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The safety of triple oral therapy with dapagliflozin plus saxagliptin plus metformin versus dual

therapy with dapagliflozin or saxagliptin plus metformin was compared in a post-hoc analysis of

3 randomized trials of sequential or concomitant add-on of dapagliflozin and saxagliptin to met-

formin. In the concomitant add-on trial, patients with type 2 diabetes on stable metformin

received dapagliflozin 10 mg/d plus saxagliptin 5 mg/d. In sequential add-on trials, patients on

metformin plus either saxagliptin 5 mg/d or dapagliflozin 10 mg/d received dapagliflozin

10 mg/d or saxagliptin 5 mg/d, respectively, as add-on therapy. After 24 weeks, incidences of

adverse events and serious adverse events were similar between triple and dual therapy and

between concomitant and sequential add-on regimens. Urinary tract infections were more

common with sequential than with concomitant add-on therapy; genital infections were

reported only with sequential add-on of dapagliflozin to saxagliptin plus metformin. Hypogly-

caemia incidence was <2.0% across all analysis groups. In conclusion, the safety and tolerability

of triple therapy with dapagliflozin, saxagliptin and metformin, as either concomitant or sequen-

tial add-on, were similar to dual therapy with either agent added to metformin.
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1 | INTRODUCTION

Despite the availability of several classes of glucose-lowering agents,

HbA1c goal attainment is suboptimal in type 2 diabetes. Even

patients who do achieve their HbA1c targets are unlikely to maintain

glycaemic control in the long term without treatment intensification.1

Metformin is the preferred first-line treatment for patients with

type 2 diabetes. Current clinical guidelines recommend stepwise addi-

tion of other glucose-lowering therapies as the disease progresses in

order to maintain adequate glycaemic control.2,3 In patients with high

baseline HbA1c, initial dual therapy is recommended, in an attempt to

achieve glycaemic control more rapidly than with metformin

monotherapy. While several classes of glucose-lowering agents can be

used in combination with metformin, sodium-glucose cotransporter-2

(SGLT-2) inhibitors and dipeptidyl peptidase-4 (DPP-4) inhibitors are of

particular interest, owing to their favourable efficacy and safety pro-

files. In phase 3 trials, triple therapy with dapagliflozin (an SGLT-2

inhibitor), saxagliptin (a DPP-4 inhibitor) and metformin reduced 24-

week HbA1c to a greater extent than dual therapy with dapagliflozin

or saxagliptin in combination with metformin.4–6 A once-daily fixed-

dose combination of 5 mg saxagliptin and 10 mg dapagliflozin is

approved in Europe and the USA for treatment of type 2 diabetes.

The use of early combination therapy requires careful assessment

of potential AEs. Each drug class has a specific AE profile, and combining
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agents from different drug classes has the potential to change these side

effect profiles or to mitigate or cause additive adverse effects. In addi-

tion, the timing and sequence of the added agents may have an impact

on the side effects. In this post-hoc pooled analysis, we aimed to evalu-

ate the safety and tolerability of triple therapy with dapagliflozin and

saxagliptin added on to metformin. We also assessed the relative safety

of concomitant add-on or sequential add-on therapeutic regimens.

2 | MATERIALS AND METHODS

In this post-hoc analysis (N = 1169), data from 3 phase 3, randomized,

double-blind trials (Study 1, NCT016060074; Study 2, NCT016463205;

Study 3, NCT016190596), the results of which have been reported pre-

viously, were pooled. All studies included metformin-treated patients

(aged ≥18 years) with type 2 diabetes and inadequate glycaemic control

(HbA1c ≥ 8.0% and ≤12.0%). The studies included a screening period,

followed by an open-label treatment period of varying duration (4-

16 weeks), with subsequent entry into a 24-week, randomized double-

blind treatment period (Figure 1). The primary efficacy end point of

each trial was the change from baseline in HbA1c at 24 weeks. Each

study reported the incidences of AEs, serious AEs (SAEs) and hypogly-

caemia in patients who received at least 1 dose of the study drug; labo-

ratory parameters and vital signs were also monitored.

Analyses of AEs, SAEs and hypoglycaemic events in the 3 compo-

nent studies were performed using pooled data sets; details of the

data pooling methodology are available in online Appendix S1. Data

were summarized by descriptive statistics and no formal statistical

comparisons were made between treatment groups.

3 | RESULTS

3.1 | Patients and changes in HbA1c (all studies)

Baseline characteristics were mostly similar between the 3 studies

(Table S1). Patients in the concomitant add-on trial (Study 1) had

higher mean HbA1c and fasting plasma glucose (FPG) values at base-

line than did patients in Studies 1 and 2. Abnormal findings in medical

histories were reported for 84% to 96% of patients across the 3 stud-

ies; a higher proportion of patients in Study 2 had diabetic complica-

tions (nephropathy, neuropathy and retinopathy) compared with

patients in Studies 1 and 3. Mean and median estimated glomerular

filtration rates (eGFRs) were approximately the same in all 3 studies.

In the pooled data set, baseline demographic and clinical characteris-

tics were balanced across treatment groups (Table S2). Mean HbA1c

progressively decreased from screening to week 24 in all 3 studies

(Table S3).

3.2 | Safety of triple therapy vs dual therapy

The incidence of AEs and drug-related AEs was similar across the

3 groups analysed (46.0%-55.7% and 6.2%-6.8%, respectively), as

was the frequency of study drug discontinuation due to AEs (0.6%-

2.0%) (Table 1). While numerically more AEs led to discontinuation

with triple therapy vs dual therapy, no AE preferred term led to dis-

continuation in more than 2 patients in any group. The incidence of

SAEs was low and similar with both triple- and dual-therapy regimens

(<3.0%). No SAE was reported in more than 1 patient within each

treatment group.

Common AEs across all 3 treatment groups included nasopharyn-

gitis, headache, urinary tract infection and influenza (Table 1). The

most common related AEs were reported in the system organ classes

(SOCs) of renal and urinary disorders and gastrointestinal disorders.

For AEs of special interest, urinary tract infections, which may be

increased by SGLT-2 and DPP-4 inhibitors, occurred at a similar rate

in the triple- and dual-therapy groups and were more common in

women than in men. AEs of genital infections, a common adverse

event with SGLT-2 inhibitor treatment, occurred at a low frequency

across analysed groups but were more common in patients receiving

dual or triple therapy that included dapagliflozin. Two cases of hypo-

tension/dehydration/hypovolaemia occurred in patients in the

42 kW1 yaD2– kW4– kW6– kW8– kW01– kW61– kW71– ot 81– kW

Double-blind treatment period

Single add-on
SAXA to DAPA + MET

NCT01619059

• N = 857 patients enrolled 
≥18 y with T2DM

• Screening at wk –18

• HbA1c 8.0–11.5%
• Stable dose of MET 

(IR or XR ≥1500 mg/d) 

for ≥8 wk

Wk –16:
• MET IR ≥1500 mg/d
• Addition of open-label 

DAPA 10 mg/d

Randomization

criterion: 
HbA1c 7.0–10.5%

PBO + DAPA 10 mg/d + MET IR
(n = 162)

SAXA 5 mg/d + DAPA 10 mg/d + MET IR
(n = 153)

R

Study 3

NCT01606007
• N = 1282 patients enrolled 

≥18 y with T2DM

• Screening at wk –6

• HbA1c 8.0–12.0%

• Stable dose of MET 
(IR or XR ≥1500 mg/d) 
for ≥8 wk

Wk –4:

• Switched to open-label MET 
(XR 1500–2000 mg/d)

PBO + SAXA 5 mg/d + MET XR
(n = 176)

n = 534

n = 320

n = 315

PBO + DAPA 10 mg/d + MET XR
(n = 179)

SAXA 5 mg/d + DAPA 10 mg/d + MET XR
(n = 179)

R

Dual add-on
SAXA + DAPA to MET

Study 1

Study 2

PBO + SAXA 5 mg/d + MET IR

(n = 160)

DAPA 10 mg/d + SAXA 5 mg/d + MET IR
(n = 160)

Randomization 
criterion: 

HbA1c 7.0–10.5%

NCT01646320

• N = 818 patients enrolled

≥18 y with T2DM

• Stratum A screening 
at wk –18

• Stratum B screening 
at wk –10

• Stratum A:

• HbA1c 8.0–11.5%
• Stable dose of MET 

(IR or XR ≥1500 mg/d) 

for ≥8 wk

Wk –8:
• MET IR ≥1500 mg/d

• Addition of open-label 
SAXA 5 mg/d

R

Single add-on
DAPA to SAXA + MET

• Stratum B:
• HbA1c 7.5–10.5%
• Stable dose of MET 

(IR or XR ≥1500 mg/d) 

+ DPP-4i (max dose) 
   for ≥8 wk

Wk –16:

• MET IR ≥1500 mg/d

• Addition of open-label 
SAXA 5 mg/d

FIGURE 1 Study design. Abbreviations: d, day; DAPA, dapagliflozin; DPP-4i, dipeptidyl peptidase-4 inhibitor; IR, immediate release; MET,

metformin; PBO, placebo; SAXA, saxagliptin; T2DM, type 2 diabetes; wk, week; XR, extended release; y, year
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TABLE 1 Adverse events for dapagliflozin plus saxagliptin plus metformin triple therapy and saxagliptin plus metformin or dapagliflozin plus

metformin dual therapy

Triple vs dual therapy
Concomitant vs sequential
add-on therapy

Patients, n (%)

All studies

Triple therapy with
DAPA + SAXA + MET

(N = 492)

Studies 1 and 3

Dual therapy with
DAPA + MET

(N = 341)

Studies 1 and 2

Dual therapy with
SAXA + MET

(N = 336)

Study 1

Concomitant add-on
DAPA + SAXA to MET

(N = 179)

Studies 2 and 3

Sequential
add-on DAPA to
SAXA + MET or SAXA
to DAPA + MET
(N = 313)

Any AE 250 (50.8) 157 (46.0) 187 (55.7) 87 (48.6) 163 (52.1)

AE related to study
medication

32 (6.5) 21 (6.2) 23 (6.8) 12 (6.7) 20 (6.4)

AE leading to
discontinuation

10 (2.0) 4 (1.2) 2 (0.6) 1 (0.6) 9 (2.9)

Any SAE 12 (2.4) 7 (2.1) 9 (2.7) 2 (1.1) 10 (3.2)

SAE related to study
medication

1 (0.2) 0 1 (0.3) 0 1 (0.3)

SAE leading to
discontinuation

3 (0.6) 0 2 (0.6) 0 3 (1.0)

Most common AEsa

Nasopharyngitis 18 (3.7) 10 (2.9) 12 (3.6) 7 (3.9) 11 (3.5)

Headache 17 (3.5) 10 (2.9) 14 (4.2) 1 (0.6) 16 (5.1)

Urinary tract infection 17 (3.5) 13 (3.8) 18 (5.4) 1 (0.6) 16 (5.1)

Influenza 14 (2.8) 11 (3.2) 15 (4.5) 4 (2.2) 10 (3.2)

Back pain 13 (2.6) 6 (1.8) 8 (2.4) – –

Arthralgia 12 (2.4) 3 (0.9) 4 (1.2) – –

Diarrhoea 11 (2.2) 6 (1.8) 11 (3.3) – –

Dyslipidaemia 11 (2.2) 7 (2.1) 8 (2.4) – –

Hypertriglyceridaemia 11 (2.2) 9 (2.6) 13 (3.9) – –

Nausea 8 (1.6) 5 (1.5) 9 (2.7) – –

Upper respiratory tract
infection

8 (1.6) 9 (2.6) 7 (2.1) – –

Vulvovaginal
mycotic infection

7 (1.4) 8 (2.3) 1 (0.3) – –

AEs of special interestb

Urinary tract infection 17 (3.5) 13 (3.8) 19 (5.7) 1 (0.6) 16 (5.1)

Genital infectionc 8 (1.6) 14 (4.1) 2 (0.6) 0 8 (2.6)

Hypotension/dehydration/
hypovolaemia

0 2 (0.6) 0 0 0

Renal impairment/failure 7 (1.4) 2 (0.6) 6 (1.8) 3 (1.7) 4 (1.3)

Cardiac failure (confirmed
adjudicated event)

1 (0.2) 0 0 0 1 (0.3)

Hypoglycaemiad 6 (1.2) 6 (1.8) 1 (0.3) 2 (1.1) 4 (1.3)

Major 0 0 0 0 0

Minor 2 (0.4) 3 (0.9) 0 1 (0.6) 1 (0.3)

Other 4 (0.8) 4 (1.2) 1 (0.3) 1 (0.6) 3 (1.0)

Confirmede 1 (0.2) 1 (0.3) 0 0 1 (0.3)

Abbreviations: AE, adverse event; DAPA, dapagliflozin; MET, metformin; SAE, serious adverse event; SAXA, saxagliptin. Data are for patients who
received ≥1 dose of the study drug during the double-blind treatment period.

a Reported in ≥2% of patients in any treatment group.
b Based on a predefined list of AEs by preferred term, which includes multiple terms for a given AE. Data after receipt of rescue medication were
excluded.

c For triple-therapy regimens, genital infections were reported only with sequential addition of dapagliflozin to saxagliptin plus metformin (Study 2).
d Hypoglycaemia episodes were classified as minor (symptomatic or asymptomatic with plasma glucose concentration <63 mg/dL [3.5 mmol/L]), major
(symptomatic requiring third party assistance, with or without a plasma glucose concentration of <54 mg/dL [3.0 mmol/L]) and other (suggestive epi-
sode not meeting the criteria for major or minor episodes).

e Glucose value ≤50 mg/dL (2.8 mmol/L) with symptoms.
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dapagliflozin plus metformin group. The incidence of renal impair-

ment/failure (based on a predefined list of events suggestive of renal

impairment/failure) was 1.4%, 0.6% and 1.8% with triple therapy,

dapagliflozin plus metformin and saxagliptin plus metformin, respec-

tively. All of these events occurred in patients who had low eGFR

values at baseline. In addition, AEs of decrease in GFR were reported

in 1.0%, 0.6% and 0.3% of patients in the triple-therapy, dapagliflozin

plus metformin and saxagliptin plus metformin treatment groups,

respectively. There were no cases of acute pancreatitis, diabetic

ketoacidosis or amputation in any group.

The frequency of hypoglycaemia was low (<2.0%) in all groups;

no major hypoglycaemic events occurred, and no patients discontin-

ued treatment owing to hypoglycaemia. Mean clinical laboratory vari-

ables generally remained within normal ranges throughout double-

blind treatment in all treatment groups (Table S4). Heart rates, mea-

sured throughout the study, were similar across the treatment

groups. There were small decreases from baseline in systolic blood

pressure (SBP) and diastolic blood pressure (DBP), which were consis-

tent over time and greatest in patients whose treatment regimen

included dapagliflozin. Similar proportions of patients achieved

SBP <130 mmHg and DBP < 80 mmHg at week 24 in all groups.

3.3 | Safety of concomitant add-on triple therapy vs
sequential add-on triple therapy

Overall, AEs were experienced by 48.6% and 52.1% of patients in the

concomitant add-on and sequential add-on treatment groups, respec-

tively; 0.6% and 2.9% of patients experienced AEs that led to treat-

ment discontinuation with concomitant add-on and sequential add-

on treatment, respectively (Table 1). SAE incidence was low in both

treatment groups (concomitant add-on, 1.1%; sequential add-

on, 3.2%).

Influenza and nasopharyngitis were commonly experienced AEs

with both combination regimens. Urinary tract infections occurred

with lower frequency in patients receiving concomitant add-on ther-

apy than in patients receiving sequential add-on therapy (0.6% vs

5.1%, respectively). Genital infections were reported in 2.6% of

patients receiving sequential add-on therapy, compared with no

patients in the concomitant add-on group, and occurred only in

patients receiving sequential add-on of dapagliflozin to saxagliptin plus

metformin (Study 2). No cases of hypotension, dehydration or hypovo-

laemia occurred in either group. Renal impairment or failure occurred

in similar proportions of patients in the concomitant and sequential

add-on groups (1.7% and 1.3%, respectively). The incidences of hypo-

glycaemia were low and similar (<1.5%) in both groups, and there were

no cases of major hypoglycaemia in either group. The incidences of

laboratory abnormalities did not differ between the 2 analysis groups

and vital signs were stable throughout treatment.

4 | DISCUSSION

Early combination therapy may benefit patients who require addi-

tional glucose control, while avoiding the need for stepwise addition

of glucose-lowering agents to metformin.7 Despite the rational basis

of this approach, a thorough assessment of safety is required when

considering any combination treatment regimen.

The AEs observed in this post-hoc, pooled safety analysis were

consistent with previous reports of the safety and tolerability of

dapagliflozin and saxagliptin added on to metformin from the clinical

trial experience for each agent individually.4–6 The distribution of

incidences of urinary tract infections, commonly reported with both

dapagliflozin and saxagliptin, and genital infections, commonly

reported with dapagliflozin, were similar to those of previous

reports.8–10 Pooled analysis demonstrated a safety and tolerability

profile of triple therapy that was similar to that of dual therapy with

dapagliflozin or saxagliptin combined with metformin. Moreover,

there was little difference in the safety profiles of concomitant and

sequential add-on therapeutic regimens. Urinary tract and genital

infections occurred less frequently with triple therapy compared with

dapagliflozin plus metformin therapy. A decreased rate of genital

infections with a combination of SGLT-2 inhibitor and DPP-4 inhibi-

tor has been reported previously, which could be and has been attrib-

uted to the complementary mechanisms of action of the 2 drug

classes.11 These safety findings are corroborated by 52-week data

from Studies 2 and 3, which indicate that triple therapy is durable,

effective and well-tolerated, with no new safety signals detected.12,13

The risk of hypoglycaemia, an important complication in glucose-

lowering therapy, was not increased with triple therapy compared

with either dual therapy, consistent with findings from the individual

studies, as well as after 52 weeks of follow-up of Studies 2 and

3.4–6,12,13 There was also no difference in hypoglycaemic risk

between concomitant and sequential add-on therapeutic regimens.

Additionally, while the mild osmotic diuresis seen with dapagliflozin

has the potential to cause volume depletion,14 no cases of hypoten-

sion, dehydration or hypovolaemia were observed in the triple-

therapy or saxagliptin plus metformin groups, and only two events

were reported with dapagliflozin plus metformin. The incidence of

worsening renal function or renal impairment was similar across treat-

ment groups, occurring in patients who already had low baseline

eGFR values, and the effects of dapagliflozin-containing regimens on

blood pressure were small. Notably, no cases of diabetic ketoacidosis,

a serious but rare adverse event, were reported in any of the studies

in this analysis. These results should be viewed within the context of

the exclusion criteria of the included studies, which prohibited enrol-

ment of patients with poor renal function, a history of diabetic ketoa-

cidosis or with known cardiovascular disease or hypertension.

A key strength of this analysis was the amalgamation of data

from 3 randomized trials, which provided sufficient patient numbers

for a large-scale safety analysis and increased the precision of AE

incidence estimates. However, the limitations of pooling post-hoc

data from separately conducted trials include differences in the char-

acteristics of included patients. Although large, the patient population

was somewhat limited by the predefined study exclusion criteria and

known contraindications for each drug (eg, renal impairment). There-

fore, the side effect profiles associated with the drug combinations

used in these analyses are likely to differ somewhat from those

observed in routine clinical practice.

In conclusion, the findings from this post-hoc pooled analysis sug-

gest that triple therapy with dapagliflozin plus saxagliptin added on to
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metformin is a well-tolerated treatment option for patients with type

2 diabetes who require an intensified treatment approach to control

elevated HbA1c levels.
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