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Abstract

Objective To examine long-term efficacy/safety of ipraglifiozin, a sodium—glucose cotransporter 2 inhibitor, added to ongo-
ing insulin therapy in Japanese patients with type 2 diabetes.

Methods We conducted a 36-week, open-label extension of ipragliflozin therapy following a 16-week, randomized, placebo-
controlled, double-blind period (treatment periods II and I, respectively). Prior to the open-label period, patients taking
insulin with/without a dipeptidyl peptidase-4 (DPP-4) inhibitor were randomized to receive placebo or 50 mg once-daily
ipragliflozin. Oral antidiabetic drugs other than DPP-4 inhibitors were discontinued 4 weeks before screening. Following
treatment period I, all patients received open-label ipragliflozin 50 mg, with the possibility of a dose increase to 100 mg at
week 24 if HbAlc was >7.0% at week 20. Efficacy endpoints were changes in HbAlc, fasting plasma glucose (FPG), self-
monitored blood glucose, bodyweight, and metabolic hormones. Drug-related treatment-emergent adverse events (TEAEs)
were monitored for safety.

Results Of 175 patients randomized to ipragliflozin, 168 entered treatment period II, 121 (69%) of whom completed this
period. The mean + standard deviation changes in HbAlc, FPG, and bodyweight from baseline (start of treatment period I)
to the end of treatment were —0.83 +0.72%, —31.5+41.2 mg/dL, and — 1.34 + 1.80 kg, respectively. Between weeks 8 and
32, HbAlc was lower in patients taking a DPP-4 inhibitor than in those without. The most common drug-related TEAE was
hypoglycemia; no drug-related TEAEs not already reported for ipragliflozin were observed.

Conclusions Ipraglifiozin was well tolerated, effective, and reduced bodyweight over a period of 52 weeks in patients treated
with insulin with/without a DPP-4 inhibitor.

Clinicaltrials.gov identifier NCT02175784
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Background

Basal, prandial, and premixed insulins are effective treat-

Electronic supplementary material The online version of this . . .
ment options for the management of patients with type 2

article (https://doi.org/10.1007/s13340-018-0359-x) contains

supplementary material, which is available to authorized users. diabetes mellitus with inadequate glycemic control despite

the use of oral antidiabetic drugs [1-3]. Although the doses

>4 Hisamitsu Ishihara ) of insulin can be increased according to blood glucose lev-
ishihara.hisamitsu @nihon-u.ac.jp . C e . .

els, this approach is limited by the risks of hypoglycemia

I Division of Diabetes and Metabolic Diseases, Nihon and weight gain, or by the patient’s lifestyle. Therefore, some

University School of Medicine, 30-1 Oyaguchikami-cho, patients do not achieve glycemic targets with insulin alone

Itabashi-ku, Tokyo 173-8610, Japan [4]. Indeed, a recent study suggested that only 26.5% of

2 Astellas Pharma Inc., Tokyo, Japan basal insulin-treated patients achieved therapeutic success,

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s13340-018-0359-x&domain=pdf
https://doi.org/10.1007/s13340-018-0359-x

38

H.Ishihara et al.

similar to patients treated with dipeptidyl peptidase-4 (DPP-
4) inhibitors (24.8%) [5]. Therefore, patients may require
alternative treatment strategies, such as the addition of
another oral antidiabetic drug to ongoing insulin therapy.

Sodium—glucose cotransporter 2 (SGLT?2) inhibitors have
recently been approved in many countries for the treatment
of type 2 diabetes. Owing to their insulin-independent mech-
anism of action and low risk of hypoglycemia, SGLT2 inhib-
itors represent potential candidate drugs for combined use
with insulin. Ipragliflozin is a selective SGLT?2 inhibitor that
is effective and well tolerated when used as monotherapy
or in combination with other oral antidiabetic drugs [6—8].

We recently reported the results of a 16-week, rand-
omized, placebo-controlled, double-blind study of ipragliflo-
zin in Japanese patients in the early stages of insulin therapy
(defined as the use of long-acting, intermediate-acting, or
premixed insulin) with or without a concomitant DPP-4
inhibitor [9]. As a continuation of this 16-week, randomized,
placebo-controlled study, an open-label extension study was
conducted in which all participants received ipragliflozin
for 36 weeks at the end of the randomized trial, regardless
of whether they had been in the placebo or treatment group.
Here, we report the results of this open-label extension
period in terms of the effects of ipragliflozin on glycemic
variables as well as its safety, with an analysis of results over
the entire 52-week study period.

Materials and methods
Study design

The design of the 16-week, randomized, placebo-controlled
study is described in more detail in our prior publication
[9]. Briefly, it comprised a 4-week washout period (only
for patients using oral antidiabetic drugs other than DPP-4
inhibitors); a 4-week screening period; a 2-week single-blind
placebo run-in period; and a 16-week, randomized, double-
blind, placebo-controlled period (designated as treatment
period I). The present 36-week, open-label extension period
comprised an initial 8-week period of administration of ipra-
gliflozin at a fixed dose of 50 mg once daily, followed by
28 weeks of ipragliflozin at either 50 mg or 100 mg once
daily (treatment period II). The overall design of the current
open-label extension period as a continuation of the previous
study is illustrated in Supplementary Fig. 1.

The study was conducted at 43 sites in Japan and it was
approved by the institutional review board at each site (Sup-
plementary Information). The study complied with all rel-
evant laws and regulations, including Good Clinical Practice
and the International Conference on Harmonisation of Tech-
nical Requirements for Registration of Pharmaceuticals for
Human Use Guidelines.
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This study was registered at ClinicalTrials.gov (identi-
fier: NCT02175784). All patients provided written informed
consent.

Study eligibility and withdrawal

Eligibility for the study is described in more detail in our
prior report [9]. Briefly, patients aged >20 years who were
diagnosed with type 2 diabetes > 12 weeks before enroll-
ment were eligible provided they had been prescribed a sta-
ble dose/regimen of insulin (8—40 units/day) for > 6 weeks,
alone or in combination with other oral antidiabetic drugs;
their HbAlc was>7.5% to <10.5% with a maximum change
in HbAlc of 1% during the 4-week screening period; and
their body mass index was 20.0-45.0 kg/m?.

Fixed doses of mixed insulin (provided that the rapid-act-
ing or ultra-rapid-acting insulin component was not >30%
of the total daily dose), intermediate-acting insulin, or long-
acting insulin alone were allowed, as well as a DPP-4 inhibi-
tor if taken at a fixed dose for > 6 weeks before enrollment
and the dose was continued throughout the study.

Patients could be withdrawn at any time during the study
for a number of reasons, including safety concerns and
severe hypoglycemia (hypoglycemic coma, convulsions, or
other conditions requiring infusion or injection of glucose or
glucagon). In treatment period II, patients were withdrawn
if their HbAlc was > 8.5% on two consecutive visits from
week 24 onwards.

Treatments

At the beginning of the 16-week period (treatment period
I), patients were randomized at a 2:1 ratio to receive 50 mg
of ipraglifiozin once daily or placebo. After completion of
treatment period I, all patients received 50 mg of ipragli-
flozin once daily. The ipraglifiozin dose could be increased
to 100 mg at week 24 in patients whose HbA1c was >7.0%
at week 20 and who wished to increase the dose, provided
that the investigator had no safety concerns. Thus, the dose
groups of ipragliflozin were 50/50/50 and 50/50/100 mg
(i.e., the first 50 mg refers to the dose given in the double-
blind period, the second 50 mg refers to the start of the
open-label period, and the last dose of either 50 or 100 mg
refers to week 24 and beyond, when the dose could be
maintained at 50 mg or increased to 100 mg). Treatment
was discontinued in patients whose HbAlc was > 8.5% at
two consecutive visits from visit 10 (week 24) onwards.
The type of insulin used could not be changed during
the treatment period. The dose of insulin was to con-
tinue unchanged during the treatment period, unless dose
changes were required for safety reasons as follows. The
insulin dose could be increased from week 28 onwards if
the patient’s self-monitored fasting blood glucose (SMBG)
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was > 180 mg/dL twice in a row and if the investigator con-
sidered it was necessary to increase the dose. The insulin
dose could also be decreased during treatment period II in
the event of (1) hypoglycemic symptoms and the investi-
gator deemed it was necessary to reduce the insulin dose
for safety reasons or (2) the SMBG was <70 mg/dL twice
in a row and the patient was suspected of experiencing
hypoglycemic symptoms or considered to have a high risk
of hypoglycemia.

The insulin dose could be adjusted by a maximum of
4 units throughout the study, regardless of the number
of dose adjustments. If the insulin dose was changed
by >4 units, the patient discontinued the study and was
prescribed an appropriate treatment regimen. During
treatment period II, if glycemic control was inadequate
with the present doses of insulin and ipragliflozin, it was
preferable to increase the dose of ipragliflozin rather than
that of insulin, provided that the patients met the ipragli-
flozin dose increase criteria described above. Antidiabetic
drugs (including metformin) other than insulin and DPP-4
inhibitors at enrollment were prohibited. Unlike in Europe
and the US, the Japanese clinical guidelines do not rec-
ommend any specific class of antidiabetic drug (including
metformin) as first-line therapy. DPP-4 inhibitors could
not be started or stopped after starting the study. Corti-
costeroids, immunosuppressants, glucagon, and glucose
could be administered temporarily; however, continuous
use of these agents was prohibited. Patients continued
their diet and exercise therapies unchanged throughout
the study.

Patients performed self-monitoring of fasting blood glu-
cose every morning or if they felt symptoms of hypoglyce-
mia, and recorded the values in their diary.

Endpoints and assessments

The changes in HbAlc, fasting plasma glucose (FPG), gly-
coalbumin, C-peptide, SMBG values recorded by patient
diary, bodyweight, waist circumference, glucagon, leptin,
and adiponectin from baseline (start of treatment period I)
to the end of treatment period Il were examined.

Safety was assessed in terms of vital signs, treatment-
emergent adverse events (TEAEs), and laboratory tests.
TEAEs were classified according to system organ class
and preferred term (MedDRA version 16.1), and their rela-
tionship to the study drug, seriousness, and severity were
evaluated. We examined several TEAEs of special interest,
including those related to hypoglycemia, urinary tract infec-
tion, genital infection, and body fluid volume and electro-
lytes. TEAE:s related to body fluid volume and electrolytes
included cerebral infarction, dehydration, hemorrhagic
cerebral infarction, and thirst.

Statistical analysis

The rationale underlying the sample size is described in the
supporting information in our prior publication [9]. Data
were analyzed for all patients randomized to ipragliflozin in
treatment period I. Data were also analyzed by the dose of
ipragliflozin received in treatment periods I and II (50/50/50
and 50/50/100 mg), which did not include patients who
discontinued the study before the visit when the dose was
increased. Analysis of the subgroups based on DPP-4 inhibi-
tor use was also performed.

Baseline characteristics are presented descriptively as
mean =+ standard deviation (SD) or n (%) of patients for con-
tinuous and categorical variables, respectively.

Efficacy analyses were carried out using the full analysis
set, which comprised all patients who received at least one
dose of ipragliflozin and in whom at least one efficacy vari-
able was measured after administration of ipraglifiozin. For
efficacy analyses, data obtained after changing the insulin
dose were excluded from analyses. Efficacy data were ana-
lyzed descriptively in terms of the mean + SD values at each
timepoint together with the mean changes from baseline to
each timepoint. Missing data were not imputed. The mean
values and changes in efficacy variables from baseline to the
end of treatment using the last observation carried forward
were also calculated.

Safety analyses were performed using the safety analysis
set, which comprised all patients who received at least one
dose of ipraglifiozin. TEAEs are presented as the number
and percentage of patients in each treatment group.

Results
Patients

Baseline characteristics of patients are shown in Table 1. As
shown in the patient flow diagram (Fig. 1), 262 patients were
randomized and treated with placebo (n=287) or ipragliflo-
zin (n=175), 245 (placebo, n="76; ipragliflozin, n=169)
completed treatment period I, 243 received ipraglifiozin in
treatment period II (placebo, n="75; ipragliflozin, n=168),
and 178 completed treatment period II (placebo, n=57; ipra-
gliflozin, n=121). The ipragliflozin dose was increased to
100 mg at week 24 in 94 of 161 patients in the ipragliflozin

group.
HbA1c, FPG, and SMBG

As indicated in Fig. 2a, HbAlc decreased progres-
sively between weeks 0 and 12, then decreased slightly
from weeks 28 to 40, corresponding to the opportunity
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Table 1 Baseline characteristics

All patients (n=168) 50/50/50 mg (n=44) 50/50/100 mg (n=68)
Sex
Male 105 (62.5) 31 (70.5) 40 (58.8)
Female 63 (37.5) 13 (29.5) 28 (41.2)
Age (years) 58.7+11.1 60.3+11.1 56.3+11.4
<65 110 (65.5) 24 (54.5) 53 (77.9)
>65 58 (34.5) 20 (45.5) 15 (22.1)
Bodyweight (kg) 69.05+11.61 67.65+11.64 71.81+10.77
Height (cm) 164.08 +8.86 164.28 £9.63 164.09+£9.14
BMI (kg/m?) 25.61+3.53 25.08+3.91 26.64+3.15
Duration of diabetes (months) 151.1+£93.5 145.1+£91.0 139.7+97.8
Tobacco history
Never used tobacco 74 (44.0) 17 (38.6) 36 (52.9)
Former tobacco user 48 (28.6) 16 (36.4) 14 (20.6)
Current tobacco user 46 (27.4) 11 (25.0) 18 (26.5)
Alcohol history
Never used alcohol 62 (36.9) 14 (31.8) 29 (42.6)
Former alcohol user 11 (6.5) 3(6.8) 34.4)
Current alcohol user 95 (56.5) 27 (61.4) 36 (52.9)
Quantity of alcohol consumption among current users®
Level 1 67 (39.9) 17 (38.6) 28 (41.2)
Level 2 28 (16.7) 10 (22.7) 8 (11.8)
Level 3 0 0 0
Implementation of a washout period
No 125 (74.4) 33 (75.0) 48 (70.6)
Yes 43 (25.6) 11 (25.0) 20 (29.4)
HbAlc (%) 8.67+0.77 8.51+£0.65 8.90+0.70
FPG (mg/dL) 159.9+45.7 154.7+42.7 169.2+39.5
C-peptide (ng/mL) 1.00+0.63 0.95+0.54 1.27+0.68
eGFR (mL/min/1.73 m?) 83.98+20.27 85.75+22.21 86.05+20.49
<90 109 (64.9) 25 (56.8) 40 (58.8)
>90 59 (35.1) 19 (43.2) 28 (41.2)
SBP (mmHg) 131.2+14.0 134.3+12.1 129.5+13.3
DBP (mmHg) 76.8+10.1 77.7+10.0 77.1£9.7
12-lead ECG
Normal 128 (76.2) 32 (72.7) 54 (79.4)
Abnormal (not clinically significant) 37 (22.0) 10 (22.7) 13 (19.1)
Abnormal (clinically significant) 3(1.8) 2(4.5) 1(1.5)
Insulin type
Mixed 50 (29.8) 11 (25.0) 17 (25.0)
Intermediate-acting 11 (6.5) 2(4.5) 5(7.4)
Long-acting 107 (63.7) 31 (70.5) 46 (67.7)
Total insulin dose at baseline (units/day)
Mean 21.0+10.1 21.6+10.1 18.8+10.5
<15,n (%) 59 (35.1) 13 (29.5) 34 (50.0)
15 t0<30, n (%) 71 (42.3) 22 (50.0) 19 (27.9)
>30,n (%) 38 (22.6) 9 (20.5) 15 (22.1)
Total insulin dose at the end of ipraglifiozin treatment (units/day)
Mean 20.3+9.9 21.4+10.1 18.7+10.5
<15,n (%) 60 (35.7) 12 (27.3) 34 (50.0)
15 t0<30, n (%) 72 (42.9) 23 (52.3) 19 (27.9)
>30,n (%) 36 (21.4) 9 (20.5) 15 (22.1)
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Table 1 (continued)

Values are presented as the n (%) or mean + standard deviation

BMI body mass index, DBP diastolic blood pressure, ECG electrocardiogram, eGFR estimated glomerular filtration rate, FPG fasting plasma

glucose, SBP systolic blood pressure

#Level of alcohol consumption (daily) was categorized as follows:

Level 1: <1 medium-sized bottle of beer,< 1 go (180.39 mL) of sake, <60 mL of whiskey/brandy, <90 mL of shochu (35%), and <240 mL of

wine

Level 2: 1 to <3 medium-sized bottles of beer, 1 to <3 go (180.39 to 541.17 mL) of sake, 60 to <180 mL of whiskey/brandy, 90 to <270 mL of

shochu (35%), and 240 to <720 mL of wine

Level 3: >3 medium-sized bottles of beer,>3 go (541.17 mL) of sake, > 180 mL of whiskey/brandy, >270 mL of shochu (35%), and >720 mL

of wine

to increase the ipragliflozin dose (week 24). The mean
change in HbAlc from baseline to end of treatment
was —0.83+£0.72% in all ipraglifiozin-treated patients
(n=168). The mean changes from baseline to week 24
and from baseline to end of treatment were — 1.08 +0.73
and — 1.10£0.76%, respectively, in the 50/50/50 mg group
and —0.76 +0.66 and — 0.90 +£0.73%, respectively, in the
50/50/100 mg group (Table 2). The reduction in HbAlc
was more pronounced and stable in patients using ipragli-
flozin with insulin and a DPP-4 inhibitor than in patients
using ipragliflozin with insulin without a DPP-4 inhibi-
tor (Fig. 2b). As indicated in Fig. 2c, there was minimal
change in HbAlc in the 50/50/50 mg group after week 24,
whereas HbAlc decreased from weeks 24 to 36 in the
50/50/100 mg group and remained approximately the
same level thereafter. When examined according to con-
comitant DPP-4 inhibitor use, HbA1c continued to decline
after week 24 in the 50/50/50 mg group without a DPP-4
inhibitor, while HbAlc remained at approximately the
same level in the same group of patients taking a DPP-4
inhibitor (Fig. 2d). Within the 50/50/100 mg group, HbAlc
was lower in DPP-4 inhibitor-treated patients (Fig. 2e).

FPG decreased rapidly within 4 weeks of starting treat-
ment with ipragliflozin (Fig. 3a). In the 50/50/100 mg
group, FPG declined in the 12-week period after week 24
and then stabilized, whereas FPG declined slightly in the
50/50/50 mg group (Fig. 3b). Unlike for HbAlc, the use
or non-use of a DPP-4 inhibitor did not profoundly affect
FPG (Supplementary Fig. 2a—c). SMBG decreased at all
timepoints at a magnitude consistent with that seen for
FPG (Table 2). Furthermore, when SMBG data (1 h after
breakfast, lunch, and dinner) were stratified by the pres-
ence or the absence of concomitant DPP-4 inhibitor, the
postprandial glucose-lowering effect of the ipragliflo-
zin + DPP-4 inhibitor combination at week 24 was sug-
gested (Table 3).

Consistent with the changes in glycemic variables, gly-
coalbumin decreased from baseline to end of treatment
by —3.36 £2.40% in all patients, —3.88 £2.59% in the
50/50/50 mg group, and —3.38 +2.55% in the 50/50/100 mg
group (Table 2).

Metabolic parameters

Table 2 shows the changes in bodyweight, waist cir-
cumference, and metabolic parameters from baseline to
end of treatment in all ipragliflozin-treated patients and
according to the dose of ipragliflozin used in treatment
period II. Bodyweight decreased during the 52-week
study (Fig. 4a). A gradual decline in bodyweight was
observed in the 50/50/50 mg group after week 24, while
bodyweight decrease was minimal after week 24 in the
50/50/100 mg group (Fig. 4b). The change in waist cir-
cumference at the end of ipragliflozin treatment compared
with baseline was —1.27 +3.22 cm in the 50/50/50 mg
group and — 1.39+3.66 cm in the 50/50/100 mg group
(Table 2).

The change in C-peptide was small in all patients and
in each ipragliflozin dose group. Glucagon decreased
between baseline and end of treatment by —3.4+13.6 pg/
mL in the 50/50/50 mg group and — 1.4 +26.6 pg/mL in the
50/50/100 mg group. Leptin and adiponectin were increased
in both dose groups (Table 2).

Safety

TEAEs occurring in the placebo or ipragliflozin groups in
treatment period I and in all patients who received ipragli-
flozin in treatment periods I or II combined are shown in
Table 4. TEAEs occurred in 89.7% (157/175) of patients
treated with ipragliflozin. Serious TEAEs occurred in
5.1% (9/175) and TEAEs led to permanent discontinua-
tion of the study drug in 5.7% (10/175) of patients. Over-
all, 58.9% (103/175) of patients experienced drug-related

Fig. 1 Patient disposition. The boxes indicate the treatment and dose »
received for treatment period I/from weeks 16 to 24/from weeks 24 to
52. "Some patients discontinued for more than one reason. "Tpragliflo-
zin dose was maintained at 50 mg once daily after visit 10 (week 24).
Note: the first 50 in 50/50/50 or 50/50/100 refers to the dose admin-
istered in treatment period I. *Ipraglifiozin dose was increased to
100 mg once daily from visit 10 (week 24). SDiscontinued before the
decision was made whether to increase the ipragliflozin dose at week
24 (visit 10). FAS full analysis set, SAS safety analysis set
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Provided informed consent

n =367 - - - -
Discontinued before run-in period
n=40*
>{ - Did not meet eligibility criteria n = 27
v *  Withdrew consent n = 11
- - + Othern=4
Received run-in placebo
n=327
Discontinued before randomization
> n=65
» Did not meet eligibility criteria n = 63
A4 » Withdrew consent n =2
Randomized
n =262
|
Placebo Ipragliflozin
n=287 n=175
SAS n =87 SAS/FAS n = 175/168
Discontinued during treatment period | Discontinued during treatment period |
n=11 P > n==6
« Lack of efficacy n =6 ~ » Adverse eventn=2
« Adverse eventn=1 » Patient request n =1
« Othern=4 » Protocol violation n = 1
+ Othern=2
\ 4 v
Completed treatment period | Completed treatment period |
n=76 n=169
ﬁi Did not enter treatment period Il n = 1
A\ 4 A4
Entered treatment period Il Entered treatment period Il
n=76 n=168
These patients were not included in this report. \1/
Did not receive the study drug n = 1 |& Received the study drug for treatment period ||
n=168
50/50/50 mg SAS/FAS n = 67/44
Received the study drug 50/50/100 mg SAS/FAS n = 94/68
for treatment period 11 Patients in the 50/50 mg group who discontinued the study before dose
n=75 increase were not included in the analysis by treatment group in periods
Wil

Discontinued during treatment period Il
n=18
Placebo/50 mg n = 3§
Adverse event n =2
Othern=1
Placebo/50 mg/50 mg n = 3t

Discontinued during treatment period Il
n=47
* 50mg/50 mgn=7§
Adverse eventn =4
Withdrew consent n = 1
Lack of efficacy n =1

Adverse event n =2

Lack of efficacy n = 1
Placebo/50 mg/100 mg n = 12%

Adverse event n = 2

Lack of efficacy n =10

> Other n=1

*+ 50mg/50 mg/50 mg n=71
Adverse eventn =1
Lack of efficacy n=6

* 50 mg/50 mg/100 mg n = 33%
Adverse event n =3
Lack of efficacy n = 26
Withdrew consent n = 3
Pregnancy n =1

A4 A\ 4
Completed treatment period Il Completed treatment period Il
n=>57 n=121
+ Placebo/50 mg/50 mg n = 33 * 50 mg/50 mg/50 mg n = 60
* Placebo/50 mg/100 mg n = 24 * 50 mg/50 mg/100 mg n = 61
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Fig.2 Time-course of HbAlc from baseline to the end of treatment
(with last observation carried forward) in all patients (a), all patients
with/without DPP-4i (b), stratified by ipragliflozin dose (50/50/50
and 50/50/100 mg) used in treatment period II (c¢) and by ipraglifiozin

TEAEsS, which were classified as serious in 2.9% (5/175) of
patients and led to permanent discontinuation of the study
drug in 4.6% (8/175) of patients. Hypoglycemia-related
events were the most common TEAEs of special interest,
occurring in approximately one-third of patients. Although
efficacy and other safety data for patients who received
placebo in treatment period I and ipraglifiozin in treatment
period II are not described here, the incidence of hypo-
glycemia was 38.7% (29/75) in these patients. No notable
difference was observed in the incidence of hypoglycemia
between patients treated with or without a DPP-4 inhibitor
(data not shown).

TEAEs associated with urinary tract infection, genital
infection, and body fluid volume and electrolytes occurred
in <5.7% of patients. By preferred term, the most common
drug-related TEAEs were hypoglycemia, pollakiuria, and
thirst.

Administration of ipraglifiozin was not associated with
any clinically significant changes in laboratory variables or
vital signs in treatment period II, and there were no apparent

dose and DPP-4i use (d and e). Data are shown as the mean =+ stand-
ard deviation (full analysis set). The number of patients at each time-
point is shown below the x-axis. DPP-4i dipeptidyl peptidase-4 inhib-
itor, EOT end of treatment, LOCF last observation carried forward

effects of ipragliflozin dose on these variables (data not
shown).

Discussion

Here, we report the results of a 36-week extension of a
16-week randomized study in which all patients were
switched from placebo or 50 mg ipragliflozin to open-label
ipragliflozin. The ipragliflozin dose could be increased from
50 to 100 mg at week 24 in patients with HbAlc>7.0% at
week 20.

This study demonstrated that the improvement in glyce-
mic control at week 16 in the ipragliflozin group was main-
tained through to week 52 (i.e., end of treatment period II).
Between weeks 8 and 32, the HbAlc-lowering effect of
ipragliflozin tended to be greater in patients using a DPP-4
inhibitor than in patients not using a DPP-4 inhibitor, but
changes in FPG were similar in both subgroups. This effect
of DPP-4 inhibitor coadministration, although no longer
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Fig.2 (continued)

apparent after week 32, might reflect its impact on post-
prandial glucose levels rather than on fasting glucose levels,
suggesting that coadministration of insulin, ipragliflozin,
and a DPP-4 inhibitor might be beneficial for improving
glycemic control. The effects on HbAlc were comparable
between patients with and without a coadministered DPP-4
inhibitor after 52 weeks, presumably because of better self-
management in general among patients who completed the
52-week study period. Nevertheless, a decrease in HbAlc
was observed in the end of treatment data, which included
patients with HbAlc levels > 8.5% at weeks 28 and 32 who
had discontinued treatment according to the protocol dis-
continuation criterion.

In treatment period II, when the dose of ipragliflozin
could be increased at week 24 in patients who had insuf-
ficient efficacy, the dose increase of ipragliflozin from
50 mg once daily to 100 mg once daily led to a grad-
ual decline in HbAlc over a period of 12 weeks before
plateauing. Similarly, FPG decreased after the dose
increase of ipragliflozin to 100 mg daily. These results
suggest that an increase in the daily dose of ipragliflozin
from 50 to 100 mg could improve glycemic control in
patients who do not experience sufficient efficacy. HbAlc

@ Springer

and FPG levels decreased between weeks 0 and 12 (i.e.,
after starting ipragliflozin) and between weeks 24 and 36
(i.e., after the dose increase) in the 50/50/100 mg group.
Therefore, in patients newly prescribed ipragliflozin, the
ipragliflozin dose could be increased from 50 to 100 mg
after about 12 weeks of treatment, providing that there
are no safety concerns.

Accompanying the improvement in glycemic control,
we also observed a gradual reduction in bodyweight over
the 52-week period, a relevant clinical finding, because
weight gain is commonly associated with insulin therapy.
In a meta-analysis of long-term randomized controlled tri-
als of SGLT2 inhibitors, weight reduction at 1 and 2 years
was 2.48 and 2.99 kg, respectively [10]. Our study sup-
ports the observation that SGLT?2 inhibitors have a benefi-
cial effect on bodyweight in addition to glycemic control.

In the present study, adiponectin levels increased in
both dose groups, but leptin levels did not change. Because
decreased adiponectin levels were shown to have a causal
role in insulin resistance [11], our observation suggests
that ipragliflozin contributes to improvement of glycemic
control by lowering insulin resistance.

In terms of safety, hypoglycemia was the most com-
mon drug-related TEAE in ipragliflozin-treated patients.
In treatment period I, hypoglycemia occurred in about
double the proportion of patients in the ipragliflozin
group than in the placebo group (29.1 vs. 14.9%). How-
ever, the incidence of hypoglycemia in ipragliflozin-
treated patients did not increase markedly in both treat-
ment periods combined (36.0%) relative to its incidence
in treatment period I (29.1%). Other drug-related TEAEs
occurred with low incidence (< 8.6% in treatment peri-
ods I and II combined), and the TEAEs that occurred
have also been reported in other clinical trials of ipragli-
flozin. Therefore, no previously unreported TEAEs were
found when ipragliflozin was used in combination with
insulin. In terms of laboratory variables, we observed
no changes in markers of liver function or lipids, which
were measured as safety variables, in treatment period
II. These findings are consistent with those previously
reported for treatment period I. Although ipragliflozin
was associated with a slight reduction in the estimated
glomerular filtration rate in treatment period I compared
with placebo, no further changes occurred in treatment
period II.

Several other studies have examined the efficacy and
safety of adding an SGLT2 inhibitor to ongoing insulin.
For example, the EMGA-REG BASAL study [12] showed
that 10 and 20 mg empagliflozin added to basal insulin
was associated with significant reductions in HbAlc and
bodyweight compared with placebo at weeks 18 (10 mg,
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Fig.3 Time-course of FPG from baseline to the end of treatment

50 mg/100 mg 686868 68

(with last observation carried forward) in all patients (a) and in

patients stratified by ipraglifiozin dose (50/50/50 and 50/50/100 mg)
used in treatment period II (b). Data are shown as the mean =+ stand-
ard deviation (full analysis set) for all patients who received ipragli-
flozin in both treatment periods. The number of patients at each time-
point is shown below the x-axis. EOT end of treatment, FPG fasting

plasma glucose, LOCF last observation carried forward

68 68 68 68 68 58 49 48 44 41 41 68

Fig.4 Change in bodyweight from baseline to the end of treatment
(with last observation carried forward) in all patients (a) and in
patients stratified by ipraglifiozin dose (50/50/50 and 50/50/100 mg)
used in treatment period II (b). Data are shown as the mean + stand-
ard deviation (full analysis set) for all patients who received ipragli-

flozin in both treatment periods. The number of patients at each time-
point is shown below the x-axis. EOT end of treatment, LOCF last
observation carried forward

Table 3 Mean (SD) postprandial SMBG (all patients) stratified by DPP-4 inhibitor use

DPP-4 inhibitor use
No Yes
SMBG 1 h after Baseline 230.30+58.79 (62) 231.30+52.00 (97)
(mg/dL)  breakfast  week 24/EOT 209.41 +54.94 (42)/201.46 +52.80 (48) 199.14 +50.97 (68)/201.93 +51.29 (75)
Change at week 24/EOT*  —24.59+55.16 (39)/—31.04+58.68 (45)  —33.49+43.73 (66)/—28.16 +50.32 (72)
1 h after Baseline 239.27 +54.80 (63) 236.87+51.93 (98)
lunch Week 24/EOT 219.69+47.94 (42)/216.93+44.32 (48)  207.57 +50.84 (66)/210.87 +51.71 (75)
Change at week 24/EOT*  —27.40+44.83 (39)/—24.31+53.10 (45)  —32.58+48.83 (63)/—25.63+51.58 (72)
1 h after Baseline 226.32+54.34 (61) 230.63+62.07 (99)
dinner Week 24/EOT 207.34+48.24 (42)/203.53+49.08 (47)  203.98 +61.88 (68)/202.54 +61.38 (75)
Change at week 24/EOT*  —19.23+50.42 (38)/— 19.82+56.87 (43)  —29.11+55.06 (66)/— 30.05 +60.68 (73)

Values are shown as mean + SD (n)
DPP-4 dipeptidyl peptidase-4, EOT end of treatment, SD standard deviation, SMBG self-monitored blood glucose

2From baseline
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Table 4 Treatment-emergent
adverse events (TEAESs)

Treatment period I
(weeks 0-16)

Treatment periods I and 1T
(weeks 0-52): Ipragliflozin

Placebo Ipraglifiozin
n 87 175 175
Total TEAEs 49 (56.3) 130 (74.3) 157 (89.7)
Serious TEAEs 2(2.3) 2(1.1) 9(5.1)
TEAE:s leading to permanent discontinuation 2(2.3) 2 (1.1 10 (5.7)
Total drug-related TEAEs 19 (21.8) 74 (42.3) 103 (58.9)
Drug-related serious TEAEs 1(1.1) 1(0.6) 5(2.9)
Drug-related TEAEs leading to permanent 1(1.1) 2 (1.1 8 (4.6)
discontinuation
TEAE:S of special interest related to
Hypoglycemia-related events 13 (14.9)  52(29.7) 66 (37.7)
Urinary tract infection 1(1.1) 4(2.3) 9(5.1)
Genital infection 0 7 (4.0) 8 (4.6)
Body fluid volume and electrolytes 1(1.1) 4(2.3) 10 (5.7)
Drug-related TEAEs by PT in > 1% of patients in either group
Hypoglycemia 13 (14.9) 51 (29.1) 63 (36.0)
Pollakiuria 1(1.1) 8 (4.6) 15 (8.6)
Thirst 0 3.7 7(4.0)
Blood ketone body increased 1(1.1) 5(2.9) 5(2.9)
Constipation 1(1.1) 2 (1.1) 4(2.3)
Cystitis 0 1 (0.6) 4(2.3)
Vulvovaginal candidiasis 0 3(1.7) 3(1.7)
Rash 0 2(1.1) 3(1.7)
Muscle spasms 2(2.3) 1(0.6) 2(1.1)
Hunger 0 1(0.6) 2(1.1)
Eczema 0 1(0.6) 2(1.1)
Large intestine polyp 0 0 2(1.1)
Dehydration 0 0 2 (1.1
Headache 0 0 2(1.1)
Urine beta 2 microglobulin increased 1(1.1) 1(0.6) 1(0.6)
Cerebral infarction 1(1.1) 0 1(0.6)
Dizziness 1(1.1) 0 1(0.6)

Data are shown as the n (%) of patients or number of events

Data for treatment period I are reprinted with permission from [9]

PT preferred term

25 mg, placebo: — 0.6, — 0.7, 0.0%) and 78 (- 0.5, — 0.6,
0.0%), while hypoglycemia occurred in about one-third of
patients. Another long-term study examined the efficacy
of dapagliflozin vs. placebo in combination with high
doses of insulin with or without up to two oral antidia-
betic drugs for up to 2 years [13]. The placebo-adjusted
mean changes in HbAlc from baseline to week 104
were —0.4% in the 5 mg/10 mg group and — 0.4% in
the 10 mg group. The placebo-adjusted mean changes
in HbAlc between patients taking no oral antidiabetic
drugs vs. patients taking one/two oral antidiabetic drugs
were — 0.3 and — 0.4%, respectively. However, caution
should be exercised when comparing the results of these

@ Springer

studies with our findings, owing to differences in patient
populations and study designs. In particular, the previous
studies included predominantly obese Western patients
(body mass index ~31 kg/m?) with long-standing diabe-
tes, who were using high doses of insulin (~48 U/day in
[12] and ~75 U/day in [13]), whereas our patients had a
much lower body mass index (~25 kg/m?) and insulin
dose of <40 U/day.

Studies of SGLT?2 inhibitors in Japanese patients have
examined the efficacy and safety of adding 100 mg cana-
gliflozin [14] (16 weeks) or tofogliflozin [15] (24 weeks)
to insulin with outcomes consistent with ours in terms
of the improvements in glycemic control and incidence
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of hypoglycemia at 16-24 weeks. In a 16-week placebo-
controlled trial of 5 mg dapagliflozin added on to insulin
in Japanese patients, a mean HbAlc change of —0.55%
relative to baseline was observed [16]. Furthermore,
the 36-week open-label extension period of this long-
term study revealed a change in HbAlc of —0.74% over
52 weeks in patients receiving 5 or 10 mg dapagliflozin
[17]. The most common adverse event was hypoglyce-
mia, which ranged from 35 to 41.7% in the dapagliflozin-
treated groups [17].

Our study had some limitations that should be men-
tioned. First, our results may not be generalizable to
patients in other countries or of other ethnicities. Second,
a large number of patients discontinued the study in treat-
ment period II owing to the prespecified discontinuation
criteria, especially for HbAlc > 8.5% on two consecutive
visits from week 24 onwards. This likely introduced signifi-
cant bias into the analysis of baseline to end of treatment
changes, in which the last observation was carried forward.
In addition, data collected after the change in insulin dose
were excluded from the full analysis set, which may have
affected the results. Finally, all analyses reported here were
performed in an exploratory manner, without formal sta-
tistical tests.

In conclusion, ipragliflozin as add-on therapy to insu-
lin for 52 weeks was associated with clinically relevant
decreases in HbAlc, FPG, and SMBG that were sustained
throughout the treatment periods. It is also notable that
administration of ipragliflozin in combination with
insulin was associated with ongoing reductions in body-
weight. Coadministration of a DPP-4 inhibitor was associ-
ated with greater improvements in HbAlc, particularly in
treatment period I. Increasing the ipragliflozin dose from
50 to 100 mg might be valuable in patients whose HbAlc
remains > 7.0%. As might be expected, hypoglycemia was
the most common drug-related TEAE, and other drug-
related TEAEs that occurred in this study have already
been described for ipragliflozin.
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