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ABSTRACT

Introduction: This meta-analysis of data from
14 phase 2 and 3, double-blind, randomized,
controlled 12- and 24-week studies (N = 4632)
summarizes saxagliptin efficacy in patients with
type 2 diabetes (T2D) across treatment
regimens.

Methods: Patients received saxagliptin 5 mg/d
or control as either monotherapy (n = 1196 vs
placebo), add-on therapy (n = 2139 vs placebo
and n = 514 vs uptitrated sulfonylurea), or ini-
tial combination therapy (n = 619 vs control
monotherapy). Patients with renal impairment
received saxagliptin 2.5 mg/d or placebo (n =
164).
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Results: Mean baseline glycated hemoglobin
(A1C) ranged from 8.07% to 9.43% for the
saxagliptin and control groups across treatment
regimens. A1C reduction from baseline was
greater with saxagliptin versus control for all
studies combined (mean treatment difference
[95% CI]: -0.55% [-0.63%, -0.47%]) and when
used as monotherapy (-0.52% [-0.63, -0.40%)]),
add-on (-0.55% [-0.69%, —0.40%] vs placebo;
-0.72% [-0.88%, -0.56%] vs uptitrated sul-
fonylurea), initial combination therapy (-0.54%
[-0.73%, —0.35%] vs control monotherapy), and
in patients with renal impairment (-0.42%
[-0.75%, -0.09%]). Similar reductions in A1C
versus control were noted for patients <65 years
(-0.55% [-0.67%, -0.43%]) and =65 years
(-0.54% [-0.69%, —0.38%]) and for men (-0.54%
[-0.69%, -0.40%]) and women (-0.55%
[-0.64%, —-0.47%]) across treatment regimens.
More patients achieved A1C <7% (39% vs 23%)
and A1C <6.5% (24% vs 14%) with saxagliptin
than with placebo or active-control treatment.
Saxagliptin versus control was associated with a
reduction in glucagon area under the curve
(AUC) from baseline and increases in insulin
AUC, C-peptide AUC, and the homeostasis
model assessment of B-cell function.
Conclusion: Results of this meta-analysis
demonstrate the consistency of saxagliptin
efficacy in different subgroups of patients with
T2D across treatment regimens.
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INTRODUCTION

Diabetes is a global health problem, and although
recent US trends suggest that the prevalence of
diabetes has stabilized [1], global projections
indicate that the number of individuals with dia-
betes is set to grow substantially in the coming
years [2]. Globally, in 2015, 415 million adults
aged 20-79 years had diabetes, and by 2040 that
number is expected to increase to 642 million [3].
Regional increases in diabetes prevalence of 19 to
141% are expected among adults in Europe (19%),
North America and the Caribbean (37%), the
Western Pacific (41%), South and Central America
(65%), South-East Asia (79%), the Middle East and
North Africa (104%), and Africa (141%) [3]. The
prevalence of diabetes is expected to increase
across all income levels and age groups [2].

The progressive nature of type 2 diabetes (T2D)
[4] necessitates the use of more than one glu-
cose-lowering agent in many individuals with
diabetes in order to achieve glycemic control [5].
Current diabetes treatment guidelines recom-
mend an individualized stepwise approach with
sequential addition of single oral glucose-lowering
agents for patients who do not achieve their gly-
cemic goal within 3 months [3, 5, 6]. The selection
of a glucose-lowering agent should take into con-
sideration numerous factors such as efficacy,
potential side effects, weight profile, hypo-
glycemia risk, cost, patient preference, and
comorbidities [5, 6]. Of these factors, comorbidi-
ties associated with diabetes such as hypercholes-
terolemia, hypertension, and obesity are
associated with marked morbidity and mortality
among patients [7]. Among patients with T2D, the
prevalence is >60% for each of elevated low-den-
sity lipoprotein (LDL), hypertension, and obesity
[7]. In addition to increased cardiovascular (CV)
morbidity, CV disease (CVD) is a leading cause of
death in patients with diabetes and accounts for
>50% of deaths in patients with T2D [8]. Mortality
from heart disease is 2—4 times greater for patients
with T2D compared to patients without diabetes
[7]. The consequences of diabetes comorbidities

are grave, yet the achievement of glycemic, blood
pressure, and lipid treatment goals remains sub-
optimal in patients with T2D, especially in some
minority groups (e.g., Mexican Americans and
non-Hispanic blacks) [9].

Intensive glucose control early in the course
of T2D has been associated with reductions in
microvascular complications [10, 11], and, over
the long-term, risk reductions in some
macrovascular complications have also been
reported [11, 12]. The results of large CV out-
comes trials for newer classes of glucose-lower-
ing agents have shown a CV benefit
(empagliflozin [13], a sodium-glucose cotrans-
porter-2  inhibitor; liraglutide [14] and
semaglutide [15], glucagon-like peptide-1
(GLP-1) receptor agonists) or no increased CV
risk (lixisenatide [16], a GLP-1 receptor agonist;
alogliptin [17], sitagliptin [18], and saxagliptin
[19], dipeptidyl peptidase-4 (DPP-4) inhibitors).
Although no evidence of increased CV harm
(neutral results for composite end points of
major CV events and extended major CV
events, including hospitalization for heart fail-
ure) has been observed, an increase in hospi-
talization for heart failure was observed in the
CV outcomes trial for saxagliptin (the Sax-
agliptin Assessment of Vascular Outcomes
Recorded in Patients with Diabetes-Melli-
tus-Thombolysis in Myocardial Infarction 53
(SAVOR-TIMI 53) trial [19]) and in patients
without a history of heart failure in a separate
post hoc subanalysis of the CV outcomes trial
for alogliptin (Examination of CV Outcomes
With Alogliptin Versus Standard Care [17, 20]).

Therapies that have favorable or neutral
metabolic effects in addition to glucose-lower-
ing properties are needed. Saxagliptin is an
orally active, selective, and competitive DPP-4
inhibitor indicated for the treatment of T2D as
an adjunct to diet and exercise to improve gly-
cemic control [21]. Inhibition of DPP-4 prevents
the degradation of GLP-1 and glucose-depen-
dent insulinotropic polypeptide (GIP), two gas-
trointestinal-derived hormones that play major
roles in blood glucose control [22]. In individual
trials, saxagliptin has demonstrated efficacy and
safety as a monotherapy and an add-on com-
bination therapy in patients with T2D [23-29].
Additionally, saxagliptin demonstrated a
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favorable safety and tolerability profile in
patients with T2D >65 years of age when sax-
agliptin was used as a monotherapy or add-on
therapy [30-33]. A pooled analysis of 20 ran-
domized controlled studies demonstrated the
safety and tolerability of saxagliptin when used
as a monotherapy or add-on therapy; however,
this pooled analysis did not examine efficacy
[34]. The present paper reports a meta-analysis
of data from 14 phase 2 and 3, double-blind,
randomized, controlled trials that evaluated the
efficacy of saxagliptin in relation to glycemic
and metabolic end points in patients with T2D
across treatment regimens.

METHODS

Study Design

This analysis included data from 14 phase 2 and
3, 12- and 24-week, double-blind, randomized,
controlled studies (N = 4632) examining sax-
agliptin 5 mg/d (or 2.5 mg/d in individuals with
moderate [creatinine clearance 30 to <50 mlL/
min], severe [creatinine clearance <30 mL/min,
not receiving dialysis], or end-stage [hemodialy-
sis-dependent| renal impairment) for the treat-
ment of patients with T2D and inadequate
glycemic control (Table 1) [23, 24, 26-28, 35-43].
This analysis included 13 studies from the previ-
ously published pooled safety analysis [34] and
one more recent study. Seven studies used in the
pooled safety analysis were excluded from our
meta-analysis because they were either less than
12 weeks in duration, used an active comparator,
or they used uptitration of metformin as a con-
trol. In the studies included in this meta-analysis,
all procedures followed were in accordance with
the ethical standards of the responsible commit-
tee on human experimentation (institutional and
national) and with the Declaration of Helsinki
(1964). Informed consent was obtained from all
patients before they were included in the studies.

Outcome Measures

The principal glycemic efficacy end points were
mean change in glycated hemoglobin (A1C) from

baseline and the percentage of patients achieving
A1C targets of <7% and <6.5%. Other glycemic
end points that were assessed included mean
change from baseline in fasting plasma glucose
(FPG), insulin, C-peptide, and glucagon plasma
concentrations; area under the curve (AUC) dur-
ing an oral glucose test for postprandial glucose
(PPG), insulin, C-peptide, and glucagon; and
mean change from baseline in homeostasis model
assessment of B-cell function (HOMA-2%p) and
HOMA-2 insulin resistance (IR). Metabolic effi-
cacy end points that were assessed included mean
change from baseline in body weight, waist cir-
cumference, and body mass index (BMI); mean
change from baseline in systolic and diastolic
blood pressure; and mean percent change from
baseline in fasting lipids (total cholesterol, LDL
cholesterol, high-density lipoprotein [HDL]
cholesterol, triglycerides, and free fatty acids).

Statistical Analysis

Baseline was defined as the last assessment on or
before the date of the first dose of the double-blind
study medication. The difference between sax-
agliptin and the comparator in change or per-
centage change from baseline mean (95% CI) for
each study was determined using an analysis of
covariance (ANCOVA) model with treatment
group as an effect and baseline value as the
covariate. The analyses were performed on the full
analysis set, consisting of all randomized patients
who had both a baseline and at least one pos-
trandomization measurement included in the
analysis. If no end-of-study measurement was
available, the last available earlier postbaseline
measurement (last observation carried forward,
LOCF) method was applied. For patients who
started rescue medication before the end of the
study, their last postbaseline measurement taken
before the date of the first dose of rescue medica-
tion was used (prior to rescue). When studies were
pooled, the change from baseline mean (95% CI)
difference between saxagliptin and control for all
continuous data glycemic and metabolic end
points was determined using Review Manager 5.3
software (RevMan, Cochrane, London, UK). For
dichotomous data, the treatment differences in
the proportions of patients achieving A1C targets
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Table 1 Trial characteristics

Study identifier Design® A1C inclusion Patients in
criteria, % analysis, #
CV181008 [35] Monotherapy, treatment-naive” 6.8-9.7 104
CV181011 [24] Monotherapy, treatment-naive 7.0-10.0 195
CV181038 [23] Monotherapy, treatment-naive 7.0-10.0 137
CV181063 [36] Monotherapy, treatment-naive 7.0-10.0 551
CV181082 [37] Monotherapy, treatment-naive 7.0-10.0 209
CV181057 [38] Add-on to INS+MET 75-11.0 449
CV181014 [39] Add-on to MET 7.0-10.0 361
CV181080 [40] Add-on to MET" 7.0-10.0 158
CV181064 [41] Add-on to MET 7.0-10.0 554
CV181117 [26] Add-on to MET+SU 7.0-10.0 254
CV181013 [27] Add-on to TZD 7.0-10.5 363
CV181040 [42] Add-on to SU vs SU 7.5-10.0 514
CV181039 [28] Initial combination therapy vs monotherapy 8.0-12.0 619
CV181062 [43] Renal impairment, add-on to existing 7.0-11.0 164
therapyb’d
Total number of patients, N 4638

AIC glycated hemoglobin, BID twice daily, INS insulin, MET metformin, SU sulfonylurea, 7ZD thiazolidinedione
* All trials were 24 weeks in duration and the dose of saxagliptin dose was 5 mg/d unless otherwise noted

® Trial duration was 12 weeks
¢ Saxagliptin dose was 2.5 mg BID
d Saxagliptin dose was 2.5 mg/d

of <7 and <6.5% (expressed as percentages) for
saxagliptin and control were determined using
RevMan. Between-treatment differences in study
endpoints were analyzed using a random effects
method where the weight assigned to each study
was the inverse of the variance of the effect esti-
mate. Thus, in general, larger studies were given
more weight than smaller studies.

RESULTS

Study Characteristics

This analysis included 14 phase 2 or 3 studies
(Table 1) that evaluated saxagliptin 5 mg/d or
control as either monotherapy (n = 1196; 5

studies), add-on therapy (n = 2139 vs placebo
and n = 514 vs uptitrated sulfonylurea; 6 studies
and 1 study, respectively), or initial combina-
tion therapy (n = 619 vs control monotherapy; 1
study); or, for patients with renal impairment,
saxagliptin 2.5 mg/d or placebo (n = 164; 1
study). All studies were 12 or 24 weeks in dura-
tion. Data from all 14 trials were included in the
analysis of change from baseline in A1C; avail-
ability of data per study varied for all other end
points.

Mean (SD) baseline A1C levels for saxagliptin
and control were 8.12% (0.9%) and 8.07%
(0.9%) for monotherapy versus placebo, 8.26%
(1.0%) and 8.15% (0.9%) for add-on versus
placebo, 8.26% (0.8%) and 8.15% (0.9%) for
add-on versus uptitrated sulfonylurea, 9.41%
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(1.3%) and 9.43% (1.3%) for initial combina-
tion therapy versus control monotherapy, and
8.45% (1.2%) and 8.09% (1.1%) for saxagliptin
versus placebo in patients with renal impair-
ment (Fig. 1).

Glycemic Outcomes

For all 14 studies combined, the reduction from
baseline in A1C was greater with saxagliptin
versus control (mean treatment difference [95%
CI] -0.55% [-0.63%, -0.47%]; Fig.1). Large
reductions in A1C were observed whether sax-
agliptin was used as a monotherapy versus pla-
cebo (-0.52% [-0.63%, —0.40%]; 5 studies) or as
an add-on versus placebo (-0.55% [-0.69%,
—0.40%]; 6 studies). Marked reductions in A1C
from baseline were also observed whether sax-
agliptin was used as an add-on versus uptitrated
sulfonylurea (-0.72% [-0.88%, -0.56%]; 1

study) or as an initial combination therapy
versus control monotherapy (-0.54% [-0.73%,
-0.35%]; 1 study). Large reductions in A1C with
saxagliptin versus placebo were also noted in
patients with renal impairment (-0.42%
[-0.75%, —0.09%]; 1 study). Similar treatment
effects were observed across subgroups of age,
sex, and geographical region (Figs. S1-S3 in the
Electronic supplementary material, ESM).
Reductions from baseline in A1C favored sax-
agliptin versus control for patients <65 years of
age (-0.55% [-0.67%, -0.43%]; 9 studies),
patients >65years of age (0.54% [-0.69%
[-0.69%, -0.38%]; 10 studies), men (-0.54%
[-0.69%, -0.40%]; 10 studies), and women
(=0.55% [-0.64%, —0.47%]; 10 studies). The A1C
reduction from baseline was generally similar
across geographical regions of North America,
Europe, Latin America, and Asia. A smaller
reduction from baseline in A1C was observed

SAXA,5mg SAXA,5mg CTL CTL Mean treatment Mean treatment
Mean Mean change Mean Mean change difference in change difference in change
baseline frombaseline baseline from baseline from baseline (A1C, %) from baseline (A1C, %)
Study A1C,%  (SD), % N A1C, % (SD),% N IV, Random, 95% CI IV, Random, 95% CI
Monotherapy (CV181008[35]) 8.05 -0.90(0.91) 42 792 -027(087) 62 —— -0.63 (-0.98,-0.28)
Monotherapy (CV181011[24]) 798 -0.46(1.01) 103 7.88 0.19(0.96) 92 ——o—— -0.65 (-0.93,-0.37)
Monotherapy (CV181038[23]) 793 -0.66(0.85) 69 779 -0.26(0.85) 68 —_— -0.40 (-0.68, -0.12)
Monotherapy (CV181063[36)]) 815 -0.84(1.12) 277 8.14 -0.34(1.08) 274 — -0.50 (-0.68, -0.32)
Monotherapy (CV181082[37]) 8.33 -0.51(1.01) 104 8.33 -0.05(1.00) 105 —_— -0.46 (-0.73,-0.19)
Overall pooled 8.12 595 8.07 601 * -0.52 (-0.63, -0.40)
Add-on to INS+MET (CV181057[38]) 8.67 -0.73(0.94) 300 8.66 -0.32(0.90) 149 —— -0.41(-0.59, -0.23)
Add-on to MET (CV181014[39)) 8.07 -0.69(0.95 186 8.06 0.13(0.94) 175 —e— -0.82 (-1.02,-0.62)
Add-on to MET (CV181080[40)) 792 -056(0.77) 74 797 -0.22(0.77) 84 — -0.34 (-0.58,-0.10)
Add-on to MET (CV181064[41)) 790 -0.78(0.85) 275 794  -0.37(0.84) 279 — -0.41 (-0.55,-0.27)
Add-on to MET+SU (CV181117[26]) 8.37 -0.74(0.85) 127 8.17  -0.08(0.83) 127 — -0.66 (-0.87,-0.45)
Add-on to TZD (CV181013[27]) 8.35 -0.94(1.01) 183 8.19 -0.30(1.02) 180 —_— -0.64 (-0.85, -0.43)
Overall pooled 8.26 1145 8.15 994 * -0.55 (-0.69, -0.40)
Add-on vs SU (CV181040[42)) 8.48 -0.64(0.93) 250 8.44 0.08 (0.93) 264 — -0.72 (-0.88, -0.56)
Initial combo vs MET 941 -2.53(1.22) 306 943 -1.99(1.22) 313 — -0.54 (-0.73,-0.35)
monotherapy (CV181039[28])
Renal impairment (CV181062[43]) 845 -0.86(1.03) 81 8.09 -044(1.11) 83 —_—— -0.42 (-0.75, -0.09)
Total 2377 2255 * -0.55 (-0.63, -0.47)
T T T 1
-1.0 -0.5 0.0 0.5 1.0
Favors SAXA Favors CTL

Fig. 1 Mean treatment difference in change in A1C from baseline across treatment regimens. 41C glycated hemoglobin,
CTL control, INS insulin, IV inverse variance, MET metformin, SAXA saxagliptin, SU sulfonylurea, 7ZD thiazolidinedione
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Fig. 2 Percentages of patients who achieved a A1C <7% and b A1C <6.5%. CTL control, INS insulin, IV inverse variance,
MET metformin, SAXA saxagliptin, SU sulfonylurea, 7ZD thiazolidinedione

for Africa; however, data were limited to a single
add-on to insulin trial.

Across the combined studies, patients treated
with saxagliptin were more likely to achieve
A1C <7% (39% vs 23%; treatment difference
[95% CI] 0.16 [0.13, 0.19]; 13 studies) and A1C
<6.5% (24% vs 14%; treatment difference [95%
CI] 0.10 [0.07, 0.13]; 10 studies) versus control,
with similar effects obtained when saxagliptin
was used as a monotherapy or add-on therapy
(Fig. 2a, b). The percentage of patients achiev-
ing A1C <7% was greater with saxagliptin

whether it was used as a monotherapy versus
placebo (40% vs 25%), an add-on versus placebo
(36% vs 21%), an add-on versus uptitrated sul-
fonylurea (23% vs 9.1%), or as initial combina-
tion therapy versus control monotherapy (60%
vs 41%). Similarly, the percentage of patients
achieving A1C <6.5% was greater with sax-
agliptin monotherapy versus placebo (22% vs
14%), add-on versus placebo (22% vs 10%),
add-on versus uptitrated sulfonylurea (10% vs
4.5%), and initial combination therapy versus
control monotherapy (45% vs 29%).
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Table 2 Effect estimates for mean treatment differences in glycemic efficacy end-point changes from baseline for saxagliptin

versus control in adults with T2D

Outcome Baseline Saxagliptin, Baseline Control, Studies, Mean treatment 95% CI
saxagliptin  # control n difference® IV,
random

FPG, mg/dL 170.65 2319 170.09 2188 13 -12.89 -15.82, -9.97

PPG AUC, 46,370 1235 46,684 1068 10 —4.67 -6.03, -3.30
g min/dL

Fasting insulin, 11.74 1867 11.66 1839 11 -0.15 -0.65, 0.35
uU/mL

Insulin AUC, 5576.7 838 5783.2 809 8 1.14 0.65, 1.63
mU min/mL

Fasting C-peptide, 2.87 1859 2.92 1708 10 -0.01 -0.09, 0.06
ng/mL

C—peptide AUC, 936.5 942 936.9 822 8 82.23 33.73, 130.74
ng min/mL

Glucagon, pg/mL  73.66 1747 71.65 1597 10 -2.22 -3.92, -0.52

Glucagon AUC, 14,896 1035 14,564 860 8 -0.93 -1.28, -0.58
ng min/mL

HOMA-2%, % 61.41 1699 60.78 1640 10 7.55 5.32, 9.78

HOMA-2 IR, % 3.17 1109 3.18 1099 7 -0.14 -0.24, -0.04

AUC area under the curve, FPG fasting plasma glucose, HOMA homeostasis model assessment of B-cell function, IR insulin
resistance, /V inverse variance, PPG postprandial glucose; T2D type 2 diabetes

* Mean treatment difference in change from baseline for saxagliptin versus control

The reduction from baseline in FPG was
greater with saxagliptin versus control across
the combined studies (mean treatment differ-
ence [95% CI] -12.89 mg/dL [-15.82, -9.97]; 13
studies, Table 2). Likewise, a greater reduction
from baseline in PPG AUC was observed with
saxagliptin versus control across 10 studies
(mean treatment difference [95%  CI]
-4.67 g min/dL [-6.03, -3.30]; Table 2).

No difference was observed for change from
baseline in fasting insulin between saxagliptin
versus control (mean treatment difference [95%
CI] -0.15 pU/mL [-0.65, 0.35]; 11 studies),
whereas there was a modest increase from
baseline in insulin AUC with saxagliptin versus
control (mean treatment difference [95% CI]
1.14 mU min/mL [0.65, 1.63]; 8 studies,
Table 2). Results for C-peptide paralleled those
observed for insulin, with no clinically

meaningful differences observed for change
from baseline in fasting C-peptide and an
increase from baseline in C-peptide AUC with
saxagliptin versus control.

The reduction from baseline in fasting glu-
cagon was greater with saxagliptin versus pla-
cebo across 10 studies combined (mean
treatment difference [95% CI] -2.22 pg/mL
[-3.92, -0.52]). Similarly, a greater reduction
from baseline in glucagon AUC was observed
with saxagliptin versus control across eight
studies (mean treatment difference [95% CI]
-0.93 ng min/mL [-1.28, —-0.58], Table 2).

B-Cell function, calculated via the change
from baseline in HOMA-2%p, improved with
saxagliptin versus control (mean treatment dif-
ference [95% CI] 7.55% [5.32%, 9.78%]; 10
studies). The change from baseline in HOMA-2
IR indicated a slight reduction in insulin
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Table 3 Total effect estimates for mean treatment differences in weight and blood pressure end-point changes from
baseline for saxagliptin versus control in adults with T2D

Parameter Baseline Saxagliptin, Baseline Control, Studies, Mean treatment 95% CI
saxagliptin  » control # n difference® IV, random
Body weight, kg 79.64 2195 7893 2064 12 0.39 0.14, 0.64
Waist 97.06 1720 97.93 1727 11 0.31 -0.06, 0.69
circumference,
cm
BM]I, kg/m2 29.31 2121 29.03 1980 11 0.17 0.06, 0.28
Blood pressure
Systolic, nmHg  128.8 1934 129.1 1720 14 -0.19 -1.07, 0.68
Diastolic, 79.3 1934 794 1720 14 0.09 -0.45, 0.64
mmHg

IV inverse variance, 72D type 2 diabetes

* Mean treatment difference in change from baseline for saxagliptin versus control

Table 4 Total effect estimates for mean treatment differences in lipid end-point percentage changes from baseline for
saxagliptin versus control in adults with T2D

Parameter Baseline Saxagliptin, Baseline Control, Studies, Mean treatment 95% CI
saxagliptin n control n n difference® 1V,
random

Total cholesterol, 194.65 1617 194.41 1616 10 -1.47 -2.62,
mg/dL -0.33

LDL cholesterol, 112.98 1471 112.88 1473 10 -0.73 -2.75,
mg/dL 129

HDL cholesterol, 45.36 1616 4471 1616 10 -1.74 -2.92,
mg/dL -0.57

Fasting 192.75 1617 201.80 1615 10 -4.08 -7.30,
triglycerides, -0.85
mg/dL

Free fatty acids, 0.53 957 0.54 962 7 -2.53 -8.19,
mg/dL 3.13

HDL high-density lipoprotein, IV inverse variance, LDL low-density lipoprotein, 72D type-2 diabetes

* Mean treatment difference in percentage change from baseline for saxagliptin versus control
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resistance with saxagliptin versus control (mean
treatment difference [95% CI] -0.14% [-0.24%,
-0.04%]; 7 studies, Table 2).

Metabolic (Weight, Blood Pressure,
and Lipid) Outcomes

No clinically meaningful effects were observed
for change from baseline in body weight (mean
treatment difference [95% CI] 0.39 [0.14, 0.64]
kg; 12 studies), waist circumference (0.31
[-0.06, 0.69] cm; 11 studies), or BMI (0.17 [0.06,
0.28] kg/m?; 11 studies) with saxagliptin versus
control (Table 3). Changes from baseline in
systolic (mean treatment difference [95% CI]
-0.19 [-1.07, 0.68] mmHg; 14 studies) and
diastolic (0.09 [-0.45, 0.64] mmHg; 14 studies)
blood pressure were similar with saxagliptin and
control (Table 3).

Modest reductions in percentage change
from baseline in total cholesterol (mean
treatment difference [95% CI] -1.47% [-2.62%,
-0.33%]; 10 studies), HDL cholesterol (-1.74%,
-2.92%, -0.57%]; 10 studies), and fasting
triglycerides (—4.08% [-7.30% to -0.85%]; 10
studies) were observed, along with tendencies
for small reductions in LDL cholesterol
(-0.73% [-2.75% to 1.29%]; 10 studies) and
free fatty acid (-2.53% [-8.19% to 3.13%]; 7
studies) with saxagliptin versus control
(Table 4).

DISCUSSION

These analyses demonstrate that the efficacy of
saxagliptin is consistent, whether given as a
monotherapy, add-on therapy, or initial com-
bination therapy. The effects are likewise con-
sistent in patients with renal impairment,
regardless of age and sex, and in different geo-
graphic regions. Patients with T2D were more
likely to achieve therapeutic glycemic goals of
either A1C <7% or <6.5% with saxagliptin than
with controls. Patients experienced greater
mean reductions in A1C, FPG, PPG, and gluca-
gon, as well as greater mean increases in post-
prandial insulin secretion and C-peptide levels.
There were improvements in B-cell function as
assessed by HOMA-2%p.

Saxagliptin prevents the degradation of
incretins by inhibiting DPP-4. Incretins play a
major role in glucose control, with as much as
70% of postprandial insulin secretion mediated
by the incretins GIP and GLP-1 [44]. After eat-
ing, patients experience a rapid and transient
increase in GIP and GLP-1, with degradation by
DPP-4 within minutes of secretion [45-47].
Saxagliptin at doses of 2.5-400mg inhibits
plasma DPP-4 activity by 50-79% at 24 h [48].
Consequently, at the recommended dose of
5mg/d in patients with T2D, GIP and GLP-1
concentrations are at least twofold more than
baseline [48, 49]. The incretin effects of sax-
agliptin have been demonstrated as improve-
ments in FPG, PPG, and glucose disposal
through a combination of increased fasting and
postprandial insulin secretion and a reduction
in postprandial glucagon secretion in patients
with T2D [49]. Our analysis demonstrated an
increase in insulin AUC and C-peptide AUC and
reductions in fasting and postprandial glucagon
secretion. Although we did not see an increase
in fasting insulin or fasting C-peptide, treat-
ment with saxagliptin was associated with sig-
nificant reductions in both FPG and PPG.

In addition to improving glucoregulatory
hormonal secretion, DPP-4 inhibition may also
be associated with protective and/or restorative
effects on B-cell function. Preclinical studies
using a high-fat diet-fed, streptozotocin-in-
duced mouse model of diabetes have shown
that saxagliptin has beneficial effects on B-cell
mass and islet cell morphology [50], with clin-
ical studies also demonstrating small positive
effects on B-cell function. After a median 2-year
follow-up, treatment with saxagliptin was asso-
ciated with preservation of f-cell function,
assessed by HOMA-2%p, whereas treatment
with placebo was associated with a decline in
B-cell function in patients with a history of T2D
and CVD who participated in the SAVOR-TIMI
53 trial (N = 16,492) [19, 51]. These positive
effects on pancreatic B-cells may explain the
small improvements in HOMA-2%[ observed in
this study.

The results presented here are similar to a
meta-analysis of 16 randomized, controlled
studies >12 weeks in duration that examined
the efficacy of DPP-4 inhibitors, including
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saxagliptin, compared with placebo in adults
with T2D [52]. The reduction from baseline in
A1C was greater with DPP-4 inhibitors versus
placebo (weighted mean difference [95% CI]
-0.74% [-0.85%, -0.62%]; 16 studies), with
similar efficacies observed when used as a
monotherapy or add-on therapy [52]. The
magnitude of A1C reduction in the current
analysis with saxagliptin (-0.55% [ -0.63%,
—-0.47%]) was slightly lower than that obtained
with either vildagliptin (-0.73% [-0.94%,
-0.52%]; 9 studies) or sitagliptin (-0.74%
[-0.84%, -0.63%]; 7 studies), but this may be
explained by differences in clinical study
design, such as baseline A1C, T2D duration,
concomitant glucose-lowering agents, study
duration, run-in period, and washout [52].
Similar to the analyses reported here for sax-
agliptin, a greater percentage of patients
achieved A1C <7% (43% vs 17%; 9 studies) and
there was a greater reduction in FPG (weighted
mean difference, -18 [-22, -14] mg/dL; 15
studies) with DPP-4 inhibitors versus placebo.
Neutral effects of DPP-4 inhibitors versus pla-
cebo on nonglycemic parameters such as body
weight and lipids were also observed [52]. These
neutral effects on weight and lipids are consis-
tent with our meta-analysis. Weight neutrality
is a desirable attribute for a glucose-lowering
agent, given the association of obesity with
CVD morbidity and mortality.

In addition to efficacy, the safety and
risk-benefit profiles of glucose-lowering agents
are important considerations when selecting
appropriate therapies for patients. This report
does not include a safety analysis because a
previously published pooled analysis of 20 ran-
domized controlled studies, including 13 of the
studies in the current meta-analysis, demon-
strated the safety and tolerability of saxagliptin
when used as a monotherapy or add-on therapy
[34]. Analysis of these 20 studies found that the
incidence rates (per 100 patient-years) of serious
adverse events (saxagliptin, 7.3; control, 7.2)
and discontinuations due to adverse events
(saxagliptin, 4.2; control, 3.9) with saxigliptin
were similar to those obtained with the control,
and were consistent irrespective of age and sex.

Compared with the controls, premature dis-
continuation rates with saxagliptin were similar
in eight studies, higher in three studies, and
lower in nine studies [34].

The limitations of our analyses are the small
number of studies in some treatment regimens
and the inclusion of only a single study for
some treatment regimen categories. Because
these analyses were limited to studies 12 or
24 weeks in duration, the durability of the effi-
cacy of saxagliptin could not be evaluated.
However, the long-term efficacy of saxagliptin
was demonstrated previously [53]. Although we
recognize these limitations, our study has sev-
eral strengths. Its large size is representative of a
heterogeneous patient population, and the
included studies were randomized, dou-
ble-blind, placebo- or active-controlled studies.
The inclusion of a broad patient population
allowed for subgroup analysis, which demon-
strated the efficacy of saxagliptin across sub-
groups defined by age, sex, or geographical
location.

CONCLUSION

Improving glycemic control is of the utmost
importance when attempting to slow the pro-
gression of T2D and prevent microvascular
complications. Thus, glucose-lowering agents
such as saxagliptin with glycemic efficacy, a low
risk for hypoglycemia, and neutral effects on
metabolic end points are advantageous. The
consistency of saxagliptin efficacy in different
patient subgroups with T2D and across treatment
regimens, as shown here, demonstrates its use-
fulness in a broad range of treatment settings.
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