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Abstract Sulfonylureas are often used alone or in com-

bination with other drugs for treating type 2 diabetes.

Ipragliflozin is a sodium/glucose cotransporter 2 inhibitor

that enhances urinary glucose excretion and improves

glycemic control. We examined the efficacy and safety of

ipragliflozin as an add-on to a sulfonylurea in Japanese

type 2 diabetes patients with inadequate glycemic control

in a phase III study. Patients were randomized, double-

blind, to 50 mg ipragliflozin or placebo for 24 weeks,

followed by a 28-week open-label extension in which all

patients received either 50 or 100 mg ipragliflozin. The

primary endpoint was the change in HbA1c from baseline

to week 24 (last observation carried forward). Overall, 166

patients were prescribed ipragliflozin and 77 were pre-

scribed placebo. The adjusted mean change in HbA1c from

baseline to week 24 between the ipragliflozin and placebo

groups was -1.14 % (P\ 0.001). The reductions in fast-

ing plasma glucose and body weight were significantly

greater in the ipragliflozin group (placebo-adjusted mean

change: -38.0 mg/dl and -1.32 kg, respectively; both,

P\ 0.001). These changes were maintained until the end

of the open-label extension. There were more treatment-

emergent adverse events in the ipragliflozin group than in

the placebo group (75.9 vs. 61.8 %; P = 0.032). The most

common adverse events with a higher incidence in the

ipragliflozin group than in the placebo group were mild

pollakiuria and thirst. Ipragliflozin as an add-on to a sul-

fonylurea significantly improved glycemic control and

reduced body weight, with good tolerability, in Japanese

type 2 diabetes patients.
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Introduction

Sodium/glucose cotransporters (SGLTs) are responsible for

the cotransporting of sodium and glucose in the intestine

and kidney. The kidney-specific member of this family,

SGLT2, is mainly expressed on the brush border membrane

of the S1 and S2 segments of the proximal tubule [1] where

it reabsorbs about 90 % of glucose from the renal filtrate

[2] or as much as 180 g of glucose per day [3]. Because

inhibition of SGLT2 increases urinary glucose excretion

and thereby lowers blood glucose levels, several SGLT2

inhibitors have been developed for the treatment of type 2

diabetes [4, 5].

Previous pharmacokinetic and pharmacodynamic stud-

ies confirmed that ipragliflozin significantly enhances

Results of this study were presented as a poster at the 48th Annual

Meeting of the European Association for the Study of Diabetes

(EASD), Berlin, Germany (1–5 October 2012).
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urinary glucose excretion without affecting plasma glucose

levels in healthy individuals [6, 7]. In patients with type 2

diabetes, ipragliflozin reduced plasma glucose levels by

enhancing urinary glucose excretion [8].

Consequently, several clinical trials have been per-

formed, showing that ipragliflozin improved glycemic

control and was well tolerated when used as monotherapy

[9, 10] or in combination with metformin [11].

Metformin is widely used as the initial treatment for

type 2 diabetes. However, sulfonylureas are also widely

used as a first-line treatment in East Asian countries [12,

13]. If glycemic control remains inadequate, another oral

antidiabetic drug or insulin can be added to ongoing ther-

apy. Consequently, it is important to determine the efficacy

and safety of newer drugs as an add-on to a sulfonylurea in

Japanese patients with inadequate glycemic control.

An earlier study clearly demonstrated that the pharma-

cokinetics of ipragliflozin and sulfonylureas were not

affected by their coadministration [14]; however, no stud-

ies have examined the medium- to long-term effects on

glycemic control or safety of using ipragliflozin as an add-

on to a sulfonylurea.

Therefore, the objective of this double-blind, placebo-

controlled, phase III study was to evaluate the efficacy and

safety of treatment with ipragliflozin as an add-on to a

sulfonylurea for 24 weeks in Japanese patients with type 2

diabetes. We also included an open-label, 28-week exten-

sion period to examine the longer term efficacy and safety

of this combination. This article focuses on the placebo-

controlled part of the study because of its scientific

importance, but also briefly describes the results obtained

during the open-label extension period.

Methods

Patients

The main inclusion criteria were age C20 years, diagnosis

of type 2 diabetes C12 weeks before the study, HbA1c of

7.4–9.9 % [National Glycohemoglobin Standardization

Program (NGSP) units] at the start of the run-in period,

fasting plasma glucose (FPG) C126 mg/dl, body mass

index of 20.0–45.0 kg/m2, and treatment with sulfonylurea

alone at a stable dose (C1.25 mg/day glibenclamide,

C40 mg/day gliclazide, or C1 mg/day glimepiride) for

C4 weeks before the screening period.

Patients satisfying the following major criteria were

excluded: proliferative diabetic retinopathy; dysuria;

symptomatic urinary tract or genital infection; a serious

cardiovascular event within 12 weeks; New York Heart

Association class III or IV congestive heart failure;

unstable psychiatric disorder; history of malignant tumors

(except those who had not received treatment for C5 years

and who were not considered to have a recurrence); severe

gastrointestinal disease; serum creatinine (Cr) exceeding

the upper limit of normal; urinary albumin/urinary Cr ratio

[300 mg/g Cr; aspartate aminotransferase or alanine

aminotransferase[ twice the upper limit of normal;

uncontrolled hypertension (systolic blood pressure

[170 mmHg and/or diastolic blood pressure[95 mmHg);

treatment with insulin \12 weeks before the screening

period; or chronic use of adrenocorticosteroids, immuno-

suppressants, or a loop diuretic (short-term or temporary

use of these drugs was allowed), among other criteria. All

of the patients provided written informed consent at the

time of enrollment.

Study design and treatments

As illustrated in Fig. 1a, the study consisted of a 4-week

screening period, a 2-week single-blind run-in period in

which all patients received placebo, a double-blind

24-week treatment period (treatment period I), an open-

label 28-week extension period (treatment period II), and a

4-week follow-up period. Patients who used another drug

in combination with a sulfonylurea before the study

underwent a washout period of C4 weeks after providing

informed consent and before they entered the screening

period.

At the end of the run-in period, patients were random-

ized (in a 2:1 ratio) to receive either 50 mg ipragliflozin or

placebo once daily before breakfast. The randomization

schedule was prepared by a central registration center. The

patients and clinicians were kept blind to the treatment

received in treatment period I until the data for treatment

period I had been entered into the study database and

locked. The placebo drug was identical in appearance and

packaging to the active drug.

The sulfonylurea was continued at a constant dose from

enrollment to the end of the treatment period or discon-

tinuation. However, the dose could be changed in the fol-

low-up period.

Patients were eligible to enter treatment period II if their

HbA1c at week 20 was \8.4 % and was lower than the

baseline value. Written informed consent was newly

acquired at week 24 to participate in treatment period II.

All patients were treated with ipragliflozin in an open-label

manner.

At week 24, the ipragliflozin dose could be increased to

100 mg if the patient’s HbA1c at week 20 was C7.4 %.

After a dose increase to 100 mg, the ipragliflozin dose

could be reduced to 50 mg if there were safety concerns,

such as hypoglycemia, but no further dose change was

permitted.
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Fig. 1 a Study design. b Patient disposition. *Includes one patient

whose use of the double-blind study drug was unknown. �Includes
two patients whose ipragliflozin dose was decreased from 100 to

50 mg during treatment period II. �Includes one patient whose

ipragliflozin dose was decreased from 100 to 50 mg during treatment

period II

Ipragliflozin plus sulfonylurea 127

123



The use of other antidiabetic drugs and continuous

administration of drugs capable of affecting glucose

metabolism were prohibited between the start of the

screening period and the end of the treatment period or

discontinuation. Continuous use of systemic corticoste-

roids, immunosuppressants, or loop diuretics was also

prohibited.

Treatment compliance was assessed by the investigators

who reviewed their patients’ diaries to determine the

numbers of prescribed, returned, or lost study drugs.

The study was approved by institutional review boards

at each participating site and was conducted in accordance

with Good Clinical Practice, International Conference on

Harmonization Technical Requirements for Registration of

Pharmaceuticals for Human Use, as well as local laws and

regulations.

Study objectives and assessments

The primary efficacy endpoint was change in HbA1c from

baseline to week 24 (last observation carried forward;

LOCF). Secondary efficacy endpoints included the pro-

portion of HbA1c responders (\7.0 %) and the changes in

FPG, fasting serum insulin (FSI), leptin, adiponectin, body

weight, and waist circumference from baseline to week 24.

Efficacy endpoints were also assessed in terms of the

changes from baseline to week 52 (LOCF).

HbA1c was measured using an enzymatic assay, insulin

using a microparticle enzyme immunoassay, leptin using a

double-antibody radioimmunoassay, and adiponectin using

a latex agglutination turbidimetry, all of which were per-

formed by Mitsubishi Chemical Medience Corp. (Tokyo,

Japan). HbA1c values were initially reported in Japan

Diabetes Society (JDS) units, which were then converted

into NGSP units using the following equation [15]: HbA1c

(NGSP) (%) = 1.02 9 HbA1c (JDS) (%) ? 0.25 %.

Safety outcomes included treatment-emergent adverse

events (TEAEs), laboratory parameters (measured using

routine methods at Mitsubishi Chemical Medience Corp.),

vital signs, 12-lead electrocardiograms, and estimated

glomerular filtration rate (eGFR) [16]. TEAEs were

recorded according to system organ class and preferred

term (MedDRA version 12.1), along with the severity and

relationship to the study drug. Most episodes of hypogly-

cemia were labeled as such by the investigators based on

the patients’ subjective symptoms without blood glucose

data at the onset of symptoms.

Statistical analysis

We planned to enroll 225 patients and randomize 150 to

ipragliflozin and 75 to placebo to comply with the Japanese

Guidelines for Clinical Evaluation of Oral Hypoglycemic

Agents [17]. From a statistical perspective, the sample size

was deemed large enough to show statistical superiority of

ipragliflozin to placebo according to the results of a phase

II study [10].

The primary and secondary efficacy endpoints were

evaluated in the full analysis set, which was defined as all

patients who received at least one dose of the study drug

and in whom efficacy variables were measured at least

once after starting administration. Safety analyses were

done using the safety analysis set, which included all

patients who received at least one dose of the study drug.

Data are presented as mean ± SD or n (%), unless

otherwise specified. Baseline characteristics were com-

pared between the ipragliflozin and placebo groups using

the two-sample t test or Fisher’s exact test, as appropriate.

The primary endpoint (change in HbA1c from baseline

to week 24) was evaluated using analysis of covariance

(ANCOVA) with baseline HbA1c as a covariate and

treatment group as a fixed effect. Efficacy analysis was

based on the last observation carried forward method to

impute missing data at the endpoint. For the sensitivity

analysis, each demographic and baseline characteristic

(including body weight at screening, which showed an

imbalance between the treatment groups) was added to the

primary analysis model as a covariate or a fixed effect. The

analytical method used in the primary analysis was also

applied to the per protocol set. In addition, subgroup

analyses were conducted in patients stratified by sex, age,

baseline HbA1c, baseline eGFR, BMI, sulfonylurea type,

and whether or not a washout period was required.

Secondary efficacy endpoints at week 24 were compared

using ANCOVA with the baseline value as a covariate and

the treatment group as a fixed effect. For 52 weeks of

treatment, changes in efficacy endpoints from baseline to

week 52 were evaluated descriptively according to the

ipragliflozin dose received. Changes in homeostasis model

assessment of b cell function (HOMA-b) [18] were also

assessed in post hoc analyses.

Safety variables were analyzed descriptively and are

presented as the number of patients (%) within each group.

eGFR was calculated from serum creatinine, age, and sex,

using the modification of diet in renal disease equation

modified for Japanese subjects [16]. Post hoc analyses

using two-sample t-test were performed for laboratory

parameters.

Subgroup analyses of efficacy (HbA1c, FPG, and body

weight) and TEAEs were done after dividing patients into

two subgroups according to their sulfonylurea dose as

either a high dose (at least half of the highest approved

dose; glibenclamide C5 mg/day, gliclazide C80 mg/day,

or glimepiride C3 mg/day) or a low dose (less than half of

the highest approved dose; glibenclamide\5 mg/day, gli-

clazide\80 mg/day, or glimepiride\3 mg/day).
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For all analyses, P\ 0.05 (two-tailed) was considered

statistically significant.

Results

Patient disposition and characteristics

The study was conducted across 35 sites in Japan between

September 2010 and April 2012. As shown in Fig. 1b, 386

patients provided informed consent, of whom 245 were

randomized and 243 were prescribed ipragliflozin

(n = 166) or placebo (n = 77). The baseline characteris-

tics of both groups are shown in Table 1 and were gener-

ally comparable, except for body weight and body mass

index at screening, which were significantly greater in the

ipragliflozin group than in the placebo group.

The durations of exposure (mean ± SD) during treat-

ment period I were 163.4 ± 22.23 and 149.4 ± 38.84 days

in the ipragliflozin and placebo groups, respectively. The

treatment compliance levels (mean ± SD) were

98.70 ± 2.428 and 99.23 ± 1.352 % in the ipragliflozin

and placebo groups, respectively.

About 80 % of patients in both groups used glimepiride;

the remainder used either glibenclamide or gliclazide.

Of 166 patients randomized to ipragliflozin in treatment

period I, 128 entered treatment period II (Fig. 1b). Of

these, 57 received 50 mg ipragliflozin in both periods and

71 received 50 mg ipragliflozin in treatment period I and

100 mg ipragliflozin in treatment period II.

Efficacy

Glycemic control

The mean changes in HbA1c from baseline to week 24

were -0.83 and 0.32 % in the ipragliflozin and placebo

groups, respectively (Table 2). The adjusted mean differ-

ence was -1.14 % [95 % confidence interval (CI) -1.348,

-0.936; P\ 0.001]. Similar results were obtained in sen-

sitivity analyses in which the baseline characteristic vari-

ables were individually included as a fixed factor in each

analysis (data not shown). Analysis of the per protocol set

yielded similar results. The mean change in HbA1c was

also significantly greater in the ipragliflozin group than in

the placebo group in subgroup analyses of patients strati-

fied by prior washout, age (\65, C65 years), sex, baseline

HbA1c (\8.0, C8.0 %), baseline eGFR (\90, C90 ml/min/

1.73 m2), BMI at screening (\25, C25 kg/m2), or sulfo-

nylurea type (glimepiride, gliclazide, and glibenclamide)

(all P\ 0.001; data not shown) except in patients using

gliclazide (P = 0.052; data not shown). Among patients

with HbA1c C8.0 % at baseline, the mean changes in

HbA1c from baseline to week 24 were -0.98 and 0.23 %

in the ipragliflozin (baseline: 8.68 %) and placebo (base-

line: 8.76 %) groups, respectively. The changes in HbA1c

in patients with HbA1c\8.0 % at baseline were -0.48 and

0.49 % in the ipragliflozin (baseline: 7.63 %) and placebo

(baseline: 7.59 %) groups, respectively. The adjusted mean

difference in HbA1c change was larger in patients with

HbA1c C8.0 % (-1.26 %) than in patients with HbA1c

\8.0 % (-0.95 %). The change in HbA1c was also sig-

nificantly greater in the ipragliflozin group than in the

placebo group after dividing patients into those who used a

low (Supplementary Table 1) or a high (Supplementary

Table 2) sulfonylurea dose.

Overall, 19.4 % (32/165) and 5.3 % (4/75) of patients in

the ipragliflozin and placebo groups, respectively, achieved

HbA1c\7.0 % at week 24. As shown in Fig. 2a, decreases

in mean HbA1c were apparent in the ipragliflozin group as

early as week 4 and HbA1c continued to decrease up to

week 24. By contrast, the mean HbA1c increased in the

placebo group until week 8 and thereafter started

decreasing until week 24.

Over 52 weeks of treatment, HbA1c declined progres-

sively over the first 24 weeks of treatment and was

Table 1 Patient characteristics (full analysis set)

Placebo Ipragliflozin P value

n 75 165

Sex

Male 47 (62.7) 111 (67.3) 0.557a

Female 28 (37.3) 54 (32.7)

Age, years 59.8 ± 8.58 59.6 ± 10.02 0.903b

Body weight,

kg (at screening)

63.96 ± 11.398 68.81 ± 12.435 0.004b

BMI, kg/m2

(at screening)

24.18 ± 2.969 25.81 ± 3.604 \0.001b

Duration of diabetes,

months

129.0 ± 74.92 123.8 ± 84.99 0.656b

HbA1c, % (NGSP) 8.34 ± 0.727 8.38 ± 0.641 0.717b

FPG, mg/dl 176.0 ± 35.54 179.7 ± 32.27 0.428b

Washout or other oral antidiabetic drugs before the run-in period

No 60 (80.0) 127 (77.0) 0.737a

Yes 15 (20.0) 38 (23.0)

Sulfonylurea used

Glibenclamide 10 (13.3) 13 (7.9) 0.337a

Gliclazide 6 (8.0) 19 (11.5)

Glimepiride 59 (78.7) 133 (80.6)

Values are means ± standard deviation or n (%)

BMI body mass index, HbA1c hemoglobin A1c, NGSP National

Glycohemoglobin Standardization Program, FPG fasting plasma

glucose
a Fisher’s exact test
b Two-sample t test
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maintained thereafter in patients who received ipragliflozin

in both treatment periods (Fig. 2b). In patients who con-

tinued 50 mg ipragliflozin (50/50 mg group), HbA1c

decreased from 8.16 % at baseline to 6.96 % at week 24

(mean change from baseline: -1.21 %) and then increased

slightly to 7.15 % at week 52 (mean change from baseline:

-1.02 %). In patients who switched to 100 mg ipragliflo-

zin (50/100 mg group), HbA1c decreased from 8.59 % at

baseline to 7.75 % at week 24 (mean change from base-

line: -0.84 %) and to 7.59 % at week 52 (mean change

from baseline: -1.00 %). The proportion of patients who

achieved HbA1c\7.0 % was 50.9 % (29/57) at week 24

and decreased to 29.8 % (17/57) at week 52 in the

50/50 mg group but increased slightly from 0 % (0/71) to

9.9 % (7/71) in the 50/100 mg group.

FPG decreased by 41.4 mg/dl in the ipragliflozin group

and by 1.0 mg/dl in the placebo group between baseline

and week 24, corresponding to a placebo-adjusted mean

change of -38.0 mg/dl (95 % CI -45.27, -30.75) in the

ipragliflozin group (Table 2). Among patients treated with

ipragliflozin, FPG declined progressively during the first

2 weeks of treatment and continued to decrease until week

12, then remained stable at about 140 mg/dl until week 24

(Fig. 3a). The decrease in FPG was also significantly

greater in the ipragliflozin group than in the placebo group

after dividing patients into subgroups according to their

sulfonylurea dose (Supplementary Tables 1 and 2).

The reduction in FPG was also maintained over

52 weeks (Fig. 3b). In the 50/50 mg group, FPG decreased

from 173.7 mg/dl at baseline to 129.4 mg/dl at week 24

(mean change from baseline: -44.3 mg/dl) and increased

slightly to 139.9 mg/dl at week 52 (mean change from

baseline: -33.8 mg/dl). In the 50/100 mg group, FPG

decreased from 185.0 mg/dl at baseline to 140.7 mg/dl at

week 24 (mean change from baseline: -44.4 mg/dl) and

was 140.6 mg/dl at week 52 (mean change from baseline:

-44.4 mg/dl).

Other secondary outcomes

As shown in Fig. 4a, the decrease in body weight was

greater in the ipragliflozin group than in the placebo group.

The placebo-adjusted mean change at week 24 was

-1.32 kg (95 % CI -1.884, -0.754) (Table 2). The

decrease in body weight was also significantly greater in

the ipragliflozin group than in the placebo group after

dividing patients into subgroups according to their sulfo-

nylurea dose (Supplementary Tables 1 and 2). Among

patients who used ipragliflozin in both treatment periods,

body weight decreased progressively until about week 24,

after which it stabilized at about -2 to -2.5 kg until week

52 (Fig. 4b). The mean changes from baseline to week 24

and week 52 were -2.44 and -2.18 kg, respectively, inT
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the 50/50 mg group (baseline: 69.92 kg) and -2.16 and

-2.38 kg, respectively, in the 50/100 mg group (baseline:

69.37 kg).

The changes in FSI, leptin, adiponectin, and waist cir-

cumference from baseline to week 24 are presented in

Table 2. Of these, only the change in adiponectin was

significantly different between the ipragliflozin and pla-

cebo groups, with a placebo-adjusted change of 0.44 lg/ml

(95 % CI 0.107, 0.781). The increase in adiponectin was

maintained over 52 weeks (data not shown).

As shown in Table 2, HOMA-b increased significantly

in the ipragliflozin group relative to the placebo group.

Safety

The incidence of TEAEs was significantly higher in the

ipragliflozin group than in the placebo group during the

24-week double-blind period (treatment period I), but there

was no significant difference in the incidence of drug-

related TEAEs between the two groups (Table 3). The

most common events with a higher incidence in the ipra-

gliflozin group than in the placebo group were pollakiuria

(14/166 vs. 1/76 patients) and thirst (12/166 vs. 1/76

patients). All of these events were classified as mild in

severity. The incidence of TEAEs was not obviously

Fig. 2 a Time course of HbA1c

over 24 weeks according to

treatment group. b Time course

of HbA1c in the ipragliflozin

group over 52 weeks according

to the treatment received in

treatment period II (50 or

100 mg ipragliflozin). Values

are mean ± SD. HbA1c

hemoglobin A1c, NGSP

National Glycohemoglobin

Standardization Program
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influenced by the sulfonylurea dose (Supplementary

Table 3).

Serious TEAEs (other than death) occurred in five

patients in the ipragliflozin group (spinal column stenosis,

proliferative retinopathy, intervertebral disc protrusion, and

Parkinson’s disease in one patient each; and osteomyelitis,

subcutaneous abscess, and hyperkeratosis in one patient)

and in three patients in the placebo group (gastric polyps,

thalamic infarction, and worsening of diabetes in one

patient each) in treatment period I.

Overall, 9 patients in the ipragliflozin group and 11 in

the placebo group discontinued the study because of TE-

AEs in treatment period I. In the placebo group, the most

common TEAE leading to discontinuation was worsening

of diabetes, which occurred in eight patients. In the ipra-

gliflozin group, there were no TEAEs leading to discon-

tinuation in two or more patients.

In terms of prespecified TEAEs, the incidence of TEAEs

related to hypoglycemia was similar between the ipragli-

flozin (1.2 %, 2/166) and placebo groups (1.3 %, 1/76).

Fig. 3 a Time course of FPG

over 24 weeks according to

treatment group. b Time course

of FPG in the ipragliflozin

group over 52 weeks according

to the treatment received in

treatment period II (50 or

100 mg ipragliflozin). Values

are mean ± SD. FPG fasting

plasma glucose
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The incidence of TEAEs related to urinary tract infection

and genital infection was lower in the ipragliflozin group

(1.2 and 0.6 %, respectively) than in the placebo group (3.9

and 3.9 %, respectively). However, the incidence of poly-

uria/pollakiuria was higher in the ipragliflozin group

(9.6 %) than in the placebo group (2.6 %), but all of the

events were classified as mild in severity. Two patients in

the ipragliflozin group discontinued treatment because of a

TEAE related to hypoglycemia or polyuria/pollakiuria in

treatment period I. The incidence of hypoglycemia was not

obviously influenced by the sulfonylurea dose.

Over the 52-week study, TEAEs occurred in 86.7 %

(144/166) of patients initially randomized to ipragliflozin,

including those who received 100 mg ipragliflozin

(Table 3). The incidence of serious TEAEs and TEAEs

leading to permanent discontinuation was 7.2 and 9.6 %,

respectively. Most TEAEs were classified as mild in

severity. One TEAE was classified as severe (idiopathic

thrombocytopenic purpura), but it was not considered to be

related to the study drug.

TEAEs related to hypoglycemia occurred in 7 (4.2 %)

patients, urinary tract infection occurred in 5 (3.0 %),

Fig. 4 a Changes in body

weight over 24 weeks according

to treatment group. b Changes

in body weight in the

ipragliflozin group over

52 weeks according to the

treatment received in treatment

period II (50 or 100 mg

ipragliflozin). Values are

mean ± SD
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genital infection occurred in 3 (1.8 %), and polyuria and/or

pollakiuria occurred in 17 (10.2 %). In addition, for 1

patient in the 50/100 mg group, the dose was reduced to

50 mg because of a mild TEAE related to hypoglycemia.

The incidence of polyuria/pollakiuria did not increase in the

28-week open-label extension period (treatment period II).

Systolic/diastolic blood pressure significantly decreased

by 5.5/2.9 mmHg in the ipragliflozin group and by 1.3/

0.5 mmHg in the placebo group from baseline to week 24.

Among patients treated with ipragliflozin in treatment

period I, the reduction in systolic/diastolic blood pressure

from baseline to week 52 was 3.8/2.2 mmHg (Table 4).

The changes in systolic blood pressure (Supplementary

Fig. 1) or diastolic blood pressure (data not shown) were

not correlated with the change in body weight from base-

line to the end of treatment period I.

There were no clinically relevant changes in pulse rate,

eGFR, or other laboratory test values, although hematocrit,

blood urea nitrogen, magnesium (serum and urine), and

phosphate (serum and urine) increased slightly in the ipra-

gliflozin group compared with the placebo group (Table 4).

Triglyceride levels decreased and high-density lipoprotein

cholesterol levels increased in the ipragliflozin group com-

pared with the placebo group. Changes in other total cho-

lesterol, free fatty acids, and low-density lipoprotein were

comparable in both groups. Electrocardiogram abnormali-

ties were noted in three patients (electrocardiogram T wave

biphasic, angina pectoris and tachycardia) in the ipragliflo-

zin group. These events were classified as mild in severity

except for moderate angina pectoris in one patient, which led

to study discontinuation. These events were not considered

related to the study drug.

Discussion

Sulfonylureas are relatively inexpensive drugs with well-

established clinical efficacy and safety profiles. Therefore,

sulfonylureas are widely used to treat type 2 diabetes either

as monotherapy or in combination with other drugs.

However, sulfonylureas often show limited long-term

efficacy as monotherapy [19, 20], requiring the addition of

a second drug.

Several classes of drugs can be used in combination with

sulfonylureas, including glucagon-like peptide-1 analogs

and dipeptidyl peptidase-4 inhibitors, which promote

insulin secretion; thiazolidinediones and metformin, which

enhance insulin action; and other drugs, such as insulin and

a-glucosidase inhibitors, which directly reduce circulating

glucose levels [21].

SGLT2 inhibitors represent a novel class of drugs that is

proposed as an insulin-independent approach for treating

type 2 diabetes and may avoid some of the limitations

associated with other drugs, including weight gain. Their

Table 3 Treatment-emergent

adverse events

Values are n (%) of patients

TEAE treatment-emergent

adverse event
a Fisher’s exact test
b Events occurring in C4 % of

patients in either group in

treatment period I

Treatment period I (weeks 0–24) Treatment periods I and II

(weeks 0–52)

Placebo Ipragliflozin P valuea Ipragliflozin

n 76 166 166

All TEAEs 47 (61.8) 126 (75.9) 0.032 144 (86.7)

Drug-related TEAEs 18 (23.7) 39 (23.5) 1.000 52 (31.3)

Serious TEAEs 3 (3.9) 5 (3.0) 12 (7.2)

TEAEs leading to discontinuation 11 (14.5) 9 (5.4) 16 (9.6)

TEAEs related to

Hypoglycemia 1 (1.3) 2 (1.2) 7 (4.2)

Urinary tract infection 3 (3.9) 2 (1.2) 5 (3.0)

Males/females, n 0/3 2/0 3/2

Genital infection 3 (3.9) 1 (0.6) 3 (1.8)

Males/females, n 1/2 0/1 1/2

Polyuria and/or pollakiuria 2 (2.6) 16 (9.6) 17 (10.2)

TEAEs in C4 % of patientsb

Nasopharyngitis 18 (23.7) 45 (27.1) 64 (38.6)

Worsening of diabetes 15 (19.7) 1 (0.6) 1 (0.6)

Pollakiuria 1 (1.3) 14 (8.4) 15 (9.0)

Thirst 1 (1.3) 12 (7.2) 12 (7.2)

Constipation 1 (1.3) 9 (5.4) 14 (8.4)

Diarrhea 2 (2.6) 7 (4.2) 8 (4.8)

Stomatitis 0 (0) 7 (4.2) 8 (4.8)
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independence of insulin means they are well suited for use

in combination with sulfonylureas and may reduce the

overall demand on insulin for glucose disposal from the

blood, possibly enabling a reduction in the sulfonylurea

dose during treatment with SGLT2 inhibitors. Treatment

with an SGLT2 inhibitor could help to prevent the pro-

gression of b cell dysfunction, weight gain, and hypogly-

cemia that are frequently associated with sulfonylurea. In

Table 4 Changes in blood pressure and laboratory test values

Treatment

groupa
Baseline Change from

baseline to week

24 (LOCF)

P valueb Change from

baseline to week

52 (LOCF)

SBP (mmHg) Placebo 129.2 ± 14.12 -1.3 ± 13.23 –

Ipragliflozin 130.3 ± 14.04 -5.5 ± 13.21 0.025 -3.8 ± 13.58

DBP (mmHg) Placebo 75.4 ± 11.26 -0.5 ± 8.61 –

Ipragliflozin 77.2 ± 10.06 -2.9 ± 8.30 0.047 -2.2 ± 8.81

Hematocrit (%) Placebo 43.36 ± 3.479 -1.16 ± 2.166 –

Ipragliflozin 43.86 ± 4.097 0.75 ± 2.099 \0.001 0.96 ± 2.379

Creatinine (mg/dl) Placebo 0.676 ± 0.1488 -0.001 ± 0.0528 –

Ipragliflozin 0.703 ± 0.1559 0.015 ± 0.0621 0.060 0.006 ± 0.0681

BUN (mg/dl) Placebo 15.1 ± 4.09 -0.1 ± 3.29 –

Ipragliflozin 15.0 ± 3.72 1.4 ± 3.52 0.002 1.8 ± 3.68

eGFR (ml/min/1.73 m2) Placebo 85.87 ± 15.896 0.05 ± 7.440 –

Ipragliflozin 84.24 ± 16.951 -1.95 ± 8.418 0.079 -0.58 ± 8.951

Urinary albumin/Cr ratio (mg/g Cr) Placebo 48.64 ± 60.028 -6.48 ± 37.384 –

Ipragliflozin 51.84 ± 201.318 -24.83 ± 197.300 0.426 -19.33 ± 201.047

Triglycerides (mg/dl) Placebo 151.3 ± 139.98 8.7 ± 90.66 –

Ipragliflozin 159.6 ± 129.76 -18.6 ± 90.45 0.031 -21.1 ± 92.01

Total cholesterol (mg/dl) Placebo 201.2 ± 33.63 -4.6 ± 23.72 –

Ipragliflozin 204.8 ± 34.26 -5.4 ± 28.39 0.823 -1.2 ± 29.75

HDL-C (mg/dl) Placebo 58.4 ± 14.89 -0.7 ± 7.18 –

Ipragliflozin 57.6 ± 16.76 2.0 ± 9.40 0.034 4.6 ± 10.33

LDL-C (mg/dl) Placebo 120.4 ± 32.85 -3.9 ± 21.36 –

Ipragliflozin 124.2 ± 29.30 -5.0 ± 26.69 0.766 -1.3 ± 26.89

FFA (mEq/l) Placebo 0.602 ± 0.2437 0.051 ± 0.2503 –

Ipragliflozin 0.585 ± 0.2087 0.086 ± 0.2240 0.278 0.057 ± 0.2287

AST (IU/l) Placebo 24.9 ± 7.18 0.4 ± 7.47 –

Ipragliflozin 26.8 ± 9.11 -2.9 ± 8.76 0.004 -1.3 ± 9.79

ALT (IU/l) Placebo 25.6 ± 11.44 -0.4 ± 9.30 –

Ipragliflozin 31.5 ± 15.92 -6.6 ± 12.34 \0.001 -5.7 ± 13.61

Serum Mg (mg/dl) Placebo 2.14 ± 0.176 0.00 ± 0.134 –

Ipragliflozin 2.11 ± 0.153 0.11 ± 0.136 \0.001 0.13 ± 0.135

Serum P (mg/dl) Placebo 3.35 ± 0.555 -0.01 ± 0.377 –

Ipragliflozin 3.31 ± 0.465 0.10 ± 0.378 0.044 0.11 ± 0.363

Urinary Mg/Cr ratio (mg/g Cr) Placebo 58.45 ± 33.399 -5.59 ± 26.357 –

Ipragliflozin 56.93 ± 34.147 4.14 ± 29.431 0.015 9.48 ± 31.198

Urinary P/Cr ratio (mg/g Cr) Placebo 586.27 ± 205.245 -34.99 ± 192.612 –

Ipragliflozin 569.88 ± 211.924 78.44 ± 206.814 \0.001 96.10 ± 238.627

Values are mean ± standard deviation

LOCF last observation carried forward, SBP systolic blood pressure, DBP diastolic blood pressure, Cr creatinine, BUN blood urea nitrogen,

eGFR estimated glomerular filtration rate, HDL-C high-density lipoprotein–cholesterol, LDL-C low-density lipoprotein–cholesterol, FFA free

fatty acids, AST aspartate aminotransferase, ALT alanine aminotransferase, Mg magnesium, P phosphorus
a Placebo: n = 75 at last observation carried forward to week 24; ipragliflozin: n = 165 at last observation carried forward to week 24 or week

52
b The difference in change from baseline between the two groups was analyzed using two-sample t test
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addition, the increase in urinary glucose excretion during

treatment with an SGLT2 inhibitor achieves caloric loss

and mild osmotic diuresis, which are associated with

clinically significant body weight reductions. Despite the

changes in total cholesterol, free fatty acids, and low-

density lipoprotein being comparable in both groups, the

improvements in triglyceride and HDL-C suggest that

ipragliflozin may improve the overall lipid profile during

longer term treatment. Although we did not assess body

composition in this study, an earlier study investigated the

changes in body composition in patients treated with

dapagliflozin [22], another SGLT2 inhibitor. The results of

that study suggest that the reduction in body weight is

largely attributable to a decrease in fat mass. The potential

effects of ipragliflozin on lean mass should be examined in

future studies.

From this context, the present study was designed to

demonstrate the efficacy and safety of using ipragliflozin in

combination with ongoing sulfonylurea. Briefly, we found

that ipragliflozin significantly improved glycemic control

in terms of HbA1c and FPG at 24 weeks, and these

improvements were maintained for up to 52 weeks in the

open-label extension. HbA1c levels were higher in patients

who received 50/100 mg ipragliflozin than in those who

received 50/50 mg ipragliflozin, even though the changes

in FPG and body weight after week 28 were similar in both

groups. These inconsistencies may be related to differences

in post-prandial glucose levels between the two groups.

However, unfortunately, we only measured fasting glucose

levels in the present study. Therefore, we are unable to

discuss the possible effects of post-prandial glucose on the

changes in HbA1c in this study. In addition, ipragliflozin

was associated with improvements in adiponectin levels

and body weight compared with placebo, and these

improvements were maintained through to 52 weeks. We

also found an increase in HOMA-b in the present study.

However, this result should be interpreted with great cau-

tion and re-evaluated using other methods because HOMA-

b is a function of FPG and fasting insulin levels, and

SGLT2 inhibitors might elicit apparently favorable

improvements in HOMA-b by reducing FPG, without

actually improving b cell function. Reductions in blood

pressure were also observed in ipragliflozin-treated patients

over 52 weeks.

The results of this study were similar to those of an

earlier monotherapy study in which treatment with 50 mg

ipragliflozin resulted in significant placebo-adjusted

reduction in HbA1c of 1.29 % over 12 weeks of treatment

in Japanese patients with type 2 diabetes [10]. In this study,

ipragliflozin significantly reduced FPG and body weight,

and it tended to reduce systolic blood pressures [10].

In terms of safety, ipragliflozin was generally well tol-

erated in the present study as an add-on to a sulfonylurea,

similar to the study of ipragliflozin alone [10]. Although

the incidence of TEAEs was significantly higher in the

ipragliflozin group than in the placebo group, there was no

significant difference in the incidence of drug-related TE-

AEs between the two groups. The incidence of hypogly-

cemia, urinary tract infections, and genital infections was

low, and it was similar between the ipragliflozin and pla-

cebo groups. Pollakiuria and polyuria were more common

in the ipragliflozin group than in the placebo group, and

these events were probably caused by the mild osmotic

diuresis effect of SGLT2 inhibitors.

Similarly, Strojek et al. [23] examined the efficacy and

safety of another SGLT2 inhibitor, dapagliflozin (2.5, 5, or

10 mg/day), in combination with glimepiride in a 24-week

study. In that study, dapagliflozin was associated with

significant reductions in HbA1c (2.5–10 mg/day vs. pla-

cebo: -0.58 to -0.82 vs. -0.13 %), FPG (-0.93 to -1.58

vs. -0.11 mmol/l), and body weight (-1.18 to -2.26 vs.

-0.72 kg) compared with placebo. They also noted a

higher incidence of hypoglycemic events in the dapagli-

flozin groups than in the placebo group (6.9–7.9 vs. 4.8 %),

but an increase in these events is commonly observed when

antidiabetic drugs are added to a sulfonylurea.

The results of our study and the study by Strojek et al.

[23] indicate that SGLT2 inhibitors are effective and well

tolerated when used in combination with a sulfonylurea

and that SGLT2 inhibitors are promising for use in

combination with other antidiabetic drugs because of their

insulin-independent mode of action and low risk of

hypoglycemia. In fact, we found that improvements in

glycemic control and body weight in the ipragliflozin

group were generally similar between patients using a low

or a high sulfonylurea dose. Moreover, the sulfonylurea

dose did not markedly influence the incidence of TEAEs,

including hypoglycemia.

Some limitations of our study need to be discussed.

Because the sulfonylurea dose was fixed during the

study, we could not confirm whether combination with

ipragliflozin could allow reductions of the sulfonylurea

dose, which might minimize the risk of sulfonylurea-

associated adverse events, especially hypoglycemia and

weight gain. In addition, SGLT2 inhibitors improved

glucose intolerance and increased glucose-stimulated

insulin secretion in vivo, so they could preserve pan-

creatic b cell function [24]. This effect might prevent the

secondary failure of a sulfonylurea. However, this pos-

sibility could not be demonstrated because the double-

blind treatment period was short and there was no con-

trol group in treatment period II.

In conclusion, the results of the present phase III study

show that using ipragliflozin as an add-on to ongoing sul-

fonylurea can produce significant improvements in glyce-

mic control in terms of HbA1c and FPG as well as marked
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reductions in body weight. This combination was also well

tolerated in our cohort of Japanese patients.
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