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OBJECTIVE

This study evaluated whether an oral combination of a sodium–glucose cotrans-
porter 2 inhibitor and a dipeptidyl peptidase 4 inhibitor achieved glycemic control
similar to basal insulin in patients with type 2 diabetes, poorly controlled with
metformin, without increasing hypoglycemia or body weight.

RESEARCH DESIGN AND METHODS

In a multinational, open-label, randomized, phase 3 trial (ClinicalTrials.gov reg. no.
NCT02551874), adults with type 2 diabetes inadequately controlled on metformin,
with or without sulfonylurea, were randomized (1:1) to receive dapagliflozin (DAPA)
plus saxagliptin (SAXA) or titrated insulin glargine (INS). The primary end point was
change in glycated hemoglobin A1c (HbA1c) from baseline to week 24. DAPA + SAXA
treatment was tested for noninferiority versus INS.

RESULTS

The efficacy data set included 643 patients (mean 6 SD HbA1c, 9.1 6 1.0% [75 6

11 mmol/mol]). At week 24, DAPA + SAXA treatment versus INS resulted in
noninferior reductions in HbA1c (adjusted mean 6 SE change, 21.7 6 0.1%
vs. 21.5 6 0.1% [18.3 6 0.7 mmol/mol vs. 16.8 6 0.7 mmol/mol]; P = 0.118),
significantly different body weight change (between-group difference, 23.64 kg
[95% CI24.20 to23.09]; P < 0.001), fewer patients with confirmed hypoglycemia
(21.3% vs. 38.4%, P < 0.001), more patients achieving HbA1c <7.0% (53 mmol/mol)
without hypoglycemia (20.9% vs. 13.1%, P = 0.008), and a similar proportion of
patients achieving HbA1c <7.0% (33.2% vs. 33.5%, P = 0.924). Mean reductions in
24-h glucose measurements from baseline to week 2 were greater with DAPA +
SAXA than with INS (P < 0.0001). No patients in the DAPA + SAXA group and three
patients (0.9%) in the INS group experienced severe hypoglycemia.

CONCLUSIONS

Adding DAPA + SAXA to insulin-naive patients with poorly controlled type 2 dia-
betes achieved similar glycemic control, a lower risk of hypoglycemia, and a clin-
ically relevant body weight difference compared with basal INS.
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Most patients with type 2 diabetes are
treated with metformin as a first-line
glucose-lowering monotherapy, as rec-
ommended by treatment guidelines
(1,2). However, patients receiving met-
formin monotherapy often require the
subsequent addition of one or more
further glucose-lowering agents to achieve
and maintain glycemic control as the dis-
ease progresses (2). Sulfonylureas are the
most commonly prescribed drug after
metformin, although treatment with this
drug class is associated with an increased
risk of hypoglycemia and weight gain (2).
An ideal therapy should be efficacious,

achieve glycated hemoglobin A1c (HbA1c)
targets without hypoglycemia through
complementary mechanisms of actions,
and result in weight reduction. Sodium–

glucose cotransporter 2 (SGLT2) inhibi-
tors, glucagon-like peptide 1 receptor
agonists (GLP-1RAs), and dipeptidyl pep-
tidase 4 inhibitors (DPP-4is) are glucose-
lowering drugs that are recommended by
international guidelines for use in com-
bination with metformin (3). SGLT2 in-
hibitors promote urinary excretion of
excess glucose by inhibiting renal glucose
reabsorption and act independently of
insulin (4), whereas DPP-4is and GLP-
1RAs enhance glucose-dependent insulin
secretion and suppress glucagon secre-
tion (5). GLP-1RAs are generally recom-
mended by clinical guidelines as the first
injectable medication for patients with
type 2 diabetes (6).
The SGLT2 inhibitor dapagliflozin

(DAPA) and the DPP-4i saxagliptin (SAXA)
improve glycemic control in patients with
type 2 diabetes when used as mono-
therapies (7–9) or in combination with
metformin (10,11). Moreover, dual ad-
dition of DAPA plus SAXA to metformin
resulted in greater reductions in HbA1c
than either agent added to metformin
alone (12). DAPA plus SAXA add-on to
metformin is also associated with body
weight reduction and a low risk of hy-
poglycemia and produces a similar safety
profile to that reported in previous stud-
ies of these agents asmonotherapy (7–9)
or as add-on therapy (10–12).
Insulin is an effective glucose-lowering

agent for patients with type 2 diabetes
and is recommended as one of several
options for second- or third-line glucose-
lowering therapy by many clinical guide-
lines. However, insulin may be associated
with undesirable adverse effects, includ-
ing an increased risk of hypoglycemia and

body weight gain, which may reduce
patient compliance (13). Furthermore,
insulin is administered by injection,
and titration is mandatory to obtain
acceptable glycemic control. Many pa-
tients are reluctant to use insulin owing
to psychological barriers, and health care
providers must have specialist knowl-
edge and resources to initiate and guide
patients in the use of insulin therapy. It is
likely that many clinicians perceive in-
sulin to be more efficacious than oral
therapies in patients with high HbA1c
levels, because studies comparing insulin
with oral agents have generally excluded
these patients. No studies to date have
evaluated whether an oral combination
of two modern glucose-lowering agents
may achieve a glucose reduction similar
to initiation and titration of a once-daily
basal insulin analog in patients with
type 2 diabetes inadequately controlled
with metformin.

Here, we report the results from a
randomized, open-label, 24-week, phase
3 trial evaluating the efficacy and safety
of DAPA plus SAXA add-on therapy versus
titrated insulin in patients with type 2
diabetes inadequately controlled bymet-
formin with or without sulfonylurea ther-
apy. The primary objective of this study
was to determine whether DAPA plus
SAXA treatment was noninferior to ti-
trated insulin in reducing HbA1c. Secondary
objectives included effects on hypogly-
cemia and body weight.

RESEARCH DESIGN AND METHODS

Study Design
This international, multicenter, randomized,
open-label, active-controlled, parallel-group,
24-week phase 3b trial (ClinicalTrials.gov
identifier: NCT02551874) was conducted
at 112 centers in 11 countries (Czech
Republic, Denmark, Germany, Hungary,
Mexico, Poland, Romania, South Africa,
Spain, Sweden, and the U.S.). It consisted
of a 2-week lead-in period, during which
participants received instruction on diet, ex-
ercise, and self-monitoring of glucose levels,
followed by a 24-week treatment period.

The study was conducted in accor-
dancewith the ethical principles outlined
in the Declaration of Helsinki and Good
Clinical Practice guidelines of the Inter-
national Conference on Harmonisation.
The studyprotocol, including anyamend-
ments, and the participant informed
consent form were both reviewed by
the relevant institutional review board

or independent ethics committee before
initiation of the study.

Participants and Eligibility Criteria
Adults ($18 years) with type 2 diabetes
and inadequate glycemic control (HbA1c
8.0–12.0% [64–108 mmol/mol]), who
had been receiving a stable dose of
metformin ($1,500 mg/day), with or
without a stable dose of sulfonylurea
($50% maximum dose) for at least
8 weeks before screening, were eligible
for enrollment. Participants were re-
quired to have a maximum BMI of
45.0 kg/m2 at screening and a maximum
fasting plasma glucose (FPG) measure-
ment of 270 mg/dL at baseline. All par-
ticipants provided written, informed
consent.

Key exclusion criteria were type 1 di-
abetes, cardiovascular disease (including
myocardial infarction; cardiac surgery or
revascularizations; valvular disease or
repair; unstable angina; unstable conges-
tive heart failure; transient ischemic attack
or significant cerebrovascular disease;
unstable or previously undiagnosed ar-
rhythmia; congestive heart failure de-
fined as New York Heart Association
Functional Classification III and IV; un-
stable or acute congestive heart failure;
and/or known left ventricular ejection
fraction of #40%) within 3 months of
screening, severe hepatic insufficiency,
and a medical history of diabetic keto-
acidosis or renal impairment (defined as
creatinine clearance ,60 mL/min or se-
rum creatinine $1.5 mg/dL in men
or $1.4 mg/dL in women).

Randomization
Participants were randomized 1:1 using
an interactive voice response system to
receive DAPA plus SAXA or titrated in-
sulin glargine (INS), stratified by use of
sulfonylurea with background metformin
treatment, for 24 weeks (Supplementary
Fig. 1). Randomization schedules were
generated and kept by Bristol-Myers
Squibb.

Interventions
DAPA, 10 mg/day (Bristol-Myers Squibb,
New Brunswick, NJ), and SAXA, 5mg/day
(Bristol-Myers Squibb, Mount Vernon,
IN), were administered orally in tablet
form, and INS U100 (Sanofi, Laval, Que-
bec, Canada) was administered by sub-
cutaneous injection. All patients continued
to receive their previous dose regimen of
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metformin (with or without sulfonylurea)
throughout the study. INS treatment was
initiated at a dose of 0.2 units/kg body
weightorat least10units/day,andpatients
self-titrated their dose in 2-unit incre-
ments every 3 days until week 8 of the
study, based on daily glucose monitoring
and an FPG target of 100mg/dL. At week
12, investigators coulddecidewhether to
increase the daily INS dose for individual
patients to help them achieve target
levels. During the first 8 weeks, inves-
tigators could also increase the fixed
dosing titration steps to optimize INS
titration for the individual patient. The
goal was to reach an acceptable and
stable INS dose at week 12. If hypo-
glycemic events occurred (plasma glu-
cose #70 mg/dL during the previous
3 days), the INS dose would not be
uptitrated. Patients with FPG values
.200 mg/dL were eligible for open-label
rescue medication. In a subset of partic-
ipants (planned as 125 patients in each
treatment arm), a masked continuous
glucose monitoring (CGM) sensor (Med-
tronic iPro2 CGM system) was inserted
subcutaneously for 7 consecutive days
from the beginning of the lead-in period
(before receiving study medication),
week 2, week 11, and week 23.

Outcome Measures
The primary efficacy end point wasmean
change in HbA1c from baseline to week
24 and was centrally assessed. Second-
ary efficacy end points included mean
change from baseline in weight at week
24, the proportion of patients with con-
firmed hypoglycemia (plasma glucose
#70 mg/dL or symptoms of hypoglyce-
mia with self-monitored blood glucose
#70 mg/dL) at week 24, the proportion
of patients achieving a therapeutic gly-
cemic response (HbA1c ,7.0% [,53
mmol/mol]) without any reported hypo-
glycemia at week 24, change from base-
line in the mean value of 24-h glucose
readings measured by CGM at week
2 (in a subset of patients), and the pro-
portion of patients achieving a therapeutic
glycemic response (HbA1c ,7.0% [,53
mmol/mol]) at week 24. An ad hoc analysis
was performed for an additional efficacy
end point: the proportion of patients
achieving a therapeutic glycemic response
(HbA1c ,7.0% [,53 mmol/mol]) without
hypoglycemia or weight gain at week 24.
Safety assessments included monitor-

ingof adverseevents (AEs)and frequency

and American Diabetes Association
classification of hypoglycemia events
(14), as well as changes in clinical
laboratory parameters, physical exami-
nations, vital signs, and electrocardio-
graphic findings.

Statistical Analysis
Efficacy analyses included all randomized
patients who received at least one dose
of study medication (intention-to-treat
population) and who had a baseline as-
sessment and at least one postbaseline
assessment. Efficacy analyses were based
on all data before rescue or treatment
discontinuation.

A sample size of 299 patients per group
was determined a priori to yield ;90%
power to demonstrate a noninferiority
margin for difference in mean HbA1c
change from baseline (primary efficacy
end point) between the two groups of
0.3% (3.3 mmol/mol), at a one-sided sig-
nificance levelof0.025andassuminganSD
of 1.1% and a 5% dropout rate.

Analysis of the primary efficacy end
point was performed using a direct likeli-
hood longitudinal repeated-measures
analysis including the fixed categorical
effects of treatment, week, randomiza-
tion stratification factor (metformin, with
or without sulfonylurea background
medication), treatment-by-week inter-
action, and the continuous fixed cova-
riates of baseline measurement and
baseline measurement-by-week interac-
tion. Point estimates and 95% CIs
were calculated for the differences in
mean changes between treatment
groups. The primary efficacy end point
was considered noninferior if the upper
limit of the 95% CI of the difference
between groups was ,0.3%.

The proportions of patients achieving
a therapeutic glycemic response (HbA1c
,7.0% [,53 mmol/mol]), achieving
HbA1c ,7.0% (,53 mmol/mol) without
hypoglycemia, and achieving HbA1c

,7.0% (,53 mmol/mol) without hypo-
glycemia or weight gain were compared
between treatment groups using a logis-
tic regression analysis, as previously
described (15,16). The change from
baseline in mean 24-h glucose and the
proportion of patients achieving HbA1c
,7.0% (,53mmol/mol) were tested for
noninferiority with margins of 12.0 mg/dL
(0.7 mmol/L) and 10% (86 mmol/mol),
respectively. In addition to point esti-
mates and 95% CIs, P values were

calculated for all continuous secondary
end points using the same mixed statis-
tical model as for the primary end point.

Safety analyses included all random-
ized patients who received at least one
dose of the studymedication (safety set),
including data after rescue. No formal
statistical testing was performed. Statis-
tical analyses for efficacy end points were
performed using SAS 9.4 software. The
SAS procedure PROCMIXEDwas used for
analysis of the primary efficacy end point.
Data were monitored by Bristol-Myers
Squibb centrally to assess data quality
and the integrity of the study.

RESULTS

Patient Disposition and Baseline
Characteristics
Participants were enrolled between 20
October 2015 and 19 October 2016.
Enrolled patients, patients entering the
lead-in period, and randomized patients
are shown in Supplementary Fig. 2. Of the
643 randomized patients who received
treatment, 584 (90.8%; DAPA + SAXA, n =
298; INS,n=286) completed the24-week
treatment period. The most common
reason for study discontinuation was
loss to follow-up (DAPA + SAXA, n = 8;
INS, n = 11). There were 16 patients who
required rescue medication or discon-
tinued owing to lack of glycemic control
(DAPA + SAXA, n = 11; INS, n = 5; P =
0.165).

Patient demographics and character-
istics at baseline were similar across
treatment groups (Table 1). At baseline,
mean 6 SD duration of type 2 diabetes
was 9.46 6.3 years, and HbA1c was 9.16
1.0% (76.0 6 10.9 mmol/mol). In total,
51.5% of patients were receiving sulfo-
nylurea treatment (DAPA + SAXA, 51.2%;
INS, 51.7%). Of the 643 random-
ized patients who received treatment,
307 had a masked CGM sensor inserted
subcutaneously at baseline for the mea-
surement of 24-h glucose readings. A
total of 283 of these patients (DAPA +
SAXA, n = 141; INS, n = 142) had an
evaluable CGM baseline value and qual-
ified for the CGM substudy. In insulin-
treated patients, the mean INS dose was
35.6 and 36.5 units at weeks 12 and 24,
respectively.

Efficacy
The addition of DAPA plus SAXA resulted
in noninferior reductions in HbA1c from
baseline versus INS at week 24 (adjusted
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Table 1—Patient demographics and baseline characteristics

Variable
DAPA + SAXA + MET INS + MET Total

n = 324 n = 319 N = 643

Age, years 55.7 6 9.52 55.3 6 9.6 55.5 6 9.6

Age categories
,65 years 265 (81.8) 260 (81.5) 525 (81.6)
$65 to ,75 years 55 (17.0) 54 (16.9) 109 (17.0)
$75 years 4 (1.2) 5 (1.6) 9 (1.4)

Sex
Men 176 (54.3) 171 (53.6) 347 (54.0)
Women 148 (45.7) 148 (46.4) 296 (46.0)

Race
White 263 (81.2) 254 (79.6) 517 (80.4)
Black or African American 28 (8.6) 35 (11.0) 63 (9.8)
Asian 12 (3.7) 12 (3.8) 24 (3.7)
Other* 21 (6.5) 18 (5.6) 39 (6.1)

Geographic region
North America 168 (51.9) 168 (52.7) 336 (52.3)
Latin America 45 (13.9) 34 (10.7) 79 (12.3)
Europe or South Africa 111 (34.3) 117 (36.7) 228 (35.5)

BMI, kg/m2 32.5 6 5.3 32.0 6 5.4 32.2 6 5.3

Body weight, kg 89.8 6 17.7 89.4 6 18.4 89.6 6 18.0

Duration of type 2 diabetes, years 9.6 6 6.5 9.3 6 6.2 9.4 6 6.3

Duration of type 2 diabetes categories
,3 years 47 (14.5) 49 (15.4) 96 (14.9)
$3 to #10 years 137 (42.3) 145 (45.5) 282 (43.9)
.10 years 140 (43.2) 125 (39.2) 265 (41.2)

HbA1c, % 9.0 6 1.0 9.1 6 1.1 9.1 6 1.0

HbA1c, mmol/mol 75 6 11 75 6 12 75 6 11)

HbA1c categories
,8% 44 (13.6) 48 (15.0) 92 (14.3)
$8% to ,9% 124 (38.3) 112 (35.1) 236 (36.7)
$9% 156 (48.1) 159 (49.8) 315 (49.0)

FPG, mg/dL 189.5 6 55.5 188.6 6 53.8 189.0 6 54.6

FPG, mmol/L 10.5 6 3.1 10.5 6 3.0 10.5 6 3.0

Estimated glomerular filtration rate, mL/min/1.73 m2 94.6 6 23.6 97.3 6 21.7 95.9 6 22.7

Proportion of patients receiving sulfonylurea 166 (51.2) 165 (51.7) 331 (51.5)

Specific disease history
Dyslipidemia 94 (29.0) 100 (31.3) 194 (30.2)
Hyperlipidemia 137 (42.3) 131 (41.1) 268 (41.7)
Recent vascular history† 32 (9.9) 31 (9.7) 63 (9.8)
Coronary artery bypass grafting 5 (1.5) 4 (1.3) 9 (1.4)
Carotid endarterectomy or stenting 7 (2.2) 5 (1.6) 12 (1.9)
Cerebrovascular accident 5 (1.5) 6 (1.9) 11 (1.7)
Congestive heart failure 6 (1.9) 4 (1.3) 10 (1.6)
Hospitalization for unstable angina 2 (0.6) 2 (0.6) 4 (0.6)
Percutaneous coronary intervention 8 (2.5) 10 (3.1) 18 (2.8)
Peripheral vascular surgery 0 3 (0.9) 3 (0.5)
Previous myocardial infarction 10 (3.1) 13 (4.1) 23 (3.6)
Transient ischemic attack 5 (1.5) 2 (0.6) 7 (1.1)

Concomitant medications
Diuretics
ACE inhibitors and diuretics 15 (4.6) 15 (4.7) 30 (4.7)
Angiotensin II antagonists and diuretics 12 (3.7) 7 (2.2) 19 (3.0)
Low-ceiling diuretics and potassium-sparing agents 2 (0.6) 5 (1.6) 7 (1.1)
b-Blocking agents, selective, and other diuretics 1 (0.3) 0 1 (0.2)
High-ceiling diuretics and potassium-sparing agents 0 1 (0.3) 1 (0.2)

Data are mean 6 SD or n (%). MET, metformin. *Includes American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, or other.
†Cardiovascular/vascular diseases within 3 months of the screening visit.
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mean 6 SE change, 21.67 6 0.06%
[218.3 6 0.7 mmol/mol] vs. 21.54 6
0.06% [216.8 6 0.7 mmol/mol]) (Fig.
1A). The adjusted between-group differ-
ence (95% CI) was20.13% (20.30 to 0.03)
(21.4 mmol/mol [23.3 to 0.3]; P =
0.118). In patients receiving background
sulfonylurea treatment, reductions in
HbA1c were significantly greater with
theaddition of DAPA plus SAXA thanwith
INS, with an adjusted mean6 SE change
from baseline of 21.76 6 0.08%
(219.2 6 0.9 mmol/mol) vs. 21.43 6
0.08% (215.6 6 0.9 mmol/mol) and an
adjusted between-group difference (95%
CI) of20.34% (20.57 to20.10%) (23.7
mmol/mol [26.2 to 21.1]; P = 0.005).
Reductions in HbA1c were similar be-
tween treatment groups in patients
not receiving sulfonylurea, with an ad-
justed between-group difference (95%
CI) of 0.08% (20.16% to 0.32%) (0.9
mmol/mol [21.7 to 3.5]; P = 0.501).
The treatment-by-stratification factor
interaction was statistically significant
(P = 0.014).
Body weight in the two treatment arms

diverged from baseline (Fig. 1B), decreas-
ing and then stabilizing at week 12 in the
DAPA plus SAXA group and increasing in
the INS group. At week 24, the ad-
justed mean 6 SE change in body weight
was 21.50 6 0.20 kg and +2.14 6
0.20 kg for the DAPA plus SAXA group
and INS group, respectively (difference
between treatment groups 23.64 kg
[95% CI 24.20 to 23.09]; P , 0.001)
(Table 2).
A lower proportion of patients had

confirmed hypoglycemia in the DAPA
plus SAXA group than in the INS group
at week 24 (adjusted percentages, 21.3%
vs. 38.4%; odds ratio 0.4 [95% CI 0.30–
0.62]; P , 0.001) (Fig. 1C). A greater
proportion of patients achieved HbA1c
,7.0% (,53 mmol/mol) without hypo-
glycemia in the DAPA plus SAXA group
than in the INS group at week 24 (ad-
justed percentages, 20.9% [95% CI 16.7–
25.8] vs. 13.1% [9.7–17.3]; odds ratio 1.8
[95% CI 1.2–2.7]; P = 0.008).
Mean reductions in 24-h glucose

measurements from baseline to week
2 were greater with DAPA plus SAXA
treatment than with INS (adjusted
mean 6 SE change, 248.5 6 2.5 mg/dL
vs. 228.5 6 2.5 mg/dL; P , 0.0001).
The proportion of patients achieving

HbA1c ,7.0% (,53 mmol/mol) in the
DAPA plus SAXA group was similar and

noninferior to that in the INS group
(adjusted percentages [95% CI], 33.2%
[28.0–38.8] vs. 33.5% [28.3–39.3]; odds
ratio 1.0 [95% CI 0.70–1.38]; P = 0.924).

Results from the ad hoc analysis
showed that a greater proportion of
patients achieved HbA1c ,7.0% (,53
mmol/mol) without hypoglycemia or

Figure 1—Adjusted mean change from baseline over the 24-week treatment period in HbA1c (A)
and total body weight (B). The error bars show the 95% CIs. C: Proportion of patients with
confirmed hypoglycemia at week 24, defined as plasma glucose #70 mg/dL or symptoms of
hypoglycemia with self-monitored blood glucose #70 mg/dL. MET, metformin.
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weight gain in the DAPA plus SAXA group
than in the INS group at week 24 (adjusted
percentages [95% CI], 16.5% [12.7–21.2]
vs. 3.2% [1.8–5.7]; odds ratio 6.0 [95% CI
3.1–11.4];P,0.001). Themean6SD INS
dose atweek 24was 36.66 17.0 units, and
mean changes in FPG from baseline are
reported in Supplementary Table 1.

Safety
The proportions of patients experiencing
AEs were similar in both treatment
groups (Table 3). A greater proportion
of patients experienced AEs that were
determined by the investigator to be
related to study drug in the DAPA plus
SAXA group than in the INS group (9.6%
vs. 3.4%), but none of these events in
either treatment groupwere reported as
serious. Few patients discontinued owing
to AEs (DAPA + SAXA; 1.9%; INS, 0.3%),
and none of these discontinuations were
due to hypoglycemia.

Less than 3% of patients experienced
serious AEs (SAEs) (DAPA + SAXA, 2.8%;
INS, 1.6%). None of the SAEs reported
were considered by the investigator to be
related to study treatment. One patient
in the DAPA plus SAXA group discontin-
ued owing to an SAE.

A lower proportion of patients experi-
enced at least one hypoglycemic event in
the DAPA plus SAXA group than in the INS
group (25.6% vs. 42.0%). Three patients in
the INS group (0.9%) experienced severe
hypoglycemia, two of whomwere receiving
treatment with sulfonylurea. Conversely,
no patients in the DAPA plus SAXA group
experienced severe hypoglycemia. Urinary
tract infections occurred in 3.7% of patients
in the DAPA plus SAXA group and in 3.4% of
those in the INS group (men, 0.6% vs. 2.3%;
women, 7.4% vs. 4.7%, respectively). More
patients experienced AEs of genital in-
fections in theDAPAplusSAXAgroupthan
in the INS group (3.4% vs. 0.3%); all AEs

in the former group were experienced by
women. AEs of renal impairment or renal
failure were uncommon (DAPA plus
SAXA, 1.9%; INS, 0.3%) and included
events of increased blood creatinine,
decreased estimated glomerular filtra-
tion rate, and decreased creatinine renal
clearance. None of these events were re-
ported as an SAE. There were no patients
with confirmed adjudicated hospitaliza-
tions owing to cardiac failure or with
adjudicated hepatic AEs and no clinically
relevant changes from baseline in urinal-
ysis, lipids, vital signs, electrocardiograms,
or physical examinations (Supplementary
Tables 2 and 3). AEs of increased or de-
creased blood pressure and increased heart
rate were uncommon (#0.6%), and no
patients in either treatment group experi-
enced an AE that was suggestive of diabetic
ketoacidosis during the study period.

One patient in the DAPA plus SAXA
groupdied during the study of respiratory

Table 2—Secondary end points

Secondary end point
DAPA + SAXA + MET INS + MET Difference/odds

ratio* (95% CI) P value(n = 324) (n = 319)

Body weight, kg
Baseline mean 6 SD n = 319 n = 313

89.93 6 17.70 89.36 6 18.38
Week 24 mean 6 SD n = 290 n = 284

88.08 6 17.52 91.81 6 18.85
Adjusted mean change from

baseline 6 SE 21.50 6 0.20 2.14 6 0.20 23.64 (24.20 to 23.09) ,0.001

Proportion of patients with confirmed
hypoglycemia† at week 24 n = 324 n = 319

Patients, n (%) 76 (23.5) 127 (39.8)
Adjusted percentage 21.3 38.4 0.4* (0.30–0.62) ,0.001

Proportion of patients with HbA1c
,7.0% without any hypoglycemia†
at week 24 n = 324 n = 319

Patients, n (%) 73 (22.5) 47 (14.7)
Adjusted percentage 20.9 13.1 1.8* (1.2–2.7) 0.008

24-h glucose readings,‡ mg/dL
Baseline mean 6 SD n = 133 n = 133

206.7 6 47.8 200.4 6 45.6
Week 2 mean 6 SD n = 133 n = 133

156.9 6 36.1 173.2 6 39.4
Adjusted mean change at week 2 6 SE 248.6 6 2.5 228.5 6 2.5 220.0 (227.0 to 213.0) ,0.0001

24-h glucose readings,‡ mmol/L
Baseline mean 6 SD n = 133 n = 133

11.5 6 2.7 11.1 6 2.5
Week 2 mean 6 SD n = 133 n = 133

8.7 6 2.0 9.6 6 2.2
Adjusted mean change at week 2 6 SE 22.7 6 0.1 21.6 6 0.1 21.1 (21.5 to 20.7) ,0.0001

Proportion of patients with HbA1c ,7.0% at week 24 n = 324 n = 319
Patients, n (%) 114 (35.2) 113 (35.4)
Adjusted percentage 33.2 33.5 1.0* (0.70–1.38) 0.924

MET, metformin. *Odds ratio between treatment groups. †Confirmed hypoglycemia was defined as plasma glucose #70 mg/dL or symptoms of
hypoglycemia with self-monitored blood glucose #70 mg/dL. ‡Measured by CGM.
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failure, which was not considered by the
investigator to be related to study treat-
ment.

CONCLUSIONS

This is the first study to evaluate the efficacy
and safety of a combination of an SGLT2
inhibitor and a DPP-4i versus titrated insulin
in insulin-naive patients with type 2 diabe-
tes inadequately controlled with metformin,
with or without sulfonylurea therapy. Oral
combination therapy with DAPA (10 mg)
and SAXA (5 mg) resulted in noninfe-
rior reductions in HbA1c with a beneficial
weight profile and a lower prevalence of
hypoglycemia versus INS from baseline to
week 24. Patients receiving background
sulfonylurea therapy showed reductions

in HbA1c that were significantly greater
with the additionofDAPAplus SAXA than
with INS, whereas those not receiving a
sulfonylurea showed similar reductions
in HbA1c between the treatment groups.

After 24 weeks of treatment, patients
treatedwith DAPA plus SAXA had a clinically
relevant and sustained body weight change
from baseline that was significantly greater
(by3.64kg) than that forpatients in the INS
group, indicating that DAPA plus SAXA
treatment prevents body weight gain.
This finding supports results from previ-
ous studies showing that treatment with
DAPA alone or with SAXA is associated
with body weight reduction, whereas
INS treatment induces body weight
gain (7,10,12,13), and is in line with

the reported weight neutrality of SAXA
and the weight-reducing effect of DAPA
through reductions in total body fat
mass, visceral adipose tissue, and sub-
cutaneous adipose tissue (12,17).

Furthermore, fewer patients had con-
firmed hypoglycemia and experienced at
least one hypoglycemic event, and more
patients in the DAPA plus SAXA group
had a therapeutic glycemic response
(HbA1c ,7.0% [,53 mmol/mol]) without
hypoglycemia than in the INS group from
baseline to week 24. These findings corrob-
orate previous evidence that, unlike insulin,
treatment with DAPA and SAXA is associ-
atedwith a low risk ofhypoglycemia (7–12).

Patients receiving DAPA plus SAXA
treatment showed significantly greater

Table 3—Adverse events

AEs, n (%)
DAPA + SAXA + MET INS + MET

n = 324 n = 319

Summary of AEs
At least one AE 175 (54.0) 180 (56.4)
At least one SAE 9 (2.8) 5 (1.6)
At least one treatment-related AE 31 (9.6) 11 (3.4)
At least one treatment-related SAE 0 0
AE leading to study discontinuation 6 (1.9) 1 (0.3)
SAE leading to study discontinuation 1 (0.3) 0
Deaths 1 (0.3) 0

Hypoglycemia
At least one event 83 (25.6) 134 (42.0)
At least one event
During the first 12-week treatment period*† 61 (18.8) 96 (30.1)
During the second 12-week treatment period*† 49 (15.1) 105 (32.9)

At least one event and
Plasma glucose concentration ,54 mg/dL

(3 mmol/L)*‡ 19 (5.9) 47 (14.7)
A nonmissing plasma glucose concentration

,54 mg/dL (3 mmol/L)* 14 (4.3) 38 (11.9)
Severe hypoglycemia 0 3 (0.9)
Hypoglycemia leading to study discontinuation 0 0

Most common AEs ($2% of patients)
Viral upper respiratory tract infection 21 (6.5) 15 (4.7)
Upper respiratory tract infection 13 (4.0) 16 (5.0)
Back pain 10 (3.1) 7 (2.2)
Headache 10 (3.1) 22 (6.9)
Urinary tract infection 8 (2.5) 8 (2.5)
Diarrhea 7 (2.2) 10 (3.1)
Dizziness 7 (2.2) 1 (0.3)
Arthralgia 4 (1.2) 9 (2.8)
Cough 3 (0.9) 7 (2.2)
Hypertension 0 7 (2.2)

AEs of special interest
Genital infection 11 (3.4) 1 (0.3)
Urinary tract infection 12 (3.7) 11 (3.4)
Renal impairment, failure 6 (1.9) 1 (0.3)

Data are regardless of rescue. All data shown were collected during the 24-week treatment period, unless otherwise stated. MET, metformin. *Data
from a post hoc analysis. †The sum of the number of patients with at least one hypoglycemic event during the first 12-week treatment period and
the number of patients with at least one event during the second 12-week period is not necessarily equal to the number of patients with at least
one event during the 24-week treatment period because patients could be counted in both the first 12-week period and the second 12-week period
if they had events in both periods. ‡If a patient had a hypoglycemic event and a missing glucose value then the glucose value for that patient was
assumed to be ,54 mg/dL (3 mmol/L).
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meanreductions in24-hglucose readings
measured by CGM than those receiving
INS from baseline to week 2. This result
suggests that DAPA plus SAXA reduces
24-h glucose readings rapidly compared
with INS, although it should be noted that
the INS dose was not optimized by this
time point. However, this finding is of
interest because some health care pro-
fessionals may prefer to initiate insulin
therapy in patients with high glucose
levels and not feel confident to treat
them with an oral combination therapy,
but we show here that there is a more
rapid initial decline in glucose levels in
these patients with an oral combination.
More extensive CGM data from this
patient population will be presented in
a subsequent publication.
There were no unexpected AEs or

safety findings in the current study.
The safety and tolerability profile of
DAPA plus SAXA was consistent with
that reported in previous studies (7–12).
The proportions of patients experiencing
AEs and SAEs were similar between treat-
ment groups.
In a previous randomized, open-label

trial, add-on therapy with the DPP-4i
sitagliptin was compared with INS in
insulin-naive patients with type 2 diabe-
tes inadequately controlled with metfor-
min (18). In contrast with the current
study, the adjusted mean reduction in
HbA1c with sitagliptin after 24 weeks was
inferior to that with INS (adjusted
mean 6 SE change, 21.13 6 0.06%
vs. 21.72 6 0.06%; P , 0.0001). Like
DAPA plus SAXA combination therapy,
sitagliptin treatment resulted in a lower
prevalence of hypoglycemia than insulin
(sitagliptin, 13%; insulin, 46%) and a
change in weight that was different
from the change in weight with insulin
(adjusted mean change6 SE from base-
line: sitagliptin,21.086 0.20 kg; insulin,
0.44 6 0.22 kg; P , 0.0001). However,
the adjusted mean difference between
treatment groups in the sitagliptin study
was considerably less than in the current
study (21.51 kg vs. 23.64 kg). Taken
together, results from these studies sug-
gest that using DPP-4is in combination
with SGLT2 inhibitors produces more
favorable and clinically relevant reductions
in HbA1c that are comparable to insulin,
and, as expected, greater reductions in
body weight than using DPP-4is alone.
Overall, the current study shows that

adding an oral combination therapy of

DAPA plus SAXA to patients with type 2
diabetes poorly controlled with metfor-
min, with or without sulfonylureas,
achieves similar glycemic control to add-
ing INS therapy by injection, with the
added benefits of prevention of weight
gain and a lower risk of hypoglycemia.
These results are particularly promising
because patients included in the study
had very high baseline HbA1c levels
(mean 6 SD, 9.1 6 1.0% [76.0 6
10.9 mmol/mol]); and, therefore, addi-
tion of a single oral glucose-lowering
agent is unlikely to achieve sufficient
reductions in HbA1c levels. Hence, the
oral treatment is efficient and a valid
alternative to insulin for patients with
very high glucose levels. A low prevalence
of hypoglycemic AEs is associated with a
low risk of cardiovascular disease and
cognitive impairment and a greater qual-
ity of life (19,20). Results from recent
randomized trials and observational
studies indicate that SGLT2 inhibitors
probably have a similarly, or more, ben-
eficial cardiovascular disease protective
effect than insulin (21–24). Patients
place a high value on body weight loss
when considering desirable health im-
provements associated with glucose-
lowering therapies for the treatment
of type 2 diabetes (25). Oral administra-
tion of glucose-lowering drugs is often
preferred to injection by both patients
and health care professionals because
insulin injection is associated with psy-
chological resistance from patients and
the need for more resources from health
care providers (25,26). These factors,
together with results from the current
study, support a treatment strategy for
patients with uncontrolled type 2 diabe-
tes of adding oral, noninsulin glucose-
lowering drugs rather than basal insulin.

Important strengths of the current
study include the randomized and mul-
tinational design. Limitations include
that the study was not blinded, although
it should be noted that both patient
groups received active treatments, and
was relatively short in duration. Another
limitation was that INS was not titrated
beyond 12 weeks, and therefore the
titration regimen could have been
made more aggressive. However, basal
insulin dose titration in clinical practice is
often delayed and not optimized, partly
due to fear of hypoglycemia, an increase
in body weight, failure to titrate in the
absence of symptoms, and low patient

motivation (27,28); therefore, it is un-
likely that patients and health care pro-
fessionals could follow a more strict
protocol for titration than performed
here. Moreover, the greater risks of
hypoglycemia and weight gain found
with the current insulin titration regimen
would likely have been more prominent if
the regimen had been more aggressive.
Similar algorithms for INS titration have
been used in other studies adding INS to
patients treated with metformin plus
sulfonylureas and have produced similar
FPG levels as shown here (29). Other
studies adding INS to oral therapies may
have used somewhat less, as well as
more, aggressive titration algorithms
than the one used here (30,31).

In conclusion, adding an oral ther-
apy with DAPA plus SAXA in patients
with poorly controlled type 2 diabetes
treated with metformin, with or without
sulfonylureas, achieves similar glyce-
mic control and a lower risk of hypogly-
cemia, and results in a clinically relevant
weight difference compared with basal
insulin. Hence, DAPA plus SAXA is a ther-
apeutically valid alternative in insulin-
naivepatients for achievingHbA1c targets.
This combination therapy could there-
fore have a positive impact on patient
care and clinical practice, compared with
insulin, owing to easier administration,
lower health care resource utilization,
and increased patient well-being due to
fewer hypoglycemic events and preven-
tion of weight gain. The results of a long-
term extension study, which are to be
reported separately, will help to assess
the durability of these effects.
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näıvepatientswith type2diabetes. CurrMedRes
Opin 2009;25:2401–2411
10. Bailey CJ, Gross JL, Pieters A, Bastien A, List
JF. Effect of dapagliflozin in patients with type 2
diabeteswho have inadequate glycaemic control
with metformin: a randomised, double-blind,
placebo-controlled trial. Lancet 2010;375:2223–
2233
11. DeFronzo RA, Hissa MN, Garber AJ, et al.;
Saxagliptin 014 Study Group. The efficacy and
safety of saxagliptin when added to metformin
therapy in patients with inadequately controlled
type 2 diabetes with metformin alone. Diabetes
Care 2009;32:1649–1655
12. Rosenstock J, Hansen L, Zee P, et al. Dual
add-on therapy in type 2 diabetes poorly
controlled with metformin monotherapy: a ran-
domized double-blind trial of saxagliptin plus
dapagliflozin addition versus single addition of
saxagliptin or dapagliflozin to metformin. Dia-
betes Care 2015;38:376–383
13. Pi-Sunyer FX. The impact of weight gain on
motivation, compliance, and metabolic control
in patients with type 2 diabetes mellitus. Postgrad
Med 2009;121:94–107
14. Workgroup on Hypoglycemia, American Di-
abetes Association. Defining and reporting hy-
poglycemia in diabetes: a report from the
American Diabetes Association Workgroup on
Hypoglycemia. Diabetes Care 2005;28:1245–
1249
15. Tsiatis AA, Davidian M, Zhang M, Lu X.
Covariate adjustment for two-sample treatment
comparisons in randomized clinical trials: a prin-
cipled yet flexible approach. Stat Med 2008;27:
4658–4677
16. Zhang M, Tsiatis AA, Davidian M. Improving
efficiency of inferences in randomized clinical
trials using auxiliary covariates. Biometrics 2008;
64:707–715
17. Bolinder J, Ljunggren Ö, Kullberg J, et al.
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