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INTRODUCTION

The worldwide prevalence of diabetes mellitus has been esti-
mated at 285 million in 2010, and is projected to reach

ABSTRACT

Aims/Introduction: In the present dose—response study, we evaluated the efficacy
and safety of ipraglifiozin (ASP1941), a novel and selective inhibitor of sodium-dependent
glucose cotransporter 2, in Japanese patients with type 2 diabetes mellitus.

Materials and Methods: A total of 361 patients from 39 Japanese centers were
randomized to receive either once-daily oral ipragliflozin (12.5, 25, 50 or 100 mg) or a
placebo for 12 weeks.

Results: All ipragliflozin-treated groups had clinically significant, dose-dependent
decreases in glycated hemoglobin (HbA1c) and fasting plasma glucose levels compared
with placebo-treated groups. The adjusted mean difference in HbA1c change from
baseline to the end of treatment between the placebo and 12.5, 25, 50, and 100 mg
ipragliflozin groups were —0.61%, —0.97%, —1.29%, and —1.31%, respectively (P < 0.001).
Reductions in HbATc levels were similar between obese and non-obese patients, and
were larger in patients with baseline HbATc >84% than in those with HbATc <8.4%.
Furthermore, bodyweight significantly (P < 0.001) and dose-dependently decreased
among ipragliflozin-treated groups compared with the placebo group. The incidence of
adverse events was similar across all groups. However, mild increases in hematocrit and
blood urea nitrogen were found in ipragliflozin treated groups.

Conclusions: Once-daily administration of ipragliflozin was dose-dependently effective
in glycemic control without major adverse effects. Ipragliflozin was equally effective
between obese and non-obese patients, and led to weight loss in both groups.
Ipragliflozin was safe and well-tolerated in Japanese patients with type 2 diabetes mellitus.
This trial was registered with ClinicalTrials.gov (no. NCT00621868).

439 million by 2030'. A Japanese National Health and Nutri-
tion survey in the year 2007 estimated that 8.9 million people
suffer from type 2 diabetes in Japan®. Although oral antihyper-
glycemic drugs with various mechanisms of action are currently
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available, 66% of patients still have higher post-treatment gly-
cated hemoglobin (HbAlc) levels than those recommended by
the Japan Diabetes Society’, highlighting extant unmet needs
for glycemic control.
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The kidney plays an important role in maintaining glucose
homeostasis in the body. Blood glucose is filtered by the
glomerulus, and almost all filtered glucose molecules are reab-
sorbed in the proximal renal tubule. Nearly 90% of filtered
glucose in the kidney is reabsorbed through sodium-depen-
dent glucose cotransporter 2 (SGLT2) in the Sl segment of
the renal proximal tubules*®. Therefore, inhibiting SGLT2-
mediated glucose reabsorption helps to lower blood glucose
concentrations.

Ipragliflozin (ASP1941; Astellas Pharma Inc. Tokyo, Japan
and Kotobuki Pharmaceutical Co., Ltd, Nagano, Japan) is a
novel and selective SGLT2 inhibitor, and is one of the first
published C-aryl glycoside compounds (as opposed to the labile
ortho-attachment of O-glycoside molecules seen in in vivo con-
ditions’). Previously reported to lower blood glucose levels in
both insulin-deficient and insulin-resistant animal models of
diabetes mellitus, the compound is currently under consider-
ation for use in treating patients with diabetes®”. Ipragliflozin is
generally safe and well-tolerated after both single and repeated
dosing, and shows a dose-dependent increase in urinary glucose
excretion in healthy volunteers'®''. Similar results were
reported by another SGLT2 inhibitor, dapagliflozin, in healthy
volunteers'”.

Here, we carried out a double-blind, randomized, placebo-
controlled study to assess the dose-response relationship for
the efficacy and safety of ipragliflozin administered for
12 weeks in Japanese patients with type 2 diabetes mellitus.

MATERIALS AND METHODS

The study was carried out in accordance with the Declaration
of Helsinki, Good Clinical Practice and the International Con-
ference on Harmonization guidelines. The study protocol was
reviewed and approved by the institutional review board of
each institution, and all patients provided written informed
consent. All measured HbAlc values, which were originally
reported according to the requirements of the Japan Diabetes
Society, were converted to the corresponding National Glycohe-
moglobin Standardization Program (NGSP) values, using the
equation established in Japan'.

Study Design

The present multicenter, placebo-controlled, double-blind, par-
allel-group, dose-response study assessed the efficacy and
safety of ipragliflozin in Japanese patients with type 2 diabetes
mellitus. The study was carried out between March 2008 and
March 2009 at 39 sites in Japan. Patients were randomized to
receive either a placebo or once-daily doses of ipragliflozin
(12.5, 25, 50 or 100 mg) before breakfast. All patients under-
went an initial 4-week screening period, where previously
administered antidiabetic drugs were washed out, followed by
a 2-week run-in period with a placebo. Patients were then
randomized to receive 12 weeks of treatment, and were fol-
lowed for an additional 1-6 weeks after study drug treatment
completion.
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Patients

Eligible patients were aged 20-75 years, had been diagnosed
with type 2 diabetes for at least 12 weeks, had baseline body
mass indices (BMIs) of 20.0-45.0 kg/m* and had fasting serum
C-peptide levels of >0.6 ng/mL. Patients were instructed to
continue with their recommended diets and exercise habits. If
patients were previously treated with antidiabetes drugs, they
underwent a washout period of at least 6 weeks between a 4-
week screening period and a 2-week run-in period before the
start of the randomized treatment. Use of other medications,
except for antidiabetes drugs, was permitted during the study
period.

Patients with HbAlc levels of 7.4-10.5%, with variability
between measurements of 1.0% or less, were recruited during
a screening phase. We excluded patients with advanced diabe-
tes complications, type 1 diabetes, history of clinically signifi-
cant renal disease, dysuria caused by a neurogenic bladder or
benign prostatic hypertrophy, repeated urinary tract infections
(UTIs) or a UTI at screening, chronic disease requiring the
continuous use of steroids or immunosuppressants, cardiac
events within the preceding 24 weeks, uncontrolled severe
hypertension (systolic blood pressure >170 mmHg or diastolic
blood pressure >95 mmHg), abnormal deviation from normal
ranges of serum creatinine (Cr) levels, or macroalbuminuria
(albumin/creatinine ratio >300 mg/g Cr in urinalysis). Preg-
nant or breast-feeding women were also excluded from the
study.

Clinical Evaluations

During the treatment period, blood and urine samples were
collected at weeks 0, 2, 4, 8, and 12. Follow-up examinations
were carried out between 1 and 6 weeks after treatment com-
pletion. The primary efficacy outcome was change in HbAlc
levels from baseline to the end of treatment. Secondary efficacy
variables included fasting plasma glucose (FPG) levels, body-
weight and blood pressure. Safety evaluations included the
monitoring of the nature, frequency and severity of adverse
events (AEs). Laboratory tests, including routine blood and
urine chemistries, were also carried out.

Statistical Analysis

Efficacy and safety analyses were carried out in patients who
received at least one dose of the study drug and who under-
went at least one post-treatment assessment.

For the primary variable, pair-wise comparisons by analysis
of covariance with baseline value as a covariate were carried
out between the placebo group and each ipragliflozin group as
a primary analysis. To adjust the type I error rate, a hierarchi-
cal testing procedure was used at an overall two-sided signifi-
cance level at 0.05. Additionally, Tukey’s multiple comparison
tests were carried out to compare among all treatment groups.
Post-hoc subgroup analyses were carried out to compare out-
comes between drug-naive patients and patients who had been
previously treated with an antidiabetes medication (drug-trea-
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ted), and between obese (BMI >25 kg/mz) and non-obese
(BMI <25 kg/m?) patients classified as such using the Japanese
definition of obesity'*. Subgroup analyses were also carried
out in patients with different baseline HbAlc levels (>8.4% or
<8.4%: corresponding to 8.0% before converting to the NGSP
value). Analysis of covariance with the baseline value as a co-
variate was carried out for secondary variables. For the sec-
ondary variables, no adjustments for the multiplicity were
made. AEs were categorized according to the Medical Dictio-
nary for Regulatory Activities System Organ Class and by
symptoms, and AE rates were then determined for each treat-
ment group.

Informed consent:
n=719

http://onlinelibrary.wiley.com/journal/jdi

RESULTS

Patient Demographics

A total of 361 patients were randomized to either the ipragliflo-
zin or placebo groups, and 360 patients had at least one effi-
cacy variable measured after randomization (Figure 1). A total
of 52% of patients were drug-naive, whereas 48% had received
antidiabetes medication in the past. Patient demographics and
baseline characteristics, including the previous use of antidiabe-
tes medication, were similar across all groups (Table 1). All
anti-diabetic medications in drug-treated groups were washed
out for at least 6 weeks before randomization. In all treatment
groups, the mean compliance rate was >97%.

Reasons for discontinuation

Placebo run-in period:

Discontinued before Inclusion/exclusion criteria: n=66
the placebo run-in Withdrawal of consent: n=13

period: n = 144 Lost to follow-up: n=3
Others: n=62

n=>575
Reasons for discontinuation
Discontinued before Inclusion/exclusion criteria: n =209

the placebo run-in Withdrawal of consent: n=2

period: n =214 Protocol deviations: n=1

Others: n=2

Randomized:
n=361
Placebo group: Ipragliflozin lpragliflozin Ipragliflozin Ipragliflozin

n=69 125mg: n=74 25mg: n=74 50mg: n=72 100mg: n=72

Completed: | | Discontinued: Completed: | | Discontinued: Completed: | |Discontinued: Completed: | |Discontinued: Completed: | | Discontinued:
n=>59 n=10 n=67 n=7 n=70 n=4 n=67 n=5 n=68 n=4
Reasons for discontinuation || Reasons for discontinuation Reasons for discontinuation Reasons for discontinuation|| Reasons for discontinuation
Inclusion/exclusion criteria: n = 0] | Inclusion/exclusion criteria: n = 0] | Inclusion/exclusion criteria: n = 0}] Inclusion/exclusion criteria: n = 0]} Inclusion/exclusion criteria: n=0
Adverse events: n=2 || Adverse events: n=0|[ Adverse events: n=1[| Adverse events: n=2|[ Adverse events: n=3
Lack of efficacy: n=0/|| Lack of efficacy: n = 01| Lack of efficacy: n=0|| Lack of efficacy: n=0|]| Lack of efficacy: n=1
Aggravation of the Aggravation of the Aggravation of the Aggravation of the Aggravation of the

underlying disease: n=4]|| underlying disease: n=3]| underlying disease: n=1]| underlying disease: n=0]| underlying disease: n=0
Withdrawal of consent: n=0]| Withdrawal of consent: n = 3|| Withdrawal of consent: n =2 || Withdrawal of consent: n=3|| Withdrawal of consent: n=0
Lost to follow-up: n=0]| Lost to follow-up: n=0]| Lost to follow-up: n=0]| Lost to follow-up: n=0]| Lost to follow-up: n=0
Protocol deviations: n=0]| Protocol deviations: n =0 || Protocol deviations: n = 0| Protocol deviations: n=0]| Protocol deviations: n=0
Others: n=4|| Others: n=1]|Others: n=0]| Others: n=0][ Others: n=0

Figure 1 | Study diagram of patient enrolment and treatment protocol.
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Table 1 | Demographic and baseline characteristics of patientst

Placebo Ipragliflozin
(n = 69)
125 mg 25 mg 50 mg 100 mg
(h=173) (n =74 (h=172 n=72
Sex, n (male/female) 49/20 43/30 49/25 43/29 49/23
Age (years) 552+ 97 553 £+ 102 570+ 104 559+ 114 560 = 104
Duration of diabetes (months) 75.7 £ 665 758 £ 622 769 + 59.7 797 £ 813 936+ 879
Previous medication for diabetes, n (%)
Drug-naive 39 (56.5) 32 (438) 40 (54.1) 43 (59.7) 34 (47.2)
Drug-treatedt 30 (435) 41 (56.2) 34 (459) 29 (40.3) 38 (52.8)
Sulfonylurea 20 (29.0) 21 (288) 17 (23.0) 14 (194) 15 (20.8)
Metformin 4 (58) 12 (164) 8 (108) 7 (9.7) 7 (9.7)
Alpha-glucosidase inhibitor 8 (11.6) 6 (82) 8 (10.8) 8 (11.1) 9 (125)
Glinide 1(14) 4 (5.5) 34.0) 2 (28) 4 (56)
Thiazolidinedione 7 (10.1) 7 (96) 9(122) 10 (139) 5 (69)
BMI (kg/mz) 251+ 34 256+ 35 262+ 40 258 £ 35 259+ 38
Bodyweight (kg) 066 = 106 6741128 0690 = 145 678119 683 £ 124
HbATc (%) 836+ 0.79 839 £ 090 832+ 083 833 £ 080 825+ 0.76
Fasting plasma glucose (mg/dL) 1864 + 395 1854 + 400 1780 + 388 1734 £ 349 1775 £ 321
Systolic blood pressure (mmHg) 1265 £ 127 1285 £ 136§ 1277 £ 136 1275 £ 143 1261 £ 127
Diastolic blood pressure (mmHg) 778 £ 105 772 £ 91§ 77.1 £ 99 779 £ 111 765+ 92

Each value represents the mean + standard deviation, unless stated otherwise. tAIl patients who received at least one dose of study drug and had
at least one efficacy variable measured after the start of treatment (n = 360). ¥Drug-treated patients could be on more than one oral antidiabetes
medication before screening. §n = 74; one patient did not have efficacy data, but did have blood pressure data and safety data. BMI, body mass

index; HbA1c, glycated hemoglobin.

Glycemic Control Using Ipragliflozin

At the end of the treatment period, mean HbAlc levels in
the 12.5, 25, 50, and 100 mg ipragliflozin groups were dose-
dependently decreased by 0.11%, 0.47%, 0.79%, and 0.81% from
baseline value, respectively (Table 2). Because of an increase in
HbAlc levels of 0.50% above the basal value in the placebo
group, the adjusted mean difference in HbAlc change from
baseline to the end of treatment between the placebo and 12.5,
25, 50, and 100 mg ipragliflozin groups were —0.61%, —0.97%,
—1.29%, and —1.31%, respectively (Table 2). HbAlc levels
decreased significantly in the ipragliflozin groups at all tested
doses compared with the placebo (P < 0.001). Using the Tu-
key’s multiple comparison tests, the differences between all
treatment groups were statistically significant except between 25
and 50 mg, and between 50 and 100 mg (Table 2). The maxi-
mum effect was obtained at a dose of 50 mg.

As the wash-out period was 6 weeks, the analysis was addi-
tionally carried out excluding the patients washed out of thiazo-
lidinediones. The results showed an increase in HbAlc levels of
0.37% above the basal value in the placebo group, the adjusted
mean difference in HbAlc change from baseline to the end of
treatment between the placebo and 12.5, 25, 50, and 100 mg
ipragliflozin groups were —0.55%, —0.89%, —1.20%, and —1.18%,
respectively.

At the end of treatment, HbAlc levels <7.0% were achieved
in 4.1%, 8.1%, 21.1%, and 23.6% of patients in the 12.5, 25, 50,
and 100 mg ipragliflozin groups, respectively, compared with

2.9% of patients in the placebo group. Subgroup analyses on
differences in drug effects were carried out by the drug-naive
and drug-treated patients, obese (BMI >25 kg/m®) and non-
obese (BMI <25 kg/m®) patients, and patients with baseline
HbA1lc levels <8.4% and >8.4% (Figure 2). After the treatment
with ipragliflozin, HbAlc levels significantly decreased at all
tested doses except the 12.5 mg group in obese patients, com-
pared with the placebo. The interactions between the treatment
group and these subgroup factors for the change in HbAlc
were assessed using analysis of variance to detect differential
patterns. Interactions between the treatment group and drug
naive/non-naive, and obese/non-obese patients were not signifi-
cant (P =0.106 and P = 0.228, respectively). However, the
interaction between the treatment group and baseline HbAlc
levels <8.4% and >8.4% was significant (P < 0.001).

Fasting Plasma Glucose

In response to ipragliflozin administration, FPG levels decreased
dose-dependently over the 12-week treatment period. In all four
ipragliflozin groups, mean FPG levels decreased from the start
of treatment, and remained almost constantly in the lowest lev-
els from week 2 until week 12 in both the 50 and 100 mg ipra-
gliflozin groups (Table 2). Adjusted mean changes in FPG
from baseline to the end of treatment were +12.0 mg/dL in the
placebo group, and —15.6, —23.7, —34.1, and —46.9 mg/dL in
the 12.5, 25, 50, and 100 mg ipragliflozin groups, respectively
(P < 0.001 for all ipragliflozin groups vs placebo). The differ-
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Table 2 | Dose dependent reduction of glycated hemoglobin concentrations and fasting plasma glucose levels by Ipragliflozin treatment

Placebo (n = 69)  Ipraglifiozin
125 mg 25 mg 50 mg 100 mg
(n=73) (n =74 (h=172 (n=72
HbATc (%)
Week Of 836 + 0.79 839 £ 090 832+ 083 833 £ 080 825+ 076
Week 4t 858 + 1.10* 834 £ 105 805 + 0.86* 793 £ 0.78* 785 % 0.73*
Week 8t 862 + 1.24* 823+ 1.15 781 £ 0.76* 757 £ 071% 757 £072%
Week 12t 862 + 1.19* 810 £ 091* 778 £ 0.75% 749 £ 0.70* 740 £ 068*
Change from baseline 050 + 0.090 —0.11 £ 009 —047 +£ 009 —0.79 £ 009 —081 + 009
at EOT+
Difference vs placebo —061 [-0.85, =0.36] —097 [-1.21,-0.72] —1.29 [-1.54, =1.04] —131 [-1.55, —=1.06]
[95% (]
P-value <0.001 <0001 <0001 <0.001
P-value comparison P <005(vs 125 mg) P <0001 (vs 125 mg) P <0001 (vs 125 mqg)
between P < 005 (vs 25 mg)
each dose groups
FPG (mg/dL)
Week 0t 1864 + 395 1854 + 400 1780 + 388 1734 £ 349 1775 + 321
Week 2t 184.3 £ 399 1728 + 37.2% 1598 + 34.2% 1426 + 243* 1414 + 188*
Week 4t 1898 + 433 1666 + 34.7% 1514 £+ 280* 144.1 £ 29.1* 1365 + 20.3*
Week 8t 1903 + 429* 168.1 + 32.8* 1553 + 299* 1379 + 196* 1356 + 196*
Week 12t 189.7 + 36.7% 1630 + 30.7% 1517 £ 319* 140.1 + 24.0% 1306 + 176*
Change from baseline 120 + 30 —156 + 30 —237 + 30 —341 %+ 30 —469 + 3.1
at EOT#
Difference vs placebo —276[-360, —19.2] —357 [-44.1, =273] —460 [-54.5, —37.6] —589 [-674, -504]
[95% (1]
P-value <0001 <0001 <0.001 <0.001
P-value comparison P <0001 (vs 125 mg) P <0001 (vs 125, 25 mg)
between P <005 (vs 25 mg) P <005 (vs 50 mg)

each dose groups

Each value represents tThe mean + standard deviation, The adjusted mean % standard error. *P < 0.05 (compared with baseline by t-test). C|,
confidence interval; EOT, end of treatment; FPG, fasting plasma glucose; HbAlc, glycated hemoglobin.

ences between all treatment groups were statistically significant
except between 12.5 and 25 mg, and between 25 and 50 mg by
analysis of covariance.

Bodyweight and Blood Pressure

Adjusted mean changes in bodyweight from baseline at the end
of treatment were —0.39 kg for patients receiving the placebo,
and —1.46, —1.69, —1.81, and —2.10 kg in the 12.5, 25, 50, and
100 mg ipragliflozin groups, respectively (Figure 3a; P < 0.001
for all ipragliflozin groups vs placebo). After termination of
ipragliflozin treatment, bodyweight was regained during the fol-
low-up period, but the reduction was still significantly below
the baseline values. Although the effects of ipragliflozin on
bodyweight were variable, the reduction in bodyweight was
found in both drug-treated and drug-naive patients by the sub-
group analyses (Figure 3b). The mean change in bodyweight
from baseline values to the end of the treatment in drug-naive
patients was +0.06 kg in the placebo group and -1.70 kg
in the 100 mg ipragliflozin group. In addition, reduction in

bodyweight with ipragliflozin was observed in both obese (BMI
>25 kg/m®) and non-obese (BMI <25 kg/m?®) patients.

The changes in systolic blood pressure from baseline to the
end of treatment tended to decrease in the ipragliflozin-treated
groups compared with the placebo group. However, these dif-
ferences were not significant (data not shown).

Safety and Laboratory Values

Adverse events occurred at similar frequencies across the pla-
cebo and ipragliflozin-treated groups. AEs and drug-related
AEs were not dose-dependent (P = 0.451 and P = 0417,
respectively). Rates of discontinuation because of drug-related
AEs were low at 0-3% across the treatment groups. Serious
AEs occurred in four patients: three patients (4.3%) in the pla-
cebo group and one patient (1.4%) in the ipragliflozin 12.5 mg
group. No cases of cancer and no deaths were reported in this
small scale and short duration study using ipragliflozin. A sin-
gle mild symptomatic hypoglycemic event occurred in a patient
in the 100 mg ipragliflozin group, which was not confirmed by
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Subgroup Treatment 1 |Baselinel Change from baseline at the end of treatment Difference vs PLA P—v‘?;ue
(mean=SE) (95% Cl) Placebo
Drug-naive Placebo 39 827 —— 0.14+0.09
lpragliflozin 125 mg 32 8.27 —— -047+0.10 |-061[-0.89,-0.34] P<0.001
lpragliflozin 25mg 40 8.21 —- -062+0.09 |-0.76[-1.02,-0.50] P<0.001
lpragliflozin 50mg 42 837 —— -0.89+0.09 |[-1.03[-1.29,-0.78] P<0.001
Ipragliflozin 100 mg 34 8.11 —a— -1.04+0.10 |-1.18[-1.45,-091] P<0.001
Drug-treated Placebo 30 848 —— 0.96+0.14
Ipragliflozin 125 mg 41 848 — 0.16+0.12 [-0.80[-1.17,-043] P<0.001
Ipragliflozin 25mg 34 846 —a -030+0.14 |-126[-1.65,-0.87] P<0.001
Ipragliflozin 50mg 29  8.28 —— -060+0.15 |-156[-1.97,-1.16] P<0.001
Ipragliflozin 100 mg 38 8.37 —_ -062+0.13 |-1.58[-1.96,-1.20] P<0.001
BMI =25 kg/m?  Placebo 31 837 —— 041+0.14
Ipragliflozin 125 mg 35 849 —ta— 0.06+0.13 |-0.35[-0.73,0.02] P=0.065
Ipragliflozin 25mg 45 840 —-— -048+0.12 [-0.89[-1.25,-0.53] P<0.001
Ipragliflozin 50mg 38  8.50 —— -0.89+0.13 |-1.30[-1.67,-0.93] P<0.001
Ipragliflozin 100 mg 40  8.25 —s -083+£0.12 |[-1.24[-1.61,-0.88] P<0.001
BMI <25 kg/m?  Placebo 38 836 —— 0.58 £0.12
Ipragliflozin 125 mg 38 8.30 —a -027+011 [-0.84[-1.16,-0.52] P<0.001
Ipragliflozin 25mg 29 8.21 — -047+0.13 |-1.04[-1.39,-0.70] P<0.001
Ipragliflozin 50mg 33  8.14 —— -069+0.12 |[-1.27[-1.60,-0.94] P<0.001
Ipragliflozin 100 mg 32 8.24 — -0.78+£0.13 |-1.35[-1.69,-1.02] P<0.001
Baseline Placebo 28 9.5 — 0.85+0.17
HbA1c levels Ipragliflozin 12.5 mg 28  9.31 —— -0.17+0.17 |-1.02[-1.50,-0.53] P< 0.001
>84% Ipraglifiozin 25 mg 30 9.16 — -088+0.17 |-1.72[-2.20,-1.25] P<0.001
lpragliflozin 50mg 25 9.22 —e -1.13+0.18 |-1.98[-2.48,-1.48] P<0.001
Ipragliflozin 100 mg 27 9.06 —_— -123+£0.18 |[-2.08[-2.57,-1.59] P<0.001
Baseline Placebo 41 783 —— 0.24+0.08
HbA1c levels Ipragliflozin 12.5 mg 45 7.81 ] -0.07 £0.08 |[-0.31[-0.54,-0.08] P=0.009
<84% lpragliflozin 25 mg 44 7.75 - ~0.19+ 008 |-043[-0.66,-0.20] P< 0001
Ipragliflozin 50mg 46  7.86 —— -061+£0.08 |[-084[-1.07,-0.62] P<0.001
Ipragliflozin 100 mg 45 7.76 —— -0.55+0.08 |-0.79[-1.02,-0.56] P<0.001
71.5 7‘1 7OI.5 0 O:S 1 1;5

Figure 2 | Subgroup analyses by treatment experience, body mass index (BMI) level and baseline glycated hemoglobin (HbA1c) levels. Effects did
not differ between drug-naive and drug-treated patients, or between patients with BMI of =25 kg/m? and BMI <25 kg/m? (P = 0.106 and
P = 0228, respectively). Reductions in HbA1c values were greater in patients with HbA1c levels >84% than in those with HbATc levels <84%

(P < 0001). d, confidence interval; PLA, placebo; SE, standard error.

plasma glucose measurement. Pollakiuria and polyuria occurred
in two patients (2.9%) in the placebo group, and in two (2.7%),
five (6.8%), six (8.3%), and six (6.8%) patients in the 12.5, 25,
50, and 100 mg ipragliflozin groups, respectively. UTIs were
observed in one patient in the placebo group, three patients in
the 50 mg ipragliflozin group and one patient in the 100 mg
ipragliflozin group. All cases of UTIs involved mild cystitis,
were found in female patients and were resolved by antibiotic
treatment. Mild vaginal candidiasis in one patient in each
of the 125 mg and 50 mg ipragliflozin groups improved

sufficiently with oxiconazole nitrate treatment. The patient with
vaginal candidiasis in the 50 mg ipragliflozin group also had
bacterial vaginitis. Genital pruritus occurred in one patient in
each of the 12.5, 50 and 100 mg ipragliflozin groups.

In the ipragliflozin-treated groups, hematocrit was mildly
increased by 1.5-2.0% at every dose. Similarly, blood urea
nitrogen (BUN) and urinary osmolality were also mildly
increased compared with placebo. Conversely, alanine amino
transferase (ALT) levels were significantly decreased at the 25,
50 and 100 mg dose. Furthermore, serum phosphorus and
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Placebo Ipragliflozin
125 mg 25 mg 50 mg 100 mg
Baseline (kg [mean]), n
Drug-naive 66.85 (39) 66.97 (32) 69.12 (40) 68.16 (43) 68.78 (34)
Drug-treated 66.27 (30) 67.74 (41) 68.92 (34) 67.26 (29) 67.89 (38)

Figure 3 | (a) Dose-dependent effects of ipragliflozin on mean changes in bodyweight levels from baseline over the study period. The values
(means * standard deviation) at each point are described in the figure. *P < 0.001 (compared with baseline by t-test). (b) Changes in body weight
from baseline to the end of treatment in drug-naive (n = 188) and drug-treated patients (n = 172). Data are expressed as means + standard error
(SE). *P < 0001 (compared with placebo by analysis of covariance). EOT, end of treatment.

magnesium concentrations, and urinary excretion of magne-
sium also increased, and urinary pH slightly decreased
(P < 0.001; Table 3).

DISCUSSION

The present study found that HbAlc levels significantly
decreased by more than 1% compared with the placebo after
12 weeks of treatment with once daily 50 or 100 mg doses of
ipragliflozin. These results might be clinically meaningful if the
levels could be maintained long term, as it has been reported
that a reduction of HbAlc by 1% has been associated with a
21% reduction in the relative risk of death, 37% reduction in risk
of microvascular complications and 14% reduction in risk of
myocardial infarction'® in patients with type 2 diabetes mellitus.

In the present study, the 6-week washout period might be
insufficient to stabilize the pretreatment HbAlc levels, as
HbAlc levels in the placebo group showed a 0.5% increase
above basal levels during the follow-up period. However, the
change in HbAlc levels from baseline to the end of treatment
dose-dependently decreased by a maximum of 1.29% below
placebo levels in the 50 mg ipragliflozin group and 1.31%
below placebo levels in the 100 mg ipragliflozin dose group.
The evidence is further supported by the results showing a sim-
ilar reduction in HbAlc levels at 50 and 100 mg ipragliflozin
doses (by 1.03% and 1.18%, respectively) in drug-naive patients,
whereas HbAlc levels in the placebo group showed a 0.14%
increase between baseline and the end of treatment. In addition,
the effect of thiazolidinediones might remain for at least 2 or
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Table 3 | Mean changes in laboratory values from baseline to the end of ipragliflozin treatment

CLINICAL TRIAL

Ipragliflozin in Japanese T2DM patients

Placebo Ipragliflozin
125 mg 25 mg 50 mg 100 mg

Hematocrit (%) —008 + 261 147 £ 195 149 £ 209%* 198 £+ 2.09** 198 £ 1.90%*
AST (IU/L) 16 £ 128 06+ 63 =13 £ 111 -11+52 -18%£ 110
ALT (UL 00£73 -19£85 —52 £ 113% -39 £ 98* —58 £ 108**
BUN (mg/dL) —-03 £ 35 13+ 28* 10+ 33% 22 £ 33% 1.8 £ 3.5%
sCr (mg/dL) -002 £ 007 -001 + 006 -001 + 005 000 £ 005* 001 £ 006"
Uric acid (mg/dL) -004 + 064 —005 + 063 —-039+ 073 -030 +£ 087 -0.13 £ 076
uOsm (MOsm/L) —4 £ 303 123 £ 269 51 £ 250 146 + 242* 165 + 273**
Urinary pH 004 + 067 -0.23 + 067 —034 £ 0.58** —032 £ 0.55% —039 £ 065**
Serum electrolytes

P (mg/dL) —-003 £ 037 005 + 032 0.10 £ 039* 0.13 £ 0.39* 0.18 £ 041*

Mg (mg/dL) —-003 £ 0.14 004 £ 0.13* 008 £ 0.13%* 009 £ 0.13** 0.12 £ 0.13%
Urinary electrolytes

Mg (mg/g Cn) 14+ 274 135 £ 240* 149 £ 27.9* 129 £+ 20.7% 119 £ 304*

Each value represents the mean + standard deviation. *P < 0.05 and **P < 0001 (compared with placebo by t-test). ALT, alanine aminotransferase;
AST, aspartate aminotransferase; BUN, blood urea nitrogen; Cr, creatinine; Mg, magnesium; P, phosphorus; sCr, serum creatinine; uOsm, urinary

osmolarity.

3 months after discontinuing the treatment. In order to con-
firm its effect, further analysis was carried out excluding the
patient treated with thiazolidinediones; however, HbAlc, FPG
and bodyweight showed almost the same results as in the pre-
vious analysis (data not shown).

Furthermore, ipragliflozin treatment also resulted in similar
HbAlc reductions among the obese and non-obese Japanese
patients. Although other SGLT2 inhibitors also reduce glycemic
parameters in patients with type 2 diabetes'® "%, these are the
first data showing equal efficacy in both obese and non-obese
Japanese type 2 diabetes patients.

More patients receiving ipragliflozin monotherapy achieved
an HbAlc level <7.0% (21.1% of the 50 mg group and 23.6%
of the 100 mg group) than did with the placebo (2.9%). Ipragli-
flozin was also associated with a significant reduction in FPG
levels. Interestingly, the reduction was found at 2 weeks after
the start of treatment, and was maintained until the end of
treatment in both the 50 and 100 mg groups.

Several classes of oral antidiabetes medications cause weight
gain'>*’. In the present study, ipragliflozin induced significant
dose-dependent reductions in bodyweight compared with the
placebo, likely caused by ipragliflozin-induced dose-dependent
increases in glucosuria, as recent phase 1'*'' and phase 2*'
studies have shown that ipragliflozin administration leads to
increased excretion of urinary glucose (approximately 50—
100 g/day). SGLT2 inhibitors have been reported to only inhi-
bit 30-50% of renal glucose reabsorption in humans, resulting
in energy loss that might contribute to reductions in body-
weight®’. Furthermore, ipragliflozin might also exert a mild
osmotic diuretic effect, reflected by the mild increases in hemat-
ocrit and BUN levels, which could contribute to the weight
reduction and explain the rapid partial regain of weight after
discontinuation of the drug.

Hypertension is a risk factor for cardiovascular complications
in type 2 diabetes patients®, and drugs including a low dose of
diuretics are often effective in reducing blood pressure, because
they mitigate the volume overload seen in these patients. A mild
reduction in systolic blood pressure was observed with the ipra-
gliflozin treatment, which is consistent with the results reported
for dapagliflozin'®'7**, The clinical meaning of these mild effects
of ipragliflozin on bodyweight and blood pressure will be further
evaluated in ongoing clinical trials. The clinical significance of
mild changes in electrolytes, such as serum phosphorus and
magnesium concentrations, remains unclear in the present study.

Although ipragliflozin was generally safe and well tolerated
in the present study, pollakiuria tended to occur more fre-
quently in ipragliflozin-treated groups than in the placebo
group. UTIs and genital infections are prevalent in women with
diabetes mellitus™, and increased incidences of both conditions
have been reported in placebo-controlled studies using another
SGLT2 inhibitor, dapagliflozin'®*****°. However, in the present
study, both UTIs and genital infections were similarly prevalent
between the placebo and ipragliflozin groups. Long-term and
large-scale studies of ipragliflozin are required to further assess
the frequency and clinical significance of these AEs. However,
the present data support the safety of ipragliflozin reported in
other studies'®'"*', and show that SGLT2 inhibitors have a
favorable safety profile'***%°.

Although the relationship between antidiabetes drugs and
cancer risk has been a concern in recent years, no cancer
events were reported in our study of ipragliflozin. Much larger
patient groups and extended exposure time are likely required
to determine whether or not treatment with ipragliflozin pre-
sents a similar cancer risk.

In summary, ipragliflozin efficiently improved glycemic con-
trol and bodyweight in a dose-dependent manner on adminis-
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tration to Japanese patients with type 2 diabetes mellitus. Nota-
bly, decreases in HbAlc levels were similar between obese and
non-obese patients. Ipragliflozin at once-daily doses up to
100 mg for 12 weeks appears to be safe, as no clinically signifi-
cant AEs were observed. Given this ostensibly favorable safety
profile, the potential therapeutic benefits of ipragliflozin on
reductions in bodyweight and blood pressure warrant further
investigation in Japanese patients with type 2 diabetes.
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