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Abstract

Background Achievement of glycemic control is an
important objective in the management of type 2 diabetes
mellitus (T2DM).

Objective The objective of this study was to evaluate the
safety and efficacy of the dipeptidyl peptidase-4 inhibitor
saxagliptin versus placebo as add-on therapy in patients
with T2DM inadequately controlled with insulin alone or
insulin plus metformin.

Methods This was a long-term (28-week) extension of a
short-term (24-week), randomized, double-blind, parallel-
group trial of saxagliptin 5 mg once daily versus placebo as
add-on therapy to open-label insulin or insulin plus met-
formin therapy totaling 52 weeks of treatment. In contrast
with the goal of maintaining a stable insulin dosage during
the short-term phase, during the extension phase the insulin
dosage was flexible and adjusted as deemed appropriate by
the investigator. The study was conducted in a clinical
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practice setting, including family practice and hospital
sites. Patients with T2DM aged 18-78 years with glycated
hemoglobin (HbA,.) 7.5-11 % on a stable insulin regimen
(30-150 U/day with or without metformin) for >8 weeks
at screening were included in the study. Patients were
stratified by metformin use and randomly assigned 2:1 to
oral saxagliptin 5 mg (n = 304) or placebo (n = 151) once
daily. All patients who completed the initial 24 weeks of
treatment were eligible to participate in the 28-week
extension, regardless of whether they had required rescue
treatment. The main outcome measure was change in
HbA . from baseline to week 52.

Results In general, the outcomes achieved at week 24
were sustained to week 52. Adjusted mean change from
baseline HbA,. at week 52 was greater with saxagliptin
(—0.75 %) versus placebo (—0.38 %); the adjusted
between-group difference was —0.37 % (95 % CI —0.55 to
—0.19); between-group differences were similar in patients
treated with metformin (—0.37 % [95 % CI —0.59 to —0.15])
and without metformin (—0.37 % [95 % CI —0.69 to —0.04]).
At week 52, a greater proportion of patients receiving
saxagliptin achieved HbA,;. <7 % than those receiving
placebo (21.3 vs. 8.7 %; between-group difference 12.6 %
[95 % CI 6.1-19.1]). The increase from baseline in mean
total daily insulin dose at week 52 was numerically smaller
with saxagliptin (5.67 vs 6.67 U with placebo; difference,
—1.01 U [95 % CI —3.24 to 1.22]). During the 52-week
study period, the proportion of patients reporting >1
adverse event (AE) was 664 % with saxagliptin and
71.5 % with placebo, the majority being mild or moder-
ate in intensity. The most common AEs (>5 % with
saxagliptin or placebo) were urinary tract infection, naso-
pharyngitis, upper respiratory tract infection, headache,
influenza, and pain in extremity; the incidence of each AE
was similar between treatment groups. In the saxagliptin
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and placebo groups, the incidence of reported hypoglyce-
mia was 22.7 and 26.5 %, respectively; the incidence of
confirmed hypoglycemia (fingerstick glucose <50 mg/dL
[<2.77 mmol/L] with characteristic symptoms) was 7.6
and 6.6 %, respectively. Adjusted mean change from
baseline body weight was +0.8 kg with saxagliptin and
+0.5 kg with placebo.

Conclusion Saxagliptin 5 mg once daily as add-on to
insulin, with or without concomitant metformin, produced
a durable improvement in glycemic control and was well
tolerated over 52 weeks of treatment.

1 Introduction

Type 2 diabetes mellitus (T2DM) is a progressive disease
characterized by insulin deficiency and insulin resistance;
management of the resulting hyperglycemia is an important
treatment goal [1, 2]. Lifestyle modification (diet and
exercise) and single-agent pharmacotherapy with metfor-
min are currently recommended as initial therapy to treat
patients with T2DM [3]. However, because of the pro-
gressive nature of the disease, additional agents with
complementary mechanisms of action are often needed to
achieve and maintain glycemic control. Complementary
agents include other oral antidiabetics (e.g., sulfonylureas,
thiazolidinediones, and dipeptidyl peptidase-4 [DPP-4]
inhibitors), as well as injectable glucagon-like peptide-1
(GLP-1) receptor agonists or insulin. Combination therapy
may reduce the occurrence of adverse effects compared
with escalation of monotherapy to maximum doses.

Although current treatment guidelines recommend
metformin as standard first-line therapy for patients with
T2DM, insulin may also be considered as an initial thera-
peutic option for patients with glycated hemoglobin
(HbA ) >9 % [3-5]. Insulin has no dose-response ceiling
and is a highly effective medication for controlling
hyperglycemia; however, risks of hypoglycemia and
weight gain may limit its use [3, 6, 7]. In addition, some
insulin regimens may not provide adequate postprandial
glucose control [8, 9]. Thus, adding an agent that can
improve glycemic control without increasing the risk of
hypoglycemia and weight gain (such as metformin or an
incretin-based agent) may be preferable to increasing doses
of insulin.

The DPP-4 inhibitors stimulate postprandial insulin
release and suppress glucagon release and are effective in
regulating postprandial glucose concentrations and fasting
glucose [10]. DPP-4 inhibitors are recommended for use in
combination with metformin when metformin mono-
therapy does not result in adequate glycemic response and
for use as initial therapy when metformin is contraindicated
[4]. Because their effect is glucose dependent, diminishing
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as glucose concentrations decline, DPP-4 inhibitors have a
risk of hypoglycemia similar to that of placebo; further-
more, these agents do not induce weight gain [11]. Thus, as
an add-on to insulin therapy, DPP-4 inhibitors may provide
a rational alternative to escalating the dosage of insulin
monotherapy.

Saxagliptin is a potent, selective DPP-4 inhibitor
approved as an adjunct to diet and exercise to improve
glycemic control in patients with T2DM [12]. A random-
ized, double-blind, placebo-controlled, 24-week trial of
saxagliptin (ClinicalTrials.gov identifier: NCT00757588)
was conducted in patients with T2DM with inadequate
glycemic control when treated with insulin alone or in
combination with metformin [13]. As add-on to continuing
therapy with a stable dose of insulin with or without met-
formin, at 24 weeks saxagliptin 5 mg produced signifi-
cantly greater reductions in HbA;. and postprandial
glucose than placebo. The proportion of patients achieving
HbA,. <7 % was greater in the saxagliptin group versus
the placebo group; results were comparable in patients with
and without metformin use. Small numerical increases in
body weight from baseline were observed for patients in
the saxagliptin and placebo groups at 24 weeks. In addi-
tion, the adjusted mean increase in the total daily insulin
dose was numerically smaller with saxagliptin than with
placebo.

To assess the long-term safety and efficacy of this
approach, patients completing the initial 24-week short-
term phase of that trial (NCT00757588) were eligible for
inclusion in a 28-week, blinded long-term extension,
totaling 52 weeks of treatment. After the 24-week short-
term period, the insulin dose was flexible (able to be
modified at the discretion of the physician to control the
patient’s hyperglycemia), whereas the metformin dose was
maintained unchanged, allowing assessment of the effects
of saxagliptin add-on to an insulin regimen with or without
metformin under conditions that reflect clinical practice.
Results from the extension phase (which were cumulative
from the preceding 24-week trial) are the subject of this
report.

2 Methods
2.1 Study Design

This was a multicenter, randomized, double-blind, placebo-
controlled, 2-arm, parallel-group, phase IIIb clinical trial. It
comprised three phases: (1) 4-week run-in on placebo plus
continued treatment with insulin alone or insulin in com-
bination with metformin; (2) 24-week double-blind study
of saxagliptin 5 mg versus placebo as add-on to continuing
treatment with insulin alone or insulin in combination with



Saxagliptin Add-on to Insulin: 52-Week Data

709

metformin; and (3) 28-week site-and-patient blind exten-
sion of the 24-week trial. The study was conducted in
accordance with Good Clinical Practice, as defined by the
International Conference on Harmonisation and the Dec-
laration of Helsinki. Before initiation, study approval was
obtained from the institutional review board/independent
ethics committee at each institution (University of Stel-
lenbosch, South Africa; W.I.T.S. Health Consortium Ethics
Committee, South Africa; Pharma-Ethics, South Africa;
Leeds East Research Ethics Committee, UK; Cpp Ouest 6,
France; IRB Services, Canada; University of Western
Ontario Reb for Hsc, Canada; Regina Qu’Appelle Health
Region, Canada; New England Institutional Review Board,
USA; Cardiolink Clinical Trials S.C., Mexico; Incmnsz—
Salvador Zubiran, Mexico; Unidad de Investigacion Cli-
nica En Medicina, Mexico; Instituto Biomedico De In-
vestigacion, A.C., Mexico; Comite De Bioetica Para,
Mexico; Hosp. General De Occidente, Mexico; Hosp.
Universitario De Monterrey, Mexico; Med. Research
Council Ethics Committee, Hungary; Clinical Roma,
Mexico; College of Physicians and Surgeons of Alberta,
Canada; Committee on Ethics Under Federal Supervision
Service for Public Health, Russian Federation; Komisja
Bioetyczna Przy Slaskiej Izbie Lekarskiej, Poland; Cente-
nario Hosp. Miguel Hidalgo, Mexico; Bharti Research
Institute of Diabetes & Endo., India; Chowpatty Medical
Center, India; Christian Medical College, India; Totall
Diabetes Hormone Institute, India; Centre of Excellence
for Diabetes, India; Deshmukh Clin., India; King Edward
Memorial Hospital, India). All patients provided written
informed consent before participation.

2.2 Patients

Men and women aged 18-78 years with T2DM, fasting
C-peptide >0.8 ng/mL, body mass index (BMI) <45 kg/m?,
and inadequate glycemic control (HbA;. 7.5-11.0 %)
on a stable regimen of insulin (30-150 U/day, with <20 %
variation in total daily dose for >8 weeks before screening)
were eligible for the study. Intermediate-acting insulin,
long-acting (basal) insulin, or a premixed formulation in
which rapid- or short-acting insulin constituted one com-
ponent was permitted. Patients could also be taking met-
formin if the daily dose was stable for >8 weeks before
screening. No other antidiabetic medications were permit-
ted. Exclusion criteria were poorly controlled diabetes
(e.g., marked polyuria and polydipsia with >10 % weight
loss during the 3 months before screening); history of
diabetic ketoacidosis or hyperosmolar nonketotic coma;
history of significant cardiovascular disease or hemoglo-
binopathy; contraindications to DPP-4 inhibitors, metfor-
min, or insulin; or pregnancy, breast feeding, or not using
an acceptable method of birth control.

2.3 Treatment

Patients were stratified based on metformin use at enroll-
ment and randomized 2:1 via an interactive voice response
system using a blocked randomization schedule to receive
saxagliptin 5 mg (Onglyza®, Bristol-Myers Squibb Com-
pany, Princeton, NJ, USA, and AstraZeneca Pharmaceu-
ticals LP, Wilmington, DE, USA) or placebo once daily as
add-on to baseline therapy with insulin or insulin plus
metformin. To maintain blinding to patients and physi-
cians, saxagliptin and placebo tablets were identical in
appearance, and bottles were printed with a blinded label.
During the initial 24-week phase, patients continued on a
stable dose of their insulin regimen from baseline; patients
were to be rescued by having their insulin doses increased
starting at week 4 for inadequate glycemic control as
defined by progressively stringent criteria (fasting plasma
glucose [FPG] >240 mg/dL [13.3 mmol/L] at weeks 4 or
6; FPG >220 mg/dL [12.2 mmol/L] at week 8; FPG
>200 mg/dL [11.1 mmol/L] at weeks 12, 16, or 20).
Alternatively, patients were considered rescued if a >20 %
increase in their mean total daily doses of insulin for two
consecutive visits had occurred. After rescue during the
short-term period, the insulin dosage was flexible and
adjusted as deemed appropriate by the physician to control
hyperglycemia without causing hypoglycemia. In patients
who did not require rescue, insulin doses were kept stable
until the end of the 24-week phase. All patients who
completed the initial 24 weeks of treatment were eligible
to participate in the 28-week extension, regardless of
whether they had required rescue treatment. During the
extension phase, patients continued to take the same
blinded study medication assigned during the initial
24-week phase. However, the insulin dosage was flexible
for all patients and adjusted as deemed appropriate by the
investigator.

2.4 Assessments

Efficacy end points for the long-term extension were
exploratory and included adjusted mean change from
baseline HbA . at week 52, proportion of patients achiev-
ing HbA|. <7 % at week 52, and mean change from
baseline in total daily insulin dose at week 52. Safety end
points included adverse events (AEs), hypoglycemia, and
weight gain.

2.5 Statistical Analyses
Efficacy data were analyzed in all patients who were ran-
domized to treatment, took >1 dose of double-blind

treatment, and had a baseline measurement and >1 post-
baseline measurement for the end point. Changes from
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baseline HbA ., mean total daily insulin dose, body weight,
and BMI at postbaseline visits were analyzed using a
repeated-measures model that contained terms for treat-
ment group, baseline measurement, metformin use at
baseline, time (weeks), and time by treatment group.
Repeated-measures analysis also took into account missing
data. In addition, analysis of covariance (ANCOVA) was
performed on the continuous efficacy end points, using last
observation carried forward (LOCF), with treatment group
as an effect and baseline value and metformin use at
baseline as covariates. ANCOVA with observed values was
also used to describe the changes from baseline in HbA ;.
and mean total daily insulin dose. This analysis method
differs from the primary analysis used for the 24-week
phase (ANCOVA, including only data before rescue).
Because insulin dosage was flexible after rescue in the
initial 24-week phase and throughout the 28-week exten-
sion, the current efficacy and safety analyses were con-
ducted without regard for changes in insulin dosage.
Adjusted mean change from baseline HbA ;. was compared

between groups; this was performed as a post hoc analysis
without formal control for type I error. The proportion of
patients achieving HbA ;. <7 % (LOCF) at selected visits
was summarized for each treatment group using counts and
percentages. The 95 % confidence intervals for the differ-
ence in proportions between treatment groups were calcu-
lated based on the Mantel-Haenszel method.

Analyses carried out for each metformin use stratum
included change in HbA,. from baseline to week 52,
change in mean total daily dose of insulin from baseline to
week 52, and proportion of patients achieving a therapeutic
glycemic response of HbA . <7 %.

The incidence of AEs, including AEs of special interest
(i.e., hypoglycemia, skin disorders, lymphopenia, throm-
bocytopenia, localized edema, opportunistic infections,
hypersensitivity, fracture, pancreatitis, and cardiovascular
events) was captured for all treated patients and summa-
rized using proportions for all randomized and treated
patients regardless of insulin dose. AEs were also sum-
marized for each metformin use stratum.

Fig. 1 Patient disposition Randomized

(CONSORT diagram). 'In the SAXAGLIPTIN and Treated PLACEBO
saxagliptin group, 34 patients 5mg N455

discontinued the core study and _

two patients completed the core
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extension study
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3 Results
3.1 Patients

Patient disposition is shown in Fig. 1 (enrollment and lead-
in information have been reported previously [13]). Study
completion rates were similar between groups (saxagliptin,
n = 246 [80.9 %]; placebo, n = 125 [82.8 %]). Primary

Table 1 Baseline demographic and clinical characteristics

reasons for discontinuation of the extension phase included
withdrawal of consent (saxagliptin, n =3 [l.1 %];
placebo, n = 2 [1.5 %]), patient no longer meeting study
criteria (saxagliptin, n = 5 [1.6 %]; placebo, n = [3.0 %]),
AEs (saxagliptin, n = 4 [1.5 %]; placebo, n = 0 [0 %]),
and poor compliance (saxagliptin, n = 5 [1.6 %]; placebo,
n = 2 [1.5 %]). Demographic and clinical data at baseline
were similar between groups (Table 1).

Parameter All patients INS + MET INS alone
SAXA 5 mg + PBO + INS SAXA PBO + INS SAXA PBO + INS
INS (n = 304) (n = 151) 5 mg + INS (n = 105) 5 mg + INS (n = 46)
(n =209) (n =95)
Age, years
Mean (SD) 57.2 (9.4) 57.3 (9.3) 56.5 (9.1) 57.0 (8.5) 58.7 (10.0) 57.8 (10.9)
Range 18-77 30-77 18-76 34-77 29-77 30-75
Female, % 60.5 55.0 60.8 533 60.0 58.7
Race, %
White 78.0 78.1 75.1 79.0 84.2 76.1
Black 43 6.0 33 3.8 6.3 10.9
Asian 13.2 12.6 15.8 15.2 7.4 6.5
Other 4.6 33 5.7 1.9 2.1 6.5
Weight, kg
Mean (SD) 87.7 (18.6) 86.2 (16.5) 88.5 (18.8) 87.6 (16.3) 85.9 (17.9) 83.2 (16.9)
Range 51.0-140.6 55.2-136.0 51.0-139.5 55.2-132.3 52.6-140.6 55.5-136.0
BMI, kg/m?
Mean (SD) 32.6 (5.6) 31.8 (4.8) 33.0 (5.7) 32.2 (4.6) 31.6 (5.4) 30.9 (5.0)
Range 21.7-45.5 21.5-44.9 21.745.5 22.2-43.2 21.8-44.6 21.5-44.9
HbA,., %
Mean (SD) 8.7 (0.9) 8.6 (0.9) 8.7 (0.9) 8.6 (0.9) 8.7 (0.9) 8.7 (0.8)
Range 7-11 7-11 7-11 7-11 7-11 7-11
Duration of T2DM, years
Mean (SD) 11.8 (6.9) 12.2 (7.4) 11.7 (7.2) 13.1 (7.6) 12.1 (6.3) 10.3 (6.4)
Range 0.7-35.1 0.2-36.8 0.7-35.1 0.5-36.8 1.8-28.6 0.2-28.1
Total daily dose of insulin, U
Mean (SD) 53.6 (22.6) 55.3 (25.4) 52.6 (23.0) 54.2 (23.2) 55.8 (21.6) 57.8 (30.1)
Range 19-150 30-149 19-150 30-149 30-128 30-149
Type of insulin, %
Premixed 59.9 50.3 56.5 48.6 67.4 543
Intermediate 17.8 21.2 18.2 21.0 16.8 21.7
Long acting 17.1 19.2 19.6 21.9 11.6 13.0
Intermediate + long acting 3.0 53 3.8 4.8 1.1 6.5
Intermediate + premixed 1.3 2.6 1.4 1.9 1.1 4.3
Long-acting + premixed 1.0 1.3 0.5 1.9 2.1 0
Total daily dose of metformin, mg
Mean (SD) NA NA 1,805.4 (655.2) 1,861.1 (590.9) NA NA
Range NA NA 250-3,000 850-3,000 NA NA

BMI body mass index, HbA,. glycated hemoglobin, INS insulin, MET metformin, NA not applicable, PBO placebo, SAXA saxagliptin,
SD standard deviation, T2DM type 2 diabetes mellitus, U units
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In the overall study population, mean age was 57 years,
59 % of patients were female, and 78 % were white. Mean
baseline HbA ;. was 8.7 % (saxagliptin, 8.7 %; placebo,
8.6 %). Mean body weight was 87.2 kg (saxagliptin,
87.7 kg; placebo, 86.2 kg), and mean BMI was 32.3 kg/m?
(saxagliptin, 32.6 kg/m?; placebo, 31.8 kg/m?).

3.2 Baseline Regimens

Baseline antihyperglycemic regimens are summarized in
Table 1. The metformin dose was to be maintained
unchanged throughout the study. The insulin regimen was
premixed insulin alone in more than 50 % of patients and
long- or intermediate-acting insulin alone in 35-40 % of
each group. Relatively few patients used combinations of
different types of insulin. The mean total daily dose of
insulin at baseline was slightly lower in the saxagliptin
group (53.6 U [range 19-150]) than in the placebo group
(55.3 U [range 30-149]). The majority of patients (saxag-
liptin, 68.6 %; placebo, 69.5 %) were taking metformin
with insulin. The mean total daily dose of metformin was
slightly lower in the saxagliptin group (1,805 mg [range
250-3,000]) than in the placebo group (1,861 mg [range
850-3,000]). Metformin doses were >2,000 mg in 48 % of
patients.

3.3 Study Exposure

Overall, >80 % of patients completed >48 weeks of
blinded treatment. The mean duration of exposure to study
medication was 47 weeks in both the saxagliptin and
placebo groups.

Fig. 2 Mean + standard error

3.4 Long-Term Efficacy (Week 52)

Efficacy data for the initial 24-week phase of the study
have been reported previously [13]. The adjusted mean
change from baseline HbA . at week 52 was —0.75 % with
saxagliptin versus —0.38 % with placebo (Fig. 2); the
between-group mean difference was —0.37 % (95 % CI
—0.55 to —0.19; post hoc P < 0.0001). Similar results
were observed when using ANCOVA-LOCF analysis
(Electronic Supplementary Material, Table S1), data before
a 20 % change in insulin dose (Electronic Supplementary
Material, Table S2), and observed values (Electronic
Supplementary Material, Table S2). In addition, results
were similar in patients with and without concomitant
metformin treatment (Fig. 2). Differences between
saxagliptin and placebo groups appeared fairly consistent
after week 24 (Fig. 3a, b), with similar differences in the
metformin subgroups.

Overall, a greater proportion of patients achieved HbA .
<7 % with saxagliptin (21.3 %) versus placebo (8.7 %;
between-group mean difference, 12.6 % [95 % CI
6.1-19.1]). The proportion of patients achieving HbA,,
<7 % was consistently higher in patients receiving
saxagliptin versus placebo, regardless of metformin use:
23.8 versus 8.7 %, in patients receiving metformin and
16.0 versus 8.7 % in patients treated without metformin
(Fig. 4).

The mean total daily dose of insulin increased from
baseline in both groups at 52 weeks (Table 2); the change
was 5.67 U (10.6 %) with saxagliptin and 6.67 U (12.1 %)
with placebo (between-group difference, —1.01 U [95 %
CI —3.24 to 1.22]). Results of the LOCF sensitivity anal-
ysis were consistent with the results of the repeated-

All patients INS + MET INS alone

changes from baseline in HbA . 0
at week 52; repeated-measures
analysis. Three patients were —0.11
classified as completers but had —0.2 -
missing week-52 HbA . values. —_ ’ —028
*P < 0.0001 in a post hoc g\t —0.3 1
comparison with no formal £ <,9 -0.38
i —0.4 —0.44
controlling for type I error. 65 04 0
HbA,. glycated hemoglobin, '; I x
INS insulin, MET metformin, > £ 051
L P
PBO placebo, SAXA saxagliptin SE _06-
O
& -074
e}
—0.87 ~037
0.9 - o057 95% Cl, -0.69 to ~0.04
95% Cl, ~0.55 to —0.19 -0.37 Bl SAXA5mg + INS
95% Cl, —0.59 to -0.15 O PBO +INS
Patients with observed data, n 244 124 172 85 72 39
Baseline mean HbA, , % 8.67 8.66 8.66 8.65 8.69 8.67
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Fig. 3 Mean changes in HbA . a 0.2 - — SAXA5mg + INS
over time a regardless of 0.1 1 —{FPBO+INS
metformin use and b by 0.0
metformin use; repeated- o '1 ]
measures analysis. HbA;. E -0.
glycated hemoglobin, INS 8 — =0.2 1
insulin, MET metformin, PBO © R —0.31
.. o -
placebo, SAXA saxagliptin g ° —0.4 1
< 4
g a -—05
o :'== —0.6 1
g'- -0.7
(._:> —0.8 -
—-0.9 1
—1.0 l Switch to flexible INS dosing
=111 T T T T T T T T T 1
0 4 8 12 16 20 24 28 36 44 52
Week
SAXA5mg+INS,n 298 296 293 290 279 277 266 265 261 250 244
PBO+INS,n 149 145 146 144 140 139 130 131 129 125 124
b 0.0 INS + MET INS alone
B SAXA5mg+INS @& SAXA5mg+INS
-0.1 4 O PBO + INS <O PBO + INS
) -0.2
£
] —-0.3 A
8
2< -04-
£ 7
<< -0.5 A
£2
s 07
s -0.7 A
£
(&) -0.8 A
—-0.9 A . - .
Switch to flexible INS dosing
-1.0 T T T T T T T T T 1
0 4 8 12 16 20 24 28 36 44 52
Week
INS + MET
SAXA5mg+INS,n 205 203 201 200 192 191 184 183 179 175 172
PBO +INS,n 103 100 101 100 97 96 89 89 89 86 85
INS alone
SAXA5mg+INS,n 93 93 92 90 87 86 82 82 82 75 72
PBO +INS,n 46 45 45 44 43 43 M 42 40 39 39

measures analysis (Electronic Supplementary Material,
Table S1). With respect to metformin use, the difference in
adjusted mean change from baseline (saxagliptin vs. met-
formin) in the mean total daily dose of insulin at week 52
was —2.38 U (95 % CI —5.06 to 0.30) in patients with
metformin use at baseline and 2.06 U (95 % CI —1.94 to
6.06) in patients with no metformin use at baseline.

3.5 Safety and Tolerability

The incidence of AEs, treatment-related AEs, serious AEs
(SAESs), treatment-related SAEs, and discontinuations due to
AEs were generally comparable between the saxagliptin and
placebo groups (Table 3). Most AEs were mild or moderate,

and the most commonly reported AEs, which had similar
incidences in both treatment groups, were infections (uri-
nary tract infection, nasopharyngitis, upper respiratory tract
infection, influenza), headache, and pain in the extremities;
classification of patients by metformin use revealed no
unexpected differences in the pattern of AEs (Table 3). AEs
occurring in >5 % of patients receiving saxagliptin and in a
greater proportion of patients than with placebo were
headache, bronchitis, and confirmed hypoglycemia.
Excluding hypoglycemia, AEs of special interest (skin dis-
orders, lymphopenia, thrombocytopenia, localized edema,
opportunistic infections, hypersensitivity, fracture, pancre-
atitis, and cardiovascular events) were infrequent with both
saxagliptin and placebo (Electronic Supplementary
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Fig. 4 Patients achieving 15.1 W SAXA5 mg + INS
HbA . <7 % at week 52; last o5 _ I O PBO +INS
observation carried forward. 95% Cl, 6.1 t0 19.1
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INS insulin, MET metformin, 2
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Taple 2 Mean total daily dqse Parameter SAXA 5 mg + INS PBO + INS
of insulin changes from baseline (n = 304) (n = 151)
at weeks 24 and 52; repeated- _ _
measures analysis Baseline mean (SE), U 53.37 (1.27) 55.26 (2.07)

Week 24

Adjusted mean change (95 % CI) from baseline, U

Difference vs. PBO (95 % CI)

Week 52
INS insulin, PBO placebo,
SAXA saxagliptin, SE standard

- Difference vs. PBO (95 % CI)
error, U units

Adjusted mean change (95 % CI) from baseline, U

1.84 (0.56-3.12)
—3.48 (—=5.62 to —1.33)

5.32 (3.53-7.10)

5.67 (4.34-6.99)
—1.01 (=3.24 to 1.22)

6.67 (4.83-8.52)

Material, Table S3). No patients had alanine aminotrans-
ferase or aspartate aminotransferase >3 times the upper limit
of normal (ULN) or total bilirubin >2 times ULN. The
incidence of reported hypoglycemic events (e.g., defined by
the presence of characteristic symptoms) was 22.7 % with
the addition of saxagliptin and 26.5 % with placebo, and the
incidence of confirmed hypoglycemic events (fingerstick
glucose <50 mg/dL [2.77 mmol/L] in a patient with char-
acteristic symptoms) was 7.6 % with the addition of
saxagliptin and 6.6 % with placebo (Table 3). The majority of
the confirmed hypoglycemic events were mild or moderate
in intensity. Two patients (0.7 %) in the saxagliptin group
experienced a total of four severe confirmed hypoglycemic
events, and three patients (2.0 %) in the placebo group
experienced a total of three severe confirmed hypoglycemic
events; there were no very severe confirmed hypoglycemic
events. Two patients in the saxagliptin group died during the
study. One patient died of a presumed myocardial infarction
during the short-term phase, and one patient died owing to
atherosclerotic gangrene of the small intestine in the long-
term phase; both deaths were deemed unrelated to
saxagliptin treatment.
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Repeated measures analysis revealed a small mean
increase in body weight from baseline to week 52 in both
the saxagliptin (0.80 kg) and placebo (0.50 kg) groups
(between-group mean difference, 0.30 kg [95 % CI —0.25
to 0.85]). This corresponded with small increases in BMI at
week 52 in the saxagliptin (0.31 kg/m?) and placebo
(0.18 kg/m?) groups, with a between-group mean differ-
ence of 0.13 kg/m2 95 % CI —0.08 to 0.33).

4 Discussion

The present study evaluated the long-term safety and effi-
cacy of saxagliptin as add-on to existing therapy in patients
with inadequate glycemic control on stable doses of insu-
lin, with or without concomitant use of metformin. Because
they have a low risk of hypoglycemia and weight gain,
DPP-4 inhibitors may achieve better overall outcomes as
add-on therapy to insulin than escalating the dosage of
insulin monotherapy. Short-term, placebo-controlled stud-
ies with sitagliptin, alogliptin, and vildagliptin have dem-
onstrated similar results to saxagliptin [14—16]. As might
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Table 3 Patients with adverse events [n (%)]
Adverse event All patients INS + MET INS alone
SAXA PBO + INS SAXA PBO + INS SAXA PBO + INS
5 mg + INS (n = 151) 5 mg + INS (n = 105) 5 mg + INS (n = 46)
(n = 304) (n = 209) (n =95)
General AEs
>1 AE 202 (66.4) 108 (71.5) 141 (67.5) 76 (72.4) 61 (64.2) 32 (69.6)
>1 treatment-related AE 56 (18.4) 34 (22.5) 35 (16.7) 21 (20.0) 21 (22.1) 13 (28.3)
>1 SAE 25 (8.2) 13 (8.6) 16 (7.7) 10 (9.5) 9 (9.5) 3 (6.5)
>1 treatment-related SAE 3 (1.0) 0 1(0.5) 0 221 0
Discontinuations due to AEs 9 (3.0) 3 (2.0 6 (2.9) 2 (1.9 33.2) 1(2.2)
Discontinuations due to SAEs 4 (1.3) 0 2 (1.0) 0 221 0
Deaths 2 (0.7) 0 1 (0.5) 0 1(1.1) 0
AEs occurring in >5 % of patients®
Urinary tract infection 24 (7.9) 12 (7.9) 17 (8.1) 11 (10.5) 7 (7.4) 1(2.2)
Nasopharyngitis 19 (6.3) 10 (6.6) 13 (6.2) 9 (8.6) 6 (6.3) 1(2.2)
Upper respiratory tract infection 19 (6.3) 11 (7.3) 13 (6.2) 6 (5.7) 6 (6.3) 5(10.9)
Headache 18 (5.9) 6 (4.0 13 (6.2) 5 (4.8) 5(.3) 1(2.2)
Bronchitis 16 (5.3) 5@3.3) 12 (5.7) 5 (4.8) 44.2) 0
Pharyngitis 11 (3.6) 8 (5.3) 8 (3.8) 5 (4.8) 3(3.2) 3 (6.5)
Influenza 10 (3.3) 14 (9.3) 7 (3.3) 12 (11.4) 3(3.2) 2 (4.3)
Hypertension 9 (3.0) 8 (5.3) 52.4) 4 (3.8) 4 (4.2) 4 (8.7)
Pain in extremity 7(2.3) 10 (6.6) 4 (1.9 8 (7.6) 332 2 (4.3)
Hypoglycemia
Reported 69 (22.7) 40 (26.5) 47 (22.5) 25 (23.8) 22 (23.2) 15 (32.6)
Confirmed® 23 (7.6) 10 (6.6) 15 (7.2) 5 (4.8) 8 (84 5 (10.9)

AE adverse event, INS insulin, MET metformin, PBO placebo, SAE serious adverse event, SAXA saxagliptin

 In either treatment group, excluding hypoglycemia

° Fingerstick glucose <50 mg/dL (<2.77 mmol/L) in a patient with associated symptoms

be expected in patients with T2DM, the majority of
patients in our study were overweight, with a mean weight
>87 kg and mean BMI >32 kg/mz. The study population
was diverse, representing a range of ages (18-77 years),
duration of T2DM (0.2-36.8 years), and daily doses of
background insulin (19-150 U).

Over 52 weeks, saxagliptin produced sustained improve-
ments in mean HbA,. and was associated with a higher
rate of therapeutic response (HbA;. <7 %) compared
with placebo. Changes from baseline were only
slightly smaller than those observed at week 24, indicating
good durability [13]. This is notable given the flexible
background dosing of insulin during the 28-week extension
phase, which might be expected to reduce any between-
group differences in glycemic control. Although insulin
dosage increased slightly over time (approximately 5-6 U
at week 52) in both treatment groups, the incidence of
confirmed hypoglycemia was 7.6 % with saxagliptin (7.2 %
with concomitant metformin, 8.4 % without metformin)
and 6.6 % with placebo (4.8 % with concomitant metfor-
min, 10.9 % without metformin). Moreover, the addition of

saxagliptin or placebo to insulin therapy did not result in
clinically relevant increases in weight. In contrast, a recent
52-week trial of several types of insulin, in which patients
inadequately controlled on basal insulin received supple-
mental bolus pre- or postmeal insulin, showed a much
higher incidence of severe hypoglycemia (17.5-20.8 %)
and substantially more weight gain (adjusted mean weight
change from baseline of +4.66 to +5.53 kg) [17].

The types and incidences of AEs (including infection-
related AEs) [18-20] were generally comparable for
saxagliptin and placebo, with or without concomitant
metformin. Although metformin has been associated with
gastrointestinal AEs [21], the incidence of such AEs in the
present study was relatively low in patients receiving
metformin plus insulin. The requirement that eligible
patients be receiving metformin at stable doses for a min-
imum of 8 weeks before study entry may have resulted in
the inclusion of patients better able to tolerate metformin in
the study population.

These results extend the findings of previously pub-
lished, shorter-duration studies (i.e., 24-26 weeks) that
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demonstrated that DPP-4 inhibitor add-on therapy to
insulin improves glycemic control versus placebo add-on
therapy in patients with T2DM [14-16]. To date, long-term
data in this population are sparse, with 52-week findings
reported only for the vildagliptin add-on therapy to insulin
study, in which the 24-week placebo-controlled core phase
was followed with a 28-week uncontrolled extension
phase. In that study, improvements in glycemic control
achieved with vildagliptin in the core phase were main-
tained in the extension phase, and glycemic control for
patients who had received placebo in the core phase
improved when patients were switched to vildagliptin in
the extension phase [22]. Thus, the current study findings
help establish the long-term outcomes of DPP-4 inhibitor
add-on therapy to insulin compared with placebo.

4.1 Study Limitations

In this long-term extension study, flexible dosing of insulin
allowed for assessment of the differences between saxag-
liptin and placebo under conditions that reflect ordinary
clinical practice. Although flexible dosing of insulin limits
the formal comparison of saxagliptin versus placebo as
add-on to insulin with or without metformin, the consis-
tency of the efficacy data from week 24 to week 52,
without a disproportional increase in the mean total daily
dose of insulin in the saxagliptin group versus the placebo
group, implies a degree of robustness in the efficacy data.
Approximately 80 % of patients in the combined treatment
groups had available glycemic measurements at week 52.
Statistical analyses used to compare mean changes between
treatment groups assumed that unobserved glycemic mea-
surements in patients who previously discontinued could be
inferred using available pre-rescue values of these patients,
along with observed values in the remaining patients. With
approximately 20 % of patients having missing measure-
ments at week 76, the estimates and P values are dependent
on this assumption. In addition, P values associated with
these comparisons were not prospectively specified or
adjusted for multiplicity. For these reasons, the results of
the long-term glycemic parameter analyses should be
interpreted with a level of caution.

5 Conclusions

Over a 52-week period, saxagliptin 5 mg as add-on therapy
to insulin with or without metformin improved glycemic
control in patients with T2DM to an extent similar to that
observed during the core phase, indicating good durability
of effect. The risk of hypoglycemia with saxagliptin add-on
therapy was similar to that with placebo, and both treat-
ment groups had only small numerical increases in body
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weight. Incidence rates for AEs, SAEs, and discontinua-
tions due to AEs were similar in patients receiving
saxagliptin 5 mg or placebo as add-on therapy, reflecting
that saxagliptin was well-tolerated as add-on therapy to
insulin in this long-term study.
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