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OBJECTIVE

To evaluate the efficacy and safety of dapagliflozin in patients with type 2
diabetes inadequately controlled with metformin and sulfonylurea.

RESEARCH DESIGN AND METHODS

Patients with HbA1c of 7.0% (53 mmol/mol) to 10.5% (91 mmol/mol) receiving
sulfonylurea and metformin were randomized to receive dapagliflozin 10 mg/day
(n = 109) or placebo (n = 109) for 24 weeks.

RESULTS

HbA1c (baseline: dapagliflozin 8.08% [65mmol/mol]; placebo 8.24% [67mmol/mol])
and fasting plasma glucose (baseline: dapagliflozin 167.4 mg/dL [9.29 mmol/L];
placebo 180.5 mg/dL [10.02 mmol/L]) significantly improved from baseline with
dapagliflozin (placebo-subtracted change –0.69% [–7.5 mmol/mol], P < 0.0001;
–33.5 mg/dL [–1.86 mmol/L], P < 0.0001, respectively). More patients achieved a
therapeutic glycemic response (HbA1c <7.0% [53 mmol/mol]) with dapagliflozin
(31.8%) versus placebo (11.1%) (P < 0.0001). Body weight and systolic blood pres-
sure were significantly reduced from baseline over 24 and 8 weeks, respectively,
with dapagliflozin (placebo-subtracted change –2.1 kg, P < 0.0001; –3.8 mmHg, P =
0.0250). Patients receiving dapagliflozin showed placebo-subtracted increases in
total, LDL, and HDL cholesterol (11.4 mg/dL, P = 0.0091; 11.4 mg/dL, P = 0.0030; 2.2
mg/dL, P = 0.0172, respectively) with no change in LDL/HDL cholesterol ratio (0.1;
P = 0.2008) or triglycerides (–16.5 mg/dL; P = 0.1755). Adverse events occurred in
48.6% of patients receiving dapagliflozin and 51.4% receiving placebo. Significantly
more patients with dapagliflozin compared with placebo experienced hypoglyce-
mia (12.8 vs. 3.7%; P = 0.024) and genital infections (5.5 vs. 0%; P = 0.029). Events of
urinary tract infection were reported by 6.4% of patients in both groups.

CONCLUSIONS

Dapagliflozin was well tolerated and effective over 24 weeks as add-on to met-
formin plus sulfonylurea. Adverse effects included hypoglycemia and genital
infections.
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Metformin is recommended as initial
pharmacologic therapy for patients
with type 2 diabetes in both the U.S.
and the European Union because of its
glycemic efficacy, weight neutrality, low
risk of hypoglycemia, good tolerability,
and relatively low cost (1). However, be-
cause of the progressive nature of the
disease, there is often a loss of efficacy
over time with metformin and a need
for a second-line therapy (2,3).
Sulfonylureas are commonly used as

add-on therapy for patients inade-
quately controlled with metformin (4).
Dual combination therapy is recommended
by the American Diabetes Association
and the European Association for the
Study of Diabetes should HbA1c levels
exceed 9% (75 mmol/mol) (1) and by
the Canadian Diabetes Association
should HbA1c levels exceed 8.5% (69
mmol/mol) (5). Initially this approach is
often effective, but there is a lack of du-
rability in combination therapy with
metformin and sulfonylurea. Despite an
initial improvement in glycemic control
following the addition of sulfonylurea
to metformin, deterioration can resume
as early as 6months at a rate comparable
to that observed with metformin alone
(2,6).
If dual therapy fails to adequately

control HbA1c levels, the American Dia-
betes Association, the European Associ-
ation for the Study of Diabetes, and the
American Association of Clinical Endo-
crinologists recommend the addition
of a third oral therapy as one potential
therapeutic option (1,7). This could in-
clude the addition of a GLP-1 analog, a
dipeptidyl peptidase-4 inhibitor, or basal
insulin. Inhibitors of sodium–glucose
cotransporter 2 (SGLT2) are another
possibility as an add-on to dual therapy.
SGLT2 inhibitors are not reliant onb-cell
function and can be used across all
stages of the disease (8).
Dapagliflozin is a highly selective in-

hibitor of SGLT2 that improves glycemic
control through the elimination of glu-
cose in the urine. The associated caloric
loss leads to a reduction in body weight
(or prevents weight gain). Dapagliflozin
therapy is also accompanied by modest
reductions in blood pressure (BP) that
are consistent with mild diuresis (9–16).
The aim of this study was to evaluate

the safety and efficacy of dapagliflozin
as part of a triple combination therapy
in patients with type 2 diabetes and

inadequate glycemic control with met-
formin and sulfonylurea.

RESEARCH DESIGN AND METHODS

Study Design
Overall, 46 centers in North America
(Canada) and Europe (Czech Republic,
Germany, Poland, Slovak Republic, and
Spain) enrolled patients, and 45 centers
randomized patients.

This was a 24-week, international, multi-
center, randomized, double-blind, parallel-
group, placebo-controlled, phase 3b study
(NCT01392677, clinicaltrials.gov). The
study consisted of a screening period of
up to 3 weeks; an 8-week, single-blind,
placebo lead-in period; and a 24-week,
double-blind, placebo-controlled treat-
ment period (Supplementary Fig. 1).
During the double-blind treatment
period, patients were evaluated by
the investigators at weeks 4, 8, 16,
and 24.

This studywasperformed in accordance
with the ethical principles that have their
origin in the Declaration of Helsinki and
that are consistent with the International
Conference on Harmonisation/Good
Clinical Practice, applicable regulatory
requirements, and the AstraZeneca policy
on bioethics. All patients gave written in-
formed consent.

Study Treatment
Patients on metformin and sulfonylurea
were randomized 1:1 via an interactive
response system (web or voice based;
Perceptive Services Limited) to receive
dapagliflozin10mgonce daily ormatched
placebo (identical in size, color, smell,
taste, packaging, and labeling).

Key Inclusion/Exclusion Criteria
Men and women who were not of child-
bearing potential (defined as women
who were postmenopausal or who were
permanently or surgically sterilized) or
women of childbearing potential using a
highly effective method of birth control
and a negative pregnancy test 72 h prior
to the start ofmedication and at each visit
were eligible to enter the study. Patients
were at least 18 years of age, had a
diagnosis of type 2 diabetes, were
receiving a stable-dose combination
therapy of metformin $1,500 mg/day
and a maximum tolerated dose (at least
half themaximum dose according to local
use) of sulfonylurea for at least 8 weeks
prior to enrollment, and had inade-
quate glycemic control (HbA1c $7.0%

[53 mmol/mol] to #10.5% [91 mmol/
mol] at randomization).

Patients were excluded from the
study if they had a diagnosis of type 1
diabetes, BMI $45.0 kg/m2, measured
serum creatinine value of $1.5 mg/dL
(133 mmol/L) for men or $1.4 mg/dL
(124 mmol/L) for women, unstable or
rapidly progressing renal disease, car-
diovascular events within 2 months
prior to enrollment, congestive heart
failure (New York Heart Association
Class IV), systolic BP (SBP) $160 mmHg,
or diastolic BP (DBP) $100 mmHg at
randomization.

End Points
The primary end point was change from
baseline to week 24 in HbA1c levels. Pre-
specified subgroup analyses of the
change in HbA1c were performed in pa-
tients with baseline HbA1c values ,8%
(,64mmol/mol),$8% ($64 mmol/mol)
to ,9% (,75 mmol/mol), and $9%
($75 mmol/mol). Key secondary end
points included change from baseline to
week 24 in fasting plasma glucose (FPG)
and total body weight, proportion of pa-
tients achieving a therapeutic glycemic
response (defined as HbA1c ,7.0% [53
mmol/mol]) at week 24, and change
from baseline to week 8 in seated SBP
(average of three measurements taken
from the same arm after the patient
had been sitting and resting for at least
5 min).

During the placebo lead-in period,
concomitant antihypertensive medica-
tions could be adjusted in patients
with seated SBP $160 mmHg or seated
DBP $100 mmHg, without adding new
antihypertensive agents to the patient’s
regimen. Only those patients with
seated SBP ,160 mmHg and DBP
,100 mmHg at the end of the placebo
lead-in period were randomized. There
were no changes in antihypertensive
medications permitted up to week 8 un-
less the patient had a confirmed SBP
$160 mmHg or DBP $100 mmHg or
had symptomatic hypotension or docu-
mented orthostatic hypotension during a
study visit. After week 8, changes in anti-
hypertensive medication were made as
needed for appropriate BP management.

Other secondary end points included
change frombaseline toweek 24 in fasting
lipids (total cholesterol, LDL cholesterol,
HDL cholesterol, LDL/HDL cholesterol ra-
tio, and triglycerides) and C-peptide and
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proportion of patients who discontinued
for lack of efficacy or were rescued for
failing to maintain FPG below prespecified
rescue criteria.

Rescue Criteria
Rescue therapy was mandated by the
study protocol to guard the safety of
patients. Open-label rescue therapy
was administered with the patients’
study medication if FPG exceeded 240
mg/dL (13.32 mmol/L) between weeks
4 and 16 or exceeded 200 mg/dL (11.10
mmol/L) between weeks 16 and 24.

Sulfonylurea Down-Titration
Sulfonylurea could be down-titrated
only once during the treatment period
to mitigate the risk of recurrent hypo-
glycemic events at the discretion of the
investigator.

Safety and Tolerability
The safety and tolerability of dapagliflozin
versus placebo were assessed through
the evaluation of adverse events, includ-
ing cardiovascular events, laboratory
values, electrocardiogram, vital signs,
hypoglycemic events, calculated creati-
nine clearance, estimated glomerular fil-
tration rate, and physical examination
findings over 24 weeks.
Adverse events were defined as the

development, at any time throughout
the study, of an undesirable medical
condition or the deterioration of a pre-
existing medical condition whether or
not considered causally related to the
treatment. Serious adverse events were
defined as adverse events that were im-
mediately life threatening, required in-
patient hospitalization or prolongation
of existing hospitalization, resulted in per-
sistent or significant disability or incapac-
ity, were congenital abnormalities or
birth defects, were important medical
events jeopardizing the patient or requir-
ing medical intervention to prevent one
of the outcomes listed above, or resulted
in death. Events of urinary tract infection
and genital infection were determined
using a predefined list of Medical Dictio-
nary for Regulatory Activities terms
(MedDRA version 15.1). Patients re-
ported symptoms of genital infection
and urinary tract infection spontaneously
throughout the study as well as in re-
sponse to questions posed by the inves-
tigators at study visits.
Minor episodes of hypoglycemia

were defined as either a symptomatic

episode with a capillary or plasma glucose
measurement,3.5mmol/L (,63mg/dL),
regardless of need for external assistance,
or an asymptomatic capillary or plasma
glucose measurement ,3.5 mmol/L
(,63 mg/dL) that did not qualify as a
major episode. A major episode was de-
fined as a symptomatic episode requir-
ing third-party assistance due to severe
impairment in consciousness or behavior
with a capillary or plasma glucose value
,3 mmol/L (,54 mg/dL) and prompt
recovery after glucose or glucagon
administration.

Statistical Analyses
Efficacy analyses were based on the full
analysis set, which included all random-
ized patients who received at least one
dose of study medication during the
24-week double-blind treatment period
with a nonmissing baseline value and
one or more postbaseline value for at
least one efficacy variable analyzed at
week 24. The intention-to-treat princi-
ple was preserved despite the exclusion
of patients who took no study medica-
tion. The primary safety analyses in-
cluded all data regardless of rescue.

Longitudinal repeatedmeasures anal-
ysis was used to evaluate the primary
end point using a direct likelihood
method with fixed categorical effects
of treatment, week, treatment-by-
week interaction, as well as the contin-
uous fixed covariates of baseline and
baseline-by-week interaction. Data for
scheduled time points up to week 24
prior to rescue were included in the lon-
gitudinal repeated measures analysis.

Variables other than the primary end
point were analyzed using an ANCOVA
with treatment group as a fixed effect
and the baseline measurement as a co-
variate, and the last observation carried
forward (LOCF) approach (17) was used
for all other variables at 24 weeks. LOCF
analyses from baseline to 24 weeks
were based on measurements available
at that time point; if no measurement
was available, the last postbaseline
measurement prior to 24 weeks was
used. Unless otherwise specified, if a pa-
tient initiated rescue medication, the
last value taken on or before the first
rescue dose was used for LOCF analysis.
All statistical testing performed was
two-sided. A hierarchical closed testing
procedure was used to control for type I
error rate across the primary and key

secondary objectives. Treatment com-
parisons were individually tested for
the primary and key secondary end
points at a two-sided significance level
of 0.05. For all other variables, including
changes from baseline in lipids and C-
peptide, nominal P values were re-
ported without significance testing.
The analysis of percentage changes in
lipids is conducted using the logarithms
of the absolute lipid values. All analyses
were performed with SAS (SAS Institute,
Cary, NC) version 8.2 or higher.

RESULTS

Patients
Patient disposition is summarized in
Supplementary Fig. 2. Briefly, 219 pa-
tients entered study randomization,
one of whom died before randomiza-
tion. Patients were randomized 1:1 to
receive placebo (n = 109) or dapagliflo-
zin 10 mg/day (n = 109) in addition to
their metformin and sulfonylurea treat-
ment. Approximately 93% of the patients
in each treatment arm completed the
24-week double-blind treatment period.
Adverse events leading to patient with-
drawal included one event each of som-
nolence, skin reaction, and renal cell
carcinoma in the placebo group and one
event of chronic obstructive pulmonary
disease in the dapagliflozin group. Three
patients in the placebo group and two in
the dapagliflozin group discontinued
treatment due to reasons classed as
“other” and included patient choice,
lack of glycemic control determined by
the investigator, and the patient moving
out of the country in the placebo group
and patient choice and patient travel in
the dapagliflozin group. Two patients in
the placebo group and three in the dapa-
gliflozin group were discontinued from
the study for not meeting the prespeci-
fied inclusion criteria or for meeting the
exclusion criteria (incorrect enrollment).
In addition, two patients in the dapagli-
flozin group withdrew their consent.

Demographics and Baseline
Characteristics
The treatment groups were generally
balanced with respect to demographics
and diabetes-related baseline charac-
teristics, with a higher proportion of
women in the dapagliflozin treatment
arm (Table 1). Most patients were
white, had a mean age of 61 years,
had a prior history of cardiovascular
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disease, andwere receiving antihyperten-
sive medications (mostly angiotensin re-
ceptor blockers and/or ACE inhibitors).

Efficacy

HbA1c

HbA1c levels were significantly reduced
from baseline (dapagliflozin 8.08% [65
mmol/mol]; placebo 8.24% [67 mmol/mol])
over 24 weeks in patients treated with
dapagliflozin compared with placebo
(–0.86% [–9.4 mmol/mol] vs. –0.17%
[–1.9 mmol/mol], respectively; P ,
0.0001) (Table 2 and Fig. 1A).

HbA1c Subgroup Analyses

In patients with higher baseline HbA1c
values ($8% [$64 mmol/mol] to
,9% [,75 mmol/mol] and $9%
[$75 mmol/mol]), the mean placebo-
subtracted decreases in HbA1c seen
with dapagliflozin were numerically
greater (–0.64% [–7.0 mmol/mol] and
–0.82% [–9.0 mmol/mol]) compared
with –0.36% (–3.9 mmol/mol) in pa-
tients with lower baseline HbA1c values
(,8% [,64 mmol/mol]) (Supplemen-
tary Table 1). The impact of baseline
HbA1c on the reduction in HbA1c from
baseline was evaluated using a sub-
group-by-treatment interaction analysis
and was statistically significant (P =
0.0038).
A greater proportion of patients

receiving dapagliflozin 10 mg/day
compared with placebo achieved a
therapeutic glycemic response (defined
as HbA1c ,7.0% [,53 mmol/mol]) at

week 24 (LOCF) (31.8 vs. 11.1%; P ,
0.0001) (Table 2).

FPG

Greater mean reductions from baseline
to week 24 (LOCF) in FPG were observed
with dapagliflozin compared with pla-
cebo (–34.2 mg/dL [–1.90 mmol/L] vs.
–0.8 mg/dL [–0.04 mmol/L], respec-
tively; adjusted mean difference –33.5
mg/dL [–1.86 mmol/L]; P , 0.0001)
(Table 2 and Fig. 1B).

Body Weight

Significantly greater mean reductions
from baseline to week 24 (LOCF) in
body weight were observed with dapa-
gliflozin compared with placebo (–2.7 vs.
–0.6 kg, respectively; adjusted mean dif-
ference –2.1 kg; P, 0.0001) (Table 2 and
Fig. 1C).

Seated SBP

Patients in the dapagliflozin group
showed a significantly larger reduction
in seated SBP from baseline to week 8
(LOCF) compared with placebo (–4.0 vs.
–0.3 mmHg, respectively; adjusted
mean difference –3.8 mmHg; P = 0.025).

Rescue

No patients in the dapagliflozin group
and 10 patients in the placebo group
(9.3%) were rescued due to lack of gly-
cemic control at week 24 (LOCF).

Lipids

Patients receiving dapagliflozin showed a
mean placebo-corrected adjusted in-
crease in total cholesterol (P = 0.0091)

(Table 2). Increases were also seen with
LDL cholesterol (P = 0.0030) and HDL cho-
lesterol (P = 0.0172). No significant
change from baseline was observed in
LDL/HDL cholesterol ratio (P = 0.2008)
or triglyceride levels (P = 0.1755).

Mean serum levels of C-peptide did
not show any change in either treat-
ment group (placebo-subtracted change
–0.11 ng/mL).

Safety
The frequency of adverse events was sim-
ilar between placebo (51.4%) and dapagli-
flozin (48.6%) groups (Table 3). The
majority of adverse events were mild or
moderate and not considered related to
treatment by the investigator. Signifi-
cantly more patients with dapagliflozin
compared with placebo experienced
events of hypoglycemia (12.8 vs. 3.7%, re-
spectively; P = 0.024; post hoc analyses).
There were nomajor episodes of hypogly-
cemia, and no events of hypoglycemia led
to discontinuation in either group.

Over 24 weeks, significantly more
events of genital infection were experi-
enced by patients receiving dapagliflo-
zin (six [5.5%]; five women, one man)
compared with placebo (0%; P = 0.029;
post hoc analyses): two events of vulvo-
vaginal candidiasis and one episode
each of balanitis candida, genital infec-
tion, vaginal infection, and vulvovagini-
tis. All events of genital infection were
single events and were treated with an-
tibiotic agents. Three of the events

Table 1—Demographics and baseline characteristics

Placebo
(N = 108)

Dapagliflozin 10 mg/day
(N = 108)

Age, mean (SD), years 60.9 (9.2) 61.1 (9.7)

Female, n (%) 48 (44.4) 62 (57.4)

Race, n (%)
White 102 (94.4) 104 (96.3)

Weight, mean (SD), kg 90.1 (16.2) 88.6 (17.6)

BMI, mean (SD), kg/m2 32.0 (4.6) 31.9 (4.8)

SBP, mean (SD), mmHg 136.4 (14.2) 134.5 (12.6)

DBP, mean (SD), mmHg 81.6 (7.9) 80.4 (9.2)

Type 2 diabetes duration, mean (SD), years 9.6 (6.2) 9.3 (6.5)

HbA1c, mean (SD), % [mmol/mol] 8.24 (0.87) [67 (9.5)] 8.08 (0.91) [65 (9.9)]

FPG, mean (SD), mg/dL [mmol/L] 180.2 (43.1) [10.00 (2.39)] 167.4 (43.3) [9.29 (2.40)]

Prior history of cardiovascular disease, n (%) 95 (88.0) 91 (84.3)

Concomitant medications, n (%)
Thiazide diuretics 29 (26.6) 30 (27.5)
Antihypertensives 95 (87.2) 89 (81.7)
Angiotensin receptor blocker and/or ACE 83 (76.1) 75 (68.8)

N is the number of patients in the full analysis set.
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occurred within the first 12 weeks of
treatment. Two of these events re-
quired additional treatment. No patient
was discontinued from study medica-
tion due to an event of genital infection.
Events of urinary tract infection were

reported by seven (6.4%) patients in
each group (one man and six women
receiving placebo and three men and
four women receiving dapagliflozin).
Three patients in the dapagliflozin group
experienced 2 events of urinary tract

infection for a total of 10 events. In the
placebo group, five of the seven events
of urinary tract infection were reported
in the first half of the study as well as six
of the seven events initially reported in
the dapagliflozin group. Antimicrobial

Table 2—Change from baseline at week 24 (week 8 for seated SBP) for efficacy end points (excluding data after rescue)

Placebo
(N = 108)

Dapagliflozin 10 mg/day
(N = 108)

HbA1c, % [mmol/mol]† P , 0.0001*
Baseline (SD) 8.24 (0.87) [67 (9.5)] 8.08 (0.91) [65 (9.9)]
Adjusted mean change (95% CI) 20.17 (–0.31 to –0.02) [–1.9 (–3.4 to –0.2)] 20.86 (–1.00 to –0.72) [–9.4 (–10.9 to –7.9)]
Adjusted placebo-subtracted mean change (SE) 20.69 (0.10) [–7.5 (1.1)]

FPG, mg/dL [mmol/L]‡ P , 0.0001*
Baseline (SD) 180.5 (43.3) [10.02 (2.40)] 167.4 (43.3) [9.29 (2.40)]
Adjusted mean change (95% CI) 20.8 (–7.6 to 6.0) [–0.04 (–0.42 to 0.33)] 234.2 (–41.0 to –27.5) [–1.90 (–2.27 to –1.53)]
Adjusted placebo-subtracted mean change (SE) 233.5 (4.9) [–1.86 (0.27)]

Body weight, kg‡ P , 0.0001*
Baseline (SD) 90.1 (16.2) 88.6 (17.6)
Adjusted mean change (95% CI) 20.6 (–1.1 to –0.1) 22.7 (–3.2 to –2.1)
Adjusted placebo-subtracted mean change (SE) 22.1 (0.4)

Seated SBP at week 8, mmHg‡ P = 0.0250*
Baseline (SD) 136.3 (14.4) 134.7 (12.7)
Adjusted mean change (95% CI) 20.3 (–2.6 to 2.1) 24.0 (–6.4 to –1.7)
Adjusted placebo-subtracted mean change (SE) 23.8 (1.7)

Proportion of patients with HbA1c ,7.0% (53
mmol/mol), %‡ P , 0.0001*
Proportion (95% CI) 11.1 (5.4 to 16.8) 31.8 (23.3 to 40.2)
Adjusted placebo-subtracted mean change (SE) 20.7 (5.06)

Fasting total cholesterol, mg/dL‡ P = 0.0091
Baseline (SD) 172.2 (35.6) 179.5 (45.3)
Week 24 (SD) 168.8 (34.1) 184.5 (43.4)
Adjusted mean change (95% CI) 25.0 (–11.0 to 1.1) 6.4 (0.5 to 12.4)
Adjusted placebo-subtracted mean change (SE) 11.4 (4.3)

Fasting LDL cholesterol, mg/dL‡ P = 0.0030
Baseline (SD) 91.3 (29.6) 96.4 (38.4)
Week 24 (SD) 86.6 (28.1) 101.1 (39.4)
Adjusted mean change (95% CI) 25.7 (–11.0 to –0.4) 5.6 (0.4 to 10.9)
Adjusted placebo-subtracted mean change (SE) 11.4 (3.8)

Fasting HDL cholesterol, mg/dL‡ P = 0.0172
Baseline (SD) 45.1 (10.5) 47.6 (12.3)
Week 24 (SD) 45.2 (10.9) 49.5 (12.2)
Adjusted mean change (95% CI) 20.1 (–1.4 to 1.1) 2.1 (0.8 to 3.3)
Adjusted placebo-subtracted mean change (SE) 2.2 (0.9)

LDL/HDL ratio P = 0.2008
Baseline (SD) 2.1 (0.9) 2.1 (0.9)
Week 24 (SD) 2.0 (0.8) 2.1 (0.9)
Adjusted mean change (95% CI) 20.1 (–0.2 to 0.0) 0.0 (–0.1 to 0.2)
Adjusted placebo-subtracted mean change (SE) 0.1 (0.1)

Fasting triglycerides, mg/dL‡ P = 0.1755
Baseline (SD) 190.9 (148.1) 184.7 (127.5)
Week 24 (SD) 193.1 (115.5) 173.8 (99.1)
Adjusted mean change (95% CI) 3.9 (–13.2 to 20.9) 212.6 (–29.4 to 4.2)
Adjusted placebo-subtracted mean change (SE) 216.5 (12.1)

C-peptide, ng/mL‡ P = 0.1731
Baseline (SD) 2.50 (0.94) 2.51 (1.07)
Adjusted mean change (95% CI) 20.04 (–0.16 to 0.07) 20.16 (–0.27 to –0.04)
Adjusted placebo-subtracted mean change (SE) 20.11 (0.08)

N is the number of patients in the full analysis set. †Longitudinal analysis. ‡LOCF. *Significant P value for primary end point tested at a = 0.050 and
key secondary end points tested sequentially at a = 0.050. For all other variables, including changes from baseline in lipids and C-peptide, nominal P
values are reported without significance testing. Logistic regression analysis of responses is based on the methodology of Zhang et al., with
adjustment for baseline value (27).

care.diabetesjournals.org Matthaei and Associates 369

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/38/3/365/623192/dc140666.pdf by guest on 09 April 2024

http://care.diabetesjournals.org


treatment was administered for 7 of the
10 events in the dapagliflozin group and
6 of the 7 events in the placebo group.
One patient in the dapagliflozin group
was given additional treatment owing
to an inadequate response to the initial
treatment. No patient was discontinued
from study medication because of a uri-
nary tract infection event. One event of
chronic pyelonephritis was observed
in a female patient in the dapagliflozin
group that was identified by sonograph
while the patient was being investigated
for chronic hematuria. The patient expe-
rienced no further symptoms and did
not receive any specific treatment for
the event.
One event of volume depletion was

noted over the 24-week treatment

period. This was an episode of ortho-
static hypotension that resolved with-
out recurrence and occurred in a
patient treated with dapagliflozin.

Marked abnormalities of liver func-
tion tests were rare (one episode of el-
evated total bilirubin in a patient
receiving dapagliflozin). One nonserious
unspecified bladder neoplasm was re-
ported (diagnosis at 3 months) in a fe-
male patient in the dapagliflozin group
with hematuria at randomization and
after 2 months. Approximately 6 months
after start of treatment, the patient was
diagnosed with bladder cancer.

CONCLUSIONS

Little information is available involving
the concomitant use of three oral

antidiabetic drugs in patients with type
2 diabetes, although thiazolidinediones
and dipeptidyl peptidase-4 inhibitors
have been shown to be effective as
add-on treatments in patients inade-
quately controlled with metformin and
sulfonylureas (7,18,19).

Dapagliflozin has been shown to be
well tolerated and effective when ad-
ministered as monotherapy or in combi-
nation with other antihyperglycemic
medications (9–12,15,16,20). The safety
and efficacy of dapagliflozin as part of a
triple therapy with metformin and sita-
gliptin have been evaluated previously
(13). In addition, preliminary analyses
were performed to evaluate dapagliflo-
zin in combination with metformin plus
sulfonylurea (prespecified analyses with
no multiplicity testing) and with metfor-
min plus insulin (post hoc analyses) (20).
The results indicated that dapagliflozin
was effective as part of a triple therapy
in improving glycemic control and re-
ducing body weight in type 2 diabetes.
This study evaluated the safety and effi-
cacy of dapagliflozin administered as
part of a triple therapy for patients
with type 2 diabetes and inadequate gly-
cemic control with metformin and sul-
fonylurea. In patients with inadequate
glycemic control taking metformin
plus a sulfonylurea, dapagliflozin re-
sulted in a significant improvement in
glycemic control (reductions in HbA1c

and FPG) and reduced body weight
when compared with placebo. Similar
results have been reported with other
SGLT2 inhibitors when administered in
combination with metformin and sulfo-
nylurea (21,22). Consistent with the re-
ported diuretic effects of dapagliflozin,
seated SBP was also reduced with da-
pagliflozin compared with placebo.
Type 2 diabetes is associated with an
increased risk of cardiovascular disease
(23), and the weight loss and BP reduc-
tion associated with dapagliflozin
treatment could provide a significant
cardiovascular benefit to patients with
type 2 diabetes inadequately con-
trolled with their current antihypergly-
cemic regimens. However, it should be
noted that the effects on lipid parame-
ters observed with dapagliflozin in this
study (increases in total cholesterol,
LDL cholesterol, and HDL cholesterol
but no significant change in LDL vs.
HDL cholesterol ratio or triglyceride
levels) are consistent with pooled

Figure 1—Change from baseline over 24 weeks in (A) HbA1c (longitudinal repeated measure-
ments), (B) FPG (ANCOVA, LOCF), and (C) body weight (ANCOVA, LOCF). Excluding data after
rescue. *P , 0.0001 vs. placebo. DAPA, dapagliflozin; MET, metformin; SU, sulfonylurea.
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data across the phase 2b/3 program
(24).
Patients with type 2 diabetes have an

increased susceptibility to asymptom-
atic bacteriuria, urinary tract infections,
and genital infections (25). An increase
in the growth of microbiological flora in
the genital tract would not be unex-
pected under conditions of glucosuria
such as induced through the inhibition
of glucose reabsorption, and as is ob-
servedwith all SGLT2 inhibitors, dapagli-
flozin was associated with a higher
frequency of genital infection events.
These were predominantly mild to mod-
erate in intensity, responded to antibi-
otic treatment, and did not result in any
study discontinuations. Urinary tract in-
fections were reported at a similar fre-
quency in both groups and were also
primarily mild to moderate in intensity
and responded to antimicrobial treat-
ment. Clinicians prescribing dapagliflo-
zin should advise their patients to
report any symptoms suggestive of gen-
ital or urinary tract infections and assess
suitability for treatment.
Dapagliflozin has a low intrinsic risk

of hypoglycemia due to its insulin-
independent mode of action. However,

there may be a potential to increase this
risk when added to therapies known to
cause hypoglycemia such as sulfonylur-
eas and insulin. In this trial, hypoglyce-
mia was observed more frequently in
patients receiving dapagliflozin com-
pared with placebo when added to pre-
existing metformin and sulfonylurea
treatment. An increase in the frequency
of hypoglycemic events was also
observed with other SGLT2 inhibitors
when administered in combination
with metformin and sulfonylurea (21,
22). In clinical practice, when using
dapagliflozin in patients already on
background sulfonylurea therapy, dis-
continuation or down-titration of sulfo-
nylurea should be considered in patients
at risk (26).

The results presented here indicate
that triple combination therapy that in-
cludes dapagliflozin 10 mg/day with
metformin and sulfonylurea is a suitable
treatment option for patients with inad-
equate glycemic control on metformin
and a sulfonylurea, with the added bene-
fits of weight loss and BP reduction. Con-
sistent with other SGLT2 inhibitors,
dapagliflozin was associated with an in-
crease in frequency of genital infections

and increases in total, LDL, and HDL cho-
lesterol that may necessitate additional
lipid management. Further studies are
underway to explore the effects of
longer-term exposure to dapagliflozin.
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