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Emulating Randomized Clinical Trials With

Nonrandomized Real-World Evidence Studies
First Results From the RCT DUPLICATE Initiative

BACKGROUND: Regulators are evaluating the use of noninterventional real-
world evidence (RWE) studies to assess the effectiveness of medical products.
The RCT DUPLICATE initiative (Randomized, Controlled Trials Duplicated

Using Prospective Longitudinal Insurance Claims: Applying Techniques of
Epidemiology) uses a structured process to design RWE studies emulating
randomized, controlled trials (RCTs) and compare results. We report findings of
the first 10 trial emulations, evaluating cardiovascular outcomes of antidiabetic
or antiplatelet medications.

METHODS: We selected 3 active-controlled and 7 placebo-controlled RCTs for
replication. Using patient-level claims data from US commercial and Medicare
payers, we implemented inclusion and exclusion criteria, selected primary end
points, and comparator populations to emulate those of each corresponding
RCT. Within the trial-mimicking populations, we conducted propensity score
matching to control for >120 preexposure confounders. All study measures
were prospectively defined and protocols registered before hazard ratios

and 95% Cls were computed. Success criteria for the primary analysis were
prespecified for each replication.

RESULTS: Despite attempts to emulate RCT design as closely as possible,
differences between the RCT and corresponding RWE study populations
remained. The regulatory conclusions were equivalent in 6 of 10. The RWE
emulations achieved a hazard ratio estimate that was within the 95% Cl from
the corresponding RCT in 8 of 10 studies. In 9 of 10, either the regulatory or

estimate agreement success criteria were fulfilled. The largest differences in effect

estimates were found for RCTs where second-generation sulfonylureas were used
as a proxy for placebo regarding cardiovascular effects. Nine of 10 replications
had a standardized difference between effect estimates of <2, which suggests
differences within expected random variation.

CONCLUSIONS: Agreement between RCT and RWE findings varies depending
on which agreement metric is used. Interim findings indicate that selection of
active comparator therapies with similar indications and use patterns enhances
the validity of RWE. Even in the context of active comparators, concordance
between RCT and RWE findings is not guaranteed, partially because trials are not
emulated exactly. More trial emulations are needed to understand how often and
in what contexts RWE findings match RCTs.

REGISTRATION: URL: https://Awww.clinicaltrials.gov; Unique identifiers:
NCT03936049, NCT04215523, NCT04215536, NCT03936010, NCT03936036,
NCT03936062, NCT03936023, NCT03648424, NCT04237935, NCT04237922.
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Clinical Perspective

What Is New?

e RCT DUPLICATE (Randomized, Controlled Trials
Duplicated Using Prospective Longitudinal Insur-
ance Claims: Applying Techniques of Epidemiology)
aims to systematically calibrate nonrandomized
real-world evidence (RWE) against randomized,
controlled trial (RCT) evidence; in 10 prospectively
planned cardiometabolic RCT emulations, RWE
studies agreed with RCT findings when design and
analysis principles were met and suitable compara-
tors were chosen.

e Whereas insurance claims data with proper design
and analysis were fit for the purpose of estimating
treatment effects by emulating these RCTs, other
RCTs may require alternative data sources.

What Are the Clinical Implications?

e With data that are fit for purpose and proper
design and analysis, causal treatment effects can
be estimated through both randomized trials and
nonrandomized real-world evidence studies.

¢ These initial findings of the RCT DUPLICATE pro-
gram indicate circumstances when RWE may offer
causal insights where RCT data are either not avail-
able or cannot be quickly or feasibly generated.
The goal is to develop a resource of high-quality
case studies that demonstrate when RWE studies
have come to causal conclusions that may serve as
reference points to increase confidence in RWE for
decision-making.

look at the potential value of real-world evidence
(RWE) for decision-making.’? RWE is the clinical
evidence about the potential benefits or harms of medi-
cal products derived from the analysis of real-world
data (RWD), data relating to patient health status and
delivery of health care routinely collected from a vari-
ety of sources.>* RWE can rely on either randomized
or nonrandomized study designs, but concerns remain
about whether nonrandomized RWE can accurately as-
sess the effectiveness of drugs.>® These concerns have
been highlighted by the rapid execution and dissemina-
tion of a large volume of nonrandomized assessments
of treatments for coronavirus disease 2019 (COVID-19)
with highly variable quality.”®
Calibration of RWE studies against a known treat-
ment effect is one way to evaluate whether RWE can
support causal conclusions in select circumstances if
conducted using robust methodology. Several sys-
tematic reviews have compared the findings of pub-
lished noninterventional studies with randomized,
controlled trial (RCT) findings,>" but they provided

Regulators of medical products are taking a fresh
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limited insights because they identified a wide variety
of trials and compared them against published nonin-
terventional studies that often differed substantially in
terms of targeted populations, outcomes, or treatment
strategies. However, if RWE studies were designed to
mimic corresponding RCTs as closely as possible and
used causal study designs and analysis methods,'® such
systematic replication efforts would be helpful to un-
derstand whether and under which circumstances one
would predictably come to the same conclusions.

Ideally, one would compare findings from both RCTs
and RWE against the true benefits and harms of a medi-
cal product. In the absence of perfect knowledge, RCTs
are widely accepted as the best proxies of the true in-
tended drug effects, with the understanding that not all
RCTs are perfect. RCTs submitted for regulatory decisions
may on average be of higher quality and appropriate as
gold standards but are still subject to sampling variability
and potential biases from nonadherence and informa-
tive dropout. Any evaluation of the agreement between
RWE and RCTs will need to consider this uncertainty."”

Identifying the magnitude and direction of residual
bias attributable to the nonrandomized study design is
the key objective of calibrating RWE against RCTs and
imperfect emulation of other design features related to
limitations of the available RWD is a nuisance that needs
to be minimized. Important risks to emulation success
are differences between RWE and RCT in the study
population, treatment pattern, outcome measurement,
or motivations for patients to adhere to study medica-
tions. Even if an RWE study is designed to match the
corresponding RCT as closely as possible, emulation of
all study components may be impossible.'

We launched the RCT DUPLICATE initiative (Ran-
domized, Controlled Trials Duplicated Using Prospective
Longitudinal Insurance Claims: Applying Techniques
of Epidemiology) to compare the findings of RCTs rel-
evant to regulatory decision-making with the findings
of noninterventional RWE that emulate the trial design
as closely as possible in a consistent, transparent, and
reproducible process that would be acceptable to requ-
lators.’ The goal is 3-fold: (1) to identify a process of
transparent RWE development that predefines and pre-
registers all study measures for a single primary analy-
sis; (2) following this process, to quantify how often
RWE studies would come to the same conclusion; and
(3) to identify the factors that influence whether these
2 study approaches yield similar results.?’ We report the
findings of the first 10 attempted replications of RCTs
of antidiabetic medications and antiplatelets.

METHODS

Data used in this study may be licensed from the individual
data vendors by qualified researchers trained in human sub-
ject confidentiality protocols but cannot be shared by study
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authors. Protocols are available for each RWE emulation at
ClinicalTrials.gov.

Selected Trials

The process for selecting trials to target for replication, as well
as details on the RWE study implementation process, have
been described previously.?® Briefly, we sought to identify
published and ongoing RCTs that were relevant to regula-
tory decision-making and potentially replicable in our RWD
sources. We considered a trial to be potentially replicable if
we could satisfactorily emulate critical aspects of the trial pro-
tocol, including the primary outcome, treatment strategies,
and inclusion/exclusion criteria, making minor exceptions for
features that we could not emulate exactly given the differ-
ences in data sources. The trials were required to be suffi-
ciently well-powered and used in a regulatory context. We did
not intend to produce a random sample of trials, but instead
sought to create a select group of trials that could likely be
emulated in longitudinal claims data. The selection process
was driven by the availability of relevant data of sufficient
quality as described elsewhere.?!

We present the emulation of 8 cardiovascular outcome tri-
als of antidiabetic medications and 2 trials of antiplatelets.
The antidiabetic trials included 7 published trials that com-
pared addition of a single antidiabetic treatment versus addi-
tion of placebo to usual care. Among these 7 were 1 trial of
liraglutide, a GLP-1 (glucagon-like peptide 1) receptor agonist
(LEADER [Liraglutide Effect and Action in Diabetes: Evaluation
of Cardiovascular Outcome Results])??; 3 trials of SGLT-2
(sodium glucose co-transporter 2) inhibitors, including dapa-
gliflozin, empagliflozin, and canagliflozin (DECLARE-TIMI 58
[Multicenter Trial to Evaluate the Effect of Dapagliflozin on the
Incidence of Cardiovascular Events], EMPA-REG OUTCOME
[BI 10773 (Empagliflozin) Cardiovascular Outcome Event
Trial in Type 2 Diabetes Mellitus Patients], and CANVAS
[Canagliflozin Cardiovascular Assessment Study])*-?%, and
3 trials of DPP-4 (dipeptidyl peptidase-4) inhibitors, includ-
ing linagliptin, sitagliptin, and saxagliptin  (CARMELINA
[Cardiovascular and Renal Microvascular Outcome Study With
Linagliptin in Patients With Type 2 Diabetes Mellitus], TECOS
[Sitagliptin Cardiovascular Outcomes Study (MK-0431-082)],
and SAVOR-TIMI 53 [Does Saxagliptin Reduce the Risk of
Cardiovascular Events When Used Alone or Added to Other
Diabetes Medications]).2%® We also included results from
the emulation of the ongoing CAROLINA (Cardiovascular
Outcome Study of Linagliptin Versus Glimepiride in Patients
With Type 2 Diabetes), which compared linagliptin with
glimepiride, a second-generation sulfonylurea.?® In this case,
the RWE study was completed and submitted for publication 6
months before the CAROLINA findings were released.* The 2
antiplatelet trials compared ticagrelor with clopidogrel (PLATO
[Platelet Inhibition and Patient Outcomes])*' or prasugrel with
clopidogrel (TRITON-TIMI 38 [Trial to Assess Improvement
in Therapeutic Outcomes by Optimizing Platelet Inhibition
With Prasugrel-Thrombolysis in Myocardial Infarction 38]).%?
All 10 trials considered 3-point major adverse cardiovascu-
lar events (MACEs), including a composite of cardiovascular
death, myocardial infarction, and stroke, to be the primary
end point. TECOS also included hospitalization for unstable
angina in the primary MACE definition. DECLARE-TIMI 58
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had a coprimary end point of cardiovascular death or hos-
pitalization for heart failure. Five additional antiplatelet trials
were identified for replication and were dropped because
the emulations were underpowered after all trial exclusions
were applied or because they assessed treatments given dur-
ing hospitalization and could therefore not be emulated with
the outpatient dispensing data available in our RWD sources
(Table | in the Data Supplement).

Data Sources and Implementation

Process

We had 3 US health care claims data sources available for
emulation of RCTs: Optum Clinformatics (January 1, 2004
through March 31, 2019), IBM MarketScan (2003 through
2017), and a subset of Medicare Parts A, B, and D (2011
through 2017), including all patients with a diabetes diagno-
sis. Thus, Medicare data were not used for emulation of the
antiplatelet trials. Prediction of the CAROLINA findings was
limited to data available at the time of study implementation,
through September 2015.3° Data sources contain deidentified
information for all covered health care encounters by patients
enrolled in participating health insurance plans, including
demographics (age and sex), enrollment start and end dates,
dispensed medications with dates, dose, and days supply, and
performed procedures and medical diagnoses with an asso-
ciated service date and setting. Medicare claims capture all
deaths administratively, but out-of-hospital deaths are less
complete in commercial data sources. Cause of death was
not available in all data sources.

We designed our RWE study implementation process to
make the design and analysis of the RCT replications as struc-
tured, transparent, and reproducible as possible.?® For each
RCT, we began by drafting a protocol for the design and
analysis of the RWE emulation in health care claims. A similar
protocol template was used for all replications, but specific
design elements and operational definitions were chosen
on the basis of knowledge of the trial and the likely sources
of confounding. Creation of the cohort and study variables
was implemented using the Aetion Evidence Platform®,333*
which records all contact with the claims data and provides
an audit trail recording what analyses were conducted and
when. Before finalizing the protocol and proceeding with
analysis of study outcomes, we evaluated feasibility and valid-
ity, including the covariate balance between study groups and
an estimate of statistical power. After these checks, we final-
ized each protocol, including detailed specification of primary
analyses, and registered the protocol. No treatment-specific
outcome analyses were conducted until after the final RWE
study protocol was fully specified and registered.® This pro-
cess was designed to mimic a regulatory submission process
and to ensure that the specific design and analysis choices
were not influenced by the RWE study results.’”® Complete
time-stamped analysis logs are available for review and reg-
ulators are able to reproduce and robustness test the RWE
studies through the Aetion Evidence Platform®.?°

Study Design
In each of 3 databases and for each of 10 trials, we identi-
fied new users of the exposure of interest and comparator
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drugs from pharmacy claims,** beginning at the approval
date for the exposure (or later if the approval date was before
the beginning of available data) and continuing through the
end of available data. For the 7 placebo-controlled trials, we
selected active comparator groups as a proxy for placebo,
because it is well-known that nonuser comparator groups,
including untreated patients with diabetes, can differ sub-
stantially from actively treated patients in ways that are poorly
captured in claims data.**’ Specifically, we used DPP-4 inhibi-
tors as the comparator group in the studies of GLP-1 receptor
agonists and SGLT-2 inhibitors, and we used second-gener-
ation sulfonylureas as the comparator group in the studies
of DPP-4 inhibitors. DPP-4 inhibitors and second-generation
sulfonylureas were selected as proxies for placebo because
they are antidiabetic treatments that have similar indications
to the treatments under study, but they are not known to
have any effect on the cardiovascular outcomes of interest
based on recent evidence.?®?® Patients were required to have
continuous enrollment in the database for 6 months before
initiation of the exposure or comparator treatments, and
other inclusion/exclusion criteria adapted from each of the
10 trials were implemented. Because the RWE studies were
completely prespecified applying the RCT inclusion and exclu-
sion criteria, we abstained from modeling the RWE popula-
tion characteristics after the actual trial population.’ Details of
each RWE trial emulation, including CONSORT diagrams for
cohort formation, are available in the registered protocols on
ClinicalTrials.gov (URL: https://www.clinicaltrials.gov; Unique
identifiers: NCT03936049, NCT04215523, NCT04215536,
NCT03936010, NCT03936036, NCT03936062, NCT0393
6023, NCT03648424, NCT04237935, and NCT04237922,
link provided in the Supplemental Materials in the Data
Supplement).

Statistical Analysis

Within these cohorts, we implemented 1:1 propensity score
(PS) nearest-neighbor matching® with a caliper of 0.01 on the
PS scale to control for >120 potential confounders selected
a priori, which were measured during the 6 months before
drug initiation. Although the trials being emulated generally
had fewer patient characteristics listed, a larger set of covari-
ates is necessary in a nonrandomized study to balance as
many potential confounders or confounder proxies as possi-
ble and emulate baseline randomization. Covariates included
demographics, calendar time of treatment initiation, comor-
bidities, and relevant disease-specific variables, such as use
of cardiovascular and other medications, cardiovascular pro-
cedures, and indicators of health care utilization as proxy for
overall disease state, care intensity, and surveillance. Because
laboratory test results were available only for a subset of the
patients in the Optum and MarketScan databases, we did not
include them in the PS model, but we evaluated postmatch-
ing balance in test results between exposure groups.

The primary outcome for all trial emulations except for
DECLARE-TIMI 58 was MACEs, adapted from the definition
used in the corresponding trial. When emulating DECLARE-
TIMI 58, we did not have sufficient statistical power to pro-
ceed with analysis of MACEs; therefore, we analyzed only
the coprimary composite end point of hospitalization for
heart failure and cardiovascular death. For all trials, we used
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all-cause death as a proxy for cardiovascular death under
the assumption that in these populations, which excluded
patients with cancer and many other chronic conditions, the
majority of deaths would be attributable to cardiovascular
conditions. In each trial, we also selected “tracer” outcomes
to evaluate as secondary outcomes to better understand the
potential role of residual confounding in explaining any dif-
ferences observed between the RCT and RWE findings. Tracer
outcomes were those with known associations with the drugs
under study, either null or non-null. Some control outcomes
were secondary end points in the trials being emulated; oth-
ers were selected based on established knowledge. We esti-
mated hazard ratios (HRs) associated with tracer outcomes in
the same PS-matched populations identified for analysis of
the primary outcomes.

Follow-up for all outcomes started on the day after
treatment initiation and continued in an “on-treatment”
approach until treatment discontinuation plus a 30-day grace
period, switch to a comparator, occurrence of an event of
interest, nursing home admission, insurance disenrollment,
or end of the study period, whichever came first. The on-
treatment analysis in the RWE study attempted to replicate
an intention-to-treat estimate from the RCT with very high
treatment compliance.”* HRs and 95% Cls were estimated in
the PS-matched cohort using Cox regression. Analyses were
conducted in each data source separately and then pooled
using a fixed-effects meta-analysis, which was selected owing
to the very small number of estimates to pool and the use of
a uniform study design across the 3 databases. Prespecified
sensitivity analyses included an "as-started” analysis, where
patients were not censored for treatment changes but were
censored at 365 days of follow-up. Several sensitivity and
subgroup analyses were conducted after evaluating results
of the prespecified analyses. The study was approved by the
Brigham and Women’s Hospital institutional review board.

RCT-RWE Agreement Assessment

The primary objective of this study was to assess the magni-
tude of and reasons for differences between RCT findings and
findings from corresponding RWE emulations.?® We prespeci-
fied 3 binary agreement metrics: (1) “regulatory agreement”
was defined as the ability of the RWE study to replicate the
direction and statistical significance of the RCT finding; (2)
“estimate agreement” was defined as a RWE HR estimate
that was within the 95% Cl for the RCT estimate; (3) we con-
ducted hypothesis tests to evaluate whether there was a dif-
ference in findings by calculating the standardized difference
between the RCT and RWE effect estimates.?® According to
regulatory convention, we consider a P value < 0.05 statisti-
cally significant.

Comparator emulation was considered good if the RCT
had an active comparator; moderate if a placebo compari-
son was emulated by an alternative drug thought to be
unrelated with the end point of interest, and it was shown
to be used in patients with highly similar characteristics, as
shown in the covariate balance; and poor if a placebo com-
parison was emulated by an alternative drug thought to be
unrelated to the end point of interest, but it was shown to
be used in patients with different characteristics, as shown in
the covariate balance. End point emulation was considered
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good if the trial outcome could be assessed with high speci-
ficity, and moderate if key aspects of the RCT outcome defi-
nition were likely to be captured with lower specificity, as
shown in the event rates.

Analyses for 5 trials (LEADER, CANVAS, CARMELINA,
TECOS, and SAVOR-TIMI 53) were conducted first in early
2019 using data available at that time. These trial emula-
tions were rerun, using identical protocols, in early 2020, as
documented in the posted protocols on ClinicalTrials.gov. The
reanalyses were conducted to incorporate updated data and
to allow for all emulations of the 9 published trials in this
report to use the databases over an identical time period.
Results from the earlier analyses are available in Table Il in the
Data Supplement.

RESULTS

Patient Characteristics

Mean or median age across all 10 trials ranged from
61 to 66 years (Table 1). The mean age in each emu-
lation was generally similar to the mean in the corre-
sponding trial, except for emulations of DPP-4 inhibi-
tor trials (CARMELINA, TECOS, SAVOR-TIMI 53, and
CAROLINA), which resulted in populations that were
slightly older than the corresponding trials despite the
same age inclusion criteria. All RWE emulations except
TRITON also contained a higher proportion of women
than the RCTs. Rates of measured cardiovascular risk
factors were generally similar between the RCTs and
corresponding RWE emulations, including smoking and
hypertension; however, patients in the RWE emulations
were more likely to have congestive heart failure. Pa-
tients in the emulations of antiplatelet trials were also
more likely to have diabetes. Good postmatching bal-
ance was achieved on all covariates evaluated in the
RWE studies, including laboratory test results that were
not included in the PS models (see registered protocols).

Event Rates

For all RCTs that used 3-point MACEs as the primary
end point, event rates were lower in the RWE emula-
tion. For example, the event rates in LEADER were 3.4
and 3.9 per 100 person-years in the exposure and com-
parator groups, versus the emulation event rates of 2.0
and 2.8 (Table 2). However, the 2 trials that had other
end points targeted by emulation had higher event
rates in the emulations. Specifically, DECLARE-TIMI58
had rates of hospitalization for heart failure or cardio-
vascular death of 1.2 and 1.5 per 100 person-years in
the exposure and comparator groups, versus the emu-
lation event rates of 1.6 and 2.4. TECOS had rates of
3-point MACEs plus hospitalization for acute angina of
4.1 and 4.2 per 100 person-years in the exposure and
comparator groups, respectively, versus the emulation
event rates of 7.3 and 8.3. These differences in event
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rates may be attributable to differences in study popu-
lations, but concerns about lower specificity of event
capture in the RWE led us to label end point emulation
as moderate for these trials.

The trends in event rates between the RCTs and cor-
responding emulations were also reflected in Kaplan-
Meier plots (Figure 1). The numbers of patients remain-
ing in the RWE emulations declined quickly in the first 6
months of follow-up, leading to shorter average follow-
up in the RWE studies. Event counts in the RWE studies
were generally accumulated through a larger number
of patients; the RCTs had fewer patients, but longer
follow-up. Across all trial emulations, a majority of
patients were censored because of discontinuation of
their index exposure (Table Il in the Data Supplement).

RCT-RWE Agreement

Regulatory agreement was found for 6 of 10 emula-
tions (Figure 2). PLATO found ticagrelor to be superior
to clopidogrel (HR, 0.84 [95% Cl, 0.77, 0.92]); the em-
ulation found an HR point estimate in the same direc-
tion, but with an upper 95% Cl limit above 1.0 (HR,
0.92 [95% Cl, 0.83, 1.02]). The 3 RCTs of DPP-4 inhibi-
tors versus placebo found them to be noninferior but
not superior to placebo with respect to cardiovascular
risk (CARMELINA, TECQOS, SAVOR-TIMI 53). The emula-
tions of those trials also found noninferiority, but they
additionally found superiority. Estimate agreement was
achieved for all trials except for DECLARE and SAVOR-
TIMI 53, where the emulation estimates were below
the lower 95% Cl bound from the RCTs. SAVOR-TIMI
53 was the only trial to have a statistically significant
difference between the trial and emulation estimate
(standardized difference, 3.16).

Database-specific estimates did not indicate that a
single database was consistently leading to higher or
lower effect estimates and variation across databases
was in line with what would be expected given Cl width
(Figure | in the Data Supplement). Sensitivity analyses
did not produce meaningful changes in study findings
(Table IV in the Data Supplement). “As started” analy-
ses generally resulted in estimated HRs closer to null,
likely because of increased exposure misclassification
over time in those analyses. Other sensitivity analyses
did not produce consistent shifts in estimated treat-
ment effects across trial emulations.

Analysis of tracer outcomes in RWE generally re-
turned expected findings, indicating low potential
for residual confounding related to these outcomes
(Table 3). The only exception was in the analysis of
pneumonia hospitalization in the emulation of TRI-
TION, which estimated a decreased risk for ticagrelor
versus clopidogrel, despite no expected effect on this
outcome. The risk-adjustment strategy from the main
study did not focus on predictors of pneumonia.

Circulation. 2021;143:1002-1013. DOI: 10.1161/CIRCULATIONAHA.120.051718
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Table 1. Patient Characteristics in the Randomized, Controlled Trials (RCTs) Versus the Corresponding Real-World Evidence (RWE) Emulations
DECLARE- | EMPA-REG CARME- SAVOR- CARO- TRITON- g
Characteristics | LEADER TIMI58 OUTCOME | CANVAS | LINA TECOS TIMI 53 LINA TIMI 38 PLATO g
Age, y, mean+SD E ,E
RCT 64.3+7.2 | 64.0£6.8 63.1£8.7 63.3+8.3 | 65.9+9.1 65.5+¢8.0 | 65.1+8.6 | 64.1¢9.5 | 61* 62* |§ E
RWE 67.7£6.0 | 62.6+5.9 61.9£9.6 65.3£6.6 | 72.3£9.0 | 72.3£8.6 | 68.9+7.8 | 70.4+7.7 | 56.9+10.0 | 65.4+10.8 b E
Female, % §
RCT 35.7 37.4 28.6 35.8 371 293 33.1 40.0 26.0 28.4
RWE 53.5 42.3 40.5 46.3 53.3 47.4 46.8 52.3 21.1 32.5
Smoking, %
RCT 12.1 14.5 13.2 17.8 10.2 1.4 — 19.7 38.0 35.9
RWE 10.2 7.8 9.4 8.4 11.5 15.7 7.8 6.0 36.7 37.4
History of MI, %
RCT 30.7 — 46.6 — — 42.6 37.8 — 18.0 20.5
RWE 13.0 9.3 10.3 8.8 21.3 29.9 11.2 9.0 17.2 23.7
Hypertension, %
RCT 90.0 89.4 95.01 90.0 91.0 >78.81 81.8 90.1 64.0 65.4
RWE 97.1 88.3 90.9 96.6 96.4 94.0 88.7 92.7 51.1 70.2
CHF, %
RCT 17.9 10.1 10.1 14.4 26.8 18.0 12.8 4.5 — 5.6
RWE 20.9 1.4 11.8 12.6 33.2 39.3 17.6 12.1 5.0 11.9
Diabetes, %
RCT 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 23.0 25.0
RWE 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 28.1 47.4
Previous CVD, %
RCT 81.4 40.6 75.6 65.6 58.1 74.0 78.6 41.9 — —
RWE 63.0 51.4 459 454 88.1 100.0 56.3 54.4 37.2 54.7

CANVAS indicates Canagliflozin Cardiovascular Assessment Study; CARMELINA, Cardiovascular and Renal Microvascular Outcome Study With Linagliptin in Pa-
tients With Type 2 Diabetes Mellitus; CAROLINA, Cardiovascular Outcome Study of Linagliptin Versus Glimepiride in Patients With Type 2 Diabetes; CHF, congestive
heart failure; CVD, cardiovascular disease; DECLARE-TIMI58, Multicenter Trial to Evaluate the Effect of Dapagliflozin on the Incidence of Cardiovascular Events; EMPA-
REG OUTCOMIE, BI 10773 (Empagliflozin) Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients; LEADER, Liraglutide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcome Results; MI, myocardial infarction; PLATO, Platelet Inhibition and Patient Outcomes; SAVOR-TIMI 53, Does Saxagliptin Reduce
the Risk of Cardiovascular Events When Used Alone or Added to Other Diabetes Medications; TECOS, Sitagliptin Cardiovascular Outcomes Study (MK-0431-082);
and TRITON-TIMI 38, Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition With Prasugrel-Thrombolysis in Myocardial Infarction 38.

*Reported median age only.

tRates of hypertension assumed from reported use of antihypertensive medications.

in the 80% to 90% range for RCTs that found statisti-
cally significant effects and potentially much lower for
RCTs that failed to find significant effects. When the
variances of the 2 estimates are equal, which they near-

DISCUSSION

RCT DUPLICATE seeks to provide rigorously derived evi-
dence for a selected sample of trials and end points on

2202 ‘2T Yo\ uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

when and how noninterventional RWE studies reach
the same conclusions as RCTs that were conducted in
a regulatory context.?® In this interim report on the first
10 completed emulations of RCTs, we found that 6
out of 10 emulations met the criteria for full regulatory
agreement. Eight out of 10 emulations achieved esti-
mate agreement. In only 1 emulation, the standardized
difference was >2 (P=0.002).

Some emulations would be expected to fail to pro-
duce findings similar to the RCT, even in the absence
of any bias,?® just as RCTs sometimes fail to replicate
previous RCT findings.'” The probability of regulatory
agreement in the absence of bias was estimated to be

Circulation. 2021;143:1002-1013. DOI: 10.1161/CIRCULATIONAHA.120.051718

ly were in most cases here, there is an 83% chance of
estimate agreement in the absence of any bias in the
RWE studies, and we would expect 5% of emulations
to have a standardized difference >2. In our report, 1 of
10 emulations had a standardized difference of >2 (ie, P
value <0.05). However, it is also possible that an emula-
tion could result in agreement with the corresponding
RCT attributable solely to random variation, despite a
large systematic bias in the design.

Overall, agreement between the RCT and RWE esti-
mates was good for all antidiabetic trials except those
that compared a DPP-4 inhibitor with placebo. In emu-
lations of these trials, second-generation sulfonylureas
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Table 2. Study Sizes and Event Rates

RCT Versus Nonrandomized RWE

RCT RWE

Exposure Comparator Exposure Comparator
Study Outcome Events | N Rate* | Events | N Rate* | Events | N Rate* | Events | N Rate*
LEADER 3P MACE 608 4668 | 3.4 694 4672 | 3.9 1352 84346 | 2.1 1955 84346 | 2.6
DECLARE-TIMI 58 HHF+cardiovascular | 417 8582 | 1.2 496 8578 1.5 242 24895 1.6 367 24895 | 24

death

EMPA-REG OUT- 3P MACE 490 4687 | 3.7 282 2333 |44 416 51875 | 1.5 478 51875 | 1.9
COME
CANVAS 3P MACE 564t 5795 | 2.7 496t 4347 | 3.2 772 76099 | 1.5 990 76099 | 1.9
CARMELINA 3P MACE 434 3494 | 5.8 420 3485 | 5.6 1540 50913 | 4.6 1826 50913 | 5.2
TECOS 3P MACE+angina 839 7257 | 4.1 851 7266 4.2 8106 174739 | 7.3 9692 174739 | 8.3
SAVOR-TIMI 53 3P MACE 613 8280 | 3.6 609 8212 | 3.6 1662 91064 | 2.4 2390 91064 | 3.1
CAROLINA 3P MACE 356 3023 | 2.1 362 3010 | 2.1 373 24131 | 2.7 458 24131 | 3.0
TRITON-TIMI 38 3P MACE 643 6813 | 7.9 781 6795 9.7 718 21932 3.8 960 21932 3.9
PLATO 3P MACE 864 9333 | 9.8 1014 9291 1.7 649 13980 | 8.0 858 13980 | 7.1

3P MACE indicates 3-point major adverse cardiovascular events (myocardial infarction, stroke, or cardiovascular death); CANVAS, Canagliflozin Cardiovascular
Assessment Study; CARMELINA, Cardiovascular and Renal Microvascular Outcome Study With Linagliptin in Patients With Type 2 Diabetes Mellitus; CAROLINA,
Cardiovascular Outcome Study of Linagliptin Versus Glimepiride in Patients With Type 2 Diabetes; CHF, congestive heart failure; CVD, cardiovascular disease;
DECLARE-TIMI 58, Multicenter Trial to Evaluate the Effect of Dapagliflozin on the Incidence of Cardiovascular Events; EMPA-REG OUTCOME, Bl 10773 (Empagliflozin)
Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients; HHF, hospitalization for heart failure; LEADER, Liraglutide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcome Results; PLATO, Platelet Inhibition and Patient Outcomes; RWE, real-world evidence; SAVOR-TIMI 53, Does Saxagliptin Reduce
the Risk of Cardiovascular Events When Used Alone or Added to Other Diabetes Medications; TECOS, Sitagliptin Cardiovascular Outcomes Study (MK-0431-082);
and TRITON-TIMI 38, Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition With Prasugrel~Thrombolysis in Myocardial Infarction 38.

*Incidence rate per 100 person-years.

tNot reported in the randomized, controlled trial. Estimated on the basis of reported event rate and mean follow-up time.

were used as a proxy for placebo. Active compara-
tors can decrease confounding if they are used inter-
changeably but they are still not a perfect emulation
of a placebo add-on group. If the older and less ex-
pensive sulfonylureas were used more often in patients
with unmeasured frailty and lower socioeconomic
status, then bias toward a protective effect for DPP-
4 inhibitors would be expected, as was found in the
emulations. In contrast, all other diabetes trial emula-
tions targeted a trial with an active comparator or used
DPP-4 inhibitors as a proxy for placebo. These findings
reinforce the widespread recommendations to select
active comparators that are used in similar indicated
populations in noninterventional studies using health
care databases.?!3>3

The 2 antiplatelet trials did not include placebo, so
selection of active comparators did not present a chal-
lenge. Regulatory and estimate agreement was ob-
served in TRITON-TIMI 38 and estimate agreement was
observed in PLATO. Sensitivity analyses and analysis of
tracer outcomes did not reveal a specific design-related
hypothesis for the lack of a superiority finding in the
RWE emulation of PLATO. Additional hypotheses in-
clude random error and a lack of Medicare data for this
therapeutic area, which presumably lowered the event
rate for these emulations.

Despite substantial effort, this activity, and arguably
any project of this type, has important limitations. The
emulation of a trial requires many subjective decisions

1008 March 9, 2021

regarding how to emulate the RCT design and how
to control confounding. Although we attempted to
emulate the features of each targeted RCT as closely
as possible, including inclusion and exclusion criteria,
exposures, and outcomes, the constraints of the health
care databases made exact emulation impossible. Close
emulation of placebo is impossible via RWD, and se-
lection of an active placebo proxy may fundamentally
change the study question. Adherence to medications
used in routine care is often poor compared with RCTs.
We attempted to account for poor adherence to study
medications in the RWE by conducting on-treatment
analyses that censor patients at treatment discontinu-
ation, which led to shorter average follow-up time in
the RWE versus RCTs. This may have excluded some
important outcome events in the RWE if patients were
discontinuing or switching their medication because of
poor prognosis. In contrast, the RCTs typically used an
intention-to-treat approach for the primary analysis,
which is known to result in effect estimates closer to
the null in the context of medication nonadherence.*
This difference may partly explain the larger effects ob-
served in several RWE emulations versus RCTs.

Because complete health history and laboratory data
were not available for all patients in the RWE, inclu-
sion and exclusion criteria from the trials could only be
partially emulated, and even where fully emulated (eg,
age, the resulting distributions were at times meaning-
fully different between the RCT and RWE populations,

Circulation. 2021;143:1002-1013. DOI: 10.1161/CIRCULATIONAHA.120.051718
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Figure 1. Comparison of cumulative event curves.

Cumulative event Kaplan-Meier plots for primary end points in the randomized, controlled trials (RCTs) and corresponding real-world evidence (RWE) emula-
tions. CANVAS indicates Canagliflozin Cardiovascular Assessment Study; CARMELINA, Cardiovascular and Renal Microvascular Outcome Study With Linagliptin in
Patients With Type 2 Diabetes Mellitus; CAROLINA, Cardiovascular Outcome Study of Linagliptin Versus Glimepiride in Patients With Type 2 Diabetes; DECLARE,
Multicenter Trial to Evaluate the Effect of Dapagliflozin on the Incidence of Cardiovascular Events; DPP-4, dipeptidyl peptidase-4; EMPA, Bl 10773 (Empagliflozin)
Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients; LEADER, Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome
Results; PLATO, Platelet Inhibition and Patient Outcomes; SAVOR, Does Saxagliptin Reduce the Risk of Cardiovascular Events When Used Alone or Added to Other
Diabetes Medications; TECOS, Sitagliptin Cardiovascular Outcomes Study (MK-0431-082); TRITON, Trial to Assess Improvement in Therapeutic Outcomes by Opti-
mizing Platelet Inhibition With Prasugrel-Thrombolysis in Myocardial Infarction 38; and SU, sulfonylureas.

possibly because of nonrepresentative participation in
RCTs). Cause of death was not available in the claims da-
tabases, so cardiovascular death was approximated by

Circulation. 2021;143:1002-1013. DOI: 10.1161/CIRCULATIONAHA.120.051718

counting all recorded deaths, which did not complete-
ly capture out-of-hospital deaths for the commercial
claims databases used in this study. Such measurement
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RCT Versus Nonrandomized RWE

Trial name Compar‘ator Endpoi.nt Effect Estimates Std. Diff. Agreement
emulation emulation
LEADER Moderate Good —— 0.90 RA/EA/SD
DECLARE Moderate Moderate N — S i 1.76 RA/SD
EMPA-REG Moderate Good ié 0.35 RA/EA/SD
CANVAS Moderate Good - — i 1.34 RA/EA/SD
CARMELINA Poor Good —e— i' 1.61 EA/SD
TECOS Poor Moderate - 4 E 1.71 EA/SD
SAVOR-TIMI Poor Good —— E 3.16 --
CAROLINA Good Good —e—i— 0.70 RA/EA/SD
TRITON Good Good —— ; -1.11 RA/EA/SD
PLATO Good Good | | | _|9_T _ 131 EA/SD
0.6 0.7 08 09 1 141
HR (95% CI)

Figure 2. Agreement between randomized, controlled trial (RCT) findings and their prespecified real-world evidence (RWE) emulations.

Open circles represent the estimated hazard ratio (HR) from RWE, and filled circles represent the estimated HR from the corresponding RCT. Under the null hypoth-
esis of no bias in the RWE, we would expect ~5% of emulations to have a standardized difference >2. CANVAS indicates Canagliflozin Cardiovascular Assessment
Study; CARMELINA, Cardiovascular and Renal Microvascular Outcome Study With Linagliptin in Patients With Type 2 Diabetes Mellitus; CAROLINA, Cardiovascu-
lar Outcome Study of Linagliptin Versus Glimepiride in Patients With Type 2 Diabetes; DECLARE, Multicenter Trial to Evaluate the Effect of Dapaglifiozin on the
Incidence of Cardiovascular Events; EA, estimate agreement reached; EMPA-REG, Bl 10773 (Empagliflozin) Cardiovascular Outcome Event Trial in Type 2 Diabetes
Mellitus Patients; HR, hazard ratio; LEADER, Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results; PLATO, Platelet Inhibition

and Patient Outcomes; RA, regulatory agreement reached; SAVOR-TIMI, Does Saxagliptin Reduce the Risk of Cardiovascular Events When Used Alone or Added

to Other Diabetes Medications; SD, standardized difference <1.96; TECOS, Sitagliptin Cardiovascular Outcomes Study (MK-0431-082); and TRITON, Trial to Assess
Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition With Prasugrel-Thrombolysis in Myocardial Infarction 38.

error in the outcome can lead to conservative treatment
effect estimates when misclassification is nondifferential
across treatment groups.*' Furthermore, the specificity
of all-cause death as a measure of cardiovascular death
in patient populations with underlying conditions, such
as the diabetes and acute coronary syndrome popula-
tions evaluated in this article, would be expected to be
better than in the general population.

The use of claims data, which lack clinical detail
but provide longitudinal data across the care con-
tinuum, affected the agreement between RCT and
RWE findings. Other RWD sources, such as electronic
health records and patient registries, would almost
certainly have led to different results, as they often
have detailed clinical information that may improve
confounding adjustment. On the other hand, some
data elements are better captured in claims data than
in electronic health records, which may overestimate
medication use by patients who fail to fill their pre-
scriptions and may miss outcomes treated by out-of-
system providers, resulting in substantial bias.*? Other
differences in capturing outcome events are also like-
ly. As noted earlier, all of these differences are failures
of emulation, but do not represent bias attributable

1010 March 9, 2021

to lack of randomization in the RWE, which is the
primary focus of this project.™

The level of agreement between RWE and RCTs re-
ported here was achieved with a prespecified RWE pro-
tocol. This protocol detailed the primary analytic strat-
egy and was publicly registered before any comparative
analyses of outcomes between treatment groups were
conducted, as documented in our audit trail in the Ae-
tion Evidence Platform® and viewable by US Food and
Drug Administration investigators. These prespecified
analyses represent the agreement that could be expect-
ed when designing an RWE study without knowledge
of the findings of the possibly hypothetical RCT that is
the target of emulation.** The findings in this report are
therefore relevant for the interpretation of nonrandom-
ized studies for clinical decision-making when there is
no RCT evidence available on a given question. Howev-
er, interpretation of findings is limited to the small sub-
set of clinical questions that can support measurement
of necessary inclusion and exclusion criteria, exposures,
outcomes, and confounders in the claims databases
available to us for this project. Interpretation is further
limited to nonrandomized studies that base their design
on emulation of a potentially hypothetical target trial

Circulation. 2021;143:1002-1013. DOI: 10.1161/CIRCULATIONAHA.120.051718



2202 ‘2T Yo\ uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Franklin et al

RCT Versus Nonrandomized RWE

Table 3. Effect Estimates for Tracer Outcomes
Study Outcome Expected HR* Exposure IRt Comparator IRt Observed HR (95% Cl)
LEADER Severe hypoglycemia <1 7.8 10.5 0.73 (0.65-0.81)
DECLARE-TIMIS8 Diabetic ketoacidosis >1 2.0 1.4 1.36 (0.78-2.37)
EMPA-REG OUTCOME HF hospitalization <1 2.6 7.7 0.35(0.27-0.46)
Diabetic ketoacidosis >1 2.9 2.3 1.25(0.89-1.76)
CANVAS HF hospitalization <1 2.8 7.8 0.36 (0.30-0.44)
Diabetic ketoacidosis >1 2.6 1.5 1.70(1.29-2.25)
CARMELINA ESRD ~1 3.2 3.2 1.04 (0.81-1.33)
TECOS Severe hypoglycemia <1 12.3 30.8 0.40 (0.38-0.43)
SAVOR-TIMI 53 Severe hypoglycemia <1 5.9 16.3 0.37(0.33-0.41)
CAROLINA Severe hypoglycemia <1 6.0 16.0 0.42 (0.32-0.56)
ESRD ~1 3.0 3.2 1.08 (0.66-1.79)
TRITON-TIMI 38 Major bleeding >1 20.2 16.0 1.17 (1.01-1.34)
Pneumonia hospitalization ~1 11.5 12.3 0.83(0.73-0.95)
PLATO Major bleeding ~1 29.4 23.0 1.16 (0.98-1.39)
Pneumonia hospitalization ~1 23.4 22.0 1.01 (0.84-1.22)

CANVAS indicates Canagliflozin Cardiovascular Assessment Study; CARMELINA, Cardiovascular and Renal Microvascular Outcome Study With Linagliptin in Pa-
tients With Type 2 Diabetes Mellitus; CAROLINA, Cardiovascular Outcome Study of Linagliptin Versus Glimepiride in Patients With Type 2 Diabetes; DECLARE-TIMI58,
Multicenter Trial to Evaluate the Effect of Dapagliflozin on the Incidence of Cardiovascular Events; EMPA-REG OUTCOME, BI 10773 (Empagliflozin) Cardiovascular
Outcome Event Trial in Type 2 Diabetes Mellitus Patients; ESRD, end stage renal disease; HF, heart failure; LEADER, Liraglutide Effect and Action in Diabetes: Evalua-
tion of Cardiovascular Outcome Results; PLATO, Platelet Inhibition and Patient Outcomes; SAVOR-TIMI 53, Does Saxagliptin Reduce the Risk of Cardiovascular Events
When Used Alone or Added to Other Diabetes Medications; TECOS, Sitagliptin Cardiovascular Outcomes Study (MK-0431-082); and TRITON-TIMI 38, Trial to Assess
Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition With Prasugrel-Thrombolysis in Myocardial Infarction 38.

*An expected hazard ratio (HR) of ~1 indicates an approximately null effect. Other expected HRs are listed as ranges of either >1 or <1.

tincidence rate (IR) per 1000 person-years.

and would not directly generalize to the many nonran-
domized RWE studies that do not follow this strategy.

The past few years have witnessed rapid growth in
RWE, including an explosion of RWE on treatments for
COVID-19,7# increasing use of single-arm studies and
nonrandomized studies for US Food and Drug Adminis-
tration approval and labeling,** and the use of nonran-
domized studies by payors and health systems to make
formulary decisions. Additional growth is expected as
access to and reliability of RWD sources continues to ma-
ture. Whereas the quality of nonrandomized RWE stud-
ies varies, explicit prespecification of a protocol corre-
sponding to a target trial, as demonstrated in our study,
could increase confidence when results of such studies
are used for regulatory and payor decisions. In addition,
sharing of data and analyses resulting from large health
care databases with regulators could strengthen the
credibility of nonrandomized RWE. Although such data
are typically protected by patient privacy regulations
and are licensed to investigators by data vendors that
prohibit the sharing of patient-level data, access to data
may be provided through virtual data enclaves or analyt-
ics platforms, such as the one used in this research.

Conclusions

Agreement between RCT and RWE findings varies de-
pending on which agreement metric is used. Interim

Circulation. 2021;143:1002-1013. DOI: 10.1161/CIRCULATIONAHA.120.051718

findings confirm that selection of active comparator
therapies with similar indications and use patterns en-
hances the validity of RWE. However, even in the con-
text of active comparators, concordance between RCT
and RWE findings is not guaranteed. Our findings are
based on a select sample of studies where RWD could
emulate the outcome measure satisfactorily and key
confounding factors were observable. More evidence
is needed to contribute to understanding of the cir-
cumstances that determine whether RWE findings can
predictably match those of RCTs across different thera-
peutic areas. The RCT DUPLICATE project will continue
and expand to include several therapeutic areas over
the course of the project.
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