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Abstract

Background: Ipragliflozin is a selective sodium glucose co-trans-
porter 2 inhibitor. The ASSIGN-K study is investigating the efficacy
and safety of ipragliflozin for type 2 diabetes mellitus (T2DM) in the
real-world clinical setting.

Methods: Japanese T2DM patients with inadequate glycemic con-
trol despite diet and exercise with/without pharmacotherapy were
enrolled in an investigator-driven, multicenter, prospective, observa-
tional study examining the efficacy and safety of ipragliflozin treat-
ment (50 mg/day for 52 weeks). We performed interim analysis after
24 weeks.

Results: In 367 patients completing 24-week ipraglifiozin therapy,
hemoglobin Alc (HbAlc) decreased significantly from 8.07% at
baseline to 7.26% in week 24 (P <0.001). The change in HbAlc from
treatment initiation to week 24 was -0.88% in patients < 65 years old
versus -0.55% in those > 65 years and -0.92% in men versus -0.70%
in women (all P < 0.001). When baseline HbAlc was < 7%, 7% to <
8%, and > 8%, the change was -0.18%, -0.45%, and -1.48%, respec-
tively (P = 0.5352, P < 0.001, and P < 0.001, respectively). When
baseline body mass index (BMI) was < 25, 25 to < 30, and > 30, the
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change was -1.05%, -0.65%, and -0.87%, respectively (all P <0.001).
Multiple regression analysis showed that HbAlc decreased more in
patients with a higher baseline HbA 1¢ or shorter duration of diabetes.
An HbAlc < 7% was achieved in 33.3% of the patients, and their
baseline HbAlc was significantly lower than that of patients failing
to achieve it (P < 0.001). Adverse events (AEs) occurred in 106/451
patients (23.5%), including 29.1% of patients aged 65 or older. Com-
mon AEs were vulvovaginal candidiasis (3.1%) and genital pruritus
(1.8%). Serious AEs included urinary tract infection, unstable angina,
and ketosis, which occurred in patients who did not suspend medica-
tion during acute illness.

Conclusions: Ipragliflozin significantly improved HbAlc in T2DM
patients with inadequate glycemic control. Improvement in HbAlc
was significant irrespective of age, sex, baseline HbAlc, or BMI,
but efficacy was greater with a higher baseline HbA1c and shorter
duration of diabetes. For safe continuation of treatment, patients
should be advised to suspend medication during acute illness.

Keywords: Body fat mass; Sodium glucose co-transporter 2 inhibi-
tor; Ipraglifiozin; Type 2 diabetes mellitus; Glycemic control

Introduction

After being absorbed and digested, glucose is filtered through
the glomeruli of the kidneys and then reabsorbed in the proxi-
mal tubules, with sodium glucose co-transporter 2 (SGLT2)
playing a major role in the reabsorption process [1, 2].
SGLT?2 inhibitors can be used to treat type 2 diabetes mellitus
(T2DM) without targeting insulin secretion through reduction
of blood glucose (BG) by inhibiting glucose reabsorption in
the proximal renal tubules. Improvement in glycemic control
by various SGLT?2 inhibitors has been demonstrated in Japa-
nese clinical studies [3-9], and these antidiabetic drugs have
been approved in Japan since 2014. Both the body weight
(BW) and blood pressure (BP) are decreased by SGLT?2 in-
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hibitors, which can be used concomitantly with various oth-
er agents owing to their unique mechanism of action [10].
SGLT2 inhibitors were listed as an option for combination
therapy in the 2015 treatment algorithms published in the EU
and the USA [11]. In clinical trials, urinary tract and genital
tract infections have been identified as characteristic adverse
reactions to SGLT2 inhibitors. In addition, serious adverse
reactions such as severe hypoglycemia, ketoacidosis, or
generalized skin rashes have been reported in patients using
SGLT2 inhibitors with insulin or sulfonylureas. Moreover,
osmotic diuresis due to increased urinary excretion of glu-
cose has been reported to cause dehydration, which has been
suggested to be associated with cerebral infarction. Accord-
ingly, the Committee on the Proper Use of SGLT2 Inhibitors
of the Japan Diabetes Society has twice formulated recom-
mendations for appropriate use of these drugs (in 2014 and
2016), listing precautions with regard to dehydration, urinary
tract infection, and genital tract infection when SGLT2 in-
hibitors are administered to elderly patients concurrently
with insulin or sulfonylureas and encouraging suspension or
cessation of medication during acute illness. Because SGLT2
inhibitor therapy is associated with weight loss, these drugs
are expected to be effective for obese T2DM patients with
insulin resistance. In order to minimize adverse events (AEs),
treatment should be tailored for each patient based on clinical
characteristics. However, there have not been many reports
about the relationship between the efficacy (reduction of he-
moglobin Alc (HbAlc) and weight loss) or safety of SGLT2
inhibitors and patient characteristics.

Ipragliflozin is a selective SGLT2 inhibitor. A phase
IT dose-ranging study performed in Japanese patients with
T2DM showed that administration of ipragliflozin at 100
mg daily reduced HbAlc by 0.81% and BW by 2.10 kg
in week 12 [3]. In this study, patients were stratified into
groups with a lower baseline HbAlc (< 8.4%) and a higher
baseline HbAlc (> 8.4%), and the change in HbAlc during
treatment was significantly larger in the latter group (P <
0.001). In contrast, the change in HbA lc showed no signifi-
cant difference between patients initiating treatment with
ipragliflozin and those receiving add-on therapy (P = 0.106)
or between obese and non-obese patients (P = 0.228). In
other previous studies of ipragliflozin, patients with higher
baseline HbAlc levels showed a larger change in HbAlc
[4, 12-14].

We have been conducting an investigator-initiated, mul-
ticenter, prospective clinical trial (the ASSIGN-K study) to
examine the efficacy and safety of treatment with ipraglifio-
zin for 52 weeks in the real-world setting, either as mono-
therapy after switching from other antidiabetic agents or in
combination with prior therapy. We previously reported the
results up to week 12 with respect to glycemic control, safe-
ty, and the influence of various patient characteristics [15,
16]. Detailed information has also been obtained about the
changes in body composition up to 24 weeks of ipragliflo-
zin therapy (submitted for publication). The present report is
based on the results of interim analysis and describes the in-
fluence of various clinical characteristics (age, sex, duration
of diabetes, body mass index (BMI), and baseline HbAlc)
on changes in HbAlc and various other parameters up to 24
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weeks.

Patients and Methods

Study design

ASSIGN-K is an investigator-driven, prospective, multi-
center study evaluating the efficacy and safety of ipraglifio-
zin as monotherapy or combination therapy in outpatients
with T2DM [15]. The study was commenced at 33 centers in
Kanagawa Prefecture, Japan in June 2014, with patient regis-
tration by electronic data capture being continued until Janu-
ary 31, 2016. All patients provided written informed consent to
enrollment in this study.

Patients

The subjects were Japanese patients with T2DM who were
at least 20 years old at the time of giving informed consent
and had inadequate glycemic control with an HbAlc > 6.0
(National Glycohemoglobin Standardization Program value)
despite treatment for at least 12 weeks (diet alone, diet and
exercise, or diet and exercise plus antidiabetic drug therapy).

Exclusion criteria were as follows: 1) a history of hyper-
sensitivity to ipragliflozin, 2) a history of severe ketotic dia-
betic coma within the past 6 months, 3) severe infection, pre-
operative/postoperative state or severe trauma, and 4) severe
renal impairment.

Treatment

Patients received oral ipraglifiozin (50 mg once a day before or
after breakfast) for 52 weeks. Concomitant use of other SGLT2
inhibitors was not permitted. In addition, treatment with diet,
exercise, or specified health foods could not be started, dis-
continued, or modified during the study period. If possible,
there were also no commencement, discontinuation, or dos-
age changes of medications for underlying diseases, such as
antiplatelet agents, antihypertensive drugs, and lipid-lowering
agents.

Endpoints

The primary efficacy endpoint of this study was the change
in HbAlc after 52 weeks of ipragliflozin treatment, while the
secondary efficacy endpoints were the changes in the fasting
BG level, postprandial BG level, body composition, BW, waist
circumference, serum lipids, free fatty acids, and BP, as well as
improvement in HbAlc stratified by baseline patient charac-
teristics. All efficacy endpoints were evaluated in weeks 4, 12,
24,36, and 52. Safety endpoints were the change in the blood
level of ketone bodies after initiation of treatment, as well as
AEs and adverse reactions.

The present interim analysis was performed in patients
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Figure 1. Study schedule.

who had been on treatment for more than 24 weeks as of
March 2016 (Fig. 1). This report describes the relationship of
various patient characteristics to changes in HbAlc, lipids, he-
patic function, and renal function up to week 24.

Statistical analysis

Summary statistics were calculated or frequencies were de-
termined for patient characteristics, efficacy endpoints, and
changes from baseline. Analysis of variance was used to per-
form stratified analysis of the change in each endpoint from
baseline to week 24 and the changes in HbAlc. Patient char-
acteristics that influenced the changes in HbAlc were investi-
gated by stepwise multiple regression analysis using a signifi-
cance level of P < 0.05.

For safety assessment, the frequency of AEs and the
percentage of patients with AEs were determined. Preferred
Terms from the Medical Dictionary for Regulatory Activities,
Japanese version 18.0 (Japanese Maintenance Organization,
Tokyo, Japan) were employed for coding AEs, and System Or-
gan Class terms were also used. Any AE for which a causal
relationship with ipraglifiozin could not be excluded was clas-
sified as an adverse reaction.

Results

Patient characteristics

A total of 367 patients were available for this interim analysis
of efficacy and 451 patients were available for assessment of
safety. Table 1 shows the characteristics of the patients includ-
ed in the interim analysis of efficacy. Their mean age was 55.5
+ 11.6 years and 77.2% were younger than 65 years. The male/
female ratio was nearly 1:1 and mean BMI was 29.4 + 5.3 kg/
m?. The mean baseline HbAlc was 8.01 + 1.43% and the dura-
tion of diabetes was 9.6 £ 7.4 years. Mean estimated glomeru-
lar filtration rate (eGFR) was 83.4 + 21.7 mL/min/1.73 m?,
with 59 patients (13.1%) having an eGFR < 60 mL/min/1.73
m2.

Ipragliflozin was administered as initial antidiabetic thera-
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py in 79 patients (17.5%), while it was added to current medi-
cation in 335 patients (74.3%) and 37 patients (8.2%) were
switched from other antidiabetic agents.

Changes in HbAl¢, BG, and BW

Between baseline and week 24, HbAlc decreased significant-
ly from 8.07% to 7.26% (-0.81%) (P < 0.001). In addition,
fasting BG decreased significantly from 156.0 to 136.0 mg/
dL (-20.0 mg/dL) and postprandial BG declined significantly
from 184.7 to 147.3 mg/dL (-37.4 mg/dL) (both P < 0.001).
BW showed a decrease from 79.6 to 77.0 kg (-2.6 kg), BMI
declined from 29.6 to 28.7 kg/m? or (-0.9 kg/m?), and waist
circumference showed a reduction from 99.9 to 97.0 cm (-2.6
cm). All of these changes were significant (all P < 0.01). In
week 4, systolic BP showed a significant decrease from 133.1
to 127.9 mm Hg (-5.2 mm Hg) and diastolic BP was signifi-
cantly reduced from 79.1 to 76.5 mm Hg (-2.6 mm Hg) (both
P <0.0001; Table 2). Similar reduction of BP was maintained
up to week 24.

Influence of patient characteristics on the change in HbAlc

Stratified analysis was carried out to determine the influence
of age, sex, duration of diabetes, BMI, eGFR, and HbAlc at
the start of treatment on the change in HbAlc in week 24.
Age did not have a significant influence on the improvement
in HbAlc, with the mean change in HbAlc being -0.88% in
patients aged < 65 years (n = 294) and -0.55% in those aged
> 65 years (n = 73) (both P < 0.001). Gender also had no
significant influence on the improvement in HbA lc, with the
mean change being -0.92% in men (n = 194) and -0.70% in
women (n = 173) (both P <0.001). Baseline BMI was also not
a significant factor. In patients with a baseline BMI of <25 (n
=72),25-30 (n=153), and > 30 (n = 142), the mean change
in HbAlc was -1.05%, -0.65%, and -0.87%, respectively (all
P <0.001). However, baseline HbA 1c¢ had an influence on the
change in HbAlc. In patients whose baseline HbAlc was <
7% (n = 80), 7-8% (n = 129), and > 8% (n = 158), the mean
change in HbAlc was -0.18%, -0.39%, and -1.48%, respec-
tively. Although significant improvement was not observed in
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Table 1. Clinical Characteristics of the Patients

Number of patients 451
Age, years, mean + SD 55.5+11.6
< 65 years, n (%) 348 (77.2)
> 65 years, n (%) 103 (22.8)
Sex
Male, n (%) 234 (51.9)
Female, n (%) 217 (48.1)
Body weight, kg, mean + SD 78.6 +16.8
Body mass index, kg/m?, mean + SD 29.4+53
Waist circumference, cm 99.8+12.0

Hemoglobin Alc, %,* mean + SD (n)

Fasting blood glucose, mg/dL, mean + SD (n)
Postprandial blood glucose, mg/dL, mean + SD (n)
Duration of diabetes, years, mean = SD (n)
Systolic blood pressure, mm Hg, mean + SD (n)

Diastolic blood pressure, mm Hg, mean + SD (n)

Estimated glomerular filtration rate, mL/min/1.73 m?, mean =+ SD (n)

<60 mL/min/1.73 m?, n (%)
> 60 mL/min/1.73 m2, n (%)
Complications of diabetes
Diabetic nephropathy
Diabetic retinopathy
Diabetic neuropathy
Prescribing pattern
Initial treatment
Concomitant use

Switching

8.01 + 1.43 (451)
156.4 + 48.0 (197)
179.6 + 78.9 (252)
9.6+ 7.4 (451)
133.1 = 17.2 (448)
79.2+ 11.1 (448)
83.4+21.7 (445)
59 (13.1)

386 (85.6)

131 (29.0)
62 (13.7)
60 (13.3)

79 (17.5)
335 (74.3)
37(8.2)

*National Glycohemoglobin Standardization Program value. SD: standard deviation.

patients with a baseline HbAlc < 7%, the reduction of HbAlc
was significant in the other subgroups with a baseline value
of 7% or higher (both P < 0.001). With regard to the duration
of diabetes, the change in HbAlc from baseline was -1.02%
in patients with a duration of < 5 years (n = 100), while the
change was -0.89% at a duration of 5 - 10 years (n = 90),
-0.77% at 10 - 15 years (n = 76), and -0.66% at > 15 years (n
=77). Significant reduction of HbA lc was observed irrespec-
tive of the duration of diabetes (all P < 0.001). With respect
to renal function, the change in HbAlc from baseline was
-0.86% in patients with an eGFR > 60 mL/min/1.73 m? (n =
318) and -0.46% in those with an eGFR < 60 mL/min/1.73
m? (n = 46), with significant improvements in HbAlc in both
subgroups (both P < 0.001). With regard to the influence of
the prescribing pattern, patients who were switched to ipra-
gliflozin (n = 33) did not show significant improvement in
HbAlc. However, both patients on concomitant therapy (n =
280) and those receiving initial treatment with ipragliflozin
(n = 54) showed significant reduction of HbAlc (-0.90% and
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-0.86%, respectively, both P < 0.001) (Table 3).
Changes in hepatic function, serum lipids, and renal function

Investigation of the changes in hepatic function parameters
from baseline to week 24 revealed that aspartate aminotrans-
ferase (n = 354), alanine aminotransferase (n = 357), and
v-glutamyltransferase (n = 358) were significantly reduced by
7.3,10.2, and 15.7 IU/L, respectively (all P < 0.001). Regarding
serum lipids, high-density lipoprotein cholesterol (n = 112) was
significantly elevated by 5.1 mg/dL, while triglycerides (n=112)
were significantly decreased by 27.3 mg/dL (P < 0.001 and P
< 0.01, respectively). However, low-density lipoprotein choles-
terol (n = 110) did not show a significant change. Uric acid (n =
348) was significantly decreased by 0.45 mg/dL (P < 0.001). Al-
though eGFR (n = 360) showed a significant decrease from 84.0
mL/min/1.73 m? at baseline to 82.3 mL/min/1.73 m? in week 24
(-1.7 mL/min/1.73 m?) (P = 0.05), the changes were not consist-
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Table 2. Changes in Various Parameters up to Week 24

Week 4

Week 12

Week 24

n Baseline
Hemoglobin Alc, % 374 8.07+1.46
Fasting blood glucose, mg/dL 114 156.0 = 44.6
Postprandial blood glucose, mg/dL 137 184.7£74.0
Homeostasis model assessment of insulin resistance 51 4.46 £3.96

Body weight, kg
Body mass index, kg/m?

Waist circumference, cm

373 79.6 £ 16.6
373 29.6 £ 5.1
342 99.9 +12.1

7.66 + 1.22%**
136.7 = 36.8%**
156.9 + 58.7%%**
3.14 £ 2.27%%*
78.4 £ 16.4***
29.2 &+ 5.0***
98.9 £ 12.9**

7.31 £ 1.11%**
132.2 &+ 33 .4***
153.4 £ 62.6%**
3.16 £ 2.36%**
77.5 £ 16.2%%*
28.9 £ 4.9%**
98.0 + 11.8%**

7.26 + 1.05%**
136.0 £ 33.2%**
147.3 £ 49 5%**
3.28 £2.70%**
77.0 £ 16.2%**
28.7 £ 4.9%**
97.0 £ 11.7%**

Systolic blood pressure, mm Hg 369 133.1£17.1  127.9 £ 16.4%** 128.5 £ 16.5%*** 128.2 £ 16.8%**
Diastolic blood pressure, mm Hg 369 79.1+£10.9 76.5 £ 10.8%** 76.6 £ 11.1%** 76.8 £ 11.7%**
Pulse rate, beats/min 295 78.6 +£12.7 79.6 +£12.2 79.3+12.0 78.6+12.2
Analysis of variance vs. baseline *** P < 0.001, ** P < 0.01.
Table 3. Influence of Patient Characteristics on Hemoglobin A1c
n Baseline Week 4 Week 12 Week 24
Age
< 65 years 294 8.19+£1.53 775 2 [ 27555 7.38 £ 1.15%** 7.31 £ 1.09%**
> 05 years 73 7.59 £ 1.01 7.28 £0.89* 7.03 £ 0.86%*** 7.04 £ 0.83%**
Sex
Male 194 8.09 £ 1.51 7.62 £ 1.22%** 7.18 £ 1.04%** 717 £ 1.04%**
Female 173 8.05+1.39 7.70 £ 1.21%*** 7.48 £ 1.17*** 7.35 £ 1.06%***
Baseline body mass index (kg/m?)
<25 72 8.18 £ 1.66 7.58 £ 1.17*** 7.10 £ 0.99%** 7.13 £0.95%**
>25and <30 153 7.99 +1.47 7.64 £ 1.26%** 7.36 £ 1.15%** 7.34 £ 1.11%**
>30 142 8.10 £ 1.36 To7ll 2 [ 2555 7.36 £ 1.14%** 7.23 £ 1.06%**
Baseline hemoglobin Alc (%)
<7.0 80 6.52+£0.31 6.43 £0.48 6.30+£0.41 6.34 £ 0.40
>7.0 and < 8.0 129 7.47 £0.27 7.16 £ 0.40** 7.01 £0.61%*** 7.02 £ 0.68%**
>8.0 158 9.39+1.24 8.69 & 1.09%** 8.06 £ 1.15%** 7.91 £ 1.10%***
Duration of diabetes (years)
<5 years 100 791 +1.67 7.42 £ 1.29%*** 6.91 + 1.06*** 6.89 £ 0.99***
>5to <10 years 90 8.22+1.29 7.80 & 1.05%** 7.50 £ 1.03*** 7.43 £ 1.03%**
>10 to < 15 years 76 8.21+1.32 7.83 £1.21** 7.52 £ 1.16*** 7.44 £ 1.02%**
> 15 years 77 8.14 £ 141 7.76 £ 1.24* 7.51 +£ 1.09*** 7.48 £ 1.05%**
Estimated glomerular filtration rate (mL/min/1.73 m?)
<60 46 7.54 £0.99 7.26 £ 0.94%** 7.05 £ 0.89%*** 7.08 £ 0.89%**
> 60 318 8.14 £ 1.50 7.71+£1.24 7.34 £ 1.13** 7.28 £ 1.08%**
Prescribing pattern
Initial treatment 46 7.33+1.14 7.05+1.03 6.72 £ 0.84*** 6.47 £ 0.92%**
Concomitant use 318 8.17+ 1.46 7.71 £ 1.20%** 7.31 £ 1.05%** 7.27 £ 1.00%**
Switching 46 8.48 +£1.49 8.24+1.31 8.27+1.34 7.99 +£1.18
Analysis of variance vs. baseline ***P < 0.001, **P < 0.01, *P < 0.05.
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Table 4. Changes in Hepatic Function, Serum Lipids, and Renal Function

n Baseline Week 4 Week 12 Week 24

Aspartate aminotransferase, [U/L 354 32.4+24.7 30.5 £23.1** 27.7 £21.4%** 25.1 £ 11.8%**
Alanine aminotransferase, IU/L 357 39.8+30.3 36.6 £28.4** 32.8 £22.3*** 29.6 £ 18.7***
v-glutamyltransferase, IU/L 358 58.2+60.0 49.4 + 52.2%%% 450 +42.6%** 42.5 4+ 39.7*%*
Total cholesterol, mg/dL 111 201.4+36.7 197.9 +37.7 201.6 £ 35.8 203.3 +£38.9
High-density lipoprotein cholesterol, mg/dL 112 52.6+11.8 525+ 11.5 56.5+18.8 57.7 £ 16.5%**
Low-density lipoprotein cholesterol, mg/dL 100 117.0 £29.9 116.9+31.9 116.6 £29.3 117.5+31.6
Triglycerides, mg/dL 112 164.1£101.7  145.6 £95.0* 140.8 = 92.6%* 136.8 + 94.7*%*
Uric acid, mg/dL 348 54+12 4.9+ 1.3%** 5.0 £ 1.2%** 4.9 £ 1.2%**
Estimated glomerular filtration rate, mL/min/1.73 m? 360 84.0+£21.5 80.8 £21.9%* 82.4+21.4% 823 £21.3%

Analysis of variance vs. baseline ***P< 0.001, **P < 0.01, *P < 0.05.

Table 5. Multiple Regression Analysis of Factors Influencing the Change in Hemoglobin A1c in Week 24

Influence rank Independent variable Standardized coefficient beta Partial regression coefficient P value
Constant 0 2.295 <0.0001

1 Hemoglobin Alc (baseline) -0.691 -0.519 <0.0001

2 Switching to ipragliflozin 0.166 0.615 <0.0001

3 Duration of diabetes 0.151 0.022 0.0002

4 Sex 0.100 0.220 0.0096

5 Age 0.076 0.007 0.0842

6 Body mass index (baseline) 0.052 0.011 0.1982

n = 328, Stepwise analysis using the following independent variables: age, sex, duration of diabetes, baseline hemoglobin A1c, baseline body mass
index, and prescribing pattern (initial monotherapy, concomitant use, or switching). Dependent variable: change in HbA1c.

ent. In fact, eGFR was decreased by 3.2 mL/min/1.73 m? in week
4 (P <0.001), followed by a subsequent increase, and there was
no significant change from week 12 in week 24 (Table 4).

Multiple regression analysis of factors influencing the change
in HbAlc

Stepwise multiple regression analysis was carried out using the
change in HbAlc from baseline in week 24 as the dependent
variable and the age, sex, duration of diabetes, HbAlc, BMI,
and medications at initiation of treatment as independent vari-

Table 6. Percentage of Patients Achieving Hemoglobin A1c <
7% and Their Characteristics at 24 Weeks

<7% >7% P value
Number of patients (%)* 97 (33.8) 190 (66.2) -
Female patients 40.2% 51.1% 0.0817
Age, years 54.9 54.8 0.9477
Duration of diabetes, years 9.0 10.5 0.1092
Baseline hemoglobin Alc, % 7.86 8.83 <0.001
Baseline body mass index, kg/m? 29.14 29.39 0.7026

*Not including patients achieving hemoglobin A1c < 7% at baseline.
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ables (Table 5). In relation to the change in HbAlc, the stand-
ardized coefficient beta for baseline HbAlc and the duration
of diabetes was -0.691 and 0.151, respectively, demonstrating
that a higher baseline HbA 1c and shorter disease duration were
associated with greater reduction of HbAlc (P <0.0001 and P
=0.0002, respectively). Moreover, the standardized coefficient
beta was 0.166 for the switching group, indicating that switch-
ing to ipragliflozin was associated with a smaller reduction of
HbAlc (P<0.0001). However, baseline BMI did not influence
the change in HbAlc (P =0.1982).

Percentage of patients achieving an HbAlc <7% and their
characteristics

An HbAlc < 7% was achieved in 33.8% of the patients. A
lower baseline HbAlc was associated with a higher achieve-
ment rate (P < 0.001), but the sex, age, duration of diabetes,
and baseline BMI did not significantly influence the decrease
in HbAlc (P=0.0817,P=0.9477,P=10.1092, and P = 0.7026,
respectively) (Table 6).

Safety

AEs occurred in 106 (23.5%) of the 451 patients in the safety
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analysis set, and were detected in 29.1% of patients aged 65
years or older (n = 103). The most common AE was vulvovagi-
nal candidiasis (14 patients, 3.1%), followed by cystitis (eight
patients, 1.8%), genital pruritus (eight patients, 1.8%) and up-
per respiratory tract infection (eight patients, 1.8%). Serious
AEs occurred in eight patients, and a causal relationship was
not ruled out for four of them, including three patients who
developed ketosis, unstable angina, and urinary tract infection
when they did not suspend medication during acute illness.

Discussion

The ASSIGN-K study is performing evaluation of ipragliflozin
in the real-world clinical setting, allowing us to verify whether
the results obtained in routine clinical practice are consistent
with those of previous Japanese clinical studies.

Changes in HbAlc

Similar to findings reported previously [14], the change
in HbAlc from baseline through week 24 was -0.81% (P <
0.001). This result is consistent with data obtained in other
Japanese clinical studies of ipraglifiozin. When the changes in
HbAlc were assessed over the treatment period, a significant
decrease of 0.41% was observed from week 4. The decrease
was 0.76% in week 12, showing an additional significant re-
duction of BG compared with week 4. A further decrease,
-0.81% versus baseline, was seen in week 24, although there
was no significant difference from week 12. Similar improve-
ment in HbA 1c over time was also noted up to week 12 in the
phase II dose-finding study [3]. The improvement in HbAlc
by week 4 in the present study may have been related to in-
creased urinary glucose excretion, although urinary glucose
excretion would subsequently be limited by increased SGLT1
activity and increased SGLT?2 expression. It is possible that the
subsequent ongoing decline of HbAlc during the study was
due to improvement in insulin resistance as a result of the sup-
pression of glucose toxicity and reduction of BW. A phase II
study conducted outside Japan identified a correlation between
weight loss and improvement in insulin sensitivity [17].

Changes in BW

The change in BW from baseline through week 24 was -2.6 kg
(P < 0.001). Thus, reduction of BW was maintained through-
out 24 weeks, suggesting that it was related to changes in both
body water and body fat. In this study, both body water and
body fat showed a significant decrease by week 4. However,
body fat continued to decrease from week 4 through week 24,
while there was no significant change in body water. This sug-
gests that weight loss from the initiation of ipragliflozin treat-
ment up to week 4 was directly related to loss of water due
to osmotic diuresis associated with increased urinary glucose
excretion, while weight loss from week 4 through week 24 oc-
curred due to reduction of body fat. A Japanese study showed
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that about 50% of BW loss was due to reduced body fat and
about 20% was attributable to loss of extracellular fluid [18].
In the present study, there was no significant change in mus-
cle mass by week 24, suggesting that weight loss was mainly
due to a decrease in both body fluid and body fat up to week
4, while reduction of body fat subsequently played the major
role.

Changes in hepatic function, serum lipids, and renal func-
tion

Previous clinical studies of SGLT2 inhibitors have revealed
significant improvement in hepatic function markers or a simi-
lar trend [19, 20]. In the present study, hepatic function mark-
ers (aspartate aminotransferase, alanine aminotransferase, and
y-glutamyltransferase) were significantly decreased in week 4
(all P<0.01) and also in week 24 (-7.3, -10.2, and -15.7 TU/L,
respectively; all P < 0.001). Improvement in these markers
suggests an improvement in hepatic insulin sensitivity. T2DM
is associated with an increased frequency of non-alcoholic fat-
ty liver disease and/or non-alcoholic steatohepatitis [21], and
approximately half of the patients in our study had fatty liver.
Thus, ipragliflozin may improve fatty liver, but clinical studies
with hepatic imaging would be needed for confirmation. With
respect to lipid parameters, low-density lipoprotein choles-
terol showed no significant change in week 24, whereas high-
density lipoprotein cholesterol was significantly increased by
5.1 mg/dL (P < 0.001) and triglycerides were significantly
decreased by -27.3 mg/dL (P < 0.01). Improvement in the se-
rum lipid profile is beneficial for prevention of cardiovascular
disease, as is weight loss and the reduction of BP (-4.9 mm
Hg for systolic BP and -2.3 mm Hg for diastolic BP, both P
< 0.001). In 2016, the EMPA-REG RENAL trial showed that
empagliflozin significantly reduced the composite renal end-
point by 39% compared with the placebo group (P < 0.001),
but eGFR did not decrease significantly [22]. In the present
study, eGFR was significantly decreased by 3.2 mL/min/1.73
m? in week 4, but increased again after that. No significant
change in eGFR was observed after week 12 and it was only
decreased by 1.7 mL/min/1.73 m? compared with baseline in
week 24 (P < 0.05). These findings may indicate that regula-
tion of excessive glomerular filtration resulted in an apparent
decline of eGFR and that ipragliflozin may also have a long-
term renoprotective effect.

Clinical factors influencing HbAlc

Stratified analysis confirmed that significant improvement in
HbAlc in week 24 was consistently observed irrespective of
the age, sex, duration of diabetes, BMI, eGFR, and HbAlc at
initiation of treatment. Analysis of clinical characteristics in-
fluencing HbA1c showed that baseline HbAlc and the dura-
tion of diabetes were correlated with the change in HbAlc, as
was demonstrated by our previous analysis up to week 12 [16].
That is, the reduction of HbAlc with ipragliflozin treatment
was greater with a higher baseline HbAlc or shorter duration
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of diabetes. Similar to our findings in week 12, patients with a
higher baseline HbAlc have greater urinary excretion of glu-
cose, and the effect of ipragliflozin might have been more pro-
nounced. In a phase II clinical study of ipragliflozin performed
in Japanese patients with T2DM [2], a higher baseline HbAlc
was also associated with larger changes in HbAlc. With re-
gard to the influence of the duration of diabetes, expression of
SGLT2 is enhanced and the threshold for urinary excretion of
glucose is increased as the duration of disease becomes longer,
resulting in decreased urinary excretion of glucose. In addi-
tion, secretion of insulin is reduced. These changes might have
reduced the response to ipraglifiozin in patients with a long
disease duration. Baseline BMI did not influence the change
in HbAlc. Regarding the influence of the prescribing pattern,
patients who were switched to ipraglifiozin did not show im-
provement in HbA 1c, but detailed analysis of the long-term ef-
fect is needed to understand this result. In 33% of the patients,
an HbAlc < 7% was achieved in week 24. While changes in
HbAlc were larger in patients with a higher baseline HbAlc
level, patients who achieved < 7% had a significantly lower
baseline HbAlc than those who could not achieve it (P <
0.001). Taken together with the results of multiple regression
analysis, it can be suggested that earlier initiation of ipragli-
flozin therapy may achieve greater improvement in glycemic
control.

Safety

Common AEs included urinary tract and genital tract infec-
tions, respiratory tract infections, gastrointestinal disturbances,
and skin rashes. These AEs were comparable to those reported
in Japanese clinical studies of ipragliflozin and other SGLT2
inhibitors [3-9]. Serious AEs included ketosis, unstable angi-
na, and urinary tract infection in three patients who did not sus-
pend medication when they developed acute illness with vom-
iting and diarrhea. This result emphasizes the importance of
patient education about suspending medication during illness.
Patients with a higher baseline HbA1c showed increased uri-
nary glucose excretion and osmotic diuresis may be greater for
4 weeks after initiation of ipragliflozin treatment. Therefore,
patients with a high HbA 1c should be encouraged to maintain
sufficient water intake.

Conclusion

This interim analysis of the ASSIGN-K study investigated the
clinical characteristics influencing changes in HbAlc in 367
patients who completed 24 weeks of treatment with ipragli-
flozin. Both HbA1c and BW showed a significant decrease in
week 4 of treatment and further significant reduction of these
parameters occurred from week 4 through week 24. A higher
baseline HbA1c and shorter duration of diabetes were associ-
ated with greater improvement in HbA l¢, while baseline BMI
did not have any influence. The reduction of BW was related
to a decrease in both body water and body fat up to week 4,
followed by loss of body fat thereafter. Muscle mass was not
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significantly reduced. Improvement in BP and serum lipids
was noted along with weight loss, and these changes may be
beneficial for preventing cardiovascular disease. An important
objective of this study is to validate the efficacy of ipragliflozin
in the real-world clinical setting, and the results obtained so far
have been consistent with data from previous clinical studies
in Japan. In summary, our findings indicate that SGLT2 in-
hibitors may achieve greater efficacy in patients with a higher
baseline HbAlc and shorter disease duration, suggesting that
re-examination of the current treatment policies for diabetes
may be warranted.
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