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A B S T R A C T

Aims: This study evaluated the efficacy and safety of enavogliflozin, a novel sodium-glucose cotransporter 2
inhibitor, versus dapagliflozin in Korean patients with type 2 diabetes mellitus (T2DM) inadequately con-
trolled with metformin and gemigliptin.
Methods: In this multicenter, double-blind, randomized study, patients with inadequate response to metfor-
min (≥ 1000 mg/day) plus gemigliptin (50 mg/day) were randomized to receive enavogliflozin 0.3 mg/day
(n = 134) or dapagliflozin 10 mg/day (n = 136) in addition to the metformin plus gemigliptin therapy. The pri-
mary endpoint was change in HbA1c from baseline to week 24.
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Fig. 1. Study scheme.

K.-S. Kim, K.A. Han, T.N. Kim et al. Diabetes & Metabolism 49 (2023) 101440
Results: Both treatments significantly reduced HbA1c at week 24 (−0.92% in enavogliflozin group, −0.86% in
dapagliflozin group). The enavogliflozin and dapagliflozin groups did not differ in terms of changes in HbA1c
(between-group difference: −0.06%, 95% confidence interval [CI]: −0.19, 0.06) and fasting plasma glucose
(between-group difference: −3.49 mg/dl [−8.08;1.10]). An increase in urine glucose-creatinine ratio was sig-
nificantly greater in the enavogliflozin group than in the dapagliflozin group (60.2 g/g versus 43.5 g/g, P <
0.0001). The incidence of treatment-emergent adverse events was similar between the groups (21.64% ver-
sus 23.53%).
Conclusions: Enavogliflozin, added to metformin plus gemigliptin, was well tolerated and as effective as dapa-
gliflozin in the treatment of patients with T2DM.
© 2023 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
HbA1c
Phase III study
Randomized controlled study
Sodium-glucose cotransporter 2 inhibitor
Type 2 diabetes mellitus
1. Introduction

Type 2 diabetes mellitus (T2DM) is a major chronic meta-
bolic disorder and over 460 million people are estimated to be
living with diabetes [1−3]. The first-line therapy in patients
with T2DM is metformin, but a combination treatment is
needed for patients whose blood glucose levels are not con-
trolled with metformin monotherapy [4−8]. Because dipeptidyl
peptidase-4 inhibitors (DPP-4is) and sodium-glucose cotrans-
porter 2 inhibitors (SGLT2is) exert different and complementary
glucose-lowering effects, in patients in whom glycemic control
is not successful with metformin plus a DPP-4i, adding SGLT2i
is a good option [9−12].

Adding SGLT2i to combination therapy with metformin plus
DPP-4i could be expected to have a complementary mechanism
to improve several of the pathologic defects of T2DM without
the burden of hypoglycemia or weight gain that one would
expect with sulfonylurea or insulin regimens [6,7]. In addition,
the DPP-4i could reduce the increase in glucagon secretion
induced by the SGLT2i [13−15]. Compared with a DPP-4i,
SGLT2i /DPP-4i combination therapy was significantly associated
with a decrease in glycemic control (HbA1c, �0.71%) in a sys-
tematic review and meta-analysis of 14 randomized controlled
trials involving 4828 patients [12]. However, experience with
SGLT2is as an add-on to metformin plus DPP-4is in Asian
patients with T2DM is limited [16]. Furthermore, there is no
randomized clinical trial compared two different SGLT2is on top
of metformin plus DPP-4i.

Enavogliflozin is a novel selective SGLT2i in the clinical devel-
opment stage [17−20]. The efficacy and safety of enavogliflozin in
patients with T2DM were demonstrated in a phase II study, in
which enavogliflozin 0.3 mg monotherapy caused a significant
reduction in HbA1c at week 12 by 0.86% [20]. The aim of this
study was to evaluate the efficacy and safety of enavogliflozin
versus dapagliflozin as an add-on to metformin and gemigliptin,
a DPP-4i [21,22], in Korean patients with T2DM, using a non-infe-
riority design.
Gem, gemigliptin; OHA, oral antihyp
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2. Materials and methods

2.1. Study design

This phase III study was designed as a 24-week, multicenter, dou-
ble-blind, randomized study to evaluate the efficacy and safety of
enavogliflozin 0.3 mg compared with dapagliflozin 10 mg in T2DM
patients with inadequate glycemic control with dual therapy of met-
formin (≥ 1000 mg/day) plus gemigliptin (50 mg/day)
(NCT04654390). Eligible patients underwent a two-week placebo
run-in period under a single-blinded (patient-only blinded) condition
(Fig. 1). During the pre-screening period, a metformin titration period
(up to four weeks) and/or a stabilization period (titrated metformin
plus gemigliptin at 50 mg/day for eight weeks) were required for
patients who were not under dual therapy of metformin plus gemi-
gliptin. Patients with inadequate glycemic control (HbA1c between
7.5% [58 mmol/mol] and 11.0% [97 mmol/mol]) under metformin
(<1000 mg/day) plus another oral antihyperglycemic agent (OHA)
underwent the titration period to reach a stable dose of metformin
(≥1000 mg/day) and thereafter the stabilization period, during which
gemigliptin (50 mg/day) was added, and another OHA was with-
drawn. Patients with inadequate glycemic control (HbA1c, 7.5%
−11.0% [58−97 mmol/mol]) under metformin (≥ 1000 mg/day)
monotherapy or patients with inadequate glycemic control (HbA1c,
7.0%−11.0% [53−97 mmol/mol]) under dual therapy of metformin (≥
1000 mg/day) plus OHA other than gemigliptin underwent the stabi-
lization period, during which gemigliptin (50 mg/day) was added
and/or other OHA was withdrawn. During the run-in period, patients
took two placebo tablets orally once a day (placebos of enavogliflozin
and dapagliflozin each), in addition to the ongoing metformin plus
gemigliptin treatment. If the compliances to each of the placebos,
metformin, and gemigliptin were all between 70% and 130%, and the
eligibility criteria were met, the patient was randomized either to the
enavogliflozin group or dapagliflozin group at a 1:1 ratio. Throughout
the study, the metformin (≥ 1000 mg/day) and gemigliptin (50 mg/
day) regimens were maintained without change, along with the
ongoing diet and exercise routine. Follow-up assessments were
erglycemic agent; Met, metformin; R, randomization.
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made at six-week intervals (6, 12, 18, and 24 weeks). The study was
conducted according to the principles of the Helsinki declaration and
good clinical practice. The study was approved by the institutional
review boards of each hospital and the Ministry of Food and Drug
Safety of Korea. Before initiation of any study-related assessments,
including pre-screening procedures, written informed consent was
obtained from all patients.
2.2. Patients

Patients receiving dual therapy of metformin (≥ 1000 mg/day)
plus gemigliptin (50 mg/day) for at least eight weeks were consid-
ered for screening. Patients on other combinations of OHAs could be
included in the screening after pre-screening procedures (Fig. 1). Eli-
gibility criteria were as follows: age 19 to 80 years with body mass
index between 20 and 45 kg/m2, HbA1c at screening between 7.0%
(53 mmol/mol) and 11.0% (97 mmol/mol), and fasting plasma glucose
(FPG) < 270 mg/dl. Major exclusion criteria were as follows: heart
failure as per New York Heart Association classes II to IV; systolic
blood pressure > 180 mmHg or diastolic blood pressure >
110 mmHg; estimated glomerular filtration rate (eGFR) h 60 ml/min/
1.73 m2; aspartate aminotransferase or alanine aminotransferase i
three times the upper limit of normal; triglyceride > 500 mg/dl, or
other clinically significant conditions or diseases.
2.3. Randomization and study treatments

Randomization was done centrally via an interactive web
response system using the stratified block randomization method.
Stratification factors included the number of previous OHAs taken 24
weeks before screening (≤ 2 versus ≥ 3) (Table S1; see supplementary
materials associated with this article on line) and HbA1c level at
screening (≥ 8% [64 mmol/mol] versus < 8% [64 mmol/mol]). A ran-
domized patient took two tablets (randomized drug, placebo of the
other drug) orally once a day for 24 weeks. Other antihyperglycemic
agents, unless a rescue drug was indicated (week 1−6: FPG >
270 mg/dl; week 7−12: FPG > 240 mg/dl; week 13−24: FPG >
200 mg/dl or HbA1c > 8% [64 mmol/mol]), were prohibited during
the study. A list of other prohibited drugs included glucagon or glu-
cose injection, weight-reduction medications, diuretics, immunosup-
pressants, iodized contrast media, and drugs that may interact with
study treatment, such as inhibitors of organic cation transporters or
CYP3A4 inducers.
2.4. Study endpoints

The primary endpoint was HbA1c change at week 24. Glycemic
responses based on the following definitions were also evaluated:
HbA1c < 7.0% (53 mmol/mol); HbA1c < 6.5% (48 mmol/mol); HbA1c
< 7.0% (53 mmol/mol) or HbA1c reduction > 0.5%; HbA1c < 7.0%
(53 mmol/mol) or HbA1c reduction > 0.7%; HbA1c < 7.0% (53 mmol/
mol) or HbA1c reduction > 1.0%. Changes from baseline in body
weight, urine albumin-to-creatinine ratio (UACR), urine glucose-to-
creatinine ratio (UGCR), fasting C-peptide, homeostasis model assess-
ment of b-cell function (HOMA-beta) and insulin resistance (HOMA-
IR), leptin, adiponectin, fasting lipid profile, and blood pressure were
evaluated as exploratory efficacy endpoints. Blood samples for effi-
cacy parameters were analyzed in a central laboratory. As for safety
endpoints, treatment-emergent adverse events (TEAEs) and results
of complete blood count, serum chemistry, and 12-lead electrocar-
diogram were evaluated. Hypoglycemia, urinary tract and genital
infection, pollakiuria, and polyuria were separately analyzed as
adverse events of special interest.
3

2.5. Statistical analysis

A minimum sample size of 178 (89 per group) was calculated to
provide 80% power at a one-sided significance level of 2.5% for the
non-inferiority test on the primary endpoint, assuming the margin of
non-inferiority of 0.35%, the true mean difference of 0%, and a stan-
dard deviation of 0.83%. Considering a potential drop-out rate of 30%,
256 patients were required for randomization (128 per group). The
non-inferiority margin was set based on the margins suggested in
the regulatory guidelines for the diabetes trial and those adopted in
the clinical trials of dapagliflozin or DPP-4is.

The full analysis set (FAS) consisted of patients who were exposed
to at least one dose of the study drug and had at least one HbA1c
result after randomization. The per-protocol set (PPS) consisted of
patients who completed the 24-week treatment period without
major protocol deviations, among patients included in the FAS. Most
of the efficacy analyses were carried out both with the FAS and the
PPS, with PPS as a primary analysis set. The safety analysis set
included patients who received at least one dose of the study drug
after randomization and had any post-randomization safety follow-
up data (Fig. 2).

For the efficacy endpoints collected as continuous variables,
between-group comparisons were made using analysis of covariance
(ANCOVA), controlling baseline values and randomization stratifica-
tion factors as covariates. Changes from baseline for those endpoints
are all presented with adjusted mean changes and between-group
differences with least square mean differences (enavogliflozin group
− dapagliflozin group) in changes by ANCOVA. To test the robustness
of the findings with HbA1c and FPG, sensitivity analysis was per-
formed using a mixed model for repeated measures, in which fixed
effects of the groups, visits, baseline values, randomization stratifica-
tion factors, and treatment-by-visit interaction were included. As a
pre-planned subgroup analysis, changes in HbA1c, FPG, UACR, and
UGCR were evaluated in the subgroups per randomization stratifica-
tion factors and per baseline eGFR (< 90 ml/min/1.73m2 or ≥ 90 ml/
min/1.73m2). UACR change in a subgroup of patients with albumin-
uria (UACR ≥ 30 mg/g) was evaluated as an ad hoc analysis. The
between-group difference in the percentage of patients achieving
various glycemic responses was evaluated based on the odds ratio
and its 95% confidence interval (CI) calculated using logistic regres-
sion analysis. Except for the non-inferiority test for the primary end-
point, all statistical tests were two-sided at a significance level of 5%.
All statistical analyses were performed using Statistical Analysis Soft-
ware (SAS) version 9.4 (SAS Institute Inc, Cary, North Carolina, USA).
Verbatims of adverse events were coded using MedDRA version 24.0.
3. Results

3.1. Patient disposition and characteristics

The study was conducted from 30 December 2020 to 17 Decem-
ber 2021 in 28 hospitals in South Korea. Among 385 patients
screened for the study, 285 entered the placebo run-in period, and
270 were randomized to one of the two treatment groups (134 to the
enavogliflozin group, 136 to the dapagliflozin group) (Fig. 2). The
demographics and baseline characteristics of the randomized
patients were similar in the two groups (Table 1). Mean HbA1c at the
screening was 7.98% (64 mmol/mol) and 8.00% (64 mmol/mol), in the
enavogliflozin and dapagliflozin groups, respectively, and slightly
more than 37% of patients in both groups (37.3% and 37.5%, respec-
tively) had HbA1c ≥ 8% (64 mmol/mol). Mean diabetes duration was
10.2 years in the enavogliflozin group and 9.5 years in the dapagliflo-
zin group.



Fig. 2. Patient disposition. The safety analysis set included patients who received at least one dose of the study drug after randomization and had any post-randomization safety fol-
low-up data. The full analysis set (FAS) consisted of patients who were exposed at least one dose of the study drug and had at least one HbA1c result after randomization. The per-
protocol set (PPS) consisted of patients who completed the 24-week treatment period without major protocol deviations, among patients included in the FAS. For the analyses of
endpoints for lipid profile or blood pressure, patients who had any change (addition of new drug or regimen change) in antihyperlipidemic or antihypertensive treatment, respec-
tively, were excluded from the FAS and PPS, thus the remaining patients composed respectively the modified FAS 1 and PPS 1 for lipid profile analysis and modified FAS 2 and PPS 2
for blood pressure analysis.

K.-S. Kim, K.A. Han, T.N. Kim et al. Diabetes & Metabolism 49 (2023) 101440
3.2. Efficacy

In both groups, a significant reduction in HbA1c was observed
from week 6, and the decreasing trend was sustained until week 24
(Fig. 3A). The two groups had a similar level of HbA1c reduction at
week 24 (−0.92% in the enavogliflozin group versus −0.86% in the
dapagliflozin group), thus resulting in the between-group difference
of −0.06% [95% CI: −0.19;0.06] (Table 2). As the upper end of the 95%
CI was below the non-inferiority margin (0.35%), the non-inferiority
of enavogliflozin 0.3 mg to dapagliflozin 10 mg was confirmed. FPG
was also significantly reduced in both groups at week 24 (Fig. 3B).
Proportions of patients achieving HbA1c < 7.0% (53 mmol/mol) at
week 24 in the enavogliflozin and dapagliflozin groups were66.4%
and 62.6%, respectively, (odds ratio=1.17 [95% CI: 0.66;2.09]) (Fig. 4).
Glycemic response rates based on different definitions are presented
in Fig. 4. Along with HbA1c reduction, a significant decrease in FPG
was observed in both groups. No statistically significant between-
group difference was detected in terms of HbA1c reduction, either in
the sensitivity analyses or in the subgroups based on the number of
previous OHAs (≤ 2 versus ≥ 3) or HbA1c at screening (≥ 8%
[64 mmol/mol] versus < 8% [64 mmol/mol]) (Fig. S1; see supplemen-
tary materials associated with this article on line). Meanwhile, in a
4

subgroup of patients with baseline eGFR < 90 ml/min/1.73m2, HbA1c
reduction tended to be greater in the enavogliflozin group at week
24 (−0.96% versus −0.72%, P = 0.0113) (Fig. S1; see supplementary
materials associated with this article on line).

Body weight gradually decreased in both groups (at week 24:
−3.2 kg in the enavogliflozin group versus −3.0 kg in the dapagliflo-
zin group, P = 0.6226) (Table 2 and Fig. 3C). Systolic blood pressure
was decreased 4.5 mm Hg in the enavogliflozin group and 4.3 mm Hg
in the dapagliflozin group (Table 2). Diastolic blood pressure was
decreased 2.6 mm Hg in the enavogliflozin group and 1.9 mm Hg in
the dapagliflozin group (Table 2). Meanwhile, a significant increase in
HOMA-beta and significant decreases in HOMA-IR and C-peptide
were observed in both groups. No between-group differences were
noted in lipid profile, adiponectin, leptin, or systolic or diastolic blood
pressure.

A urinary glycemic index measured as UGCR also showed signifi-
cant improvement. Of note was the greater increase in UGCR at week
24 in the enavogliflozin group than in the dapagliflozin group
(60.2 g/g versus 43.5 g/g, P < 0.0001) (Table 2 and Fig. 3D). The
greater effect of enavogliflozin on UGCR was consistently observed in
all subgroup analyses regardless of randomization stratification fac-
tors or baseline eGFR level (Fig. S2; see supplementary materials



Table 1
Demographics and baseline characteristics.

Enavogliflozin
0.3 mg (n = 134)

Dapagliflozin
10 mg (n = 136)

Age, years 58.1 (10.0) 59.1 (9.8)
Male, n (%) 73 (54.5) 68 (50.0)
Weight, kg 70.0 (12.0) 67.9 (11.3)
BMI, kg/m2 26.1 (3.7) 25.6 (3.0)
Duration of diabetes, years 10.2 (7.1) 9.5 (5.4)
OHA history, n (%)
Metformin only (≥1000 mg/day) 0 1 (0.7)
Metformin (<1000 mg/day) + OHA 0 0
Metformin (≥1000 mg/day) + OHA other
than gemigliptin

15 (11.2) 15 (11.0)

Metformin (≥1000 mg/
day) + gemigliptin (50 mg/day)

119 (88.8) 120 (88.2)

HbA1c,% 7.98 (0.85) 8.00 (0.82)
HbA1c ≥8% (64 mmol/mol), n (%) 50 (37.3) 51 (37.5)
FPG, mg/dl 163.3 (33.8) 163.6 (32.2)
eGFR, ml/min/1.73m2 90.7 (19.1) 90.6 (17.5)
eGFR <90 ml/min/1.73m2, n (%) 68 (50.8) 72 (52.9)
SBP, mmHgy 126.9 (12.5) 124.1 (11.6)
DBP, mmHgy 76.2 (9.1) 74.1 (8.8)
Total cholesterol, mg/dly 137.7 (27.8) 142.8 (35.4)
LDL-C, mg/dly 74.0 (25.4) 77.4 (30.2)
HDL-C, mg/dly 46.7 (10.1) 46.7 (10.6)
Triglyceride, mg/dly 119.8 (59.4) 132.2 (92.8)

Continuous variables are presented as mean (standard deviation). Presented data are
based on the data collected at the screening visit (�4 weeks from randomization)
except those marked with dagger sign (y), which are based on the data collected on
randomization day (Day 0). BMI, body mass index; DBP, diastolic blood pressure;
eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HbA1c, gly-
cated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; OHA, oral antihyperglycemic agent; SBP, systolic blood pres-
sure.
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associated with this article on line). Changes in UACR were generally
in a decreasing direction in both groups but were statistically signifi-
cant solely in the enavogliflozin group, although no between-group
difference was detected at week 24 (−15.3 in the enavogliflozin
group versus −16.1 in the dapagliflozin group, P = 0.8774) (Table 2).
In a subgroup of patients having albuminuria (≥ 30 mg/g) at baseline
(mean baseline UACR: 151.9 mg/g in the enavogliflozin group
[n = 30] versus 144.9 mg/g in the dapagliflozin group [n = 22]), UACR
reduction at week 24 was significant in both groups without a signifi-
cant between-group difference (−73.3 mg/g in the enavogliflozin
group versus −67.7 mg/g in the dapagliflozin group, P = 0.8062)
(Table S2; see supplementary materials associated with this article
on line).

3.3. Safety

The incidence rate of TEAEs was 21.6% in the enavogliflozin group
and 23.5% in the dapagliflozin group (Table S3; see supplementary
materials associated with this article on line). Among 39 and 46
TEAEs in the enavogliflozin and dapagliflozin groups, respectively, 37
and 40 were mild in intensity, six and seven were drug-related
(adverse drug reactions, ADRs), and all ADRs were mild in intensity.
Except for one TEAE in the dapagliflozin group, none of the TEAEs
affected dosing of the study drug. Two serious TEAEs were reported
in the enavogliflozin group (angina pectoris and intraductal papil-
loma of the breast) and six in the dapagliflozin group (angina pecto-
ris, hepatocellular carcinoma, duodenal ulcer, pain, wrist fracture,
and increased liver enzyme level), none of which were considered as
an ADR. Except for one hypoglycemia, not assessed as an ADR, in the
enavogliflozin group, all of the adverse events of special interest (two
in the enavogliflozin group and five in the dapagliflozin group) were
infections in the genital area. However, there was no urinary tract
infection in either group.
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4. Discussion

This phase III clinical trial demonstrated that enavogliflozin
0.3 mg showed an effective glucose-lowering effect and was non-
inferior to dapagliflozin 10 mg as an add-on in Korean patients with
T2DM who had inadequate glycemic control on metformin plus gem-
igliptin. After 24 weeks of the treatment, enavogliflozin 0.3 mg and
dapagliflozin 10 mg did not differ significantly in terms of the glyce-
mic control indices, i.e. reductions in HbA1c, FPG, HOMA-IR and C-
peptide, and increase in HOMA-beta, as well as in terms of body
weight reduction, changes in lipid profile, adiponectin and leptin lev-
els, and blood pressure. Enavogliflozin 0.3 mg and dapagliflozin
10 mg were tolerated well, with no significant between-group differ-
ence for TEAE occurence.

Enavogliflozin is a novel selective SGLT2i developed in Korea. In
the comparative pharmacokinetics and pharmacodynamics study,
selective and competitive SGLT2 inhibition of enavogliflozin could
potentiate the efficacy of enavogliflozin in coordination with the
higher kidney distribution and retained SGLT2 inhibition of enavogli-
flozin relative to dapagliflozin and ipragliflozin [17]. Enavogliflozin
induced glucosuria in a dose-dependent manner, and the steady state
urinary glucose excretion was 50»60 g/d after multiple doses in the
range of 0.3»2.0 mg in healthy volunteers [19]. The efficacy and
safety of enavogliflozin were also demonstrated in patients with
T2DM in a phase II trial, in which enavogliflozin monotherapy at 0.1,
0.3 and 0.5 mg caused a significant reduction in HbA1c at week 12,
by 0.74%, 0.86% and 0.84%, respectively [20].

In this study, at week 24, the adjusted mean change from baseline
in HbA1c was −0.92% in the enavogliflozin group and −0.86% in the
dapagliflozin group. These values are within the range achieved in
previous phase III studies analyzing dapagliflozin 10 mg as an add-on
to saxagliptin 5 mg (−0.82%) [23] or sitagliptin 100 mg (−0.4%) [24].
The proportions of patients who achieved HbA1c < 7.0% (53 mmol/
mol) at week 24 were 66.4% and 62.6% in the enavogliflozin and
dapagliflozin groups, respectively. Although baseline HbA1c and
duration of studies were different, these values tended to be higher
than in the previous studies analyzing the efficacy of dapagliflozin
10 mg added to metformin plus saxagliptin 5 mg (38%) [23] or sita-
gliptin 100 mg (27.8%) [24]. The results mentioned above are also
consistent with the findings of other studies analyzing triple thera-
pies consisting of metformin, dapagliflozin 10 mg and a DPP-4i,
regardless of the order in which the drugs were added [10,16,25
−28]. However, there is no clinical trial providing head-to-head com-
parisons of the efficacy and safety between SGLT2is. In an indirect
and network meta-analysis, dapagliflozin 10 mg produced a similar
HbA1c reduction compared with empagliflozin 10 mg or canagliflozin
100 mg [29,30]. In addition, dapagliflozin 10 mg was as effective in
reducing body weight and blood pressure as other SGLT2is except
canagliflozin 300 mg. In a prospective, interventional, nonrandom-
ized study conducted in India, the effect of different SGLT2is (canagli-
flozin, empagliflozin, dapagliflozin, and remogliflozin) on glycemic
parameters and body weight was not different in patients with inad-
equately controlled T2DM receiving triple-drug therapy [31]. The
present study would be valuable because it was a head-to-head ran-
domized clinical trial and demonstrated that enavogliflozin 0.3 mg
could be an effective add-on choice, as good as dapagliflozin 10 mg,
in patients with T2DM inadequately controlled with metformin and a
DPP-4i.

Interestingly, enavogliflozin caused a significantly more profound
increase in urinary glucose excretion than dapagliflozin although
UGCR increased from baseline in both enavogliflozin and dapagliflo-
zin groups were statistically significant at all time points. The stron-
ger effect of enavogliflozin on UGCR was observed consistently
regardless of randomization stratification factors or baseline eGFR
level. The higher UGCR of enavogliflozin seems to be associated with
its greater affinity for SGLT2 inhibition compared with dapagliflozin.



Fig. 3. Least square mean change from baseline in major efficacy endpoints over 24 weeks (Per-Protocol Set). A, Glycated hemoglobin (HbA1c). B, Fasting plasma glucose (FPG). C,
Body weight. D, Urine glucose-to-creatinine ratio (UGCR). An asterisk denotes statistically significant change from baseline within the group by paired t-test or Wilcoxon signed
rank test (black asterisk=enavogliflozin group, red asterisk=dapagliflozin group). A dagger sign denotes a statistically significant difference between the groups by analysis of covari-
ance. Error bars are standard errors of the mean (SE).
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This might be because the values of the lowest half-maximal inhibi-
tory concentration of enavogliflozin to SGLT2 were lower than those
of dapagliflozin (0.8 nM versus 1.6 nM) [17]. Additionally, this also
might be because enavogliflozin had higher kidney distributions and
longer t1/2 in the kidney than dapagliflozin [17]. In a study of healthy
volunteers, a dose-dependent increase in urinary glucose excretion
was observed after a single dose of enavogliflozin and the mean uri-
nary glucose excretion over 24 h at the steady state of the enavogli-
flozin 0.3 mg and dapagliflozin 10 mg was 48.3 g and 40.5 g,
respectively [19]. These results implied that the effect of enavogliflo-
zin on urinary glucose excretion is more potent than that of dapagli-
flozin, and enavogliflozin could have a better glucose-lowering effect
than dapagliflozin. Indeed, enavogliflozin treatment tended to show
a slightly better glucose response (HbA1c: �0.92% in the enavogliflo-
zin group vs. �0.86% in the dapagliflozin group; FPG: �27.2 mg/dL in
enavogliflozin group versus �23.7 mg/dl in the dapagliflozin group)
and weight reduction (�3.2 kg in the enavogliflozin group versus
�3.0 kg in the dapagliflozin group) than dapagliflozin treatment in
6

this study. However, these differences did not reach a significant
level. This might be because the main mechanism of the two drugs is
the same, but further studies are needed to explain the observed dif-
ferences clearly.

The add-on treatments with enavogliflozin 0.3 mg and dapagliflo-
zin 10 mg appeared to be safe and well tolerated in this study. The
majority of the TEAEs were mild in intensity, and none affected dos-
ing of the study treatments. These findings are consistent with the
results of previous studies analyzing dapagliflozin 10 mg as an add-
on treatment to metformin plus a DPP-4i [16,25−28] and suggest
that enavogliflozin also could be well tolerated as an add-on treat-
ment.

Several limitations need to be considered in the interpretation of
this study. First, the relatively short study duration did not provide
enough time to evaluate the long-term effect of enavogliflozin. Sec-
ond, because this study was conducted in Koreans, the results might
not be generalizable to other ethnicities. Asian patients have a differ-
ent phenotype of T2DM with a more marked defect in insulin



Table 2
Summary statistics of efficacy endpoints (Per-Protocol Set).

Enavogliflozin 0.3 mg
(n = 119)

Dapagliflozin 10 mg (n = 123)

HbA1c,%
Baseline 7.79 (0.77) 7.83 (0.81)
Week 24 6.86 (0.54) 6.94 (0.64)
LS mean change (SE) �0.92 (0.05) �0.86 (0.05)
Between-group difference [95% CI] �0.06 [�0.19, 0.06]

FPG, mg/dl
Baseline 139.3 (28.0) 140.5 (29.7)
Week 24 113.0 (17.6) 116.8 (21.3)
LS mean change (SE) �27.2 (1.8) �23.7 (1.8)
Between-group difference [95% CI] �3.5 [�8.1, 1.1]

Body weight, kg
Baseline 69.3 (12.1) 67.2 (11.4)
Week 24 66.2 (11.6) 64.4 (11.0)
LS mean change (SE) �3.2 (0.2) �3.0 (0.2)
Between-group difference [95% CI] �0.2 [�0.7, 0.4]

UACR
Baseline 47.2 (129.2) 34.7 (97.2)
Week 24 27.9 (53.7) 23.6 (47.4)
LS mean change (SE) �15.3 (3.9) �16.1 (3.8)
Between-group difference [95% CI] 0.8 [�9.3, 10.8]

UGCR
Baseline 0.7 (3.5) 1.5 (7.4)
Week 24 60.1 (24.6) 43.8 (22.2)
LS mean change (SE) 60.2 (2.3) 43.5 (2.3)
Between-group difference [95% CI] 16.7 [10.8, 22.6]*

HOMA-b
Baseline 42.9 (27.1) 40.5 (27.3)
Week 24 45.5 (67.0) 48.4 (31.9)
LS mean change (SE) 1.1 (4.8) 5.8 (4.7)
Between-group difference [95% CI] �4.7 [�17.0, 7.6]

HOMA-IR
Baseline 2.90 (1.91) 2.86 (1.84)
Week 24 1.84 (1.10) 1.97 (1.49)
LS mean change (SE) �1.09 (0.11) �0.93 (0.11)
Between-group difference [95% CI] �0.16 [�0.44, 0.13]

Adiponectin, mg/l
Baseline 6.22 (4.07) 6.34 (3.42)
Week 24 7.62 (4.55) 7.18 (3.53)
LS mean change (SE) 1.42 (0.35) 0.92 (0.35)
Between-group difference [95% CI] 0.49 [�0.42, 1.40]

Leptin,mg/l
Baseline 10.48 (10.49) 10.85 (9.19)
Week 24 8.95 (9.07) 10.10 (9.33)
LS mean change (SE) �1.46 (0.52) �0.57 (0.51)
Between-group difference [95% CI] �0.89 [�2.21, 0.43]

C-peptide, nmol/l
Baseline 0.73 (0.25) 0.69 (0.21)
Week 24 0.64 (0.20) 0.62 (0.24)
LS mean change (SE) �0.09 (0.02) �0.08 (0.02)
Between-group difference [95% CI] �0.01 [�0.05, 0.03]

Total cholesterol, mg/dly

Baseline 134.5 (24.9) 143.8 (35.5)
Week 24 140.1 (26.8) 148.5 (36.4)
LS mean change (SE) 4.5 (2.1) 5.6 (2.0)
Between-group difference [95% CI] �1.1 [�6.4, 4.3]

LDL-C, mg/dly

Baseline 71.4 (22.8) 77.4 (29.4)
Week 24 73.2 (25.0) 80.1 (31.2)
LS mean change (SE) 0.9 (1.9) 3.1 (1.9)
Between-group difference [95% CI] �2.3 [�7.1, 2.6]

HDL-C, mg/dly

Baseline 46.1 (9.9) 47.4 (10.8)
Week 24 50.6 (11.9) 51.9 (11.8)
LS mean change (SE) 4.3 (0.7) 4.4 (0.7)
Between-group difference [95% CI] �0.1 [�1.9, 1.7]

Systolic blood pressure, mmHgz

Baseline 127.5 (12.7) 123.9 (11.7)
Week 24 122.3 (12.6) 120.2 (12.0)
LS mean change (SE) �4.5 (1.0) �4.3 (0.9)
Between-group difference [95% CI] �0.2 [�2.7, 2.2]

Diastolic blood pressure, mmHgz

Baseline 76.6 (9.3) 73.9 (8.6)
Week 24 73.4 (9.4) 72.3 (9.1)
LS mean change (SE) �2.6 (0.7) �1.9 (0.7)
Between-group difference [95% CI] �0.7 [�2.5, 1.2]

Data are primarily based on the per-protocol set and presented as mean (standard deviation) unless otherwise specified.
y Lipid profile data are based on the modified per-protocol set 1 (enavogliflozin group=118, dapagliflozin group=120).
z Blood pressure data are based on the modified per-protocol set 2 (enavogliflozin group=114, dapagliflozin

group=121).
* Statistically significant difference between the groups (P < 0.0001). CI, confidence interval; FPG, fasting plasma glu-

cose; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; HOMA-b, homeostatic model assessment
(HOMA) of beta-cell function; HOMA-IR, HOMA of insulin resistance; LDL-C, low-density lipoprotein cholesterol; LS, least-
square; SE, standard error of the mean; UACR, urine albumin-to-creatinine ratio; UGCR, urine glucose-to-creatinine ratio.
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Fig. 4. Glycemic response at week 24 (Per-Protocol Set). A, Proportions of patients achieving HbA1c less than 7.0% or 6.5% at week 24. B, Proportions of patients achieving therapeu-
tic glycemic response at week 24.
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secretion, so glucagon-like peptide-1 receptor agonists and DPP-4is
exert a greater reduction in HbA1c in Asian than in non-Asian
patients with T2DM. However, a systematic review showed that the
clinical efficacy of SGLT2is added on to metformin was similar in
Asian versus non-Asian patients [32]. Finally, gemigliptin and enavo-
gliflozin are not commercialized worldwide. However, gemigliptin is
8

a potent, selective, and competitive DPP-4i, approved for clinical use
in more than 11 different countries across the globe, including South
Korea, India, and several Central American and South American coun-
tries [22]. Enavogliflozin was developed and approved in South Korea
recently. Although it was not commercialized worldwide yet, the effi-
cacy of enavogliflozin in patients with T2DM was demonstrated in



Fig. 5. Graphical abstract.
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phase II and III studies. This study would be nonetheless valuable
because there is no randomized clinical trial providing head-to-head
comparisons of the efficacy and safety between SGLT2is on top of
metformin plus a DPP-4i. In addition, the strengths of this study are
high retention rates, good compliance with the study drugs, and the
fact that the treatment groups were relatively well balanced in terms
of demographic and baseline clinical characteristics.

In conclusion, this study showed that enavogliflozin 0.3 mg added
to metformin and gemigliptin 50 mg significantly improved glycemic
control in Korean patients with T2DM. Moreover, the glucose-lower-
ing efficacy of enavogliflozin 0.3 mg was non-inferior to that of dapa-
gliflozin 10 mg. Therefore, enavogliflozin could be an attractive and
safe option as add-on therapy in patients controlled inadequately
with metformin and DPP-4is (Fig. 5).
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