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ABSTRACT

Introduction: Empagliflozin is a sodium-glu-
cose co-transporter-2 inhibitor used to treat type
2 diabetes (T2D) to improve glycemic control,
reduce risk of cardiovascular death in patients
with T2D, and treat patients with symptomatic
chronic heart failure (HF) and chronic kidney
disease (CKD). The safety profile of empagliflo-
zin is well documented, although adverse events
(AEs) remain of interest to clinicians. This study
provides an up-to-date safety evaluation of
empagliflozin.

Methods: Data were pooled from four long-
term trials which included: patients with T2D
and established cardiovascular disease (EMPA-
REG OUTCOME), patients with HF, with/
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without diabetes (EMPEROR-Reduced and
EMPEROR-Preserved), and patients with CKD,
with/without diabetes (EMPA-KIDNEY). Since
three of the four trials evaluated empagliflo-
zin 10 mg, the meta-analysis was restricted to
this dose.

Results: Total trial medication exposure was
19,727 patient-years for patients who received
empagliflozin (n=10,472) and 19,447 patient-
years for placebo (n=10,461). The percentages
of patients with serious AEs, fatal AEs, and AEs
leading to discontinuation were similar for both
groups. The incidences of serious urinary tract
infection and serious pyelonephritis or urosep-
sis were similar for both groups but higher for
women taking empagliflozin versus placebo.
Serious genital infections were not increased
with empagliflozin versus placebo. There was
a slight increase in ketoacidosis and serious
volume depletion in patients who received
empagliflozin versus placebo. The occurrence
of serious acute kidney injury was lower with
empagliflozin versus placebo. Empagliflozin was
not associated with an increased incidence of
severe hypoglycemia, bone fractures, or lower
limb amputations. Empagliflozin is therefore
considered safe in people without diabetes, the
elderly, patients with very low estimated glo-
merular filtration rate, low body mass index,
and HF. Safety is unaltered by blood pressure,
concomitant medication for hypertension, HF,
and immunosuppression.
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Conclusion: This meta-analysis of long-term
safety data extends current knowledge and con-
firms the safety and tolerability of empagliflozin.

PLAIN LANGUAGE SUMMARY

Empagliflozin is used in adults with type 2 dia-
betes mellitus (T2D) to improve blood glucose
control and in people with T2D and estab-
lished cardiovascular disease to reduce the risk
of death from cardiovascular disease. Also, it is
used to treat people with chronic heart failure or
chronic kidney disease. Although many clinical
trials have shown the effectiveness and safety of
empagliflozin, the evaluation of adverse events
(AEs) remains of interest. This study further
examined the safety of empagliflozin by analyz-
ing four large, long-term clinical trials. These tri-
als included over 20,900 patients with T2D and
established cardiovascular disease, patients with
heart failure, and patients with chronic kidney
disease. Adverse events of interest were pooled
and analyzed. Results show the risk of the inves-
tigated AEs was similar whether patients had
received empagliflozin or placebo. The risk of
urinary tract infections, including those that
spread to the kidneys, was higher for women
taking empagliflozin versus placebo. Ketoacido-
sis was rare but more frequent in patients taking
empagliflozin. A reduction in blood volume was
slightly more frequent in people taking empagli-
flozin versus placebo. The risk of kidney injury
was reduced in patients taking empagliflozin
versus placebo. The risk of genital infections,
hypoglycemia, bone fractures, or lower limb
amputations was not increased with empagliflo-
zin. No new safety concerns were raised, includ-
ing in people who were elderly, had kidney dis-
ease, low body weight, T2D, or heart failure. This
analysis is consistent with current knowledge of
empagliflozin safety in a broad range of patients.

Keywords: Adverse drug event; Adverse drug
reaction; Drug safety; Empagliflozin; SGLT2
inhibitors

Key Summary Points

Why carry out this study?

Empagliflozin is a sodium-glucose co-trans-
porter 2 (SGLT2) inhibitor, originally devel-
oped for the treatment of adults with insuf-
ficiently controlled type 2 diabetes (T2D) as
an adjunct to diet and exercise. Its use has
further broadened to include patients with
T2D and established cardiovascular disease
to reduce the risk of death from cardiovas-
cular disease and the treatment of patients
with symptomatic chronic heart failure and
chronic kidney disease.

While a large body of clinical trial data
indicates that empagliflozin is well tolerated,
several potential adverse events (AEs) remain
of interest to clinicians.

The current meta-analysis provides an up-to-
date evaluation of the safety of empagliflozin
in a broad range of patients based on four
large placebo-controlled clinical outcome
trials, EMPA-REG OUTCOME, EMPEROR-
Reduced, EMPEROR-Preserved, and EMPA-
KIDNEY. This is the first meta-analysis of
empagliflozin to include trials of all condi-
tions for which empagliflozin is indicated.

This meta-analysis focused on patients receiv-
ing empagliflozin 10 mg and evaluated the
occurrence of selected AEs in the overall
population and in key subgroups of medical
interest.

What has been learned from this study?

This analysis updates and extends the find-
ings of previous pooled analyses and con-
firms current knowledge of the safety and
tolerability of empagliflozin based on long-
term data from 20,933 participants.

These findings were consistent across a broad
range of participants, including patients with
and without T2D, patients with established
cardiovascular disease, patients with heart
failure, and a wide range of patients with
chronic kidney disease.
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INTRODUCTION

Empagliflozin is a sodium-glucose co-transporter
2 (SGLT2) inhibitor that was initially developed
for the improvement of glycemic control in
patients with type 2 diabetes (T2D). Following
further evaluation of empagliflozin in patients
with T2D with established cardiovascular dis-
ease in the phase III cardiovascular outcome
trial, EMPA-REG OUTCOME, a reduction in
3-point major adverse cardiovascular outcomes
(3P-MACE) was demonstrated, primarily driven
by a reduction in cardiovascular death [1]. More
recently, three large clinical trials have demon-
strated the benefits of empagliflozin in a broader
patient population, irrespective of baseline car-
diovascular risk or the presence of T2D [2-4].
These trials were completed across the spectrum
of patients with heart failure (HF): Empagliflo-
zin Outcome Trial in Patients with Chronic
Heart Failure and a reduced ejection fraction
(EMPEROR-Reduced) and a trial in patients
with a preserved ejection fraction (EMPEROR-
Preserved) [2, 4]. In addition, patients with
chronic kidney disease (CKD) were specifically
investigated (Study of Heart and Kidney Protec-
tion with Empagliflozin, EMPA-KIDNEY) [3]. In
addition to using empagliflozin for adults with
insufficiently controlled T2D, as an adjunct
to diet and exercise, its use has further broad-
ened to include the treatment of symptomatic
chronic heart failure (HF) and CKD [5].

The safety profile of empagliflozin is well
documented, based on the results of various
phase I-11I trials and the subsequent publication
of several pooled analyses of these data [6-10].
The safety profile of a drug can be defined in
terms of adverse reactions, which are undesired
and harmful effects that result from the admin-
istration of the drug. Some of the commonly
reported adverse reactions associated with
SGLT2 inhibitors relate to their mode of action.
Blockade of SGLT2 on the proximal tubules of
the kidney induces the excretion of glucose and
sodium in the urine, contributing to osmotic
diuresis and a reduction in plasma volume [11].
These mechanisms may increase the likelihood
of adverse reactions including genital mycotic
infections, urinary tract infections (UTIs), and

hypotension, although serious complications
are infrequent [12]. Despite published safety
data, several potential AEs remain of interest to
clinicians [12, 13]. A comprehensive analysis of
safety data for empagliflozin (10 mg or 25 mg
once daily) in patients with T2D, published in
2020, showed that the risk of hypoglycemia was
similar for empagliflozin and placebo, except
when co-administered with insulin and/or a
sulfonylurea [6]. Based on 16,480 patient-years
of exposure to empagliflozin, the main adverse
reactions included events consistent with geni-
tal infection for empagliflozin 10/25 mg versus
placebo (3.54 vs. 0.95/100 patient-years, respec-
tively). The incidence of events consistent with
UTI was similar for the empagliflozin 10/25 mg
and placebo groups (9.27 vs. 9.70/100 patient-
years, respectively). The majority of events con-
sistent with genital infection or UTI were non-
serious, mild, or moderate in intensity and led
to treatment discontinuation in <1% of patients
in the empagliflozin 10/25 mg and placebo
groups. The frequency of events consistent with
volume depletion was similar for empagliflozin
10/25 mg and placebo (3.1% vs. 3.0%, respec-
tively); however, these events were slightly more
frequent with empagliflozin 10/25 mg than pla-
cebo in older patients (aged 75 to <85 years)
(5.9% vs. 5.0%) and in patients receiving ther-
apy with loop diuretics at baseline (9.8% vs.
7.4%). This analysis showed no increase in the
incidences of safety topics of interest, including
urinary tract carcinogenicity, renal impairment,
Fournier’s gangrene, liver injury, pancreatitis,
diabetic ketoacidosis, bone fractures, or lower
limb amputation in the empagliflozin group ver-
sus placebo. A further meta-analysis evaluated
the safety of empagliflozin in 15,081 patients
with T2D and advanced CKD (defined as moder-
ate to severe CKD [category G3—-4]) [10]. No new
safety concerns were identified in this high-risk
population, and the overall rates of AEs were
similar among patients who received empagli-
flozin and placebo, and across eGFR categories.
In addition, rates of AEs of special interest were
similar for patients who received empagliflozin
versus placebo. An exception was the frequency
of genital infections, which was higher in the
empagliflozin 10/25 mg group compared with
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placebo (3.54 vs. 0.85/100 patient-years), with
progressively lower incidence rates across CKD
categories 3A (2.75/100 patient-years), 3B (1.78),
and 4 (1.13), although the frequency of genital
infections was greater for empagliflozin than
placebo patients in all CKD categories.

The aim of the current meta-analysis was to
provide an up-to-date evaluation of the safety
of empagliflozin in a broad range of patients
based on four large placebo-controlled clini-
cal outcome trials, EMPA-REG OUTCOME,
EMPEROR-Reduced, EMPEROR-Preserved, and
EMPA-KIDNEY. Although the overall results and
subgroup analyses have been published for each
individual trial, each trial has limited power to
quantify the effects of empagliflozin on safety
outcomes. Therefore, this pooled analysis evalu-
ated the effect of empagliflozin versus placebo
on the occurrence of selected AEs in the over-
all population and in key subgroups of medical
interest. The four included clinical trials studies
encompass the group of patients with condi-
tions for which empagliflozin is indicated. The
long duration of empagliflozin exposure allows
the assessment of events that occur with a low
incidence. This analysis updates and extends the
findings of previous pooled analyses of empa-
gliflozin and is intentionally restricted to long-
term outcome trials.

METHODS

Participants

Data were pooled from four trials (Table 1)
which included patients with T2D and high
risk for cardiovascular events (EMPA-REG OUT-
COME), patients with HF, with or without
diabetes (EMPEROR-Reduced and EMPEROR-
Preserved), and a broad population of patients
with CKD, with or without diabetes (EMPA-KID-
NEY). In EMPA-REG OUTCOME, patients were
randomized to receive empagliflozin 10 mg or
25 mg or placebo in addition to standard of
care. In the other three trials, only the 10 mg
dose of empagliflozin was investigated. To
avoid a potential indication-associated bias, this
pooled analysis was restricted to empagliflozin

10 mg. Furthermore, since the safety profiles of
empagliflozin 10 mg and 25 mg have already
been shown to be similar in the EMPA-REG
OUTCOME trial, as well as in the latest pooled
safety analysis of empagliflozin [6, 14], inclu-
sion of the 25 mg dose was not expected to add
relevant further information to the analyses of
the 10 mg dose. Therefore, only patients receiv-
ing empagliflozin 10 mg were included in the
meta-analysis. In addition, patients with type 1
diabetes (10 patients from EMPEROR-Preserved
and 68 patients from EMPA-KIDNEY) were
excluded from the analyses to reflect the cur-
rent indication.

The ethics committee at each center approved
the trials, and all patients provided written
informed consent. All original trials were per-
formed in accordance with the Declaration of
Helsinki.

Assessments and Data Analyses

Safety and tolerability were assessed based on
AEs reported in each trial. Since the safety pro-
file of empagliflozin has been comprehensively
evaluated in previous trials, the collection of
safety data was streamlined in EMPA-KIDNEY.
Therefore, the pooled analysis of the four cur-
rently available outcome trials was restricted
to the information on AEs systematically col-
lected and documented in EMPA-KIDNEY. The
selection of safety endpoints and subgroups was
based on the known risks for empagliflozin or
safety topics for which the medical community
has expressed interest for the class of SGLT2
inhibitors. If safety endpoints were not analyzed
for the EMPEROR and EMPA-REG OUTCOME
trials, corresponding safety endpoints were
newly derived from individual patient data in
these studies. For the calculation of eGFR val-
ues, the CKD-EPI formula was applied to indi-
vidual patient data from EMPA-REG Outcome to
be consistent with the calculations used in the
other three trials.

AEs were coded according to preferred terms
in the Medical Dictionary for Regulatory Activi-
ties (MedDRA) version 23.1. AEs were identified
based on investigator-reported AEs using stand-
ardized MedDRA or customized BI MedDRA
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Table 1 Overview of the four double-blind, randomized, placebo-controlled clinical trials included in the meta-analysis

EMPA-REG OUT-
COME

EMPEROR-reduced,
EMPEROR-preserved

EMPA-KIDNEY

Indication/population

Intervention/control

AE concept

Randomized set

Trial duration (median),
years
Treatment duration

(median), years

Patients with T2D at
high risk for CV events

Empagliflozin 10 mg
and 25 mg vs. placebo,
added to SoC

Serious and non-serious
AFs; standard AE

definition

All randomized par-
ticipants (primary and
safety analyses were
based on the treated
set, which consisted of
all patients treated with
> 1 dose of the trial

medication)

32

2.6

HF patients with or with-
out diabetes

Reduced: LVEF <40%

Preserved: LVEF > 40%

Empagliflozin 10 mg vs.
placebo, added to SoC

Serious and non-serious
AFs; standard AE defini-

tion

All randomized partici-
pants (this set was used
in the primary analyses;
safety analyses were
based on the treated set,
which consisted of all
patients treated with > 1
dose of the trial medica-

tion)

1.4/2.2 (-reduced/-pre-
served)
1.2/1.9 (-reduced/-pre-

served)

Patients with CKD, with/without
diabetes

¢GFR 220 to < 45 ml/min/1.73 m®
or

¢GFR 245 to <90 ml/min/1.73 m*
with UACR =200 mg/g

Empagliflozin 10 mg vs. placebo,
added to SoC

Collection of safety data was stream-
lined

Non-serious AEs were only recorded
if they:

(a) Lead to discontinuation of trial
medication; or

(b) Are one of the following:

Bone fracture

Severe hypoglycemia

Episodes of gout

Symptomatic dehydration

An AESI (liver injury, ketoacidosis,
lower limb amputation)

Events that could lead to amputa-

tion

All randomized participants (this set
was used for the primary and safety

analyses)

2.0

1.8

AE adverse event, AESI adverse event of special interest, CKD chronic kidney disease, CV” cardiovascular, ¢GFR estimated
glomerular filtration rate, LVEF left ventricular ejection fraction, HF heart failure, SoC standard of care, 72D type 2 diabe-
tes, UACR urinary albumin to creatinine ratio
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queries. For EMPA-KIDNEY, adjudicated events
were considered if available. AEs of interest
included serious UTI, serious pyelonephritis
or urosepsis, serious genital infections, and
serious acute kidney injury, severe hypoglyce-
mia, ketoacidosis, serious volume depletion,
bone fracture, and lower limb amputation.
Non-serious AEs were not generally reported
in EMPA-KIDNEY; therefore, only serious AEs
were included in this meta-analysis, with the
following exceptions: bone fractures, events
leading to lower limb amputation, and severe
hypoglycemia (defined as investigator-reported
severe hypoglycemia—i.e., requiring assistance).
Since lower limb amputations were not system-
atically recorded in EMPA-REG OUTCOME, this
was assessed on the basis of a previous medical
review of the AEs, concomitant therapy, and AE
narratives. All AEs were analyzed overall and by
T2D status and based on subgroups relevant to
the AE of interest: age, sex, eGFR, HEF, baseline
blood pressure, peripheral artery disease at base-
line, immunosuppressive therapy, and treatment
at baseline (renin-angiotensin system inhibitors,
diuretics, and antihypertensives). Although har-
monized endpoints and subgroups were derived,
the final databases of the individual studies were
not modified, for example by adding or exclud-
ing data or by applying different inclusion or
exclusion criteria. In general, the analyses were
based on subgroup categorizations derived for
the individual trials and corresponding trial
data.

Analyses of AEs were based on participants
who were dispensed trial medication. Treat-
ment was evaluated as randomized. The safety
analyses were based on the number of patients
with AEs rather than the number of AEs. The
AE analyses included data from the date of ran-
domization to trial completion (date of last fol-
low-up for safety) (intention-to-treat approach).
Incidence rates for AEs were calculated per 100
patient-years. The 95% confidence interval (CI)
for the incidence rate was based on the exact
(Clopper-Pearson) Cls. Time at risk was defined
as (date of onset of AE — randomization date+1)
for patients with event. Patients without event
were considered at risk until trial completion.
Pooled risk ratio estimates were calculated
from the Cochran-Mantel-Haenszel procedure

stratified by trial. The pooled risk difference and
its 95% CI were calculated by pooling the risk
differences of each trial across the trials. Stud-
ies were weighted according to their size (total
number of patients). For the analysis of AEs,
interpretation was based not only on the statis-
tical test (indicated by the 95% CI) but also on
overall knowledge of AEs commonly associated
with empagliflozin. Formal statistical tests were
not performed as the study was not powered to
assess differences in safety findings or adjusted
for multiple comparisons. A supplemental anal-
ysis was performed for patients who initiated
chronic dialysis and continued trial medication
while on dialysis. The occurrence of AEs, serious
AEs, and AEs leading to treatment discontinua-
tion was assessed from start of dialysis to trial
completion.

RESULTS

Patient Disposition, Exposure, and Baseline
Characteristics

The analysis set included 20,933 patients, of
whom 10,472 received empagliflozin 10 mg
and 10,461 placebo. The median duration of
follow-up was 2.1 years. The median exposure
to the trial medication was 1.8 years. The total
trial medication exposure was 19,727 patient-
years in the empagliflozin group and 19,447
patient-years for placebo. Patient demographics
and baseline characteristics were well matched
between the empagliflozin and placebo groups
(Table 2). In total, 61% of patients were aged
>65 years, 3.0% were aged 2835 years, and 74%
had renal disease at baseline.

Overall Safety and Safety Topics of Interest

The percentages of patients with serious AEs,
fatal AEs, and AEs leading to discontinuation
were also similar for both groups (Table 3).

Serious UTI

The incidence of serious UTI was comparable
between empagliflozin and placebo groups
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Table 2 Patient demographics and baseline characteristics

Placebo (2=10,461) Empagliflozin 10 mg Total (2=20,933)
(n=10,472)
Number of patients 10,461 (100.0) 10,472 (100.0) 20,933 (100.0)
Sex, 7 (%)
Male 6931 (66.3) 6923 (66.1) 13,854 (66.2)
Female 3530 (33.7) 3549 (33.9) 7079 (33.8)
Age, years 66.3(11.8) 66.4 (11.6) 66.4(11.7)
Age groups, years
<65 4120 (39.4) 4042 (38.6) 8162 (39.0)
65t0 <75 3565 (34.1) 3682 (35.2) 7247 (34.6)
75 to < 85 2461 (23.5) 2430 (23.2) 4891 (23.4)
>85 315 (3.0) 318 (3.0) 633 (3.0)
Race, 7 (%)
White 7126 (68.1) 7222 (69.0) 14,348 (68.5)
Black/African-American 512 (4.9) 502 (4.8) 1014 (4.8)
Asian 2454 (23.5) 2448 (23.4) 4902 (23.4)
Other including mixed race 337(3.2) 272 (2.6) 609 (2.9)
Missing 32(0.3) 28 (0.3) 60 (0.3)
Region, 7 (%)
Europe (including South Africa, Australia, 4538 (43.4) 4583 (43.8) 9121 (43.6)
and New Zealand)
North America 1877 (17.9) 1846 (17.6) 3723 (17.8)
Latin America 1761 (16.8) 1758 (16.8) 3519 (16.8)
Asia (including India) 2285 (21.8) 2285 (21.8) 4570 (21.8)
BML, kg/m* 29.7 29.6 29.6
¢GFR, ml/min/1.73 m* 56.9 57.0 57.0
eGFR, 7 (%)
>90 1102 (10.5) 1132 (10.8) 2234 (10.7)
60 to <90 3405 (32.5) 3391 (32.4) 6796 (32.5)
45 to < 60 2043 (19.5) 2026 (19.3) 4069 (19.4)
30 to <45 2523 (24.1) 2530 (24.2) 5053 (24.1)
<30 1384 (13.2) 1390 (13.3) 2774 (13.3)
Missing 4(<0.1) 3(<0.1) 7(<0.1)
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Table 2 continued

Placebo (2=10,461) Empagliflozin 10 mg Total (2=20,933)
(n=10,472)

UACR, mg/g 392.9 376.5 384.7
UACR, 7 (%)

<30 4825 (46.1) 4827 (46.1) 9652 (46.1)

30 to <300 3146 (30.1) 3109 (29.7) 6255 (29.9)

>300 2448 (23.4) 2477 (23.7) 4925 (23.5)

Missing 42 (0.4) 59 (0.6) 101 (0.5)
Blood pressure, 7 (%)

SBP < 100 or DBP < 60 601 (5.7) 612 (5.8) 1213 (5.8)

SBP > 130 or DBP > 80 6102 (58.3) 6143 (58.7) 12,245 (58.5)

100 < SBP < 130 and 60 < DBP < 80 3754 (35.9) 3715 (35.5) 7469 (35.7)

Missing 4(<0.1) 2(<0.1) 6(<0.1)
History of HE, 7 (%) 5429 (51.9) 5417 (51.7) 10,846 (51.8)

Missing 1(<0.1) 1(<0.1) 2(<0.1)
T2D, 7 (%) 6214 (59.4) 6226 (59.5) 12,440 (59.4)
Renal disease, 7 (%) 7731 (73.9) 7766 (74.2) 15,497 (74.0)
PAD, 7 (%) 1114 (10.6) 1142 (10.9) 2256 (10.8)
Diuretic use, 7 (%) 6840 (65.4) 6723 (64.2) 13,563 (64.8)
Loop/high-ceiling diuretic use, 72 (%) 4853 (46.4) 4768 (45.5) 9621 (46.0)
RAS inhibitor use, 72 (%) 8690 (83.1) 8762 (83.7) 17,452 (83.4)
Antihypertensive use, 7 (%) 10,100 (96.5) 10,145 (96.9) 20,245 (96.7)
Immunosuppressant use, 7 (%) 137 (1.3) 150 (1.4) 287 (1.4)

Data are mean (SD) unless otherwise indicated

BMT body mass index, DBP diastolic blood pressure, ¢GFR estimated glomerular filtration rate, HF heart failure, PAD
peripheral arterial disease, RAS renin—angiotensin system, SBP systolic blood pressure, 72D type 2 diabetes, UACR urinary

albumin to creatinine ratio

(0.78 vs. 0.76 events/100 patient-years, respec-
tively; rate ratio, 1.03 [0.83, 1.27]) (Table 4).
Female patients experienced a higher inci-
dence of serious UTIs than male patients
(Table 5). The event rates for serious UTIs were
higher in female patients in the empagliflo-
zin group versus placebo (rate ratio 1.33 [0.97,
1.82]) but not in male patients (rate ratio 0.81
[0.61, 1.09]). In the placebo group, patients
with a history of HF also showed an increased

incidence of serious UTI compared with indi-
viduals without HF (0.89 vs. 0.64 events/100
patient-years). A numerical increase was seen
in the empagliflozin group versus placebo,
with rate ratio of 1.18 (0.89, 1.56). In patients
without a history of HF, the incidence of seri-
ous UTI was lower in those who received empa-
gliflozin versus placebo (rate ratio 0.83 [0.60;
1.16]). There was no increased risk between
empagliflozin and placebo for patients with
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Table 3 Frequency of adverse events

Placebo (2=10,461) Empagliflozin 10 mg
(n=10,472)
>1AE 8061 (77.1) 7960 (76.0)
> 1 investigator-defined drug-related AE 1312 (12.5) 1620 (15.5)
> 1 AF leading to discontinuation of trial drug 1586 (15.2) 1562 (14.9)
> 1 serious AE 4901 (46.9) 4507 (43.0)
Fatal 1025 (9.8) 940 (9.0)
Life threatening 353 (3.4) 346 (3.3)
Persistent or significant disability/incapacity 131(1.3) 128 (1.2)
Requires or prolongs hospitalization 3936 (37.6) 3599 (34.4)
Congenital anomaly or birth defect 2(<0.1) 1(<0.1)
Other medically important serious event 1769 (16.9) 1586 (15.1)

Data are N (%). In EMPA = KIDNEY, only SAEs and protocol prespecified non-serious AEs are included, and only one rea-
son for meeting the seriousness criterion could be selected. The total number of patients with fatal outcome is 982 for empa-

gliflozin and 1075 for placebo. Percentages are calculated using total number of patients per treatment as the denominator.

MedDRA version: 23.1

SAE:; serious adverse events

T2D compared with patients without diabe-
tes. The rates of serious UTI increased in the
placebo group with decreasing eGFR; however,
a similar pattern was not seen in the empagli-
flozin group. The event rates were compara-
ble between empagliflozin and placebo groups
across all eGFR categories in general.

Serious Pyelonephritis or Urosepsis

Similar rates of serious pyelonephritis or
urosepsis were shown for empagliflozin ver-
sus placebo (0.28 vs. 0.25/100 patient-years,
respectively; rate ratio, 1.09 [0.76, 1.56])
(Supplementary Material, Table S1). Subgroup
analysis indicated an increased incidence with
empagliflozin in women but not in men (rate
ratios, 1.87 vs. 0.64 respectively). The risk of
serious pyelonephritis or urosepsis was not
consistently affected by empagliflozin; it was
increased in the 75 to <85 years age group for
empagliflozin versus placebo (rate ratio 1.75

[0.93, 3.31]) but not in patients aged >85 years
(rate ratio 0.90 [0.24, 3.36]).

Serious Genital Infection

The incidence of serious genital infection was
not increased for patients who received empagli-
flozin versus placebo (rate ratio 0.62 [0.28, 1.37])
(Table 4). No risk increase for empagliflozin was
indicated in any subgroup category (Supplemen-
tary Material, Table S1).

Serious Acute Kidney Injury

The risk of serious acute kidney injury was
lower in the empagliflozin group versus placebo
(0.73 [0.64, 0.83]) (Table 4). Although higher
event rates were seen in patients with T2D, HE
worsening eGFR, and increasing age in both
the empagliflozin and placebo groups, rates of
serious acute kidney injury were consistently
lower in the empagliflozin group versus placebo
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Table 4 Incidence of selected AEs

AE category/ Placebo Empagliflozin 10 mg Empagliflozin 10 mg vs. placebo
preferred term
N (rate/100  95% CI N (rate/100 95% CI  Rate ratio Rate difference
patient- patient- (95% CI) (95% CI)
years) years)
Serious UTI 166 (0.76)  0.65,0.88 171(0.78)  0.66,0.90 1.03(0.83,127)  0.02 (~0.14,0.18)
Serious pyelonephritis 56 (0.25) 0.19,0.33 61(0.28) 0.21,0.35 1.09(0.76,1.56)  0.02 (-0.07,0.12)
or urosepsis
Serious genital 16(0.07) 004,012 10(0.04)  0.02,0.08 0.62(0.28137) —0.03(-0.07,0.02)
infection
Serious AKI 517 (2.38) 2.18,2.60 380 (1.73) 1.56,1.92 0.73(0.64,0.83)  —0.65(—0.92,-0.38)
Severe hypoglycemia 149 (0.68)  0.57,0.80 146 (0.66)  0.56,0.78 0.97(0.78,122)  —0.02(-0.17,0.14)
Ketoacidosis 7(0.03) 0.01,0.07 15(0.07)  0.04,0.11 2.13(0.87,524)  0.04 (~0.01,0.08)
Serious volume 193(0.88)  0.76,1.01 208(0.94)  0.82,1.08 1.08(0.88,1.31)  0.07 (—0.11,0.25)
depletion
Bone fracture 418 (1.93) 1.75,2.13 440 (2.03) 1.84,2.22 1.05(0.92,1.20)  0.09 (-0.17,0.36)
Lower limb 93(0.42) 034,052 95(043) 035,052 1.01(0.76,135)  0.01(—0.12,0.13)
amputation

The 95% CI for the rate per 100 patient-years is based on the exact (Clopper-Pearson) confidence limits. The incidence rate

ratio and its 95% CI are calculated from the Cochran-Mantel-Haenszel procedure (using the relative risk estimate) stratified

by study identifier. The incidence rate difference and its 95% CI are calculated by pooling the incidence rate difference for

each relevant study identifier, in which each study identifier is weighted according to its size. MedDRA version: 23.1

AE adverse event, AKT acute kidney injury, CI confidence interval, U7T urinary tract infection

across all subgroups (Supplementary Material,
Table S1).

Severe Hypoglycemia

The incidence of severe hypoglycemia was sim-
ilar for patients in the empagliflozin and pla-
cebo groups (0.97 [0.78, 1.22]) (Table 4). No risk
increase for empagliflozin was indicated in any
subgroup category (Supplementary Material,
Table S1).

Ketoacidosis

Ketoacidosis was reported in a small number
of patients in the empagliflozin and placebo
groups (15 vs. 7 patients; 0.07 events vs. 0.03
events/100 patient-years, respectively; rate

ratio, 2.13 [0.87, 5.24]) (Table 6). Ketoacidosis
occurred in only one patient without T2D in the
empagliflozin group.

Serious Volume Depletion

Serious volume depletion was slightly more
common in patients who received empagliflo-
zin versus placebo (0.94 vs. 0.88 events/100
patient-years, respectively; rate ratio, 1.08
[0.88, 1.31]) (Table 4). The incidence of seri-
ous volume depletion increased with age.
The highest incidence of volume depletion
for empagliflozin versus placebo was among
patients aged =85 years (15 vs. 6 patients;
2.56 vs. 1.00/100 patient-years; rate ratio,
2.39 [0.92, 6.21]) (Supplementary Material,
Table S1).
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Table 5 Incidence of serious UTT and serious genital infection by subgroup

AE category/ Placebo Empagliflozin 10 mg Empagliflozin 10 mg vs. placebo
preferred term N (rate/100  95% CI N (rate/100 95% CI  Rate ratio Rate difference
patient- patient- (95% CI) (95% CI)
years) years)
Serious UTI (narrow
sub-BIcMQ)
<65 years 34(0.38) 0.26,0.53 37 (0.42) 0.30,0.58 1.11(0.69,1.76) 0.04 (- 0.15,0.23)
> 65 years 132(101) 085,120 134(101) 085120 1.00(0.79,127)  0.00 (= 0.24, 0.24)
65 to <75 years 63(0.83)  0.64,1.07 55(0.70) 053,092 0.85(0.59,1.21)  —0.13 (- 0.41,0.15)
75 to <85 years 55(1.12)  0.84,146 69(1.42)  1.11,1.80 1.27(0.89,1.81) 030 (0.14,0.75)
> 85 years 14(237) 130,398 10(170)  0.81,3.12 071(0.32,1.60)  —0.70 (~2.35,0.95)
Male 98(0.67) 055082 80(0.55) 044,068 0.81(0.61,1.09)  —0.13(~0.31,0.05)
Female 68(0.92) 071,116 91(1.21) 098149 133(097,1.82) 030 (0.03,0.63)
BMIL: <25kg/m®>  33(073)  050,1.02 33(0.70) 048,098 0.96(0.59,1.55)  —0.03(-0.38,0.31)
BMI>25kg/m®>  133(0.76)  0.64091 138(0.80)  0.67,094 1.04(0.82,1.32)  0.03(-0.15,0.22)
T2D 109(0.78) 064,094 110(0.78)  0.64,094 1.01(0.77,131)  0.01(=0.20,0.21)
Non-diabetic 57(0.72) 054,093 61(0.76)  0.58,098 1.06(0.74,1.53)  0.04(-0.22,0.31)
History of HF 91(0.89)  072,1.09 107(1.05)  0.86,127 1.18(0.89,1.56)  0.16 (—0.11,0.43)
No HF 75(0.64) 050,080 63(0.53) 041,068 0.83(0.60,1.16)  —0.11 (=0.30,0.09)
¢GFR 290 ml/ 10(038) 018,069 13(0.48)  0.26,0.83 130(0.57,2.96)  0.11(=0.24,0.47)
min/1.73 m*
¢GFR60to <90 ml/ 37(049) 035068 27(035) 023,052 0.72(044,1.19)  —0.14 (- 0.34,0.07)
min/1.73 m*
¢GFR45t0 <60 ml/ 32(0.76)  0.52,1.08 43(1.04) 075140 136(0.86,2.15) 027 (-0.13,0.68)
min/1.73 m?
¢GFR30to <45ml/ S8(L17)  0.89,151 S8(1.17)  0.89,151 1.00(0.69,1.44)  0.00 (-0.43,0.42)
min/1.73 m*
¢GFR <30 ml/ 29(1.11) 074,159 30(L13) 076,161 098(0.59,1.65)  —0.02(-0.58,0.54)
min/1.73 m?
Immunosuppressant 0 - 5(1.88) 0.61,4.39 - 1.94 (0.24, 3.63)
therapy
No immunosuppres- 166 (0.76)  0.65,0.89 166 (0.76)  0.65,0.89 1.00 (0.80,1.24) 0.0 (-0.17,0.16)
sants
Serious genital
infection
<65 years 5 (0.06) 0.02,0.13 2(0.02) 0.00,0.08 0.40(0.08,2.10)  —0.03 (~0.09,0.02)
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Table S continued

AE category/ Placebo Empagliflozin 10 mg Empagliflozin 10 mg vs. placebo
preferred term N (rate/100  95% CI N (rate/100 95% CI  Rate ratio Rate difference
patient- patient- (95% CI) (95% CI)
years) years)
> 65 years 11(0.08)  0.04,0.15 8(0.06) 0.03,0.12 0.71(0.29,1.78)  —0.02 (~0.09, 0.04)
65 to <75 years 6(0.08) 0.03,0.17 3 (0.04) 0.01,0.11 049 (0.12,1.93)  —0.04 (= 0.12,0.04)
75 to < 85 years 5(0.10) 0.03,0.24 5(0.10) 0.03,024 1.01(0.29,3.44)  0.00(=0.13,0.13)
> 85 years 0 - 0 - - -
Male 14(0.10)  0.05,0.16 8(0.05) 0.02,0.11 0.57(0.24,1.36)  —0.04 (~0.10,0.02)
Female 2(0.03) 0.00,0.10 2 (0.03) 0.00,0.09 0.99 (0.14,7.12) 0.0 (=0.05,0.05)
BMI<25kg/m>  5(0.11) 0.04,0.25 1(0.02) 0.00,0.12 0.18(0.02,1.65)  —0.09 (=0.19,0.01)
BMI>25kg/m?  11(0.06)  0.03,0.11 9(0.05) 0.02,0.10 0.83(0.34,1.99)  —0.01 (~0.06,0.04)
T2D 12(0.09)  0.04,0.15 8(0.06) 0.02,0.11 0.66(0.27,1.63)  —0.03 (=0.09,0.03)
Non-diabetic 4(0.05) 0.01,0.13 2(0.02) 0.00,0.09 0.49 (0.09,2.69)  —0.03 (= 0.09, 0.03)
History of HF 10(0.10)  0.05,0.18 6 (0.06) 0.02,0.13 0.60(0.22,1.65)  —0.04 (=0.12, 0.04)
No HF 6(0.05) 0.02,0.11 4(0.03) 0.01,0.09 0.66(0.19,2.33) -0.02 (- 0.07,0.03)
¢GFR 290 ml/ 1(0.04) 0.00,021 0 - - ~0.04 (=0.11, 0.04)
min/1.73 m*
¢GFR 60 to <90 ml/ 8 (0.11) 005,021 6 (0.08) 0.03,0.17 0.74(0.26,2.14)  —0.03 (=0.12,0.07)
min/1.73 m*
eGFR 45 to <60 ml/ 3(0.07) 0.01,0.21 1(0.02) 0.00,0.13 0.33(0.03,3.17) 0.05 (- 0.14, 0.05)
min/1.73 m*
¢GFR 30 to <45 ml/ 3 (0.06) 0.01,0.17 3 (0.06) 0.01,0.18 099 (0.20,4.87) 0.0 (~0.10,0.10)
min/1.73 m*
¢GFR <30 ml/ 1(0.04) 0.00,0.21 0 - - ~0.04 (~0.11, 0.04)
min/1.73 m*
Immunosuppressant 0 0 - - - -
therapy
No immunosuppres- 16 (0.07)  0.04,0.12 10(0.05)  0.02,0.08 0.62(0.28,1.37)  —0.03 (—0.07,0.02)

sants

The 95% CI for the rate per 100 patient-years is based on the exact (Clopper-Pearson) confidence limits. The incidence rate

ratio and its 95% CI are calculated from the Cochran-Mantel-Haenszel procedure (using the relative risk estimate) stratified

by study identifier. The incidence rate difference and its 95% CI are calculated by pooling the incidence rate difference for

each relevant study identifier, in which each study identifier is weighted according to its size. MedDRA version: 23.1

AE adverse event, BIcMQ Bochringer Ingelheim Custom MedDRA Query, BMI body mass index, CI confidence interval,
¢GFR estimated glomerular filtration rate (using Chronic Kidney Disease Epidemiology Collaboration equation), HF heart
failure, 72D type 2 diabetes, UTT urinary tract infection
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Table 6 Incidence of ketoacidosis and limb amputation by subgroup

AE category/ Placebo Empagliflozin 10 mg Empagliflozin 10 mg vs. placebo
preferred term N (rate/100  95% CI N (rate/100 95% CI  Rate ratio Rate difference
patient- patient- (95% CI) (95% CI)
years) years)
Ketoacidosis
T2D 7(0.05) 0.02,0.10 14(0.10)  0.05,0.17 2.01(0.81,499)  0.05(-0.01,0.11)
Non-diabetic 0 - 1(0.01) 0.00,0.07 - 0.01 (-0.01, 0.04)
¢GFR > 90 ml/ 1(0.04) 0.00,021 1(0.04) 0.00,021 0.98 (0.06,1541) 0.0 (~0.10,0.10)
min/1.73 m*
¢GFR60to <90 ml/ 0 - 3 (0.04) 0.01,0.11 - 0.04 (—0.01, 0.08)
min/1.73 m*
¢GFR45 to <60 ml/ 3 (0.07) 001,021 3(0.07) 0.01,021 0.99 (0.20,4.90) 0.0 (=0.11,0.11)
min/1.73 m*
¢GFR 30 to <45 ml/ 1(0.02) 0.00,0.11 3 (0.06) 0.01,0.18 2.96(0.31,2829)  0.04 (0.04,0.12)
min/1.73 m*
eGFR <30 ml/ 2(0.08) 0.01,0.27 5(0.19) 0.06,0.43 2.53(0.49, 13.08) 0.11(-0.08,0.31)
min/1.73 m*
Lower limb
amputation
< 65 years 43 (0.48) 0.35,0.65 45 (0.51) 0.37,0.68 1.06(0.70, 1.60) 0.03 (—0.18,0.24)
> 65 years 50(0.38)  0.28,0.50 50(037) 028,049 0.98(0.66,1.45)  —0.01(=0.16,0.14)
65 to <75 years 34(045) 031,063 33(042) 029,059 0.94(058 151)  —0.03 (—0.24,0.18)
75 to <85 years 14(028)  0.15,048 17(035) 020,056 124(0.61,250)  0.07 (=0.16,0.29)
> 85 years 2(0.33) 0.04,120 0 - - ~0.32(~0.76,0.12)
BMI<25kg/m*  8(0.18) 0.08,035 18(038)  0.22,0.60 2.12(0.92,489)  0.20 (= 0.01,0.41)
BMI>25kg/m®>  85(049) 039,060 77(0.44) 035,055 091(0.67.1.24)  —0.04(-0.19,0.10)
BMI 25 to 37(048) 034,067 29(038) 026,055 0.79(0.49,129)  —0.10(-0.31,0.11)
<30 kg/m*?
BMI 30 to 25(0.44) 028,065 32(0.55) 038,078 124(0.73,2.08)  0.11(=0.15,0.36)
<35 kg/m**
BMI>35kg/m?*  23(0.56)  0.36,0.84 16(040) 023,065 072(0.38,136)  —0.16(—0.46,0.15)
T2D 88(0.63) 050,077 88(0.62) 050,077 0.99(0.74,1.34) 0.0 (—0.19,0.18)
Non-diabetic 5 (0.06) 0.02,0.15 7 (0.09) 0.03,0.18 140 (0.44,439)  0.02(~0.06,0.11)
History of HF 43(042) 030,056 37(036) 025050 0.86(0.55133)  —0.06(-0.23,0.11)
No HF 50(0.43) 032,056 S8(049) 037,063 1.15(0.79,1.68)  0.06 (—0.11,0.24)
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Table 6 continued

AE category/ Placebo Empagliflozin 10 mg Empagliflozin 10 mg vs. placebo
preferred term N (rate/100  95% CI N (rate/100 95% CI  Rate ratio Rate difference
patient- patient- (95% CI) (95% CI)
years) years)
¢GFR>90 ml/ 12(045) 023,079 13(049) 026,083 1.07(0.49,2.36)  0.03 (0.33,0.40)

min/1.73 m*

eGFR60to <90 ml/ 26 (0.34)
min/1.73 m?

eGFR 45 to <60 ml/ 24 (0.57)
min/1.73 m?

¢GFR30to <45ml/ 21(0.42)

min/1.73 m?

¢GFR <30 ml/ 10(038)  0.18,0.70 16(0.60)
min/1.73 m?

History of PAD 49 (1.96) 1.45,2.60 38 (1.48)

No history of PAD 44 (0.23) 0.16,0.30 57(0.29)

0.23,0.51 28(0.37)

0.37,0.85 17 (0.41)

0.26,0.64 21 (0.42)

0.24,0.53 1.06(0.62,1.81)  0.02(-0.17,0.21)

0.24,0.65 0.71(0.38,1.33) —-0.16 (- 0.46, 0.14)
0.26,0.64 1.00(0.55, 1.84) 0.00 (-0.25,0.26)
0.34,0.97 1.57(0.71,3.49) 0.22(-0.16,0.59)

1.05,2.03 0.76 (049, 1.16)
0.22,0.38 1.29 (0.87,1.91)

~0.48 (- 1.20, 0.24)
0.07 (- 0.03,0.17)

The 95% CI for the rate per 100 patient-years is based on the exact (Clopper-Pearson) confidence limits. The incidence rate
ratio and its 95% CI are calculated from the Cochran-Mantel-Haenszel procedure (using the relative risk estimate) stratified
by study identifier. The incidence rate difference and its 95% CI are calculated by pooling the incidence rate difference for
each relevant study identifier, in which each study identifier is weighted according to its size. MedDRA version: 23.1

AE adverse event, BIcMQ Bochringer Ingelheim Custom MedDRA Query, BMI body mass index, CI confidence interval,
¢GFR estimated glomerular filtration rate (using Chronic Kidney Disease Epidemiology Collaboration equation), HF heart
failure, PAD peripheral arterial disease, 72D type 2 diabetes, UTT urinary tract infection

*Post hoc categorization

Bone Fractures

The incidence of bone fracture was similar in
the empagliflozin group versus placebo (2.03
vs. 1.93/100 patient-years; rate ratio, 1.05 [0.92,
1.20]) (Table 4). The subgroup analyses did not
indicate an increased risk of bone fractures
with empagliflozin (Supplementary Material,
Table S1).

Lower Limb Amputation

The occurrence of lower limb amputation was
similar among patients who received empagli-
flozin versus placebo (0.43 vs. 0.42 events/100
patient-years; rate ratio, 1.01 [0.76, 1.35])
(Table 4). For the subgroup of patients with body

mass index (BMI) <25 kg/mz, there was a numer-
ical increase in the rate of lower limb amputa-
tions (rate ratio 2.12 [0.92, 4.89]) (Table 6). This
finding is based on a relatively small number of
patients with events (8 vs. 18 for placebo and
empagliflozin, respectively) with consequently
broad confidence intervals. This finding is likely
related to the unusually high frequency of lower
limb amputation in the empagliflozin 10 mg
group with BMI <25 kg/m? of the EMPA-REG
OUTCOME trial and is considered to be a chance
finding. The analyses did not show a consistent
trend across the four BMI categories evaluated
(Table 6).

The remaining subgroup analyses do not indi-
cate inconsistent findings among the individual
subgroups.
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Patients Who Initiated Chronic Dialysis

A total of 54 patients in the empagliflozin group
and 83 who received placebo initiated chronic
dialysis and continued with study treatment
while on dialysis. Although this is not a rand-
omized comparison, the results do not indicate
an increase in AEs with empagliflozin regard-
ing the frequency of investigator-defined drug-
related AEs, AEs leading to treatment discontin-
uation, serious AEs, or fatal AEs in patients on
dialysis (Table 7).

DISCUSSION

This meta-analysis of pooled safety, based on
more than 19,727 patient-years of exposure
to empagliflozin, indicates no safety concerns
with empagliflozin. This is the first meta-analy-
sis of empagliflozin to include trials of all con-
ditions for which empagliflozin is indicated
and extends the findings of previous pooled
analyses [6-8] by inclusion of a broad range of

Table 7 Overall summary of AEs in patients on dialysis

participants including patients with T2D and
established cardiovascular disease, patients with
HE, with or without diabetes, and a wide range
of patients with CKD, with or without diabetes,
enabling analyses in a range of subgroups. Since
the assessment of non-serious (or not leading
to treatment discontinuation) UTI and genital
infections, acute kidney injury, and volume
depletion was not included in the EMPA-KID-
NEY trial, the present meta-analysis focused on
serious AEs in these categories. However, data
for non-serious AEs have already been published
in patients with T2D [6] and HF [2, 4] and are
in line with the results of the present analysis.
Consistent with previous experience [6-8],
rates of serious UTI were higher in female
patients compared with male patients, in both
the placebo and empagliflozin groups. In addi-
tion, the rate of serious UTI was higher among
women who received empagliflozin versus pla-
cebo. The incidence of serious pyelonephritis or
urosepsis was not increased among male patients
but there was a small increase for women who
received empagliflozin versus placebo. With a
low number of events overall, serious genital

Placebo (2 =83) Empagliflozin
10 mg (»=54)
>1AE 43 (51.8) 20 (37)
> 1 investigator-defined drug-related AE 1(1.2) 0
2 1 AE leading to discontinuation of trial drug 9(10.8) 4(7.4)
>1SAE 38 (45.8) 18 (33.3)
Fatal 9(10.8) 4(7.4)
Life threatening 2(2.4) 3(5.6)
Persistent or significant disability/incapacity 0 0
Requires or prolongs hospitalization 30 (36.1) 17 (31.5)
Congenital anomaly or birth defect 0 0
Other medically important serious event 9(10.8) 2(3.7)

1245.137: Only SAEs and protocol pre-specified non-serious AEs included and only one reason for meeting the serious-
ness criterion could be selected. The total number of patients with fatal outcomes is 4 for empagliflozin and 12 for placebo.

Covers events with onset after start of chronic dialysis until end of non-fatal follow-up. Percentages are calculated using total
number of patients per treatment as the denominator. MedDRA version: 23.1

AE adverse event, SAE serious adverse event
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infections were not increased for empagliflozin
versus placebo in any subgroup including sex.

The present meta-analysis showed that the
occurrence of serious acute kidney injury was
lower with empagliflozin therapy compared
with placebo. This finding is consistent with
the finding of a meta-analysis of SGLT2 inhibi-
tors, which showed a 30% reduction in acute
kidney injury among patients who received
SGLT2 inhibitors [12]. A recent meta-analysis
and systematic review of the effects of SGLT2
inhibition on kidney outcomes evaluated acute
kidney injury as an efficacy outcome in terms
of reduction in the number of patients with
progression of kidney disease [9]. The meta-
analysis showed a 23% reduction in acute kid-
ney injury associated with SGLT2 inhibition,
with similar reductions in patients with and
without T2D. This outcome is considered to
reflect the kidney-protective effects of empa-
gliflozin [9].

Severe hypoglycemia (i.e., requiring assis-
tance) is a concern for patients with T2D. The
findings of the present meta-analysis indicate
that this risk is not increased with empagliflo-
zin. This finding is consistent with the results
of previous pooled analyses of empagliflozin
[6-8]. Since SGLT2 inhibitors reduce plasma
glucose by increasing glucose excretion by the
kidneys, an effect that is independent of insu-
lin [15], the overall risk of hypoglycemia is low
when these agents are used as monotherapy
[16]. Diabetic ketoacidosis is a rare AE associ-
ated with SGLT2 inhibitor therapy that may
occur with minimal increases in blood glucose
[17]. The likelihood of ketoacidosis is increased
among patients with established T2D who are
being treated with insulin and can be potenti-
ated by fasting, intercurrent illness, or surgical
intervention. A large collaborative meta-analysis
of available evidence from large SGLT2 inhibi-
tor trials showed that patients without T2D are
at especially low risk of ketoacidosis associated
with SGLT2 inhibitor therapy [9]. This present
meta-analysis showed a small absolute increase
in the incidence of ketoacidosis among patients
receiving empagliflozin versus placebo. Most of
these events occurred in patients with T2D, with
just one event in a patient without T2D who
received empagliflozin.

Empagliflozin produces transient natriuresis
and increases in urine volume [18], resulting in
the potential for hypotension and volume deple-
tion, particularly among elderly individuals [5].
The findings of this meta-analysis indicate that
serious volume depletion was more frequent
in the empagliflozin group compared with pla-
cebo, with an increased incidence with older
age in the empagliflozin group (being greatest
in patients aged =85 years).

Bone fracture has been an AE of interest
following The Canagliflozin Cardiovascular
Assessment Study (CANVAS), which reported
an increase in bone fractures among patients
who received canagliflozin versus placebo (15.4
vs. 11.9 participants with fracture/1000 patient-
years; HR 1.26; 95% CI 1.04, 1.52) [19]. However,
an increased risk of fractures was not observed in
a subsequent trial of canagliflozin [20] and has
not been observed with other SGLT2 inhibitors
[12, 13]. Similarly, previous pooled analyses for
empagliflozin have shown no association with
treatment and an increased occurrence of bone
fractures [6-8]. The present meta-analysis pro-
vides further support for these findings based on
a median 2.1-year (110 week) follow-up period.

The CANVAS study also indicated a two-fold
increase in risk of lower limb amputation (pri-
marily of the metatarsal) among patients who
received canagliflozin versus placebo [19]. As a
result, the occurrence of amputations has specif-
ically been evaluated in subsequent clinical tri-
als of SGLT2 inhibitors. As with bone fractures,
no increased risk of lower limb amputation was
indicated in a subsequent trial of canagliflozin
[20], with other SGLT2 inhibitors [12, 13], or in
previous pooled analyses for empagliflozin [6-8].
These findings are further supported by the pre-
sent meta-analysis.

Until recently, patients with CKD and eGFR
< 30 ml/min/1.73 m? and patients on dialysis
have been underrepresented in trials of SGLT2
inhibitors. However, the EMPA-KIDNEY trial
showed that empagliflozin was associated with
preservation of kidney function across a wide
range of eGFR levels, including levels as low as
20 ml/kg/1.73 m?, with no evidence of safety
concerns. The present meta-analysis does not
indicate that patients on dialysis are at increased
risk of AEs if treated with empagliflozin. No new
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safety concerns were raised in the analyses of
AEs by other subgroups, including age, BMI,
presence of T2D, or concurrent HFE. Thus, this
meta-analysis does not indicate that empagliflo-
zin is associated with an increased risk of AEs in
subpopulations of interest, including patients
with low eGFR, low BMI, elderly patients, and
patients with or without comorbidities such as
T2D and HE

The strengths of this meta-analysis include
the large number of participants and the long
total exposure to treatment and follow-up
period. Restricting the analyses to empagliflo-
zin enabled an individual patient data approach
and subgroup analysis to ensure the generation
of high-quality data. This would not have been
possible if a summary-based approach (aggre-
gated data) had been used, as this would have
required the availability of subgroup results
across the trials. As with all meta-analyses, an
important limitation of the present analysis
is the inclusion of trials of different durations
and methodologies. In addition, the analysis of
lower limb amputations in the EMPA-REG OUT-
COME study should be interpreted with caution
in view of the manual retrieval and validation
of these cases. Another limitation of the present
meta-analysis is that only the AEs of interest
included in EMPA-KIDNEY were analyzed. How-
ever, other AEs have been extensively analyzed
in previous pooled analyses for empagliflozin
[6-8]. Low patient numbers in some of the sub-
groups, including the group who started dialysis
during the study, mean that the data collected
were insufficient for generating conclusions and
should, therefore, be interpreted with caution.

CONCLUSION

This meta-analysis of 20,933 participants of four
large, randomized, placebo-controlled clinical
trials of empagliflozin extends previous pooled
safety analyses and confirms previous knowl-
edge of the safety and tolerability of empagli-
flozin. These findings were consistent across a
broad range of participants, including patients
with and without T2D, patients with HF, and a
wide range of patients with CKD, and various

subgroups of specific interest. Furthermore,
there was no evidence to indicate that patients
on dialysis are at increased risk of AEs when
treated with empagliflozin.
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