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With the increasing volume of clinical evidence derived from large-scale Asian real-world data (RWD) and the
growing interest in its use in regulatory decision-making, it is important to conduct benchmarking exercises that
evaluate whether studies using Asian RWD can generate similar conclusions as randomized controlled trials
(RCTs). We aimed to assess whether observational studies based on Korea and Taiwan RWD can yield comparable
results with trials by emulating six cardiovascular outcome trials (CVOTs) of antidiabetic drugs in individuals

with type 2 diabetes (T2D). We emulated six CVOTs using nationwide claims of Korea and Taiwan. An active
comparator, new-user design was applied, and observational analogues to the eligibility criteria and outcomes

of the corresponding RCT were implemented. Propensity score matching was utilized to balance the treatment
groups. Hazard ratios and 95% confidence intervals (Cl) were estimated and compared with corresponding RCT
estimates. We used three pre-specified binary agreement metrics that have been used in prior benchmarking
studies to define concordance in results. Results from each of the six emulations were concordant with the
corresponding CVOT on >1 binary agreement metric. Five out of six emulations indicated superiority when the
corresponding CVOT only demonstrated non-inferiority. Results from emulations were more concordant with Asian-
specific results from RCT, with four emulations meeting all agreement metrics. In this binational study using two
Asian healthcare claims data, emulations yielded comparable clinical conclusions with the corresponding RCT,
increasing the confidence in the validity of RWE studies in patients with T2D using these databases.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC:?

M There is growing interest in real-world evidence (RWE)
derived from observational studies that utilize routinely
collected real-world data (RWD) from diverse populations.
Attempts to validate RWD and its methodology for causal
inference, by emulating and benchmarking against pub-
lished landmark trials, have gained prominence. With the
increasing volume of clinical evidence derived from large-
scale Asian RWD, it is important to conduct benchmarking
exercises that evaluate whether studies using Asian RWD
can generate similar conclusions as randomized controlled
trials.

WHAT QUESTION DID THIS STUDY ADDRESS?

V] Can observational studies using RWD from Asia generate
conclusions similar to those of randomized controlled trials

(RCTs)?
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WHAT DOES THIS STUDY ADD TO OUR
KNOWLEDGE?

[ This binational study emulated six cardiovascular outcome
trials (CVOTs) of antidiabetic drugs in patients with type 2 dia-
betes (T2D) using Korea and Taiwan RWD. The concordance
in results demonstrates the ability of these databases to capture
key study parameters relevant to T2D and supports the notion
that when coupled with rigorous methods, these databases can
generate valid and robust causal conclusions about drug effects
within the T2D therapeutic area.

HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY ORTRANSLATIONAL SCIENCE?

[ Database studies conducted with RWD from Korea and
Taiwan can provide important complementary evidence to RCTs,
especially for underrepresented Asian populations in RCTs;
thereby supporting decision-making in both clinical and regula-
tory settings.
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There is growing interest in real-world evidence (RWE) derived
from observational studies that utilize routinely collected real-
world data (RWD) from diverse population.'™ In alignment
with this focus, attempts to validate RWD and its methodology
for causal inference, by emulating and benchmarking against
published landmark trials, have gained prominence.’™ It is nec-
essary to evaluate the relevance and reliability of data on key
study parameters in the RWD source since observational stud-
ies are likely to fail in emulating trials when the data are not
fit-for-purpose.”” ">

Previous randomized controlled trial (RCT) emulation studies
based on US claims data have been conducted for the use of anti-
diabetic drugs among individuals with type 2 diabetes (T2D).'>!*
This increases confidence that when used with appropriate design
and analytic methods, these data can generate valid and robust causal
conclusions. Similar studies in other disease areas have also been con-
ducted using diverse RWD: France’s National Health Data system
and the United Kingdom’s Clinical Practice Research Datalink 3"
However, there have not been comparable benchmarking exercises
conducted with databases in Asia. With the growing amount of clin-
ical evidence derived from large-scale Asian RWD and interest in
its use in regulatory decision-making, such a benchmarking exercise
could provide valuable insights regarding these data sources.

We aimed to evaluate the concordance of results from RWE
studies conducted using two Asian RWD sources with the results
of six cardiovascular outcome trials (CVOTs) of antidiabetic drugs
in patients with T2D. Each RWE study was explicitly designed to
emulate the design and analysis plan of the corresponding CVOTs.
W also explored the potential for ethnic diversity to drive discor-
dance in results by comparing the RWE study results with the re-
sults of Asian subgroups in the RCTs.

MATERIALS AND METHODS

Data sources

We utilized two health insurance claims databases: Korea’s National
Health Insurance Service-National Health Insurance Database (NHID)
(2010 through 2022), and Taiwan’s National Health Insurance Research
Database (NHIRD) (2011 through 2020). Both regions operate with
single-payer healthcare systems that cover the health insurance of their
entire residents (> SO million for Korea, >23 million for Taiwan), with
continuous enrollment from birth (or enrollment) until death, without
interruptions. This structure ensures high data consistency and strong
population representativeness. These data sources encompass compre-
hensive information on diagnoses, prescriptions, and procedures, in
both inpatient and outpatient settings. Diagnosis records are coded ac-
cording to the International Statistical Classification of Discases and
Related Health Problems, Tenth Revision (ICD-10) and Ninth Revision
(ICD-9); ICD-10 for the entire study period in NHID and from 2016
in NHIRD, and ICD-9 for the period prior to 2016 in NHIRD.'*"
Detailed explanation for each database is provided in eAppendix 1 in
Supplement 1. In this study, each site had converted the local database to
a common data model and executed the same analytics to get the results.

To ensure consistency when defining comorbidity covariates, we manu-
ally mapped corresponding diagnoses between ICD 9 and ICD 10 sys-
tems by reviewing clinical definitions and selecting the most appropriate
matches.

Study design

We emulated six CVOTs in patients with T2D. These included four
CVOTs of dipeptidyl peptidase 4 inhibitors (DPP4i) (CAROLINA
(cardiovascular outcome stud?I of linagliptin vs. glimepiride in pa-
tients with type 2 diabetes), 8 CARMELINA (cardiovascular and
renal microvascular outcome study with linagliptin in patients with
type 2 diabetes mellitus),”” TECOS (sitagliptin cardiovascular out-
comes study),”” and SAVOR-TIMI 53 (does saxagliptin reduce the
risk of cardiovascular events when used alone or added to other di-
abetes medications)),”! as well as two CVOTs of sodium-glucose
cotransporter 2 inhibitors (SGLT2i) (DECLARE-TIMI 58 (multi-
center trial to evaluate the effect of dapagliflozin on the incidence of
cardiovascular events),””> and EMPA-REG OUTCOME (BI 10773
(Empagliflozin) cardiovascular outcome event trial in type 2 diabe-
tes mellitus pzlticnts)).23 The five ingredients (linagliptin, sitagliptin,
saxagliptin, dapagliflozin, and empagliflozin), examined in the six
CVOTs, were widely prescribed in both Korea and Taiwan during the
study period, thereby ensuring a sufficient study population for robust
analyses. Emulations for CANVAS (CANagliflozin cardioVascular
Assessment Stucly)24 and LEADER (Liraglutide effect and action in
diabetes: evaluation of cardiovascular outcome results)®> were origi-
nally planned but were not included in this study due to low usage or
reimbursement considerations in Korea and Taiwan.

All emulations were conducted as an active comparator, new-user co-
hort study design, applying the same eligibility criteria with the corre-
sponding CVOT.* The protocols for the RWE studies to emulate the
trials were all pre-specified and registered on Open Science Framework
(OSF) registries before the analysis (eAppendix2 in Supplement 1).
Protocols elaborated on operational definitions for eligibility criteria, ex-
posure and comparators, outcome, and baseline characteristics for covari-
ates using RWD. These elements were defined to be as analogous to trials
as possible, while also taking into account the feasibility of implementing
them from local data sources. This study followed the Strengthening the
Reporting of Observational Studies in Eplidemiology (STROBE) report-
ing guideline (Data S2).

Study population

We included patients with T2D who initiated the drugs of interest
in each CVOT. Assessment periods for eligibility criteria were de-
fined specifically according to each criterion in each of the CVOTs
as presented in Tables S$1-S6, and in cases where no specific period
was mentioned, we applied a 180-day period prior to the first prescrip-
tion of study drugs (Figures $1-S6). We defined the index date as
the date of the first prescription for the drug of interest during the
study period. Patients were allowed to enter the cohort from the date
of reimbursement of the drug to the end date of the available data (31
December 2022), except where the start date of the available data was
after the reimbursement date.

Exposures and comparators
Among the six CVOTs, five evaluated the drug of interest (linagliptin,
sitagliptin, saxagliptin, dapagliflozin, empagliflozin) compared to
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placebo, and only CAROLINA evaluated linagliptin compared to
glimepiride as an active comparator. Given that comparisons with non-
users of antidiabetic drugs are likely to suffer from confounding by
indication or time-lag bias in RWE studies,”” we selected active com-
parators for each emulation as proxies for placebo. Glimepiride was
selected as the active comparator in the emulation for CAROLINA
and CARMELINA. Second generation sulfonylureas were selected as
the active comparator in the emulations for the CVOT of other DPP4i
(SAVOR-TIMI, TECOS). DPP4i were selected as the active compar-
ator in the emulations for CVOTs of SGLT2i (DECLARE-TIMI 58,
EMPA-REG OUTCOME). All study drugs and active comparators
are in a similar line of therapy with “ntermediate” or “high” efficacy of
glycemic management.

Follow-up

Patients were followed up based on an on-treatment approach: they
were followed from the index date until the earliest of outcome oc-
currence, switching to or adding study drug other than index drug,
drug discontinuation, death, or the end of study period (31 December
2022). A 60-day grace period was applied to define drug discontinu-
ation, regarding the uncertainty of adherence in clinical practice. As
such, it was considered continuous treatment if a subsequent prescrip-
tion was issued within 60 days after the end of the previous prescrip-
tion’s days’ supply. Patients were censored 60 days after the end of the
last prescription if the gap between prescriptions exceeded this period.
Duration of follow-up for each of the treatment groups in each emula-
tion is presented in Table S7.

Outcomes

We aimed to emulate the primary cardiovascular endpoint for the
corresponding  CVOT. For DECLARE-TIMIS8, EMPA-REG
OUTCOME, CARMELINA, CAROLINA, and SAVOR-TIMIS53,
the primary outcome was 3-point major adverse cardiovascular events
(MACE) comprising nonfatal myocardial infarction, nonfatal stroke,
and death from cardiovascular causes. For TECOS, in addition to
3P-MACE, unstable angina was included as the composite primary
endpoint. The individual components of the composite primary end-
point were assessed as secondary outcomes. Cardiovascular death was
defined as death with cardiovascular disease recorded as the primary
cause of death. Several validation studies have been conducted within
the NHID or NHIRD regarding these cardiovascular outcomes, as
detailed in Table S8.

Statistical analysis

A range of covariates including age, sex, comorbidities, comedications,
and proxies for health care utilization were measured over the baseline
assessment period, defined as 180 days prior to and including the index
date (Table S9). Propensity scores (PS) were estimated conditional on
all the covariates using logistic regression models for each emulation.
Covariate distributions were balanced between each treatment group
via 1:1 PS matching based on the greedy nearest-neighbor method with
a caliper of 0.1. We calculated the number of events and the incidence
rate of outcome events per 100 person-years based on Poisson distribu-
tion in the PS-matched cohorts. PS-matched hazard ratios (HR) with
95% confidence intervals (CI) were estimated using Cox proportional
hazard models. Additional adjustment was made in the Cox model only
for covariates with an absolute standardized mean difference value > 0.1
after PS matching. We pooled the database-specific HR estimates from
Korea and Taiwan using random-effects meta-analysis and assessed het-
crogencity between databases using the I statistic.” Statistical analyses
were conducted using SAS software, version 9.4 (SAS Institute Inc.,
Cary, NC, USA) and R software, version 4.3.2 (R Project for Statistical
Computing).
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Assessment of agreements between RCT-RWE findings

We compared our individual and pooled estimates to the estimates
from corresponding CVOT. To assess the potential for discordance
in conclusions that might stem from ethnic diversity, we also com-
pared the results from Asian subgroups in each of the CVOT vs. Asian
RWD.

Three metrics of agreements, all of which were developed and
employed by the Randomized Controlled Trials Duplicated Using
Prospective Longitudinal Insurance Claims: Applying Techniques of
Epidemiology (RCT-DUPLICATE initiative),” were adopted to as-
sess the differences between the estimates from RCT-RWE findings.
First, estimate agreement (EA) can be met if the estimate from the RWE
study falls within the 95% CI of the corresponding CVOT. Second, the
absolute value of the standardized difference for effect estimates of each
RCT-RWE study pair being smaller than 1.96 denoted standardized
difference agreement (SD). We claborated on the estimation of stan-
dardized differences in eAppendix 3 in Supplement 1. Last, statistical
significance agreement (SA) regards the extent to which RWE study
can emulate the direction and statistical significance of the CVOT
findings. In this study, we considered SA to be met if the upper bound-
ary of the 95% CI of the HR from the emulation did not exceed the
pre-specified non-inferiority margin of the corresponding CVOT. All
CVOT being emulated targeted non-inferiority with a margin of 1.3,
except for SAVOR-TIMIS3 (superiority trial).

Sensitivity analyses

Control outcomes were pre-specified for each of CVOTs after con-
sidering the similarity of the confounding structure for the control
outcomes with that of the outcome of interest. Control outcomes were
used to evaluate the potential impact of unmeasured confounders.*!
For the CVOTs of DPP4i comparing gliptins with sulfonylureas, we
selected “severe hypoglycemia” as a positive control outcome due to
its well-established association with sulfonylurca,32 expecting HR es-
timates < 1. As for the CVOTs of SGLT2i, we selected “diabetic ke-
toacidosis” and “hospitalization for heart failure” as positive control
outcomes, expecting HR estimates > 1, and < 1, respectivcl}/'.33‘34 End-
stage renal disease was pre-specified as a negative control outcome in
CARMELINA but did not yield enough events to estimate the HR.
We also conducted an intention-to-treat analysis without censoring
patients on drug discontinuation or switching and carried forward
the initial treatment for 365days to address potential informative
censoring.

ETHICS STATEMENT

Ethical approval was obtained from the Institutional Review
Board of Sungkyunkwan University (SKKU 2022-05-004),
where the requirement of informed consent was waived as this

study used anonymized administrative data and National Cheng
Kung University Hospital (NCKU A-ER-111-197).

RESULTS

Study population

Baseline characteristics in our emulation and corresponding
CVOTs were presented in Table 1. After applying the same el-
igibility and exclusion criteria, several important patient charac-
teristics had notably different distributions when compared with
the corresponding CVOT. The populations in the RWE studies
for EMPA-REG OUTCOME (mean age 58.1 years for RWE vs.
63.1yearsfor RCT) and SAVOR-TIMIS53 (60.3 years vs. 65.1 years)
were younger and TECOS (68.6years vs. 62.9 years) were older
compared to the corresponding CVOT. All six emulations
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Table 1 Baseline characteristics of RCTs and the corresponding emulation of RWE studies

DECLARE EMPA-REG SAVOR
Characteristics -TIMI58 OUTCOME CARMELINA CAROLINA TECOS -TIMI53
Age, years, mean*SD
Korea 64.2+8.2 58.5+12.4 67.8+11.7 63.0+11.2 68.6+9.4 60.4+10.8
Taiwan 63.1+8.1 55.9+12.5 65.7+13.2 60.7+11.1 68.2+10.6 59.8+11.1
RWE, Asia 64.0£8.2 58.1+12.4 66.0+13.0 62.8+11.2 68.6+9.5 60.3+10.9
RCT 64.0£6.8 63.1+£8.7 65.9+9.1 64.1£9.5 62.91£9.1 65.1+£8.6
Female, %
Korea 37.5 41.8 33.1 47.1 40.8 42.3
Taiwan 34.9 38.3 44.9 45.1 37.2 44.5
RWE, Asia 37.1 41.3 43.0 46.9 40.4 42.6
RCT 37.4 28.6 37.1 40.0 29.3 331
Hypertension, %
Korea 59.5 75.0 50.7 61.7 55.1 60.1
Taiwan 64.2 79.6 69.4 63.3 70.2 64.5
RWE, Asia 60.3 75.7 66.5 61.9 56.6 60.7
RCT 89.4 95.0" 91.0 90.1 >78.8" 81.8
Heart failure, %
Korea 0.7 3.4 10.4 3.0 5.9 2.6
Taiwan 0.6 6.4 10.2 3.8 10.8 3.4
RWE, Asia 0.7 3.9 10.2 3.1 6.3 2.7
RCT 10.1 10.1 26.8 4.5 18.0 12.8
Antidiabetic drugs, %
Metformin
Korea 92.9 94.7 64.8 77.0 73.3 76.1
Taiwan 97.6 96.6 78.0 78.0 80.5 63.0
RWE, Asia 93.6 95.0 76.0 77.1 74.0 74.2
RCT 82.0 74.0 54.6 83.2 81.6 69.6
Insulin
Korea 18.3 17.3 31.1 11.6 18.4 6.5
Taiwan 16.8 17.1 19.3 15.5 34.7 8.6
RWE, Asia 18.0 17.2 21.1 12.1 20.0 6.8
RCT 40.9 48.2 58.0 - 23.2 7.2
Cardiovascular drugs, %
ARB
Korea 59.2 80.6 63.7 51.4 56.1 56.1
Taiwan 54.1 76.5 53.5 46.6 56.9 46.6
RWE, Asia 58.4 79.9 55.1 50.8 56.2 54.8
RCT 81.3 80.7 22.7 31.2 78.8 27.9
Beta blockers
Korea 16.0 18.0 53.5 16.9 35.5 16.1
Taiwan 30.6 39.9 41.6 28.0 48.4 27.4
RWE, Asia 18.3 21.2 43.4 18.2 36.8 17.6
RCT 52.6 64.9 59.5 39.0 63.5 61.6
Statins
Korea 67.8 72.9 81.6 54.8 73.7 66.7
Taiwan 70.1 72.4 54.0 55.5 67.3 55.6
(Continued)
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Table 1 (Continued)
DECLARE EMPA-REG SAVOR
Characteristics -TIMI5S OUTCOME CARMELINA CAROLINA TECOS -TIMI53
RWE, Asia 68.2 72.8 58.2 54.9 73.1 65.2
RCT 75.0 77.0 71.9 64.6 79.9 78.3
Asian, %
RCT 13.4 21.6 9.2 17.6 22.3 10.8

CARMELINA, cardiovascular and renal microvascular outcome study with linagliptin in patients with type 2 diabetes mellitus; CAROLINA, cardiovascular outcome
study of linagliptin vs. glimepiride in patients with type 2 diabetes; CVD, cardiovascular disease; DECLARE-TIMI58, multicenter trial to evaluate the effect of
dapagliflozin on the incidence of cardiovascular events; EMPA-REG OUTCOME, empagliflozin cardiovascular outcome event trial in type 2 diabetes mellitus
patients; MI, myocardial infarction; RCT, randomized controlled trial; RWE, real-world evidence; SAVOR-TIMI53, does saxagliptin reduce the risk of cardiovascular
events when used alone or added to other diabetes medication; TECOS, sitagliptin cardiovascular outcomes study.

indicated a lower proportion of hypertension, heart failure, and
use of insulin and beta blockers for patients seen in clinical prac-
tice compared to CVOT participants. The proportions of Asian
participants for the CVOTs ranged from 9.2% (CARMELINA)
t022.3% (TECOS).

Comparison between RCT-RWE findings

Incidence rates of 3-point MACE per 100 person-years were lower
in all emulations (ranging from 0.6 to 3.6) compared to the cor-
responding CVOT (ranging from 2.1 to 5.8), except for TECOS.
In the case of TECOS, the incidence rates observed in emulation
(ranging from 5.5 to 9.2) were higher than those reported in the
corresponding CVOT (approximately 3.6) (Table 2). Point es-
timates from all emulations (DECLARE-TIMIS8: HR 0.64,
95% CI 0.57-0.72; EMPA-REG OUTCOME: 0.59, 0.52-0.67;
CARMELINA: 0.98,0.64-1.51; CAROLINA: 0.88, 0.82-0.94;
TECOS: 091, 0.85-0.98; SAVOR-TIMIS3: 0.64, 0.56-0.74)
suggested stronger benefit than that of the corresponding CVOT,
and all emulations except CARMELINA indicated superior-
ity, whereas the corresponding CVOT only demonstrated non-
inferiority (Figure 1). The two Asian RW Ds were homogenous in
four emulations (/*=0.0%), bur CARMELINA (I*=80.5%) and
SAVOR-TIMIS3 (I* = 11.1%) presented heterogeneity. Results for
secondary outcomes of cach of the six emulations were presented
in Tables S10-S15.

We assessed the agreement between emulation results and their
respective CVOTs by three agreement metrics (EA, SD, SA), as
shown in Figure 1. All emulations met at least one metric in com-
parisons between results of RCT and Asian RWE findings (RCT
vs. RWE, Asia in Figure 1). Notably, emulations for CAROLINA
and TECOS satisfied all three metrics. EA metrics were met in four
of six emulations (CARMELINA, CAROLINA, TECOS, and
SAVOR-TIMIS3), where the point estimates from the emulation
fell within the 95% CI of the corresponding RCT. SD metrics were
satisfied in CARMELINA (SD 0.17), CAROLINA (SD 1.31),
and TECOS (SD 1.09), with the standardized difference between
the estimates being < 1.96. SA metrics were met in all emulations
except for CARMELINA, which presented a wide 95% CI with an
upper boundary exceeding the non-inferiority margin of 1.3.

In comparisons for the Asians subgroup results from CVOTs
and Asian RWE findings (RCT, Asia vs. RWE, Asia in Figure 1),
EMPA-REG OUTCOME and CARMELINA presented more
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comparable results, satisfying all three metrics. CAROLINA and
TECOS also met all three metrics as they were in comparison to
the overall results of CVOT. SAVOR-TIMIS53 met only one met-
ric (SA) in comparison to Asian-specific RCT results, as was the
case in comparison to the overall results of CVOT.

Sensitivity analyses

Results  for severe hypoglycemia met expectations for
CAROLINA, TECOS, and SAVOR-TIMI53 (Figure 2). Also,
results for the hospitalization for heart failure met expectations for
DECLARE-TIMI58 and EMPA-REG OUTCOME. However,
they did not meet expectations for diabetic ketoacidosis, present-
ing null estimates. The results of the intention-to-treat analyses
were consistent with the main findings across all six emulations

(Tables S16-S21).

DISCUSSION

In this binational study using Korea and Taiwan RWD, we em-
ulated six CVOTs of antidiabetic drugs in patients with T2D.
Compared to results from CVOTs, each emulation met at least
one of the pre-specified binary agreement metrics. Three out of
six emulations met the EA and SD metrics, and five emulations
met the SA metrics. Results from emulations were more concor-
dant with Asian-specific results from CVOTs, with four emula-
tions meeting all agreement metrics. The concordance in results
demonstrates the ability of these databases to capture key study
parameters relevant to T2D and supports the notion that when
coupled with rigorous methods, these data can generate valid and
robust causal conclusions about drug effects within the T2D ther-
apeutic area.

A range of observational studies emulated landmark trials. The
RCT-DUPLICATE initiative emulated 32 clinical trials using US
claims data and publicly disclosed the methodologies and results
of these emulations.*'> All 6 CVOTs included in our study were
emulated in RCT-DUPLICATE, providing grounds for compari-
son. Interestingly, as in our study, emulation for SAVOR-TIMI53
met only one agreement metric and the point estimate was lower
than that of trial. A study emulating the GRADE trial (A compar-
ative effectiveness study of major glycemia-lowering medications
for treatment of type 2 diabetes) presented comparable results to
the trial, even though it was published before the trial results were
made public."* For other therapeutic areas, a study that emulated
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Table 2 Comparison of study sizes, incidence rates between RCTs and the corresponding emulation of RWE studies

Exposure Comparator
Trial Outcome Study Event N IR? Event N IR?
DECLARE-TIMI58 3P-MACE RWE, Korea 436 36,159 0.8 827 36,159 1.2
RWE, Taiwan 38 6,995 0.6 70 6,995 1.0
RCT, Asia 76 1,093 — 79 1,093 —
RCT 756 8,582 2.3 803 8,578 2.4
EMPA-REG OUTCOME 3P-MACE RWE, Korea 343 38,068 0.6 637 38,068 1.0
RWE, Taiwan 42 6,684 0.7 64 6,684 1.0
RCT, Asia 79 1,006 — 58 511 —
RCT 490 4,687 3.7 282 2,333 4.4
CARMELINA 3P-MACE RWE, Korea 70 1,921 2.6 7 1,921 3.6
RWE, Taiwan 269 11,040 2.9 172 11,040 1.8
RCT, Asia 40 307 — 40 333 —
RCT 434 3,494 5.8 420 3,485 5.6
CAROLINA 3P-MACE RWE, Korea 1,667 96,056 1.0 1,596 96,056 1.2
RWE, Taiwan 141 12,190 1.3 132 12,190 1.3
RCT, Asia 49 531 — 55 530 —
RCT 356 3,023 2.1 362 3,010 2.1
TECOS 3P-MACE +angina RWE, Korea 1,431 17,073 5.5 1,497 17,073 6.2
RWE, Taiwan 130 1,865 7.6 127 1,865 9.2
RCT, Asia —_ — — — —_ —_
RCT 613 8,280 3.6 609 8,212 3.6
SAVOR-TIMI53 3P-MACE RWE, Korea 367 40,908 0.6 549 40,908 1.0
RWE, Taiwan 64 6,646 1.0 80 6,646 1.4
RCT, Asia — — — — — —
RCT 839 7,257 4.1 851 7,266 4.2

CARMELINA, cardiovascular and renal microvascular outcome study with linagliptin in patients with type 2 diabetes mellitus; CAROLINA, cardiovascular outcome
study of linagliptin vs. glimepiride in patients with type 2 diabetes; CVD, cardiovascular disease; DECLARE-TIMI58, multicenter trial to evaluate the effect of
dapagliflozin on the incidence of cardiovascular events; EMPA-REG OUTCOME, empagliflozin cardiovascular outcome event trial in type 2 diabetes mellitus
patients; MACE, major adverse cardiovascular events; Ml, myocardial infarction; RCT, randomized controlled trial; RWE, real-world evidence; SAVOR-TIMI53, does
saxagliptin reduce the risk of cardiovascular events when used alone or added to other diabetes medication; TECOS, sitagliptin cardiovascular outcomes study.

®Incidence rate (IR) per 100 person-years.

ORAL Surveillance trial (safety study of tofacitinib vs. tumor ne-
crosis factor inhibitor in subjects with rheumatoid arthritis) using
US claims data demonstrated concordant results with the RCT,
when an “RCT duplicate cohort” was constructed by emulating
the trial’s eligibility criteria.”

Several challenges that can induce emulation differences were
presented in our study. For instance, choosing the comparable pa-
tient group in RWD as a proxy for the placebo arm is challenging,
given that these patients may differ in baseline characteristics, ad-
herence, and other unmeasured confounders that could influence
outcomes. Incomplete emulations for SAVOR-TIMI53 presented
across different data sources (US and Asia) may result from an
inadequate placebo proxy, as sulfonylureas are increasingly pre-
scribed to older individuals and those with lower socioeconomic
status,35‘36 which may leave residual confounding. In addition,
the clinical practice populations for EMPA-REG OUTCOME
and SAVOR-TIMIS3 were, on average, 5years younger and had
a 10% higher proportion of women than the CVOT participant

populations. Comparison of baseline characteristics generally sug-
gested greater disease severity (e.g., higher prevalence of hyperten-
sion, heart failure, use of insulin, and beta blockers) in the CVOT
populations compared to the emulation cohorts, as reflected by the
lower incidence rates of 3P-MACE in the emulations, except for
TECOS.

When emulating both the CARMELINA and CAROLINA
trials, we compared linagliptin with glimepiride. However, their
comparability with the corresponding trials appears to differ, likely
due to two factors: the comparator drug and study population.
CAROLINA directly used glimepiride for the control arm, allow-
ing a straightforward emulation, while in CARMELINA, we used
glimepiride as a proxy for placebo. Additionally, CARMELINA fo-
cused on patients at high CV and renal risk, whereas CAROLINA
had a broader population, without restricting participants to
those with underlying renal risks. The CARMELINA trial de-
fined patients with renal risk using the urine albumin-creatinine
ratio and albuminuria, but we emulated this using only diagnostic
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Effect estimates

RCT vs. RWE, Asia

RCT, Asia vs. RWE, Asia

Trial Study
Forest Plot HR (95% Cl) Heterogeneity, I>  Std.Diff Agreement Std.Diff Agreement
RWE, Korea . ; 0.65 (0.58-0.70) 2.96 SA
RWE, Taiwan s ! 0.57 (0.38-0.85) 0.00% 1.74 SD/SA
DECLARE-TIMI58 RWE, Asia - i 0.64 (0.57-0.72) 2.85 SA
RCT, Asia :
RCT . 0.83 (0.73-0.95)
RWE, Korea  —m— I 0.58 (0.51-0.66) 3.97 SA 0.85  EA/SD/SA
RWE, Taiwan — &1 0.68 (0.46-1.01) 0.00% 1.10 SD 0.00  EA/SD/SA
f)'ﬂ:::\:nji RWE, Asia —a | 0.59 (0.52-0.67) 3.90 SA 0.78 EA/SD/SA
RCT, Asia ~ ——a—| 0.68 (0.48-0.95)
RCT R 0.86 (0.74-0.99)
RWE, Korea —eL 0.77 (0.55-1.06) 1.55 SD/SA 1.23  EA/SD/SA
RWE, Taiwan e 1.20 (0.98-1.46) 80.52% -1.32 SD -0.39  EA/SD/SA
CARMELINA  RWE, Asia —— 0.98 (0.64-1.51) 0.17 EA/SD 0.34 EA/SD/SA
RCT, Asia — 1.09 (0.70-1.70)
RCT —— 1.02 (0.89-1.17)
RWE, Korea - 0.87 (0.81-0.93) 139 EA/SD/SA 0.1  EA/SD/SA
RWE, Taiwan — - 0.96 (0.76-1.22) 0.00% 0.14 EA/SD/SA -0.33  EA/SD/SA
CAROLINA  RWE, Asia - | 0.88 (0.82-0.94) 131 EA/SD/SA 0.07 EA/SD/SA
RCT, Asia s B— 0.89 (0.60-1.31)
RCT —a— 0.98 (0.84-1.14)
RWE, Korea -! 0.91 (0.84-0.97) 1.13  EA/SD/SA 1.64 EA/SD/SA
RWE, Taiwan —— 0.95 (0.74-1.21) 0.00% 0.23 EA/SD/SA 091  EA/SD/SA
TECOS RWE, Asia - 0.91 (0.85-0.98) 1.09 EA/SD/SA 1.62 EA/SD/SA
RCT, Asia —+a— 1.11 (0.89-1.40)
RCT - 0.98 (0.88-1.09)
RWE, Korea —a— i 0.62 (0.55-0.71) 5.45 SA 2.74 SA
RWE, Taiwan ——8— 0.75 (0.54-1.04) 11.14% 1.62 SD/SA 1.45  EA/SD/SA
SAVOR-TIMI53 RWE, Asia —- 0.64 (0.56-0.74) 5.03 SA 2.61 SA
RCT, Asia —_—— 1.09 (0.74-1.59)
RCT == 1.00 (0.89-1.12)
. ! .
05 1.0 2.0

Figure 1 Effect estimates and evaluation of agreement between results from RCTs and the corresponding emulation of RWE studies.
CARMELINA, cardiovascular and renal microvascular outcome study with linagliptin in patients with type 2 diabetes mellitus; CAROLINA,
cardiovascular outcome study of linagliptin vs. glimepiride in patients with type 2 diabetes; Cl, confidence interval; DECLARE-TIMI5S,
multicenter trial to evaluate the effect of dapaglifiozin on the incidence of cardiovascular events; EA, estimate agreement; EMPA-REG
OUTCOME, BI 10773 (Empagliflozin) cardiovascular outcome event trial in type 2 diabetes mellitus patients; HR, hazard ratio; RCT, randomized
controlled trial; RWE, real-world evidence; SA, statistical significance agreement; SAVOR-TIMI53, does saxagliptin reduce the risk of
cardiovascular events when used alone or added to other diabetes medications; SD, standardized difference agreement; TECOS, sitagliptin

cardiovascular outcomes study.

codes. This limitation likely contributed to our emulation of
CAROLINA showing greater comparability than CARMELINA.

Our emulation results aligned more closely with the findings
from the Asian subgroup of the corresponding CVOTs, suggest-
ing that the ethnic differences observed in trials are supported
by larger population-based observational studies. In the context
of T2D, Asian patients tend to have a lower body mass index, a
higher prevalence of beta-cell dysfunction,3 7 carlier disease onset,*®
and distinct CV risk profiles compared to other ethnicities.” To
generalize RCT findings across diverse populations, it is crucial
to enhance the participation of underrepresented populations in
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these trials.“**! However, due to the limited diversity in many
RCTs, Asian patients are often included only as small subgroups or
conflicting meta-analyses.*>*> This highlights the important role
that well-designed observational studies using robust RWD play
in addressing these gaps by generating evidence that is complemen-
tary to RCTs.

Strengths and limitations

To the best of our knowledge, this is the first study to emulate
six CVOTs utilizing two large Asian data sources, demonstrating
the ability of RWE studies using Asian RWD to generate similar
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Trial Outcome Expected HR Study ExPosfure compa:ator Observed HR (95% ClI) Met .
IR IR expectation
o RWE, Korea 1.2 3.5 . 0.98 (0.71-1.35) Yes
HF hospitalization <1 . |
RWE, Taiwan 2.7 6.7 — 0.40 (0.23-0.70) Yes
DECLARE-TIMIS58 !
Diabetic L RWE, Korea 1.3 1.1 e 0.98 (0.71-1.35) No
o >
ketoacidosis RWE, Taiwan 1.0 13 —-:— 0.70 (0.25-1.98) No
o RWE, Korea 2.1 45 - 0.46 (0.37-0.56) Yes
HF hospitalization <1 . 1
EMPA-REG RWE, Taiwan 8.6 10.3 —=t 0.81 (0.57-1.15) Yes
OUTCOME Diabetic L RWE, Korea 1.2 1.4 —=L 0.79 (0.58-1.08) No
O >
ketoacidosis RWE, Taiwan 1.1 1.8 — =1 0.60(0.24-1.53) No
1
RWE, Korea 3.2 8.2 - 0.41 (0.37-0.45 Yes
CAROLINA severe <1 : ( )
hypoglycemia RWE, Taiwan 4.7 8.5 —a— : 0.58 (0.41-0.82) Yes
RWE, Korea 5.2 7.2 - ! 0.72 (0.58-0.90 Yes
TR Severe o . : ( )
hypoglycemia RWE, Taiwan 13.4 19.7 — 0.77 (0.45-1.33) Yes
1
RWE, Korea 1.5 5.8 —-— 1 0.25(0.20-0.32 Yes
SAVOR-TIMI53 severe <1 _ i ( )
Hypoglycemia RWE, Taiwan 3.0 6.9 —— : 0.45 (0.26-0.78) Yes
01 03 05 10 20

Figure 2 Results for control outcomes. CAROLINA, cardiovascular outcome study of linagliptin vs. glimepiride in patients with type 2 diabetes;
Cl, confidence interval; DECLARE-TIMI58, 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; HF, heart failure; HR,
hazard ratio; IR, incidence rate; SAVOR-TIMI53, does saxagliptin reduce the risk of cardiovascular events when used alone or added to other
diabetes medications; TECOS, sitagliptin cardiovascular outcomes study. "Per 1,000 person-years.

conclusions as RCTs for a variety of glucose-lowering therapies.
The two Asian RWD utilized in our study possess potential ad-
vantages for emulating trials. Since the single-payer health insur-
ance system covers approximately 97% of the entire population,
the target population of RWE studies conducted with this data
source is highly representative of the population in real-world
clinical practice, where the results of the RWE studies will be ap-
plied.*** Morcover, the continuity of diagnostic and prescription
records both within- and out-of-hospital ensures data complete-
ness, thereby effectively capturing key study parameters such as
exposures and outcomes. ¢ Lastly, when implementing a common
study protocol across different data sources, discrepancies may
arise due to differences in the operational definitions of covariates,
variations in statistical analysis methods, and the analytic infra-
structure specific to each dataset. To minimize these differences,
we not only developed a harmonized protocol but also executed
unified SAS program analytics across both datasets.

There are some limitations to consider when interpreting our re-
sults. First, since the individuals in observational studies cannot be
randomly assigned, comparability between treatment groups was
achieved by PS matching. However, we were not able to measure
potentially important risk factors due to limitations of the data
source (e.g., missing for hemoglobin Alc levels, duration of diabe-
tes), which leaves the potential for unmeasured confounding. Null
estimates resulted from the positive control outcome of diabetic
ketoacidosis for SGLT2i also suggest this potential. Caution is war-
ranted when interpreting the risk estimates from our study. Second,
the lack of information on the Asian population in published trials
presents a limitation in interpreting our results. Lastly, the initially
planned emulations of CVOTs for certain antidiabetic drugs, such
as canagliflozin (CANVAS) and liraglutide (LEADER), were not

conducted due to limited use or lack of reimbursement for these
drugs, narrowing the scope of this study.

CONCLUSION

We observed comparable results between six database studies and
the CVOTs they were designed to emulate. This comparability
indicates that when coupled with rigorous design and analysis
methods, database studies conducted with RWD from Korea and
Taiwan can provide important complementary evidence to RCTs,
especially for underrepresented Asian populations in RCTs,
thereby supporting decision-making in both clinical and regula-
tory settings.
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