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OBJECTIVEdTo investigate the long-term safety and efficacy of empagliflozin, a sodium
glucose cotransporter 2 inhibitor; sitagliptin; and metformin in patients with type 2 diabetes.

RESEARCH DESIGN AND METHODSdIn this randomized, open-label, 78-week ex-
tension study of two 12-week, blinded, dose-finding studies of empagliflozin (monotherapy and
add-on to metformin) with open-label comparators, 272 patients received 10 mg empagliflozin
(166 as add-on to metformin), 275 received 25 mg empagliflozin (166 as add-on to metformin),
56 patients received metformin, and 56 patients received sitagliptin as add-on to metformin.

RESULTSdChanges from baseline in HbA1c at week 90 were 20.34 to 20.63% (23.7 to
26.9 mmol/mol) with empagliflozin,20.56% (26.1 mmol/mol) with metformin, and20.40%
(24.4 mmol/mol) with sitagliptin. Changes from baseline in weight at week 90 were 22.2 to
24.0 kg with empagliflozin, 21.3 kg with metformin, and 20.4 kg with sitagliptin. Adverse
events (AEs) were reported in 63.2–74.1% of patients on empagliflozin and 69.6% onmetformin
or sitagliptin; most AEs were mild or moderate in intensity. Hypoglycemic events were rare in all
treatment groups, and none required assistance. AEs consistent with genital infections were
reported in 3.0–5.5% of patients on empagliflozin, 1.8% on metformin, and none on sitagliptin.
AEs consistent with urinary tract infections were reported in 3.8–12.7% of patients on empagliflozin,
3.6% on metformin, and 12.5% on sitagliptin.

CONCLUSIONSdLong-term empagliflozin treatment provided sustained glycemic and
weight control and was well tolerated with a low risk of hypoglycemia in patients with type 2
diabetes.
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Type 2 diabetes is characterized by
insulin resistance and progressive
deterioration of b-cell function (1).

Metformin is the recommended first-line
antidiabetes agent for patients with type 2
diabetes (2). However, in order to achieve
and maintain glycemic control as the dis-
ease progresses, patients often require
therapies in addition to metformin (2,3).

Despite the availability of a number of
antihyperglycemic agents, the side effects
associated with existing treatments and
their gradual loss of efficacy over time
(2,3) mean that many patients with type 2
diabetes do not reach therapeutic goals
(3,4). In addition, treatment is often com-
plicated by common comorbidities of
type 2 diabetes such as obesity and

hypertension, which are not addressed
by existing oral antidiabetes agents (5–7).

Inhibition of sodium glucose cotrans-
porter 2 (SGLT2), located in the proximal
tubule of the kidney, represents an ap-
proach for the treatment of type 2 di-
abetes that is independent of b-cell
function and insulin resistance (8,9).
SGLT2 mediates most of renal glucose re-
absorption, and inhibition of this trans-
porter leads to reduced reabsorption of
filtered glucose and increased urinary glu-
cose excretion (8,10), resulting in re-
duced plasma glucose levels in patients
with type 2 diabetes (8–10). In addition,
this mechanism leads to weight loss ow-
ing to the loss of calories via urinary glu-
cose excretion (8,11).

Empagliflozin is a potent and selec-
tive inhibitor of SGLT2 (12), which in pa-
tients with type 2 diabetes causes urinary
glucose excretion of up to 90 g/day (13).
In two placebo- and active-controlled,
dose-finding trials, treatment with em-
pagliflozin for 12 weeks in patients with
type 2 diabetes was generally well toler-
ated and resulted in placebo-corrected re-
ductions in HbA1c of up to 0.72% (7.9
mmol/mol) and placebo-corrected reduc-
tions in weight of up to 1.7 kg (14,15). In
these studies, reductions in HbA1c were
comparable to those of the active compa-
rators metformin and sitagliptin (14,15).
The objective of this study was to assess
the long-term safety and efficacy of em-
pagliflozin, sitagliptin, and metformin in a
78-week, open-label extension study of
two dose-finding trials.

RESEARCH DESIGN AND
METHODS

Study design
This was a phase IIb, randomized, active-
controlled, open-label extension trial. The
trial was conducted at 132 trial sites in 21
countries (Austria, Croatia, Czech Repub-
lic, Estonia, Finland, France, Germany,
Hungary, Italy, Korea, Latvia, Lithuania,
Norway, Romania, Russia, Slovakia, Spain,
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Sweden, Taiwan, Ukraine, and U.S.). The
trial was registered with ClinicalTrials.gov
(NCT00881530) and was carried out in
compliance with the protocol and the prin-
ciples of the Declaration of Helsinki in
accordance with the International Confer-
ence on Harmonization Harmonized Tri-
partite Guideline for Good Clinical Practice.
The trial was approved by respective in-
stitutional review boards, and independent
ethics committees, and competent authori-
ties according to national and international
regulations. All patients provided signed
and dated informed consent prior to partic-
ipation in the extension study.

Patients with type 2 diabetes were
eligible for inclusion in the extension
study if they had successfully completed
one of two 12-week, blinded, random-
ized, placebo-controlled dose-finding
trials (study 1 and study 2). In these
preceding trials, male and female pa-
tients with type 2 diabetes were eligible
for inclusion if they were aged $18
and #79 years with a BMI #40 kg/m2

and had insufficient glycemic control
(HbA1c $7.0 to ,10.0% [$53 to ,86
mmol/mol]) at the start of the placebo
run-in period. Full details of the inclusion
and exclusion criteria for these trials have
previously been described (14,15). At in-
clusion in the preceding blinded trial, pa-
tients were either treatment naïve (study
1) or had been on a stable dose of metfor-
min immediate release (IR) of $1,500
mg/day or maximum tolerated dose for
$10 weeks (study 2). In study 1, treatment-
naïve patients were randomized to receive
5, 10, or 25 mg empagliflozin once daily
(qd), placebo (all double blind), or open-
label metformin-IR (up to a maximum of
1,000 mg twice daily or the maximum tol-
erated dose) for 12 weeks. In study 2, pa-
tients on stable metformin background
therapy were randomized to receive 1, 5,
10, 25, or 50mg empagliflozin qd, placebo
(all double blind), or open-label sitagliptin
(100 mg qd) for 12 weeks.

In the current open-label extension
trial, patients from the comparator arms
of the preceding trials (study 1, metformin
monotherapy, or study 2, sitagliptin as add-
on to metformin) continued open-label
treatment for an additional 78 weeks and
patients on 10mg or 25mg empagliflozin
in the preceding trials continued on the
same dose for a further 78 weeks (Supple-
mentary Fig. 1). Patients on placebo or 1, 5,
or 50 mg empagliflozin in the preceding
trials were rerandomized to either 10 mg
or 25 mg empagliflozin for 78 weeks (Sup-
plementary Fig. 1).

Safety and efficacy end points
The primary objective was to investigate
the safety of long-term treatment with
empagliflozin. Safety and tolerability
were assessed descriptively based on the
frequency of adverse events (AEs), the
frequency of hypoglycemic events
(plasma glucose of #70 mg/dL [#3.9
mmol/L]), changes from baseline in vital
signs, and changes from baseline in clin-
ical laboratory parameters. Only AEs and
hypoglycemic events that occurred dur-
ing the extension trial were analyzed.
Events consistent with urinary tract infec-
tion and genital infection were identified
from AEs reported spontaneously by the
investigator based on a special search of
MedDRA preferred terms. The baseline
source for analyses of changes in vital
signs and clinical laboratory parameters
was before the first intake of active treat-
ment in either the preceding trial (study 1
or study 2) or extension trial. In addition,
changes in estimated glomerular filtration
rate (eGFR) estimated using the Modifica-
tion of Diet in Renal Disease (MDRD)
equation, were analyzed over 90 weeks
in patients who were randomized to 10
or 25 mg empagliflozin, metformin, or
sitagliptin in the preceding trials without
rerandomization in the extension trial.
The baseline for this analysis was defined
as the last observed measurement before
the first administration of the study drug
in the preceding trial.

Exploratory efficacy analyses investi-
gated the change from baseline of the
preceding trial to week 78 of the exten-
sion trial (i.e., over 90 weeks) in HbA1c,
fasting plasma glucose (FPG), body
weight, waist circumference, systolic
blood pressure (SBP), and diastolic blood
pressure (DBP) in patients who took em-
pagliflozin (any dose as monotherapy or
as add on to metformin), metformin only,
or sitagliptin as add-on to metformin in
both the preceding trial (study 1 or study
2) and extension trial. The proportions of
patients who reached HbA1c ,7% (,53
mmol/mol) were recorded over the exten-
sion study. The baseline for these analyses
was defined as the last observed measure-
ment before the first administration of the
study drug in study 1 or study 2.

Post hoc efficacy analyses investigated
changes over 90weeks from baseline of the
preceding trial to week 78 of the extension
trial in HbA1c, FPG, body weight, SBP, and
DBP in patients who were randomized to
10 or 25 mg empagliflozin, metformin, or
sitagliptin in study 1 or study 2 without
rerandomization in the extension trial.

The baseline for these analyses was de-
fined as the last observed measurement
before the first administration of the study
drug in study 1 or study 2.

Statistical analysis
Safety and tolerability were assessed de-
scriptively for all patients who received at
least one dose of study drug in the exten-
sion trial. Reports and analysis of AEs were
based on treatment-emergent AEs (those
occurring between first drug intake and 7
days after last treatment administration or
that started before first drug intake and
worsened under treatment). Laboratory
values taken after the first dose of study
medication to 3 days after the last dose
were assigned to the treatment period.
Changes in laboratory values were pre-
sented descriptively. No imputation was
used for missing safety data. Efficacy data
after rescuemedication were set tomissing;
missing data were imputed using the last-
observation-carried-forward approach.

The efficacy analyses used an analysis
of covariance (ANCOVA)model with treat-
ment group and number of previously-
used antidiabetes medications as fixed
effects, the corresponding baseline as a
covariate, and country as a random effect.
The analyses were performed for HbA1c,
FPG, body weight, waist circumference,
SBP, and DBP on the full analysis set (all
randomizedpatientswhowere treatedwith
at least one dose of study drug and had a
baseline HbA1c assessment). The percent-
age of patients reaching HbA1c,7% (,53
mmol/mol) at week 78 was assessed de-
scriptively using observed cases for all
patients who received at least one dose of
study drug in the extension trial.

RESULTS

Patients
In total, 67.0% of patients from the 12-
week monotherapy dose-finding trial
(study 1) continued in the extension trial.
A total of 106 patients were randomized
to receive 10 mg empagliflozin, 109
patients were randomized to 25 mg em-
pagliflozin, and 56 patients continued on
metformin. In total, 78.4% of patients
from the 12-week add-on to metformin
dose-finding trial (study 2) continued in
the extension trial. A total of 166 patients
were randomized to receive 10 mg em-
pagliflozin, 166 patients were randomized
to 25 mg empagliflozin, and 56 patients
continued on sitagliptin. Patient demo-
graphics and baseline characteristics
were balanced between groups (Table 1).

4016 DIABETES CARE, VOLUME 36, DECEMBER 2013 care.diabetesjournals.org

Empagliflozin in type 2 diabetes

http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-0663/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-0663/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-0663/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-0663/-/DC1


T
able

1
d
Patient

dem
ographics

and
baseline

characteristics
of

all
treated

patients
in

the
extension

trial

M
onoth

erapy
A
dd-on

to
m
etform

in

E
m
pagliflozin

M
etform

in
E
m
p
agliflozin

Sitagliptin

10
m
g

25
m
g

10
m
g

25
m
g

T
reated

patients,n
(%

)
106

(100.0)
109

(100.0)
56

(100.0)
166

(100.0)
166

(100.0)
56

(100.0)
M
ale,n

(%
)

49
(46.2)

57
(52.3)

28
(50.0)

83
(50.0)

88
(53.0)

29
(51.8)

Fem
ale,n

(%
)

57
(53.8)

52
(47.7)

28
(50.0)

83
(50.0)

78
(47.0)

27
(48.2)

A
ge

(years),m
edian

(m
in
–m

ax)*
59

(30
–76)

59
(35

–79)
58

(35
–73)

60
(33

–77)
60

(34
–79)

60
(32

–75)
BM

I
(kg/m

2),m
edian

(m
in
–m

ax)†
28.9

(20.3
–39.2)

28.1
(19.3

–40.0)
28.6

(22.4
–39.3)

30.2
(21.5

–39.7)
30.3

(20.4
–40.2)

30.0
(20.4

–40.0)
R
ace,n

(%
)†

W
h
ite

84
(79.2)

84
(77.1)

39
(69.6)

163
(98.2)

164
(98.8)

56
(100.0)

A
sian

21
(19.8)

23
(21.1)

14
(25.0)

0
0

0
Black/A

frican
A
m
erican

0
0

1
(1.8)

3
(1.8)

2
(1.2)

0
T
im

e
since

diagnosis
of

diabetes
(years),n

(%
)*

#
1

29
(27.4)

36
(33.0)

15
(26.8)

10
(6.0)

15
(9.0)

4
(7.1)

#
5
and

.
1

42
(39.6)

41
(37.6)

23
(41.1)

64
(38.6)

58
(34.9)

26
(46.4)

.
5

35
(33.0)

32
(29.4)

18
(32.1)

92
(55.4)

93
(56.0)

26
(46.4)

eG
F
R
(m

L/m
in/1.73

m
2)‡x

94.4
6

18.9
92.3

6
19.1

88.0
6

19.3
93.6

6
18.1

92.6
6

21.4
91.4

6
17.5

H
bA

1
c ,%

(m
m
ol/m

ol)‡
7.89

6
0.87

(63
6

9.5)
8.00

6
0.87

(64
6

9.5)
8.15

6
0.95

(66
6

10.4)
7.88

6
0.74

(63
6

8.1)
7.91

6
0.78

(63
6

8.5)
8.03

6
0.89

(64
6

9.7)
FPG

(m
g/dL)‡

179.0
6

47.0
178.1

6
44.5

175.5
6

43.0
175.9

6
37.7

178.3
6

39.2
179.4

6
42.9

W
eight

(kg)‡
82.9

6
16.4

84.6
6

18.1
85.8

6
15.6

89.6
6

15.0
89.5

6
16.2

88.6
6

14.9
W
aist

circum
ference

(cm
)‡{

100.5
6

14.6
101.6

6
14.2

102.1
6

12.8
105.4

6
12.0

105.3
6

13.1
103.1

6
12.2

Seated
SBP

(m
m
H
g)‡

130.9
6

11.7
131.5

6
15.2

131.7
6

11.4
134.2

6
14.6

134.3
6

14.5
137.4

6
14.6

Seated
D
B
P
(m

m
H
g)‡

79.3
6

7.9
79.7

6
9.0

80.9
6

6.6
80.3

6
8.6

80.8
6

9.6
81.7

6
9.9

T
otalcholesterol(m

m
ol/L)‡

5.4
6

1.4
5.4

6
1.0

5.4
6

1.2
4.9

6
1.1

5.0
6

1.2
4.9

6
1.0

H
D
L
cholesterol(m

m
ol/L)‡

1.3
6

0.4
1.3

6
0.3

1.2
6

0.3
1.3

6
0.3

1.3
6

0.3
1.2

6
0.3

LD
L
cholesterol(m

m
ol/L)‡

3.0
6

0.9
3.2

6
0.9

3.0
6

1.0
2.6

6
1.0

2.7
6

0.9
2.7

6
0.9

T
riglyceride

(m
m
ol/L)‡

2.8
6

5.0
2.1

6
1.1

2.9
6

2.6
2.1

6
1.2

2.2
6

1.8
2.3

6
2.8

D
ata

are
m
ean

6
SD

un
less

indicated
otherw

ise.m
ax,m

axim
um

;m
in
,m

in
im

u
m
.*D

ata
w
ere

collected
at
the

beginning
ofthe

extension
trial.

†D
ata

w
ere

collected
at
the

beginning
ofthe

preced
ing

trials;BM
I
w
as

calculated
using

heightfrom
the

preceding
trialan

d
w
eightfrom

the
curren

ttrial.Inform
ation

on
race

w
as

notavailable
for

5
patients

in
the

m
on

oth
erapy

group.‡Baseline
source:before

firstin
take

ofactive
treatm

ent
(preceding

trialor
extension

trial).xn
=
105

for
10

m
g
em

pagliflozin
m
onotherapy

group,n
=
107

for
25

m
g
em

pagliflozin
m
on

oth
erap

y
group,an

d
n
=
54

for
m
etform

in
m
on

oth
erapy

group.{
n
=
163

for
10

m
g

em
pagliflozin

ad
d-on

to
m
etform

in
grou

p.

care.diabetesjournals.org DIABETES CARE, VOLUME 36, DECEMBER 2013 4017

Ferrannini and Associates



Of 660 patients enrolled from both study 1
and study 2, 607 patients (92%) completed
the trial. One patient withdrew consent be-
fore taking thefirst dose of studymedication
during the extension, and 52 patients
(7.9%) prematurely discontinued trial med-
ication. The most frequent reason for dis-
continuation was AEs (23 patients [3.5%]).

Efficacy
Patients who received empagliflozin over
90weeks (any dose of empagliflozin during
study 1 or 2, 10 or 25 mg during the
extension trial) showed clinically meaning-
ful reductions inHbA1c, FPG, bodyweight,
and waist circumference at week 78 of the
extension study compared with baseline of
the preceding trial (Table 2). In the mono-
therapy groups, 31.9, 32.1, and 31.0% of
patients on 10 mg empagliflozin, 25 mg
empagliflozin, and metformin, respec-
tively, reached HbA1c ,7% (,53 mmol/
mol) at week 78 of the extension study. Of
patients on backgroundmetformin therapy,
27.0, 44.6, and 36.8% of patients on 10 mg
empagliflozin, 25 mg empagliflozin, and
sitagliptin, respectively, reached HbA1c

,7% (,53 mmol/mol) at week 78 of the
extension study. Clinically meaningful re-
ductions from baseline in blood pressure
were observed in most empagliflozin
groups except for the 10 mg empagliflozin
monotherapy group (Table 2). Reductions
in blood pressure were not associated with
increases in heart rate (data not shown).

Reductions in HbA1c, FPG, and body
weight were sustained with empagliflozin
over 90 weeks, as highlighted in patients
who received 10mg empagliflozin, 25 mg
empagliflozin, metformin, or sitagliptin
without rerandomization after 12 weeks
of the preceding trials (Fig. 1A–C).

Safety
The proportion of patients with at least one
AE was similar between empagliflozin
groups (63.2–74.1%) and comparator
groups (69.6% with either metformin or si-
tagliptin as add-on to metformin) (Table 3).
More than 90% of AEs were mild or mod-
erate in intensity, as assessed by the in-
vestigator. Severe AEs were reported in
2.4–6.6% of patients in empagliflozin groups,
7.1% of patients on metformin, and 8.9%
of patients on sitagliptin as add-on tometfor-
min (Table 3). The frequency of investigator-
defined drug-related AEs was higher in
empagliflozin groups (11.9–14.5%) than
in the comparator groups (7.1% with met-
formin and 8.9% with sitagliptin as add-on
to metformin) (Table 3). Serious AEs were
reported more frequently with sitagliptin as T
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add-on to metformin (16.1%) compared
with empagliflozin (6.0–9.4%) or metfor-
min (5.4%); only one serious AE was con-
sidered drug related by the investigator
(hyperglycemia in one patient on sitagliptin
as add-on tometformin). AEs led to discon-
tinuation in 0.9–5.4% of patients in em-
pagliflozin groups, 1.8% of patients on
metformin, and 3.6% of patients on sita-
gliptin as add-on to metformin (Table 3).
The most frequently reported AEs (by pre-
ferred term) were hyperglycemia (11.3–
21.7% of patients on empagliflozin,
14.3% on metformin only, and 19.6% on
sitagliptin as add-on to metformin), naso-
pharyngitis (7.2–9.4% of patients on em-
pagliflozin, 16.1% on metformin only, and
8.9% on sitagliptin as add-on to metformin),

and urinary tract infection (2.8–10.8% of pa-
tients on empagliflozin, 1.8% on metformin
only, and 8.9% on sitagliptin as add-on to
metformin).

Hypoglycemic events were reported
in 0.9–2.4% of patients on empagliflozin,
3.6% on metformin monotherapy, and
3.6% on sitagliptin as add-on to met-
formin. All hypoglycemic events oc-
curred .28 days after intake of study
medication, and none required assis-
tance. No patients discontinued a study
drug owing to hypoglycemic events.
Events consistent with urinary tract in-
fection (based on a special search of
MedDRA preferred terms) were reported
in 3.8–6.4% of patients on empagliflozin
monotherapy, 3.6% on metformin

monotherapy, 9.0–12.7% on empagliflozin
as add-on to metformin, and 12.5% on
sitagliptin as add-on to metformin. Most
events consistent with urinary tract in-
fection were mild in intensity, none
were severe or serious, and no patients
discontinued a study drug due to these
events. More patients on empagliflozin
or sitagliptin as add-on to metformin re-
ported events consistent with urinary tract
infection compared with empagliflozin
or metformin monotherapy (Table 3).
AEs consistent with genital infection
(based on a special search ofMedDRA pre-
ferred terms) were observed more fre-
quently with empagliflozin (3.0–5.5%)
than metformin monotherapy (1.8%) or
sitagliptin as add-on to metformin (no

Figure 1dMean6 SE change from baseline in efficacy variables over 90 weeks in patients who received 10 mg empagliflozin, 25 mg empagliflozin,
or metformin IR in study 1 or 10 mg empagliflozin, 25 mg empagliflozin, or sitagliptin as add-on to metformin in study 2 without rerandomization at
the start of the extension trial. Changes inHbA1c (A), changes in FPG (B), and changes in bodyweight (C) in patients onmonotherapy (left panels) and on
add-on to metformin therapy (right panels). Full analysis set, last-observation-carried-forward. Based on ANCOVA with treatment group, number of
previously used antidiabetes medications asfixed effects, the corresponding baseline value of the end point under consideration as a covariate, and country
as random effect. Boxes show mean change from baseline (95% CI) at week 78 of the extension trial (i.e., after 90 weeks’ treatment).
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events) and led to discontinuation of
empagliflozin treatment in 4 of the 22
affected patients. Most events consistent
with genital infection were mild; none
were severe or serious.

Changes in eGFR over 90 weeks were
small and comparable across treatment
groups, as analyzed in patients who were
randomized to 10 or 25 mg empagliflozin,
metformin, or sitagliptin in the preced-
ing trials without rerandomization in the
extension trial (Supplementary Fig. 2).
Treatment with empagliflozin did not in-
crease markers of glomerular or tubular
damage such as urinary albumin or a 1
microglobulin concentration (Supple-
mentary Table 1).

There were no changes in electrolyte
(sodium, potassium, calcium, phosphate,
or magnesium) levels in any treatment
group at the end of the 78-week extension
(Supplementary Table 1). In empagliflozin
groups, mean hematocrit values in-
creased by 2.1–3.4% from baseline
compared with decreases of 2.1% with
metformin and 1.3% with sitagliptin as
add-on to metformin (Supplementary
Table 1). In empagliflozin groups, mean
uric acid values decreased by 44–51
mmol/L from baseline compared with in-
creases of 25 mmol/L with metformin and
7 mmol/L with sitagliptin as add-on to
metformin (Supplementary Table 1).
Treatment with empagliflozin resulted in
small changes in lipid profiles. Mean
changes from baseline in LDL cholesterol
were20.01 to 0.16mmol/L in empagliflozin
groups, 20.14 mmol/L with metformin,

and 0.06 mmol/L with sitagliptin as add-on
to metformin (Supplementary Table 1).
HDL cholesterol levels increased from base-
line by0.15 to 0.18mmol/L in empagliflozin
groups, 0.14mmol/Lwithmetformin, and
0.09 with sitagliptin as add-on to metfor-
min (Supplementary Table 1).

CONCLUSIONSdThis open-label
extension trial investigated long-term
safety and efficacy of empagliflozin, met-
formin, and sitagliptin. Significant reduc-
tions in HbA1c, FPG, and body weight
with empagliflozin compared with pla-
cebo have already been reported in the
preceding 12-week dose-finding trials
(14,15). This extension trial demon-
strated that long-term empagliflozin
treatment provided sustained glycemic
control and body weight loss in patients
with type 2 diabetes for up to 90 weeks.

Furthermore, long-term treatment
with empagliflozin was well tolerated. In
this extension trial, the proportion of
patients with at least one AE in empa-
gliflozin groups was similar to that with
metformin and sitagliptin as add-on to
metformin. Most AEs were mild or
moderate in intensity. Serious AEs were
reported more frequently with sitagliptin
compared with empagliflozin or metfor-
min. The range in the number of patients
with AEs leading to discontinuation in
empagliflozin groups was similar to the
number with metformin and sitagliptin as
add-on to metformin. The number of pa-
tients with hypoglycemic events was low
in all groups. The range in the number of

patients with events consistent with urinary
tract infection was similar between empa-
gliflozin and comparators on the same
background therapy, but more patients
on background metformin therapy re-
ported events compared with those on
monotherapy. This may be due to differ-
ences in patient demographics or in-
vestigator or patient reporting; the effect
of background metformin therapy is
unlikely to cause these differences. In
phase III trials of empagliflozin (data not
published) and other SGLT2 inhibitors
as monotherapy or add-on to metformin
(16–19), the overall frequency of events
consistent with urinary tract infections
did not differ by background therapy.
Events consistent with genital infec-
tion were reported more frequently in
empagliflozin groups compared with
metformin or sitagliptin as add-on to met-
formin, but events were mostly mild and
few led to treatment discontinuation.
Changes in eGFR were small and compa-
rable among treatment groups.

Long-term safety and efficacy data are
important for agents that may be used
for chronic treatment. In this trial, empa-
gliflozin showed a favorable benefit-to-
risk ratio with clinically meaningful and
sustained efficacy with good tolerability
for up to 90 weeks. However, its open-
label design, and the fact that only 73.3%
of patients from the preceding trials con-
tinued in the extension study, may impact
on the overall benefit-to-risk assessment
of empagliflozin. Phase III trials will pro-
vide further information on the efficacy

Table 3dPatients with AEs in the extension trial

Monotherapy Add-on to metformin

Empagliflozin Metformin Empagliflozin Sitagliptin

10 mg 25 mg 10 mg 25 mg

Treated patients, n (%) 106 (100.0) 109 (100.0) 56 (100.0) 166 (100.0) 166 (100.0) 56 (100.0)
At least one AE 67 (63.2) 75 (68.8) 39 (69.6) 112 (67.5) 123 (74.1) 39 (69.6)
Severe AEs 7 (6.6) 5 (4.6) 4 (7.1) 4 (2.4) 5 (3.0) 5 (8.9)
Serious AEs 10 (9.4) 7 (6.4) 3 (5.4) 10 (6.0) 13 (7.8) 9 (16.1)
Drug-related AEs* 14 (13.2) 13 (11.9) 4 (7.1) 23 (13.9) 24 (14.5) 5 (8.9)
AEs leading to discontinuation of trial drug 5 (4.7) 1 (0.9) 1 (1.8) 4 (2.4) 9 (5.4) 2 (3.6)
Hypoglycemic events† 1 (0.9) 2 (1.8) 2 (3.6) 3 (1.8) 4 (2.4) 2 (3.6)
AEs consistent with urinary tract infection‡ 4 (3.8) 7 (6.4) 2 (3.6) 15 (9.0) 21 (12.7) 7 (12.5)
Male 0 4 (7.0) 0 2 (2.4) 3 (3.4) 3 (10.3)
Female 4 (7.0) 3 (5.8) 2 (7.1) 13 (15.7) 18 (23.1) 4 (14.8)

AEs consistent with genital infectionx 5 (4.7) 6 (5.5) 1 (1.8) 5 (3.0) 6 (3.6) 0
Male 2 (4.1) 3 (5.3) 0 2 (2.4) 3 (3.4) 0
Female 3 (5.3) 3 (5.8) 1 (3.6) 3 (3.6) 3 (3.8) 0

*As assessed by the investigator. †Plasma glucose #70 mg/dL (#3.9 mmol/L). ‡Special search of MedDRA preferred terms consistent with urinary tract infections.
xSpecial search of MedDRA preferred terms consistent with genital infections.
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and safety of empagliflozin in patients
with type 2 diabetes.

In conclusion, this extension trial dem-
onstrated that treatment with empagliflozin
in patients with type 2 diabetes provided
sustained glycemic control and weight loss
over 90 weeks and was generally well
tolerated. These data provide support for
the evaluation of empagliflozin as a treat-
ment for type 2 diabetes in phase III trials.
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