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ABSTRACT

Aims/Introduction: To evaluate the efficacy and safety of alogliptin added to treatment with glimepiride.
Materials and Methods: This multicenter, randomized, double-blind, parallel-group, 24-week (12-week observation and 12-week
treatment) study compared alogliptin 12.5 or 25 mg in combination with glimepiride (1–4 mg/day) vs placebo added to glimepi-
ride monotherapy in Japanese patients with type 2 diabetes who had poor glycemic control despite treatment with diet and exer-
cise plus a sulfonylurea. The primary end-point was a change in glycated hemoglobin (HbA1c) from baseline. A 40-week open-label
extension study evaluated the long-term safety and efficacy of the combination.
Results: Alogliptin 12.5 or 25 mg in combination with glimepiride significantly decreased HbA1c compared with glimepiride
monotherapy after 12 weeks’ treatment (�0.59, �0.65 and 0.35%, respectively; P < 0.0001 for both combination groups vs glimepi-
ride monotherapy). Alogliptin 12.5 and 25 mg combination therapy was also associated with significantly higher responder rates
(HbA1c <6.9%: 9.6% and 7.7%, HbA1c <7.4%: 29.8% and 34.6%) compared with glimepiride monotherapy (HbA1c <6.9%: 0%, HbA1c
<7.4%: 3.9%). The incidence of adverse events was comparable between glimepiride monotherapy and alogliptin combination
treatment, with most reported adverse events being mild in severity. In the extension study, the incidence of adverse events was
comparable between the combination groups, with the majority of adverse events being mild.
Conclusions: Once-daily alogliptin was effective and generally well tolerated when given as add-on therapy to glimepiride in Japa-
nese patients with type 2 diabetes who had inadequate glycemic control on sulfonylurea plus lifestyle measures. Clinical benefits
were maintained for 52 weeks. This trial was registered with ClinicalTrials.gov (double-blind study no. NCT01318083; long-term study
no. NCT01318135). (J Diabetes Invest, doi: 10.1111/j.2040-1124.2012.00226.x, 2012)
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INTRODUCTION
The worldwide prevalence of diabetes mellitus continues to rise
and the morbidity and mortality associated with it are also
increasing. Current estimates indicate that more than 346 mil-
lion people worldwide have diabetes, with this number pro-
jected to rise significantly by 20301,2. Indeed, an estimated
3.4 million people died as a consequence of hyperglycemia in
2004, and the World Health Organization forecasts that the
rate of diabetes-related deaths will double between 2005 and
20301. It is important to point out that over time diabetes can

also cause damage to organs, such as blood vessels, eyes, heart,
kidneys and nerves, and the overall risk of death in people with
diabetes is at least double the risk of peer groups without diabe-
tes1. The costs to global healthcare systems and society are
enormous.
Approximately 90% of people with diabetes worldwide have

type 2 diabetes, which is mainly the result of excess bodyweight
and physical inactivity1. Thus, lifestyle measures are the corner-
stone of initial treatment in these patients. However, progressive
reductions in pancreatic b-cell function and increased insulin
resistance are pathogenic hallmarks of the disease, and pharma-
cotherapy becomes essential1–3. Furthermore, although diet,
exercise and oral monotherapy are initially successful, the dis-
ease is associated with a secondary failure rate of 30–50% over
a 3 to 5-year period1,4. In the Japanese population, insulin
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hyposecretion is regarded as the main pathogenetic mechanism
for the development of type 2 diabetes, and insulin secreta-
gogues, such as the sulfonylureas, have been widely used in this
clinical setting3,5. However, sulfonylureas produce a prolonged
increase in insulin secretion, which increases the risk of
hypoglycemia and secondary failure caused by exhaustion of
pancreatic b-cells. Combination therapy, commonly with oral
hypoglycemic drugs with different mechanisms of action, is
therefore the long-term option for the majority of patients with
type 2 diabetes4,5.
Incretin hormones, such as glucagon-like peptide-1 (GLP-1)

and glucose-dependent insulinotropic polypeptide (GIP), poten-
tiate glucose-induced insulin secretion with their actions being
dependent on plasma glucose concentrations. Incretin hor-
mones are involved in the pathogenesis of type 2 diabetes, with
their effects being severely reduced or absent in patients with
the disease6. GIP fails to stimulate insulin secretion in patients
with type 2 diabetes7, whereas GLP-1 improves glucose homeo-
stasis by enhancing glucose-dependent stimulation of insulin
secretion, suppressing glucose-dependent glucagon secretion,
and delaying gastric emptying8–11. GLP-1 is rapidly metabolized
and inactivated by the enzyme, dipeptidyl peptidase 4 (DPP-
4)12. In addition, very low active GLP-1 levels in Japanese
patients with type 2 diabetes have been reported13. Alogliptin is
a highly selective inhibitor of DPP-4, which spares GLP-1 from
degradation and thereby increases insulin secretion and reduces
glucagon secretion8, and when administered as monotherapy or
in combination with an a-glucosidase inhibitor, it was found to
be effective in the treatment of Japanese patients with type 2
diabetes14.
Given the wide use of sulfonylureas and the need for addi-

tional oral antidiabetic support in many patients, the present
study was designed to evaluate the efficacy and safety of alog-
liptin in combination with glimepiride in Japanese patients with
type 2 diabetes who had inadequate glycemic control despite
treatment with a sulfonylurea.

MATERIALS AND METHODS
Study Design
The present phase 2/3, multicenter, randomized, double-blind,
parallel-group comparative study assessed the efficacy and
safety of alogliptin at a dose of 12.5 or 25 mg in combination
with glimepiride, and compared with glimepiride monotherapy
in Japanese patients with type 2 diabetes mellitus. The study
duration was 24 weeks, consisting of 12-week observation and
12-week treatment periods. It was followed by a 40-week,
open-label extension study.
The study was carried out at 33 centers across Japan in

accordance with the Declaration of Helsinki and the Interna-
tional Conference on Harmonisation (ICH), Harmonised
Tripartite Guideline on Good Clinical Practice15, and was
approved by the Institutional Review Boards at each study site.
All participants provided written informed consent. The
double-blind study was carried out between August 2008 and

April 2009, whereas the extension study was completed in
January 2010.

Patients
Patients were aged � 20 years, had type 2 diabetes, and a gly-
cated hemoglobin (HbA1c) level of between � 7.4 and <10.4%
at 8 weeks after the initiation of the observation period; with
HbA1c levels at this time being within 10% of the level at
4 weeks after the initiation of the observation period. The
patients had been taking a sulfonylurea for at least 4 weeks
before the observation period, and they had received specific
diet and exercise therapies, as well as glimepiride at a stable
dosage during the observation period.
The main exclusion criteria were: diabetic medications other

than glimepiride within 12 weeks before the initiation of the
treatment period; requirement for insulin; hypersensitivity or
allergy to glimepiride or sulfonamides; gastrointestinal disorder;
history of cardiac failure; systolic/diastolic blood pressure
� 180/110 mmHg; hepatic or renal impairment (aspartate ami-
notransferase or alanine aminotransferase � 2.5 9 upper limit
of normal or serum creatinine � 2 mg/dL); serious cardiovas-
cular, cerebrovascular, pancreatic or hematological disorders;
any malignancy; drug abuse or dependency or excessive alcohol
consumption; hypersensitivity to the component of glimepiride
or sulfonamide drugs; treatment with any investigational drug
within 12 weeks; and pregnancy or lactation (for women of
child-bearing age).

Treatment and Assessment
Eligible patients received alogliptin 12.5, 25 mg or placebo
orally, once daily, during the treatment period; and glimepiride,
given orally, at a stable dose regimen (1, 2, 3 or 4 mg/day,
given on a once or twice daily basis) throughout the study.
Patients were randomized 1:1:1 into each group with the daily
dose of glimepiride being used as a randomization factor.
In the open-label extension study, patients continued to

receive combination alogliptin/glimepiride treatment at the same
alogliptin dose as before. Patients in the glimepiride mono-
therapy group were randomized 1:1 into the alogliptin 12.5 mg
or alogliptin 25 mg groups in combination with glimepiride
given once or twice daily, at a dose of 1, 2, 3, 4, 5 or 6 mg/day.
During the observation period, assessments included medical

and medication histories, physical examination, bodyweight,
height, body mass index, vital signs, concomitant medications,
concurrent medical conditions, clinical laboratory tests, preg-
nancy test in women of child-bearing age, 12-lead electrocar-
diogram (ECG), compliance with study treatment, diet and
exercise therapies, HbA1c, and adverse effects. The evaluations
listed were carried out during the treatment and extension
studies, and additional assessments included fasting plasma glu-
cose (FPG), fasting insulin, fasting glucagon, fasting C-peptide,
glycoalbumin, 1,5-anhydroglucitol (1,5-AG), fasting proinsulin,
fasting serum lipids (total cholesterol, triglycerides, high density
lipoprotein-cholesterol, low density lipoprotein-cholesterol and
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free fatty acids), homeostasis model assessment for insulin resis-
tance (HOMA-R), HOMA-b cell function, insulinogenic index,
proinsulin/insulin ratio, DPP-4 activity, meal tolerance test,
abdominal circumference, plasma drug concentration and blood
sampling for pharmacogenomic assessment. Patients were
assessed every 4 weeks in the observation period of the study;
at weeks 0, 2, 4, 8 and 12 during the treatment period; and
every 4 weeks during the extension study.
All clinical laboratory tests, including DPP-4 activity (which

was measured independently using a fluorescence-based meth-
odology), were carried out at a central independent laboratory
(Mitsubishi Chemical Medience Corporation, Tokyo, Japan).

End-Points
The primary end-point was the change in HbA1c from baseline
(start of double-blind period) to the end of the 12-week treat-
ment period. Secondary end-points included HbA1c and FPG
at each assessment point; and plasma glucose measured by the
meal tolerance test. Additional end-points comprised parame-
ters of glycemic control evaluated during the observation period
(aforementioned) and bodyweight. Safety end-points comprised
adverse events, vital signs, 12-lead ECGs and clinical laboratory
test data. The primary end-point in the extension study was
adverse events with secondary and additional end-points identi-
cal to those of the treatment period of the study.
Values for HbA1c (%) were estimated using the National

Glycohemoglobin Standardization Program (NGSP) equiv-
alent values (%), which were calculated using the formula
HbA1c (%) = HbA1c (Japan Diabetes Society) (%) + 0.4%. This
takes into consideration the relationship between HbA1c (Japan
Diabetes Society) (%), determined using the previous Japanese
standard measurement methods, and HbA1c (NGSP)

16,17.

Sample Size and Statistical Methods
In a previous study, mean changes in HbA1c after 12 weeks’
treatment with alogliptin 12.5, 25 mg and placebo were �0.50,
�0.50 and 0.0%, respectively, and the standard deviation (SD)
was assumed to be 0.80% for each treatment. Based on these
assumptions, 65 patients per group were required to provide a
90% simultaneous power of detecting a statistically significant
difference between the glimepiride monotherapy group and the
alogliptin combination groups at the significance level of 2.5%
(one-sided) in the double-blind study. Allowing for dropouts, it
was planned to randomize 240 patients (~80 per group).
The full analysis set (FAS), defined as all patients who were

randomized and received at least one dose of study medication,
was the primary efficacy analysis set. For this data set, sum-
mary statistics (number, mean, SD; maximum, minimum and
quartile values) and two-sided 95% confidence intervals (CI) of
the mean were calculated for each group. Adjusted means (least
square [LS] means), standard error (SE), and two-sided 95% CI
of the LS means were calculated for the three treatment groups
using an analysis of covariance (ANCOVA) model. In this model,
change in HbA1c (at the completion of the treatment period)

was a dependent variable; the daily dose of glimepiride during
the observation period was a block factor; HbA1c at the com-
pletion of the observation period was a covariate, and the treat-
ment group was an independent variable. A comparison
between each alogliptin group and the glimepiride monothera-
py group was carried out in accordance with a closed testing
procedure using the ANCOVA model. A secondary efficacy analy-
sis was carried out with the per protocol set (PPS) using meth-
ods described above to assess the robustness and sensitivity of
the results. Area under the curve (AUC) time profiles were
evaluated for parameters measured during meal tolerance tests.
Adverse events were coded using MedDRA (version 12.0, Phar-
maceutical and Medical Device Regulatory Science Society of
Japan, Tokyo, Japan) and summarized using preferred term
and system organ class. Significance levels for contrast tests in
the ANCOVA model were 2.5 (one-sided tests) and 5% for other
statistical tests (two-sided tests).

RESULTS
Baseline Data
Of the 455 enrolled patients, 312 were randomized into the
present double-blind study: with 105 and 104 in the alogliptin
12.5 and 25 mg groups, respectively, and 103 in the glimepiride
monotherapy group (Figure 1). The reasons for not undergoing
randomization into one of the treatment groups included, fail-
ure to meet the entry criteria (n = 133), suffered a pretreatment
event (n = 6) and voluntary withdrawal (n = 4). The PPS
groups comprised 99, 102 and 98 patients, in the alogliptin
12.5 mg, alogliptin 25 mg and glimepiride monotherapy
groups, respectively. Baseline data for each treatment group are
shown in Table 1.

Efficacy
The primary end-point, mean change in HbA1c (from baseline
to the completion of the double-blind treatment period; LS
mean ± SE), was 0.35 ± 0.059% in the glimepiride monothera-
py group, �0.59 ± 0.058% in the alogliptin 12.5 mg group and
�0.65 ± 0.059% in the alogliptin 25 mg group. Figure 2 shows
mean ± SD changes in HbA1c for each treatment group. There
were highly significant differences in the change in HbA1c

between each alogliptin combination group and the glimepiride
monotherapy group (P < 0.0001), whilst the different dosages
of alogliptin produced similar reductions in HbA1c.
Analysis of secondary end-points showed statistically signifi-

cant differences in the mean change in HbA1c between each
alogliptin group and the glimepiride monotherapy group at all
assessment points during the treatment period. There was a
significant difference in the proportion of patients achieving
the HbA1c goal of <6.9 or <7.4%, between each alogliptin
group and the glimepiride monotherapy group. Values for
HbA1c <6.9% were: 0% in the glimepiride monotherapy group,
9.6 and 7.7% in the alogliptin 12.5 and 25 mg groups, respec-
tively; and for HbA1c <7.4%: 3.9%, 29.8% and 34.6%,
respectively.
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Changes in glycemic/metabolic parameters including the pri-
mary, secondary and other end-points from baseline to the
completion of the 12-week treatment period are summarized in
Table 2. Statistically significant differences between each aloglip-
tin group and the glimepiride monotherapy group were
observed for mean changes in all three of these parameters
(Table 2). Glucose, insulin and glucagon responses during
a meal tolerance test at baseline (week 0) and end of
double-blind treatment (week 12) in the glimepiride monother-

apy, and alogliptin 12.5 and 25 mg groups are available online
(Figure S1).
There were also significant differences between the glimepiride

monotherapy group and the alogliptin groups for DPP-4 inhibi-
tory activity at weeks 4, 8 and 12 as well as for mean changes in
glycoalbumin, 1,5-AG, HOMA-b, glucagon AUC0–2 h, active
GLP-1 concentrations, bodyweight and abdominal circumfer-
ence. However, the differences in change in bodyweight and
abdominal circumference were not considered to be clinically

Screened and assessed
for eligibility (n = 470)

Entered run-in phase
(n = 455)

Randomized and received
double-blind medication

(n = 312)

Not entered run-in phase (n = 15)
Voluntary withdrawal (n = 11)
Did not meet entrance criteria
(n = 3), Pretreatment event (n = 1)

– Not meeting inclusion
   criteria (n = 133)
– Voluntary withdrawal (n = 4)
– Pretreatment event (n = 6)

Not randomized (n = 143)

• Alogliptin 12.5 mg od +
Glimepiride (n = 105)

• Alogliptin 25 mg od +
Glimepiride (n = 104)

Completed double-blind
study (n = 99)
Withdrawn (n = 6)
– Voluntary withdrawal (n = 1)
– AEs (n = 4), Other (n = 1)

Completed double-blind
study (n = 98)
Withdrawn (n = 5)
– Voluntary withdrawal (n = 2)
– AEs (n = 2), Other (n = 1)

Completed double-blind
study (n = 102)
Withdrawn (n = 2)
– AE (n = 1)
– Other (n = 1)

Entered long-term, open
lable extension (n = 97)

Entered long-term, open
lable extension (n = 102)

Entered long-term, open
lable extension (n = 95)

From glimepiride mono-
therapy group (n = 46)

From glimepiride mono-
therapy group (n = 49)

• Placebo + Glimepiride
(Glimepiride monotherapy)
(n = 103)

Re-randomization

Completed long-term
(40-week) study (n = 118)
Withdrawn (n = 25)
– Voluntary withdrawal (n = 4)
– Protocol deviation (n = 1)
– Adverse event (n = 13)
– Lack of efficacy (n = 7)

Completed long-term
(40-week) study (n = 131)
Withdrawn (n = 20)
– Voluntary withdrawal (n = 3)
– Adverse event (n = 6)
– Lack of efficacy (n = 10)
– Protocol deviation (n = 1)

Figure 1 | Disposition of patients in the 12-week double-blind study and 40-week open-label extension. AE, adverse event.
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significant. There was a significant difference in change in
proinsulin/insulin ratio between the glimepiride monotherapy
group and the alogliptin 25 mg group (but not the alogliptin
12.5 mg group). Serum lipids remained relatively stable after
the addition of alogliptin with small, but not statistically signifi-
cant, reductions for most parameters (Table 2). There was no

significant difference between the glimepiride monotherapy
group and the alogliptin groups for HOMA-R, and this sug-
gests no change of insulin resistance in the fasting state. There
were also no significant differences for fasting insulin and
fasting C-peptide (Table 2); but after 52 weeks, there were
statistically significant differences for these parameters (data not
shown). These findings suggest that fasting insulin secretion
might be improved during long-term administration of aloglip-
tin as a result of sustained inhibition of DPP-4 activity.
The FAS in the open-label extension study comprised 150

and 152 patients in the alogliptin 12.5 and 25 mg groups,
respectively. Efficacy comparisons for the open-label extension
study were made from baseline; that is, over 52 weeks’ treat-
ment. The profile of mean HbA1c levels over this time period
is shown in Figure 3, and the mean changes from baseline in
HbA1c, for the alogliptin 12.5 and 25 mg groups, were statisti-
cally significant at all time-points. At the end of the study,
HbA1c levels were reduced by �0.42 and �0.58%, respectively.
The proportions of participants in the alogliptin 12.5 and
25 mg groups achieving a HbA1c of <6.9% were 6.0 and 4.6%;
and for HbA1c <7.4%, they were 22.1 and 26.3%, respectively.
In the alogliptin 12.5 and 25 mg groups, statistically significant
mean changes in FPG (�16.0 and �13.0 mg/dL), 2-h post-
prandial plasma glucose (�31.0 and �27.3 mg/dL) and plasma
glucose AUC0–2 h (�58.5 and �53.6 mg.h/dL), respectively,
were recorded.

Safety
Of the 312 participants randomized in this double-blind study,
13 participants withdrew prematurely: five in the glimepiride
monotherapy group, six in the alogliptin 12.5 mg group and
two in the alogliptin 25 mg group. The incidence of reported
adverse events including subcategories was similar between
treatment groups. In the glimepiride monotherapy group, alog-
liptin 12.5 mg group and alogliptin 25 mg group, the incidence
of adverse events was 48.5, 46.7 and 56.7%, respectively. The
majority of reported adverse events were mild in severity. The
incidence of adverse events assessed as drug-related in the glim-
epiride monotherapy group, alogliptin 12.5 mg group and alog-
liptin 25 mg group was: 5.8, 6.7 and 7.7%; of serious adverse
events, 0.0, 2.9 and 1.0%; and of adverse events leading to drug
discontinuation 1.9, 3.8 and 1.0%, respectively.
The most common adverse event in each group was naso-

pharyngitis, with an incidence of 21.4, 19.0 and 19.2% in the
glimepiride monotherapy group, alogliptin 12.5 mg group and
alogliptin 25 mg group. Upper respiratory tract inflammation
(11.5%), which was classified as mild and assessed as ‘not
related’ to the treatment and back pain (3.8%), was also
reported in the alogliptin 25 mg group; headache (3.9%) and
fall (3.9%) was reported in the glimepiride monotherapy group;
and gastroenteritis (3.8%) was reported in the alogliptin
12.5 mg group. Hypoglycemia was reported in three partici-
pants: one patient in the glimepiride monotherapy group and
two patients in the alogliptin 25 mg group. These adverse

Table 1 | Baseline characteristics (12-week double-blind study) in
glimepiride monotherapy (+ placebo), alogliptin 12.5 mg and alogliptin
25 mg groups

Placebo +
glimepiride
n = 103

Alogliptin
12.5 mg +
glimepiride
n = 105

Alogliptin
25 mg +
glimepiride
n = 104

Male/female (n) 71/32 67/44 70/43
Age (years) 60.3 (9.11) 60.5 (9.50) 59.8 (9.10)
Weight (kg) 65.19 (12.58) 65.02 (12.79) 64.28 (13.73)
Height (cm) 161.7 (8.15) 161.2 (8.50) 162.4 (9.16)
BMI (kg/m2) 24.84 (3.90) 24.89 (3.81) 24.29 (4.40)
Diabetes duration
(years)

9.37 (7.38) 9.59 (7.03) 10.38 (6.86)

HbA1c (%) 8.62 (0.78) 8.54 (0.81) 8.54 (0.79)
Fasting C-peptide
(ng/mL)

1.77 (0.79) 1.86 (0.79) 1.65 (0.93)

2-h postprandial
PG (mg/dL)

279.2 (62.19) 276.7 (58.06) 277.7 (64.13)

Glimepiride dose (mg/day), No. (%) patients
1 37 (35.9) 36 (34.3) 37 (35.6)
2 31 (30.1) 34 (32.4) 32 (30.8)
3 13 (12.6) 13 (12.4) 13 (12.5)
4 22 (21.4) 22 (21.0) 22 (21.2)

Values shown are mean (SD). BMI, body mass index; HbA1c, glycosylated
hemoglobin; PG, plasma glucose.

2
Mean.SD

*** ***
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Glimepiride

monotherapy group
(n = 103)

Alogliptin 12.5 mg
combination group

(n = 104)

Alogliptin 25 mg
combination group

(n = 104)

Figure 2 | Changes in glycated hemoglobin (HbA1c; mean and SD) at
the completion of the double-blind treatment period for glimepiride
monotherapy, alogliptin 12.5 mg and alogliptin 25 mg groups in the
full analysis set. ***P < 0.0001 vs placebo.
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events were mild and assessed as drug-related. No clinically sig-
nificant changes were found in clinical laboratory tests, vital
signs or 12-lead ECG findings.
Three patients (one from the alogliptin 12.5 mg group and

two from the alogliptin 25 mg group) were excluded from the
randomized treatment study before the open-label extension
study. A total of 150 and 152 patients, respectively, comprised
the alogliptin 12.5 and 25 mg groups in the safety analysis set.
In the extension study, the incidence of adverse events was

81.3 and 88.2% in the 12.5 and 25 mg groups, respectively, and
most were considered to be of mild intensity. The incidence of
adverse events assessed as drug-related in these groups was

18.0 and 17.8%; of serious adverse events 10.7 and 2.0%; and
of adverse events leading to drug discontinuation 12.7 and
5.3%. Two patients receiving alogliptin 12.5 mg died during the
study; one as a result of gas gangrene and one sudden death.
Serious adverse events assessed as drug-related (which included
the two deaths) were cerebral infarction in one patient (aloglip-
tin 12.5 mg), gas gangrene in one patient (alogliptin 12.5 mg),
acute myocardial infarction in one patient (alogliptin 12.5 mg),
sciatica and sudden death in one patient (occurred in the same
patient), malignant neoplasm of renal pelvis in one patient
(alogliptin 12.5 mg), and vertigo in one patient (alogliptin
25 mg).

Table 2 | Changes in glycemic/metabolic parameters from baseline to the completion of the 12-week treatment period in glimepiride monotherapy,
alogliptin 12.5 mg and alogliptin 25 mg groups

Placebo +
glimepiride
(n = 103)

Alogliptin
12.5 mg +
glimepiride
(n = 105)

Alogliptin
25 mg +
glimepiride
(n = 104)

ΔHbA1c (%) 0.35 (0.059) �0.59 (0.058)*** �0.65 (0.059)***
Responders (%): HbA1c <6.9% 0 (0.0) 10 (9.6)* 8 (7.7)*
Responders (%): HbA1c <7.4% 4 (3.9) 31 (29.8)* 36 (34.6)*
Δ Fasting plasma glucose (mg/dL) 6.0 (32.97) �22.3 (31.05)* �15.9 (28.12)*
Δ Fasting C peptide (ng/mL) �0.00 (0.597) 0.06 (0.402) 0.02 (0.375)
Δ Fasting insulin (lU/mL) �0.12 (3.315) 0.57 (2.580) 0.53 (2.292)
Δ Fasting glucagon (pg/mL) �12.4 (33.21) �12.0 (24.59) �10.4 (22.32)
Δ Glycoalbumin (%) 0.99 (2.353) �2.60 (2.467)* �3.05 (2.504)*
Δ 1,5-AG (lg/mL) �0.33 (1.418) 2.43 (2.269)* 2.77 (2.976)*
Δ Fasting proinsulin (pmol/L) �1.82 (5.864) �3.19 (6.074) �2.82 (4.415)
Δ Insulinogenic index �0.07 (0.720) 0.11 (0.504) 0.05 (0.363)
Δ Proinsulin/insulin ratio �0.403 (0.9485) �0.582 (0.7921) �0.701 (0.7084)*
Inhibition rate of DPP-4 activity (%) at week 4 1.25 (7.930) 74.88 (5.817)* 81.22 (8.593)*
Inhibition rate of DPP-4 activity (%) at week 8 2.37 (7.293) 75.45 (6.965)* 81.47 (11.134)*
Inhibition rate of DPP-4 activity (%) at week 12 0.23 (9.661) 75.09 (7.223)* 81.15 (11.974)*
Δ HOMA-R 0.02 (2.064) �0.17 (1.255) �0.01 (1.345)
Δ HOMA-b �0.94 (9.813) 10.73 (20.162)* 5.70 (10.252)*
Δ Bodyweight (kg) �0.37 (1.213) 0.27 (1.225)* 0.56 (1.105)*
Δ Abdominal circumference (cm) �1.00 (2.749) 0.01 (3.303)* 0.24 (3.736)*
Meal tolerance test
Δ Plasma glucose 2-h (mg/dL) 8.1 (42.69) �44.4 (52.18)* �33.3 (47.78)*
Δ Plasma glucose AUC0–2 h (mg·h/dL) 13.7 (66.33) �77.6 (78.36)* �61.0 (69.73)*
Δ Insulin AUC0–2 h (lU.hr/mL) 0.79 (17.366) 3.63 (21.726) 4.53 (12.085)
Δ C-peptide AUC0–2 h (ng.hr/mL) �0.08 (1.300) 0.17 (1.442) 0.29 (1.309)
Δ Glucagon AUC0–2 h (pg.hr/mL) �24.0 (60.73) �28.3 (43.27)* �25.2 (41.26)*
Δ Active GLP-1 concentrations (pg.hr/mL) 0.17 (3.61) 12.71 (21.98)* 11.56 (11.20)*

Serum lipids
Δ Total cholesterol (mg/dL) �0.1 (26.83) �2.6 (24.31) �1.7 (24.80)
Δ LDL-cholesterol (mg/dL) �1.6 (22.59) �3.1 (19.65) �1.8 (20.13)
Δ HDL-cholesterol (mg/dL) �1.6 (7.68) �1.4 (8.64) �2.7 (7.18)
Δ Triglycerides (mg/dL) 13.0 (214.59) �10.0 (67.14) 0.2 (48.43)
Δ Free fatty acids (mEg/L) 0.057 (0.2151) �0.070 (0.2031) �0.059 (0.2020)

1,5-AG, 1,5-anhydroglucitol; AUC0–2 h, area under the blood glucagon concentration time curve from 0 to 2 hours; DDP-4, dipeptidyl peptidase IV;
FPG, fasting plasma glucose; GLP-1, glucagon-like peptide-1; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; HOMA-R, homeostasis
model assessment of insulin resistance; HOMA-b, homeostasis model assessment of b-cell function; LDL, low-density lipoprotein. Values shown are
mean (SD) or (95% CI); Δ, change from baseline. *P < 0.05 vs placebo. ***P < 0.0001 vs placebo.
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Adverse events that occurred at an incidence of � 3% in
either group during the 52-week treatment period comprised
nasopharyngitis (30.7 and 37.5% for alogliptin 12.5 and 25 mg
groups, respectively), gastroenteritis (4.7, 2.6), cystitis (3.3, 3.3),
cataract (4.0, 4.6), diabetic retinopathy (2.7, 5.3), upper respira-
tory tract inflammation (6.7, 10.5), constipation (4.7, 4.6),
gastritis (3.3, 5.3), diarrhea (3.3, 2.0), dental caries (4.0, 0.7),
urticaria (1.3, 3.3), back pain (5.3, 7.2), periarthritis (4.7, 2.6),
arthralgia (4.0, 2.6), osteoarthritis (4.0, 0.7) and fall (5.3%,
7.9%). Hypoglycemia was reported as an adverse event in 4
(2.7) and 8 (5.3%) patients, respectively, and was mild in all
cases. The incidence of ‘skin and subcutaneous tissue disorders’
adverse events was 12.7 and 9.9%, respectively. In three patients
it resulted in drug discontinuation: mild eczema in one patient
(alogliptin 12.5 mg), rash in one patient (alogliptin 25 mg) and
urticaria in another (alogliptin 25 mg); both of these latter cases
were rated as moderate. There were no clinically relevant
changes in mean values for laboratory parameters, vital signs or
12-lead ECG during the study.

DISCUSSION
In the present phase 2/3 multicenter, randomized, double-blind,
parallel-group comparative study, the addition of alogliptin to
continued treatment with glimepiride was associated with a
statistically and clinically significant reduction in the primary
end-point, HbA1c at 12 weeks, which was maintained during a
40 week open-label extension study. The target set for diabetic
therapy by the Japanese Diabetes Society is a reduction of
HbA1c levels to <6.9%5. In the present study, significantly more
patients in the 12.5 and 25 mg alogliptin groups achieved
HbA1c levels <7.4 and <6.9% in comparison with glimepiride
monotherapy. A significant long-term beneficial effect of
alogliptin therapy was also demonstrable after 52 weeks with
22–26% of patients having HbA1c levels <7.4%.
Other markers of glycemic control including FPG, 2-h post-

prandial glucose and postprandial glucose AUC0–2 h were also
statistically significantly reduced in both alogliptin combina-
tion groups. These positive effects were maintained during
the 40-week extension study. Glycemic benefits were attained
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Figure 3 | Time profiles of changes in glycated hemoglobin (HbA1c; mean ± SD) in the alogliptin 12.5 and 25 mg groups during the course of
the 52-week clinical study (the period in which placebo was given is excluded).
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irrespective of age, sex and duration of disease. Furthermore,
they were achieved in patients with uncontrolled type 2 diabe-
tes, despite being highly compliant with diet/exercise therapy
and glimepiride monotherapy.
A study of Japanese patients showed that alopliptin improved

glycemic control as monotherapy18 and in combination with
voglibose or pioglitazone in patients with uncontrolled type 2
diabetes19,20. International trials have reported similar efficacy
findings for alogliptin given as monotherapy21, or in combina-
tion with metformin22, glyburide23, pioglitazone24 or insulin25.
Alogliptin was also effective and well tolerated in elderly
patients (� 65 years-of-age) when given as monotherapy or
in combination with metformin, glyburide, pioglitazone or
insulin26.
Alogliptin in combination therapy with glimepiride was well

tolerated throughout the 52-week study. In particular, alogliptin
did not increase the risk of hypoglycemia compared with glim-
epiride monotherapy. Similar findings were previously reported
with sitagliptin in Japanese patients with type 2 diabetes27. The
overall incidence of adverse events was comparable between the
alogliptin 12.5 and 25 mg groups.
The rationale for giving a DPP-4 inhibitor with a low dose

of sulfonylurea, both of which act as insulin secretagogues, is
counter-intuitive with the generally accepted practice of giving
agents with different mechanisms of action to achieve optimal
glycemic control. However, it was previously shown that sulfo-
nylureas had little effect on incretin (GLP-1 and GIP) secre-
tion28, and it seems unlikely that alogliptin stimulates GLP-1
secretion. Recently, Mukai et al.29 have shown that exendin-4,
an incretin mimetic, improves impaired glucose metabolism in
diabetic pancreatic b-cells and, in addition, it increased adeno-
sine triphosphate (ATP) production. Therefore, improved glu-
cose metabolism was associated with elevated ATP production,
creating a physiological environment in which sulfonylureas
have been shown to be more effective, as their actions are ATP
dependent30. Furthermore, Zhang et al.31 reported that there
was an interaction between incretin and sulfonylureas through
the Epac system in pancreatic b-cells. These interactions involv-
ing incretin mimetics and sulfonylureas might provide a
rationale for combination therapy with alogliptin and a sulfo-
nylurea, as co-administration might provide additive effects and
result in more appropriate insulin secretion.
In conclusion, add-on therapy with alogliptin was well toler-

ated and improved glycemic control in Japanese patients with
type 2 diabetes who were uncontrolled on glimepiride plus diet
and exercise therapies. Furthermore, the benefits of combination
therapy were maintained over a 1-year period. Thus, alogliptin
will be a useful treatment option for patients with type 2 diabetes
currently managed with glimeperide and who become less
responsive to the antihyperglycemic effects of the sulfonylurea.
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SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article:

Figure S1 | Glucose, insulin and glucagon responses during a meal tolerance test at baseline (week 0) and end of double-blind
treatment (week 12) in the glimepiride monotherapy and alogliptin 12.5 and 25 mg groups.
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