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Abstract

Background and Objective To avoid insulin-induced hypoglycemia and weight gain, the minimum dose of insulin should be
used. In this study, therefore, we examined insulin dose reduction by ipragliflozin add-on therapy in Japanese patients with
type 2 diabetes mellitus treated with long-acting basal insulin.

Methods In this multicenter, open-label study, patients received one ipragliflozin 50-mg tablet once daily in combination
with basal insulin for 24 weeks. The primary efficacy endpoint was the change and percent change in insulin dose from base-
line to Week 24. Secondary efficacy endpoints included changes in glycated hemoglobin (HbAlc), fasting plasma glucose
(FPG), glycoalbumin, cholesterol, leptin, adiponectin, C-peptide, glucagon, body weight, and blood pressure, and number
of patients achieving withdrawal of insulin at the end of treatment (EOT). Treatment-emergent adverse events (TEAEs)
were evaluated for safety.

Results In total, 114 patients were screened, 103 were registered, and 97 completed the study. The mean age was 59 years
and 72.8% of patients were male. The mean change in insulin dose from baseline at Week 24 was — 6.6 +4.4 units/day
(p <0.001); the mean percent change was — 29.87%. HbAlc, FPG, glycoalbumin, glucagon levels, body weight, and blood
pressure significantly decreased from baseline to EOT (p <0.05). Cholesterol, leptin, and adiponectin were unaffected. One
patient was able to stop insulin treatment at Week 16. The incidence of TEAEs was 60.2%. Hypoglycemia (10.7%) and pol-
lakiuria (13.6%) were the most common drug-related TEAEs. Conclusions Once-daily 50-mg ipraglifiozin enabled a 30%
dose reduction of insulin by Week 24 compared with baseline. No major safety concerns were raised.

Clinical Trial Registration ClinicalTrials.gov (NCT02847091)

1 Introduction

Treatment of type 2 diabetes mellitus (T2DM) aims to
achieve good glycemic control with glycated hemoglobin
(HbAc) serving as an indicator (or barometer) while avoid-
ing hypoglycemia [1]. Weight control and normalizing blood
pressure and blood lipid parameters are also important to
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prevent cardiovascular and renal complications. In Japan,
approximately 30% of T2DM patients are treated with insu-
lin [2], which is the oldest and most effective therapy for
lowering blood glucose levels. However, insulin use has its
own risks, such as insulin-induced hypoglycemia and weight
gain [3, 4], which may lead to poor adherence to therapy
[5, 6]. Thus, it is ideal to use a minimum necessary dose of
insulin to mitigate unfavorable side effects. In contrast, a
relatively new class of antihyperglycemic drugs, the sodium-
glucose cotransporter-2 (SGLT?2) inhibitors, have demon-
strated efficacy in managing T2DM without inducing hypo-
glycemia or weight gain. In addition, large-scale randomized
controlled studies have demonstrated the cardiovascular and
renal benefits associated with this drug class [7, 8], moving
these drugs to the center stage of oral diabetes agents.
Ipraglifiozin, an SGLT2 inhibitor approved for the treat-
ment of T2DM in Japan and Korea, has demonstrated effi-
cacy in managing T2DM with a favorable safety profile,
both as monotherapy and in combination with other oral

A\ Adis


http://orcid.org/0000-0001-8922-6660
http://crossmark.crossref.org/dialog/?doi=10.1007/s40261-019-00851-z&domain=pdf
https://doi.org/10.1007/s40261-019-00851-z

1214

H.Ishihara et al.

This open-label study investigated the extent to which
50-mg, once-daily ipragliflozin, a sodium-glucose
cotransporter-2 inhibitor, can reduce insulin require-
ments in type 2 diabetes mellitus patients who have
progressed to basal insulin therapy.

After 24 weeks of treatment, ipragliflozin elicited a mean
(standard deviation) change in basal insulin dose of

— 6.6 +4.4 units/day, reflecting a mean percent change
of — 29.87%, and one patient was able to stop insulin
therapy entirely by Week 16.

Once-daily ipraglifiozin safely and effectively reduced
the dose of insulin necessary to maintain acceptable
glycemic control.

agents, insulin, or glucagon-like peptide-1 (GLP-1) receptor
agonists [9, 10]. Ipragliflozin has also been shown to elicit
favorable effects on cardiovascular risk factors such as body
weight, lipid parameters, uric acid, and blood pressure [11,
12]. SGLT?2 inhibitors, when administered concomitant to
insulin therapy, may have the potential to reduce the insulin
dose necessary to achieve adequate glycemic control, lead-
ing to mitigation of hypoglycemia and insulin-related weight
gain [9, 13, 14]. Indeed, previous retrospective studies in
Canada [15] and India [16] have demonstrated that SGLT2
inhibitor add-on therapy to insulin brought about substan-
tial reductions in insulin dose under real-world conditions.
However, there exist no prospective studies that examine the
magnitude of insulin-sparing effects of SGLT?2 inhibitors.

Therefore, in the present study, our objective was to deter-
mine the extent to which ipraglifiozin add-on therapy can
reduce the insulin dose in Japanese T2DM patients treated
with basal insulin. Patients underwent a prespecified insu-
lin dose reduction of 20-40% starting from Day 1 (i.e. the
first day of ipragliflozin administration), and we assessed the
effect of once-daily, 50-mg ipraglifiozin on overall change in
insulin dose while maintaining glycemic control.

2 Methods
2.1 Study Design and Treatments

This multicenter, prospective, single-arm, open-label study
was conducted in 15 centers in Japan (Online Resource 1)
between 29 July 2016 and 9 November 2017. Patients with
T2DM who had been receiving insulin therapy (insulin
monotherapy with a long-acting formulation) for at least
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12 weeks before Visit 1 (Week 0; baseline) were enrolled.
In general, changes in the dose or type of insulin therapy
were not allowed for 12 weeks before Visit 1. The dose of
insulin therapy could be changed + 10% based on the daily
dose 12 weeks before Visit 1 if clinically necessary, but the
active ingredient had to remain unchanged. The treatment
period lasted 24 weeks (Visits 1-8). During this period, one
ipragliflozin 50-mg was administered once daily in combi-
nation with insulin therapy. Study visits were scheduled at
Weeks 0, 2, 4, 8, 12, 16, 20, and end of treatment.

To prevent hypoglycemia during the initial phase of
combined treatment, the insulin dose was reduced by
20-40% at the start of ipraglifiozin treatment (Visit 1). The
baseline insulin dose was defined as the dose prior to this
initial dose reduction. During the study, the daily insulin
dose could be decreased if any hypoglycemic symptoms
occurred, or if blood glucose levels dropped below 70 mg/
dL (3.89 mmol/L) according to the self-monitored blood
glucose level in the morning and if the treating physicians
considered the patient to be at high risk of hypoglycemia
from HbAlc and blood glucose levels. Increases in insulin
dose were required if blood glucose levels exceeded 180 mg/
dL (10 mmol/L) over two consecutive measurements or
allowed when the treating physician deemed dose increases
necessary. Patients were asked to perform self-monitoring
of blood glucose and record the result each morning in a
daily compliance diary. Patients were also advised by the
treating physician to exercise regularly and manage their
diets without changing conditions.

Criteria for study withdrawal included major protocol
deviation, severe hypoglycemia, serum creatinine exceed-
ing 1.5 times the baseline value and exceeding 2.0 mg/dL
(176.80 umol/L), estimated glomerular filtration rate (¢eGFR)
based on the Japanese GFR estimation equation (the age
at Visit 1 was used for calculation) falling below 20 mL/
min/1.73 m?, HbA ¢ level exceeding 11.5% (107 mmol/mol)
at one visit or 10.5% (96 mmol/mol) at two consecutive vis-
its, or a single fasting plasma glucose (FPG) measurement
exceeding 350 mg/dL (19.43 mmol/L). Compliance with the
assigned treatment was assessed by the investigator based on
review of the compliance diary and patient interview and
recorded in the medical records.

This study was conducted in accordance with the ethi-
cal principles of the Declaration of Helsinki, Good Clinical
Practice, Good Post-marketing Surveillance Practice, and
the International Council for Harmonization of Technical
Requirements for Pharmaceuticals for Human Use Guide-
lines. All patients provided informed consent at Visit 1
before any study-related screening procedures. Institutional
review boards at each site approved the study.
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2.2 Patients

Eligible patients were outpatients aged >20 years
and <75 years at the time of informed consent and who
had T2DM that had been treated with > 10 units/day of
long-acting insulin for > 12 weeks before Visit 1. Patients
could have been prescribed one or two concomitant oral
antihyperglycemic agents (dipetidyl peptidase-4 inhibitors,
biguanides, thiazolidinediones or a-glucosidase inhibitors,
but not sulfonylureas or glinides). Use of GLP-1 receptor
agonists and insulins other than the long-acting formula
were not allowed. Changing the type and dosage of oral
antihyperglycemic agents during this study was prohibited.
Further, antihypertensive drugs and lipid-lowering drugs for
the treatment of comorbidities could be used concomitantly
without any changes in the dosage. Patients also had to have
a baseline HbA 1c level between 6.5 and < 8.0% (47 mmol/
mol and < 63 mmol/mol) based on in-hospital measurement
and body mass index (BMI) > 23.0 kg/m?. Patients of child-
bearing potential had to take measures not to get pregnant
during the study; women had to agree not to breastfeed dur-
ing the study.

Patients were excluded if they had type 1 diabetes mel-
litus, proliferative retinopathy, diabetic ketoacidosis, uncon-
trolled blood pressure (systolic blood pressure > 180 mmHg
or diastolic blood pressure > 110 mmHg, measured in the
sitting position after a 5-min rest), severe hepatic dysfunc-
tion, or a history of heart or vascular disease, medically sig-
nificant renal disease, or recurrent or currently symptomatic
urinary tract infection. Patients were also excluded if they
required continuous use of corticosteroids, immunosuppres-
sants, or similar drugs.

2.3 Efficacy

The primary efficacy endpoint was the change and percent
change in insulin dose from baseline to Week 24. Insulin
dose was assessed at Weeks 0, 2, 4, 8, 12, 16, and 20, and
the end of treatment. The secondary efficacy endpoints were
the following: change and percent change in the insulin dose
from baseline at each assessment time point (Weeks 0, 2, 4,
8, 12, 16, and 20, and the end of treatment), change in each
outcome measure (HbAIc, FPG, glycoalbumin, cholesterol,
leptin, adiponectin, C-peptide, glucagon, body weight, waist
circumference, and blood pressure) from baseline at each
assessment time point, changes in the Diabetes Treatment
Satisfaction Questionnaire (DTSQ) from baseline at Week
24 and the end of treatment, and number and percentage
of patients achieving withdrawal of insulin therapy at each
assessment time point. All laboratory tests were conducted
at a central laboratory (SRL Inc., Tokyo, Japan). Leptin was
measured using radioimmunoassay, adiponectin using latex
immune-turbidimetry, and glucagon using an enzyme-linked

immunosorbent assay. The DTSQ assessment included items
1,4,5,6,7, and 8, which comprise the Treatment Satisfac-
tion subset of the tool [17]; items 2 and 3 of the DTSQ
were excluded because they did not align with the study
outcomes. An additional analysis was performed to assess
the changes in insulin dose and HbAlc from baseline to
Week 24 as stratified by three baseline insulin dose catego-
ries (<15, 15 to <30, and > 30 units/day).

2.4 Safety

The number of treatment-emergent adverse events (TEAEs),
as well as the number and percentage of patients with
TEAEs were summarized. AEs were coded by the Medi-
cal Dictionary for Regulatory Activities, Japanese version
(MedDRA/J, v19.0). Hypoglycemia was defined as a fast-
ing blood glucose level of < 60 mg/dL. However, if patients
reported any symptoms of hypoglycemia even at a fasting
blood glucose of > 60 mg/dL, the event was defined as hypo-
glycemia. The treating physician judged whether an AE had
occurred.

2.5 Statistical Methods

Previous studies that assessed the efficacy of concomitant
SGLT?2 inhibitor use in reducing the insulin dose showed
that the standard deviation (SD) of the change in the insulin
dose was approximately 15-25% at higher baseline doses
[18-20]. As the SD of the change tended to increase in pro-
portion to the baseline insulin dose, the SD in the target
patients in this study was considered to be below 15. There-
fore, the planned sample size was 100 patients, with an esti-
mated standard error of approximately < 1.5, and this cor-
responded to approximately 10% of the mean baseline dose.

The full analysis set was used for the efficacy analyses
and comprised patients who received > 1 dose of ipragliflo-
zin and who had a baseline insulin dose measurement, as
well as > 1 post-baseline insulin measurement. Patients in
the per-protocol analysis set included those in the full analy-
sis set who had > 80% compliance rate for ipragliflozin, no
prohibited or conditionally allowed concomitant medication
use, and no major protocol deviations. Patients in the safety
analysis set received > 1 dose of ipragliflozin.

For the primary endpoint analysis, descriptive statistics
were calculated for the insulin dose at Week 24 and the
change and percent change in insulin dose from baseline at
Week 24. Means and SDs of measured values and changes
from baseline were plotted. In the secondary endpoint anal-
yses, descriptive statistics were calculated for measured
values and changes and percent changes from baseline at
each assessment time point. For both primary and second-
ary endpoints, p values were calculated for the change in
insulin dose from baseline, using Wilcoxon’s signed rank
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test. All p values less than 0.05 were considered statistically
significant. The number and percentage of patients achieving
withdrawal of insulin therapy were summarized.

The number of TEAEs as well as number and percentage
of patients with TEAEs, classified by system organ class and
preferred term, were summarized in the safety analysis set.
The statistical analysis was performed using SAS® Studio
3.5 (Cary, NC, USA).

3 Results
3.1 Patients

A total of 100 patients were planned for inclusion: 114 were
screened; 103 were registered in the study; and 97 com-
pleted the study (Online Resource 2). All patients who were
registered in the study took the study drug; thus, the full
analysis and safety analysis sets consisted of 103 patients
each, whereas 100 patients comprised the per-protocol set.

Patient characteristics are shown in Online Resource
3. Most patients were male (72.8%). The mean age was
59 years, with approximately 30% of patients older than
65 years. The mean body weight was 73.92 kg, and the mean
BMI was 26.76 kg/m?. The patients had a mean duration of
diabetes mellitus of approximately 163 months, with a mean
HbAIlc level of 7.62% (59.7 mmol/mol) and a mean FPG
level of 129.2 mg/dL (7.17 mmol/L). The mean + SD dura-
tion of ipragliflozin therapy was 164 + 26 days. All patients
had > 80% treatment compliance and the mean + SD treat-
ment compliance was 99.68% +0.72%. The patients were
prescribed insulin glargine U-100 (59.2%), insulin glargine
U-300 (7.8%), insulin degludec (30.1%), or insulin detemir
(2.9%).

3.2 Efficacy
3.2.1 Primary Endpoint

The mean + SD baseline insulin dose in the full analysis set
was 23.0 + 12.6 units/day and was reduced by 6.6 +4.4 units/
day at Week 24 of ipragliflozin treatment (Fig. 1a), which
corresponded to 29.87% of the baseline value (Fig. 1b). The
p value of the Wilcoxon’s signed rank test for the change in
the insulin dose was <0.001. The time course data show a
sharp decrease between baseline and Visit 2; this included
the initial 20-40% dose reduction that was applied at the
beginning of the study (i.e. approximately 6 units/day),
which was maintained for 24 weeks. A similar result was
seen with the per-protocol analysis set.

Figure 1c illustrates the percent changes in insulin dose
stratified by three baseline insulin dose categories (< 15,
15 to <30, and > 30 units/day). Reductions in insulin dose
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were observed in all three baseline insulin dose categories
(all p<0.001), and the percent reductions were similar
across all three categories. We also analyzed the percent
reduction in insulin dose stratified across three baseline
eGFR categories. We observed — 25.73% +6.86% (n=14),
- 31.37% £20.20% (n=53), and — 29.14% + 13.72%
(n=29) changes in patients categorized by baseline eGFR
levels of 30 to < 60, 60 to <90, and >90 mL/min/1.73 m?,
respectively. Thus, there were similar significant reductions
in insulin dose observed over different categories of renal
function.

3.2.2 Secondary Endpoints

Results from the analyses of secondary endpoints are pre-
sented in Table 1. HbAlc significantly decreased early
during treatment (baseline, 7.62 + 0.51; Week 2 7.48 +
0.51%; p < 0.001) and remained at lower levels from Week
4 throughout the 24-week treatment period. HbAlc at
Week 24 was 7.32+0.51, and the reduction from baseline
was significant (p <0.001). This effect was similar among
the categories stratified by baseline insulin dose: — 0.29%,
— 0.34%, and — 0.25% at end of treatment in the <15, 15
to <30, and > 30 units/day categories, respectively (all
p <0.05). Similar results were seen for FPG and glycoalbu-
min (data not shown).

Although serum total cholesterol, leptin, adiponectin, and
C-peptide showed no changes, glucagon levels were slightly
decreased at Week 24. Body weight, and waist circumfer-
ence decreased gradually throughout the treatment period,
with significant changes observed by the end of the treat-
ment period. Reductions were also observed in both systolic
and diastolic blood pressure. In addition, DTSQ total score
(sum of the scores of questions 1, 4, 5, 6, 7, and 8) improved
significantly at Week 24 compared with baseline (Table 1).

One patient (1.02%, 1/98), whose baseline insulin dose
was 10 units/day, was able to stop use of insulin at Week 16
by addition of ipragliflozin.

3.3 Safety

Most patients (60.2%) had TEAEs (Table 2), with the most
common being nasopharyngitis (17.5%), hypoglycemia
(13.6%), and pollakiuria (13.6%). Hypoglycemia (10.7%)
and pollakiuria (13.6%) were also the most common drug-
related TEAEs. No patients died during the study. All
TEAEs were mild or moderate in severity, except for one
event (cerebral infarction) assessed as severe and possibly
related to the study drug.

Four patients withdrew from the study because of TEAE:;
two patients withdrew because of serious TEAEs. One
patient, a 62-year-old male, experienced a cerebral infarction
on Day 85 that resolved just over 2 months later. For which,
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hypoglycemia was discounted as the reason. This event was
considered to be possibly related to ipragliflozin; therefore,
the patient was withdrawn from the study. The other patient
experienced a foot fracture subsequent to falling off a bicycle
(no hypoglycemia) that led to insomnia and eventual study
withdrawal; the patient continued ipragliflozin treatment

outside the study. Two patients experienced non-serious
TEAEs that led to withdrawal. These included renal impair-
ment in a patient with a history of diabetic nephropathy and
drug eruption (urticaria) in a patient that developed after
Visit 2 and that remained unresolved.
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Table 1 Absolute values and changes in efficacy variables from base-
line to end of treatment

Table 1 (continued)

Ipragliflozin 50 mg (n=103)

SI units Conventional units
HbAIlc
Units (mmol/mol) (% [NGSP))
Baseline 59.7+5.6 7.62+0.51
EOT 56.5+5.5 7.32+0.51
Change at EOT —-33+6.1,p<0.001 —0.30+0.56,
p<0.001
FPG
Units (mmol/L) (mg/dL)
Baseline 7.17+1.89 129.2+34.1
EOT 6.70+1.46 120.6+26.3
Change at EOT —0.47+1.86, —8.5+33.6, p=0.003
p=0.003
Glycoalbumin (%)
Baseline - 18.50+2.63
EOT 17.32+2.50
Change at EOT - 1.18+1.85,
p<0.001
Cholesterol
Units (mmol/L) (mg/dL)
Baseline 4.8+0.8 185.8+31.2
EOT 4.7+09 182.6 +34.0
Change at EOT —-0.1+08,p=0.111 —-32+242,p=0.111
Leptin
Units (nmol/L) (ng/mL)
Baseline 0.90+0.51 14.33 £8.21
EOT 0.83+0.43 13.35+6.87
Change at EOT —0.06+0.25, —0.99+3.95,
p=0.089 p=0.089
Adiponectin
Units - (ug/mL)
Baseline 7.73+£4.72
EOT 7.74+4.43
Change at EOT 0.00+1.57, p=0.674
C-peptide
Units (nmol/L) (ng/mL)
Baseline 0.42+0.29 1.255+0.878
EOT 0.42+0.28 1.257+0.846
Change at EOT —-0.01+0.21, 0.003 +0.625,
p=0.940 p=0.940
Glucagon
Units - (pg/mL)
Baseline 44.03+21.02
EOT 39.77+19.09
Change at EOT —4.26+1842,
p=0.021
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Ipragliflozin 50 mg (n=103)

SI units Conventional units

Body weight

Units (kg) -

Baseline 73.92+13.35

EOT 71.57+13.58

Change at EOT —2.35+2.10,

p<0.001

Waist circumference

Units (cm) -

Baseline 92.88+9.32

EOT 91.02+9.55

Change at EOT —1.86+3.48,

p<0.001

SBP

Units - (mmHg)

Baseline 134.1+16.2

EOT 128.4+15.3

Change at EOT —5.7x15.8, p<0.001
DBP

Units - (mmHg)

Baseline 77.8+9.9

EOT 75.5+10.6

Change at EOT —-2.3+9.1, p=0.002

DTSQ total score

Baseline - 253+6.3
EOT 27.4+6.1
Change at EOT 2.1+6.2, p<0.001

Values are presented as the mean + standard deviation

DBP diastolic blood pressure, DTSQ Diabetes Treatment Satisfaction
Questionnaire, EOT end of the treatment period, FPG fasting plasma
glucose, HbAlc glycated hemoglobin, NGSP National Glycohemo-
globin Standardization Program, SBP systolic blood pressure, S/ units
International System of Units

n=101

There were no notable or clinically significant changes in
hematology or biochemistry laboratory test results during
the study, with the exception of acetoacetic acid, 3-hydroxy-
butyric acid, and ketone bodies. The mean values for these
increased notably (175-200% of baseline) at Week 2 but
were stable thereafter.

4 Discussion

In the present study, the insulin dose was successfully
reduced by approximately 30% of the baseline dose, and gly-
cemic control was maintained in this cohort of patients with
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Table 2 Treatment-emergent adverse events (TEAEs) by system  1able2 (continued)
organ class and preferred term? (safety analysis set) Ipraglifiozin 50 mg
Ipragliflozin 50 mg (n=103)
(n=103) n (%) Events
n (%) Events Dizziness 1(1.0) 1
Overview of TEAEs Hypoesthesia 1(1.0) 1
TEAEs 62 (60.2) 174 Renal and urinary disorders 14 (13.6) 14
Drug-related® TEAEs 34 (33.0) 95 Pollakiuria 14 (13.6) 14
Serious TEAEs 2(1.9) 2 Reproductive system and breast 2(1.9) 2
Drug-related® serious TEAEs 1(1.0) 1 disorders
TEAE:s leading to permanent dis- 4(3.9) 4 Pruritus genital 2(1.9
continuation Skin and subcutaneous tissue 3(2.9) 3
Drug-related” TEAEs leading to 2(1.9) 2 disorders
permanent discontinuation Dermatitis contact 1(1.0) 1
Deaths 0 0 Drug eruption 1(1.0) 1
Common TEAEs occurring in>2% of patients Rash 1(1.0) 1
System organ class Values are shown as n (%) (with n indicating number of subjects) and
Preferred term number of events
Overall 40 (38.8) 112 2Medical Dictionary for Regulatory Activities, Japanese version
Gastrointestinal disorders (MedDRA/J v19.0)
Constipation 6(5.8) 6 possible, probable or unknown, as assessed by the investigator, or
General disorders and administration site conditions records where relationship was unknown
Thirst 5(4.9) 5
Infections and infestations . . .
;Il e lsm an . ?n estations 18175 i moderate control at baseline. The percent insulin dose reduc-
0P a.ryngl ' o (17.5) tions during the study were similar across all three baseline
Metabolism and nutrition disorders . . .
Hyooel ) 14 (136 s3 insulin dose categories. The current study also demonstrated
yPog ycefma . (13.6) that the mean DTSQ total score improved by over 2 points,
Renal and urinary disorders . . N . . .
L. suggesting that patients’ treatment satisfaction may improve
Pollakiuria 14 (13.6) 14 . . .. . .
when insulin doses are reduced. This is an important consid-
Drug-related TEAESs . . .
Svst lass eration because of the long-term nature of insulin therapy
ystetm organ cfass for the majority of patients with T2DM.
Preferred term ST . .. .
It was intriguing to find that percent reductions in insulin
Overall 34 (33.0) 95 . ..
i ) ) dose and HbAlc improvement were similar across all three
Gastrointestinal disorders 8 (7.8) 9 .. . . .. ...
Constipati 6(5.8) 6 baseline insulin dose categories. In addition, a reduction in insu-
Vons,tl,pa on 5 (1'9) ) lin dose in patients with BMIs < 25 kg/m?* was similar to those
omitmg ' with BMIs > 25 kg/m? (— 30.45% and — 29.58%, respectively).
Periodontal disease 1(1.0) 1 . . . . . .
) L Furthermore, the insulin-sparing effects of ipragliflozin was
General disorders and administration 5 (4.9) 5 .. . .
site conditions similar in patients aged <65 years and those aged > 65 years
Thirst 5(4.9) 5 (—30.30% and — 28.88%, respectively). Diabetic states, includ-
Tnvestigations 2 (1.9) 5 ing residual pancreatic -cell mass, may differ between these
Weight decreased 1(1.0) | patients. It can be hypothesized that ipraglifiozin can exert an
Blood ketone body increased 1(1.0) | insulin-sparing effect regardless of a patients’ diabetic state,
Metabolism and nutrition disorders 13 (12.6) 56 including residual p-cell function. While this is noteworthy,
Hypoglycemia 11(10.7) 54 care is warranted as some patients with reduced p-cell function
Ketosis 1(1.0) 1 may be at a higher risk of euglycemic diabetic ketoacidosis [21]
Dyslipidemia 1(1.0) 1 caused by insulin deficiency and dehydration [22]. Although
Musculoskeletal and connective tis- 1 (1.0) 1 this study examined the insulin-sparing effects of ipragliflozin
sue disorders in T2DM, it is advised that extra caution be used in patients
Musculoskeletal discomfort 1(1.0) 1 with type 1 diabetes mellitus [23, 24].
Nervous system disorders 3(2.9) 3 Retrospective studies have shown that SGLT2 inhibi-
Cerebral infarction 1(1.0) 1 tors reduced insulin doses by 10% and 20% in real-world

treatment studies conducted in Canada [15] and India [16],

A\ Adis



1220

H.Ishihara et al.

respectively. However, these reports were based on insur-
ance databases and retrospective clinical chart review rather
than prospective controlled clinical trial data. Many differ-
ing factors between these studies could have led to the dif-
ferent results, including use of combined therapies, obesity
status and patient race/ethnicity. The use of dietary inter-
ventions, which can strongly influence the effectiveness of
SGLT?2 inhibitors, is likely to be different between prospec-
tive and retrospective study types. Prospective studies with
designs that are similar to the present study are needed to
clarify factors that affect the insulin-sparing effect of SGLT2
inhibitors.

The incidence of hypoglycemia in the current study was
low (10.7%), with no severe cases of hypoglycemia reported.
Although it is critical to remember the limitations in making
any direct comparisons between studies, it is worth mention-
ing that the incidence of hypoglycemia in the current study
was approximately one-third of a previous study (IOLITE)
in which patients received ipragliflozin add-on therapy to
insulin [25]. During the double-blind period of the IOLITE
study, 29.1% of ipragliflozin-treated patients experienced
hypoglycemia versus 14.9% of patients who received pla-
cebo [25]. In the IOLITE study, ipragliflozin therapy was
initiated without a prior reduction of insulin dose and an
HbA1lc reduction of 1.0% was achieved. It should also be
noted that inclusion criteria for baseline HbAlc levels dif-
fered in these studies: 6.5% to < 8.0% in the present study
versus 7.5% to <10.5% in the IOLITE study. Nonetheless,
our data suggest that a 30% dose reduction of insulin is rec-
ommended for safety and efficacy reasons when 50-mg ipra-
gliflozin is added on to insulin therapy.

Patients exhibited significant decreases in body weight
and waist circumference at the end of the study. Significant
reductions were also observed in both systolic and diastolic
blood pressure. These data illustrate the beneficial effect of
ipragliflozin on cardiovascular risk factors, a result that is in
line with previous reports of other SGLT?2 inhibitors [7, 8].

The limitations of the current study include those inherent
to single-arm, open-label studies. Our study enrolled only
Japanese patients, so the generalizability to other ethnic pop-
ulations is limited. Additionally, the strict protocol-specified
dose adjustment criteria for insulin may have proved chal-
lenging for some physicians. More flexible dosing criteria
could have resulted in additional or greater insulin dose
reductions. Finally, our study was limited in that the sample
size was relatively small.

5 Conclusions
In conclusion, in patients with T2DM treated with basal

insulin, the addition of once-daily 50-mg ipragliflozin for
maintaining HbAlc levels enabled a statistically significant

A\ Adis

dose reduction (approximately 30%) of insulin by Week 24
compared with baseline. The percent reductions in insulin
dose during the study were similar across all three base-
line insulin dose categories. No major safety concerns were
associated with the administration of once-daily 50-mg ipra-
gliflozin for 24 weeks in combination with insulin therapy.
Further research should investigate whether an ipragliflozin
dose increase to 100 mg daily could further reduce insulin
dose or facilitate withdrawal from insulin entirely in patients
with T2DM.
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