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Initial Combination of
Empagliflozin and Metformin in
Patients With Type 2 Diabetes

Diabetes Care 2016,39:1718-1728 | DOI: 10.2337/dc16-0522

OBJECTIVE

This study compared the efficacy and safety of initial combinations of empagli-
flozin + metformin with empagliflozin and metformin monotherapy in patients
with type 2 diabetes.

RESEARCH DESIGN AND METHODS

The study randomized 1,364 drug-naive patients (HbA;. >7.5 to <12% [>58
to <108 mmol/mol]) for 24 weeks to empagliflozin 12.5 mg b.i.d. + metformin
1,000 mg b.i.d., empagliflozin 12.5 mg b.i.d. + metformin 500 mg b.i.d., empagli-
flozin 5 mgb.i.d + metformin 1,000 mg b.i.d., empagliflozin 5 mg b.i.d. + metformin
500 mg b.i.d., empagliflozin 25 mg q.d., empagliflozin 10 mg q.d., metformin
1,000 mg b.i.d., or metformin 500 mg b.i.d. The primary end point was change
from baseline in HbA; . at week 24.

RESULTS

At week 24, reductions in HbA;. (mean baseline 8.6-8.9% [70-73 mmol/mol])
were —1.9 to —2.1% with empagliflozin + metformin twice-daily regimens, —1.4%
with both empagliflozin once-daily regimens, and —1.2 to —1.8% with metformin
twice-daily regimens. Reductions in HbA;. were significantly greater with empa-
gliflozin + metformin twice-daily regimens than with empagliflozin once-daily
regimens (P < 0.001) and with metformin twice-daily regimens (P < 0.01). Re-
ductions in weight at week 24 were significantly greater with empagliflozin +
metformin twice-daily regimens (range —2.8 to —3.8 kg) than with metformin
twice-daily regimens (—0.5 to —1.3 kg) (P < 0.001 for all). Adverse event (AE) rates
were similar across groups (56.7-66.3%). No hypoglycemic AEs required assistance.

CONCLUSIONS

Initial combinations of empagliflozin + metformin for 24 weeks significantly re-
duced HbA,. versus empagliflozin once daily and metformin twice daily, without
increased hypoglycemia, reduced weight versus metformin twice daily, and were
well tolerated.

Metformin is the recommended first-line pharmacological treatment for type 2
diabetes (1). Metformin acts mainly by reducing hepatic glucose production via
inhibition of gluconeogenesis (2,3) and also increases glucose uptake in peripheral
tissue (3). Metformin is associated with a low risk of hypoglycemia and is weight
neutral or can lead to weight loss (1). However, as type 2 diabetes progresses,
metformin monotherapy often fails to maintain glycemic control (1,4). In such cases,
there is often a failure to intensify treatment as appropriate (5). In a retrospective

Diabetes Care Volume 39, October 2016

CrossMark

Samy Hadjadj,* Julio Rosenstock,?
Thomas Meinicke,®> Hans J. Woerle,* and
Uli C. Broed!*

Centre Hospitalier Universitaire Poitiers and
INSERM CIC 1402, Poitiers, France

2Dallas Diabetes and Endocrine Center at Medi-
cal City, Dallas, TX

3Boehringer Ingelheim Pharma GmbH & Co. KG,
Biberach, Germany

“Boehringer Ingelheim Pharma GmbH & Co. KG,
Ingelheim, Germany

Corresponding author: Samy Hadjadj, samy.
hadjadj@chu-poitiers.fr.

Received 10 March 2016 and accepted 18 July
2016.

Clinical trial reg. no. NCT01719003, clinicaltrials
.gov.

This article contains Supplementary Data online
at http://care.diabetesjournals.org/lookup/
suppl/doi:10.2337/dc16-0522/-/DC1.

This article is featured in a podcast available at
http://www.diabetesjournals.org/content/
diabetes-core-update-podcasts.

© 2016 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. More infor-
mation is available at http;//www.diabetesjournals
.org/content/license.

20z Idy 01 uo 1sanb Aq Jpd-zzG091oP/9ZEFZ9/81 L L/0L/6EAPT-BIOILE/DIBD/LIOD JIBYIIBA|IS EPE//:d)Y WOL papEOjUMOq


http://crossmark.crossref.org/dialog/?doi=10.2337/dc16-0522&domain=pdf&date_stamp=2016-09-07
mailto:samy.hadjadj@chu-poitiers.fr
mailto:samy.hadjadj@chu-poitiers.fr
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-0522/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-0522/-/DC1
http://www.diabetesjournals.org/content/diabetes-core-update-podcasts
http://www.diabetesjournals.org/content/diabetes-core-update-podcasts
http://www.diabetesjournals.org/content/license
http://www.diabetesjournals.org/content/license

care.diabetesjournals.org

cohort study of more than 81,000 patients
with type 2 diabetes, the median time
to the addition of another oral glucose-
lowering agent after a patient exceeded
his or her HbA ;. target ranged from 1.6
to 2.9 years (6). The reasons for this
clinical inertia are unclear but likely
include a reluctance to initiate more
complex drug regimens (7).

Initial combination therapy with oral
antidiabetes drugs with complemen-
tary modes of action may provide more
robust and durable glucose-lowering
efficacy compared with the traditional
stepwise approach (8). A combination
approach to first-line treatment is rec-
ommended by the American Diabetes
Association/European Association for
the Study of Diabetes and the Cana-
dian Diabetes Association for patients
whose HbA;. is =9% (=75 mmol/mol)
or =8.5% (=69 mmol/mol), respectively
(1,9).

Most of the glucose filtered by the
kidney is reabsorbed by the sodium glu-
cose cotransporter 2 (SGLT2) (10). SGLT2
inhibitors act by reducing renal glucose
reabsorption, thereby increasing urinary
glucose excretion and reducing hyper-
glycemia (10). Empagliflozin is a potent
and selective SGLT2 inhibitor (11). When
used as an add-on to metformin in pa-
tients with type 2 diabetes, empagliflozin
(10 mg and 25 mg q.d.) significantly re-
duced HbA,, fasting plasma glucose
(FPG), and weight and was well toler-
ated, with a low risk of hypoglycemia
(12).

This study was undertaken to com-
pare the efficacy and safety of initial
combinations of empagliflozin and met-
formin immediate release (IR) with
those of empagliflozin and metformin
IR monotherapy in patients with type 2
diabetes.

RESEARCH DESIGN AND METHODS

Study Design

This was a Phase Ill, randomized, double-
blind, parallel-group study conducted
from October 2012 to December 2014
in 190 centers in 21 countries. The clinical
trial protocol and amendments were
approved by the institutional review
boards, independent ethics committees,
and competent authorities of the partici-
pating centers and complied with the
Declaration of Helsinki in accordance
with the International Conference on
Harmonization Harmonized Tripartite

Guideline for Good Clinical Practice. All
subjects provided informed consent be-
fore participation.

Patients

This study enrolled adults with type 2
diabetes with BM| =45 kg/m2 at screen-
ing who were drug-naive (no oral antidia-
betes therapy, glucagon-like peptide-1
analog, or insulin for =12 weeks be-
fore randomization). Before a protocol
amendment, patients with HbA,. >7%
to =10% (>53 to =86 mmol/mol) at
screening were eligible for randomized
treatment and patients with HbA;. >10%
(>86 mmol/mol) at screening were
eligible for open-label treatment. After
the protocol amendment, patients with
HbA;. >7.5% to =<12% (>58 to <108
mmol/mol) at screening were eligible for
randomized treatment, and enrollment
in the open-label arm was stopped; how-
ever, patients already enrolled in the
open-label arm were allowed to com-
plete the study. The increase in the
HbA, inclusion threshold for random-
ized treatment was implemented so
that the effects of initial therapy
with empagliflozin + metformin in
patients with high HbA;. could be
evaluated in a randomized controlled
environment.

Exclusion criteria included uncontrolled
hyperglycemia (plasma glucose >240 mg/dL
[13.3 mmol/L] after an overnight fast
during a 2-week placebo run-in, confirmed
by a second measurement); contraindica-
tion to metformin according to the local
label; renal impairment (estimated creat-
inine clearance rate <60 mL/min using
the Cockcroft-Gault formula) or indication
of liver disease (serum alanine amino-
transferase, aspartate aminotransferase,
or alkaline phosphatase >3 times the up-
per limit of normal) at screening or during
the placebo run-in; treatment with anti-
obesity drugs within 3 months before con-
sent; and any uncontrolled endocrine
disorder except type 2 diabetes.

Interventions

After a 2-week placebo run-in period, eligible
patients were randomized (1:1:1:1:1:1:1:1)
to receive empagliflozin 12.5 mg b.i.d. +
metformin 1,000 mg b.i.d., empagliflozin
12.5 mg b.i.d. + metformin 500 mg b.i.d.,
empagliflozin 5 mg b.i.d. + metformin
500 mg b.i.d., empagliflozin 5 mg b.i.d. +
metformin 1,000 mg b.i.d., empagliflozin
10 mg qg.d., empagliflozin 25 mg qg.d.,
metformin 500 mg b.i.d., or metformin
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1,000 mg b.i.d. for 24 weeks. Patients
randomized to receive metformin
1,000 mg b.i.d. underwent dose escala-
tion: 500 mg b.i.d. in the first week,
increasing to 850 mg b.i.d. in the second
week and to 1,000 mg b.i.d. in the third
week; dose adjustment other than this was
not permitted. Patients allocated to the
open-label arm received empagliflozin
12.5 mg b.i.d. + 1,000 mg b.i.d. for
24 weeks.

Randomization was achieved using a
computer-generated random sequence
and an interactive voice and Web re-
sponse system. Randomization was strat-
ified by the following factors: HbA;.
(<8.5% [<69 mmol/mol] and =8.5% [=69
mmol/mol]) at screening, renal function
(estimated glomerular filtration rate
[eGFR] <90 mL/min/1.73m? and =90
mL/min/1.73m? using the Modification
of Diet in Renal Disease equation) at
screening, and region (Europe, Asia,
North America, Latin America). Study
visits were scheduled at screening, at
the start of the placebo run-in, and at
weeks 0 (baseline), 6, 12, 18, and 24 of
treatment. A follow-up visit occurred
7 days after the last intake of study
drug.

Rescue medication could be initiated
if, after an overnight fast, a patient
had a confirmed blood glucose level
>240 mg/dL (13.3 mmol/L) between
weeks 1 and 12 or >200 mg/dL
(11.1 mmol/L) between weeks 12 and 24.
The use of other SGLT2 inhibitors and
metformin was not permitted. In cases
of hypoglycemia, rescue medication was
to be reduced in dose or discontinued. If
hyper- or hypoglycemia could not be
controlled, the subject was discontin-
ued from the trial.

End Points and Assessments

The primary end point was change from
baseline in HbA;. at week 24. Key sec-
ondary end points were changes from
baseline in FPG and weight at week 24.
Exploratory efficacy end points included
the proportion of patients with HbA;.
=7% (=53 mmol/mol) at baseline who
had HbA;. <7% (<53 mmol/mol) at
week 24, the proportion of patients
with HbA;. =7% (=53 mmol/mol) at
baseline who had HbA;. <6.5% (<48
mmol/mol) at week 24 (defined post
hoc), the proportion of patients with
>5% reduction in weight at week 24
(defined post hoc), and changes from
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baseline in systolic blood pressure (SBP)
and diastolic blood pressure (DBP) at
week 24.

Safety end points included clinical labora-
tory parameters and adverse events (AEs),
with preferred terms coded according to
the Medical Dictionary for Drug Regula-
tory Activities (MedDRA) version 17.1.
AEs included all events with an onset
after the first dose and up to 7 days
after the last dose of trial medication.
Confirmed hypoglycemic AEs, defined
as AEs with plasma glucose =70 mg/dL
(3.9 mmol/L) and/or requiring assis-
tance, were identified by direct plasma
glucose measurements and by home
blood glucose monitoring performed by
the patient. Other predefined AEs of spe-
cial interest included events consistent
with urinary tract infection (UTI), genital
infection, and volume depletion, identified
using prospectively defined search cate-
gories based on 67, 87, and 8 MedDRA pre-
ferred terms, respectively. AEs related to
increased urination were assessed based
on a post hoc search for the MedDRA pre-
ferred terms pollakiuria, polyuria, and noc-
turia.

Statistical Analysis

The primary analysis was a restricted
maximum likelihood—based mixed-model
repeated-measures (MMRM) approach
assessing changes from baseline in HbA;.
at week 24, with treatment, baseline renal
function, region, visit, and visit by treat-
ment as fixed effects, and baseline HbA,.
as a linear covariate. The analysis was per-
formed on the full analysis set (FAS) (ran-
domized patients treated with =1 dose of
study drug who had a baseline and =1
on-treatment HbA, . assessment) using ob-
served cases (OC). Values observed after a
patient started glucose-lowering rescue
therapy were set to missing. A sample
size of 168 patients per group was required
to provide power of 89% to detect a 0.5%
treatment difference in HbA;. between
empagliflozin + metformin and the individ-
ual components, assuming a dropout rate
of 2%.

A hierarchical testing procedure was
used, beginning with a test for superior-
ity of combination treatment versus the
corresponding empagliflozin once-daily
regimens and metformin twice-daily
doses in change from baseline in HbA;,
at week 24. Null/alternative hypotheses
were grouped into dose levels (empagli-
flozin 5 mg b.i.d. + metformin 1,000 mg

b.i.d., empagliflozin 5 mg b.i.d. + metfor-
min 500 mg b.i.d., empagliflozin 12.5 mg
b.i.d. + metformin 1,000 mg b.i.d., and
empagliflozin 12.5 mg b.i.d. + metformin
500 mg b.i.d.). Two hypotheses were
tested within each dose level: one tested
for superiority of the empagliflozin + met-
formin combination versus the empagli-
flozin component, and the other tested
whether the combination was superior
to the metformin component. The two
hypotheses were tested simultaneously,
each at the level of a = 0.05 (two-sided). If
all the steps in the hierarchical testing
above were successful, noninferiority
testing of change from baseline in HbA;
at week 24 with empagliflozin 25 mg g.d.
versus metformin 1,000 mg b.i.d. and
empagliflozin 10 mg g.d. versus metfor-
min 1,000 mg b.i.d. was to be performed
at the level of o = 0.025 (one-sided). If all
the steps in the noninferiority testing
were successful, then change from base-
line to week 24 in FPG and then change
from baseline to week 24 in weight (com-
bination treatment vs. metformin twice
daily only) were to be analyzed using the
same hierarchical testing procedure as
for the primary analysis. The baseline value
for the end point in question was included
as a linear covariate.

Sensitivity analyses of the primary end
point were performed using the per pro-
tocol set (patients in the FAS without
important protocol violations) and FAS
completers (patients in the FAS who com-
pleted 23 = 1 weeks’ treatment); the
same model as for the primary analysis
was used. The primary end point at week
24 was also analyzed in the FAS (last obser-
vation carried forward) using an ANCOVA
model with treatment, baseline renal
function, and region as fixed effects
and baseline HbA. as a linear covariate.
Categorical changes in HbA,. were ana-
lyzed using logistic regression in the FAS
with noncompleters considered failure
imputation.

Efficacy analyses in the open-label
group were descriptive and based on
oC.

Safety and lipid parameters were an-
alyzed in the treated set (patients who
received =1 dose of study drug) and
were descriptive.

RESULTS

Patient Disposition
Of 1,364 patients who were randomized,
1,327 were treated and had a baseline
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and one or more on-treatment HbA;.
value, comprising the FAS. Overall,
90.8% of patients who were random-
ized and treated completed the treat-
ment period. Baseline characteristics
were balanced across the random-
ized treatment groups (Table 1). An
additional 53 patients with HbA;
>10% (>86 mmol/mol) were treated
with open-label empagliflozin 12.5 mg
b.i.d. + 1,000 mg b.i.d., and 49 (92.5%)
completed the treatment period
(Supplementary Fig. 1).

Efficacy

Glycemic Control in Randomized Groups
At week 24, pronounced reductions
from baseline in HbA;. (mean baseline
8.55-8.86% [70—-73 mmol/mol]) were
observed in all randomized treatment
groups (Fig. 1A). Compared with empa-
gliflozin once-daily regimens, the ad-
justed mean differences in changes
from baseline with empagliflozin + met-
formin twice daily ranged from —0.57
to —0.72% (—6.2 to —7.9 mmol/mol;
P < 0.001) and compared with metfor-
min twice daily ranged from —0.33
to —0.79% (—3.6 to —8.6 mmol/mol;
P < 0.001). Adjusted mean HbA,. over
the treatment period is shown in Fig. 1B.
At week 24, adjusted mean HbA,. values
with empagliflozin + metformin twice
daily ranged from 6.6% (49 mmol/mol)
with empagliflozin 5 mg b.i.d. or
12.5 mg b.i.d. + metformin 1,000 mg
b.i.d. to 6.7% (50 mmol/mol) with em-
pagliflozin 12.5 mg b.i.d. + metformin
500 mg b.i.d. Values were 7.3% (57
mmol/mol) and 7.3% (56 mmol/mol)
for empagliflozin 10 mg q.d. and
25 mg g.d., respectively, and 7.5% (58
mmol/mol) and 6.9% (52 mmol/mol)
for metformin 500 mg and 1,000 mg
b.i.d., respectively (Fig. 1B). The results
of sensitivity analyses of changes in
HbA ;. were consistent with the primary
analysis (Supplementary Table 1). Sig-
nificantly greater proportions of ran-
domized patients with HbA,. =7%
(=53 mmol/mol) at baseline reached
HbA. <7% (<53 mmol/mol) and HbA;.
<6.5% (<48 mmol/mol) at week 24 with
empagliflozin + metformin twice daily
than with empagliflozin once daily or
metformin twice daily (Fig. 1C and
Supplementary Fig 2). Empagliflozin
did not achieve noninferiority ver-
sus metformin 1,000 mg b.i.d. in
changes from baseline in HbA,. at
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Table 1—Patient demographics and baseline characteristics

Downloaded from http://ada.silverchair.com/care/article-pdf/39/10/1718/624326/dc160522.pdf by guest on 10 April 2024

Open-label
Empagliflozin Empagliflozin Empagliflozin Empagliflozin empagliflozin
12.5 mg b.i.d. + 12.5 mg b.i.d. + 5mgb.i.d. + 5 mg b.i.d. + 12.5 mg b.i.d. +
metformin metformin metformin metformin Empagliflozin Empagliflozin Metformin Metformin metformin
1,000 mg b.i.d. 500 mg b.i.d. 1,000 mg b.i.d. 500 mg b.i.d. 25 mg q.d. 10 mg q.d. 1,000 mg b.i.d. 500 mg b.i.d. 1,000 mg b.i.d.
Parameter (n = 169) (n = 165) (n =167) (n=161) (n = 164) (n = 169) (n = 164) (n =168) (n =53)
Sex
Male 88 (52.1) 105 (63.6) 99 (59.3) 97 (60.2) 83 (50.6) 97 (57.4) 92 (56.1) 86 (51.2) 41 (77.4)
Female 81 (47.9) 60 (36.4) 68 (40.7) 64 (39.8) 81 (49.4) 72 (42.6) 72 (43.9) 82 (48.8) 12 (22.6)
Age (years) 53.6 = 10.7 51.0 = 10.7 523 +11.3 52.2 = 11.7 53.3 + 10.7 53.1 = 10.7 51.6 = 10.8 53.4 = 10.9 50.3 * 10.0
Race
White 94 (55.6) 86 (52.1) 93 (55.7) 88 (54.7) 97 (59.1) 100 (59.2) 95 (57.9) 93 (55.4) 39 (73.6)
Asian 39 (23.1) 40 (24.2) 39 (23.4) 39 (24.2) 35 (21.3) 39 (23.1) 35 (21.3) 43 (25.6) 12 (22.6)
American Indian/Alaska
Native 29 (17.2) 30 (18.2) 27 (16.2) 27 (16.8) 24 (14.6) 23 (13.6) 27 (16.5) 22 (13.1) 0
Black/African American 7 (4.1) 9 (5.5) 7 (4.2) 7 (4.3) 8 (4.9) 7 (4.1) 7 (4.3) 10 (6.0) 2(3.8)
Native Hawaiian/Pacific
Islander 0 0 1(0.6) 0 0 0 0 0 0
Time since diagnosis
=<1 year 98 (58.0) 87 (52.7) 98 (58.7) 95 (59.0) 90 (54.9) 82 (48.5) 90 (54.9) 101 (60.1) 19 (35.8)
>1to <5 years 45 (26.6) 44 (26.7) 40 (24.0) 48 (29.8) 49 (29.9) 61 (36.1) 48 (29.3) 44 (26.2) 20 (37.7)
>5 to <10 years 16 (9.5) 21 (12.7) 20 (12.0) 15 (9.3) 21 (12.8) 17 (10.1) 16 (9.8) 19 (11.3) 8 (15.1)
>10 years 10 (5.9) 13 (7.9) 9 (5.4) 3(1.9) 4(2.4) 9 (5.3) 10 (6.1) 4(2.4) 6 (11.3)
Weight (kg) 83.8 = 19.8 82.9 * 18.7 83.0 £ 19.1 82.3 £ 19.2 83.1 £20.3 83.8 £ 19.8 83.7 £ 20.1 82.7 £ 21.2 93.7 £ 18.9
BMI (kg/m?) 30.4 £53 30.2 £5.2 30.5 = 5.0 30.1 £5.3 30.6 £ 5.9 30.3 £5.2 30.5 £5.9 30.3 £5.8 31.7 £ 5.5
HbA1. (%) 8.66 = 1.14 8.84 = 1.31 8.65 = 1.23 8.68 = 1.26 8.86 = 1.29 8.62 = 1.24 8.58 = 1.13 8.69 = 1.04 11.46 = 1.57
HbA;. (mmol/mol) 71 * 125 73 =143 71 +13.4 71 = 13.8 73 £ 14.1 71 = 13.6 70 = 12.4 71 *11.4 102 £ 17.1
FPG (mmol/L) 9.3*+23 95*+24 9.1 +23 9.2 +£22 9.8 £ 2.7 9.4 22 9.4 2.7 9.6 £2.2 146 £ 4.1
SBP (mmHg) 127.0 £ 13.7 127.2 = 145 127.2 = 13.8 126.3 £ 13.0 128.2 £ 15.8 128.4 + 14.6 128.6 = 15.5 1279 £ 14.0 1309 *+ 12.1
DBP (mmHg) 785 8.1 79.2 £9.1 783 £9.1 78.4 = 8.6 793 £94 79.0 £ 9.6 79.1 £9.3 78.5 £ 8.6 81.8 = 8.8
eGFR* 92.3 = 19.2 949 = 20.9 93.6 = 21.9 93.0 = 20.5 91.7 = 19.5 94.0 = 215 93.2 = 20.2 90.9 = 19.4 95.5 * 20.8

care.diabetesjournals.org

Data are n (%) or mean = SD in the FAS (patients who received =1 dose of study drug and had a baseline HbA, value). Patients in the open-label group had HbA,. >10% at baseline. *Calculated as mL/min/1.73 m? by
the Modification of Diet in Renal Disease equation.
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A Empagliflozin + metformin twice-daily
[ ]
Empaglifiozin 12.5 mg bid + 12.5 mg bid + 5 mg bid + 5 mg bid +
Metformin 1000 mg bid 500 mg bid 1000 mg bid 500 mg bid
n 159 149 151 153
Baseline HbA1c (%)  8.66% 8.84% 8.65% 8.68%
0.0 ~
E -05
&
[y
28
-
¢ -10 -
24
wr
Qe
s
g £ 15
D
)
28
5 2.0
) | <
< 13 -1.98
-2.08 -2.07
-25 -
Difference vs metformin 1000 mg bid -0.33 -0.33
95% Cl (-0.56,-0.10) (-0.56,-0.09)
p=0.006 p=0.006
Difference vs empagliflozin 25 mg qd -0.72 -0.57
95% Cl (-0.95,-0.48) (-0.81,-0.34)
p<0.001 p<0.001
Difference vs metformin 500 mg bid -0.75 -0.79
95% Cl (-0.98,-0.51) (-1.03,-0.56)
p<0.001 p<0.001
Difference vs empagliflozin 10 mg qd 0.72 063

95% CI

B 9.0

85

(-0.95, -0.49) (-0.86, -0.40)
p<0.001

p<0.001
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Empaglifiozin once-daily

Metformin twice-daily

25 mg qd 10 mg qd
1000 mg bid 500 mg bid
143 156 148 142
8.86% 8.62% 8.55% 8.69%
l I -1.18
-1.36 -1.35

-1.75

~—a—Empaglifiozin 12.5 mg bid + metformin 1000 mg bid
—a—Empagliflozin 12.5 mg bid + metformin 500 mg bid
—4—Empaglifilozin 5 mg bid + metformin 1000 mg bid
—a—Empaglifiozin 5 mg bid + metformin 500 mg bid
—+—Empaglifiozin 25 mg qd

S —+—Empaglifiozin 10 mg qd
2 80 —o—Metformin 1000 mg bid
% —e—Metformin 500 mg bid
B 75
5 —3
£
g 10 - N SSs T ———mmn o oo - m oo oo oo oo oo -
3
3 D, ¢
2 65 —A
4
0
Baseline 6 12 18 24
Analyzed patients Week
Empaglifiozin 12.5mg + metformin 1000 mg bid 169 168 162 159 159
Empaglifiozin 12.5 mg + metformin 500 mg bid 165 164 156 153 149
Empaglifiozin 5 mg + metformin 1000 mg bid 167 166 160 158 151
Empagliflozin 5 mg + metformin 500 mg bid 161 159 159 156 153
Empaglifiozin 25mg qd 163 160 155 144 143
Empaglifiozin 10 mg qd 169 167 167 160 156
Metformin 1000 mg bid 162 160 147 148 146
Metformin 500 mg bid 167 166 155 149 142

Figure 1—Changes in HbA; .. A: Change from baseline in HbA; . at week 24 in randomized groups (MMRM in the FAS using OC). B: HbA; . over 24 weeks in
randomized groups (MMRM, FAS, OC). C: Percentage of patients with HbA;. =7% at baseline who had HbA;. <7% at week 24 in randomized groups (FAS;
logistic regression with noncompleters considered failure). D: HbA,. over 24 weeks in the open-label group (descriptive statistics, OC).

week 24 (adjusted mean difference vs.
metformin 1,000 mg b.i.d.: empagliflozin
25 mg, 0.39% [4.3 mmol/mol], P = 0.625;

empagliflozin 10 mg, 0.40% [4.4 mmol/
mol], P = 0.656). Owing to failed non-
inferiority testing in the hierarchical

sequence, the subsequent analyses
for FPG and weight are considered
exploratory.
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| 1

Empagliflozin + metformin twice-daily
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o
S

Mean (SE) HbA,, (%)

Baseline

Analyzed patients 53

| Figure 1—Continued.

In the randomized treatment groups,
empagliflozin + metformin twice daily
significantly reduced FPG compared
with empagliflozin once-daily and met-
formin twice-daily regimens at week
24 (Supplementary Fig 3A). Adjusted
mean differences in changes from base-
line with empagliflozin + metformin
twice-daily compared with empagliflozin
once-daily regimens ranged from —0.7 to
—1.3 mmol/L (P < 0.001; nonconfirmatory)

Empaglifiozin once-daily

Metformin twice-daily

—a—Open-label empaglifiozin 12.5 mg bid + metformin 1000 mg bid

Mean (SE) change

at week 24:
-4.57 (0.20)
--- g-___-___-__--__--_l_ A J
A
6 12 18 24
Week
50 49 48 43

and compared with metformin twice-
daily regimens ranged from —0.9 to —1.6
mmol/L (P < 0.001). Adjusted mean FPG
over the treatment period is shown in
Supplementary Fig 3B.

Rescue medication was taken by one
patient (0.6%) in each of the groups on
empagliflozin + metformin twice daily
compared with six (3.7%) on empagliflozin
25 mg g.d., three (1.8%) on empagliflozin
10 mg g.d., seven (4.3%) on metformin

1,000 mg b.i.d., and nine (5.4%) on met-
formin 500 mg b.i.d.

Body Weight in Randomized Groups

In the randomized treatment groups,
there was a pronounced change from
baseline in weight at week 24 with empa-
gliflozin + metformin twice-daily regimens
(range —2.8 to —3.8 kg) that appeared to
be additive, given the changes in weight
observed with empagliflozin once daily
(—2.4 kg for both regimens) and the small
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[ |
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Metformin

25 mg qd 10 mg qd

1000 mg bid 500 mg bid 1000 mg bid 500 mg bid
n 160 149 150 155 143 155 148 140
83.7

1000 mg bid 500 mg bid

82.9

o

-05

829

83.0 823 83.4 83.9 83.8

I B
-2.4 -2.4
-2.8

23
(-3.1,-1.4)
p<0.001
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o
o

-3.8
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p<0.001

Difference vs metformin 1000 mg bid -2.5
95% CI (-3.3, -1.7)
p<0.001
Difference vs metformin 500 mg bid
95% ClI
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(-3.4, -1.7)
p<0.001

B —4—Empaglifiozin 12.5 mg bid + metformin 1000 mg bid
—a—Empaglifiozin 12.5 mg bid + metformin 500 mg bid

85 —a—Empaglifiozin 5 mg bid + metformin 1000 mg bid
—a—Empaglifiozin 5 mg bid + metformin 500 mg bid
—s—Empaglifiozin 25 mg qd
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~e—Metformin 500 mg bid
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[
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<
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Analyzed patients Week
Empaglifiozin 12.5 mg + metformin 1000 mg bid 167 167 163 159 160
Empagliflozin 12.5 mg + metformin 500mg bid 165 165 156 154 149
Empaglifiozin 5 mg + metformin 1000 mg bid 165 165 161 157 150
Empagliflozin 5 mg + metformin 500 mg bid 161 160 159 157 155
Empaglifiozin 25mg qd 162 160 155 147 143
Empaglifiozin 10mg qd 168 168 167 161 155
Metformin 1000 mg bid 162 161 147 150 148
Metformin 500 mg bid 166 166 154 149 140

Figure 2—Changes in weight. A: Change from baseline in weight at week 24 in randomized groups (MMRM in the FAS using OC). B: Weight over
24 weeks in randomized groups (MMRM, FAS, OC). C: Percentage of patients with >5% reduction in weight at week 24 in randomized groups (FAS;
logistic regression with noncompleters considered failure).
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changes observed with metformin twice-
daily regimens (range —0.5 to —1.3 kg)
(Fig. 2A). Adjusted mean differences in
changes from baseline with empagliflo-
zin + metformin twice-daily regimens

compared with metformin twice-daily
regimens ranged from —2.2 to —2.5 kg
(P < 0.001; nonconfirmatory). Adjusted
mean weight over the treatment period
is shown in Fig. 2B. A significantly

greater proportion of patients achieved
a >5% reduction in weight with empa-
gliflozin + metformin twice-daily than
with metformin twice-daily regimens
at week 24 (Fig. 2C).
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Qdds ratio vs metformin 1000 mg bid 52 4.3
95%Cl (3.0,9.1) (2.4,7.5)
p<0.001 p<0.001
Odds ratio vs metformin 500 mg bid 6.6 5.1
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| Figure 2—Continued.

BP in Randomized Groups

Changes from baseline in BP at week
24 in the randomized treatment groups
are reported in Supplementary Table
2. Reductions from baseline in SBP
(mean baseline 126.3 mmHg) at week
24 ranged from —2.2 to —3.2 mmHg
with empagliflozin + metformin twice-
daily regimens, —2.1 to —2.3 mmHg
with empagliflozin once-daily regimens,
and —0.2 to 0.8 mmHg with metformin
twice-daily regimens. Empagliflozin +
metformin twice daily significantly re-
duced SBP compared with metformin
twice daily but not compared with empa-
gliflozin once-daily regimens; adjusted
mean differences in changes from base-
line with empagliflozin + metformin twice
daily compared with metformin twice
daily ranged from —2.8 to —4.0 mmHg
(P < 0.05). Reductions from baseline in
DBP (mean baseline 78.2-79.4 mmHg)
at week 24 ranged from —1.6 to —1.9
mmHg with empagliflozin + metformin
twice daily, —1.0 to —1.7 mmHg with
empagliflozin once daily, and 0 to 0.6
mmHg with metformin twice-daily regi-
mens. Empagliflozin + metformin twice
daily significantly reduced DBP compared
with metformin twice daily but not
compared with empagliflozin once-
daily regimens. The adjusted mean

differences in changes from baseline
with empagliflozin + metformin twice
daily compared with metformin twice
daily ranged from —1.9 to —2.3 mmHg
(P < 0.05).

Open-Label Treatment Group

HbA,. over 24 weeks in the open-label
treatment group (empagliflozin 12.5 mg
b.i.d. + 1,000 mg b.i.d.) is shown in Fig.
1D. Mean HbA;. was reduced from
11.5% (102 mmol/mol) at baseline to
6.7% (50 mmol/mol) at week 24. At
week 24, 52.8% of patients in the open-
label treatment group had HbA;. <7%.
Four (7.5%) patients in the open-label
treatment group received glucose-lowering
rescue medication.

Safety

The proportion of randomized patients
with one or more AE was similar across
all randomized treatment groups (Table
2), and 95% of randomized patients
with one or more AE reported only
events of mild or moderate intensity.
Similar proportions of patients discontin-
ued because of AEs across the random-
ized treatment groups. No patients
died. The proportion of patients with
confirmed hypoglycemic AEs was low
in all randomized treatment groups
(0-1.8%).

Empagliflozin once-daily

Metformin twice-daily

Events consistent with UTI were re-
ported in 5.9-12.4% of patients across
the randomized treatment groups (Ta-
ble 2) and were reported in a greater
proportion of female patients (12.9-
23.0%) than male patients (0.0-5.6%)
in all groups. None of these events led
to hospitalization. Two cases of acute
pyelonephritis were reported: one in the
empagliflozin 5 mg b.i.d. + metformin
1,000 mg b.i.d. group and one in the empa-
gliflozin 25 mg qg.d. group; both events
were mild in intensity, were resolved
with antibiotics, and did not lead to hospi-
talization or discontinuation of study drug.
Chronic pyelonephritis was reported in
one patient in the metformin 500 mg b.i.d.
group; this event was mild in intensity
and did not lead to discontinuation of
study drug. Events consistent with genital
infection were reported in 1.8-6.4% of
patients across the randomized treatment
groups (Table 2) and were reported in a
greater proportion of female patients
(1.5-8.2%) than in male patients (0.0—
6.0%). The proportion of patients with in-
creased urination and volume depletion
was low across the randomized treatment
groups (Table 2). There were no episodes
of diabetic ketoacidosis.

Laboratory measurements are presented
in Supplementary Table 3. Hematocrit
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increased from baseline in patients treated
with combination therapy or empagliflozin
and decreased in patients treated with
metformin. Uric acid levels decreased in
the combination therapy and empagli-
flozin groups and increased in the met-
formin groups. No pattern was observed
in changes in eGFR. Small increases in
total cholesterol and HDL cholesterol
were observed in all treatment groups,
except for small decreases in total cho-
lesterol with empagliflozin 12.5 mg b.i.d.
+metformin 1,000 mg b.i.d. and metfor-
min 1,000 mg b.i.d. Small increases in
LDL cholesterol were observed with
empagliflozin and with empagliflozin
12.5 mg b.i.d. + metformin 500 mg b.i.d.
but not in other groups. Triglycerides in-
creased with empagliflozin 5 mg b.i.d. +
metformin 500 mg b.i.d., empagliflo-
zin 25 mg g.d., and metformin twice
daily and decreased in all other treat-
ment groups. There were no clinically
relevant changes in electrolytes in any
treatment group.

In the open-label treatment group,
one patient (1.9%) had a confirmed hy-
poglycemic AE. No confirmed hypogly-
cemic events required assistance or led
to study discontinuation. One patient
(1.9%) had an event consistent with UTI,
and two patients (3.8%) had an event
consistent with genital infection. Volume
depletion (hypotension) occurred in one
patient (1.9%) (Table 2).

CONCLUSIONS

Our study found initial combinations of
empagliflozin and metformin IR given
twice daily for 24 weeks in patients
with type 2 diabetes led to statistically
significant and clinically meaningful re-
ductions in HbA;. compared with the
corresponding empagliflozin once-daily
and metformin twice-daily regimens. In
the combination therapy groups, changes
in HbA; . of ~2% were observed at week
24, irrespective of the dose of empagliflo-
zin or metformin. The results of sensitiv-
ity analyses of changes in HbA;. were
consistent with the primary analysis
and supported the robustness of the
results.

Empagliflozin + metformin combina-
tions could be a useful treatment regi-
men to provide rapid, clinically relevant
improvements in glycemic control in
newly diagnosed patients with type 2
diabetes. Importantly, 57-70% of pa-
tients with HbA;. =7% at baseline who

received combination therapy reached
HbA;. <7% (<53 mmol/mol) at week
24, and 37-52% reached HbA;. <6.5%.
Even in very poorly controlled patients
with type 2 diabetes (mean HbA;. of
11.5% at baseline in the open-label group),
53% reached HbA;. <7% (<53 mmol/mol)
at week 24, suggesting that an initial com-
bination of empagliflozin and metformin
may provide substantial benefits in this
patient population.

High-dose metformin IR is known to
be efficacious in drug-naive patients
with high baseline HbA;. (13,14), and
in this study, noninferiority of empagli-
flozin 25 mg and 10 mg q.d. compared
with metformin 1,000 mg b.i.d. in re-
ducing HbA;. was not demonstrated.
However, metformin is commonly asso-
ciated with gastrointestinal AEs (14,15),
and in practice, many patients cannot
tolerate metformin at a dose of 1,000 mg
b.i.d.

Many antidiabetes treatments are as-
sociated with weight gain (1), which can
affect patients’ satisfaction with and
adherence to treatment (16,17). Signifi-
cant and clinically meaningful reduc-
tions in weight were observed with
combinations of empagliflozin and
metformin compared with metformin
regimens, and 26—41% of patients on
empagliflozin + metformin combina-
tions had a =5% reduction in weight
at week 24. Further, changes in weight
over time suggested that maximum
weight loss for empagliflozin + metfor-
min 1,000 mg b.i.d. may not have been
reached by week 24. The weight loss
observed with SGLT2 inhibitors is pri-
marily caused by loss of calories as a
result of urinary glucose excretion (18)
and reflects loss of both visceral and
subcutaneous fat (19). In this study,
the effects of empagliflozin and met-
formin on weight appeared to be addi-
tive, but the lack of a placebo arm
means that this cannot be conclusively
assessed.

Our study observed significant reduc-
tions in SBP and DBP from baseline at
week 24 with empagliflozin + metformin
combinations compared with metformin
regimens but not compared with empa-
gliflozin alone. This was as expected given
that empagliflozin has consistently been
shown to reduce BP in patients with
type 2 diabetes (20). The mechanisms be-
hind reductions in BP with empagliflozin
have not been fully clarified but may

Hadjadj and Associates

reflect weight loss, volume contraction
secondary to osmotic diuresis, or arterial
stiffness (21-23).

The results of the EMPA-REG OUTCOME
(Empagliflozin Cardiovascular Outcome
Event Trial in Type 2 Diabetes Mellitus
Patients) trial showed that in patients
with type 2 diabetes and high cardiovas-
cular risk, empagliflozin reduced cardio-
vascular death, hospitalization for heart
failure, and all-cause mortality (24).
These findings may encourage earlier
use of combinations including empagli-
flozin in patients with type 2 diabetes
and high cardiovascular risk.

All of the treatment regimens used in
this study were well tolerated. The risk
of hypoglycemia is an important consid-
eration in the management of patients
with type 2 diabetes because it can be
dangerous and lead to reduced treat-
ment adherence and impairment in
health-related quality of life (17,25).
The proportion of patients in this study
with confirmed hypoglycemic AEs was
low, and none required assistance. Patients
with type 2 diabetes are at increased risk
of UTIs and genital infections (26,27). In
the current study, 5.9-12.4% of patients
reported events consistent with UTI,
and 1.8-6.4% of patients reported
events consistent with genital infection
across the randomized treatment groups.
Overall, the safety profiles of the empa-
gliflozin and metformin twice-daily
combinations were consistent with the
known safety profiles for empagliflozin
and metformin.

In conclusion, twice-daily combina-
tions of empagliflozin and metformin
for 24 weeks led to pronounced reduc-
tions in HbA;. and weight loss, with
57-70% of patients reaching HbA;. <7%
and 26-41% achieving weight loss
of >5% at week 24. These data suggest
that the initial combination of empagli-
flozin and metformin could represent a
valuable treatment option for newly di-
agnosed patients with type 2 diabetes,
particularly those with HbA;. >8.5%,
irrespective of the dose of metformin
that a patient can tolerate.
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