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Background: Sodium-glucose cotransporter-2 (SGLT-2) inhibitors are a novel class of
pharmacotherapeutics for type 2 diabetes management that work by reducing renal reabsorp-
tion of glucose. Ipragliflozin is a potent, selective SGLT-2 inhibitor used for the management
of type 2 diabetes.

Objective: The primary aim of this review is to summarize the available evidence on the
efficacy and safety of ipragliflozin for the management of type 2 diabetes. We also review the
discovery, pharmacokinetic, and pharmacodynamic profile of ipraglifiozin.

Methods: To inform our review, we searched MEDLINE, International Pharmaceutical
Abstracts, and Embase to identify relevant papers to ipragliflozin use in type 2 diabetes.
Clinical trial registries were also searched.

Results: Findings from randomized clinical trials demonstrate that compared to placebo,
ipragliflozin significantly reduces glucose as measured via Hemoglobin Alc and fasting
plasma glucose levels. Ipraglifiozin is also associated with weight reduction and an improve-
ment in some, but not all, cardiovascular risk markers. Ipraglifiozin has a favourable safety
profile with a low risk of hypoglycemia and the rates of common adverse events are not
significantly different than placebo. Limited data are available to assess rare and long-term
adverse effects.

Conclusion: Current evidence shows that ipraglifiozin is an effective therapeutic option for
the management of glucose control in type 2 diabetes. However, no cardiovascular outcome
trials have been conducted to date. Real-world observational studies are still needed to
accurately capture any possible rare or long-term adverse events.
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Introduction

Type 2 diabetes mellitus (T2D) is a metabolic disorder that results from pancreatic beta
cell (B-cells) dysfunction to secret insulin and/or the failure of insulin to exert its
biological influence at the level of peripheral tissues (eg, muscle, adipose, or hepatic
tissues)." The latter is a resistance to insulin action that is accompanied by an inade-
quate compensatory response of insulin secretion. Overtime, this results in longstand-
ing hyperglycemia and disturbances in the metabolism of carbohydrate, fat, and protein
with consequences resulting in long-term complications affecting both micro- and
macro-vasculature.! The risk of developing T2D increases with several factors, such
as age, obesity, family history, lack of physical activity, presence of related comorbid-
ities like hypertension, as well as certain drugs (eg, glucocorticoids).>
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The characteristic hallmark of T2D is hyperglycemia
and is a consequence of multiple pathogenic abnormalities.

999

The term “‘ominous octet’ has been coined to describe
the various pathogenic mechanisms involved, including
decreased insulin secretion, decreased incretin effect,
decreased glucose uptake, neurotransmitter dysfunction,
increased lipolysis, increased glucagon secretion,
increased hepatic glucose production, and increased glu-
cose reabsorption.® Targeting these pathophysiologic
defects is a key principle in the pharmacologic manage-
ment of T2D. Indeed, the development of a novel class of
antihyperglycemic agents, called the sodium-glucose
cotransporter-2 (SGLT-2) inhibitors, allows for targeting
of the increased glucose reabsorption in the kidney that
occurs in T2D.* This novel mechanism of action is inde-
pendent of insulin secretion and sensitivity, making this
class complementary to most current diabetes therapies.
The US Food and Drug Administration (FDA) approved
canagliflozin in 2013, followed by nine additional SGLT-2
inhibitors becoming approved internationally.” One of the
SGLT-2 inhibitor molecules is ipragliflozin (ASP-1941),
which is jointly produced by the Japanese companies,
Astellas Pharma Inc. and Kotobuki Pharmaceutical, under
the brand name Suglat®™.® Ipragliflozin was the first SGLT-2
inhibitor to obtain regulatory approval in Japan on
January 17, 2014 and was subsequently approved in Russia
and South Korea.*’ The aim of this article is to review the
profile of ipraglifiozin in respect to its discovery, pharmaco-
kinetics, pharmacodynamics, clinical efficacy, safety, and

role in the management of type 2 diabetes.

Methods

Literature Search and Screening

To inform our review we conducted a comprehensive search
of the evidence base. First, a literature search was conducted
on January 22, 2021, using the following databases: Embase
(1974 to 2021 January 20), International Pharmaceutical
Abstracts (1970 to January 2020), and Ovid MEDLINE
(including Epub Ahead of Print, In-Process & Other Non-
Indexed Citations, Daily and Versions(R) from 1946 to
January 20, 2021). The OVID search strategy included
ipragliflozin as a key term and Emtree term, Suglat as
a key term, as well as other relevant identifiers for ipragli-
flozin such as ASP1941, accession number (DB11698),
CAS registry number (761423-87-4), and unique ingredient
number [UNI] (3N2N8OOR7X). The search results were
to English and humans.

limited language citations

Clinicaltrials.gov and Japan’s University hospital Medical
Information Network-Clinical Trial Registry (UMIN-CTR)
were also searched for ongoing and completed trials for
ipragliflozin. Second, citations were imported into
Covidence review software.® Third, we screened titles and
abstracts for relevant citations followed by full-text screen-
ing. Fourth, we classified included citations according to
main topic (Chemistry/biochemistry, pharmacokinetics and/
or pharmacodynamics, efficacy and safety measures, multi-
ple topics, or other) and study design (eg, RCT, observa-
tional, preclinical, review) to aid in the writing of this
review. Citations focused on ipragliflozin for the manage-
ment of type 1 diabetes were excluded as they were con-

sidered out of scope for this review.

Efficacy and Safety Assessment

To summarize the best available evidence on the clinical
efficacy and safety of ipragliflozin, we further limited our
review to include Phase 3 and 4 double blinded RCTs with
placebo or active comparator. We also integrate evidence
from currently available systematic reviews and meta-
analyses. The primary efficacy outcomes of interest were
change in 1) HbAlc, 2) fasting blood glucose (FPG), 3)
systolic and diastolic blood pressure (SBP and DBP),
and 4) body weight. We also assessed changes in relevant
metabolic parameters, including uric acid, and lipids (LDL,
HDL, triglycerides). The primary safety outcomes were 1)
hypoglycemia, 2) genital and urinary tract infections (GTI
and UTI), 3) acute kidney injury (AKI), 4) diabetic ketoaci-
dosis (DKA), 5) bone fractures, 6) amputations, and 7) skin-
related adverse events. These adverse events have either
been linked with SGLT-2 inhibitors as a class or are listed
as “adverse reactions likely to be encountered” by the Japan
Diabetes Association’s recommendation on the proper use of
SGLT-2 inhibitors.” Using a standardized form, we also
extracted the mean difference (SD) for the continuous effi-
cacy outcomes and the relative risks (95% Confidence inter-
val) for the dichotomous safety outcomes.

This review relied exclusively on anonymous informa-
tion published in the peer-reviewed literature or publicly
available and therefore did not require ethics approval
from the University of Waterloo health ethics review board.

Results

Studies on Ipragliflozin
There were over 900 non-duplicate citations identified
from our search strategy, of which 166 were deemed
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relevant for this review. Of these, 5 were pertaining to
chemistry as a main topic, 41 to pharmacokinetics and/or
pharmacodynamics, 111 to efficacy and safety, and 9 to
multiple or other topics. Most studies designs were RCTs
(n=64), followed by single-arm interventional design
(n=22). Only 15 were mechanistic/preclinical studies, 11
were review articles, 6 were systematic reviews, 4 were
meta-analyses, 12 were case reports, 3 were letters or
editorials, 4 were cohort studies, 1 was a case—control
and 1 was cross-sectional study. A total of 23 designs

were considered as other or unclear design.

Discovery and Chemical Properties

Phlorizin (Figure 1A) is a natural O-glucoside potent non-
selective SGLT inhibitor. However, due to its poor metabolic
stability and SGLT-1 inhibitory activity, it was not considered
a suitable drug candidate.'® This led to the development of
C-glucoside derivatives (Figure 1B), which were found to be
metabolically more stable than O-glucosides.'® Imamura
et al investigated the effects of replacing the terminal ben-
zene ring in the C-glucoside derivatives with various hetero-
aromatics, including a benzothiophene (Figure 1C). '° This
SGLT-2 (Inhibitory
Concentration [IC]sy = 30 nM) with a good selectivity versus

resulted in a potent inhibitor
SGLT-1."" Further optimization, with a fluorine atom sub-
stitution (Figure 1D) resulted in ipraglifiozin, which possess
a better in vitro profile (IC5o = 7.4 nM) and a 254-fold
selectivity for SGLT-2 versus SGLT-1.'° Ipragliflozin, or
(1S)-1,5-anhydro-1-C-{3-[(1-benzothiophen-2-yl) methyl]-
4-fluorophenyl}-D-glucitol, is a relatively small molecule
(Molecular ~ Weight= 404.5

lipophilic, and soluble in organic solutions, such as ethanol

g/mol),  moderately

(30mg/mL) but sparingly soluble in aqueous solutions
(0.0299 mg/mL)." "3

OEt

HO OH OH
’; /\/‘ O C'
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1A. Phlorizin 1B. C-Glucoside derivative
eg: Dapagliflozin

1C. Benzothiophene derivatives

Pharmacokinetics
Ipragliflozin is suggested to exhibit dose-dependent pharma-
cokinetics. It is rapidly absorbed after oral administration,
reaching peak concentrations (C.y) within (ty.) 0.5-2.5
hours.'*'® Oral bioavailability is reported as 90% by
Astellas.'” In plasma, ipragliflozin is 94.6-96.5% bound to
plasma proteins, with albumin as the main binding partner.'®
Nevertheless, it achieves extensive extravascular distribution.
The plasma concentration-time profile is typically biphasic,
and the terminal plasma half-life is estimated to be 10-15
hours.'® With increasing doses, the maximum concentration
after oral administration and overall exposure (AUC) have
been reported to increase in a slightly-less-than-proportional
manner.'® Similar to other SGLT-2 inhibitors, the metabolism
of ipraglifiozin to inactive metabolites is primarily accom-
plished via glucuronidation, with major contribution from the
UGT2B?7 isoform and minor contribution from the UGT2B4
and UGT1A9 isoforms.'® Notable amounts of unchanged
ipraglifiozin can be recovered from feces, suggesting that
biliary excretion of unchanged drug may play a role in its
elimination.'® Only 1-2% of the orally administered dose is
excreted unchanged in urine (renal clearance= 0.09 to 0.13 L/
h), but tubular concentrations of free drug have been reported
as adequate for therapeutic effect.'®

The effects of age and gender on the pharmacokinetics
and pharmacodynamics of ipragliflozin were examined in
a Phase I, double-blind, placebo-controlled RCT. Peak
(Cinax)
(AUC,,) are slightly higher in females and in older sub-

concentrations and steady-state  exposures

jects (> 65 years). After multiple oral doses of ipraglifio-

zin, among females, concentration was higher for
participants 65 years and older compared to younger par-
ticipants, geometric mean ratio [GMR] (90% confidence
interval [CI]) was 1.45 (1.27, 1.67) for AUC,4 and was

1.25 (1.06, 1.49) for C,.x. Among males, GMR for AUC,,

1D. Ipragliflozin

Figure | Chemical structure of phlorizin and derivatives: (A) Phlorizin, (B) C-glucoside derivative, (C) Benzothiophene derivative, (D) Ipragliflozin.
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was 1.21 (1.06, 1.38) for older compared to younger
participants; however, the C,,,, was similar. Compared to
males, females had higher concentrations of ipragliflozin
GMR (90% CI) = 1.39 (1.22, 1.59) for AUC,4 and 1.35
(1.15, 1.58) for C,.x, among those 65 years and older.'®

Despite only ~1% of total clearance being attributed to
renal excretion, peak concentrations of ipraglifiozin and
overall exposures (AUC,) are increased in those with
moderate and severe renal impairment. In a Japanese
study (n=25), C.x and AUC,, were 1.17 times and 1.21
times higher, respectively, in T2D patients with moderate
renal impairment compared to patients with normal kidney
function.'® Similarly, in a Europe-based study (n=32)
AUC,, increased by 1.40 and 1.47 in T2D patients with
moderate and severe renal impairment, respectively.'’
These observations may be on account of reduced ipragli-
flozin metabolism by UGT2B7 in the kidney, as both
kidney volume and renal perfusion are known to decrease
in patients with poor renal function.'® The major metabo-
lite (M2) significantly accumulated in patients with mod-
erate and severe renal impairment.16 The AUC, of M2
increased by 2.1-3.0 times in patients with moderate
impairment and by 3.3-5.4 times in patients with severe
impairment compared to those with normal renal
function.'® These changes were considered modest and
adjustment of the daily dose of ipragliflozin is not neces-
sary in the presence of chronic kidney disease.””

On the contrary, moderate hepatic impairment was
found to have no clinically relevant effects on the pharma-
cokinetics of ipragliflozin or its major metabolite (M2).
There were no clear differences observed in the half-life or
protein binding of ipraglifiozin between those with mod-
erate hepatic impairment and normal subjects. For M2,
Cpmax and AUC,, were similar for both groups.'®

Pharmacodynamics

The kidneys play a role in maintaining glucose homeos-
tasis by filtering and reabsorbing glucose. Glucose is first
filtered in the glomeruli in the nephron and is then reab-
sorbed in the proximal tubules.?'*? In a healthy adult, the
kidneys filter approximately 160 to 180 grams of glucose
per day on average, of which about 99% is reabsorbed by
the kidney.”'> However, due to the higher renal glucose
reabsorption capacity in T2D, excess glucose that is
excreted in the urine under normal physiological condi-
tions is reabsorbed, exacerbating hyperglycaemia.** The
SGLT are membrane proteins expressed in the intestine
and proximal tubules of the kidney and are responsible for

the transport of glucose, as well as amino acids, vitamins,
and electrolytes.”**> Specifically, the low affinity, high
capacity SGLT-2 proteins, located on the S1 and S2 seg-
ments of the proximal convoluted tubule reabsorb about
90% of the filtered glucose, whereas the high affinity, low
capacity SGLT-1
10%.2%%7 In humans without T2D the maximal transport

proteins reabsorb the remaining
capacity of glucose per day is about 450 to 500 grams and
the plasma glucose threshold is approximately 10 to 11
mmol/L.%8 However, in persons with T2D, the maximal
transport capacity is increased up to 600 grams of glucose
per day.”® Based on animal models, it is thought that
SGLT-2 proteins are overexpressed in patients with T2D
and thereby increase the maximal glucose transport capa-
threshold.”®
Ipragliflozin exerts its effect by selectively inhibiting the
SGLT-2 protein, thereby increasing urinary glucose
excretion.'® Indeed, the inhibition of the SGLT-2 protein
induces about 50 to 80 grams (varies by dose and SGLT-2

city and decrease the plasma glucose

inhibitor molecule) of urinary glucose excretion per day.?’
Therefore, the main pharmacodynamic effect of ipraglifio-
zin is through increased glucose excretion leading to the
main desired clinical effect of decreased plasma glucose
concentration.

In healthy Japanese participants, a dose-dependent
increase in urinary glucose excretion over 24-hour dosing
interval (UGE,4) has been reported after a single-dose
administration. The maximum UGE,; (=50 g) was
approached after the final dose in a 7-day 50 mg-
multiple dosing regimen.'® Similarly, in healthy
European participants, ipraglifiozin also increased UGE,4
in a dose-dependent manner (Max UGE,4 = 59 g) follow-
ing multiple doses.'” In both studies, plasma glucose
levels (AUC,y) in healthy subjects were not affected.

In T2D Japanese patients, the change in UGE,, after
14 days was higher for ipragliflozin 50 mg/day (mean
change (SD) in UGE= 80.6 (22.2)) compared to placebo
(mean change in UGE = 5.3 (19.3)), in a double-blinded
RCT.'* Additionally, the change in plasma glucose AUC,4
was —1103.7 (639.9) for ipraglifiozin compared to placebo
63.8 (732.5)."

Interestingly, despite higher concentrations and greater
drug exposure among females and those 65 years and
older, the change in UGE,; was lower in these same
subpopulations, GMR (90% CI) =0.69 (0.59, 0.80) for
older vs younger and 0.71 (0.61, 0.82) for females vs
males.'® This observation may be attributed to lower glo-

merular filtration of unchanged drug into the tubular
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filtrate, as UGE was previously shown to be correlated in
a direct linear proportion with glomerular filtration rate
(eGFR) in patients with otherwise similar ipragliflozin
exposures and baseline fasting plasma glucose levels.
The magnitude of the differences did not warrant a dose
adjustment.'®

Similarly, this phenomenon is also demonstrated in
renal impairment, as the change in UGE,,4 in T2D patients
with moderate renal impairment was only 54% of that in
patients with normal renal function, despite higher expo-
sure in T2D patient with renal impairment.'® Nevertheless,
the efficiency of ipraglifiozin action (fractional glucose
with
impairment.*® Lastly, no clear differences were observed

excretion) was maintained in patients renal
in the UGE,,4 between those with moderate hepatic impair-
ment compared to normal hepatic function in an open-
label, single-dose, parallel-group study conducted in the

USA.3®

Clinical Efficacy of Ipragliflozin

Herein, we summarize the evidence of ipragliflozin effi-
cacy for multiple end points relevant to T2D. Our review
is primarily based on evidence from 10 Phase III and IV
double-blinded randomized controlled trials which are
summarized in Table 1. °*° In addition, we considered
results from published quantitative systematic reviews
reporting on various efficacy and safety end points.”*'~**
Glycemic Control

All included trials assessed change from baseline in
HbAlc level as a primary outcome and FPG level as
a secondary outcome, albeit at different time points. The
mean difference of change in HbAlc level from baseline
was significant in all studies and ranged from —0.24% to —
1.30% favouring ipragliflozin over placebo (Figure 2A).
Similarly, the mean difference of the change in FPG levels
ranged from —8.20 to —46.50 mg/dL, favoring ipragliflozin
(Figure 2B). Notably, results from LANTERN trial
showed that ipragliflozin significantly improved glycemic
control in T2D patients with mild renal impairment but did
not improve glycemic control in those with moderate renal
impairment.**

These results are consistent with previous quantitative
systematic reviews which used different eligibility criteria
for study inclusion in their meta-analysis.*'** For exam-
ple, Elgebaly et al meta-analysed 13 RCTs (n=2535
patients) and found that ipragliflozin 50mg as monother-
apy, compared to placebo, reduced HbAlc by 1.20% (95%

CI -1.47, —0.93) and FPG by 1.30 mg/dL (95% CI —1.93,
—0.67). Ipraglifiozin 50mg as add-on therapy to metfor-
min, sulfonylurea, pioglitazone, and insulin also reduced
plasma glucose as measured by HbAlc and FPG.*!

Blood Pressure Reduction

Systolic and diastolic blood pressure were assessed as
secondary outcomes in eight out of the 10 included trials;
however, one trial did not report data for diastolic blood
pressure.’® There were no differences in the change of
systolic and diastolic blood pressure between ipraglifiozin
and placebo in most included trials (Figure 3A and B).
Although a 2017 meta-analysis of six trials reported
a significant reduction in both systolic and diastolic
blood pressures for ipraglifiozin 50mg vs placebo,*
a larger 2018 meta-analysis did not find any differences
in blood pressure and was consistent with our findings.*!

Body Weight Reduction

All trials significantly favoured ipragliflozin group over
placebo group in body weight reduction, with mean differ-
ences in weight change ranging from —1.04 to —2.80 kg
(Figure 4). This reduction in body weight is consistent
with a previous meta-analysis.*'

Other Metabolic Effects

A previous meta-analysis reported improvement in several
additional cardiometabolic parameters including high-
density acid.®

Similarly, among our included studies reporting change

lipoprotein, triglycerides, and uric
in lipid parameters (n=7), most studies reported a mean
increase in high-density lipoprotein of 0.8 to 5.20 mg/dL,
favouring ipragliflozin (Figure S1.A); however, there was
no significant change in low-density lipoprotein (Figure
S1.B). Ipraglifiozin was also associated with a significant
reduction in triglycerides by most studies (Figure S1.C).
Only 1 of our included studies reported uric acid which
was similar in the ipragliflozin and placebo groups.*?

Cardio-Renal Effects

Although there have been landmark clinical trials report-
ing cardiovascular and renal benefits of several SGLT-2
inhibitors  including  empagliflozin =~ (EMPA-REG
OUTCOME),* canagliflozin (CANVAS PROGRAM),*®
dapaglifiozin (DELCARE-TIME 58),*” and ertugliflozin
(VERTIS),*® and sotagliflozin (SCORED),* a large cardi-
ovascular outcome trial has not been conducted for ipragli-
flozin. It is generally thought that the cardio-renal benefits
of SGLT-2 inhibitors are a class effect. Briefly, SGLT-2

Drug Design, Development and Therapy 2021:15
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Figure 2 Forest plots for the effect of ipragliflozin on glycemic control: (A) Change in glycated hemoglobin (HbAlc) level [percent], (B) change in fasting plasma glucose

(FPG) level [mg/dL].

Abbreviations: NCT#, National Clinical Trial number; 95% Cl, 95%confidence interval.

inhibitors have demonstrated significant reductions in car-
diovascular adverse events and progression to end-stage
kidney disease, in a manner that is above and beyond their
glucose-lowering effect.’® This has also been corroborated
by evidence from observational studies using real-world
data.>'?

Several SGLT-2 inhibitors have been associated with
a reduction of the risk of hospitalization for heart failure or
death from cardiovascular causes among patients with
stable heart failure.*>® Although a large trial to assess
the cardioprotective role of ipraglifiozin has not been con-
ducted, evidence surrounding this can be inferred from the
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A
Mean Difference in
Trial NCT# SBP (mmHg) Change Mean Difference [95% CI]
NCT02452632 — B 121 [-4.54; 2.12]
NCT01316094 —— -1.90 [-6.02; 2.22]
NCT01057628 —— -3.10 [-7.12; 0.92]
NCT02794792 —B -2.50 [-5.84: 0.84]
NCT01225081 aa -3.40[-8.13; 1.33]
NCT01242215 —B— -4.20 [-7.81; -0.59]
NCT01505426 B -5.50 [-9.56; -1.44]
NCT01135433 = -3.60 [-7.79; 0.59]
[ |
-5 0 5
Favours Favours
ipragliflozin  control
B Mean Difference in
Trial NCT# DBP (mmHg) Change Mean Difference [95% CI]
NCT02452632 B -1.32[-3.26; 0.62]
NCT01316094 —— -1.30 [-4.13; 1.53]
NCT01057628 —B— -1.10 [-4.03; 1.83]
NCT01225081 ———l— -5.80 [-9.12; -2.48]
NCT01242215 —— -2.40 [-4.72; -0.08]
NCT01505426 —F— -2.70 [-5.32; -0.08]
NCT01135433 — -1.80 [-4.54; 0.94]
[ |
-5 0 5
Favours Favours
ipragliflozin  control

Figure 3 Forest plots for the effect of ipragliflozin on blood pressure reduction: (A) Change in systolic blood pressure (SBP) level [nmHg], (B) change in diastolic blood

pressure (DBP) level [mmHg].

Abbreviations: NCT#, National Clinical Trial number; 95% Cl, 95% Confidence Interval.

large and international CVD-REAL 2 study, wherein ipra-
gliflozin accounted for 8% of SGLT-2 inhibitors exposure
time.”’

Safety and Tolerability Considerations

As a class, the SGLT-2 inhibitors have received much scru-
tiny regarding their safety profile. Multiple safety warnings
have been announced by regulatory agencies across the
globe.’”** Multiple systematic reviews have assessed the
safety of SGLT-2 inhibitors as a class and ipragliflozin as
a molecule, either within a network meta-analysis or

traditional pair-wise meta-analysis.”***> We focus on the
safety data for six adverse events of interest: hypoglycemia,
genital tract infections, urinary tract infections, ketone-
related events, skin-related adverse events, and other notable

events.

Hypoglycemia

All included trials but one®® reported on the risk of hypo-
glycemia associated with ipraglifiozin compared to pla-
cebo. Ipraglifiozin was not statistically associated with
a higher risk of hypoglycemia compared to placebo by
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Mean Difference in

Trial NCT# Weight (kg) Change Mean Difference [95% CI]
NCT02577003 —a— -1.80 [-2.51; -1.09]
NCT02452632 —i— -1.73 [-2.34; -1.12]
NCT01316094 —— -1.81 [-2.32; -1.30]
NCT02175784 -.- -1.04 [-1.39; -0.69]
NCT01057628 —i— -1.28 [-1.92; -0.64]
NCT02794792 —a— -1.39 [-2.12; -0.66]
NCT01225081 —l— -2.80 [-3.51; -2.09]
NCT01242215 —— -1.45[-1.97; -0.93]
NCT01505426 —a— -1.23 [-1.93; -0.53]
NCT01135433 —— -1.70 [-2.25; -1.15]
[ [ [ [ |
302 A 0 2 3
Favours Favours
ipragliflozin  control

Figure 4 Forest plots for the effect of ipragliflozin on body weight reduction (kg).

Abbreviations: NCT#, National Clinical Trial number; 95% Cl, 95%confidence interval.

any of the included trials, except one in which insulin was
combined with ipragliflozin®>**. This observation is con-
sistent with previous meta-analyses. Liu et al pooled data
from 8 randomized controlled trials and reported a higher
risk of hypoglycemia among ipraglifiozin vs placebo
(pooled relative risk 1.68, 95% CI 1.3, 2.74); however,
when the trial combining ipragliflozin with insulin was
excluded, there was no difference in the rate of hypogly-
cemia between groups (pooled relative risk 0.92, 95% CI
0.30, 2.85). Figure S2 Similarly, Elgebaly et al reported no
differences in hypoglycemia among ipraglifiozin mono-
therapy vs placebo but found a slight increased risk of
hypoglycemia among ipraglifiozin add-on therapy (pooled
relative risk 1.89, 95% CI 1.15, 3.10).41

Genital and Urinary Tract Infections

Compared to placebo, results from individual RCTs have
not found ipragliflozin to be significantly associated with
an increased risk of GTI (Figure S3). However, these trials
were limited by the small number of events and thus these
findings do not rule out an increased risk of GTL.°® Meta-
analyses have reported an increased GTI risk associated
with ipragliflozin use vs placebo.”** For example, Liu et al
reported that genital infections were 4.5 times more likely
among ipragliflozin users vs placebo.** Additionally, evi-
dence from larger RCTs and observational studies

consistently link SGLT-2 inhibitors as a class to an
increased risk of GTL®"7° In respect to UTIs, individual
RCTs do not suggest an increased risk among ipragliflozin
users (Figure S4) which is corroborated by evidence from

. : 41,44
systematic reviews and meta-analyses.”

Ketone-Related Adverse Events

Only two of the included studies reported on the risk of
ketone-related adverse events and only one trial reported at
least one event (RR 2.49, 95% CI 0.29, 20.95). This also
suggests the limitation of RCTs with small sample sizes to
precisely estimate the risk of rare adverse events.®® The
totality of the evidence currently suggests about a doubling
of risk for diabetic ketoacidosis for SGLT-2 inhibitor users

compared to placebo or active comparator.®®

Skin Related Adverse Events

It has been hypothesized that ipraglifiozin may increase
the risk of adverse skin reactions, possibly mediated
through an interaction with melanin. A small hypothesis
generating signal was reported using a disproportionality
analysis of a spontaneous adverse event reporting
database.”’ Although none of the trials estimates (Figure
S5) reached statistical significance, we are not able to rule
out the risk of skin-related adverse events, including rash,

urticaria, pruritus and eczema associated with the use of
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ipragliflozin compared to placebo due the limits of the
confidence intervals.

Other Adverse Events
Many of the most commonly reported adverse effects of
ipraglifiozin, as well as other SGLT-2 inhibitors, are volume
depletion effects which are a downstream effect directly
related to osmotic diuresis (ie, ipragliflozin’s mechanism
of action). Hypovolemia may lead to several sequalae
including dehydration, dizziness, hypotension, pollakiuria,
syncope, and thirst. The rates of volume depletion events
reported in clinical trials for ipragliflozin are typically not
significantly greater than placebo and are generally preven-
table through adequate hydration.** The STELLA-LONG
TERM was an observational study conducted in routine
clinical practice over 3 years with more than 11,000
patients. Results from STELLA-LONG TERM show that
the most common adverse drug reactions associated with
ipragliflozin use were polyuria/pollakiuria (5.5%) and
volume depletion-events, including dehydration (2.2%).”
Other potential adverse events of SGLT-2 inhibitors
include falls and subsequent fractures due to volume-
depletion related events. However, only two RCTs reported
on the risk of bone fractures with only one event in each RCT
(Figure S6). AKI has been another potential adverse event of
interest for SGLT-2 inhibitors; however, there were no
reported cases of AKI within the trials included. Other meta-
analyses have not found other SGLT-2 inhibitors to be asso-
ciated with an increased risk of either fracture or AKL.”> Last,
none of the included trials reported any amputation events.
Further research is needed to rule out an association and/or
quantify a more precise association between ipragliflozin and
these adverse events.

Ipragliflozin in the Management of
Type 2 Diabetes

When ipragliflozin was first approved in 2014, it was indicated
for T2D as monotherapy or in combination with other hypo-
glycemic agents, including metformin, pioglitazone, sulfony-
inhibitors,
inhibitors, meglitinides, glucagon-like peptide-1 agonists or

lureas, o-glucosidase dipeptidyl peptidase-4
insulin. The usual adult dose is 50 mg once daily before or
after breakfast. In the context of inadequate glycemic control,
the dose may be increased to 100 mg once daily with monitor-
ing for intolerance. The most recent Japanese Clinical Practice
Guideline for Diabetes does not mention ipragliflozin specifi-
cally; however, SGLT-2 inhibitors are listed as oral hypogly-

cemic agents, considered after failure to reach glycemic control

target on Medical nutrition therapy (MNT).”* Additionally, the
guideline highlights that the SGLT-2 inhibitors are associated
with weight loss in obese patients and are less likely to be
associated with hypoglycemia, however, urges clinicians to be
attentive of the risk of genital tract infections, acute renal
impairment and ketone body-related events.” In 2018, ipragli-
flozin was also approved for T1D in combination with insulin
in Japan, with a dosing regimen similar to T2D. In Korea, the
use as monotherapy or in combination with metformin, piogli-
tazone or add-on treatment with combination of metformin and
sitagliptin is approved with a recommended dose of 50 mg
once daily.

The role of SGLT-2 inhibitors in the management of T2D
is well described in several prominent clinical practice guide-
lines. Due to their cardiorenal benefits, SGLT-2 inhibitors are
recommended as an addition to metformin in case of athero-
sclerotic cardiovascular disease, heart failure, chronic kidney

diseases, or if weight reduction is necessary.”>’®

Future Research Directions
Notably, preclinical and clinical data suggest a possible
role for ipragliflozin, along with other SGLT-2 inhibitors
in the management on non-alcoholic fatty liver disease
(NAFLD) in T2D.””"” Thus far, only two open-label
RCTs evaluated the effect of ipragliflozin in the treatment
of NAFLD and found it to be significantly associated with
decreased hepatosteatosis and steatohepatitis. However,
larger high-quality RCTs are needed.”””®

The currently available evidence is not sufficient to draw
conclusions of the specific safety profile of ipragliflozin and
only that of SGLT-2 inhibitors as a class can be inferred.
Additional observational studies to assess the risk of both
rare and long-term adverse events of ipraglifiozin are needed.

Conclusions

Ipraglifiozin is a novel anti-hyperglycemic agent that lowers
plasma glucose through reabsorption which is mediated
through SGLT-2 blockade. Ipraglifiozin is marketed in
a limited number of countries on a global scale and is not
approved in North America. Its use as a glucose lowering
agent is modest with about a 0.5% to 1% reduction in
HbA lc. However, the associated weight loss and low risk of
hypoglycemia provide therapeutic advantages over other anti-
hyperglycemic agents. Moreover, there have been no large
outcome trials assessing the cardio-renal effects of ipraglifio-
zin. Importantly, further investigation is needed to precisely
assess the safety profile and long-term adverse events of
ipragliflozin.
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