over to leuprolide in clinical practice and 

that exposure to degarelix was relatively short.11 Outside of an RCT, patients with prostate 

cancer may switch to leuprolide due to the less frequent dosing interval or due to progressive 

disease. In the GRADE trial emulation, one of the treatment arms (glargine) was excluded 

because we were not able to achieve balance on baseline patient characteristics even after 

weighting.12 This was not surprising, as treatment with basal insulin in the clinical context 

examined by the GRADE trial (i.e., as a second-line agent after metformin in patients with 

HbA1c less than 8.5%) is outside the standard of care and mainstream clinical practice.12 

Overall, these findings suggest that trial emulations should carefully consider differences 

between how medications are studied in trials and whether and how they are used in 

routine practice. An additional challenge we encountered was that the statistical analysis 

plan for an RCT can change over time and often without being updated in ClinicalTrials.gov 

(Supplementary Materials).

Limitations

This study has several limitations. First, as our manuscript focuses on the experiences 

encountered conducting emulations of two specific RCTs, the findings may not be 

generalizable to other RCT designs. However, we selected the PRONOUNCE and GRADE 

trials because they captured different indications, populations, interventions, and outcome 

types, providing a broad overview of the types of challenges and considerations that could 

be encountered across different fields. Second, since the study cohorts comprised people 

with private and Medicare Advantage health plans, the results may not generalize to all 

people with or without insurance coverage. However, in the absence of an all-payer claims 

database (and which, regardless, would not have electronic health record data) that captures 

the entire U.S. population, there are no perfect data sources to conduct trial emulations. 

Third, we did not consider the concordance between the RCTs and emulated trials across 

different subgroup analyses, as subgroup results were not consistently reported in the 

published RCTs. Furthermore, we could only emulate the North American portion of 

the PRONOUNCE Trial, as half of the population was recruited from centers in Europe. 

Difference between these populations across race and ethnicity are likely. Lastly, the 

variables that can and cannot be ascertained depends on the real-world data source being 

used for the emulation. We used OptumLabs Data Warehouse, which is uniquely robust for 

trial emulation because it captures a national, large, and diverse population and includes 

laboratory test results and electronic health record data for a subset of the population.

Conclusion

In our emulations of the PRONOUNCE and GRADE trials using linked electronic health 

record and claims data, we found that although there were some differences between the 

characteristics of patients comprising the cohorts of the emulated trial and the published 

RCTs after application of the pre-specified trial eligibility criteria, the results from primary 

and secondary endpoints were largely concordant in terms of direction and statistical 

significance. Despite notable challenges, our emulated trials suggest that observational 

methods and real-world data may serve as a complement to RCTs, providing more timely, 

less expensive, or larger evaluations of drug effectiveness and safety in potentially more 

diverse and representative patient populations in certain situations.
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Table 1.

Comparison of the PROUNOUNCE trial and emulated trial cohorts

Characteristics included in the Table 1 of the
PRONOUNCE trial

Ability to ascertain characteristic using 
OptumLabs data

Trial and emulated
trial characteristics
concordanta

Age Ascertainable No

Race Partially ascertainable No

Ethnicity Partially ascertainable Yes

Weight Not ascertainable NA

Body mass index Not ascertainable NA

Smoking status Partially ascertainable Yes

Baseline blood pressure Not ascertainable NA

Total serum cholesterol Partially ascertainable No

Type 2 diabetes Ascertainable Yes

N-Terminal prohormone B-type natriuretic peptide Not ascertainable NA

High-sensitivity C-reactive protein Partially ascertainable Yes

Troponin T Not ascertainable NA

Radiotherapy Ascertainable No

Radical prostatectomy Ascertainable No

Hormonal therapy NA: This was an exclusion criteria NA

Other NA: No information provided in PRONOUNCE 
Trial

NA

Gleason score Not ascertainable NA

Stage of prostate cancer Not ascertainable NA

Testosterone Partially ascertainable Yes

Prostate specific antigen Partially ascertainable No

Myocardial infarction Ascertainable No

Coronary carotid, or iliofemoral revascularization Ascertainable No

Coronary, carotid, or iliofemoral stenosis >50% by angiography, Not ascertainable NA

Carotid stenosis >50% by ultrasound Not ascertainable NA

Ankle-brachial index <0.9 Not ascertainable NA

Atrial fibrillation Ascertainable Yes

Dyslipidemia Ascertainable No

Hypertension Ascertainable Yes

Cardiovascular medications Partially ascertainable No

Lipid-modifying agents Partially ascertainable Yes

Agents acting on the renin-angiotensin system Partially ascertainable No

β-Blockers Partially ascertainable No

a
Concordant defined as a standardized mean differences between trial and emulated cohort variables <0.20. NA, not applicable
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Table 2.

Comparison of GRADE trial and emulated trial cohorts

Characteristics included in the Table 1 of the GRADE trial Ability to ascertain characteristic using
OptumLabs data

Trial and
emulated trial
characteristics
concordanta

Age Ascertainable No

Sex Ascertainable No

Race Partially ascertainable Yes

Ethnicity Partially ascertainable Yes

Education completed Partially ascertainable No

Duration of diabetes Not ascertainable NA

Screening metformin dose Not ascertainable NA

Baseline metformin dose Not ascertainable NA

Family history of any first-degree relatives with diabetes Not ascertainable NA

Heart attack/stroke Ascertainable Yes

Retinopathy Ascertainable No

Neuropathy Ascertainable No

Hypertension Ascertainable Yes

Elevated blood lipids Ascertainable Yes

Blood pressure medications Partially ascertainable No

Lipid-lowering medications Partially ascertainable No

Statin Ascertainable Yes

Aspirin Not ascertainable: NA

Depression/anxiety medication(s) Not ascertainable NA

Smoking status Partially ascertainable No

Weight Not ascertainable NA

Body mass index Not ascertainable NA

Blood pressure Not ascertainable NA

Hemoglobin A1c Partially ascertainable Yes

Cholesterol Partially ascertainable No

Triglycerides Partially ascertainable: No

High-density lipoprotein Partially ascertainable Yes

Low-density lipoprotein Partially ascertainable Yes

Urine albumin-creatinine ratio Partially ascertainable No

Fasting glucose Not ascertainable NA

Estimated glomerular filtration rate Partially ascertainable No

Serum creatinine Partially ascertainable No

Fasting C-peptide Not ascertainable NA

Fasting insulin Not ascertainable NA

a
Concordant defined as a standardized mean differences between trial and emulated cohort variable <0.20. NA, not applicable
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Table 3.

Comparison of PRONOUNCE Trial and Emulation Trial Primary and Secondary Endpoint Results

PRONOUNCE Trial PRONOUNCE Emulation Concordance

Endpoints Hazard ratio
(95% confidence

interval)

P-value Hazard ratio
(95% confidence

interval)

P-value Same direction; same level of
significance; overlapping 95%

confidence intervals

Primary

Time from randomization to 
first adjudicated major adverse 
cardiovascular event

1.28 (0.59-2.79) 0.53 1.18 (0.86-1.61) 0.30 Yes; Yes; Yes

Secondary

Myocardial infarction 1.59 (0.38-6.67) 0.52 1.16 (0.60-2.25) 0.66 Yes; Yes; Yes

Stroke 0.90 (0.18-4.46) 0.90 0.92 (0.45-1.85) 0.81 Yes; Yes; Yes

All-cause death 0.84 (0.32-2.18) 0.72 1.48 (1.01-2.18) 0.046 No; No; Yes

Angina Not reported Not reported 1.36 (0.43-4.27) 0.60 NA; NA; NA
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Table 4.

Comparison of GRADE Trial and Emulation Trial Primary and Secondary Endpoint Results

GRADE Trial GRADE Emulation Concordance

Endpoint Hazard
ratio (95%
confidence
interval)

P-value Hazard ratio
(95%

confidence
interval))

P-value Same direction; same level 
of

significance; overlapping 
95%

confidence interval

Primary

Primary Metabolic Failure (time 
to Hemaglobin A1c ≥7.0%)

Liraglutide v glimepiride 0.87 (0.79 to 0.96) ≤0.01 0.57 (0.43 to 0.75) <0.001 Yes; Yes; No

Sitagliptin v glimepiride 1.27 (1.14 to 1.39) ≤0.001 1.03 (0.94 to 1.13) 0.48 Yes; No; No

Liraglutide v sitagliptin 0.69 (0.63 to 0.76) ≤0.001 0.55 (0.41 to 0.73) <0.001 Yes; Yes; Yes

Secondary

Secondary Metabolic Failure 
(time to Hemaglobin A1c >7.5%)

Liraglutide v glimepiride 0.88 (0.79 to 0.99) none provided 0.61 (0.43 to 0.87) 0.01 Yes; Yes; Yes

Sitagliptin v glimepiride 1.19 (1.08 to 1.33) none provided 1.04 (0.91 to 1.18) 0.6 Yes; No; Yes

Liraglutide v sitagliptin 0.74 (0.66 to 0.83) none provided 0.59 (0.41 to 0.85) 0.01 Yes; Yes; Yes
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