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OBJECTIVE

To evaluate the efficacy and safety of empagliflozin/linagliptin in subjects with
type 2 diabetes.

RESEARCH DESIGN AND METHODS

Subjects not receiving antidiabetes therapy for ‡12 weeks were randomized to
empagliflozin 25 mg/linagliptin 5 mg (n = 137), empagliflozin 10 mg/linagliptin
5 mg (n = 136), empagliflozin 25 mg (n = 135), empagliflozin 10 mg (n = 134), or
linagliptin 5 mg (n = 135) for 52 weeks. The primary end point was change from
baseline in HbA1c at week 24.

RESULTS

Mean HbA1c at baseline was 7.99–8.05% (64 mmol/mol). At week 24, adjusted
mean (SE) changes from baseline in HbA1c with empagliflozin 25 mg/linagliptin
5 mg, empagliflozin 10 mg/linagliptin 5 mg, empagliflozin 25 mg, empagliflozin
10 mg, and linagliptin 5 mg were 21.08 (0.06)% (211.8 [0.7] mmol/mol), 21.24
(0.06)% (213.6 [0.7] mmol/mol), 20.95 (0.06)% (210.4 [0.7] mmol/mol), 20.83
(0.06)% (29.1 [0.7] mmol/mol), and 20.67 (0.06)% (27.3 [0.7] mmol/mol),
respectively. Reductions in HbA1c were significantly greater for empagliflozin
25 mg/linagliptin 5 mg compared with linagliptin 5 mg (P < 0.001) but not com-
pared with empagliflozin 25 mg and were significantly greater for empagliflozin
10 mg/linagliptin 5 mg compared with the individual components (P < 0.001 for
both). At week 24, 55.4%, 62.3%, 41.5%, 38.8%, and 32.3% of subjects with
baseline HbA1c ‡7% (‡53 mmol/mol) reached HbA1c <7% with empagliflozin
25 mg/linagliptin 5 mg, empagliflozin 10 mg/linagliptin 5 mg, empagliflozin 25 mg,
empagliflozin 10 mg, and linagliptin 5 mg, respectively. Efficacy was maintained at
week 52. The proportion of subjects with adverse events (AEs) over 52 weeks was
similar across groups (68.9–81.5%), with no confirmed hypoglycemic AEs.

CONCLUSIONS

Reductions from baseline in HbA1c with empagliflozin/linagliptin were signifi-
cantly different versus linagliptin and empagliflozin 10mg but not versus empagli-
flozin 25 mg. Empagliflozin/linagliptin was well tolerated.

Empagliflozin is a potent and selective sodium–glucose cotransporter 2 (SGLT2)
inhibitor (1) approved for the treatment of type 2 diabetes. Empagliflozin reduces
renal glucose reabsorption, thereby increasing urinary glucose excretion, leading
to a reduction in plasma glucose levels in subjects with type 2 diabetes in an insulin-
independent manner (2). In a phase 3 trial in subjects with type 2 diabetes,

1National Research Institute, Los Angeles, CA
2University of Texas Health Science Center, San
Antonio, TX
3Boehringer Ingelheim Ltd., Bracknell, Berkshire,
U.K.
4Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT
5Boehringer Ingelheim Pharma GmbH & Co. KG,
Ingelheim, Germany

Corresponding author: Ralph A. DeFronzo,
defronzo@uthscsa.edu.

Received 7 October 2014 and accepted 22
December 2014.

Clinical trial reg. no. NCT01422876, clinicaltrials
.gov.

This article contains Supplementary Data online
at http://care.diabetesjournals.org/lookup/
suppl/doi:10.2337/dc14-2365/-/DC1.

© 2015 by the American Diabetes Association.
Readers may use this article as long as the work
is properly cited, the use is educational and not
for profit, and the work is not altered.

See accompanying articles, pp. 352,
355, 365, 373, 376, 384, 403, 412,
420, 429, and 431.

Andrew Lewin,1 Ralph A. DeFronzo,2

Sanjay Patel,3 Dacheng Liu,4 Renee Kaste,4

Hans J. Woerle,5 and Uli C. Broedl 5

394 Diabetes Care Volume 38, March 2015

IN
H
IB
IT
IO
N
O
F
SO

D
IU
M
–
G
LU

C
O
SE

C
O
TR

A
N
SP
O
R
TE
R
S

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/38/3/394/622663/dc142365.pdf by guest on 17 April 2024

http://crossmark.crossref.org/dialog/?doi=10.2337/dc14-2365&domain=pdf&date_stamp=2015-02-07
mailto:defronzo@uthscsa.edu
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-2365/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-2365/-/DC1


empagliflozin 10 mg and 25 mg once
daily as monotherapy for 24 weeks re-
duced HbA1c, fasting plasma glucose
(FPG), weight, and blood pressure (BP)
compared with placebo and were well
tolerated, with a low risk of hypoglyce-
mia (3). In a double-blind extension of
this trial, the reductions in HbA1c, FPG,
and weight achieved with empagliflozin
were sustained up to week 76 (4).
Linagliptin is a potent and selective

dipeptidyl peptidase-4 (DPP-4) inhibitor
(5) approved for the treatment of pa-
tients with type 2 diabetes. Linagliptin
prevents the inactivation of incretin
peptides such as glucagon-like peptide
1 (GLP-1), stimulates insulin release, and
inhibits glucagon secretion (6). In a
phase 3 trial in subjects with type 2 di-
abetes, linagliptin 5 mg given as mono-
therapy for 24 weeks improved glycemic
control without weight gain and was
well tolerated, with a low risk of hypo-
glycemia (7). In an open-label extension
of this trial, reductions in HbA1c with
linagliptin were sustained up to week
102 (8).
Guidelines for the management of

type 2 diabetes recommend metformin
as first-line pharmacological treatment
(9), but initial combination therapy with
oral antidiabetes drugs with complemen-
tary modes of action may provide more
robust and durable glucose-lowering effi-
cacy with enhanced outcomes compared
with the traditional stepwise approach
(10). Initial combination therapies typi-
cally includemetformin (9); however, con-
traindications to metformin, such as renal
impairment, are common among patients
with type 2 diabetes (11–13), and 5–10%
of patients cannot toleratemetformin ow-
ing to gastrointestinal side effects (14).
The complementary mechanisms of
action of SGLT2 inhibitors and DPP-4 in-
hibitors suggest that the combination of
empagliflozin and linagliptin may offer
sustained treatment benefits. Therefore,
this study was undertaken to evaluate
the efficacy and safety of the initial com-
bination of empagliflozin/linagliptin in
subjects with type 2 diabetes.

RESEARCH DESIGN AND METHODS

Study Design
This was a phase 3, randomized, double-
blind, parallel-group study conducted
from August 2011 to September 2013
in 197 centers in 22 countries. The clin-
ical trial protocol was approved by the

institutional review boards, indepen-
dent ethics committees, and compe-
tent authorities of the participating
centers and complied with the Decla-
ration of Helsinki in accordance with
the International Conference on Har-
monisation Harmonised Tripartite
Guideline for Good Clinical Practice.
All subjects provided written informed
consent.

Inclusion and Exclusion Criteria
This study enrolled subjects aged $18
years with type 2 diabetes with BMI
#45 kg/m2 and HbA1c .7% to #10.5%
(.53 to #91 mmol/mol) at screening
despite a diet and exercise regimen
who had not received treatment with
oral antidiabetes therapy, GLP-1 ana-
log, or insulin for $12 weeks prior to
randomization.

Exclusion criteria included uncon-
trolled hyperglycemia (glucose level
.240 mg/dL after an overnight fast
during the placebo run-in, confirmed
by a second measurement); estimated
glomerular filtration rate (eGFR)
,60 mL/min/1.73 m2 (using the MDRD
equation); acute coronary syndrome,
stroke, or transient ischemic attack
within 3 months prior to consent; bar-
iatric surgery in the last 2 years; and
treatment with antiobesity drugs within
3 months prior to consent.

Treatment and Interventions
After a 2-week placebo run-in period,
subjects were randomized (1:1:1:1:1) to
receive empagliflozin 25 mg/linagliptin
5 mg as a fixed-dose combination (FDC)
tablet, empagliflozin 10 mg/linagliptin
5 mg as an FDC tablet, empagliflozin
25 mg, empagliflozin 10 mg, or linagliptin
5 mg for 52 weeks. All study drugs were
taken once daily in the morning. Ran-
domization was performed using a
third-party interactive voice and web
response system and was stratified
by HbA1c at screening (,8.5% [,69
mmol/mol], $8.5% [$ 69 mmol/mol]),
eGFR at screening ($90mL/min/1.73m2,
60–89 mL/min/1.73 m2), and region
(Asia, Europe, North America, South
America). Study visits were scheduled
at screening, at the start of the placebo
run-in, at baseline, and at weeks 6, 12,
18, 24, 32, 40, and 52 of treatment. A
follow-up visit occurred 4 weeks after
the last dose of study drug for subjects
who completed the treatment period or
within 7 days after the last administration

of study drug for those who discontinued
treatment before week 52.

Rescuemedication was to be initiated
if a subject hadblood glucose.240mg/dL
after an overnight fast between weeks 1
and 12, blood glucose.200 mg/dL after
an overnight fast between weeks 12 and
24, or blood glucose .180 mg/dL or
HbA1c .8% (.63.9 mmol/mol) after an
overnight fast betweenweeks 24 and 52.
The initiation, choice, and dosage of res-
cue medication were at the discretion of
the investigator, according to local pre-
scribing information, but the use of
DPP-4 inhibitors, GLP-1 analogs, and
SGLT2 inhibitors was not permitted. In
cases of hypoglycemia, rescue medica-
tion was to be reduced in dose or discon-
tinued. If hyper- or hypoglycemia could
not be controlled, the subject was dis-
continued 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 in FPG at week 24, change from
baseline in weight at week 24, and the
proportion of subjects with baseline
HbA1c $7% ($53 mmol/mol) who had
HbA1c ,7% (,53 mmol/mol) at week
24. Exploratory end points were as fol-
lows: changes from baseline in HbA1c at
week 24 in subgroups of subjects with
HbA1c $8.5% ($ 69 mmol/mol) and
,8.5% (,69 mmol/mol) at baseline;
changes from baseline in HbA1c, FPG,
weight, systolic BP (SBP), and diastolic
BP (DBP) at week 52; and the proportion
of subjects with baseline HbA1c $7%
($53 mmol/mol) who had HbA1c ,7%
(,53 mmol/mol) at week 52.

Safety end points included vital
signs, clinical laboratory parameters,
and adverse events (AEs) (preferred
terms coded according to the Medical
Dictionary for Regulatory Activities
[MedDRA], version 16.0). AEs included
all events with an onset after the first
dose and up to 7 days after the last
dose of study medication. Confirmed hy-
poglycemic AEs were defined as AEs with
plasma glucose #70 mg/dL and/or re-
quiring assistance. Events consistent
with urinary tract infection (UTI), events
consistent with genital infection, and
events consistent with volume depletion
(identified from AEs reported spontane-
ously by the investigator using prospec-
tively defined search categories based
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on 77, 89, and 8 preferred terms, respec-
tively), hypersensitivity reactions (based
on three standardizedMedDRA queries),
and pancreatitis (based on one standard-
ized MedDRA query and one preferred
term) were assessed.

Statistical Analysis
Efficacy analyses were performed on the
full analysis set (FAS), which included
subjects treated with $1 dose of study
drug who had a baseline and $1 on-
treatment HbA1c value. Safety was
assessed in the treated set, which com-
prised subjects treated with$1 dose of
study drug.
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 lin-
ear covariate. Values observed after a
subject started rescue medication were
set to missing. A last observation carried
forward (LOCF) approach was used to
impute missing continuous efficacy
data. Continuous key secondary end
points were analyzed using the ANCOVA
model described for the primary end
point with the baseline value for the
end point in question as an additional
linear covariate. Sensitivity analyses of
the change from baseline in HbA1c and
FPG at week 24 were performed using
restricted maximum likelihood–based
mixed-model repeated measures (MMRM)
in the FAS using observed cases and
included treatment, region, visit, visit-
by-treatment interaction, and eGFR as
fixed-effects and baseline HbA1c as a lin-
ear covariate. HbA1c over 52 weeks was
analyzedusing the sameMMRManalysis.
Subgroup analyses at week 24 and
changes from baseline at week 52 were
analyzed using the ANCOVA model de-
scribed for the primary end point. Cate-
gorical changes in HbA1c at week 24 and
week 52 were analyzed using logistic re-
gression with noncompleters considered
failure imputation.
Treatment differences in the primary

and key secondary end points were tested
hierarchically in the following order:
HbA1c, FPG, body weight (empagliflozin/
linagliptin versus linagliptin only), and
the percentage of subjects who reached
HbA1c ,7% (,53 mmol/mol). For each
end point, the superiority of empagli-
flozin 25 mg/linagliptin 5 mg versus the
individual components was tested
followed by the test of empagliflozin

10mg/linagliptin 5mg versus the individ-
ual components. Each test was at a sig-
nificance level of 5% (two-sided). A test
of superiority was confirmatory only if
the previous tests were positive. With
this procedure, the family-wise error
rate was preserved at 5% (two-sided).
Safety analyses were descriptive, except
for changes in lipid parameters, which
were analyzed using ANCOVA.

A sample size of 133 subjects per group
was required to provide power of 89% to
detect a 0.5% difference in change from
baseline in HbA1c between empagliflozin/
linagliptin and the individual compo-
nents, assuming a common SD of 1.05%
and using a significance level of 2.5%
(one-sided).

RESULTS

Subjects
In total, 677 subjects were randomized
and treated, of whom 667 comprised
the FAS (Supplementary Fig. 1). Base-
line characteristics of the FAS were bal-
anced between treatment groups
(Table 1).

Efficacy
At week 24, reductions from baseline
in HbA1c were significantly greater
with empagliflozin/linagliptin com-
pared with the individual components,
except for empagliflozin 25mg/linagliptin
5mg versus empagliflozin 25mg (Fig. 1A).
In subjects with HbA1c $8.5% ($69
mmol/mol) at baseline (mean base-
line 9.08–9.39% [76–79 mmol/mol]),
reductions from baseline in HbA1c at
week 24 were significantly greater with
empagliflozin/linagliptin compared with
the individual components, except for
empagliflozin 25 mg/linagliptin 5 mg ver-
sus empagliflozin 25 mg (Fig. 1B). In sub-
jects with HbA1c,8.5% (,69mmol/mol)
at baseline (mean baseline 7.41–7.63%
[57–60mmol/mol]), reductions from base-
line in HbA1c were significantly greater
with empagliflozin 10 mg/linagliptin
5 mg compared with the individual com-
ponents but were not significantly differ-
ent with empagliflozin 25 mg/linagliptin
5 mg compared with the individual com-
ponents (Supplementary Fig. 2). Signifi-
cantlymore subjects with baseline HbA1c
$7% ($53 mmol/mol) reached HbA1c
,7% (,53 mmol/mol) at week 24 with
empagliflozin/linagliptin compared with
the individual components (Fig. 1C).
Reductions from baseline in FPG at

week 24 were significantly greater with
empagliflozin/linagliptin compared with
linagliptin but were not significantly
different compared with the respective
empagliflozin components (Fig. 1D).
Sensitivity analyses of changes from
baseline in HbA1c and FPG at week 24
were consistent with the results of the
primary analyses (Supplementary Table 1).
Reductions from baseline in weight at
week 24 were significantly greater with
empagliflozin/linagliptin compared with
linagliptin but not compared with the
respective empagliflozin components
(Fig. 1E).

Reductions inHbA1cwith empagliflozin/
linagliptin were sustained at week 52
(Fig. 2A and B). Significantly greater pro-
portions of subjects with baseline HbA1c
$7% ($53 mmol/mol) had HbA1c ,7%
(,53 mmol/mol) at week 52 with empa-
gliflozin/linagliptin compared with the
individual components, except for empa-
gliflozin 25 mg/linagliptin 5 mg compared
with empagliflozin 25 mg (Fig. 2C). At
week 52, reductions from baseline in
FPG were significantly greater with empa-
gliflozin/linagliptin compared with lina-
gliptin but were not significantly different
compared with the respective empagliflo-
zin components (Supplementary Table 2).

Over 52 weeks, 6 (4.5%), 5 (3.7%),
6 (4.5%), 12 (9.1%), and 27 (20.3%) sub-
jects on empagliflozin 25 mg/linagliptin
5 mg, empagliflozin 10 mg/linagliptin
5 mg, empagliflozin 25 mg, empagliflo-
zin 10 mg, and linagliptin 5 mg, respec-
tively, received rescue therapy. Most
subjects who received rescue therapy
received metformin or sulfonylurea.

Reductions from baseline in weight at
week 52 were significantly greater with
empagliflozin/linagliptin compared with
linagliptin but were not significantly dif-
ferent compared with the respective
empagliflozin components (Fig. 2D).

Changes from baseline in SBP and
DBP at week 52 were not significantly
different between empagliflozin/
linagliptin and the individual compo-
nents (Fig. 2E and F). Reductions in BP
in the empagliflozin/linagliptin and em-
pagliflozin monotherapy groups were
not associated with relevant changes in
pulse rate: mean 6 SD changes from
baseline at week 52 were 0.15 6 8.83
bpm with empagliflozin 25 mg/linagliptin
5 mg, 0.246 9.44 bpmwith empagliflozin
10 mg/linagliptin 5 mg, 20.38 6 8.52 bpm
withempagliflozin25mg,21.3368.16bpm

396 Empagliflozin/Linagliptin Initial Combination Diabetes Care Volume 38, March 2015

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/38/3/394/622663/dc142365.pdf by guest on 17 April 2024

http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-2365/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-2365/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-2365/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc14-2365/-/DC1


with empagliflozin 10 mg, and 1.28 6
9.23 bpm with linagliptin 5 mg.

Safety
Similar proportions of subjects in every
treatment group had one or more AEs
(Table 2). Most events were mild or
moderate in intensity; severe events
were reported in 5.9% of subjects in
each of the combination therapy
groups, 7.4% in each of the empagliflo-
zin groups, and 0.7% on linagliptin 5 mg.
There was one death in the empagliflo-
zin 10 mg/linagliptin 5 mg group (hem-
orrhagic stroke), two deaths in the
empagliflozin 25 mg group (meningitis
tuberculosis and hepatic mass), and
one death in the empagliflozin 10 mg
group (brain edema).
No subjects receiving empagliflozin/

linagliptin had confirmed hypoglycemic
AEs. Confirmed hypoglycemic AEs were
reported in one subject each in the em-
pagliflozin 25 mg and linagliptin 5 mg

groups and in four subjects in the empa-
gliflozin 10 mg group; no events required
assistance. Events consistent with UTI
were reported in 12.5% of subjects on
empagliflozin 25 mg/linagliptin 5 mg,
15.4% on empagliflozin 10 mg/linagliptin
5 mg, 10.4% on empagliflozin 25 mg,
16.3% on empagliflozin 10 mg, and
10.4% on linagliptin 5 mg; these events
were reported in a greater proportion of
female thanmale subjects in every group
(Table 2). Only one subject (receiving
empagliflozin 25 mg) reported an event
consistent with UTI of severe intensity;
this event did not lead to discontinuation
of study drug. Chronic pyelonephritis
was reported in one subject (receiving
empagliflozin 10 mg); this event was
mild in intensity and was not considered
to be related to study drug. Events consis-
tent with genital infection were reported
in 5.9% of subjects on empagliflozin 25
mg/linagliptin 5 mg, 2.9% on empagliflozin
10 mg/linagliptin 5 mg, 4.4% on

empagliflozin25mg, 5.2%onempagliflozin
10mg, and 3% on linagliptin 5 mg; these
events were reported in a greater pro-
portion of female than male subjects
in all groups except empagliflozin 25
mg/linagliptin 5 mg (Table 2). No severe
events consistent with genital infection
were reported, but two subjects (one on
empagliflozin 25 mg/linagliptin 5 mg
and one on empagliflozin 10 mg) dis-
continued study drug due to these
events. Hypersensitivity reactionswere re-
ported in two subjects on empagliflozin
25 mg/linagliptin 5 mg (asthmatic crisis
and eyelid edema), one on empagliflozin
10 mg/linagliptin 5 mg (asthma), two on
empagliflozin 25 mg (urticaria), two on
empagliflozin 10 mg (asthma), and none
on linagliptin 5 mg. Pancreatitis (pancre-
atitis acute) was reported in one subject
(empagliflozin 25 mg/linagliptin 5 mg).
No subjects experienced worsening of
heart failure or were hospitalized due
to heart failure.

Table 1—Demographics and baseline characteristics

Empagliflozin
25 mg/

linagliptin
5 mg

Empagliflozin
10 mg/

linagliptin
5 mg

Empagliflozin
25 mg

Empagliflozin
10 mg

Linagliptin
5 mg

n 134 135 133 132 133

Male, n (%) 70 (52.2) 73 (54.1) 77 (57.9) 64 (48.5) 75 (56.4)

Age, years 54.2 (10.0) 55.2 (9.8) 56.0 (9.3) 53.9 (10.5) 53.8 (11.5)

Race, n (%)
White 104 (77.6) 100 (74.1) 93 (69.9) 99 (75.0) 103 (77.4)
Asian 12 (9.0) 14 (10.4) 19 (14.3) 13 (9.8) 17 (12.8)
Other 18 (13.4) 21 (15.6) 21 (15.8) 20 (15.2) 13 (9.8)

Time since diagnosis of type 2 diabetes, n (%)
#1 years 41 (30.6) 46 (34.1) 48 (36.1) 43 (32.6) 50 (37.6)
.1 to 5 years 53 (39.6) 48 (35.6) 48 (36.1) 60 (45.5) 57 (42.9)
.5 to 10 years 28 (20.9) 30 (22.2) 25 (18.8) 15 (11.4) 22 (16.5)
.10 years 12 (9.0) 11 (8.1) 12 (9.0) 14 (10.6) 4 (3.0)

HbA1c, % 7.99 (0.95) 8.04 (0.96) 7.99 (0.97) 8.05 (1.03) 8.05 (0.89)

HbA1c, mmol/mol 64 (10.4) 64 (10.5) 64 (10.6) 64 (11.3) 64 (9.7)

HbA1c, n (%)
,8.5% (,69 mmol/mol) 88 (65.7) 95 (70.4) 97 (72.9) 94 (71.2) 99 (74.4)
$8.5% ($69 mmol/mol) 46 (34.3) 40 (29.6) 36 (27.1) 38 (28.8) 34 (25.6)

FPG, mg/dL 156.1 (35.8) 157.2 (35.4) 152.8 (39.0) 160.3 (41.2) 156.0 (37.1)

BMI, kg/m2 31.8 (5.3) 31.5 (5.6) 31.2 (5.7) 31.5 (5.7) 31.9 (5.9)

Body weight, kg 87.9 (18.2) 87.3 (18.4) 86.7 (19.7) 87.8 (24.0) 89.5 (20.1)

SBP, mmHg 128.3 (14.7) 127.4 (14.1) 129.1 (14.7) 129.1 (15.8) 127.7 (14.4)

DBP, mmHg 77.9 (9.0) 78.4 (8.3) 78.7 (9.1) 79.4 (8.7) 78.2 (8.9)

eGFR, mL/min/1.73 m2 90.1 (19.6) 87.8 (17.7) 88.5 (18.3) 88.4 (19.0) 89.5 (20.3)

eGFR, n (%)
$90 mL/min/1.73 m2 62 (46.3) 54 (40.0) 58 (43.6) 59 (44.7) 57 (42.9)
60 to ,90 mL/min/1.73 m2 67 (50.0) 76 (56.3) 72 (54.1) 70 (53.0) 75 (56.4)
,60 mL/min/1.73 m2 5 (3.7) 5 (3.7) 3 (2.3) 3 (2.3) 1 (0.8)

Data are means (SD), unless otherwise indicated, in the full analysis set (subjects treated with $1 dose of study drug who had a baseline and $1
on-treatment HbA1c measurement).
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Figure 1—Efficacy parameters at week 24. A: Change from baseline in HbA1c at week 24 (ANCOVA using LOCF). B: Change from baseline in HbA1c at
week 24 in subjects with baseline HbA1c $8.5% ($69 mmol/mol) (ANCOVA, LOCF). C: Subjects with HbA1c $7% ($53 mmol/mol) at baseline who
reached HbA1c,7% (,53 mmol/mol) at week 24 (logistic regression). D: Change from baseline in FPG at week 24 (ANCOVA, LOCF). E: Change from
baseline in body weight at week 24 (ANCOVA, LOCF). Data are adjusted means 6 SE or n (%) in the full analysis set. OR, odds ratio.
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Changes from baseline in laboratory
measurements at week 52 are shown in
Supplementary Table 3. Changes from
baseline in eGFR observed at week 52
and follow-up were small in all groups.

Mean changes from baseline in hemat-
ocrit were 4.2–4.8% in the empagliflo-
zin/linagliptin and empagliflozin groups
and 1.3% in the linagliptin group. Mean
changes from baseline in uric acid were

256.5 to271.4 mmol/L in the empagli-
flozin/linagliptin and empagliflozin
groups and 3.0 mmol/L in the linagliptin
group. There were no clinically mean-
ingful changes in electrolytes. There

Figure 2—Changes in efficacy parameters at week 52. A: HbA1c over 52 weeks (MMRM analysis using observed cases). B: Change from baseline in
HbA1c at week 52 (ANCOVA using LOCF). C: Subjects with HbA1c$7% ($53mmol/mol) who reached HbA1c,7% (,53mmol/mol) at week 52 (logistic
regression). D: Change from baseline in body weight at week 52 (ANCOVA, LOCF). E: Change from baseline in SBP at week 52 (ANCOVA, LOCF).
F: Change from baseline in DBP at week 52 (ANCOVA, LOCF). Data are adjusted means 6 SE or n (%) in the full analysis set. OR, odds ratio.
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were no significant differences in changes
from baseline in total cholesterol, LDL

cholesterol, and triglycerides between

empagliflozin/linagliptin and the individ-

ual components, except for a greater

increase in total cholesterolwith empagli-

flozin 25 mg/linagliptin 5 mg compared

with linagliptin 5 mg (Supplementary

Table 3). There were no significant differ-

ences in changes from baseline in HDL

cholesterol between empagliflozin/lina-

gliptin and the empagliflozin compo-

nents, but there was a greater increase

in HDL cholesterol with empagliflozin/

linagliptin than with linagliptin (Supple-

mentary Table 3). There were no consis-

tent patterns in the proportions of

subjects on empagliflozin/linagliptin

with shifts in albuminuria categories

from baseline to the end of treatment

compared with the respective compo-
nents (Supplementary Table 4).

CONCLUSIONS

This is the first randomized controlled
trial to evaluate the efficacy and safety
of the initial combination of an SGLT2
inhibitor and a DPP-4 inhibitor in sub-
jects with type 2 diabetes. Initial combi-
nation of empagliflozin/linagliptin led to
clinically meaningful reductions from
baseline in HbA1c in subjects with type
2 diabetes, with .50% of subjects
reaching HbA1c ,7% (,53 mmol/mol)
at week 52. Greater reductions from
baseline in HbA1c (of up to 1.93% [21.1
mmol/mol]) were observed with empa-
gliflozin/linagliptin in subjects with
baseline HbA1c $8.5% ($69 mmol/mol)
compared with those with baseline
HbA1c ,8.5% (,69 mmol/mol) who

had reductions of up to 0.96% (10.5
mmol/mol). Initial combination of
empagliflozin/linagliptin may be an op-
tion in patients presenting with marked
hyperglycemia, as achieving glycemic
targets may be challenging with tradi-
tional stepwise treatment escalation,
and treatment escalation in clinical prac-
tice is often delayed. In a retrospective
analysis of .3,000 patients on sulfonyl-
urea monotherapy and .500 patients
on metformin monotherapy, patients
spent an average of 20.5 months with
HbA1c .8% (.64 mmol/mol) on sulfo-
nylurea monotherapy and 14.5 months
with HbA1c .8% (.64 mmol/mol) on
metformin monotherapy before a new
treatment was initiated (15).

Unexpectedly, while empagliflozin
10 mg/linagliptin 5 mg demonstrat-
ed greater efficacy compared with

Table 2—AEs

Empagliflozin
25 mg/linagliptin

5 mg

Empagliflozin
10 mg/linagliptin

5 mg
Empagliflozin

25 mg
Empagliflozin

10 mg
Linagliptin

5 mg

n 136 136 135 135 135

One or more AEs 103 (75.7) 99 (72.8) 93 (68.9) 110 (81.5) 97 (71.9)

One or more drug-related AEs* 23 (16.9) 14 (10.3) 22 (16.3) 16 (11.9) 17 (12.6)

One or more AEs leading to discontinuation 9 (6.6) 8 (5.9) 5 (3.7) 7 (5.2) 2 (1.5)

One or more severe AEs 8 (5.9) 8 (5.9) 10 (7.4) 10 (7.4) 1 (0.7)

One or more serious AEs 6 (4.4) 7 (5.1) 9 (6.7) 10 (7.4) 2 (1.5)
Deaths 0 1 (0.7) 2 (1.5) 1 (0.7) 0

AEs with frequency of $5% in any group (by
preferred term)

UTI 15 (11.0) 17 (12.5) 8 (5.9) 17 (12.6) 12 (8.9)
Upper respiratory tract infection 8 (5.9) 5 (3.7) 9 (6.7) 2 (1.5) 12 (8.9)
Nasopharyngitis 10 (7.4) 5 (3.7) 5 (3.7) 9 (6.7) 8 (5.9)
Influenza 7 (5.1) 7 (5.1) 3 (2.2) 6 (4.4) 2 (1.5)
Hyperglycemia 8 (5.9) 5 (3.7) 4 (3.0) 10 (7.4) 14 (10.4)
Dyslipidemia 9 (6.6) 9 (6.6) 4 (3.0) 8 (5.9) 3 (2.2)
Headache 9 (6.6) 8 (5.9) 7 (5.2) 9 (6.7) 16 (11.9)
Dizziness 7 (5.1) 3 (2.2) 4 (3.0) 5 (3.7) 6 (4.4)
Constipation 2 (1.5) 2 (1.5) 8 (5.9) 4 (3.0) 2 (1.5)
Back pain 5 (3.7) 4 (2.9) 9 (6.7) 4 (3.0) 3 (2.2)
Arthralgia 4 (2.9) 8 (5.9) 6 (4.4) 7 (5.2) 6 (4.4)
Weight decrease 1 (0.7) 1 (0.7) 7 (5.2) 0 0

Confirmed hypoglycemic AEs† 0 0 1 (0.7) 4 (3.0) 1 (0.7)
Events requiring assistance 0 0 0 0 0

Events consistent with UTI‡ 17 (12.5) 21 (15.4) 14 (10.4) 22 (16.3) 14 (10.4)
Male 4 (5.6) 5 (6.8) 3 (3.8) 6 (9.2) 2 (2.7)
Female 13 (20.3) 16 (25.8) 11 (19.3) 16 (22.9) 12 (20.0)

Events consistent with genital infection§ 8 (5.9) 4 (2.9) 6 (4.4) 7 (5.2) 4 (3.0)
Male 5 (6.9) 1 (1.4) 1 (1.3) 2 (3.1) 1 (1.3)
Female 3 (4.7) 3 (4.8) 5 (8.8) 5 (7.1) 3 (5.0)

Events consistent with volume depletion| 1 (0.7) 3 (2.2) 0 0 0

Hypersensitivity reactions¶ 2 (1.5) 1 (0.7) 2 (1.5) 2 (1.5) 0

Pancreatitis# 1 (0.7) 0 0 0 0

Data are n (%) in the treated set (subjects who received$1 dose of study drug). *As assessed by the investigator. †Plasma glucose#70mg/dL and/or
requiring assistance. ‡Based on 77MedDRA preferred terms. §Based on 89MedDRA preferred terms. |Based on 8MedDRA preferred terms. ¶Based
on 3 standardized MedDRA queries. #Based on 1 standardized MedDRA query and 1 preferred term.
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empagliflozin 10 mg and compared with
linagliptin, empagliflozin 25 mg/linaglip-
tin 5 mg showed greater efficacy com-
pared with linagliptin 5 mg but not
compared with empagliflozin 25 mg.
There were no imbalances in baseline
characteristics, dropouts, or outliers be-
tween treatment groups that explained
this finding, and the reasons behind it
are unclear. However, although subjects
did not receive treatment for$12 weeks
before randomization, we cannot rule out
the possibility that subjects who had pre-
viously received treatment had different
responses compared with “true” drug-
naı̈ve subjects.
Empagliflozin consistently leads to

weight loss, likely due to loss of calories
via increased urinary glucose excretion
(16), while linagliptin treatment is
weight neutral (7). As expected, the ef-
fect of empagliflozin on body weight
was maintained when empagliflozin
was used in combination with lina-
gliptin, with both combinations signifi-
cantly reducing weight compared with
linagliptin monotherapy. Empagliflozin
reduces SBP via mechanisms that may
include osmotic diuretic effects, weight
loss, reduced arterial stiffness, or direct
vascular effects (17–19), while linagliptin
has no effect on blood pressure (20). In
this study, treatment with empagliflozin/
linagliptin and empagliflozin alone re-
sulted in a consistent, modest reduction
in SBP from baseline, but reductions
with empagliflozin/linagliptin were not
statistically significant compared with
linagliptin monotherapy.
Slightly higher percentages of sub-

jects had AEs leading to discontinuation,
severe AEs, and serious AEs with empa-
gliflozin/linagliptin or empagliflozin
compared with linagliptin, but all the
treatments were well tolerated. The
overall safety profiles of empagliflozin/
linagliptin were similar to the known
safety profiles of the individual compo-
nents. In patients with type 2 diabetes,
hypoglycemia is associated with in-
creased risk of cardiovascular events, re-
duced quality of life, and deterioration
in glucose control (21). Empagliflozin
and linagliptin are associated with a
low risk of hypoglycemia when given
as monotherapy (3,8), and no confirmed
hypoglycemic AEs were observed with
empagliflozin/linagliptin. Guidelines
recommend that the potential for hypo-
glycemic events should play amajor role

in the selection of first-line therapy if
metformin is not used and in the se-
lection of combination therapies (9).
Therefore, the low risk of hypoglycemic
AEs with empagliflozin/linagliptin in this
study is a particularly important finding.

Strengths of this study include the
52-week trial duration to assess the sus-
tainability of the effect of empagliflozin/
linagliptin. Limitations include the lack
of a placebo arm, which means that
the additive efficacy of empagliflozin/
linagliptin compared with the individual
components cannot be conclusively as-
sessed, and the fact that the patient
population studied may not have
been a homogenous population of
drug-näıve patients.

In conclusion, initial combination of
empagliflozin/linagliptin led to clini-
cally meaningful reductions from base-
line in HbA1c in subjects with type 2
diabetes. Reductions with empagliflozin
10 mg/linagliptin 5 mg were significantly
greater than with the individual compo-
nents, and reductions with empagliflozin
25 mg/linagliptin 5 mg were significantly
greater compared with linagliptin 5 mg
but not compared with empagliflozin
25 mg. Empagliflozin/linagliptin was
well tolerated, with a low risk of hypogly-
cemia. Initial combination of empagliflozin/
linagliptin may provide a treatment option
for patients with type 2 diabetes who are
intolerant to metformin and/or have
marked hyperglycemia, without the side
effects of weight gain or increased risk of
hypoglycemia.
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