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Background: Enavogliflozin is a novel sodium-glucose cotransporter-2 inhibitor currently under clinical development. This 
study evaluated the efficacy and safety of enavogliflozin as an add-on to metformin in Korean patients with type 2 diabetes melli-
tus (T2DM) against dapagliflozin.
Methods: In this multicenter, double-blind, randomized, phase 3 study, 200 patients were randomized to receive enavogliflozin 
0.3 mg/day (n=101) or dapagliflozin 10 mg/day (n=99) in addition to ongoing metformin therapy for 24 weeks. The primary ob-
jective of the study was to prove the non-inferiority of enavogliflozin to dapagliflozin in glycosylated hemoglobin (HbA1c) 
change at week 24 (non-inferiority margin of 0.35%) (Clinical trial registration number: NCT04634500). 
Results: Adjusted mean change of HbA1c at week 24 was –0.80% with enavogliflozin and –0.75% with dapagliflozin (difference, 
–0.04%; 95% confidence interval, –0.21% to 0.12%). Percentages of patients achieving HbA1c <7.0% were 61% and 62%, respec-
tively. Adjusted mean change of fasting plasma glucose at week 24 was –32.53 and –29.14 mg/dL. An increase in urine glucose-
creatinine ratio (60.48 vs. 44.94, P<0.0001) and decrease in homeostasis model assessment of insulin resistance (–1.85 vs. –1.31, 
P=0.0041) were significantly greater with enavogliflozin than dapagliflozin at week 24. Beneficial effects of enavogliflozin on 
body weight (–3.77 kg vs. –3.58 kg) and blood pressure (systolic/diastolic, –5.93/–5.41 mm Hg vs. –6.57/–4.26 mm Hg) were 
comparable with those of dapagliflozin, and both drugs were safe and well-tolerated.
Conclusion: Enavogliflozin added to metformin significantly improved glycemic control in patients with T2DM and was non-
inferior to dapagliflozin 10 mg, suggesting enavogliflozin as a viable treatment option for patients with inadequate glycemic con-
trol on metformin alone.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a major chronic metabolic 
disorder posing a risk of cardiovascular disease, renal failure, 
and retinopathy, with the number of newly diagnosed cases es-
timated at more than 460 million annually and steadily in-
creasing prevalence [1]. The preferred first-line therapy in pa-
tients with T2DM is metformin [2]. Several other therapies are 
available as add-on treatments for those who do not respond 
adequately to metformin alone, including sulfonylureas, thia-
zolidinedione, dipeptidyl peptidase-4 (DPP-4) inhibitors, glu-
cagon like peptide-1 receptor agonists, and sodium-glucose 
cotransporter 2 (SGLT-2) inhibitors [3,4].

SGLT-2 inhibitors selectively and reversibly inhibit SGLT-2 
transporters in the proximal convoluted tubule, preventing the 
renal reabsorption of glucose, with a resultant increase in its 
urinary excretion [5]. The glucose-lowering effects of SGLT-2 
inhibitors, whether in monotherapy or in combination with 
other agents, are well-established [5]. Those drugs act indepen-
dently of insulin function and, aside from improving glycemic 
control in patients with T2DM, were also shown to exert a car-
dioprotective effect and to promote weight loss [6-10].

Enavogliflozin is a novel SGLT-2 selective inhibitor that is 
currently under clinical development stage. Pharmacokinetic, 
pharmacodynamic and safety profiles of enavogliflozin were 
analyzed in vitro and in healthy volunteers [11-13]. In a ran-
domized controlled trial (RCT) in healthy volunteers, enavo-
gliflozin induced glucosuria in a dose-dependent manner, and 
the steady state urinary glucose excretion was 50 to 60 g/day 
after multiple doses in the range of 0.3 to 2.0 mg. The drug was 
rapidly absorbed with the time to peak plasma concentration 
of 1.0 to 3.0 hours and a mean elimination half-life of 13 to 29 
hours. The systemic exposure to enavogliflozin increased pro-
portionally with multiple-dose administrations in the range of 
0.1 to 2.0 mg. The drug was well-tolerated in single oral doses 
of up to 5.0 mg and multiple oral doses of up to 2.0 mg [13]. 
The efficacy and safety of enavogliflozin were later demon-
strated in another RCT involving Korean patients with T2DM. 
In that study, using enavogliflozin monotherapy at 0.1, 0.3, and 
0.5 mg, a significant reduction in glycosylated hemoglobin 
(HbA1c) was observed at week 12, by 0.74%, 0.86%, and 
0.84%, respectively [14].

The aim of the present 24-week RCT was to verify the effica-
cy and safety of enavogliflozin 0.3 mg as an add-on to metfor-
min in Korean patients with T2DM against dapagliflozin 10 

mg, another SGLT-2 inhibitor, as an active comparator.

METHODS

Ethics statement
This study was conducted according to the principles of the 
Helsinki declaration and good clinical practice and approved 
by the Ministry of Food and Drug Safety in Korea and the In-
stitutional Review Board (IRB) of each hospital. The list of 
IRBs and IRB approval numbers are provided in Supplementa-
ry Table 1. Written informed consent was obtained from all 
participants before any study-related procedure was initiated. 
The study was prospectively registered on ClinicalTrials.gov 
(identifier: NCT04634500).

Study design and study population
This was a multicenter, double-blind, randomized study con-
ducted in 24 hospitals in South Korea to evaluate the efficacy 
and safety of enavogliflozin 0.3 mg compared with dapa-
gliflozin 10 mg in patients with T2DM receiving metformin 
therapy. Patients with inadequate glycemic control (HbA1c 
7.0% to 10.5%) after at least 8 weeks of stable-dose metformin 
monotherapy (≥1,000 mg/day) were considered for screening. 
Patients treated with a combination of metformin and other 
antihyperglycemic agent(s) whose HbA1c had been between 
6.5% and 10.0% could be screened as well if HbA1c levels were 
within the eligible range (7.0% to 10.5%) after at least 8 weeks 
of washout from antihyperglycemic agent(s) other than met-
formin. Other eligibility criteria were as follows: age between 
19 and 80 years, body mass index (BMI) between 20 and 45 
kg/m2, and fasting plasma glucose (FPG) <270 mg/dL. Pa-
tients with any of the following condition(s) were excluded 
from the study: severe heart failure, defined as New York Heart 
Association classes III to IV; systolic blood pressure >180 mm 
Hg or diastolic blood pressure >110 mm Hg; estimated glo-
merular filtration rate (eGFR) <60 mL/min/1.73 m2; aspartate 
aminotransferase or alanine aminotransferase >three times 
the upper limit of normal; or other clinically significant condi-
tions (Supplementary Table 2). Also, the use of a systemic cor-
ticosteroid (2 weeks before screening) and/or an antihypergly-
cemic agent other than metformin (8 weeks before screening) 
and/or weight reduction medication (12 weeks before screen-
ing) were the reasons for exclusion. 

Eligible patients underwent the single-blinded (patient-only 
blinded) run-in phase for 2 weeks, during which they took two 
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placebo tablets (placebo enavogliflozin, placebo dapagliflozin) 
orally once a day, in addition to the ongoing metformin treat-
ment. If the run-in phase compliance was 70% to 130% and the 
reassessed HbA1c was 7.0% to 10.5%, the patient was randomly 
assigned to the enavogliflozin or dapagliflozin group at a 1:1 ra-
tio. Stratified block randomization was done centrally via an in-
teractive web response system. Stratification factors included 
previous (24 weeks before screening) treatment for T2DM 
(metformin monotherapy vs. combination of two or more 
drugs, including metformin) and HbA1c level at screening 
(≥8% vs. <8%). Each randomized patient took two tablets (ran-
domized drug, placebo of another drug) orally once a day for 24 
weeks. Metformin treatment was continued without a change in 
dose, dosing frequency, or product type (immediate-release vs. 
extended-release). Other antihyperglycemic agents, glucagon or 
glucose injection, weight reduction medications, iodized con-
trast media, or drugs that may interact with study drugs or met-
formin, such as organic cation transporter-1 (OCT-1) inhibitors 
or OCT-2 inhibitors, were prohibited during the study. Patients 
were asked to keep following the prescribed diet and exercise 
routine, to record medication information of metformin on 
the diary provided, and to bring back any unused study drugs 
in the original bottle. Post-randomization visits were made ev-
ery 6 weeks (6, 12, 18, and 24 weeks) for efficacy and safety as-
sessments.

Efficacy and safety assessments
Changes from baseline (randomization) in major glycemic pa-
rameters, i.e., HbA1c and FPG, were included as efficacy end-
points. The primary endpoint was HbA1c change at week 24. 
Percentages of patients reaching HbA1c <7.0% and of patients 
achieving therapeutic glycemic response, defined as HbA1c 
reduction >0.5% or HbA1c level <7.0%, were also evaluated. 
As exploratory efficacy endpoints, changes from baseline in 
body weight, urine albumin-creatinine ratio (UACR), urine 
glucose-creatinine ratio (UGCR), homeostasis model assess-
ment of β-cell function (HOMA-β) and homeostasis model 
assessment of insulin resistance (HOMA-IR), fasting lipid pro-
file, adiponectin, and leptin were included. Blood samples were 
collected after at least 8-hour of fasting and prior to taking the 
study drug on the day of the visit. For the calculation of UACR 
and UGCR, a spot random urine sample was collected. All bio-
logical samples (blood and urine samples) for efficacy parame-
ters were sent to a central laboratory for analysis. For safety as-
sessment, treatment-emergent adverse events (TEAEs) were 

collected. Particular interest was given to monitoring the oc-
currence of hypoglycemia, urinary tract infection (UTI), geni-
tal infection, polyuria, and pollakiuria. Complete blood count, 
serum chemistry, and pregnancy test (only for women of 
childbearing potential) were done at all visits. A 12-lead elec-
trocardiogram was done once or twice (if washout was need-
ed) before the run-in phase and repeated at week 24/last visit.

Statistical analysis
A sample size of 71 per group was calculated to provide 80% of 
power at one-sided significance level of 2.5% for the non-infe-
riority test on the primary endpoint, assuming the non-inferi-
ority margin of 0.35%, the true mean difference of 0%, and the 
standard deviation of 0.74%. Considering a drop-out rate of 
25%, a total of 190 patients were targeted to be randomized (95 
per group). The non-inferiority margin was based on the mar-
gins suggested in the regulatory guidelines on the clinical trial 
of diabetes and those used in the clinical trials of other SGLT-2 
inhibitors [15-19]. 

Changes from baseline in efficacy endpoints were compared 
between the groups using analysis of covariance (ANCOVA) 
with baseline values and randomization stratification factors as 
covariates. For HbA1c change at week 24, if the upper bound 
of the 95% confidence interval (CI) for least square mean dif-
ference (enavogliflozin–dapagliflozin) was less than the pre-
defined margin of 0.35%, non-inferiority of enavogliflozin to 
dapagliflozin was to be declared. For changes in HbA1c and 
FPG, sensitivity and subgroup analyses were carried out to test 
robustness of the main findings. The sensitivity analyses were 
performed using a mixed effect model for repeated measures 
that used groups, visits, baseline values, randomization stratifi-
cation factors, and interaction between the group and visit as 
fixed effects. Preplanned subgroup analyses included sub-
groups according to stratification factors and eGFR (<90 or 
≥90 mL/min/1.73 m2) at screening. As ad hoc analyses, HbA1c 
and UACR changes in a subgroup of patients with moderately 
or severely increased albuminuria (baseline UACR ≥30 mg/g) 
were analyzed (n=18 in enavogliflozin group, n=22 in dapa-
gliflozin group). To test between-group difference in the per-
centages of patients achieving the target HbA1c, the odds ratio 
and its 95% CI were calculated using logistic regression analy-
sis with a randomization stratification factor as the covariate. 
Continuous variables were presented with descriptive statis-
tics, and group difference was tested using a two-sample t-test 
or Wilcoxon’s rank sum test. Categorical variables were sum-
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marized with the frequency (%), and group difference was 
tested using the chi-square test or Fisher’s exact test. Defini-
tions of analysis sets are presented in Supplementary Table 3. 
For efficacy endpoints analyzed with ANCOVA, changes from 
baseline are presented with adjusted mean change. Except for 
the non-inferiority test for the primary endpoint, all statistical 
tests were two-sided at a significance level of 5%. Statistical 
analyses were performed using the SAS version 9.4 (SAS Insti-
tute Inc., Cary, NC, USA). Adverse events were coded using 
MedDRA version 24.0 (MedDRA, Herndon, VA, USA). 

RESULTS

Participant disposition and characteristics
Between 2 December 2020 and 3 November 2022, a total of 
274 patients were screened, 200 were randomized (enavogli-

flozin group=101, dapagliflozin group=99), and 190 complet-
ed the study (enavogliflozin group=97, dapagliflozin group= 
93). The number and the reasons for screening failures and 
early withdrawals from the study are presented in Fig. 1. De-
mographic and baseline characteristics were comparable be-
tween the groups (Table 1). Age ranged from 20 to 79 years 
(mean age, 59 years in enavogliflozin group, 60 years in dapa-
gliflozin group) with a mean duration of diabetes of 8.9 and 8.2 
years, respectively. The mean BMI in both groups was 26 kg/m2, 
which is higher than the cutoff of obesity (25 kg/m2) in the 
Asian-Pacific population [20]. In both groups, 31% of patients 
had HbA1c ≥8.0% at screening. Compared with dapagliflozin 
group, enavogliflozin group had lower mean eGFR (88.06 mL/
min/1.73 m2 vs. 94.72 mL/min/1.73 m2, P=0.0161) and higher 
proportion of patients with eGFR <90 mL/min/1.73 m2 (60% 
vs. 46%, P=0.0483) at screening. However, the difference was 

Fig. 1. Study flowchart.
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attenuated after run-in phase and between-group difference at 
baseline was not statistically significant (mean eGFR: 88.04 
mL/min/1.73 m2 vs. 94.00 mL/min/1.73 m2, P=0.0610; pro-
portion of patients with eGFR <90 mL/min/1.73 m2: 59% vs. 
53%, P=0.2878). Forty-two percent of patients in the enavogli-
flozin group and 40% in the dapagliflozin group have been 
treated with the combination of metformin and other antidia-
betic agent(s); among them, DPP-4 inhibitors were the most 
common add-on drug to metformin (51%[enavogliflozin], 49%[dapa-

gliflozin]) followed by SGLT-2 inhibitors (32%[enavogliflozin], 31%[dapa-

gliflozin]). Metabolism and nutrition disorders are the most com-
mon concurrent diseases (85%[enavogliflozin], 91%[dapagliflozin]), mostly 
diagnosed with dyslipidemia or hyperlipidemia. Vascular dis-
orders were also commonly accompanied by: hypertension or 
essential hypertension in 50% in the enavogliflozin group, 52% 
in the dapagliflozin group, and arteriosclerosis in 34% and 36% 
in each group. 

Exposure to the treatment and compliance
In the enavogliflozin group, the means of treatment compli-
ance of enavogliflozin and dapagliflozin placebo were 98.36% 

and 98.48%, respectively. In the dapagliflozin group, the means 
of treatment compliance of dapagliflozin and enavogliflozin 
placebo were 98.50% and 98.51%, respectively. Mean compli-
ance to metformin treatment in both groups was also similar 
(99.06% vs. 99.10%), with a median daily dose of 1,275 and 
1,264 mg, respectively.

Efficacy
Major efficacy results are summarized in Table 2. HbA1c sig-
nificantly decreased in both groups at week 6 (P<0.0001), fur-
ther decreased till week 12, and the level was maintained till 
week 24 (Fig. 2). The level of HbA1c reduction at week 24 was 
similar between the groups (–0.80%[enavogliflozin] vs. –0.75%[dapa-

gliflozin]), and the 95% CI of the between-group difference 
(–0.21% to 0.12%) did not cross the prespecified non-inferiori-
ty margin (0.35%), proving the non-inferiority of enavogli-
flozin to dapagliflozin. Similar HbA1c reduction was observed 
in a subgroup of patients with eGFR <90 mL/min/1.73 m2 
(–0.80%[enavogliflozin] vs. –0.72%[dapagliflozin], P= 0.4357) at screening 
and in a subgroup of patients with moderately/severely in-
creased albuminuria (–0.69% in both groups, P=0.9707) (Sup-
plementary Table 4). Aside from the significant reduction in 
HbA1c, a substantial proportion of patients reached the target 
HbA1c in both groups (Fig. 3.) The level of FPG reduction at 
week 24 was also similar between the groups (–32.53 mg/
dL[enavogliflozin] vs. –29.14 mg/dL[dapagliflozin], P=0.1633). Sensitivity 
analyses also showed no significant between-group difference 
in HbA1c and FPG changes at week 24, both with per-protocol 
set and full-analysis set. No significant between-group differ-
ence was found in either HbA1c or FPG changes for the pre-
planned subgroups except in a subgroup of patients with base-
line HbA1c ≥8%, where enavogliflozin showed better FPG re-
duction than dapagliflozin at week 24 (–47.45 mg/dL vs. 
–38.03 mg/dL, P=0.0256) (Supplementary Tables 4 and 5). 
Significant (P<0.0001) body weight reduction trend was con-
tinuous throughout the study in both groups (Fig. 2).

In both groups, UACR started significantly decreasing from 
week 12 and the reduction trend was maintained till week 24 
(–24.29 mg/g[enavogliflozin] vs. –17.37 mg/g[dapagliflozin], P=0.1399). 
The significant reduction in UACR at week 24 from baseline 
was also confirmed in a subgroup of patients with moderately/
severely increased albuminuria (–122.21 mg/g vs. –83.80 mg/
g, P=0.0529) (Supplementary Table 6). Meanwhile, UGCR sig-
nificantly increased from week 6 and increased urinary glucose 
excretion was observed till week 24 in both groups (60.48 g/g 

Table 1. Patient characteristics at screening

Characteristic Enavogliflozin 
0.3 mg (n=101)

Dapagliflozin 
10 mg (n=99)

Age, yr 59.03±11.45 60.35±10.62

Male sex 59 (58.42) 54 (54.55)

Body weight, kg 70.74±11.19 69.99±12.09

Body mass index, kg/m2 26.45±3.30 26.20±3.48

eGFR, mL/min/1.73 m2 88.06±15.72a 94.72±18.75a

eGFR <90 mL/min/1.73 m2 61 (60.40)b 46 (46.46)b

HbA1c, % 7.82±0.74 7.81±0.74

HbA1c ≥8% 31 (30.69) 31 (31.31)

FPG, mg/dL 162.34±32.26 156.22±31.99

Duration of diabetes, yr 8.94±5.96 8.18±5.65

Oral antidiabetic drugs

   Metformin alone 59 (58.42) 59 (59.60)

   Add-on therapy to metformin 42 (41.58) 40 (40.40)

Metformin dose, mg 1,369.55±399.82 1,389.90±450.13

Values are presented as mean±standard deviation or number (%). 
Data were analyzed using the randomized set.
eGFR, estimated glomerular filtration rate; HbA1c, glycosylated he-
moglobin; FPG, fasting plasma glucose.
aStatistically significant between-group difference (P=0.0161), bStatis-
tically significant between-group difference (P=0.0483).
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Table 2. Changes from baseline in major efficacy parameters

Variable Enavogliflozin
0.3 mg (n=95)

Dapagliflozin 
10 mg (n=90)

HbA1c, %

   Baseline 7.75 (0.82) 7.68 (0.73)

   Week 24 6.98 (0.61) 6.97 (0.72)

   Change from baseline at week 24

      LS mean (SE) –0.80 (0.06) –0.75 (0.06)

      LS mean difference (95% CI) –0.04 (–0.21 to 0.12)

FPG, mg/dL

   Baseline 145.35 (26.60) 149.33 (31.85)

   Week 24 113.58 (17.21) 117.91 (19.38)

   Change from baseline at week 24

      LS mean (SE) –32.53 (1.76) –29.14 (1.82)

      LS mean difference (95% CI), P value –3.38 (–8.15 to 1.39), P=0.1633

Systolic blood pressure, mm Hg

   Baseline 129.72 (13.64) 127.44 (14.12)

   Week 24 123.38 (12.55) 121.40 (11.90)

   Change from baseline at week 24

      LS mean (SE) –5.93 (1.01) –6.57 (1.04)

      LS mean difference (95% CI), P value 0.63 (–2.13 to 3.39), P=0.6512

Diastolic blood pressure, mm Hg

   Baseline 77.04 (9.72) 75.92 (10.50)

   Week 24 71.65 (9.39) 72.05 (8.44)

   Change from baseline at week 24

      LS mean (SE) –5.41 (0.65) –4.26 (0.67)

      LS mean difference (95% CI), P value –1.15 (–2.94 to 0.63), P=0.2044

Body weight, kg

   Baseline 70.17 (11.06) 70.52 (11.81)

   Week 24 66.39 (10.90) 66.92 (11.89)

   Change from baseline at week 24

      LS mean (SE) –3.77 (0.33) –3.58 (0.34)

      LS mean difference (95% CI), P value –0.18 (–1.08 to 0.71), P=0.6840

UACR, mg/g

   Baseline   38.19 (163.98) 57.42 (198.64)

   Week 24 19.93 (29.10) 31.37 (76.71)

   Change from baseline at week 24

      LS mean (SE) –24.29 (3.38) –17.37 (3.48)a

      LS mean difference (95% CI), P value –6.93 (–16.14 to 2.29), P=0.1399

UGCR, g/g

   Baseline 1.54 (8.70) 1.83 (7.49)

   Week 24 60.43 (20.76) 45.27 (20.91)

   Change from baseline at week 24

      LS mean (SE) 60.48 (2.12) 44.94 (2.18)a

      LS mean difference (95% CI), P value 15.54 (9.77 to 21.31), P<0.0001

Table 2. Continued

Variable Enavogliflozin
0.3 mg (n=95)

Dapagliflozin 
10 mg (n=90)

HOMA-β

   Baseline 45.53 (36.34) 44.44 (25.03)

   Week 24 52.32 (40.75) 56.67 (38.17)

   Change from baseline at week 24

      LS mean (SE) 6.94 (3.17) 11.93 (3.25)

      LS mean difference (95% CI), P value –4.99 (–13.60 to 3.62), P=0.2545

HOMA-IR

   Baseline 3.45 (3.42) 3.85 (2.49)

   Week 24 1.76 (1.07) 2.39 (1.67)

   Change from baseline at week 24

      LS mean (SE) –1.85 (0.13) –1.31 (0.14)

      LS mean difference (95% CI), P value –0.53 (–0.90 to –0.17), P=0.0041

Values are presented as the per-protocol set except blood pressure re-
sults which were presented with the modified per-protocol set 2.
HbA1c, glycosylated hemoglobin; SE, standard error; CI, confidence 
interval; FPG, fasting plasma glucose; UACR, urine albumin-creati-
nine ratio; UGCR, urine glucose-creatinine ratio; HOMA-β, homeo-
stasis model assessment of β-cell function; HOMA-IR, homeostasis 
model assessment of insulin resistance.
aAs one patient did not have baseline value, total 89 patients’ data were 
used for calculation of change from baseline. 

(Continued to the next)

[enavogliflozin] vs. 44.94 g/g[dapagliflozin], P<0.0001). The level of UGCR 
increase was significantly greater with enavogliflozin than 
dapagliflozin at all assessment points (P<0.0001). A significant 
increase in HOMA-β was observed from week 6 (enavogli-
flozin group) or week 12 (dapagliflozin group), and the change 
at week 24 was comparable between the groups (6.94[enavogliflozin] 
vs. 11.93[dapagliflozin], P=0.2545). Meanwhile, HOMA-IR de-
creased significantly (P<0.0001) in both groups at week 6, and 
the level of reduction at week 24 was significantly greater in the 
enavogliflozin group than in the dapagliflozin group (–1.85 vs. 
–1.31; difference, –0.53; 95% CI, –0.90 to –0.17; P=0.0041). 

Blood pressure (systolic/diastolic) gradually decreased with 
time, and the reductions at week 24 were statistically signifi-
cant (P<0.0001) in both groups (–5.93/–5.41 mm Hg[enavogliflozin] 
vs. –6.57/–4.26 mm Hg[dapagliflozin]).

Plasma adiponectin significantly increased at week 6 (0.92 
mg/L[enavogliflozin] vs. 0.80 mg/L[dapagliflozin], P=0.7474) and further 
degree of increase was observed at week 24 (1.67 mg/L[enavogliflozin] 

vs. 1.69 mg/L[dapagliflozin], P=0.9688). Leptin, on the other hand, 
significantly decreased at week 6 (–2.43 µg/L[enavogliflozin] vs. –1.62 
µg/L[dapagliflozin], P=0.2035) and the level was maintained till week 
24 (–2.40 µg/L[enavogliflozin] vs. –1.28 µg/L[dapagliflozin], P= 0.1151). No 
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significant between-group differences were detected in the lipid 
profile (Supplementary Table 7). 

Safety
The incidence of TEAEs was similar between the groups (24% 
[enavogliflozin] vs. 22%[dapagliflozin], P=0.7958). Most of the events were 
mild in intensity (35 out of 36 events in the enavogliflozin 

Fig. 2. Changes in efficacy parameters over time. Line graphs 
show adjusted mean changes from baseline in (A) glycosylated 
hemoglobin (HbA1c), (B) fasting plasma glucose (FPG), (C) 
systolic blood pressure (SBP), (D) diastolic blood pressure 
(DBP), and (E) body weight. Error bars represent the standard 
error of the mean. SE, standard error of mean. aP≤0.001, 
bP<0.0001, footnotes denote a statistically significant change 
from baseline. 

0

–0.2

–0.4

–0.6

–0.8

–1.0

0

–2

–4

–6

–8

0

–1

–2

–3

–4

–5

0

–10

–20

–30

–40

0

–2

–4

–6

–8

Ad
ju

ste
d 

m
ea

n 
(S

E)
 ch

an
ge

 in
 H

bA
1c

 (%
)

Ad
ju

ste
d 

m
ea

n 
(S

E)
 ch

an
ge

 in
 SB

P 
(m

m
 H

g)
Ad

ju
ste

d 
m

ea
n 

(S
E)

 ch
an

ge
 in

 b
od

y w
ei

gh
t (

kg
)

Ad
ju

ste
d 

m
ea

n 
(S

E)
 ch

an
ge

 in
 F

PG
 (m

g/
dL

)
Ad

ju
ste

d 
m

ea
n 

(S
E)

 ch
an

ge
 in

 D
BP

 (m
m

 H
g)

	 6	 12	 18	 24

	 6	 12	 18	 24

	 6	 12	 18	 24

	 6	 12	 18	 24

	 6	 12	 18	 24

Weeks

Weeks

Weeks

Weeks

Weeks

b

b

b

b

b

b

b

b

b

a

b

b

a

b

b

b

b

b

b

a

b

b

a

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

Enavogliflozin 0.3 mg (n=95)
Dapagliflozin 10 mg (n=90)

Enavogliflozin 0.3 mg (n=93)
Dapagliflozin 10 mg (n=87)

Enavogliflozin 0.3 mg (n=95)
Dapagliflozin 10 mg (n=90)

Enavogliflozin 0.3 mg (n=95)
Dapagliflozin 10 mg (n=90)

Enavogliflozin 0.3 mg (n=93)
Dapagliflozin 10 mg (n=87)

A

C

E

B

D



Enavogliflozin added to metformin: ENHANCE-M study

803Diabetes Metab J 2023;47:796-807 https://e-dmj.org

group, 30 out of 34 events in the dapagliflozin group) and did 
not affect the intended treatment. Four adverse events of spe-
cial interest occurred, one (cystitis) in the enavogliflozin group 
and three (cystitis, hypoglycemia, and pollakiuria) in the dapa-
gliflozin group. None of the three serious adverse events (me-

chanical ileus in the enavogliflozin group, prostate cancer and 
benign prostatic hyperplasia in the dapagliflozin group) were 
assessed to be drug-related. Adverse drug reactions (ADRs) 
occurred more frequently in the dapagliflozin group (1.0% vs. 
7.1%, P=0.0341); however, all ADRs in both groups were mild 
or moderate in intensity and within the known profile of side 
effects of the drug class (Table 3). No ADRs led to drug discon-
tinuation or fatality. No medically significant changes were 
found in the laboratory results and electrocardiogram.

DISCUSSION

This 24-week, double-blind, randomized trial demonstrated 
that enavogliflozin 0.3 mg, a novel SGLT-2 inhibitor, was non-
inferior to dapagliflozin 10 mg in terms of efficacy and safety 
in Korean patients with T2DM inadequately controlled with 
metformin. No significant differences were found between 
enavogliflozin and dapagliflozin groups in terms of glycemic 
control, body weight, and blood pressure reduction. Addition-
ally, enavogliflozin provided a greater increase in UGCR and 
better HOMA-IR reduction than dapagliflozin. The therapeu-
tic implications of those findings have been addressed in detail 
below.

At week 24, the increase in UGCR was significantly greater 
in the enavogliflozin group than in the dapagliflozin group 
(adjusted mean change: 60.48 g/g vs. 44.94 g/g). This observa-

Fig. 3. Percentage of patients reaching target glycosylated hemoglobin (HbA1c). (A) Percentage of patients reaching HbA1c 
<7.0%. (B) Percentage of patients achieving therapeutic glycemic response, defined as HbA1c reduction >0.5% or HbA1c <7.0%. 
The odds ratios shown above the top square brackets represent the odds of achieving each of the defined glycemic responses in 
the enavogliflozin group to that in the dapagliflozin group. No statistically significant difference in the odds of achieving either of 
the glycemic responses was found between the two groups. The 95% confidence intervals of all the calculated odd ratios included 
1, and all P values were >0.05.

Table 3. Summary of adverse events

System organ class  
(preferred term)

Enavogliflozin 
0.3 mg (n=101)

Dapagliflozin 
10 mg (n=99)

Patients with TEAEs 24 (23.76) [36] 22 (22.22) [34]

Patients with ADRs 1 (0.99) [1] 7 (7.07) [7]

   Dyspepsia 0 2 (2.02) [2]a[1],b[1]

   Cystitis 1 (0.99) [1]a 1 (1.01) [1]b

   Hypoglycemia 0 1 (1.01) [1]a

   Pollakiuria 0 1 (1.01) [1]a

   Vulvovaginal pruritus 0 1 (1.01) [1]a

   Pruritus 0 1 (1.01) [1]a

Patients with SAEs 1 (0.99) [1] 1 (1.01) [2]

   Mechanical ileus 1 (0.99) [1]c 0

   Benign prostatic hyperplasia 0 1 (1.01) [1]c

   Prostate cancer 0 1 (1.01) [1]c

Values are presented as number (%) [number of events]. Data were 
analyzed using the safety set. 
TEAE, treatment-emergent adverse event; ADR, adverse drug reac-
tion; SAE, serious adverse event.
aAdverse event of mild in intensity, bAdverse event of moderate in in-
tensity, cAdverse event of severe in intensity. 
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tion is consistent with the results of previous studies of enavo-
gliflozin pharmacokinetics. In an in vitro study comparing the 
novel molecule with currently used SGLT-2 inhibitors [11], 
among them dapagliflozin, the value of the lowest half-maxi-
mal inhibitory concentration (IC50) of enavogliflozin to SGLT-
2 was half of the IC50 for dapagliflozin (0.8±03 nM vs. 1.6± 
0.3 nM). Additionally, enavogliflozin showed higher kidney 
distribution than dapagliflozin and had longer t1/2 in the kid-
ney than that agent. Finally, the kidney concentration of 
enavogliflozin was maintained over 72 hours after oral admin-
istration at 1 mg/kg [11]. Those findings were later confirmed 
in a recently published randomized double-blind, placebo- 
and active-controlled, single- and multiple-dose study of 
healthy volunteers [13]. In that study, a dose-dependent in-
crease in urinary glucose excretion was observed after a single 
dose of enavogliflozin, and the steady state urinary glucose ex-
cretion was 50 to 60 g/day after multiple doses in the dose 
range of 0.3 to 2.0 mg [13]. Taken altogether, the results of the 
present study and the findings mentioned above imply that the 
effect of enavogliflozin on urinary glucose excretion is more 
potent than that of dapagliflozin, even at a much lower dose of 
0.3 mg/day used in the present study.

In the present study, enavogliflozin 0.3 mg was shown to be 
non-inferior to dapagliflozin 10 mg in terms of mean reduc-
tions in HbA1c at week 24, with a mean reduction of –0.80% 
and –0.75% for enavogliflozin group and dapagliflozin group, 
respectively. The robustness of the HbA1c reduction effect of 
enavogliflozin was verified both in sensitivity and subgroup 
analyses. Although this study was not powered to investigate 
the efficacy in patients with renal failure, the effect of enavogli-
flozin on HbA1c reduction in patients with mildly decreased 
renal function in terms of eGFR is worth emphasizing, given 
that at the baseline, more than half of the patients had eGFR 
<90 mL/min/1.73 m2 (59%[enavogliflozin], 53%[dapagliflozin]). A similar 
result was also consistently confirmed in a small subgroup of 
patients with moderately/severely increased albuminuria. The 
mean reduction in HbA1c in the dapagliflozin group was simi-
lar to that reported in previous trials of this agent. In a ran-
domized, double-blind placebo-controlled study involving ex-
clusively Asian patients, predominantly from China (86%) 
[21], the mean reduction in HbA1c at week 24 in patients 
treated with dapagliflozin 10 mg as an add-on to metformin 
was –0.85%. Also, in a similarly designed study conducted in a 
predominantly Western population [22], the mean change in 
HbA1c at week 24 was within a similar range as described 

above, –0.84% for dapagliflozin 10 mg.
Aside from the reduction in HbA1c, a substantial proportion 

of patients participating in the present study, 61% in the enavo-
gliflozin group and 62% in the dapagliflozin group, achieved 
HbA1c <7.0% at week 24, and the percentages of patients 
achieving a therapeutic glycemic response in the two groups 
were 79% and 76%, respectively. Finally, the mean change from 
baseline in FPG at week 24 was –32.53 mg/dL in the enavogli-
flozin group and –29.14 mg/dL in the dapagliflozin group, with 
no significant between-group difference in this parameter. 
Considering those findings, as well as the previously men-
tioned observation that enavogliflozin had a more profound 
pharmacokinetic effect on urinary glucose excretion, the effi-
cacy of the new molecule in terms of glycemic control seems to 
be at least similar to that of dapagliflozin. Further, given the re-
sults of previous studies documenting the lack of meaningful 
differences in glycemic control after dapagliflozin in Asian and 
Western patients [23-26], enavogliflozin is also likely to show a 
similar efficacy regardless of patient ethnicity.

Both enavogliflozin and dapagliflozin contributed to a mod-
est, similar degree decrease in body weight, with adjusted 
mean change at week 24 of –3.77 and –3.58 kg in the enavogli-
flozin group and dapagliflozin group, respectively. Given that 
even a modest-degree decrease in body weight is an estab-
lished contributor to improved glycemic control [27], and con-
sidering the fact that glucose-lowering agents whose mecha-
nism of action depends on insulin secretion or insulin activity 
are frequently associated with weight gain [23], the weight-
lowering effect of enavogliflozin constitutes an added benefit 
in patients with T2DM. 

Also, other beneficial effects of enavogliflozin documented 
in the present study are worth emphasizing, namely, a signifi-
cant increase in HOMA-β and a significant decrease in 
HOMA-IR (adjusted mean changes at week 24: 6.9 and –1.9, 
respectively). Importantly, in the case of HOMA-IR, enavogli-
flozin contributed to a more evident decrease than dapa-
gliflozin 10 mg. Previous studies demonstrated that, lowering 
plasma glucose concentration through enhanced glucosuria, 
dapagliflozin significantly improved insulin sensitivity in skel-
etal muscles in patients with T2DM and ameliorated pancreat-
ic β-cell glucose toxicity [28-30]. In line with those findings, a 
more evident improvement in insulin resistance observed in 
the present study in the enavogliflozin group might have been 
associated with a significantly greater increase in UGCR found 
in patients treated with the novel agent.
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Both enavogliflozin and dapagliflozin contributed to a mod-
est albeit significant decrease in blood pressure at week 24, 
–5.93/–5.41 mm Hg and –6.57/–4.26 mm Hg in the enavogli-
flozin group and dapagliflozin group, respectively. Moreover, 
both drugs resulted in a significant reduction in albuminuria 
in the overall population at week 24, by 24.29 and 17.37 mg/g 
in the enavogliflozin group and dapagliflozin group, respec-
tively. In particular, in the subgroup with moderately/severely 
increased albuminuria, the level of reduction was more promi-
nent in the enavogliflozin group (–122.21 mg/g vs. –83.80 mg/g, 
P=0.0529) considering that 95% CI for the group difference 
(–77.31 to 0.51 mg/g) was more stretched to the side favoring 
enavogliflozin. This observation, along with the improvement 
in glycemic control, body weight reduction and favorable 
changes in blood pressure, implies that enavogliflozin might re-
duce cardiovascular risk in patients with T2DM. The cardio-
protective effect of dapagliflozin in Asian and Western patients 
has already been confirmed in a large clinical trial Dapagliflozin 
Effect on Cardiovascular Events–Thrombolysis in Myocardial 
Infarction 58 (DECLARE TIMI–58) [10].

This study had high retention rates, with 97/101 patients 
from the enavogliflozin group and 93/99 patients from the 
dapagliflozin group completing the trial. Only one episode of 
hypoglycemia was recorded in the dapagliflozin group, which 
is consistent with the mechanism of action of both drugs, in-
dependent of insulin action. Also, UTI rates were low, with 
single cases of cystitis observed in each group. The low UTI 
rate is worth emphasizing, given that the risk of developing 
urinary tract and genital infections is generally increased in 
patients with T2DM [31,32], and administration of SGLT-2 in-
hibitors poses an additional risk, especially for genital infec-
tions [33-35]. While ADRs occurred more frequently in the 
dapagliflozin group (1.0% vs. 7.1%, P=0.0341), all were mild 
or moderate in intensity and within the known profile of side 
effects of the drug class, and none of them led to drug discon-
tinuation or fatality.

One weakness of the present study is its short duration, which 
raises a question about the durability of the beneficial effects of 
enavogliflozin documented herein. This issue will be addressed 
ultimately after analyzing the results of the currently ongoing 
extension trial. However, in the case of pharmacokinetically and 
pharmacodynamically similar comparator, dapagliflozin, the 
results of some long-term studies conducted in Western popu-
lations demonstrated that the beneficial effects on glycemic 
control, body weight and blood pressure persisted for up to 4 

years [34-38]. Aside from the high retention rates, the strengths 
of the present trial include high compliance with the study drug 
and the fact that the treatment groups were relatively well bal-
anced in terms of demographic and baseline characteristics.

In summary, the study showed that enavogliflozin added to 
metformin significantly improved glycemic control in Korean 
patients with T2DM. Additionally, the study drug contributed 
to beneficial changes in body weight, blood pressure, and albu-
minuria. The effects of enavogliflozin were non-inferior to 
those of dapagliflozin, and the novel molecule performed bet-
ter than the latter in terms of urinary glucose excretion and in-
sulin resistance improvement. The treatment was safe and 
well-tolerated. Taken altogether, these findings point to enavo-
gliflozin as an attractive alternative for patients with inade-
quate glycemic control on metformin alone.
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