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Results: The ipragliflozin group demonstrated a significant decrease in HbAlc from
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were in the placebo group. All other TEAEs were mild or moderate in severity. Four

ipragliflozin group. No diabetic ketoacidosis was reported for any participant in this
study.

Conclusions: Daily ipraglifiozin 50 mg in combination with insulin significantly
reduced HbA1c, daily insulin dose and body weight versus placebo in people with
T1DM. No safety concerns were identified after 24 weeks of treatment. Overall,

once-daily ipragliflozin 50 mg was both efficacious and well tolerated.
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1 | INTRODUCTION

Type 1 diabetes mellitus (T1IDM) develops mainly because of autoim-
mune destruction of insulin-producing pancreatic B cells, resulting in
hyperglycaemia.? Mean glycated haemoglobin (HbA1c) concentra-
tion tends to be higher in people with TIDM (~61 mmol/mol [7.82%)])
than those with type 2 diabetes mellitus (T2DM; ~52 mmol/mol
[7.03%]).3* Higher HbA1c levels confer a greater risk of developing
diabetes-related complications.” A recent study of Japanese people
with T1DM reported that those with a high body mass index (BMI;
223 kg/m?) had significantly higher HbA1c levels and weight-adjusted
daily insulin doses than those with BMI <23 kg/m?. Additionally, being
overweight was associated with higher blood pressure and
dyslipidaemia.®

Insulin therapy, the current standard of care for people with
T1DM, can lead to hypoglycaemia and weight gain. This not only hin-
ders optimal blood glucose control but is a major hurdle for success-
fully treating T1IDM.?7 Better treatment options are therefore
needed for these patients. Novel therapies that control blood glucose
without inducing hypoglycaemia or weight gain and that result in bet-
ter metabolic control may improve patient outcomes.”

Sodium-glucose co-transporter-2 (SGLT2) is a sodium-dependent
glucose transport protein and the main protein responsible for renal
reabsorption of glucose. SGLT2, expressed primarily in the proximal
renal tubules of the renal cortex,® is a therapeutic target for blood glu-
cose control. Ipragliflozin (ASP1941) is an SGLT2-selective inhibitor
discovered by Astellas Pharma Inc. and Kotobuki Pharmaceutical Co.,
Ltd.? Ipragliflozin lowers blood glucose in an insulin-independent man-
ner, by inhibiting glucose uptake in the kidney and promoting excre-
tion in the urine.*®! It was approved for the treatment of T2DM in
Japan in 2014 and is manufactured as an orally active drug (trade
name Suglat).”

Owing to its insulin-independent mechanism of action,
ipragliflozin is expected to be efficacious in TIDM. A 2-week
pharmacokinetic/pharmacodynamic study of ipragliflozin, including
42 Japanese people with TIDM who received a daily oral dose of pla-
cebo or ipragliflozin (25, 50 or 100 mg) concomitant with insulin,
showed dose-dependent increases in area under the curve and maxi-
mum plasma concentration for patients taking ipragliflozin; the phar-
macodynamic data showed a dose-dependent increase in urinary
glucose excretion.’? Ipragliflozin exposure and dose-dependent
increases were similar among people with TIDM and those with
T2DM in a recent trial studying the pharmacodynamic effects of daily
ipragliflozin. Renal glucose clearance increased from baseline in a
dose-dependent manner for both patient groups and there was no
substantial difference in the exposure-response relationship (data on
file). These results suggest that the ipragliflozin dose regimen used in
people with T2DM (50 mg/d starting dose) is suitable for people
with TIDM.

The present phase 3 study aimed to assess the efficacy and safety

of once-daily oral ipragliflozin 50 mg compared with placebo over

24 weeks in people with T1DM inadequately controlled (HbAlc
58-96 mmol/mol [7.5%-11%]) with insulin therapy.

2 | METHODS

2.1 | Participants

Men or women aged 220 years, diagnosed with T1DM, and who had
been receiving insulin therapy for 212 weeks prior to visit
1 (-6 weeks), were eligible for the present study. Patients with HbA1c
levels between 58 and 96 mmol/mol (7.5% and 11%) at screening,
fasting blood C-peptide levels <0.1987 nmol/L and a body mass index
(BMI) of 20.0 to 35.0 kg/m? were included. Patients were excluded if
they had experienced major hypoglycaemia (requiring the assistance
of a caregiver) or diabetic ketoacidosis (DKA) within 12 weeks prior to
visit 1 (—6 weeks); or had received hypoglycaemic agents other than
insulin or a-glucosidase inhibitors (a-Gls) within 8 weeks prior to visit
1 (—6 weeks). Complete inclusion and exclusion criteria are described
in the Supporting Information. All participants provided written

informed consent.

2.2 | Study design, treatments and blinding

This study was conducted in accordance with the ethical principles of
the Declaration of Helsinki, Good Clinical Practice, guidelines of the
International Conference on Harmonization of Technical Require-
ments for Registration of Pharmaceuticals for Human Use and all
applicable laws and regulations. Study approval was obtained from
the institutional review board at each study site. The study was regis-
tered at clinicaltrials.gov: NCT02897219.

This was a multicentre, double-blind, parallel-group, placebo-
controlled study conducted at 36 sites in Japan from August
29, 2016, to July 22, 2017. The study design is shown in Figure S1.
Participants taking an a-Gl concomitantly with insulin were required
to undergo a 4-week washout (washout visit [-10 weeks] to visit
1 [-6 weeks]) after providing written consent and completing the
temporary registration. All participants completed an observation
period consisting of a 4-week screening period (visit 1 [-6 weeks] to
visit 2 [-2 weeks]), followed by a 2-week single-blind placebo run-in
period (visit 2 [-2 weeks] to visit 3 [0 weeks]). Participants receiving
insulin alone started the observation period after providing written
consent and completing temporary registration.

Participants were randomized (2:1) to receive ipragliflozin or pla-
cebo. During the treatment period (double-blind, 24 weeks, visit
3 [0 weeks] to visit 10 [24 weeks]), participants received once-daily
ipragliflozin 50 mg or placebo in combination with insulin. Visits were
scheduled for weeks O (visit 3), 2, 4, 8, 12, 16, 20 and 24. Interruption
of the study treatment was allowed if a substantial adjustment of
insulin dose resulting from an inability to consume food was needed;
participants with treatment interruptions lasting >2 consecutive
weeks were withdrawn from the study. One tablet of ipragliflozin or
placebo (identical tablets and packaging) was administered orally

before or after breakfast. Insulin therapy rules were applied from the
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start of visit 1 (—6 weeks) to the end of treatment (EOT; ie, week
24 or the time of study drug discontinuation). Introduction of new
insulin therapy or switching between subcutaneous insulin infusion
and multiple daily injections was not allowed (continuous subcutane-
ous insulin infusion could be switched to multiple daily injections if
the duration was <2 weeks).

A 15% reduction of the total daily dose of insulin reported at visit
1 (-6 weeks) was suggested at visit 3 (O weeks); insulin reduction was
(SMBG)

were < 4.44 mmol/L (80 mg/dL). Insulin dose adjustments were per-

considered if self-monitored blood glucose levels
formed in the usual clinical setting under the guidance of a physician.
Certain concomitant treatments were prohibited during the study
period, including hypoglycaemic agents other than insulin prepara-
tions and continuous systemic corticosteroid treatment or immuno-
suppressants (unless used temporarily or applied topically). Treatment
for hypoglycaemia, such as glucose (unless taken orally) and glucagon,
was prohibited during the trial period; if treatment for hypoglycaemia
was necessary, the participant was removed from the study. Tempo-
rary use of such treatments for reasons other than hypoglycaemia
was allowed. Participants requiring hospitalization were to be with-
drawn from the study. Treatment compliance was verified by quantity

of unused study drugs at each visit.

2.3 | Efficacy outcomes

Data collected at visit 3 (O weeks) were used for baseline efficacy
assessments. The primary efficacy outcome was the change in HbAlc
from baseline to EOT; that is, at week 24 or at study drug discontinua-
tion for participants discontinuing prior to week 24.

Secondary outcomes included the percentage of participants
with HbAlc <64 mmol/mol (<8.0%) at EOT; changes in fasting
plasma glucose (FPG), insulin doses (basal/bolus/total), each time
point of the seven-point SMBG, and body weight vs placebo. Sub-
group analyses included change in HbAlc from baseline to EOT
according to sex, age, BMI, duration of T1DM, estimated glomerular
filtration rate (eGFR [mL/min/1.73 m?] = 194 x serum creatinine
[mg/dL]~1%%% x age [years] 27 [x 0.739 if female]),* use of a-Gls,
dosing method of insulin, dose reduction of insulin, baseline HbA1c,
and total daily insulin dose.

2.4 | Safety

Safety outcomes included vital signs, treatment-emergent adverse
events (TEAEs), general laboratory tests (haematology, blood chemis-
try and urine analysis) and ECG findings. Regarding hypoglycaemia,
blood glucose levels <3.89 mmol/L (70 mg/dL), as measured by SMBG
or central/local laboratory, were handled as adverse events (AEs).
Probable symptomatic hypoglycaemia (hypoglycaemic symptoms esti-
mated to be caused by blood glucose <3.89 mmol/L but not con-
firmed by measurement), and relative hypoglycaemia (presence of
hypoglycaemic symptoms but with blood glucose >3.89 mmol/L) were
also handled as AEs. Participants underwent screening for ketone

bodies at each visit; those with total ketone body measurements

>5000 pmol/L or those who developed DKA were to be withdrawn
from the study.

2.5 | Statistical methods

Sample size was determined using published data from an 8-week
clinical trial with empagliflozin, an SGLT2 inhibitor, in which the drug
decreased HbAlc by 0.4% in people with TIDM.** After consider-
ation of study differences and assuming a 0% decrease in the placebo
group and a shared SD of 0.7% with an assignment ratio of 2:1, the
numbers of participants required to detect a 0.4% difference between
groups with a power of 90% were calculated to be 49 and 97 in the
placebo and treatment groups, respectively. We therefore planned to
enrol 50 and 100 participants in the respective groups.

The full analysis set (FAS; primary analysis) included all partici-
pants who received at least one dose of the study drug during the
treatment period and for whom at least one efficacy variable was
measured after administration of the study drug. The per-protocol set
(PPS) (secondary analysis) consisted of participants included in the
FAS who met the inclusion criteria and did not meet any of the exclu-
sion criteria, received the study drug for at least 56 days, had 280%
compliance and no major protocol deviations. The safety analysis set
included all participants who received at least one dose of the
study drug.

Primary and secondary endpoints were examined descriptively
and using analysis of covariance (ANCOVA) with variable value at
baseline as a covariate to calculate adjusted mean differences (AMDs)
compared with placebo and 95% confidence intervals (Cls). Subgroup
analyses for the primary endpoint were performed using stratification
according to the subgroups described previously. The primary end-
point of HbA1c used an unadjusted a-value of 0.05 to control for type
1 error. Adjustments for multiplicity were not applied for other end-
points. The number and percentage of participants with AEs and
drug-related AEs and descriptive statistics were calculated for labora-
tory test values using the safety analysis set. A two-sided significance
level of 0.05 was used. Data were analysed using SAS Drug Develop-
ment software (ver. 4.5 or higher; SAS Inc., Cary, North Carolina) and
SAS® software (version 9.4 or higher; SAS Inc.).

3 | RESULTS

3.1 | Participants

The participant disposition is summarized in Figure S2. A total of
210 people consented to participate in the study; 196 started the
run-in period and 175 were randomized and received either placebo
(n = 60) or ipragliflozin 50 mg (n = 115). Six participants in the placebo
group discontinued before completion of the treatment period
because of TEAEs (n = 3), protocol deviations (n = 2) or withdrawal of
consent (n = 1). Three participants from the ipragliflozin group discon-
tinued because of TEAEs (n = 1) or withdrawal of consent (n = 2). The
safety analysis set included 175 participants who received the study

drug. The FAS consisted of all participants in the safety analysis set,
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except for one participant in the placebo group who was excluded
because efficacy variables were not measured after study drug admin-
istration. The PPS consisted of 57 and 114 participants in the placebo
and ipragliflozin groups, respectively.

Baseline participant characteristics, including age, sex and body
weight, were generally comparable between the two groups (Table 1).
Baseline HbA1c and basal/bolus/total daily doses of insulin were simi-
lar in both groups; similar percentages of participants in each group
had reduced their insulin dose (as directed by a study investigator) at
visit 3 (0 weeks). The mean duration of study treatment for the pla-
cebo and ipragliflozin groups was 161.3 and 167.1 days, respectively.
The mean treatment compliance between groups was similar: 96.3%
and 98.3% for the placebo and ipragliflozin groups, respectively.

3.2 | Primary efficacy outcome

A greater decrease in HbAlc from baseline to EOT was observed in
the ipragliflozin group (—5.1 mmol/mol [-0.47%]) compared with the
placebo group (—1.3 mmol/mol [-0.11%]). The AMD versus placebo
was —3.8 mmol/mol (95% CI -6.2, —1.5]; —-0.36% [95% CI -0.57,
—0.14]), showing a statistically significant decrease in the ipragliflozin
group compared with placebo (P = 0.001; ANCOVA [Figure 1 and
Table S1]). The mean HbA1c in the placebo group remained relatively
unchanged, while the mean HbA1c decreased from baseline starting
at week 4 in the ipragliflozin group and remained stable until week
24 (Figure 1). Similarly to the FAS analysis, the PPS analysis showed a
statistically significant decrease in HbA1c levels for ipragliflozin com-
pared with placebo (P = 0.001, data not shown).

3.3 | Secondary efficacy outcomes

The percentage of participants reaching an HbAlc target of
<63 mmol/mol (8%) at EOT was lower for placebo (23.7%) compared
with ipragliflozin treatment (47.8%); percentages at baseline were sim-
ilar for the two groups (placebo, 20.3%; ipragliflozin, 18.3% [Table S1]).
Subgroup analyses for change from baseline to EOT in HbA1c levels
were conducted using the described subgroups. No substantial differ-
ences were observed among subgroups. Assessment was considered
problematic for the following subgroups because of the small number
of participants: age = 65 years; eGFR230 to <60 mL/min/1.73 m?;
participation in washout; and continuous subcutaneous insulin infu-
sion (Figure S3).

The mean change in body weight from baseline to EOT was
greater with ipragliflozin treatment (—2.92 kg) compared with placebo
(—0.04 kg); AMD versus placebo was —2.87 kg (95% Cl —3.58, —2.16;
P < 0.001 [Figure 2 and Table S1]). The mean change from baseline to
EOT for FPG was —0.08 mmol/L (1.4 mg/dL) for placebo and
— 2.51 mmol/L (-45.2 mg/dL) for ipragliflozin treatment. The AMD
versus placebo was -2.63 mmol/L (95% ClI -3.74, -1.53);
—47.4 mg/dL [95% ClI —67.3, —27.5]), showing a statistically signifi-
cant decrease for ipraglifiozin treatment compared with placebo
(P < 0.001; ANCOVA [Table S1]).

TABLE 1 Baseline patient characteristics
Placebo Ipraglifiozin
N =59 50 mg N = 115
Men, n (%) 27 (45.8) 54 (47.0)
Women, n (%) 32 (54.2) 61 (53.0)
Age, years 483+ 128 497 +13.1
Age group, n (%)

<65 years 52(88.1) 96 (83.5)

265 years 7 (11.9) 19 (16.5)
Body weight, kg 64.68+9.07  66.06 + 11.39
BMI, kg/m? 2421+282  24.67+295

BMI, n (%)

<25 kg/m? 35(59.3) 69 (60.0)

225 kg/m? 24 (40.7) 46 (40.0)
Underwent a-Gl washout, n (%) 3(5.1) 7 (6.1)

Route of insulin injection, n (%)

csli 2(3.4) 8(7.0)

MDI 57 (96.6) 107 (93.0)
eGFR, mL/min/1.73 m? 93.85+ 2155 93.76 + 20.92
eGFR, n (%)

30 to <60 mL/min/1.73 m? 1(1.7) 3(2.)

60 to <90 mL/min/1.73 m? 27 (45.8) 48 (41.7)

290 mL/min/1.73 m? 31(52.5) 64 (55.7)
HbA1c, mmol/mol 71.3+8.6 714 +90
HbA1lc, % 8.67 +£0.79 8.68 +0.81
HbA1c, n (%)

<63 mmol/mol 12 (20.3) 21(18.3)

263 mmol/mol 47 (79.7) 94 (81.7)
FPG, mmol/L 10.90 £3.93  10.65 + 3.83
FPG, mg/dL 196.4 +70.9 191.8 £ 69.0
Basal insulin dose, 1U/d 18.94 + 9.94 19.15 + 9.80
Bolus insulin dose, U/d 31.54+17.46 30.09 + 15.62
Total insulin dose, 1U/d 50.48 £ 24.95 49.24 +22.58
Total insulin dose

<501U/d 38 (64.4) 72(62.6)

250 IU/d 21(35.6) 43 (37.4)
Total insulin dose, IU/kg-d 0.76 £ 0.29 0.74 £ 0.28
Total insulin dose, n (%)

<0.31U/kg-d 0 1(0.9)

20.3 1U/kg-d 59 (100) 114 (99.1)
Reduction of daily dose of insulin 29 (49.2) 53 (46.1)

preparation (Visit 3 [0 weeks])

Abbreviations: BMI, body mass index; eGFR, estimated glomerular
filtration rate; FPG, fasting plasma glucose; HbAlc, glycated haemoglobin;
a-Gl, a-glucosidase inhibitor, CSlI, continuous subcutaneous insulin
infusion; MDI, multiple daily injections.

Values are mean * SD, unless otherwise indicated.

During the treatment period, the basal, bolus and total insulin
doses decreased by week 2, followed by a gradual increase until week

24 for the placebo group. For the ipragliflozin group, the basal daily
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Screening  Placebo Start of Week 4 Week8 Week12 Week16 Week20 Week24 End of
(Week -6) Run-in  Treatment treatment
(Week -2) .
Visit
Number of patients
Placebo 59 59 59 58 58 57 55 53 59
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dose of insulin decreased until week 16, and the bolus and total insu-
lin daily doses decreased until week 8; these decreases were
maintained to week 24 (Figure 3A—-C). The mean changes from base-
line to EOT in basal, bolus and total insulin daily doses were 0.38,
0.25 and 0.63 IU, respectively, for the placebo group and — 3.38,
-3.25 and - 6.64 U, respectively, for the ipragliflozin group. The
AMD versus placebo was —3.75 IU (95% Cl —4.73, —2.76) for basal
-3.66 1IU (95% Cl —-5.13, —2.19) for bolus and — 7.35IU (95% ClI
—9.09, —5.61) for total insulin. There was a significant reduction from
baseline to EOT for basal, bolus and total daily insulin doses (all
P < 0.001; ANCOVA) in the ipragliflozin group compared with the pla-
cebo group. The mean percent change from baseline to EOT in basal,
bolus and total insulin daily doses were 3.47%, 1.14% and 1.49%,
respectively, for the placebo group and — 18.68%, —9.43% and
— 13.77%, respectively, for the ipragliflozin group (Table S1).

== Placebo (Baseline body weight = 64.64 kg)
=== |PRA 50 mg (Baseline body weight = 66.18 kg)

The time course of seven-point SMBG included monitoring before
breakfast, 1 hour after the start of breakfast, before lunch, 1 hour
after the start of lunch, before dinner, 1 hour after the start of dinner
and before bedtime. The AMD versus placebo of SMBG from baseline
to EOT showed a statistically significant decrease for four time points
(before breakfast [P < 0.001], 1 hour after the start of breakfast
[P = 0.027], before lunch [P = 0.001] and before dinner [P < 0.001];
Figure S4).

3.4 | Safety
3.4.1 | Adverse events

The TEAESs with the highest incidence in the ipragliflozin group were

hypoglycaemia, nasopharyngitis, blood ketone body increase, and

Change from baseline in body weight (kg)
& o
1

—

-6 Adjusted mean difference to placebo (95% Cl) on change from baseline to end of treatment: -2.87 kg (-3.58, —2.16), P<0.001
T T T T T T T T .
Week 2 Week 4 Week8  Week 12  Week 16  Week20  Week 24 End of FIGURE 2 Time course of
Visit treatment changes in body weight. Data are
Number of patients shown as mean + SD
Placebo 58 58 58 57 56 55 53 59 Cl, confidence interval; IPRA,
IPRA 50 mg 115 114 114 114 113 113 113 115 ipragliflozin
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headache. The incidence of hypoglycaemia was high in both groups
93.3%; 98.3%). One

hypoglycaemia (requiring the assistance from another person) was

(placebo, ipragliflozin, case of major
reported in one participant in the placebo group; all other cases

were minor. The incidence of nasopharyngitis was comparable

between the two groups; all other common TEAEs had higher inci-
dences in the treatment group. Two serious TEAEs occurred
(hypoglycaemia and abdominal abscess), both in the placebo group;
all other TEAEs were mild or moderate. No deaths were reported
(Table 2).
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TABLE 2 Treatment-emergent adverse events

Adverse event

TEAEs

Drug-related TEAEs
Serious TEAEs
Drug-related serious TEAEs

TEAEs leading to permanent
discontinuation of study drug

Drug-related TEAEs leading to permanent
discontinuation of study drug

Deaths

TEAEs not related to hypoglycaemia
Drug-related

TEAEs related to hypoglycaemia®
Drug-related
Mild
Moderate
Severe
Major hypoglycaemia®

Documented symptomatic
hypoglycaemia®

With blood glucose <50 mg/dL
(<2.77 mmol/L)

Asymptomatic hypoglycaemia®

With blood glucose <50 mg/dL
(<2.77 mmol/L)

Probable symptomatic hypoglycaemia®
Relative hypoglycaemia
TEAEs related to UTI
TEAESs related to genital infection
TEAEs related to polyuria/pollakiuria
TEAEs related to volume depletion

TEAEs related to increased ketone bodies

Placebo N = 60, PY = 26.8, n (%)

events [/PY]
59 (98.3) 1523
52(86.7) 1193
2(3.3)2
1(1.7)1
3(5.0)03

3(5.0)3

0

39 (65.0) 124

15 (25.0) 23

56 (93.3) 1399 [52.2]
51(85.0) 1170 [43.7]
56 (93.3) 1398 [52.2]
0

1(1.7)1[0.0]

1(1.7) 1[0.0]

48 (80.0) 742 [27.7]

37 (61.7) 205 [7.7]

51 (85.0) 599 [22.4]
18(30.0) 59 [2.2]

2(3.3)4[0.1]
8(13.3) 54 [2.0]
6(10.0) 7

0

2(3.3)2
3(5.0)3
2(3.3)2

Ipragliflozin 50 mg N = 115, PY = 53.1,
n (%) events [/PY]

114 (99.1) 3644
113 (98.3) 3424
0

0

1091

1(09)1

0

73(63.5) 232

41 (35.7) 89

113 (98.3) 3412 [64.3]
112 (97.4) 3335 [62.8]
113 (98.3) 3405 [64.1]
2(1.7)7[0.1]

0

0

103 (89.6) 1648 [31.0]

75 (65.2) 470 [8.9]

97 (84.3) 1676 [31.6]
50 (43.5) 218 [4.1]

11 (9.6) 49 [0.9]
17 (14.8) 39 [0.7]
4(35)4
6(52)6
7(61)7
7(6.1)7

15 (13.0) 16

Abbreviations: PY, participant-year; TEAE, treatment-emergent adverse event; UTI, urinary tract infection.

Number of events per PY is available only for TEAEs related to hypoglycaemia.

PHypoglycaemia requiring the assistance of another person.
“Typical hypoglycaemic symptoms present and blood glucose level < 3.89 mmol/L (<70 mg/dL).
9Typical hypoglycaemic symptoms absent and blood glucose level < 3.89 mmol/L (70 mg/dL).
°Blood glucose level not measured and presence of hypoglycaemic symptoms that can be estimated as caused by a drop in blood glucose level to

<3.89 mmol/L (<70 mg/dL).

Typical hypoglycaemic symptoms estimated to be present and blood glucose level > 3.89 mmol/L (>70 mg/dL).

There were four cases of study discontinuation because of TEAEs;

three in the placebo group (food

craving, urethritis and

hypoglycaemia) and one in the treatment group (drug eruption;
Table 2). TEAEs of interest included hypoglycaemia (described previ-
ously) and urinary tract infection (UTI)-related, body fluid decreased-
related, genital infection-related and ketone body increase-related
TEAEs. UTl-related TEAEs were higher in the placebo group (10.0%)

than the ipragliflozin group (3.5%), and the incidence of body fluid
decrease-related TEAEs was similar. Genital infection and ketone
body increase-related TEAEs were higher in the ipragliflozin group
(5.2% and 13.0%, respectively) than in the placebo group (0% and
3.3%, respectively; Table 2). No incidence of DKA was reported in
either group, and no participant had total ketone body measurements
25000 pumol/L.
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3.4.2 | Laboratory variables

No significant changes in eGFR were observed in either group from
baseline to EOT (Table S2). The incidence of increased blood ketone
bodies and ketosis was lower in the placebo group (1.7% for both)
compared with the ipragliflozin group (9.6% and 3.5%, respectively).
The change from baseline (+ SD) at EOT in the ipragliflozin group was
182.47 + 336.70 umol/L  for  total bodies, 44.81
+ 80.40 umol/L for acetoacetic acid, and 137.60 + 259.57 umol/L for
3-hydroxybutyric acid (Table S2).

ketone

3.4.3 | Blood pressure

Greater decreases were observed in sitting diastolic/systolic blood
pressure and sitting pulse rate in the ipragliflozin group compared
with placebo at EOT, but changes from baseline were not clinically

significant.

4 | DISCUSSION

Ipragliflozin treatment significantly reduced HbA1c, insulin dose and body
weight from baseline. Such reductions were not observed in the placebo
group. While most participants experienced TEAEs in both the placebo
and treatment groups, most events were mild or moderate and only two
serious TEAEs occurred, both in the placebo group. One case of major
hypoglycaemia (requiring the assistance of another person) was reported
in the placebo group; none was reported in the treatment group.

Total ketone bodies were generally higher in the treatment group,
and levels >3000 pmol/L were reached in some participants, but DKA
was not reported in the present study. Ketone body measurements at
baseline are reported to be higher in participants with TIDM versus
those with T2DM?'®; this would be expected to influence the magni-
tude of change at EOT for those with TIDM versus those with
T2DM. However, it has been shown that people with TIDM and
those with T2DM have similar ketone body results with regard to per-
cent change from baseline with ipragliflozin treatment.” In the present
study, we measured ketone bodies in a fasting state, whereas in the
published literature, ketone bodies were tested in a non-fasting state.
It should be noted that measurement in a fasting state results in
higher readings. SGLT2 inhibitors are associated with an increase in
blood ketone bodies'® and this was observed in the present study,
although it is important to note that the potential benefits of
improved glycaemic control and reductions in insulin dose and body
weight may outweigh the risks of ketone body-related events that
may not be of clinical significance.

Both UTl-related and genital infection-related TEAEs were more
common in women, similar to reports from studies in people with
T2DM. There were no noticeable differences in TEAEs in the present
study compared with those in studies in people with T2DM taking
ipragliflozin.®18 In general, the incidence of overall TEAEs was rela-
tively high, which may be related to the high incidence of
incidences  of

hypoglycaemia in both groups, while the

nasopharyngitis and genital infection-related and UTl-related TEAEs
were low and similar in the ipragliflozin and placebo groups.

An 18-week, phase Il clinical trial involving people with TADM who
received the SGLT2 inhibitor canagliflozin reported a reduction in
HbA1l1c and significantly more participants with no increase in body
weight in the canagliflozin-treated groups compared with placebo.
Reductions in body weight and insulin dose were also reported in
canagliflozin-treated participants. Despite similar efficacy results in that
trial to those in the present study, canagliflozin treatment resulted in
several incidences of DKA (100 mg, 4.3%; 300 mg, 6.0%; placebo,
0%).1° A phase 3, 24-week study of dapagliflozin in people with TIDM
reported similar results to the present study of ipragliflozin, including a
significant reduction in HbAl1c and daily insulin dose from baseline to
EOT and similar incidences of TEAEs. DKA was reported; however, the
incidence was low and similar among the groups (5 mg, 1%; 10 mg, 2%;
placebo, 1%). Regarding major hypoglycaemia, the numbers were
slightly higher than in the present study but similar among the
groups.?° A second phase 3, 24-week study of dapagliflozin con-
firmed the results of the first study and reported DKA in 2.6%, 2.2%
and 0% of patients taking 5-mg, 10-mg or placebo, respectively.?!
Recently, the results of two phase 3 (26- and 52-week) studies of
empagliflozin in people with T1IDM reported significant reductions
in HbAlc and daily insulin dose for all doses of empagliflozin
(2.5 mg, 10 mg and 25 mg), and an incidence of DKA of 3.3%, 4.3%,
0.8% and 1.2% for 25 mg, 10 mg, 2.5 mg empagliflozin and placebo,
respectively; the incidence of major hypoglycaemia was low and
comparable among the groups.2? While the present study did not
report any incidences of DKA, there are reports of DKA in people
with T1DM taking SGLT2 inhibitors, although the incidence of DKA
is often associated with missed insulin doses or pump failure.}?-22
Larger studies are needed to understand the potential for DKA in
people with T1DM taking ipragliflozin.

The present study was limited in that patients with major
hypoglycaemia or DKA 3 months prior to study enrolment were
excluded for safety reasons; exclusion of these patients could have
affected the overall safety results.

In conclusion, the present phase 3 study in Japanese people with
T1DM and inadequate glycaemic control on insulin therapy demon-
strated a statistically significant decrease in HbAlc versus placebo for
once-daily ipragliflozin 50 mg in combination with insulin for 24 weeks.
Importantly, statistically significant reductions in insulin dose and body
weight were observed in participants treated with ipragliflozin versus
placebo. There were no safety concerns with the administration of
ipragliflozin for 24 weeks. Overall, a once-daily 50-mg dose of
ipragliflozin was shown to be both efficacious and well tolerated.
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