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OBJECTIVEdTo investigate the efficacy and tolerability of empagliflozin as add-on to met-
formin and sulfonylurea in patients with type 2 diabetes.

RESEARCHDESIGNANDMETHODSdPatients inadequately controlled onmetformin
and sulfonylurea (HbA1c $7 to #10%) were randomized and treated with once-daily empagli-
flozin 10 mg (n = 225), empagliflozin 25 mg (n = 216), or placebo (n = 225) for 24 weeks. The
primary end point was change from baseline inHbA1c at week 24. Key secondary end points were
changes from baseline in weight and mean daily glucose (MDG) at week 24.

RESULTSdAt week 24, adjusted mean (SE) changes from baseline in HbA1c were 20.17%
(0.05) for placebo vs. 20.82% (0.05) and 20.77% (0.05) for empagliflozin 10 and 25 mg,
respectively (both P , 0.001). Empagliflozin significantly reduced MDG, weight, and systolic
(but not diastolic) blood pressure versus placebo. Adverse events were reported in 62.7, 67.9,
and 64.1% of patients on placebo and empagliflozin 10 and 25 mg, respectively. Events consis-
tent with urinary tract infection were reported in 8.0, 10.3, and 8.3% of patients on placebo and
empagliflozin 10 and 25 mg, respectively (females: 13.3, 18.0, and 17.5%, respectively; males:
2.7, 2.7, and 0%, respectively). Events consistent with genital infection were reported in 0.9, 2.7,
and 2.3% of patients on placebo and empagliflozin 10 and 25 mg, respectively (females: 0.9, 4.5,
and 3.9%, respectively; males: 0.9% in each group).

CONCLUSIONSdEmpagliflozin 10 and 25 mg for 24 weeks as add-on to metformin plus
sulfonylurea improved glycemic control, weight, and systolic blood pressure and were well
tolerated.
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Metformin is the standard first-line
pharmacotherapy to achieve gly-
cemic control in patients with

type 2 diabetes (1). However, metformin
alone frequently fails to maintain glyce-
mic control in the long term (2), and
most patients with type 2 diabetes will re-
quire additional therapies (1). Although
initially effective, sulfonylureas are

associated with low durability (2), and
common side effects are hypoglycemia
and weight gain (3–5). Furthermore, as
type 2 diabetes progresses, with deterio-
ration of b-cell function and increased in-
sulin resistance (6), the use of agents
utilizing pathways dependent on insulin
becomes increasingly difficult. In addi-
tion, steady increases in weight are

observed in patients with type 2 diabetes
(7), which may be associated with wors-
ening markers of insulin resistance (1).
Thus, there is still a great unmet need
for effective and well-tolerated antidiabe-
tes agents that can be used in combination
with existing treatments to improve gly-
cemic control in patients with type 2 di-
abetes, in particular without the risk of
hypoglycemia and weight gain.

The sodium glucose cotransporter 2
(SGLT2), located in the proximal tubule
of the kidney, represents a promising
target for the treatment of type 2 diabetes.
SGLT2 is responsible for tubular reab-
sorption of ;90% of the glomerular fil-
trated glucose (8). In patients with type 2
diabetes, inhibition of SGLT2 leads to re-
duced renal glucose reabsorption and
increased urinary glucose excretion, re-
sulting in a reduction in hyperglycemia,
irrespective of b-cell function or insulin
resistance (9).

Empagliflozin is a potent and selec-
tive inhibitor of SGLT2 (10). In phase II
trials in patients with type 2 diabetes, a
12-week treatment with empagliflozin as
monotherapy or as add-on to metformin
resulted in reductions in HbA1c, weight,
and blood pressure and was well tolerated
(11,12). These effects were shown to be
sustained for up to 90 weeks (13).

The aim of this study (EMPA-REG
METSU) was to evaluate the efficacy,
safety, and tolerability of empagliflozin
(10 and 25 mg once daily) versus placebo
over 24 weeks as add-on therapy to
metformin plus sulfonylurea in patients
with type 2 diabetes with inadequate
glycemic control. In addition, the efficacy
and safety of empagliflozin 25 mg was
investigated in poorly controlled patients
with HbA1c .10% in an open-label treat-
ment arm.

RESEARCH DESIGN AND
METHODS

Study design
This was a randomized, placebo-controlled,
double-blind phase III study conducted
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from July 2010 to February 2012 in 148
centers in 12 countries (Canada, China,
France, Germany, India, Korea, Mexico,
Slovakia, Slovenia, Taiwan, Turkey, and
the U.S.). The clinical trial protocol was
approvedby the institutional reviewboards
and independent ethics committees and
competent authorities of the participating
centers, and the trial complied with the
Declaration of Helsinki, in accordance
with the International Conference on
Harmonization Harmonized Tripartite
Guideline for Good Clinical Practice. The
trial is registered with clinicaltrials.gov
(NCT01159600). All patients provided
written informed consent.

Inclusion and exclusion criteria
This study enrolled patients (aged $18
years; BMI#45 kg/m2) with inadequately
controlled type 2 diabetes (HbA1c $7 to
#10%) despite a diet and exercise pro-
gram and a stable regimen (unchanged
for $12 weeks prior to randomization)
of metformin immediate release plus a
sulfonylurea. Patients with HbA1c .10%
were eligible to participate in an open-
label treatment arm.

Exclusion criteria included uncon-
trolled hyperglycemia (glucose level
.13.3 mmol/L) after an overnight fast,
confirmed by a second measurement),
acute coronary syndrome, stroke or tran-
sient ischemic attack within 3 months
prior to consent, indication of liver dis-
ease, impaired kidney function (esti-
mated glomerular filtration rate [eGFR]
,30 mL/min/1.73 m2) during screening
or run-in, contraindications to metformin
or sulfonylurea according to the local la-
bel, gastrointestinal surgeries that induce
chronic malabsorption, history of cancer
(except basal cell carcinoma) or treatment
for cancer within 5 years, blood dyscrasias
or any disorders causing hemolysis or un-
stable erythrocytes, treatment with anti-
obesity drugs 3 months prior to consent,
use of any treatment at screening that
leads to unstable body weight, treatment
with systemic steroids at time of consent,
change in dosage of thyroid hormones
within 6 weeks of consent, alcohol or
drug abuse within 3 months of consent,
and investigational drug intake within 30
days of the trial.

Treatment and interventions
After a 2-week open-label placebo run-in
period, eligible patients were randomized
(1:1:1) to receive once-daily (in the morn-
ing with water) empagliflozin 10 mg, em-
pagliflozin 25 mg, or placebo as add-on

therapy to metformin ($1,500 mg/day or
maximum tolerated dose or maximum
dose according to local label) plus a sulfo-
nylurea (greater than or equal to half the
maximum recommended dose, or the
maximum tolerated dose, or the maxi-
mum dose according to local label) for
24 weeks. Randomization was performed
using a third-party interactive voice and
web response system and was stratified
by HbA1c (,8.5 and $8.5%), eGFR
($90, 60–89, and 30–59 mL/min/1.73
m2; Modification of Diet in Renal Disease
equation), and region (Europe, Asia,
North America, and Latin America). Pa-
tients allocated to the open-label arm re-
ceived empagliflozin 25 mg for 24 weeks
without run-in. Study visits were sched-
uled at screening; at the start of the pla-
cebo run-in period (randomized patients
only); and at weeks 0, 6, 12, 18, and 24.
Patients were followed up for 1 week after
the treatment period.

Rescue medication was initiated dur-
ing the treatment period if, between
weeks 1 and 12, a patient had a glucose
level .13.3 mmol/L after an overnight
fast or, between weeks 12 and 24, a pa-
tient had a glucose level .11.1 mmol/L
after an overnight fast or HbA1c .8.5%.
The initiation, choice, and dosage of res-
cue medication were at the investigator’s
discretion, according to local prescribing
information. In cases of hypoglycemia,
rescuemedication was reduced or discon-
tinued. Where hyper- or hypoglycemia
could not be controlled, the patient was
discontinued from the trial.

End points and assessments
The primary end point was the change
from baseline in HbA1c at week 24. Key
secondary end points were change from
baseline to week 24 in body weight and
mean daily glucose (MDG) using an 8-point
blood glucose profile.

Exploratory end points included the
following: percentage of patients with
baseline HbA1c $7.0% who had HbA1c

,7% at week 24; change from baseline
in fasting plasma glucose (FPG), waist cir-
cumference, and systolic and diastolic
blood pressure (SBP and DBP) at week
24; percentage of patients with .5% re-
duction in body weight at week 24; and
use of rescue medication. Change from
baseline in 2-h postprandial glucose
(PPG) was assessed in a subset of patients
based on a meal tolerance test (MTT) per-
formed at baseline and week 24.

Safety end points included vital signs,
clinical laboratory parameters, 12-lead

electrocardiogram, and adverse events
(AEs; preferred terms coded according
to the Medical Dictionary for Drug Reg-
ulatory Activities version 14.1). AEs in-
cluded all events with an onset after the
first dose of trial medication up to a
period of 7 days after the last dose. AEs of
special interest included confirmed hypo-
glycemic AEs (plasma glucose #3.9
mmol/L and/or requiring assistance) and
events consistent with urinary tract in-
fection (UTI) and genital infection.
Events consistent with UTI and genital
infection were identified from AEs re-
ported spontaneously by the investiga-
tor using prospectively defined search
categories based on 67 and 87 preferred
terms, respectively.

Statistical analysis
Efficacy analysis was performed on the
full analysis set (FAS), which included all
randomized patients treated with one or
more doses of study drug who had a base-
line HbA1c value. Two-hour PPG was ana-
lyzed in the MTT set (patients in the FAS
with valid baseline and one or more on-
treatment MTT measurements). Safety
and lipid parameters were analyzed in
the treated set (patients treated with one
or more doses of study drug).

Values observed after a patient started
rescue medication were set to missing. The
last observation carried forward (LOCF)
approachwas used to imputemissing con-
tinuous efficacy data. MDG was also an-
alyzed based on observed cases (OCs).
Categorical efficacy variables were ana-
lyzed using noncompleters considered
failure imputation. LOCF-IR imputation
(i.e., LOCF without setting values after
rescue therapy to missing) was used for
analysis of lipid parameters. Analyses of
efficacy end points in the open-label set
were based on OC.

The primary end point was assessed
using an ANCOVA model, with treat-
ment, region, and eGFR at baseline as
fixed effects and baseline HbA1c as a linear
covariate. Key secondary and continuous
exploratory end points were analyzed us-
ing the statistical model described for the
primary end point, with the baseline
value for the end point in question as an
additional linear covariate. Changes over
time in HbA1c, FPG, and blood pressure
were analyzed using restricted maximum
likelihood–based mixed model repeated
measures. Categorical change in HbA1c

and the proportion of patients with
.5% weight loss were analyzed using lo-
gistic regression.
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Treatment differences versus placebo
in primary and key secondary end points
were tested using a hierarchical testing
approach for each dose at a significance
level of 2.5% (two sided) to maintain the
overall type I error at 5%. All other
exploratory tests were two sided at a 5%
level (no multiplicity adjustment). Safety
analyses and analyses of efficacy end
points in the open-label group were
descriptive.

Further details on statistical analysis
including sample size calculation are
given in Supplementary Section 1.

RESULTS

Patients
Patient disposition is shown in Fig. 1. A
total of 669 patients were randomized, of
whom 666 patients were treated double
blind with study medication and com-
prised the FAS. Overall, 91.3% of ran-
domized and treated patients completed
the treatment period. A further 101 pa-
tients with HbA1c .10% were treated
with open-label empagliflozin 25 mg,
and 84.2% of these patients completed

the treatment period. Two-hour PPG
was evaluated in a subset of 124 patients
(placebo, n = 35; empagliflozin 10mg, n =
43; empagliflozin 25 mg, n = 46).

Baseline characteristics were balanced
across treatment groups (Table 1). The
mean (SD) age of randomized patients
was 57.1 years (9.2); mean (SD) BMI
was 28.2 kg/m2 (5.3). Mean (SD) baseline
HbA1c in the randomized groups was
8.10% (0.83), 49.1% had a baseline
HbA1c ,8.0%, and 16.4% had a baseline
HbA1c $9.0%.

Efficacy
Randomized groups. Adjusted mean
HbA1c levels over the 24-week treatment
period are shown in Fig. 2A. Reductions
in HbA1c after 24 weeks were significantly
greater in empagliflozin groups than in
the placebo group, with adjusted mean
(SE) changes of 20.17% (0.05) for pla-
cebo, compared with 20.82% (0.05) for
empagliflozin 10 mg and 20.77% (0.05)
for empagliflozin 25 mg (differences of
adjusted means vs. placebo were 20.64%
[95%CI20.77 to20.51] for empagliflozin
10mg and20.59% [20.73 to20.46] for

empagliflozin 25 mg; P , 0.001 for both
doses) (Fig. 2B and Supplementary Table
1). In patients with HbA1c $7.0% at
baseline, a greater proportion of patients
treated with empagliflozin 10 and 25 mg
reached HbA1c ,7.0% at week 24 (26.3
and 32.2%, respectively) compared with
placebo (9.3%); odds ratios versus pla-
cebo were 3.85 (95% CI 2.17–6.85) for
empagliflozin 10 mg and 5.22 (2.95–
9.24) for empagliflozin 25 mg; P ,
0.001 for both doses (Supplementary
Fig. 1A, and Supplementary Table 1). In
the subgroups of patients with normal re-
nal function (eGFR $90 mL/min/1.73
m2), mild renal impairment (eGFR $60
to ,90 mL/min/1.73 m2), and moderate
renal impairment (eGFR$30 to,60 mL/
min/1.73 m2), empagliflozin reduced
HbA1c at week 24 versus placebo (P ,
0.01 for each renal function subgroup)
(Supplementary Table 2).

Adjusted mean (SE) changes in MDG
from baseline to week 24 using LOCF
imputation were 0.00 mmol/L (0.10) for
placebo, compared with 20.56 mmol/L
(0.10) for empagliflozin 10 mg and
20.72 mmol/L (0.11) for empagliflozin

Figure 1dStudy flow.
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25 mg (differences of adjusted means vs.
placebo were 20.56 mmol/L [95% CI
20.83 to 20.28] for empagliflozin 10 mg
and 20.72 mmol/L [21.02 to 20.43] for
empagliflozin 25 mg; P , 0.001 for both
doses) (Supplementary Table 1). As
46.9% of analyzed patients had missing
or invalid MDG measurements at week
24 and therefore had their baseline values
carried forward according to the LOCF
imputation method, results based on the
prespecified OC analysis may more ac-
curately reflect the treatment effect of
empagliflozin onMDG. Here, the adjusted
mean (SE) changes from baseline to
week 24 were 0.03 mmol/L (0.17) with
placebo vs. 21.05 mmol/L (0.15) with
empagliflozin 10 mg (P , 0.001) and
21.14 mmol/L (0.16) with empagliflozin
25 mg (differences of adjusted means vs.
placebo were 21.08 mmol/L [95% CI
21.53 to 20.62] for empagliflozin 10 mg
and 21.17 mmol/L [21.64 to 20.70] for
empagliflozin 25 mg; P , 0.001 for both
doses) (Fig. 2D).

Reductions in FPG (Supplementary
Fig. 1B and C) and 2-h PPG (Supplemen-
tary Fig. 1D) were significantly greater in
the empagliflozin 10 and 25 mg groups
than in the placebo group at week 24

(Supplementary Table 1). Further data
on the effect of empagliflozin and placebo
on these end points are given in Supple-
mentary Section 2.

Treatment with empagliflozin resulted
in a significantly greater reduction in
body weight compared with placebo at
week 24, with adjusted mean (SE) changes
from baseline of20.39 kg (0.15) with pla-
cebo compared with22.16 kg (0.15) with
empagliflozin 10 mg and22.39 kg (0.16)
with empagliflozin 25 mg (differences
of adjusted means vs. placebo were
21.76 kg [95% CI 22.19 to 21.34]
for empagliflozin 10 mg and 21.99 kg
[22.42 to 21.56] for empagliflozin 25 mg;
P , 0.001 for both doses) (Fig. 2E and
Supplementary Table 3). The proportion
of patients with .5% reduction in body
weight at week 24was significantly greater
with empagliflozin 10 mg (27.6%) and
empagliflozin 25 mg (23.6%) than with
placebo (5.8%; odds ratios vs. placebo
were 6.36 [95% CI 3.36–12.02] for
empagliflozin 10 mg and 5.19 [2.72–9.91]
for empagliflozin 25 mg; P , 0.001 for
both doses) (Supplementary Fig. 2A and
Supplementary Table 3). The reduction in
body weight in patients on empagliflozin
10 and 25 mg was accompanied by

significant decreases in waist circumfer-
ence at week 24 (adjusted mean [SE]
changes of 21.46 cm [0.27] and 21.48 cm
[0.28], respectively) versus placebo
(20.31 cm [0.28]; differences of adjusted
means vs. placebo were 21.15 cm [95%
CI 21.92 to 20.39] for empagliflozin
10 mg and 21.17 cm [21.94 to 20.40]
for empagliflozin 25 mg; P = 0.003 for
both doses) (Supplementary Fig. 2B and
Supplementary Table 3).

Changes from baseline in SBP over
time are shown in Supplementary Fig. 3A.
The adjusted mean (SE) change from
baseline at week 24 was 21.4 mmHg
(0.7) with placebo compared with 24.1
mmHg (0.7) with empagliflozin 10 mg
(difference vs. placebo: 22.7 mmHg
[95% CI 24.6 to 20.8]; P = 0.005) and
23.5 mmHg (0.7) with empagliflozin 25
mg (difference vs. placebo: 22.1 mmHg
[24.0 to 20.2]; P = 0.032) (Fig. 2F and
Supplementary Table 4). Reductions in
SBP with empagliflozin were not associ-
ated with increases in pulse rate. Changes
from baseline in DBP over time are shown
in Supplementary Fig. 3B. Changes from
baseline inDBPwith empagliflozinwere not
significant at week 24 compared with pla-
cebo (Fig. 2G and Supplementary Table 4).

Table 1dPatient demographics and baseline characteristics

Placebo
Empagliflozin

10 mg
Empagliflozin

25 mg Total randomized
Open-label empagliflozin 25 mg

(baseline HbA1c .10%)

Number of patients 225 (100%) 225 (100%) 216 (100%) 666 (100%) 101 (100%)
Sex
Male 112 (50%) 113 (50%) 114 (53%) 339 (51%) 54 (54%)
Female 113 (50%) 112 (50%) 102 (47%) 327 (49%) 47 (47%)

Age (years) 56.9 (9.2) 57.0 (9.2) 57.4 (9.3) 57.1 (9.2) 53.4 (10.5)
Race
Asian 127 (56%) 129 (57%) 125 (58%) 381 (57%) 48 (48%)
White 88 (39%) 89 (40%) 85 (39%) 262 (39%) 50 (50%)
Black/African American 7 (3%) 3 (1%) 3 (1%) 13 (2%) 1 (1%)
American Indian/Alaska Native 3 (1%) 4 (2%) 3 (1%) 10 (2%) 2 (2%)

Time since diagnosis of type 2 diabetes
#1 year 2 (1%) 3 (1%) 7 (3%) 12 (2%) 4 (4%)
.1–5 years 36 (16%) 59 (26%) 43 (20%) 138 (21%) 26 (26%)
.5–10 years 94 (42%) 74 (33%) 79 (37%) 247 (37%) 33 (33%)
.10 years 93 (41%) 89 (40%) 87 (40%) 269 (40%) 38 (38%)

Body weight (kg) 76.2 (16.9) 77.1 (18.3) 77.5 (18.8) 76.9 (18.0) 76.4 (18.2)
BMI (kg/m2) 27.9 (4.9) 28.3 (5.4) 28.3 (5.5) 28.2 (5.3) 28.7 (5.5)
HbA1c (%) 8.15 (0.83) 8.07 (0.81) 8.10 (0.83) 8.10 (0.83) 11.18 (1.25)
FPG (mmol/L) 8.42 (1.99) 8.38 (1.82) 8.69 (1.87) 8.49 (1.90) 11.12 (3.37)
MDG (mmol/L) 9.46 (1.69) 9.45 (1.61) 9.59 (2.10) 9.49 (1.78) 12.94 (3.52)
SBP (mmHg) 128.8 (14.3) 128.7 (13.9) 129.3 (14.2) 128.9 (14.1) 126.4 (12.4)
DBP (mmHg) 78.3 (8.6) 78.4 (9.6) 79.0 (8.4) 78.6 (8.8) 78.3 (8.8)
eGFR (mL/min/1.73 m2 [MDRD equation]) 86.9 (20.1) 86.5 (21.8) 88.3 (22.6) 87.2 (21.5) 93.1 (23.7)

Data are n (%) or mean (SD). Data from FAS and all patients who received one or more doses of study drug in the open-label group. MDRD, Modification of Diet in
Renal Disease.
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In total, 33 patients (5.0%) in the
randomized groups received rescue ther-
apy. More patients received rescue ther-
apy in the placebo group (26 patients
[11.6%]) than in the randomized
empagliflozin groups (5 patients [2.2%]
on 10mg, 2 patients [0.9%] on 25mg). Of
the seven patients who required rescue
medication while receiving empagliflozin,
five patients received a thiazolidinedione
(four patients on empagliflozin 10 mg and
one patient on empagliflozin 25 mg) and
two patients received an a-glucosidase in-
hibitor (one patient on each dose).
Open-label group. The changes in HbA1c

over time in the open-label group (base-
line HbA1c .10%) are given in Fig. 2C.

The mean (SE) change from baseline in
HbA1c at week 24 was 22.89% (0.16).
A total of 8.9% of patients achieved
HbA1c ,7.0% at week 24 (Supplementary
Table 1). Atweek 24, themean (SE) changes
from baseline inMDG and FPGwere23.39
mmol/L (0.58) and 23.02 mmol/L (0.37),
respectively; mean (SE) change in body
weight was 21.76 kg (0.40), and mean
(SE) change in waist circumference was
21.36 cm (0.54). A total of 18.8% of pa-
tients achieved a .5% reduction in body
weight at week 24. Changes (SE) from
baseline in SBP and DBP were 24.3
mmHg (1.2) and 23.4 mmHg (1.0), re-
spectively. Eleven patients (10.9%) in the
open-label group received rescue therapy.

Safety
AEs are summarized in Table 2. Most
(96%) of patients with one or more AE
reported only events of mild or moderate
intensity. One patient in the empagliflozin
10 mg group died during the study due
to an acute myocardial infarction, which
was assessed as not being related to the
study drug by the investigator. Con-
firmed hypoglycemic AEs were reported
by more patients in the empagliflozin 10
mg (n = 36; 16.1%) and 25 mg (n = 25;
11.5%) groups than with placebo (n =
19; 8.4%). None of these events required
assistance.

Events consistent with UTI were re-
ported in 8.0% of patients on placebo,

Figure 2dEffect of empagliflozin on efficacy parameters. A: HbA1c over time in randomized groups (mixed model repeated measures, FAS, and
OC). B: Change from baseline in HbA1c at week 24 in randomized groups (ANCOVA, FAS, and LOCF imputation). C: HbA1c over time in the open-
label treatment group (OC and descriptive statistics).D: Change from baseline inMDG at week 24 in randomized groups (ANCOVA, FAS, and OC).
E: Change from baseline in weight at week 24 (ANCOVA, FAS, and LOCF). F: Change from baseline in SBP at week 24 (ANCOVA, FAS, and LOCF).
G: Change from baseline in DBP at week 24 (ANCOVA, FAS, and LOCF). Data are adjusted mean (SE) for randomized groups and mean (SE) for
open-label treatment group. *P, 0.001 vs. placebo; †P = 0.032 vs. placebo; ‡P = 0.005 vs. placebo; xP = 0.557 vs. placebo; {P = 0.534 vs. placebo.
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similar to the proportion on empagliflozin
25 mg (8.3%) and slightly lower than the
proportion on empagliflozin 10 mg
(10.3%). The majority of events consis-
tent with UTI were mild in intensity, none
was severe, and only one such event led
to study discontinuation. No cases of py-
elonephritis or urosepsis were reported.
Most patients who reported any events
consistent with UTI reported just one
event; two patients in the empagliflozin
10 mg group and two patients in the

empagliflozin 25 mg group reported two
events. Events consistent with UTI were
reported considerably more frequently in
female patients (13.3–18.0%) than in
male patients (0.0–2.7%). The proportion
of patients who reported events consistent
with genital infection was low, but higher
with empagliflozin than with placebo
(2.3–2.7 vs. 0.9%). Most were mild and
none led to discontinuation. All but one
patient (in the placebogroup)who reported
any events consistent with genital infection

reported just one event. Events consistent
with genital infection were reported more
frequently in female patients (0.9–4.5%)
than in male patients (0.9%).

In the open-label group, confirmed hy-
poglycemic events were reported for seven
patients (6.9%). Events consistent with UTI
were reported for three patients (3.0%),
and events consistent with genital infec-
tion were reported for two patients (2.0%).

Changes in laboratory values (elec-
trolytes, hematocrit, and lipid parameters)

Figure 2dContinued.
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are presented in Supplementary Table 5.
There were small increases in hematocrit
and small decreases in uric acid levels in
the randomized empagliflozin groups.
Electrolyte levels were unchanged across
the groups. Changes in eGFR were small
andcomparable across the treatment groups.
There was a small increase from baseline
in HDL cholesterol with empagliflozin 10
and 25 mg (mean [SE], 0.05 mmol/L
[0.01] for both doses) compared with pla-
cebo (20.02 mmol/L [0.01]; P , 0.001).
Nomajor differences in mean (SE) changes
from baseline in LDL cholesterol or triglyc-
erides were noted between placebo and
empagliflozin.

CONCLUSIONSdThe current study
was undertaken to establish the efficacy
and safety of empagliflozin 10 and 25 mg
once daily for 24 weeks in patients with
type 2 diabetes who had inadequate glyce-
mic control onmetformin and sulfonylurea.
Both doses led to clinically meaningful
improvements in glycemic control, body
weight, and SBP (but not DBP) with a good
tolerability and safety profile.

Guidelines recommend that patients
who fail to achieve adequate glycemic con-
trol with metformin monotherapy receive

an additional agent such as sulfonylurea, a
glucagon-like peptide-1 (GLP-1) receptor
agonist, a dipeptidyl peptidase-4 (DPP4)
inhibitor, a thiazolidinedione, or basal
insulin. When combination therapy fails
to achieve adequate glycemic control, in-
sulin therapy is usually the most appro-
priate third-line treatment (1,14). Although
efficacious, insulin is associated with side
effects such weight gain and hypoglyce-
mia (1,14). In this trial, the addition of
empagliflozin to metformin and sulfonyl-
urea led to significant reductions in HbA1c,
with 26–32% of patients reaching HbA1c

,7.0% at week 24 compared with only
9% in the placebo group. Improved glu-
cose control was further demonstrated by
significant reductions in MDG, FPG, and
2-h PPG with empagliflozin compared
with placebo. Changes in MDG, assessed
based on OC analysis, corresponded well
with changes in HbA1c (15). A beneficial
effect of empagliflozin on glucose control
was also observed in patients with very
poor glycemic control at baseline, in
whom HbA1c was reduced from a mean of
11.2–8.2% at week 24. These results sug-
gest that empagliflozin is efficacious over a
broad HbA1c range. Further, empagliflozin
was shown to be efficacious in a patient

population that included a substantial
number of patients with a long duration
of type 2 diabetes (77% of randomized
patients had been diagnosed.5 years be-
fore the trial). Significant reductions in
body weight and waist circumference
were observed with empagliflozin com-
pared with placebo, and 24–28% of pa-
tients on empagliflozin had a .5%
reduction in weight at week 24, compared
with only 6% on placebo. Weight control
is important for patients with type 2 dia-
betes to help improve glycemic control
(16,17) and improve cardiovascular risk
factors (1,18,19), and is particularly perti-
nent for patients taking a sulfonylurea.
Treatment with sulfonylurea is associated
with weight gain, a side effect that has been
shown to reduce patient satisfaction and
adherence to medication (20,21).

Hypertension is an important cardio-
vascular risk factor associated with type 2
diabetes (22,23). In this study, a signifi-
cant reduction in SBP was observed with
empagliflozin compared with placebo,
without an increase in pulse rate. This
may reflect osmotic diuresis associated
with urinary glucose excretion (24),
which may also explain the small increase
in hematocrit. Unexpectedly, no reduction

Table 2dSummary of AEs

Placebo
Empagliflozin

10 mg
Empagliflozin

25 mg
Open-label empagliflozin 25mg

(baseline HbA1c .10%)

One or more AE(s) 141 (62.7) 152 (67.9) 139 (64.1) 68 (67.3)
One or more drug-related* AE(s) 34 (15.1) 54 (24.1) 43 (19.8) 19 (18.8)
AEs leading to discontinuation 8 (3.6) 6 (2.7) 7 (3.2) 5 (5.0)
One or more serious AE(s) 14 (6.2) 11 (4.9) 1 (0.5) 5 (5.0)
Deaths 0 1 (0.4) 0 0
AEs with frequency of $5% in any

randomized group (by preferred term)
UTI 15 (6.7) 21 (9.4) 15 (6.9) 3 (3.0)
Nasopharyngitis 11 (4.9) 18 (8.0) 13 (6.0) 5 (5.0)
Upper respiratory tract infection 12 (5.3) 7 (3.1) 11 (5.1) 3 (3.0)
Hypoglycemia† 22 (9.8) 35 (15.6) 28 (12.9) 9 (8.9)
Hyperglycemia 28 (12.4) 6 (2.7) 5 (2.3) 8 (7.9)
Dizziness 12 (5.3) 6 (2.7) 9 (4.1) 2 (2.0)

Special interest categories
Hypoglycemia‡ 19 (8.4) 36 (16.1) 25 (11.5) 7 (6.9)

Events requiring assistance 0 0 0 0
Events consistent with UTIx 18 (8.0) 23 (10.3) 18 (8.3) 3 (3.0)
Male 3 (2.7) 3 (2.7) 0 0
Female 15 (13.3) 20 (18.0) 18 (17.5) 3 (6.4)

Events consistent with genital infection{ 2 (0.9) 6 (2.7) 5 (2.3) 2 (2.0)
Male 1 (0.9) 1 (0.9) 1 (0.9) 1 (1.9)
Female 1 (0.9) 5 (4.5) 4 (3.9) 1 (2.1)

Data are n (%). Treated set. *As assessed by the investigator. †Reported by investigators using Medical Dictionary for Drug Regulatory Activities preferred term
“hypoglycemia.” ‡Events consistent with hypoglycemia and with plasma glucose #3.9 mmol/L and/or requiring assistance. xReports of UTI were based on 67
preferred terms for UTI events. {Reports of genital infection were based on 87 preferred terms for genital infection events.
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in DBP was observed at week 24. As a lim-
itation of the study, changes in antihyper-
tensive medication were allowed, possibly
diluting the effect of empagliflozin versus
placebo on blood pressure. A reduction in
uric acid levels was observed in patients
treated with empagliflozin, compared
with an increase in patients on placebo.
In many epidemiological studies, lower
uric acid levels have been associated with
lower cardiovascularmorbidity andmortality
(25,26).

Empagliflozin was well tolerated
when used as add-on therapy to metfor-
min plus sulfonylurea for 24 weeks. More
patients reported serious AEs with pla-
cebo than empagliflozin, and the number
of patients who discontinued due to
AEs was similar between the random-
ized empagliflozin groups and the pla-
cebo group. More randomized patients
reported confirmed hypoglycemic events
with empagliflozin than with placebo.
This suggests that empagliflozin in combi-
nation with sulfonylurea may increase the
risk of hypoglycemia, whereas empagliflozin
alone has a low risk of hypoglycemia (11).
Importantly, empagliflozin as add-on to on
metformin plus sulfonylurea did not cause
any hypoglycemic events that required
assistance.

Patients with type 2 diabetes, partic-
ularly female patients, are at increased
risk of UTIs (27,28); however, the reported
incidence varies between trials due to dif-
ferent reporting methods. In this trial, the
proportion of patients with events con-
sistent with UTI was slightly higher with
empagliflozin 10mg thanwith empagliflozin
25 mg or placebo, and the proportion of
patients reporting genital infections was
higher with empagliflozin than with pla-
cebo. This is consistent with data on other
SGLT2 inhibitors, which show that a
higher proportion of patients report geni-
tal infections with the SGLT2 inhibitor
versus placebo, but the proportion of pa-
tients who report UTIs is similar or only
slightly higher with SGLT2 inhibitor ver-
sus placebo (29,30).

Empagliflozin 10 and 25 mg showed
no difference in efficacy or tolerability in
this trial, even though a dose-dependent
increase in urinary glucose excretion
and a dose-dependent decrease in HbA1c

have been reported in phase I/II stud-
ies (11,12,31,32). Dose dependency of
empagliflozin will be evaluated based on
the totality of data from phase III trials
comprising more than 10,000 patients.

To conclude, in this trial, empagliflozin
at doses of 10 and 25 mg led to clinically

meaningful improvements in glycemic
control in patients with inadequate con-
trol onmetformin plus sulfonylurea, led to
significant reductions in body weight and
SBP, andwas well tolerated over 24weeks.
These results demonstrate the potential
of empagliflozin as a third-line therapy
in patients inadequately controlled with
metformin plus a sulfonylurea.
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