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Abstract

Objective: Over 99% of the EMPA-REG OUTCOMIE trial participants had established
cardiovascular disease (CVD). We aimed to investigate effectiveness and safety outcomes among
patients with type 2 diabetes (T2D) initiating empagliflozin vs dipeptidyl peptidase-4 inhibitor
(DPP-4i) across the broad spectrum of cardiovascular risk.

Methods: In a population-based cohort study we identified 39,072 pairs of 1:1 propensity
score-matched adult patients with T2D initiating empagliflozin or DPP-4i, using data from 2 U.S.
commercial insurance databases and Medicare between 08/2014-09/2017. Primary outcomes were
a composite of myocardial infarction (Ml)/stroke, and hospitalization for heart failure (HHF).
Safety outcomes were bone fractures, lower-limb amputations (LLA), diabetic ketoacidosis
(DKA), and acute kidney injury (AKI). We estimated pooled hazard ratios (HR) and 95% ClI
adjusting for >140 baseline covariates.

Results: Study participants had mean age of 60 years and only 28% had established CVD.
Compared to DPP-4i, empagliflozin was associated with similar risk of Ml/stroke [HR (95% CI),
0.99 (0.81-1.21)], and lower risk of HHF [0.48 (0.35-0.67) and 0.63 (0.54-0.74), based on a
primary and any HF discharge diagnosis, respectively]. The HR was 0.52 (0.38-0.72) for all-cause
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mortality (ACM) and 0.83 (0.70-0.98) for a composite of Ml/stroke/ACM. Empagliflozin was
associated with a similar risk of LLA and fractures, an increased risk of DKA [1.71 (1.08-2.71)],
and a decreased risk of AKI [0.60 (0.43-0.85)].

Conclusions: In clinical practice, the initiation of empagliflozin vs DPP-4i was associated with
a lower risk of HHF, ACM, and Ml/stroke/ACM, a similar risk of Ml/stroke, and a safety profile
consistent with documented information.

Keywords

Empagliflozin; dipeptidyl peptidase-4 inhibitors; type 2 diabetes; cardiovascular outcomes; safety
outcomes

Background

The EMPA-REG OUTCOME trial showed that empagliflozin, a sodium-glucose co-
transporter-2 inhibitor (SGLT-2i), reduces the relative risk of cardiovascular death by 38%,
all-cause mortality by 32%, and hospitalization for heart failure (HHF) by 35%, compared
to placebo, when added to standard of care in patients with type 2 diabetes (T2D).1

More than 99% of patients included in the EMPA-REG OUTCOME trial had established
cardiovascular disease. This evidence, together with evidence from other large randomized
controlled trials (RCTs),2~* prompted clinical guidelines to recommend the initiation of

a SGLT-2i among patients with high cardiovascular risk or patients with established
atherosclerotic cardiovascular disease, heart failure, or chronic kidney disease.®

The beneficial effects of empagliflozin are yet to be evaluated in routine clinical care in
head-to-head comparisons with alternative glucose-lowering medications, particularly in
patients without established cardiovascular disease. Furthermore, although safety data on
empagliflozin and other SGLT-2i have been reported in large RCTs,13 evidence on safety of
these agents is still accumulating,26-10 as RCTs are less reflective of routine care patients
and treatment patterns, and as they are not typically powered to detect rare outcomes

that may become evident in larger and more broadly defined populations.19 Specifically,

the safety of empagliflozin has not been evaluated in a large real-world population for
potential severe unintended adverse effects of SGLT-2i, such as bone fractures, lower-limb
amputations (LLA), diabetic ketoacidosis (DKA), and acute kidney injury (AKI).

The EMPagliflozin compaRative effectlveness and SafEty (EMPRISE) study program is

a multi-year monitoring program utilizing a new-user, active-comparator cohort study

design with 1:1 propensity score (PS)-matching of patients initiating empagliflozin or a
comparator to evaluate the effectiveness, safety and healthcare utilization of empagliflozin

in routine care across the broad spectrum of baseline cardiovascular risk using real-world
data from three U.S. healthcare utilization datasets.11 Within this program, we plan to collect
accumulating data for a period of five years following the date of empagliflozin’s approval
inthe U.S., i.e., August 1, 2014 through September 30, 2019, and conduct four interim
analyses after each twelve-month data update and a final analysis.
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In this analysis, we aimed to assess the association between empagliflozin and several
cardiovascular and safety outcomes compared to dipeptidyl peptidase-4 inhibitor (DPP-4i),
using data through the third year of EMPRISE, i.e., August 2014 through September 2017.

Methods

Data source

Data were collected from one federal (Medicare fee-for-service) and two commercial
(Optum Clinformatics Data Mart® Database and IBM MarketScan) data sources in the
United States. Medicare is a federally funded program that provides health care coverage for
nearly all legal residents of the U.S. aged =65 years and some disabled patients aged <65
years. Optum and MarketScan include a national commercially insured population in the
U.S. and contain longitudinal medical, pharmacy claims from several different managed care
plans, and results for outpatient laboratory tests for a subset of patients (approximately 45%
in Optum and 5-10% in MarketScan) through linkage with national lab test provider chains.
The study was approved by the Mass General Brigham Institutional Review Board, and
signed data license agreements were in place for all data sources. The study was registered at
EnCEPP (EUPAS20677) and on ClinicalTrials.gov (NCT03363464).

Study design and patient eligibility
EMPRISE is a sequentially built new-user, parallel-group, active-comparator retrospective
cohort study, as previously described.! For this analysis, we identified a cohort of
T2D patients =18 years initiating empagliflozin or a DPP-4i from August 2014 through
September 2017. As previously reported, DPP-4 inhibitors were chosen as the comparator
group because they represent a comparable therapeutic alternative in a similar position in
the T2D treatment pathway during the study period, have similar glycemic efficacy and
hypoglycemia risk, and have demonstrated to be neutral on cardiovascular outcomes in
clinical trials.11 Cohort entry date was the day of the first filled prescription of empagliflozin
or a DPP-4i, with no use of SGLT-2i or DPP-4i in the preceding year. Patients were required
to have continuous healthcare enrollment during the one year prior to and including the
cohort entry date. We excluded patients who had a diagnosis of malignancy, end-stage
kidney disease, human immunodeficiency virus, organ transplant, type 1 diabetes, secondary
or gestational diabetes, or a nursing home admission during the baseline period (eTable 1,
Figure 1 and eFigure 1).

Outcomes and follow-up

The primary outcomes of interest were a composite of myocardial infarction or stroke

and HHF, defined as a heart failure discharge diagnosis code in the primary position.

The positive predictive values of the algorithms used to define these outcomes were 84%
or higher in previous validation studies against medical records.12-15 We also assessed

a broader definition of HHF, defined as a heart failure discharge diagnosis code in

any position (HHF-broad; PPV = 79-96%).15 Secondary effectiveness outcomes included
myocardial infarction and stroke assessed individually, all-cause mortality, and a composite
of myocardial infarction, stroke and all-cause. Safety outcomes of interest included
lower-limb amputations (LLA) requiring surgery, non-vertebral bone fractures (fracture of
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humerus, radius, ulna, or hip requiring intervention, or pelvis fracture), diabetic ketoacidosis
(DKA) requiring hospitalization, and acute kidney injury (AKI) requiring hospitalization
(investigated both as AKI discharge diagnosis in the primary or in any position). Safety
outcomes were identified using algorithms validated against medical records.16-20 eTable

2 summarizes all outcome definitions. Follow-up began on the day after cohort entry and
continued in an as-treated scheme until the first occurrence of treatment discontinuation

or switch to a drug in the comparator class, the occurrence of a specific study outcome,

a nursing home admission, death, plan disenrollment, or September 30, 2017. Treatment
discontinuation was defined as not refilling a prescription within 30 days from the last day of
expected coverage of the most recent prescription.

Patient characteristics

Patient characteristics were measured during the year prior to and including the cohort entry
date (eFigure 1). These included demographic characteristics, calendar time (in quarters
and days), comorbidities, diabetes-specific complications and other claims-based indicators
of diabetes severity (e.g., number of hemoglobin Alc [HbAlc] or glucose tests ordered,
endocrinologist visits, etc.), use of medications including diabetes medications, indicators of
health care utilization as proxy for overall disease state, care intensity, and surveillance, and
laboratory test results, which were available for a subset of 45-50% of patients in Optum
and 5-10% in MarketScan through linkage with U.S. national lab test provider chains.

We also measured a claims-based Combined Comorbidity Score?! and a frailty index?2 to
account for differences in overall comorbidity burden and frailty between treatment groups.
The complete list of baseline patient characteristics is reported in eTable 3.

Statistical analysis

To account for the non-random allocation of patients to the treatment groups, we estimated
a PS, which was calculated using a multivariable logistic regression that modeled the
probability of initiating empagliflozin vs. DPP-4i as a function of over 140 pre-defined
baseline characteristics.23 Except for laboratory test values, which were only available in a
subset of the population, all prespecified variables were included in the PS model. Patients
in both exposure groups were 1:1 PS-matched utilizing the nearest neighbor method without
replacement with a maximum caliper of 0.01 of the PS.24 Standardized mean differences for
each covariate were calculated to assess post-matching covariate balance between treatment
groups, with values <0.1 interpreted as adequate balance between treatments.2> PS models
were fitted and 1:1 matching performed separately within each database. Hazard ratios
(HRs) and 95% confidence intervals (CI) were estimated using Cox proportional hazards
models in each database and pooled across data sources using a fixed-effects meta-analysis,
with quantification of the percentage of variation across databases due to heterogeneity
through the 12 statistic. For the primary outcomes, we also produced Kaplan-Meier plots of
cumulative incidence and compared incidence rates between treatment groups with log-rank
tests.

To address potential informative censoring, in sensitivity analyses we re-defined treatment
discontinuation as not refilling a prescription within 60 days (instead of 30 days) after the
expiration of the last prescription’s supply, and we carried forward the exposure to the
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first-used medication for 365 days without considering drug discontinuation or switching,
mimicking an “intention-to-treat” approach. To assess the presence of potential unmeasured
confounding, we inspected the balance in laboratory test results, which were not included
in the PS model as they were only available in a subset of the population,26 and evaluated
the association of empagliflozin with a tracer outcome for which we expected a null finding,
i.e., herpes zoster virus reactivation. Finally, as pre-exposure treatment with glucagon-like
peptide-1 receptor agonists (GLP-1RA), which has demonstrated cardiovascular benefits in
RCTs,27 is expected to be more frequently discontinued after initiation of a DPP-4i vs.
empagliflozin, we excluded patients with GLP-1RA use at baseline, re-matched patients
based on re-estimated PS, and censored at the time of GLP-1RA initiation, to assess the
sensitivity of our primary findings to the potential time-varying confounding associated
with the differential use of GLP-1RA during follow-up. We expected more DPP-4i than
empagliflozin initiators to discontinue treatment with GLP-1RA as (1) the concomitant

use of DPP-4i and GLP-1RA is not clinically recommended,® due to their non-synergistic
glucose-lowering action and the similarity in potential safety concerns, e.g., pancreatitis;
and as (2) the combination of empagliflozin and GLP-1 RA may be considered in clinical
practice, to further enhance the respective cardiovascular benefits demonstrated in clinical
trials. We also conducted subgroup analyses for primary and selected secondary outcomes
by history of established cardiovascular disease, defined as a diagnosis or procedure

for myocardial infarction, unstable angina, coronary atherosclerosis or other forms of
chronic ischemic heart disease, coronary procedure, congestive heart failure, ischemic or
hemorrhagic stroke, transient ischemic attack, peripheral arterial disease or surgery, or lower
extremity amputation, recorded during the baseline period. Within each subgroup, the PS
was re-estimated, and PS-matching was re-performed.

All analyses were performed using Aetion platform version 4.10 with R version 3.2, which
has been previously validated?®, and SAS 9.4 Statistical Software (SAS Institute Inc., Cary,
NC).

We identified 440,317 eligible patients with T2D who initiated empagliflozin (43,136
overall, 10,768 in Optum, 20,188 in MarketScan, and 12,180 in Medicare) or DPP-4i
(397,181 overall, 66,140 in Optum, 113,522 in MarketScan, and 217,519 in Medicare)
across the three databases (Figure 1). Before PS-matching, empagliflozin initiators were
younger, more likely male, with a lower burden of comorbidities overall, as measured by
the Combined Comorbidity Score,?! and less frailty, as measured by the claims-based frailty
index,22 compared to DPP-4i. Conversely, empagliflozin initiators tended to have higher
prevalence of obesity, higher baseline use of insulin, and higher number of antidiabetic
medications at cohort entry (Table 1 and eTable 3). After 1:1 PS-matching, we identified
39,072 pairs of empagliflozin or DPP-4i initiators (9,786 in Optum, 17,710 in MarketScan,
and 11,576 in Medicare) with successful matching of 91% of empagliflozin patients. The
distribution of all baseline characteristics was well balanced between the groups with
standardized differences <0.1. Laboratory test results, including HbAlc and estimated
glomerular filtration rate (eGFR), measured in a subset of the population, were also well
balanced, despite not being included in the PS model. Study participants were 60 years old
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on average, 55% were male, 28% had history of established CVD, 62% were treated with
metformin at cohort entry, 18% with insulin, and the mean HbAlc was 8.5% (Table 1 and
eTable 3). Sitagliptin and linagliptin were the most frequently initiated agents within the
DPP-4i class (62% and 18%, respectively) (eTable 4).

After PS-matching, the mean follow-up time on treatment was approximately 6 months in
both exposure groups. Over 9,000 patients had follow-up time greater than 1 year. Most
patients were censored due to treatment discontinuation (44%) or end of the study period,
i.e. September 30, 2017 (40%) (eTable 5).

There were 2.8 vs. 6.1 events per 1,000 person years for the HHF outcome based on a

heart failure discharge diagnosis in the primary position (HR 0.48, 95% CI 0.35-0.67),

14.1 vs. 23.0 events per 1,000 person years for the HHF-broad outcome (HR 0.63, 95% CI
0.54-0.74), and 10.6 vs. 10.7 events per 1,000 person years for the composite outcome of
myocardial infarction or stroke (HR 0.99, 95% CI 0.81-1.21) among empagliflozin initiators
vs. DPP-4i initiators, (Table 2). Database-specific estimates for these outcomes showed
consistent results with 12 = 0% (eTable 6). Kaplan-Meier curves comparing the cumulative
incidence of primary outcomes in empagliflozin vs. DPP-4i initiators were consistent with
these findings (Figure 2). Kaplan-Meier curves for HHF outcomes separated early, within
the first six months of treatment initiation. The proportional hazards assumption, which was
assessed by testing the significance of the interaction term between exposure and time, was
not violated.

For the secondary effectiveness outcomes, no difference in the risk of myocardial infarction
or stroke, considered as individual outcomes, was observed in empagliflozin vs. DPP-4i
initiators (HR 0.96, 95% CI 0.75-1.24; and HR 1.06, 95% CI 0.77-1.45, respectively).
However, empagliflozin initiation was associated with a lower risk of all-cause mortality
(HR 0.52, 95% CI 0.38-0.72), and the composite outcome of myocardial infarction, stroke,
or all-cause mortality (HR 0.83, 95% CI 0.70-0.98), compared with DPP-4i initiation.
Overall findings were consistent with the results generated within the Medicare population,
who had complete information on all-cause mortality (HR 0.54, 95% CI 0.38-0.78; and HR
0.77,95% CI 0.61-0.97) (eTable 6).

For the safety outcomes, empagliflozin initiators had similar risk of LLA and bone fractures
(HR 1.12, 95% CI 0.75-1.67; and HR 1.18, 95% CI 0.78-1.76), increased risk of DKA (HR
1.71, 95% CI 1.08-2.71), and lower risk of AKI (HR 0.60, 95% CI 0.43-0.85, based on an
AKI discharge diagnosis in the primary position; and HR 0.62, 95% CI 0.55-0.71, based on
an AKI discharge diagnosis in any position), compared with initiators of DPP-4i (Table 2).

Findings were consistent in sensitivity analyses, which re-defined treatment discontinuation
as not refilling a prescription within 60 days (instead of 30 days) after the expiration of

the last prescription’s supply, carried forward the exposure to the first-used medication for
365 days without considering drug discontinuation or switching, and excluded patients with
baseline use of GLP-1RA (Table 3, eTables 7-8). As expected, the null hypothesis of no
association between empagliflozin and the tracer outcome was not rejected (HR 0.97, 95%
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Cl 0.81-1.17). Subgroup analyses by history of established cardiovascular disease produced
results consistent with findings for primary and selected secondary outcomes (Table 3).

Discussion

In this analysis from the multi-year EMPRISE study program including nearly 40,000
routine-care patients with T2D initiating empagliflozin 1:1 PS-matched to patients initiating
DPP-4i in the U.S., we found that empagliflozin was associated with a 37-52% decreased
risk of HHF compared with DPP-4i and a similar risk of myocardial infarction or stroke.
The initiation of empagliflozin vs. DPP-4i was also associated with a reduction in the risk
of all-cause mortality and a composite outcome of myocardial infarction, stroke, or all-cause
mortality. Compared with initiation of DPP-4i, empagliflozin initiation was associated with
a similar risk of LLA and fractures, a 71% increased risk of DKA, and a 38-40% decreased
risk of AKI. Findings were consistent in sensitivity analyses and subgroup analyses of
patients with and without history of established cardiovascular disease.

This analysis from the EMPRISE study program, which addressed the comparative
effectiveness and safety of empagliflozin in routine care patients with mean age of 60
years across the broad spectrum of cardiovascular risk, and which included a population
of empagliflozin users nearly ten times larger than the population enrolled in the EMPA-
REG OUTCOME trial (N = 4,687), provides clinically relevant findings that complement
available evidence from RCTs.13

When directly compared with an alternative glucose-lowering treatment, i.e., DPP-4i,
empagliflozin was associated with substantial reduction in the risk of HHF. This finding

is comparable in timing and magnitude to the effects of empagliflozin and other SGLT-2i

on HHF in cardiovascular outcome trials in populations of patients with T2D1-3:29 or heart
failure with reduced ejection fraction,30-31 and in real-world investigations that reported on
the overall SGLT-2i class or on other SGLT-2i.32-34 The early occurrence of benefits with
respect to heart failure endpoints has been observed as early as 12 weeks in the EMPA-REG
OUTCOME trial, and the reduction in cardiac preload and afterload, caused by an osmotic
diuresis, has been noted as one of the key mechanisms underlying the rapid reduction

in systolic blood pressure, body weight, and subsequent risk of hospitalization for heart
failure.3 Our results, which include information through the third year of EMPRISE, also
confirm preliminary results from this study program with greater precision,38 including the
observation of consistent reductions in HHF associated with the initiation of empagliflozin
regardless of whether patients did or did not have history of established cardiovascular
disease. In our study, empagliflozin and DPP-4i had comparable efficacy in prevention of
myocardial infarction or stroke, independent of the presence of established cardiovascular
disease at baseline. Similarly, neither empagliflozin nor other SGLT-2i produced meaningful
reductions in atherosclerotic outcomes in placebo-controlled RCTs, though duration of
follow-up was longer in clinical trials compared to our study.1=3 Conversely, we found

that initiation of empagliflozin in clinical practice was associated with a decreased risk of
all-cause mortality and of a composite outcome of myocardial infarction, stroke, or all-cause
mortality. These findings are consistent with results from the EMPA-REG OUTCOME
trial, which, in addition to HHF, showed substantial and early effects of empagliflozin on
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cardiovascular death and all-cause mortality.1:3% Through selective inhibition of SGLT2 in
the proximal tubule of the kidney, empagliflozin leads to reduced renal glucose reabsorption
and increased urinary glucose excretion, with reductions in volume and sodium load through
its glucuretic, diuretic, and natriuretic properties. It has been suggested that hemodynamic
changes in hematocrit and hemoglobin related to plasma volume contraction driven by
empagliflozin, which manifested as early as 12 weeks after empagliflozin initiation in

the EMPA-REG OUTCOME trial, may be an important mediator of the reduction in
cardiovascular mortality risk observed with empagliflozin.3” This may ultimately also
contribute to the reduction in the risk of overall mortality in patients with T2D.

In this analysis of EMPRISE, we report for the first time on selected safety outcomes
associated with the initiation of empagliflozin in clinical practice. The CANVAS trial
detected a nearly two-fold increased risk of LLA (6.3 v 3.4 per 1000 person years) and

a 56% increased risk of bone fractures (HR 1.56, 95% CI: 1.18-2.06) among patients
randomized to the SGLT-2i canagliflozin vs. placebo.? Although no differences were seen
in the risk of either outcome among patients randomized to canagliflozin vs. placebo in the
subsequent CREDENCE trial,# the label for canagliflozin was revised to include a warning
for these outcomes®- and concerns were raised with respect to other SGLT-2i. In this study,
we did not observe meaningful differences in the risk of either LLA or fractures among
patients initiating empagliflozin compared with DPP-4i. These findings are consistent with
results from the EMPA-REG OUTCOME trial, which found similar proportions of these
outcomes in the empagliflozin and placebo arm.138 Real-world investigations to date have
shown no increased risk of fractures associated with the use of SGLT-2i,%:3940 though

a potential increase in the risk of LLA has been detected, mostly for other SGLT-2i,

among older patients and patients with cardiovascular disease.344 In our study, we did

not observe large differences in the risk of LLA among patients initiating empagliflozin

vs. DPP-4i in either Medicare patients or patients with cardiovascular disease, though point
estimates for LLA remain imprecise in these subgroup analyses at this time of the EMPRISE
program. In this analysis, we also investigated the association between the initiation of
empagliflozin and DKA and found that empagliflozin was associated with a 71% increased
risk, compared with DPP-4i. Although originally not detected in RCTs, cases of DKA,
mostly characterized by euglycemia, started to appear in the post-marketing period among
SGLT2i-treated patients with T2D, which resulted in a warning in 2015 to include DKA as
an adverse effect of SGLT-2i.6 Subsequent RCTs and observational studies have confirmed
the increase in DKA risk among SGLT-2i users,3*10 with a recent analyses suggesting a
class effect.#2 Finally, this study identified a decrease in the risk of AKI among patients
initiating empagliflozin vs. DPP-4i. This is in contrast with previous concerns that SGLT-2i
may lead to AKI due to an initial acute drop in eGFR after SGLT-2i initiation, and with early
postmarketing reports of AKI cases with SGLT-2i that prompted a warning in 2016.43 The
EMPA-REG OUTCOME trial and other RCTs showed that the risk of AKI is not increased
and may even be reduced in patients randomized to SGLT-2i, compared to placebo,**

and a network meta-analysis of RCTs indicated a reduced risk of AKI with SGLT-2i vs.
DPP-4i,%> possibly driven by a reduction in ischemia-reperfusion injury to the kidney and
decreased tubular injury markers. Our results provide further reassurance on the safety of
empagliflozin with respect to the risk of AKI.
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This analysis from EMPRISE has limitations. First, although we increased comparability
between treatment groups through extensive PS matching by many baseline characteristics,
residual confounding by unmeasured or not well measured characteristics in claims (e.g.,
hemoglobin Alc level, diabetes duration, obesity) cannot be excluded. However, in a
previous investigation based on claims data linked to electronic health records, we showed
sufficient balance in many of these characteristics after using a new-user active comparator
cohort design and adjusting for many claims-based proxies of diabetes severity.26 A similar
balance in key laboratory test results was found in the current study after PS matching,
despite not including this information in the PS models. Finally, we were able to replicate
the expected null association with the tracer outcome of herpes zoster virus reactivation,
which is unlikely to be associated with either empagliflozin or DPP-4i. Second, the mean
study follow-up (i.e., time on treatment) was short, i.e., approximately six months, due to
the short study period included in this analysis (August 2014 - September 2017), which was
driven by the recency of empagliflozin availability on the U.S. market, and the substantially
lower patient adherence to diabetes medications in clinical practice compared to RCTs. This
limited our ability to address longer term benefit and harm of empagliflozin. However, the
EMPA-REG OUTCOME trial showed substantial effects of empagliflozin on key outcomes,
including HHF, cardiovascular death, and all-cause mortality, within the first six months

of treatment.13 Third, even though primary and secondary outcomes were defined using
previously validated claims-based algorithms, outcome misclassification cannot be ruled out.
For example, as most published claims-based algorithms are still based on the ICD-9 codes,
some misclassification associated to their translation into ICD-10 codes may exist. Fourth,
we were unable to evaluate cardiovascular death or all-cause mortality as the primary
outcome, as information on cause of death was not available and as the ascertainment
completeness of all-cause mortality varied across the available administrative data, with
complete information only available in the Medicare database. Fifth, there was moderate
heterogeneity in some of the point estimates observed across the three databases. This is
expected as the databases included different populations with different baseline risk for the
outcomes. The small number of events observed in some of the databases, and the resulting
imprecise point estimates also contributed to the observed heterogeneity across databases.

In conclusion, findings from EMPRISE showed that compared with DPP-4i, empagliflozin
was associated with a similar risk of myocardial infarction or stroke, and a reduced risk of
HHF and all-cause mortality in routine clinical care. Compared to patients initiating DPP-4i,
empagliflozin initiators had a similar risk of LLA or fractures, an increased risk of DKA,
and a decreased risk of AKI. These findings complement the EMPA-REG OUTCOME

trial results observed in high risk patients by providing information on the comparative
effectiveness and safety of empagliflozin vs. DPP-4i in routine care patients with T2D
across the spectrum of cardiovascular disease and informing the risk-benefit balance of
empagliflozin in clinical practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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v

440,317 T2D patients >18
years old initiating
empagliflozin or a DPP-4i
(43,136 empagliflozin
initiators and 397,181 DPP-
41 initiators)

64,847 excluded:

¢ 10,434 Patients exposed to other SGLT-2i

¢ 1,392 Patients exposed to both empagliflozin
and DPP-4i on cohort entry

¢ 4,375 Patients without a diagnosis of type 2
diabetes (T2D)

¢ 21,208 Patients with a diagnosis of type 1
diabetes, secondary or gestational diabetes

e 21,547 Patients with malignancy, ESKD,
HIV, or transplant anytime prior to cohort entry
¢ 4,852 Patients with a nursing home admission
¢ 14 Patients missing demographic information
¢ 1,025 Patients disenrolled on cohort entry date

.

39,072 1:1 PS-matched 39,072 1:1 PS-matched
T2D patients initiating T2D patients initiating a
empagliflozin

Figurel.

Study flowchart of overall study population of empagliflozin versus dipeptidyl
peptidase-4 (DPP-4) inhibitor initiators. ESKD, end-stage kidney disease; HIV, human
immunodeficiency virus; PS, propensity score; SGLT2, sodium-glucose cotransporter-2;

T2D, type 2 diabetes
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A. Hospitalization for heart failure!
Log-rank test p-value: <0.0001; HR (95% CI): 0.48 (0.35-0.67)

— Empaglifiozin
0.04 — DPP-4i

Cumulative incidence
°
s
2

[] 3 6 9 12 15 18 21 24
Months since drug initiation

Empaglifiozin 39,072 23,340 13,161 7,685 5,058 3,188 2,067 1,272 778

DPP-4i 39,072 22,706 11,749 6,442 4,088 2,589 1,671 974 600

A. Hospitalization for heart failure - broad?
Log-rank test p-value: 0.0019; HR (95% CI): 0.63 (0.54-0.74)

— Empaglifiozin
0.04 — DPP4i
8 003
8 .
§
3
T
&
e 002
5
]
5
3 0.01
0.00
] 3 3 2 15 18 2 )
Months since drug initiation
Empaglifiozin 39,072 23276 13,117 7,650 5,030 3171 2,055 1,265 73
DPP4i 30072 22,629 11,691 6,402 4,056 2559 1,649 958 589

C. Myocardial infarction or stroke
Log-rank test p-value: 0.74; HR (95% CI): 0.99 (0.81, 1.21)

— Empaglifiozin
0.04 — DPP4i
8 0.03
g
]
2
]
£
42 0.02
5
S
£
3 001
0.00
o 3 6 9 12 15 18 21 24
Months since drug initiation
Empaglifiozin 30072 23313 13,125 7,654 5035 3,167 2,049 1271 el
DPP4i 30072 22688 11728 6422 4071 2577 1,666 969 598

Figure2.
Cumulative incidence of primary outcomes comparing propensity score (PS)-matched

empagliflozin versus dipeptidyl peptidase-4 (DPP-4) inhibitor initiators. Cl, confidence
interval; HR, hazard ratio. 1 Defined as a discharge diagnosis code in the primary position. 2
Defined as a discharge diagnosis code in any position
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Table 2.
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Number of events, incidence rates, and hazard ratios for primary and secondary outcomes in 1:1 PS-matched

initiators of empagliflozin vs. DPP-4i.

Empagliflozin

DPP-4i

Empagliflozin
N=39072  N=39,072 vs. DPPAi
N events N events HR
(IR/1000PY)  (IR/1000 PY) (95% CI)

Primary outcomes
HhEL 54 (2.83) 111 (6.14)  0.48 (0.35-0.67)
HHE-broad? 268 (14.07) 413 (22.95)  0.63 (0.54-0.74)
Myocardial infarction or stroke 201 (10.55) 193 (10.70)  0.99 (0.81-1.21)
Secondary effectiveness outcomes
Myocardial infarction 123 (6.45) 121 (6.70) 0.96 (0.75-1.24)
Stroke 80 (4.19) 73(4.04)  1.06 (0.77-1.45)
All-cause mortality 58 (3.03) 112 (6.19) 0.52 (0.38-0.72)
Myocardial infarction, stroke, or all-cause mortality 253 (13.28) 295 (16.36) 0.83 (0.70-0.98)
Safety outcomes
Lower-limb amputation 53 (2.78) 44 (2.43) 1.12 (0.75-1.67)
Bone fracture® 56 (2.93) 45 (2.49) 1.18 (0.78-1.76)
Diabetic ketoacidosis 52 (2.72) 28 (1.55) 1.71 (1.08-2.71)
Acute kidney injury” 51 (2.67) 82(4.54)  0.60 (0.43-0.85)

349 (18.34) 536 (29.87)  0.62 (0.55-0.71)

Acute kidney injury - broadz

PS: propensity score; DPP-4i: dipeptidyl peptidase 4 inhibitors; IR: Incidence rate; PY: person-years; HR: hazard ratio; CI: confidence intervals;

HHF: hospitalization for heart failure

lDefined as a discharge diagnosis code in the primary position

2Defined as a discharge diagnosis code in any position

Fracture of humerus, radius, ulna, or hip requiring surgical repair, or pelvis fracture

Diabetes Obes Metab. Author manuscript; available in PMC 2022 March 22.
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Sensitivity and subgroup analyses in 1:1 PS-matched initiators of empagliflozin vs. DPP-4i

Table 3.

Empagliflozin DPP-4i Empaglifiozin
N=39072  N=39,072 vs. DPPAI
N events N events HR
(IR/1000 PY)  (1R/1000 PY) (95% ClI)
Primary analysis
HHF‘Z 54 (2.83) 111 (6.14) 0.48 (0.35-0.67)
HHF-broadZ 268 (14.07) 413 (22.95)  0.63 (0.54-0.74)
Myocardial infarction or stroke 201 (10.55) 193 (10.70) 0.99 (0.81-1.21)
60-day grace period analysis
HHFJ 78 (3.497) 136 (6.34) 0.56 (0.42-0.74)
HHF-broad2 332 (14.81) 495 (23.18)  0.65 (0.57-0.75)
Myocardial infarction or stroke 239 (10.65) 234(10.93)  0.97 (0.81-1.17)
1% exposure carried forward analysis
HHFJ 98 (4.26) 162 (7.09) 0.60 (0.47-0.78)
HHF-broadZ 394 (17.21) 565 (24.85)  0.70 (0.61-0.79)
Myocardial infarction or stroke 260 (11.34) 282 (12.36) 0.92 (0.77-1.09)
No baseline use of GL P-1RA3 (32,497 patient pairs)
HHFJ 47 (3.19) 105 (7.27) 0.47 (0.33-0.66)
HHF-broad2 226 (15.41) 407 (28.32)  0.57 (0.48-0.67)
Myocardial infarction or stroke 167 (11.38) 195 (13.53) 0.86 (0.70-1.05)
Tracer outcome
Herpes zoster 226 (11.89) 216 (12.00) 0.97 (0.81-1.17)
Subgroup analyses
History of CV disease” (10,838 patient pairs)
HHF'Z 47 (9.58) 78 (16.21) 0.59 (0.41-0.86)
HHE-broa dz 216 (44.42) 216 (66.57)  0.68 (0.57-0.80)
Myocardial infarction or stroke 105 (21.46) 124 (25.86) 0.83 (0.64-1.08)
Secondary outcomes:
Myocardial infarction 63 (12.86) 73 (15.18) 0.84 (0.60-1.18)
Stroke 44 (8.96) 55(11.43)  0.79 (0.53-1.17)
All-cause mortality 37 (7.52) 69 (14.29) 0.53 (0.35-0.79)
Myocardial infarction, stroke, or all-cause mortality 138 (28.20) 185(38.58)  0.73 (0.58-0.91)
Lower-limb amputation 26 (5.29) 20 (4.14) 1.24 (0.69-2.24)
No history of CV disease (28,092 patient pairs)
HHF'Z <11 14 (1.07) 0.63 (0.27-1.47)
HHE-broa dz 55 (3.89) 84 (6.40) 0.61 (0.43-0.85)
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Empagliflozin DPP-4i Empagliflozin
N=39072  N=39,072 vs. DPP4i
N events N events HR
(IR/1000 PY)  (IR/1000 PY) (95% CI)
Myocardial infarction or stroke 93 (6.59) 88 (6.71) 0.98 (0.73-1.32)
Secondary outcomes:
Myocardial infarction 60 (4.25) 47 (3.58) 1.17 (0.80-1.72)
Stroke 33 (2.34) 42 (3.20) 0.75 (0.47-1.18)
All-cause mortality 20 (1.41) 35 (2.66) 0.53 (0.30-0.94)
Myocardial infarction, stroke, or all-cause mortality 111 (7.87) 120 (9.15) 0.88 (0.68-1.14)
Lower-limb amputation 25 (1.77) 23 (1.75) 0.98 (0.55-1.74)

Page 21

PS: propensity score; DPP-4i: dipeptidy! peptidase 4 inhibitors; IR: Incidence rate; PY: person-years; HR: hazard ratio; Cl: confidence intervals;
HHF: hospitalization for heart failure; GLP-1RA: glucagon-like peptide-1 receptor agonists; CV: cardiovascular

1Defined as a discharge diagnosis code in the primary position

Defined as a discharge diagnosis code in any position

In this analysis, patients who started GLP-1RA during follow-up (4.5% among empagliflozin users and 3.1% among DPP-4i users) were censored

at the time of GLP-1RA treatment initiation.

History of cardiovascular disease is defined as history of myocardial infarction, unstable angina, coronary atherosclerosis and other forms of
chronic ischemic heart disease, coronary procedure, heart failure, ischemic or hemorrhagic stroke, transient ischemic attack, peripheral arterial

disease or surgery, lower extremity amputation
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