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Saxagliptin given in combination with metformin
as initial therapy improves glycaemic control in patients
with type 2 diabetes compared with either monotherapy:
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Aim: The study aim was to evaluate the efficacy and safety of initial combination therapy with saxagliptin þ
metformin vs. saxagliptin or metformin monotherapy in treatment-naı̈ve patients with type 2 diabetes (T2D) and
inadequate glycaemic control.
Methods: In this multicentre, randomized, double-blind, active-controlled phase 3 trial, 1306 treatment-naı̈ve patients with
T2D 18 to 77 years, glycosylated haemoglobin (HbA1c) 8 to 12%, fasting C-peptide concentration 1.0 ng/ml, body
mass index 40 kg/m2 were randomized to receive saxagliptin 5 mg þ metformin 500 mg, saxagliptin 10 mg þ metformin
500 mg, saxagliptin 10 mg þ placebo or metformin 500 mg þ placebo for 24 weeks. From weeks 1–5, metformin was
uptitrated in 500-mg/day increments to 2000 mg/day maximum in the saxagliptin 5 mg þ metformin, saxagliptin 10 mg
þ metformin and metformin þ placebo treatment groups. The main outcome measure was HbA1c change from baseline to
week 24. Selected secondary outcomes included change from baseline to week 24 in fasting plasma glucose (FPG), proportion of patients achieving HbA1c <7% and postprandial glucose area under the curve (PPG-AUC).
Results: At 24 weeks, saxagliptin 5 mg þ metformin and saxagliptin 10 mg þ metformin demonstrated statistically
significant adjusted mean decreases vs. saxagliptin 10 mg and metformin monotherapies in HbA1c (2.5 and 2.5% vs.
1.7 and 2.0%, all p < 0.0001 vs. monotherapy) and FPG (60 and 62 mg/dl vs. 31 and 47 mg/dl, both p < 0.0001
vs. saxagliptin 10 mg; p ¼ 0.0002 saxagliptin 5 mg þ metformin vs. metformin; p < 0.0001 saxagliptin 10 mg þ
metformin vs. metformin). Proportion of patients achieving an HbA1c <7% was 60.3 and 59.7%, respectively, for
saxagliptin 5 mg þ metformin and saxagliptin 10 mg þ metformin (all p < 0.0001 vs. monotherapy). PPG-AUC was
significantly reduced [21 080 mgmin/dl (saxagliptin 5 mg þ metformin) and 21 336 mgmin/dl (saxagliptin 10 mg
þ metformin) vs. 16 054 mgmin/dl (saxagliptin 10 mg) and 15 005 mgmin/dl (metformin), all p < 0.0001 vs.
monotherapy]. Adverse event occurrence was similar across all groups. Hypoglycaemic events were infrequent.
Conclusion: Saxagliptin þ metformin as initial therapy led to statistically significant improvements compared with either
treatment alone across key glycaemic parameters with a tolerability profile similar to the monotherapy components.
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Introduction
Initial antihyperglycaemic monotherapy is frequently
insufficient to enable patients with type 2 diabetes
(T2D) to achieve or sustain glycaemic targets [1–3]. An
approach based on initial combination therapy has the
potential to enable more patients to reach glycaemic
targets earlier in the disease course and may minimize
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the need for subsequent treatment changes based on
a stepwise approach. Furthermore, with the availability of newer agents that differ in their mechanisms of
action (MOA) and side-effect profiles, treatments may
be combined to address the variety of pathophysiological abnormalities in T2D. Achieving specific glycaemic goals can substantially reduce morbidity, making
early aggressive treatment particularly important for
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patients with a high baseline glycosylated haemoglobin
(HbA1c) [4].
Incretin hormones play a critical role in the regulation
of blood glucose [5,6]. One treatment option for patients
with T2D is enhancement of incretin concentrations
through the inhibition of dipeptidyl peptidase-4 (DPP-4)
activity. DPP-4 inhibitors have been studied in monotherapy and in combination therapy and may be particularly efficacious if used early in the course of T2D due to
potential beneficial effects on the islet dysfunction that
characterizes T2D [5,7–9]. DPP-4 inhibitors are generally
well tolerated, carry a low propensity for hypoglycaemia
as monotherapy and, secondary to their physiologicalbased MOA, are weight neutral, all features lending additional support to their early use in combination with
other oral antidiabetic drugs (OADs) [10].
Metformin is the most commonly used OAD both as
monotherapy and in combination with other OADs [11].
Metformin reduces hepatic glucose production [3] and
works through pathways complementary to DPP-4
inhibitors as metformin preferentially targets fasting
plasma glucose (FPG) [12]. A recent randomized controlled trial evaluating the effects of metformin and sitagliptin on the incretin axis demonstrated that each agent
alone increased postmeal active glucagon-like peptide-1
concentrations by 1.5–2 times and in combination by
four times [13]. This additive effect suggests that initial
combination therapy with metformin and a DPP-4
inhibitor may improve glycaemic control to a greater
degree than the monotherapy components. The 2007
American Association of Clinical Endocrinologists
(AACE) guidelines recommend metformin in combination with a DPP-4 inhibitor for patients with HbA1c
levels between 7 and 8% and intensification of combination therapy when HbA1c levels are 8–10% to
address FPG and PPG levels [14]. The 2008 Canadian
Diabetes Association Clinical Practice Guidelines also
support use of such initial combination therapy in
patients with marked hyperglycaemia and recommend
combining agents that differ in their MOA to maximize
efficacy [15]. The newly issued American Diabetes
Association/European Association for the Study of Diabetes guidelines note that when HbA1c levels are high
(>8.5%), earlier initiation of combination therapy or use
of OAD classes that have greater or more rapid glucoselowering effect is appropriate [16].
Saxagliptin is a potent, selective DPP-4 inhibitor specifically designed for extended inhibition of the DPP-4
enzyme [17]. Proof of concept for saxagliptin was previously established in a 12-week trial across a dose
range of 2.5–40 mg [18]. This current 24-week study
assessed the efficacy and safety of initial combination
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therapy with saxagliptin plus immediate-release (IR)
metformin compared with saxagliptin or metformin
monotherapy in treatment-naı̈ve patients with T2D and
higher HbA1c values at baseline, reflecting a patient
population less likely to achieve glycaemic targets with
monotherapy.

Methods
Study Design and Patients
The present study (CV181-039) was a phase 3, multicentre, randomized, four-group, double-blind, activecontrolled international trial. Patients were recruited
from outpatient settings, advertisements, postings and
referrals. Eligible patients entered a 1-week, single-blind,
dietary and exercise placebo lead-in period. Good compliance (80–120%) with placebo was required to be eligible for the short-term treatment period. Patients were
followed up for 24 weeks on double-blind study medication, during which diet and exercise management
continued.
Study inclusion criteria included patients aged
18–77 years with T2D, HbA1c 8 and 12% at screening,
fasting C-peptide concentration 1.0 ng/ml and body
mass index 40 kg/m2. Patients also had to be treatment
naı̈ve, defined as never having received medical treatment for diabetes or having received medical treatment
for diabetes for a total period of <1 month since original
diagnosis and not having received antihyperglycaemic
therapy for more than three consecutive days or for
a total of seven non-consecutive days during 8 weeks
before screening. Exclusion criteria included symptoms
of poorly controlled diabetes; history of diabetic ketoacidosis or hyperosmolar non-ketotic coma; insulin
therapy within 1 year of screening; cardiovascular event
within 6 months before study entry or New York Heart
Association stage III/IV congestive heart failure and/or
known left ventricular ejection fraction 40%; significant renal, liver or psychiatric history; history of alcohol
or drug abuse within the previous year; treatment with
potent CYP3A4 inhibitors or inducers; immunocompromised individuals; active liver disease or clinically significant abnormal hepatic, renal, endocrine, metabolic
or haematological screening tests.
The study protocol was approved by the institutional
review board or independent ethics committee for each
participating site and carried out in accordance with the
Declaration of Helsinki and Good Clinical Practice guidelines. Patients were informed of the study purpose, potential risks and other critical issues, and they provided
written informed consent.
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At screening, an interactive voice response system
(IVRS) assigned each patient a unique numeric identifier
used throughout the study. Following the lead-in period,
eligible patients were randomized (1 : 1 : 1 : 1) by IVRS
using a blocked randomization schedule (block size 4) to
one of four treatment groups: saxagliptin 5 mg/day þ
metformin IR 500 mg, saxagliptin 10 mg/day þ metformin IR 500 mg, saxagliptin 10 mg/day þ placebo (saxagliptin 10 mg) or metformin 500 IR mg þ placebo
(metformin). At week 1, all patients randomized to metformin, either as monotherapy or in combination with
saxagliptin, were titrated to 1000 mg/day of metformin.
From weeks 2–5, metformin was uptitrated based on predefined FPG levels (FPG >110 mg/dl) in 500-mg/day
increments as tolerated to 2000 mg/day maximum in
the saxagliptin 5 mg þ metformin, saxagliptin 10 mg þ
metformin and metformin þ placebo arms. Throughout
the study, saxagliptin was to be taken daily before the
morning meal. Metformin was to be taken in two divided
doses with morning and evening meals. Study medication was not to be taken the morning of a scheduled visit;
the assigned dose for that day was administered at the
study site post-study visit procedures. Patients were eligible for rescue therapy based on progressively strict glycaemic control criteria over 24 weeks if FPG levels were
as follows: >240 mg/dl (week 6); >220 mg/dl (week 8)
and >200 mg/dl (weeks 12, 16, 20 and 24). Patients who
met rescue criteria were entered directly into the longterm extension period, where they were administered
open-label pioglitazone 15 mg, which could be uptitrated
to 45 mg, in addition to blinded study medication. Longterm extension results will be reported in a future
communication.

Study Measurements
The primary end-point was HbA1c change from baseline
to week 24; subgroup analyses for baseline HbA1c were
prespecified. Secondary efficacy end-points assessed at
week 24 and listed in tested order were change from baseline in FPG, proportion of patients achieving HbA1c
<7.0%, change from baseline in area under the curve
(AUC) from 0 to 180 min for PPG response to an oral glucose tolerance test (OGTT), proportion of patients achieving HbA1c 6.5% and proportion of patients requiring
rescue for failing to achieve prespecified glycaemic targets or discontinuing for lack of efficacy at week 24. Other
efficacy end-points included change from baseline to
week 12 in FPG; change from baseline to week 24 in fasting and postprandial insulin, C-peptide and glucagon;
b-cell function [measured by homeostatic model assessment (HOMA)-2b]; insulin resistance (measured by
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HOMA-2IR) and proportion of patients achieving a glycaemic response at week 24 based on prespecified criteria. Changes from baseline to week 24 in body weight,
lipid parameters, insulinogenic index, Matsuda index
[19] and oral glucose insulin sensitivity [20] were also
examined. Safety and tolerability end-points included
incidence of adverse events (AEs), serious adverse
events (SAEs), discontinuation due to AEs, physical
and electrocardiographic examinations, vital signs and
results of clinical laboratory tests.

Statistical Analysis and Sample Size
Efficacy analyses were conducted utilising data collected at baseline and postbaseline in the randomized
patients data set comprising all randomized patients
who took at least one dose of double-blind study medication. The primary efficacy analysis was performed
using analysis of covariance (ANCOVA) with treatment
group as an effect and baseline value as the covariate.
Because of the large number of sites and small number
of patients enrolled at most sites, site was not included
as a factor in the ANCOVA model. Within the framework of the ANCOVA model, point estimates and 95%
confidence intervals were calculated for mean changes
within each treatment group and for differences in
mean changes between saxagliptin 5 mg þ metformin
relative to saxagliptin 10 mg and relative to metformin
and differences in mean changes between saxagliptin
10 mg þ metformin relative to saxagliptin 10 mg and
relative to metformin. Each combination treatment
group was compared with each individual component
(i.e. saxagliptin 10 mg and metformin); each comparison was performed at the 0.027 alpha level from
Dunnett’s adjustment so that the overall (family-wise)
type I error rate was controlled at the 0.05 significance
level. Sequential testing methodology was utilized for
secondary efficacy end-points. At each step in the testing sequence, only the combination treatment group
significantly superior to both controls was tested at the
subsequent step. The percentage of patients achieving
a therapeutic glycaemic response at week 24 and the
proportion of patients requiring rescue/discontinuation because of lack of glycaemic control at week 24
were compared between each combination group and
the monotherapy group using the Fisher exact test.
Demographic and other baseline characteristics were
summarized using descriptive statistics by treatment
group. Last observation carried forward methodology
was utilized to handle missing data. Systeme International (SI) conversion from mg/dl to mmol/l of glucose
can be calculated with the equation: mg/dl  0.0555.
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All other SI conversions pertaining to data presented
for this study are noted in the online appendix, table
S1. Estimated average glucose (eAG) values were calculated post hoc based on HbA1c values using the linear
regression: eAGmg/dl ¼ 28.7  HbA1c  46.7 [21].
Safety analyses were performed in the treated patient
population, consisting of patients who received at least
one dose of study medication. Hypoglycaemia symptoms
and confirmed hypoglycaemia were recorded and analysed separately from other AEs. Hypoglycaemic event
intensity was graded according to the investigator’s discretion. Efficacy and safety measurements obtained after
rescue were not included in analyses.
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Based on the primary end-point, the sample size
afforded at least 90% power for both the combination
comparisons and the individual components based on
the min test by Laska and Meisner [22] for normal case.

Results
Patient Disposition and Clinical Characteristics
A total of 1306 patients were randomized and treated
with double-blind therapy; 991 patients completed the
24-week treatment period (figure 1). Demographic and
baseline clinical characteristics were generally balanced

Fig. 1 Patient flow through the study. Recruitment period was from 30 May 2006 through 1 June 2007 with follow-up
ending on 27 November 2007. AE, adverse event; SAXA, saxagliptin. *One patient was randomized directly after enrolment. This patient did not enter the lead-in period. Patients who discontinued prematurely were required to have brief
safety visits performed every 2 weeks until completing a total of 24 weeks of exposure to double-blind or open-label study
medication. The number of patients who discontinued and who were rescued are not mutually exclusive.
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across treatment groups (table 1). Of the total study
population, 98.4% had not been previously treated with
antihyperglycaemic medication before enrolment. Discontinuations were higher in the monotherapy [32.8%
(saxagliptin 10 mg), 25.9% (metformin)] vs. the combination therapy groups [18.1% (saxagliptin 5 mg þ
metformin), 19.2% (saxagliptin 10 mg þ metformin)].
Consequently, mean duration of exposure to metformin
was longer in the combination therapy vs. monotherapy groups (152, 151 and 144 days for saxagliptin
5 mg þ metformin, saxagliptin 10 mg þ metformin and
metformin respectively). Mean daily metformin doses at
week 24 were 1790, 1776 and 1817 mg for saxagliptin
5 mg þ metformin, saxagliptin 10 mg þ metformin and
metformin respectively.

Efficacy Outcomes
At 24 weeks, patients randomized to saxagliptin 5 mg þ
metformin or saxagliptin 10 mg þ metformin demonstrated statistically significant reductions in HbA1c,
FPG and PPG from baseline compared with either monotherapy group. Baseline vs. week 24 HbA1c means were
9.4 vs. 6.9%, 9.5 vs. 7.0%, 9.6 vs. 7.9% and 9.4 vs. 7.5% for
saxagliptin 5 mg þ metformin, saxagliptin 10 mg þ met-

M. Jadzinsky et al.

formin, saxagliptin 10 mg and metformin respectively.
Corresponding eAG values were 223 vs. 151 mg/dl (saxagliptin 5 mg þ metformin), 226 vs. 154 mg/dl (saxagliptin 10 mg þ metformin), 229 vs. 180 mg/dl (saxagliptin
10 mg) and 223 vs. 169 mg/dl (metformin). Adjusted
mean change in HbA1c from baseline was 2.5% in both
the saxagliptin 5 mg þ metformin and the saxagliptin
10 mg þ metformin groups vs. 1.7% for saxagliptin
10 mg and 2.0% for metformin respectively (all p <
0.0001 vs. monotherapy) (figure 2A). Greater HbA1c
mean reductions were observed for combination therapy
vs. monotherapy at week 4, the earliest time point
assessed for HbA1c and continued for all subsequent
time points. Beginning at week 8, fewer patients were
rescued or discontinued because of lack of efficacy in
the combination vs. the monotherapy groups. Time to
discontinuation or rescue was later for the combination
vs. the monotherapy groups.
Statistically significantly greater mean reductions in
FPG at week 24 were observed for saxagliptin 5 mg þ
metformin vs. saxagliptin 10 mg (p < 0.0001) and vs.
metformin (p ¼ 0.0002) and for saxagliptin 10 mg þ metformin vs. saxagliptin 10 mg and vs. metformin (both
p < 0.0001 vs. monotherapy). Adjusted mean change from
baseline was 60 mg/dl (saxagliptin 5 mg þ metformin)

Table 1 Baseline demographic and clinical characteristics by randomized group

Characteristics
Age (years)*
Age 65 (years)y
Sexy
Men
Women
Racey,z
White
Asian
Black/African American
Other
Weight (kg)*
BMI (kg/m2)*
Diabetes duration (years)*
HbA1c (%)*
<8y
8 to <9y
9 to <10y
10y
FPG (mg/dl)x

SAXA 5 mg 1
metformin (n 5 320)

SAXA 10 mg 1
metformin (n 5 323)

SAXA 10 mg
(n 5 335)

Metformin
(n 5 328)

52.0 (10.4)
33 (10.3)

52.1 (11.6)
54 (16.7)

52.1 (10.2)
43 (12.8)

51.8 (10.7)
36 (11.0)

165 (51.6)
155 (48.4)

146 (45.2)
177 (54.8)

169 (50.4)
166 (49.6)

163 (49.7)
165 (50.3)

246 (76.9)
51 (15.9)
7 (2.2)
16 (5.0)
82.1 (16.3)
29.9 (4.5)
2.0 (3.6)
9.4 (1.2)
31 (9.7)
92 (28.8)
85 (26.6)
110 (34.4)
199 (56.6)

243 (75.2)
54 (16.7)
7 (2.2)
19 (5.9)
82.5 (16.9)
30.3 (5.0)
1.4 (2.5)
9.5 (1.2)
33 (10.2)
74 (22.9)
97 (30.0)
119 (36.8)
204 (59.7)

255 (76.1)
56 (16.7)
6 (1.8)
18 (5.4)
83.1 (16.9)
30.2 (4.9)
1.7 (2.8)
9.6 (1.3)
27 (8.1)
87 (26.0)
89 (26.6)
129 (38.5)
201 (54.8)

251 (76.5)
52 (15.9)
4 (1.2)
21 (6.4)
82.8 (17.5)
30.2 (4.9)
1.7 (3.1)
9.4 (1.3)
37 (11.3)
98 (29.9)
75 (22.9)
117 (35.7)
198 (58.7)

BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycosylated haemoglobin; SAXA, saxagliptin.
*Values are expressed as mean (s.d.).
yValues are expressed as n (%).
zRace/ethnicity were self-reported.
§Systeme International conversion to mmol/l: mg/dl  0.0555.
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Fig. 2 Changes in glycaemic variables during 24-week treatment period: saxagliptin þ metformin vs. monotherapy.
(A) HbA1c-adjusted mean change from BL to week 24. *p < 0.0001 vs. SAXA 10 mg. yp < 0.0001 vs. metformin.
(B) FPG adjusted mean change from BL to week 24. *p < 0.0001 vs. SAXA 10 mg. yp ¼ 0.0002 vs. metformin. zp < 0.0001
vs. metformin. Systeme International conversion to mmol/l: mg/dl  0.0555. BL, baseline; FPG, fasting plasma glucose;
HbA1c, glycosylated haemoglobin; SAXA, saxagliptin.

and 62 mg/dl (saxagliptin 10 mg þ metformin) vs.
31 mg/dl (saxagliptin 10 mg) and 47 mg/dl (metformin) (figure 2B). FPG concentrations reached a nadir at
week 8 and remained level for the remainder of the
study.
The proportion of patients achieving a therapeutic glycaemic response (HbA1c <7 or 6.5%) was statistically
significantly greater for the combination vs. the monotherapy groups. The proportion of patients with an
HbA1c <7% at week 24 was statistically significantly
greater for saxagliptin 5 mg þ metformin (60.3%) and
saxagliptin 10 mg þ metformin (59.7%) vs. saxagliptin
10 mg (32.2%) and metformin (41.1%) (all p < 0.0001
vs. monotherapy). The proportion of patients with an
HbA1c 6.5% at week 24 was 45.3, 40.6, 20.3 and
29.0% for saxagliptin 5 mg þ metformin, saxagliptin
10 mg þ metformin, saxagliptin 10 mg and metformin,
respectively, and statistically significantly greater for
saxagliptin 5 mg þ metformin vs. saxagliptin 10 mg
and metformin (all p < 0.0001) and for saxagliptin 10 mg
þ metformin vs. saxagliptin 10 mg (p < 0.0001) and vs.
metformin (p ¼ 0.0026). For all treatment groups, greater
HbA1c reductions occurred in patients with higher baseline HbA1c levels, with HbA1c lowering up to 3.3% in
patients with a baseline HbA1c 10% (figure 3).
A statistically significant reduction in glucose exposure
from baseline to week 24 was seen in postprandial glucose
area under the curve (PPG-AUC) during the OGTT for
saxagliptin 5 mg þ metformin and saxagliptin 10 mg þ
metformin vs. saxagliptin 10 mg and metformin (21 080
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and 21 336 vs. 16 054 and 15 005 mgmin/dl, respectively, all p < 0.0001 vs. monotherapy). An overall
decrease from baseline in mean glucose concentration at
all time points of the OGTT occurred in all treatment
groups at week 24 (figure 4). At the 120-min time point of
the OGTT, PPG-adjusted mean changes from baseline
were 138 mg/dl (saxagliptin 5 mg þ metformin) and
137 mg/dl (saxagliptin 10 mg þ metformin) relative
to 106 mg/dl (saxagliptin 10 mg) and 97 mg/dl (metformin) (p ¼ 0.0001, saxagliptin 5 mg þ metformin vs.
saxagliptin 10 mg; p ¼ 0.0002, saxagliptin 10 mg þ
metformin vs. saxagliptin 10 mg; all p < 0.0001 vs.
metformin).
The proportion of patients discontinued or rescued for
lack of glycaemic control at week 24 was statistically significantly lower for saxagliptin 5 mg þ metformin (7.5%)

Fig. 3 HbA1c-adjusted mean change: subgroup analysis by
baseline HbA1c. HbA1c, glycosylated haemoglobin; SAXA,
saxagliptin.
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Fig. 4 Postprandial glucose (PPG) response to 3-h oral glucose tolerance test: baseline vs. week 24. *Sample size at 120min time point. yAdjusted mean change in 120-min PPG. Systeme International conversion to mmol/l: mg/dl  0.0555.

vs. saxagliptin 10 mg (21.2%) (p < 0.0001) but not vs.
metformin (10.1%) (p ¼ 0.2693). Similarly, the proportion of patients discontinued or rescued for lack of glycaemic control at week 24 was statistically significantly
lower for saxagliptin 10 mg þ metformin (5.9%) vs. saxagliptin 10 mg (p < 0.0001) but not vs. metformin
(p ¼ 0.0597).
Changes in other efficacy assessments are listed in
online appendix, table S2. At week 24, saxagliptin 5 mg
þ metformin and saxagliptin 10 mg þ metformin had
numerically greater increases in postprandial insulin
AUC vs. metformin but not vs. saxagliptin 10 mg. Early
insulin response to a glucose load as determined by the
insulinogenic index was numerically higher for combination treatment vs. monotherapy. There was little or no
effect on postprandial glucagon AUC at week 24 in all
treatment groups. Statistically significant improvements
in b-cell function (HOMA-2b assessment) from baseline
to week 24 were demonstrated for saxagliptin 5 mg þ
metformin vs. saxagliptin 10 mg (p < 0.0001) and metformin (p ¼ 0.0004) and for saxagliptin 10 mg þ metformin
vs. saxagliptin 10 mg and metformin (all p < 0.0001).
Weight loss occurred in all treatment groups. Mean
changes from baseline at week 24 were 1.8, 1.4, 1.1
and 1.6 kg for saxagliptin 5 mg þ metformin, saxagliptin 10 mg þ metformin, saxagliptin 10 mg and metformin respectively. Modest numerical improvements from
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baseline to week 24 in total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol
and triglycerides were demonstrated in all treatment
groups (online appendix, table S2).

Safety and Tolerability
Overall, saxagliptin given as initial combination therapy
with metformin was generally well tolerated. The proportion of patients reporting any AE (excluding hypoglycaemia) and SAEs was similar across all treatment groups
(table 2). Three deaths occurred, all in the metformin
group, and were considered by the respective investigators to be unrelated to the study drug. AEs leading to
study discontinuation were 8 (2.5%), 7 (2.2%), 8 (2.4%)
and 11 (3.4%) for saxagliptin 5 mg þ metformin, saxagliptin 10 mg þ metformin, saxagliptin 10 mg and
metformin respectively. Discontinuations due to SAEs
were one (0.3%) for saxagliptin 5 mg þ metformin, three
(0.9%) for saxagliptin 10 mg þ metformin, zero for saxagliptin 10 mg and one (0.3%) for metformin. The
majority of AEs were mild or moderate in intensity.
Most commonly reported AEs (5%, any treatment
group) were headache (up to 9.9%), diarrhoea (up to
9.6%), nasopharyngitis (up to 6.9%) and hypertension
(up to 5.3%). Of note, mean systolic blood pressure
(SBP) and diastolic blood pressure (DBP) decreased in
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Table 2 Safety and tolerability during 24-week treatment period by randomized group

AEs (%)*
1 AE
1 related AE
Deaths
1 SAEy
1 related SAE
Discontinuations due to SAEs
Discontinuations due to AEs
AEs (5%)z
Nasopharyngitis
Headache
Diarrhoea
Hypertension
Reported hypoglycaemia (%)x
Confirmed hypoglycaemia (%){

SAXA 5 mg 1
metformin (n 5 320)

SAXA 10 mg 1
metformin (n 5 323)

SAXA 10 mg
(n 5 335)

Metformin
(n 5 328)

177 (55.3)
33 (10.3)
0
8 (2.5)
1 (0.3)
1 (0.3)
8 (2.5)

185 (57.3)
61 (18.9)
0
12 (3.7)
3 (0.9)
3 (0.9)
7 (2.2)

179 (53.4)
40 (11.9)
0
6 (1.8)
0
0
8 (2.4)

192 (58.5)
59 (18.0)
3 (0.9)
8 (2.4)
0
1 (0.3)
11 (3.4)

22 (6.9)
24 (7.5)
22 (6.9)
15 (4.7)
11 (3.4)
0 (0)

8 (2.5)
32 (9.9)
31 (9.6)
17 (5.3)
16 (5.0)
2 (0.6)

14 (4.2)
21 (6.3)
10 (3.0)
15 (4.5)
5 (1.5)
0 (0)

13 (4.0)
17 (5.2)
24 (7.3)
11 (3.4)
13 (4.0)
1 (0.3)

AE, adverse event; SAE, serious adverse event; SAXA, saxagliptin.
*AE defined as any new or worsening illness, sign, symptom or clinically significant laboratory test abnormality as noted by the investigator
during the course of the study, regardless of the investigator’s attribution of the event to study treatment.
ySAE defined as an AE that was fatal, life threatening, required in-patient hospitalization or prolonged an existing hospitalization, resulted in
persistent or significant disability or incapacity, a cancer, a congenital anomaly/birth defect, resulted in the development of drug dependency
or drug abuse or was an important medical event that jeopardized the patient or required intervention to prevent a serious outcome.
zExcludes hypoglycaemia.
§Reported hypoglycaemia was defined as events consistent with signs or symptoms of hypoglycaemia with or without documented blood
glucose levels.
{Confirmed hypoglycaemia was defined by a fingerstick glucose value 50 mg/dl with associated symptoms.

all treatment groups by approximately 5.0 mmHg (SBP)
and 3.0 mmHg (DBP) at week 24.
Of special interest, the proportion of patients with skinrelated AEs was similar: 3.4% (saxagliptin 5 mg þ metformin), 4.3% (saxagliptin 10 mg þ metformin), 4.2%
(saxagliptin 10 mg) and 2.7% (metformin). No events of
Stevens–Johnson syndrome or angioedema were reported. Cardiac disorder events were 7 (2.2%) for saxagliptin 5 mg þ metformin, 8 (2.5%) for saxagliptin
10 mg þ metformin, 10 (3.0%) for saxagliptin 10 mg
and 16 (4.9%) for metformin. Small numerical decreases
in mean absolute lymphocyte count were observed with
saxagliptin 10 mg þ metformin and saxagliptin 10 mg
from baseline to week 24 (0.10 and 0.16  103 cells/ml
for saxagliptin 10 mg þ metformin and saxagliptin
10 mg, respectively, vs. 0.03 and 0.07  103 cells/ml for
saxagliptin 5 mg þ metformin and metformin respectively). However, mean lymphocyte counts remained
within normal limits across all treatment groups, with
no evidence of clinical sequelae. There were no clinically meaningful drug effects on any other laboratory
safety parameter.
Overall frequency of hypoglycaemic events was very low
(table 2). One patient in the saxagliptin 10 mg þ
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metformin group experienced an AE of confirmed hypoglycaemia that was easily managed by the patient. No
hypoglycaemic event was judged by the study investigator
to be serious or led to a discontinuation of study therapy.

Discussion
The overall therapeutic goal of T2D treatment is to achieve
and maintain target HbA1c, FPG and PPG levels without
compromising safety and tolerability [11]. The present
study demonstrated that saxagliptin, given in combination with metformin as initial therapy for 24 weeks, led
to clinically relevant improvements that were statistically
significantly greater than either treatment alone across
key glycaemic parameters, with a tolerability profile similar to that of the monotherapy components. Reductions
observed in HbA1c with co-administration of saxagliptin
and metformin corresponded with substantial improvements in FPG and PPG. The additional glycaemic benefit
observed in the saxagliptin þ metformin combination
therapy groups is likely to be a consequence of each component’s different MOA working in concert [12,13].
Patients with T2D should be managed early in the
course of their disease to delay the onset and progression
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of complications [4,23]. A statistically significantly
greater proportion of patients receiving combination
therapy with saxagliptin and metformin achieved the
American Diabetes Association-recommended HbA1c
goal of <7% [24] and the AACE-recommended HbA1c
goal of 6.5% [14] than those receiving either agent as
monotherapy. Despite high baseline HbA1c values,
approximately 60% of patients who received initial
combination therapy achieved an HbA1c target of
<7%. Patients receiving initial combination treatment
achieved HbA1c targets of <7 and 6.5% more rapidly
than those receiving either monotherapy. Notably, over
half of patients receiving initial combination therapy
achieved the HbA1c goal of <7% by week 12 of the
study, thereby reducing the harmful impact of glucotoxicity on b-cell function earlier in the disease course
[25]. As is frequently observed with antihyperglycaemic agents, greater reductions in HbA1c were seen
in patients with higher HbA1c values at baseline; in
this study, the greatest reductions were achieved with
combination therapy in the subgroup of patients with
HbA1c 10% at baseline (3.3% in both combination
groups), with relatively similar reductions between the
saxagliptin 5 mg þ metformin and the saxagliptin
10 mg þ metformin groups across all baseline HbA1c
levels. These results are of particular importance,
given the inadequate glycaemic control observed in
a high proportion of patients with T2D in real-world
settings. While questions frequently arise regarding the
applicability of clinical trial results beyond the
research setting, this study was large, multinational
and enrolled treatment-naı̈ve patients across a wide
range of higher HbA1c values. The consistency of
effect, overall and across various subgroups, suggests
the generalizability of these results to the broader realworld setting.
Initial combination therapy with saxagliptin and metformin provided added efficacy without additional tolerability issues. Combination therapy is often associated
with an increased risk for hypoglycaemia, particularly
combinations that use sulphonylureas or insulin. Hypoglycaemic events with saxagliptin þ metformin combination therapy were similar to monotherapy, even with
significantly greater glycaemic efficacy achieved with
combination therapy. Although weight gain has been
observed with intensive glycaemic control, similar degrees of weight loss were observed in both combination
treatment and monotherapy groups [26].
Of the patients in this trial, almost all (98.4%) had never
received any antihyperglycaemic therapy despite more
than one-third having an HbA1c 10.0% and median
duration of diabetes was only 0.4 years. This study
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enrolled a patient population almost entirely treatment
naı̈ve, in contrast to the withdrawal of monotherapy
prior to randomization embedded in the designs of other
studies examining DPP-4 inhibitors or other agents
given as initial combination therapy [7,27]. The glycaemic lowering of saxagliptin given in combination with
metformin as initial therapy demonstrated in this
patient population, combined with a tolerability profile similar to that of monotherapy components, is
indicative of the benefits of earlier aggressive treatment for patients with T2D and higher HbA1c values at
baseline.
Although firm conclusions cannot be drawn from comparisons between studies performed in different patient
populations with different designs, the efficacy of saxagliptin and metformin initial combination therapy was within
the range of results of a similar study by Goldstein et al. of
initial combination therapy utilising a DPP-4 inhibitor
(sitagliptin) and metformin. Mean changes from baseline
in HbA1c, FPG, PPG-AUC and PPG at 120 min for the
sitagliptin 100 mg þ metformin 2000 mg group and the
sitagliptin 100 mg þ metformin 1000 mg group were
statistically significant vs. placebo and vs. the monotherapy components. There was a low incidence of hypoglycaemia, and the incidence of AEs was generally
similar across treatment groups, with the highest incidence in the high-dose metformin monotherapy group
and the lowest incidence in the placebo group [7]. These
results, in addition to those demonstrated in the current
study, support the utility of initial combination therapy
with a DPP-4 inhibitor and metformin.
Study limitations included differences in exposure to
blinded study medication for the saxagliptin þ metformin
combination groups vs. monotherapy treatment groups.
Specifically, the greater time of exposure to blinded study
medication in the combination treatment groups led to
a greater mean duration of time in which a patient could
experience an AE. Despite these differences in mean exposure to study medication, AE rates were generally similar
in all treatment groups. Only data collected prior to rescue
were used for efficacy and safety analyses. This approach
was adopted to minimize potential confounding of rescue
therapy. However, only approximately 6–20% of patients
across the four treatment groups required rescue for failing
to achieve prespecified glycaemic targets or discontinued
for lack of efficacy.
Failure to achieve and maintain adequate glycaemic
control is due to the progressive nature of T2D and limitations of current therapies. Achieving specific glycaemic
goals can substantially reduce morbidity, making effective treatment of hyperglycaemia a top priority, particularly for individuals with a high HbA1c. By using agents
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that differ in their MOA and side-effect profiles, combination regimens can begin to address the numerous pathophysiological abnormalities that characterize T2D.
Initial combination therapy with saxagliptin and metformin represents such an option for the management of
patients with T2D.
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