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Abstract

Purpose Owing to the absence of the most recent evidence on the efficacy and safety of luseogliflozin, our study aimed to
conduct a systematic review and meta-analysis of luseogliflozin in patients with type 2 diabetes mellitus.

Methods A comprehensive search of electronic databases like PubMed, Cochrane CENTRAL, and Google Scholar was
performed from the inception to the 31% of August 2023 to identify the randomized controlled trials (RCTs) that examined
the glucose and body weight lowering efficacy and safety outcomes of luseogliflozin in comparison with control or other
active treatments. The fixed or random-effect model was used based on the heterogeneity identified using the I? statistic and
Cochran’s Q test.

Results Out of 50 non-duplicate articles identified through database searching, 8 RCTs (11 studies) with 1922 patients were
included in this study. The efficacy outcomes like HbAlc (MD: —0.59%; 95% CI: —0.90, —0.29; P <0.001), FPG (MD:
—16.01 mg/dL; 95% CI: —19.46, —12.57; P <0.001), PPG (MD: —36.63 mg/dL; 95% CI: —43.71, —29.55; P <0.001) and
body weight (MD: —1.66 kg; 95% CI: —2.23, —1.12; P <0.001) were significantly reduced with luseogliflozin compared to
the control group. Regarding the safety outcomes, there was no statistically significant difference between the two groups for
hypoglycemia (OR: 1.14; 95% CI: 0.70, 1.84; P =0.60). However, pollakiuria (OR: 4.08; 95% CI: 1.71, 9.69; P <0.001)
and any ADRs (OR: 2.04; 95% CI: 1.33, 3.14; P <0.001) were significantly higher in the luseogliflozin group compared to
the control.

Conclusion The current study identified a significant improvement in efficacy outcomes of HbAlc, FPG, PPG, and body
weight in the luseogliflozin group. Non-significant safety results may be due to a smaller population size and fewer studies.
Hence, long-term multicentric RCTs are needed to identify the safety and efficacy in a diversified population.
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Introduction

According to the International Diabetes Federation (IDF),
over 536.6 million individuals will have diabetes in 2021 all
over the world, and by 2045, this count is predicted to be
783.2 million [1]. Diabetes incidence increased from the
1990s to the mid-2000s and has been stable [2]. It is a
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chronic metabolic condition with diverse etiology, social
risk factors, and genetic, behavioral, and environmental
susceptibility variables. Although it is linked to significant
problems, an early diagnosis and starting the treatment may
stop or postpone the onset of long-term effects. The
development of end-stage renal disease, retinopathy result-
ing in blindness, cardiovascular diseases, and limb ampu-
tations are some of the chronic complications of diabetes
mellitus. All of these conditions raise the morbidity and
mortality rates of type 2 diabetes mellitus (T2DM) patients
[3].

The treatment for T2DM primarily focuses on lifestyle
modification and pharmacological treatment. It is challen-
ging to prescribe the best course of therapy for patients due
to the wide range of recommendations in the area, which
can result in inefficiencies and increase the financial burden
on patients and healthcare systems [4, 5]. A novel
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anti-diabetic class, sodium-glucose cotransporter 2 (SGLT2)
inhibitors, is getting prominence for managing T2DM in
recent years. Inhibiting SGLT2 improves the excretion of
urinary glucose by blocking the reabsorption of filtered
glucose in the kidney’s proximal convoluted tubules,
decreasing plasma glucose levels, and improving glycemic
control [6-8]. Canagliflozin, dapagliflozin, empagliflozin,
and ertugliflozin are currently available SGLT? inhibitors in
the market. In addition to glycemic control, SGLT2 inhibi-
tors improve cardiovascular and renal outcomes, including
reduced hospitalization due to heart failure and decreased
risk of renal disease progression [9, 10]. Even though
SGLT?2 inhibitors have beneficial effects, a recent overview
of information from post-marketing studies indicates that
they can also have adverse effects, including volume
depletion, diabetic ketoacidosis, genital and urinary tract
infections, bladder cancer, bone fractures, Fournier gangrene
and foot & leg amputations [11-14].

Luseogliflozin, an orally active second-line SGLT2
inhibitor with an inhibitory concentration (ICsg) of 2.26 nM,
exhibits 1765-fold selectivity for inhibition of SGLT2 over
SGLT1 [8]. It acts by inhibiting SGLT2-mediated renal
reabsorption in the proximal convoluted tubule [7, 15, 16].
It was licensed by the regulatory authority of Japan in 2014.
When used alone, luseogliflozin has produced favorable
results for glycemic control and weight loss [17]. Luseo-
gliflozin is an orally accessible, highly selective SGLT2
inhibitor and 1-thio-D-glucitol derivative that decreases
blood sugar levels by encouraging glucose excretion
through the urine [8, 18]. In db/db mice and streptozotocin-
induced diabetic rats, it lowered hyperglycemia, improving
glucose tolerance without increasing insulin secretion [8].
Luseogliflozin lowers the levels of glycated hemoglobin
(HbATlc), body weight, serum lipid profile, serum uric acid
(SUA), markers of renal and hepatic function, and adipo-
nectin levels [17, 19]. It also decreases blood pressure
compared to the dipeptidyl peptidase-4 inhibitor (DPP-41)
[20]. Haneda M et al. concluded that luseogliflozin was well
tolerated and safer in patients with different renal functions
regardless of baseline estimated glomerular filtration rate
(eGFR), and no serious safety issues were shown in these
patients [21]. Much research has been done on luseogli-
flozin and concluded that it has various beneficial activities
on the human body, notably lowering HbAlc and cardio-
protective, renoprotective, and SUA activity. However,
there is no concrete evidence that the results are accurate.

Even though luseogliflozin shows favorable efficacy
data, it has not been approved by countries beyond Japan.
The current study aims to present a pooled estimate of all
the published safety and efficacy parameters from the
published randomized controlled trials (RCTs) of luseogli-
flozin for T2DM. The study thoroughly sought and eval-
uated the relevant research literature, found admissible
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studies, extracted data, and combined the findings utilizing
appropriate statistical techniques.

Methods

A systematic review was performed as per the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines [22]. An extensive search was per-
formed in PubMed/MEDLINE, Cohrane CENTRAL, and
Google Scholar from inception to 31% August 2023. The
search was also performed in ClinicalTrials.gov and Inter-
national Clinical Trials Registry Platform (ICTRP) to
identify the grey literature. The keywords included in the
search strategy were T2DM AND (“Luseogliflozin” OR
“SGLT-2 inhibitor”) without any restrictions related to
language or publication year. A specific search strategy is
mentioned in Supplementary Table S1.

Phase II or III RCTs with subjects assigned to treatment
with the 2.5 or 5mg doses of luseogliflozin or control
(placebo/active control), consisting of efficacy parameters
like the mean change in HbAlc levels from the baseline,
postprandial glucose (PPG), fasting plasma glucose (FPG),
body weight, and the safety outcomes like hypoglycemia,
any adverse events published were included. Case reports,
case series, cohort studies, case-control studies, in-vitro
studies, reviews, and non-randomized trials were excluded.

All the included studies were independently reviewed by
the two reviewers (RRG and PNH) for further evaluation of
the data, followed by the extraction of the following
information from each study: first author’s last name, year
of publication, study design, country of the population
studied, sample size and defined efficacy and safety para-
meters, if applicable. A third reviewer (CT) re-evaluated the
extracted data. The quality of the included RCTs was
independently evaluated by two reviewers (RRG and PNH)
using the JADAD scale [23], and the risk of bias was
assessed using the Risk of Bias 2 (RoB2) tool [24]. Dis-
crepancies were resolved by a joint revaluation of the ori-
ginal articles with a third reviewer (KU).

Meta-analysis was conducted using RevMan version
5.4.1. Mean Difference (MD) with 95% CI was used to
estimate the pooled effect sizes for continuous variables and
odds ratio (OR) for dichotomous variables. The Higgins
inconsistency index (1) and Cochran’s Q test were used to
estimate the heterogeneity, and it was defined by an
I> > 50% and/or Cochran’s Q test P-value < 0.1. The funnel
plot was used to estimate publication bias by visual
inspection. Subgroup analyses were conducted based on
various doses of luseogliflozin as well as based on the
comparator. We performed a sensitivity analysis by re-
estimating the pooled estimate after excluding studies with
the smallest sample size.



Endocrine

No additional records were

identified through other sources
(Clinical Trials.gov and ICTRP)

Records excluded, with reasons
(n=26)

Other than Intervention (n = 2)
Non-controlled trial (n =5)
Systematic review & Meta-analysis (n = 12)
Post hoc sub-analysis (n=2)

Study protocol (n = 3)
Editorial comment (n = 2)

Reports excluded, with reasons
(n=13)
No relevant outcomes (n = 12)

—

Cross-over study (n=1)

[ Identification of studies ]
M
Records identified from
o PubMed, Google Scholar,
.g Cochrane CENTRAL:
g (n=50)
£
=]
)
]
-
—
M
w0 Records screened after deduplication
8 (n=50)
a
o
8
Q
0
-
SR
B
=
2 Reports assessed for eligibility
= (n = 24)
5]
-
M
° N
0
3
° 11 studies included in qualitative and
g quantitative synthesis
-

Fig. 1 Preferred reporting items for systematic review and meta-analysis (PRISMA 2020) flow diagram

Results
Search results

A systematic literature search found 50 records from data-
bases like PubMed, Cochrane CENTRAL, and Google
Scholar. No duplicates were found after the screening of the
records. Further, 26 records featuring non-controlled trials
that did not contain target drugs, post hoc sub-analysis,
diseases other than T2DM, study protocols, systematic
reviews, and meta-analysis were excluded. The remaining
24 full-text articles were assessed for eligibility. Further-
more, 13 articles were excluded because they didn’t fit into
our prespecified criteria. Finally, 8 articles (including
11 studies) were finalized for the qualitative synthesis, and
all were accounted for in the meta-analysis [17, 19, 25-30].
The PRISMA flow chart is demonstrated in Fig. 1.

Characteristics of included studies

The meta-analysis includes a total of 8 RCTs (11 studies) with
1922 participants. Among the included studies, eight were
compared with the placebo [17, 19, 27, 29, 30], and three were
with the active control [25, 26, 28] (voglibose, metformin, DPP-
4is). The impact of luseoglifiozin on HbAlc was assessed in

11 studies to determine its efficacy. Similarly, nine studies
sought its effects on FPG, and eight focused on luseogliflozin’s
effects on PPG. Ten studies investigated the impact of luseo-
gliflozin on body weight, six evaluated hypoglycemia, and six
investigated blood pressure. The JADAD scale assessed the
quality of the RCTs, and nine studies scored more than three,
considered as high quality [17, 19, 27-30], and two studies
scored less than three as low quality [25, 26]. The RoB2 tool
was used to assess the risk of bias; three studies were at high risk
[17, 25, 28], two were at low risk [27, 30], and three raised some
concerns [19, 26, 29] (Supplementary Fig. S26). The detailed
characteristics of the included studies are demonstrated in
Supplementary Table S2.

Primary outcomes
HbA1c

Findings from the 11 studies were combined with 1922
individuals (1011 in the luseogliflozin group and 911 in the
control group). The primary analysis showed that the
luseogliflozin group was more effective at lowering HbAlc
than the control group (MD: —0.59%; 95% CI: —0.90,
—0.29), with the significance of P <0.001. Heterogeneity
among the trials was considerably high (I*: 97%, P <0.001).
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Control
SD Total Weight

Luseogliflozin
Study or Subgroup  Mean SD Total Mean

Mean Difference
IV, Random, 95% Cl Year

Mean Difference
IV, Random, 95% CI

2.14.12.5mg

Seino,2014 -0.63 0625 79 013 0759 79 10.2%
Seino,2014{1) -0.68 0.859 61 0.06 05862 54  9.9%
Seino, 2014 -0.39 0.4481 56 0.22 04523 57 10.4%
Shibuya, 2018 -1.3 0.4504 16  -0.1 1.3887 16 6.8%
Seino,2018 -0.74 083 153 039 0.7338 74 10.2%
Ejiri,2020 -1.87 6.5947 83 -1.19 90568 82 1.4%
Sugawara 2023 -0.7 00002 277 -0.7 00002 272 107%
Shestakova, 2023 -0.98 0.8088 80 -0.73 0.8243 83 10.0%
Subtotal (95% CI) 811 717 69.4%

Heterogeneity: Tau®= 0.29; Chi*= 253.65, df= 7 (P = 0.00001); F= 97%
Testfor averall effect: Z= 310 (P =0.002)

2.14.2 5mg

Seino,2014a -0.36 0.54149 60 0.06 05862 54 10.2%
Seino,2015a -0.46 0.4396 54 022 04523 57 10.4%
Shestakova,2023a -1.08 0.7929 86 -0.73 0.8243 83 10.0%
Subtotal (95% CI) 200 194  30.6%
Heterogeneity: Tau®= 0.02; Chi*= 6.08, df= 2 (P = 0.058); F= 67%

Testfor averall effect 2= 4.77 (P < 0.00001)

Total (95% CI) 1011 911 100.0%

Heterogeneity: Tau®= 0.23; Chi®= 342.20, df=10{P = 0.00001);, F= 97%
Testfor averall effect: 2= 3.79 (P = 0.0002)
Test for subaroup differences: Chi*=0.38, df=1 (P=054), F=0%
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Fig. 2 Subgroup analysis showing the effect of luseogliflozin on HbAlc in patients with type 2 diabetes mellitus

Hence, the random effects model was executed. A dose-
based subgroup analysis found that treatment with luseo-
gliflozin 2.5 and 5 mg showed statistically significant dif-
ferences (2.5 mg: MD: —0.64%; 95% CI. —1.05, —0.24;
P<0.001; 5mg: MD: —0.50%; 95% CIL: —0.71 —0.29;
P <0.001) compared to the control (Fig. 2). However in the
comparator-based subgroup analysis, luseogliflozin lowers
HbAlc significantly in comparison with placebo (MD:
—0.62%; 95% CI. —0.80, —0.44; P<0.001), but not in
comparison with the active control (MD: —0.55%; 95% CI:
—1.57, 0.46; P <0.28) (Table 1, Supplementary Fig. S22).

Fasting plasma glucose (FPG)

In nine studies, 652 patients received luseogliflozin treat-
ment, while 557 received a control. The pooled estimate
showed a significantly higher mean change from a baseline
level of FPG in the luseogliflozin group than in the control
group (MD: —16.01 mg/dL; 95% CI. —19.46, —12.57,
P<0.001) (Fig. 3). The studies were found to have sig-
nificant heterogeneity (12: 97%, P<0.001), so a random
effects model was applied. The subgroup analysis of
luseogliflozin 2.5 mg and 5 mg was performed, and it was
found to have a higher MD compared to control (2.5 mg:
MD: —18.69 mg/dL; 95% CI: —34.79, —2.60; P =0.02;
S5mg: MD: -—18.61mg/dL; 95% CI: —40.78, 3.55;
P =0.10).

Postprandial glucose (PPG)

The PPG was analyzed in eight studies with 1158 patients
(626 luseogliflozin patients and 532 control groups). The
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statistical significance in the pooled results suggested that
luseogliflozin was more beneficial in reducing PPG com-
pared to the control group (MD: —36.63 mg/dL; 95% CI:
—43.71, —29.55; P<0.001) (Fig. 4). Because of consider-
able heterogeneity (I>: 98%, P<0.001) random effects
model was executed. Both the subgroups based on the dose
(2.5 and 5 mg) revealed a lowering in PPG compared to the
control (2.5mg: MD: —45.08 mg/dL; 95% CI: —79.68,
—10.48; P=0.01; Smg: MD: —39.45mg/dL; 95% CIL
—86.53, 7.62; P =0.10).

Body weight

Results from ten studies were combined with 1891 indivi-
duals (996 in the luseogliflozin group and 895 in the control
group). The primary analysis showed the reduction in the
body weight favors the luseogliflozin group (MD:
—1.66kg; 95% CI. —2.07, —1.24) with a significance,
P<0.001 (Fig. 5), and considerable heterogeneity was
found among the studies (I2 =80%, P<0.001); hence
random effects model was applied. The subgroup analysis
was used to determine the statistical significance of luseo-
gliflozin 2.5 mg and 5 mg compared to the control, and it
was found that there was a statistical significance difference
(2.5 mg: MD: —1.64 kg; 95% CI: —2.22, —1.06; P <0.001;
5mg: MD: —1.67 kg; 95% CI: —2.23, —1.12; P<0.001) in
lowering body weight. However, comparator-based sub-
group analysis revealed that the reduction in body weight
was significant when compared to placebo (MD: —1.54 kg;
95% CI: —1.80, —1.28; P<0.001) but not in comparison
with active control (MD: —1.93 kg; 95% CI: —4.78, 0.91;
P =0.18 (Table 1, Supplementary Fig. S23).
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Luseogliflozin Control

Mean Difference

Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
2.13.1 2.5mg

Seino,2014(1) -246 249891 61 0.1 26.0123 54  8.2% -2470[-34.05,-15.35] 2014

Seino,2014 -28.3 20.5368 79 -0.8 205368 79 12.2% -27.50[-33.90,-21.10] 2014 B

Seino,2015 -16.8 20.5376 56 8.1 207285 57 10.4% -2490[-32.51,-17.29] 2015 e

Shibuya, 2018 -2 29.2608 16 -13 434634 16 1.7% 11.00[-14.67,36.67] 2018

Seino,2018 -33 402209 158 5.5 36.2567 74 T7.2% -38.50[-48.86,-28.14] 2018

Shestakova,2023 -0.82  1.5728 80 -0.44 1.5571 83 2089% -0.38 [-0.86,0.10] 2023 b
Subtotal (95% CI) 451 363 60.5% -18.69[-34.79, -2.60] —el——
Heterogeneity: Tau®= 369.93; Chi*= 184.99, df=5 (P = 0.00001); F=97%

Testfor overall effect: Z=2.28 (P=0.02)

2.13.2 5mg

Seino,2014a -26.9 238177 61 0.1 26.0123 54  84% -27.00[-36.16,-17.84] 2014

Seino,2015a -21 20883 54 8.1 20.7285 57 10.2% -29.10[-36.84,-21.36] 2015 —
Shestakova,2023a -1.07  1.5392 86 -0.44 1.5571 83 209% -0.63[-1.10,-0.16] 2023 b
Subtotal (95% CI) 201 194 39.5%  -18.61[-40.78, 3.55]  —=n A R——
Heterogeneity: Tau®= 371.54; Chi*=83.25, df= 2 (P < 0.00001); F=98%

Testfor overall effect: Z=1.65 (P =0.10)

Total (95% CI) 652 557 100.0% -16.01[-19.46,-12.57] &
Heterogeneity: Tau®= 14.75; Chi*= 268.25, df= 8 (P < 0.00001); F=97% 2 i b B a0

Test for overall effect: Z=9.11 (P = 0.00001)
Test for subaroup differences: Chi*= 0.00, df=1 (P =1.00), F= 0%

Favours [luseoqgliflozin])  Favours [control]

Fig. 3 Subgroup analysis showing the effect of luseogliflozin on fasting plasma glucose (FPG) in patients with type 2 diabetes mellitus

Luseogliflozin Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
2.15.1 2.5mg
Seino,2014(1) -43 38.7106 60 0.8 387929 52 10.5% -43.80[-58.19,-29.41] 2014
Seino,2014 -55.8 39.7343 79 1.1 406272 79 11.7% -56.90[-69.43,-44.37] 2014 I
Seino,2015 -52.7 39.5681 54 3.7 395725 57 10.3% -56.40[-71.13,-41.67] 2015 —_—
Seino,2018 -73.6 529384 155 -5 52.0343 69 10.2% -68.60[83.44,-53.76] 2018 ———
Shestakova, 2023 -2.14  2.9658 80 -0.92 293 83 18.4% -1.22[-213,-0.31] 2023 b
Subtotal (95% CI) 428 340 61.0% -45.08[-79.68,-10.48] ——ea——
Heterogeneity: Tau®= 1516.96; Chi*= 238.71, df=4 (P = 0.00001); = 98%
Test for overall effect: Z= 2.55 (P =0.01)
2.15.2 5mg
Seino,2014a -59 39.0454 61 0.8 387929 52 10.5% -59.80[-74.19,-4541] 2014 e —
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Fig. 4 Subgroup analysis showing the effect of luseogliflozin on postprandial blood glucose (PPG) in patients with type 2 diabetes mellitus

Secondary outcomes

The study evaluated additional outcomes, including intact
proinsulin, fasting insulin, insulin (2 h), homa B, homa R,
glycosylated albumin, and fasting insulin. The results
showed that glycosylated albumin (2.5 mg: MD: —3.40;
95% CI: —4.31, —2.49; P<0.001; 5 mg: MD: —3.38; 95%
CI: —3.87, —2.88; P<0.001), homa f (2.5 mg: MD: 4.26;
95% CI: 1.68, 6.85; P<0.001; 5mg: MD: 6.58; 95% CI:
3.25,9.90; P<0.001), homa R (2.5 mg: MD: —0.65; 95%
CL: —1.18, —0.13; P<0.001; 5 mg: MD: —0.82; 95% CI:
—1.24, —0.40; P<0.001), and urinary glucose (2.5 mg:
MD: 7.75; 95% CI: 6.03, 9.47; P <0.001; 5 mg: MD: 9.32;
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95% CI: 7.57, 11.07; P<0.001) were favors the luseogli-
flozin group compared to the control group. Luseogliflozin
5 mg was associated with significant reductions in insulin
(2h) MD: —5.65; 95% CI: —9.25, —2.06; P<0.001) and
intact pro-insulin (MD: —1.88; 95% CIL: —3.28, —0.48;
P<0.001) and in the meantime, the 2.5 mg subgroup
showed no statistical significance. Luseogliflozin also led to
significant reductions in systolic blood pressure (SBP)
(2.5mg: MD: —4.21; 95% CI: —5.78, —2.64; P<0.001;
5Smg: MD: —5.26; 95% CI: —8.10, —2.41; P <0.001), and
diastolic blood pressure (DBP) (2.5 mg: MD: —1.84; 95%
CIL: —2.95, —0.73; P=0.001; 5 mg: MD: —2.80; 95% CI:
—4.79, —0.82; P<0.001) (Table 1).
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Mean Difference
IV, Random, 95% Cl Year

Mean Difference
IV, Random, 95% CI

Luseogliflozin Control

Study or Subgroup  Mean SD Total Mean SD Total Weight
2.16.1 2.5mg

Seino,2014{1) -2.01 1.5228 61 -0.35 1.2823 54 11.1%
Seino,2014 -2.7 165189 79 -0.93 16519 T4 111%
Seino,2015 -1.31 1.3816 56 015 1.3945 87 11.1%
Seino,2018 -1.32 15961 159 -0.05 1.4675 74 11.8%
Ejiri,2020 -0.84 7.7854 83 -0.57 64171 82 28%
Shestakova, 2023 -2.32 25613 80 -1.45 24272 83 9.2%
Sugawara, 2023 -36 33287 277 -04 32885 272 108%
Subtotal (95% CI) 795 701  68.0%

Heterogeneity: Tau®= 0.47; Chi®= 39.32, df=6 (P =< 0.00001); F=85%
Test for overall effect: Z= 5.55 (P < 0.00001)

2.16.2 5mg
Seino,2014a -2.08 1.2485 61 -0.35 1.2823 54 11.5%
Seino,2015a -1.97 1.3922 54 015 1.3945 87 11.1%

Shestakova,2023a -2.46 2472 86 -1.45 24272 83 94%
Subtotal (95% CI) 201 194 32.0%

Heterogeneity: Tau®= 0.16; Chi*= .82, df= 2 (P = 0.08); = 66%
Test for overall effect: Z=5.93 (P < 0.00001)

Total (95% CI) 996 895 100.0%
Heterogeneity: Tau®= 0.33; Chi*= 45.20, df= 9 {P = 0.00001}; = 80%

Test for overall effect: Z=7.87 (P = 0.00001)

Test for subgroup differences: Chi*=0.01, df=1 {P=083), F=0%

166 [2.17,-1.15] 2014
177 [2.29,-1.25] 2014
-1.46 [-1.97,-0.95] 2015 —_—
-1.27 [1.69,-0.85] 2018
-0.27 [2.45,1.91] 2020
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-3.20[-3.75,-2.65] 2023
-1.64 [-2.22, -1.06]
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-1.01 [1.76,-0.27] 2023 —

1.67[-2.23,-1.12] ol
-1.66 [-2.07, -1.24] sl
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Fig. 5 Subgroup analysis showing the effect of luseogliflozin on body weight in patients with type 2 diabetes mellitus

Luseogliflozin Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
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Seino, 2014 1 79 i 79 1.6% 304[012 7572 2014
Seino, 2018 33 1549 10 T4 345% 1.68[0.78, 3.62] 2018 T
Ejiri,2020 0 a4 1 a2 4.8% 0.32[0.01,8.01] 2020
Shestakova, 2023 g a0 10 83 28.2% 0.81[0.30,217] 2023 —
Subtotal (95% Cl) 402 318 69.0% 1.26 [0.71, 2.22] S
Total events 42 21
Heterogeneity: Chi®=2.28, df=3{P=052); F=0%
Testfor overall effect Z=080 (P =0.43)
2.7.2 5mg
Seino,2015a 1 54 a a7 1.8% 3.22[0.13,80.87] 2015
Shestakova,2023a a8 36 10 83 294% 0.75[0.28,2.00] 2023 —
Subtotal (95% CI) 140 140 31.0%  0.87 [0.35, 2.19] ~ai-
Total events 9 10
Heterogeneity: Chi*=0.72, df=1 (P=0.39); F=0%
Testfor overall effect Z=030(F=077)
Total (95% CI) 542 458 100.0% 1.14 [0.70, 1.84] <3
Total events a1 K
Heterogeneity: Chi®=3.48, df=5 (P =063); F=0% o 01 10 100

Test for overall effect. Z=0.53 (P = 0.60)
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Fig. 6 Subgroup analysis showing the effect of luseogliflozin on hypoglycemia in patients with type 2 diabetes mellitus

Safety outcomes
Hypoglycemia

This involved six studies with 1000 patients that noted the
existence of hypoglycemia as a safety parameter (542
luseogliflozin-treated patients and 458 control group patients).
The forest plot suggested that there was no statistical sig-
nificance for the hypoglycemia, and it was not evident in either
the luseogliflozin group (both 2.5 and 5mg) or the control

group (OR: 1.14; 95% CI: 0.70, 1.84; P = 0.60). There was no
heterogeneity between the studies (% 0%; P=0.63) (Fig. 6).

Notably, the safety outcome of pollakiuria (OR: 4.08;
95% CI: 1.71, 9.69; P =0.001) and any ADRs (OR: 2.04;
95% CI: 1.33, 3.14; P = 0.001) were statistically sig-
nificant in the luseogliflozin group compared to the control
group. The most typical safety outcomes were mild and
transitory. In subgroup analysis, all other safety outcomes,
including nasopharyngitis, genital infections, and thirst,
were not statistically significant (Table 2).
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Table 2 Pooled estimates of luseogliflozin versus control from the subgroup analysis (based on dose and comparator) of safety outcomes

Based on the dose

Outcomes Dose No. of studies Sample size Pooled estimate Test for heterogeneity
OR (95% CI) P-value P (%) P-value
Any adverse events Overall 7 1177 0.87 (0 .69, 1.10) 0.24 0 0.60
2.5mg 5 782 0.94 (0.70,1.25) 0.67 0 0.75
Smg 2 395 0.75 (0.50, 1.12) 0.16 28 0.25
Any ADR Overall 6 845 2.04 (1.33, 3.14) 0.001 0 0.88
2.5mg 4 619 2.19 (1.32, 3.62) 0.002 0 0.96
S5mg 2 226 1.67 (0.72, 3.86) 0.23 0 0.96
AE:s leading to discontinuation Overall 5 730 0.89 (0.32, 2.45) 0.83 32 0.21
2.5mg 4 619 0.61 (0.19, 1.91) 0.39 30 0.23
Smg 1 111 5.48 (0.26, 116.72)  0.28 NA NA
Nasopharyngitis Overall 5 612 0.79 (0.48, 1.30) 0.35 0 0.86
2.5mg 3 386 0.81 (0.44, 1.50) 0.51 0 0.73
Smg 2 226 0.73 (0.31, 1.75) 0.48 0 0.43
Pollakiuria Overall 7 1016 4.08 (1.71, 9.69) 0.001 0 0.97
2.5mg 4 619 4.23 (1.41, 12.69) 0.01 0 0.77
Smg 3 397 3.81 (0.93, 15.56) 0.06 0 0.90
Genital infections Overall 4 501 1.22 (0.30, 5.03) 0.78 0 0.77
2.5mg 3 386 0.97 (0.19, 4.88) 0.97 0 0.67
Smg 1 115 2.70 (0.11, 67.74) 0.55 NA NA
AEs related to renal Overall 5 612 1.71 (0.98, 2.96) 0.06 11 0.34
2.5mg 3 386 1.50 (0.74, 3.04) 0.26 8 0.34
S5mg 2 226 2.07 (0.86, 5.01) 0.11 51 0.15
AEs related to volume depletion Overall 4 572 2.35 (0.68, 8.14) 0.18 0 0.93
2.5mg 3 461 2.80 (0.67, 11.59) 0.16 0 0.96
5mg 1 111 1.06 (0.06, 17.33) 0.97 NA NA
Thirst Overall 4 623 2.21 (0.63, 7.73) 0.21 0 0.95
2.5mg 3 512 2.61 (0.62, 10.92) 0.19 0 0.98
5mg 1 111 1.06 (0.06, 17.33) 0.97 NA NA
Based on the comparator
Outcomes Comparator No. of studies Sample size Pooled estimate Test for heterogeneity
OR (95% CI) P-value I (%) P-value
Hypoglycemia Overall 6 1000 1.14 (0.70, 1.84) 0.60 0 0.63
Active control 1 166 0.32 (0.01, 8.01) 0.49 NA NA
Placebo 5 834 1.18 (0.72, 1.93) 0.51 0 0.58

Assessment of publication bias

The publication bias of studies was visually examined by
funnel plot. The plot reveals asymmetry in the pooled
effect, indicating that publication bias exists (Fig. S20).

Sensitivity analysis

Sensitivity analysis was conducted by eliminating the study
with the smallest sample size (Shibuya, 2018, sample size:
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32, weight of the study: 1.4%), which specified that the
outcome was stable, and there was no change in the out-
come of HbAlc mean change (Fig. S21).

Discussion

Our meta-analysis compared luseogliflozin with placebo or
other conventional oral antidiabetic medications (voglibose,
metformin, DPP-4is), including 8 RCTs with 1922 T2DM
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patients. Our meta-analysis found that luseogliflozin sig-
nificantly improved HbAlc and FPG in T2DM patients by
systematically analyzing and combining the existing evi-
dence. Furthermore, the luseogliflozin treatment resulted in
clinically relevant lower body weight, PPG, and blood pres-
sure than the control. Overall, it was identified that luseogli-
flozin effectively improves glycemic control, weight loss, and
blood pressure in patients with T2DM. Compared to the
previous meta-analysis on the safety and efficacy of luseo-
gliflozin [31], this meta-analysis included comprehensive data
from recently published studies [26, 27] with updated out-
comes and a dose-based subgroup analysis of luseogliflozin
2.5 and 5 mg, as well as comparator based subgroup analysis.

Luseogliflozin was well tolerated, with no significant
adverse events across treatment groups. Despite the
decrease in FPG, hypoglycemia was infrequent in partici-
pants taking luseoglifiozin due to its insulin-independent
mechanism of action, and neither the drug nor a placebo
showed a statistically significant variation in hypoglycemia.
The results revealed a lower incidence of hypoglycemia in
the luseogliflozin compared to the control.

Luseogliflozin was developed by Taisho Pharmaceutical
Co., Ltd. got its first global approval in April 2013 in Japan
for T2DM alone or in combination with other oral hypo-
glycemic medications [32]. The U.S. Food and Drug
Administration (FDA) has yet to authorize using luseogli-
flozin, a new and highly selective SGLT?2 inhibitor, in the
United States. In our study, out of 11 studies, 10 were
conducted on Japanese patients [17, 19, 25, 26, 28-30] and
one in Russia [27], which could be the reason for the lack of
approval by the U.S. FDA. With the assistance of our
findings in this systematic review and meta-analysis, further
long-term multicentre studies are needed to obtain drug
approvals in other countries.

Canagliflozin, dapagliflozin, empagliflozin, and ertugli-
flozin are FDA-approved for treating adult patients with
T2DM to improve blood sugar control in addition to diet and
exercise [33]. Current evidence suggests that SGLT2 inhibi-
tors significantly improve the cardio-renal outcomes in T2DM
patients [9, 10]. The most often observed adverse events with
this class of medications are urinary tract infections, hypo-
glycemia, female genital mycotic infections, and increased
urination [34]. Notably, luseogliflozin has a marginally
similar reduction of HbAlc levels compared to canagliflozin,
dapagliflozin, and empaglifiozin [35-37]. However, there is a
comparatively lower incidence of these adverse events in
luseogliflozin than in previously established SGLT-2 inhibi-
tors, and luseogliflozin has the lowest dose among the other
SGLT?2 inhibitors available on the market [8, 27].

In the Phase 2 clinical trial, all tested doses (0.5, 2.5,
5 mg) of luseogliflozin helped to achieve glycemic control,
reduce body weight, and be well tolerated in T2DM patients
over 12 weeks [29]. The 24-week Phase 3 clinical study

showed that adding luseogliflozin to insulin therapy sig-
nificantly improved weight loss and glycemic control in
Japanese individuals with T2DM [30]. The dose-finding
study of this drug in Japanese individuals with T2DM
determined that doses greater than or equal to 2.5 mg
improved glycemic control [38]. The MUSCAT-HF trial
compared luseogliflozin with voglibose and found that
luseogliflozin had no statistically significant effect on
proBNP levels in heart failure with preserved ejection
fraction in patients with T2DM [28]. Studies by Seino et al.
and Ejiri et al. revealed that luseogliflozin significantly
affects SBP and DBP. Like empagliflozin, luseogliflozin
also prevents cardiovascular risk [17, 28-30].

The major limitation of our study was the smaller popula-
tion size and the smaller number of outcomes evaluated in all
included studies. Secondly, we evaluated the efficacy and
safety of luseogliflozin in T2DM, which was not generalized to
subjects with type 1 diabetes mellitus (T1DM).

Conclusion

This systematic review and meta-analysis identified a sig-
nificant improvement in HbAlc, FPG, PPG, and body
weight efficacy outcomes for luseogliflozin in comparison
with placebo or active control. Nonsignificant safety results
may be due to a smaller population size and a smaller
number of outcomes. Further, there is a need for long-term
multicentre studies to get marketing approvals for luseo-
gliflozin in countries other than Japan.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12020-024-03925-x.
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