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Abstract

Aims: LIK066 (licogliflozin) is a dual sodium glucose co-transporter 1/2 inhibitor with

potential benefits in weight loss. This study evaluated the efficacy, tolerability and

safety of licogliflozin in Japanese adults with obesity.

Materials and methods: This study was a randomized, double-blind, placebo-con-

trolled, dose-finding study to evaluate the effect of licogliflozin (2.5, 10, 25 and

50 mg once daily) in 126 Japanese patients with obesity. The primary objective was

to examine the dose–response relationship of licogliflozin treatment in body weight

reduction relative to placebo at 12 weeks. The secondary objectives included assess-

ment of responder rates, change in parameters related to complications, visceral and

subcutaneous fat area, and safety during 12 weeks of treatment.

Results: The placebo-subtracted least square mean percentage change in body weight

from baseline at week 12 was −1.99 (95% confidence interval −2.92, −0.21), −3.00

(−4.15, −1.70), −3.54 (−4.54, −2.26) and − 3.91% (−5.01, −2.77) in licogliflozin 2.5,

10, 25 and 50 mg once-daily dose groups, respectively. The proportion of responders

with ≥3% reduction in body weight in the licogliflozin 2.5, 10, 25 and 50 mg once-daily

dose groups were 15.8%, 55.6%, 50.0% and 56.7%, respectively, versus placebo [7.1%;

P ≤0.002 for all except the 2.5 mg once-daily group (P = 0.39)]. Dose-dependent reduc-

tions were observed significantly in haemoglobin A1c, uric acid, fasting plasma glucose

and potentially in the waist circumference, diastolic blood pressure and visceral fat area.

Conclusion: Dual inhibition of SGLT1/2 with licogliflozin treatment induced a dose-

dependent reduction in body weight in Japanese patients with obesity. Treatment

with licogliflozin was safe and well tolerated in this study. The study is registered

with ClinicalTrials.gov (NCT03320941).
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1 | INTRODUCTION

Obesity affects over 650 million people worldwide and is a leading cause

of cardiovascular mortality and morbidity.1 Asians, including the Japanese,

tend to have a disproportionate accumulation of visceral fat even at a low

body mass index (BMI), thus rendering them at greater risk for obesity-

related cardiometabolic diseases compared with people in Western coun-

tries.2 For instance, in Japanese patients with obesity, visceral fat
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accumulates at a lower BMI (25 kg/m2) than the Western criterion (30 kg/

m2), increasing the risk of cardiovascular events associated with obesity.3

Therefore, the Japan Society for the Study of Obesity (JASSO) defined

BMI ≥25 kg/m2 accompanied with health problems caused by or related

to being obese as obesity, also referred to as obesity disease in Japan.4

Current management of obesity focuses on lifestyle management

(low calorie intake and increased physical exercise), pharmacotherapy

and bariatric surgery.5 The use of pharmacotherapy in combination

with lifestyle intervention is recommended for patients with obesity

with BMI ≥35 kg/m2 and at least one comorbidity, or patients with

BMI ≥25 kg/m2 and at least two comorbidities [JASSO defined

11 comorbidities for diagnosis, such as type 2 diabetes mellitus

(T2DM), hypertension, dyslipidaemia, hyperuricaemia and gout], which

are inadequately controlled with diet and exercise therapies.4 How-

ever, pharmacological agents that are effective in weight management

are limited, with only four new drugs approved by the FDA since

2012.6 In Japan, the only anti-obesity drug available is mazindol

(approved only for severely obese patients with BMI ≥35 kg/m2).7 In

addition, prolonged use of some of the anti-obesity drugs is associ-

ated with central nervous system-related adverse events (AEs).8

Therefore, there is a need to develop novel weight-loss drugs for the

management of obesity, which are safe and efficacious.

Sodium glucose co-transporter-2 (SGLT2) inhibitors improve

glycaemic control in an insulin-independent manner by decreasing glu-

cose reabsorption in the renal proximal tubule, and increasing urinary

glucose excretion. SGLT2 inhibitors have other beneficial effects such

as reductions in body weight and serum uric acid, blood pressure

(BP) lowering and attenuation of glomerular hyperfiltration, which are

probably linked to glycosuria-accompanied natriuresis.9,10

LIK066 (licogliflozin) is an SGLT1/2 inhibitor.11 In addition to

inhibiting renal SGLT2, licogliflozin inhibits enteric SGLT1.11 SGLT1 inhibi-

tion results in reduced intestinal glucose and galactose absorption leading

to calorie wasting, and promotes weight loss through several potential

endocrine-based mechanisms such as a reduction in postprandial insulin

levels and appetite suppression because of the increased secretion of

glucagon-like peptide-1 and peptide YY.12-15 While inhibition of SGLT2

alone can reduce the body weight to a limited extent,10 dual SGLT1/2

inhibition is expected to decrease the body weight greatly, particularly in

obese patients. Because weight loss is reported to improve not only glu-

cose metabolism but also BP, lipids and liver function, licogliflozin is

expected to improve obesity-related complications through body weight

reduction. Therefore, the purpose of this study is to evaluate the efficacy,

tolerability and safety of licogliflozin in Japanese adults with obesity.

2 | METHODS

2.1 | Study design

This multicentre, Phase II, randomized, double-blind, parallel-group dose-

finding study evaluated the effect of four doses of licogliflozin versus pla-

cebo on weight, tolerability and safety. The study consisted of three

phases: (i) screening (2 weeks); (ii) single-blind placebo run-in (4 weeks);

and (iii) randomized, double-blind treatment (12 weeks). Patient eligibility

was assessed at the screening phase and eligible patients entered the

single-blind placebo run-in period. Following the run-in phase, eligible

patients were randomized in the ratio of 2:2:3:3:3 to receive either 2.5,

10, 25, 50 mg once-daily licogliflozin, or placebo. At randomization, patients

were stratified according to their glycaemic status (dysglycaemic/T2DM) at

screening. Dysglycaemia was defined as no previous clinical diagnosis of

T2DM, fasting plasma glucose (FPG) ≥110 mg/dL and/or haemoglobin A1c

(HbA1c) ≥5.6%, except for HbA1c ≥6.5% and FPG ≥126 mg/dL at screen-

ing. To ensure that treatment assignment was unbiased and concealed

from subjects and investigator staff, a patient randomization list was pro-

duced by a vendor using a validated system that automates the random

assignment of patient numbers to randomization numbers. These randomi-

zation numbers were linked to the different treatment arms, which in turn

were linked to medication numbers. A separate medication list was pro-

duced by or under the responsibility of Novartis Drug Supply Management

using a validated system that automates the random assignment of medi-

cation numbers to packs containing the investigational drug.

The study was conducted according to the ethical principles laid

down in the Declaration of Helsinki. The study protocol and all

amendments were approved by the Independent Ethics Committee

and Institutional Review Board for each centre. All patients provided

written informed consent to participate in the study. This study is reg-

istered with ClinicalTrials.gov (NCT03320941).

2.2 | Study population

Male and female patients (aged 20–75 years) fulfilling all of the follow-

ing criteria were eligible: (i) obesity and inadequately controlled body

weight with diet and/or exercise for 3 months before screening (BMI

≥25 kg/m2 combined with at least two obesity-related comorbidities or

BMI ≥35 kg/m2 with at least one obesity-related comorbidity); (ii) FPG

≥110 mg/dL and/or 5.6% ≤HbA1c ≤10.0%, or T2DM with HbA1c

≤10.0%; (iii) waist circumference at umbilical level, ≥85 cm for men

and ≥90 cm for women; (iv) visceral fat area (VFA) ≥100 cm2;

(v) agreement to comply with the study-required lifestyle intervention

and treatment during the full duration of the study. All subjects

received diet and exercise advice in accordance with Japanese guide-

lines (JASSO 2016)4 at the beginning of the study and compliance was

reviewed and reinforced at every visit. Key exclusion criteria were use

of pharmacologically active weight-loss medications, bariatric surgery,

ketoacidosis, lactic acidosis or hyperosmolar coma, symptomatic genital

infection or urinary tract infection in the 4 weeks before screening, gas-

trointestinal disorders associated with chronic diarrhoea and congestive

heart failure [New York Heart Association (NYHA) class III or IV]. All

exclusion criteria are listed in Table S1 (see Supporting Information).

2.3 | Study objectives

The primary objective of the study was to examine the dose–response

relationship of licogliflozin (2.5, 10, 25 and 50 mg once daily) as
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measured by percentage change in body weight from baseline relative

to placebo after 12 weeks of treatment. The secondary objectives

were to assess responder rates at week 12 (according to percentage

change in body weight ≥3%, ≥5%, ≥10% from baseline), dose–

response relationship for weight loss among subgroups (dysglycaemic

and T2DM) at week 12, change from baseline at week 12 in waist cir-

cumference at umbilical level, HbA1c, FPG, systolic BP (SBP) and dia-

stolic BP (DBP), fasting lipid profile and high-sensitivity C-reactive

protein (hsCRP), uric acid, urine albumin, urine albumin to creatinine

ratio, VFA and subcutaneous fat area (SFA) by computed tomography

(CT) and safety during 12 weeks of treatment. Two independent radi-

ologists centrally reviewed the CT-generated images of the abdomen

at the level of the umbilicus to measure VFA and SF.4,16 Safety

included monitoring of AEs and laboratory parameters.

2.4 | Statistical analysis

The study planned to randomize approximately 130 patients in total,

assuming 10% loss to follow-up. Dose–response was to be assessed

by controlling the overall family-wise type I error at a one-sided signif-

icance level of 2.5%. To preserve the family-wise error rate at a one-

sided significance level of 2.5%, the optimal contrasts derived from

the model candidate set were individually compared with the critical

value derived using a multiplicity adjustment accounting for all tests

comparing licogliflozin doses to placebo. The rejection of the null

hypothesis was achieved using the maximum test statistic from each

estimated contrast test in the candidate set. Another consideration

was to collect as much safety data of licogliflozin 25 mg once daily,

50 mg once daily and the placebo as possible, as to the best of our

knowledge, this was the first study in Japanese patients with obesity.

The full analysis set (FAS) comprised all randomized patients

except those randomized inadvertently who did not take any study

drug. The safety analysis set (SAF) comprised all patients who

received at least one dose of study medication. All analyses on pri-

mary and secondary variables were performed in the FAS, whereas all

safety analyses were performed in the SAF. The subgroups of interest

included baseline glycaemic status as dysglycaemic and T2DM. The

primary endpoint was the percentage change in body weight (kg) from

baseline at week 12 and was evaluated by the methodology using an

optimally weighted contrast test.17 The contrast test was based on

adjusted means based on an ANCOVA model with treatment and

strata as factors, and baseline body weight as a covariate. Baseline

was defined as the last body weight value measured before or at the

randomization visit. For the responder analysis, a logistic regression

analysis was performed by including treatment and strata as factors,

and baseline body weight as a covariate. For the dose–response

relationship according to the baseline glycaemic status, the dose–

response modelling for the primary variable was performed on

percentage change of body weight from baseline at week 12 by the

glycaemic status separately. For changes from baseline at week 12 in

HbA1c, FPG, uric acid, urine albumin, urine albumin to creatinine

ratio and log10-transformed hsCRP, and percentage changes of lipid

parameters, fat area parameters, ANCOVA models were performed

separately for each variable by including treatment and strata as fac-

tors, and baseline value as a covariate. Similar repeated measure

ANCOVA models, including treatment, strata and treatment-by-visit

interaction as factors, and baseline value as a covariate, were applied

to changes of waist circumstances and BP from baseline.

3 | RESULTS

3.1 | Patients

In total, 168 patients were enrolled into the study, 126 (75%) of

whom were randomized (19 each in licogliflozin 2.5 and 10 mg once

daily; 28 in licogliflozin 25 mg once daily; 31 in licogliflozin 50 mg

once daily; 29 in placebo groups) and received at least one dose of

the study drug. In total, 125 patients completed the study and one

patient belonging to the licogliflozin 50 mg once-daily treatment sub-

group discontinued the study owing to the patient/guardian decision

(Figure S1; see Supporting Information). Demographics and baseline

characteristics of patients are presented in Table 1. The mean age and

weight of all patients across the groups was 57.7 years (min-max:

33–75) and 83.7 kg (min-max: 58.1–145.6), respectively, whereas the

mean BMI was 30.9 kg/m2 (min-max: 25.2–48.4). Baseline character-

istics of all patients were comparable across all treatment subgroups.

3.2 | Efficacy

3.2.1 | Primary endpoint

After 12 weeks of licogliflozin treatment, the placebo-subtracted per-

centage change in body weight from baseline was −1.99 (95% confi-

dence interval −2.92, −0.21), −3.00 (−4.15, −1.70), −3.54 (−4.54,

−2.26) and −3.91% (−5.01, −2.77) in the 2.5, 10, 25 and 50 mg once-

daily dose groups, respectively. There was a dose-dependent reduc-

tion in body weight across all treatment groups (licogliflozin 2.5,

10, 25 and 50 mg once daily) as compared with placebo (Table 2, and

Figure S2; see Supporting Information). The median (Q1, Q3) percent-

age change in body weight at week 12 from baseline was −1.46

(−2.23, −0.54), −3.13 (−5.16, −2.27), −2.92 (−4.00, −1.52), −3.67

(−5.65, −2.07) and −0.75% (−1.35, 1.46) in the licogliflozin 2.5,

10, 25 and 50 mg once-daily dose groups and the placebo,

respectively.

All the models used in this study for testing a dose–response

signal for percentage change in body weight from baseline at week

12 were statistically significant (P < 0.001), confirming the dose-

dependent activity of licogliflozin over 12 weeks as compared with

the placebo (Table S2; see Supporting Information). The least

square mean percentage change in body weight from baseline in

patients with BMI <30 kg/m2 was −1.98, −3.57, −3.10, −3.88 and

−0.38% in the licogliflozin 2.5, 10, 25 and 50 mg once-daily dose

groups, and the placebo, respectively, whereas for patients with
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BMI ≥30 kg/m2, it was −0.97%, −3.18%, −2.73%, −4.22% and

0.56% in the licogliflozin 2.5, 10, 25 and 50 mg once-daily dose

groups and the placebo, respectively.

3.2.2 | Secondary endpoints

Responder rate

The percentages of responders with ≥3% reduction in body

weight from baseline at week 12 reached a plateau at 10 mg with

15.8%, 55.6%, 50.0% and 56.7% for the licogliflozin 2.5,

10, 25 and 50 mg once-daily dose groups, respectively, versus

placebo (7.1%). A similar pattern was observed with responders

with ≥5% reduction in body weight from baseline at week

12 where responder rates in the licogliflozin 2.5, 10, 25 and

50 mg once-daily dose groups were 5.3%, 27.8%, 17.9% and

26.7%, respectively, versus none in the placebo group (Table 3). A

response of ≥10% change in body weight from baseline at week

12 was reported in only one patient from the licogliflozin 50 mg

once-daily dose group.

TABLE 1 Demographics and baseline characteristics

Characteristics Placebo N = 29

Licogliflozin

2.5 mg qd N = 19

Licogliflozin

10 mg qd N = 19

Licogliflozin

25 mg qd N = 28

Licogliflozin

50 mg qd N = 31 Total N = 126

Age (years), mean ± SD 59.3 ± 9.8 57.2 ± 10.4 57.2 ± 7.5 56.8 ± 9.5 57.9 ± 11.4 57.7 ± 9.8

Male, n (%) 17 (58.6) 15 (78.9) 12 (63.2) 17 (60.7) 17 (54.8) 78 (61.9)

Asian, n (%) 29 (100) 19 (100) 19 (100) 28 (100) 31 (100) 126 (100)

Weight (kg), mean ± SD 85.9 ± 19.4 83.3 ± 15.4 83.8 ± 14.0 84.4 ± 14.1 81.0 ± 16.3 83.7 ± 16.0

SBP (mmHg), mean ± SD 129.9 ± 15.1 128.2 ± 14.1 136.5 ± 13.9 127.9 ± 12.1 130.7 ± 13.9 130.4 ± 13.9

DBP (mmHg), mean ± SD 83.3 ± 10.0 81.8 ± 10.7 86.4 ± 10.3 82.9 ± 8.4 82.8 ± 9.1 83.3 ± 9.5

BMI (kg/m2), mean ± SD 32.3 ± 6.2 29.7 ± 3.7 30.7 ± 4.3 30.9 ± 4.2 30.5 ± 4.4 30.9 ± 4.8

BMI (kg/m2), n (%)

<30 14 (48.3) 12 (63.2) 11 (57.9) 15 (53.6) 18 (58.1) 70 (55.6)

≥30 15 (51.7) 7 (36.8) 8 (42.1) 13 (46.4) 13 (41.9) 56 (44.4)

<35 21 (72.4) 18 (94.7) 16 (84.2) 24 (85.7) 28 (90.3) 107 (84.9)

≥35 8 (27.6) 1 (5.3) 3 (15.8) 4 (14.3) 3 (9.7) 19 (15.1)

Waist circumference (cm), mean ± SD 107.2 ± 14.4 101.5 ± 9.2 102.3 ± 9.3 103.7 ± 8.3 102.8 ± 10.7 103.7 ± 10.8

Visceral fat area (cm2), mean ± SD 179.0 ± 55.7 186.1 ± 67.1 168.9 ± 36.4 178.5 ± 50.9 187.4 ± 75.2 180.5 ± 59.1

Subcutaneous fat area (cm2), mean ± SD 294.2 ± 136.0 231.3 ± 71.7 244.4 ± 90.0 282.3 ± 103.2 261.4 ± 115.8 266.5 ± 109.5

HbA1c (%), mean ± SD 6.5 ± 0.6 6.9 ± 1.0 6.7 ± 0.8 6.6 ± 0.7 6.6 ± 0.8 6.6 ± 0.8

Fasting plasma glucose (mmol/L),

mean ± SD

6.7 ± 1.1 7.4 ± 1.7 7.1 ± 1.3 7.0 ± 1.4 7.0 ± 1.3 7.0 ± 1.4

Dysglycaemic, n (%) 14 (48.3) 8 (42.1) 9 (47.4) 13 (46.4) 13 (41.9) 57 (45.2)

Type 2 diabetes mellitus, n (%) 15 (51.7) 11 (57.9) 10 (52.6) 15 (53.6) 18 (58.1) 69 (54.8)

eGFR (mL/min), mean ± SD 100.4 ± 17.5 104.0 ± 17.9 101.7 ± 20.6 103.2 ± 20.1 105.4 ± 22.0 103.0 ± 19.6

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HbA1c, haemoglobin A1c; N, number of

patients; qd, once daily; SBP, systolic blood pressure; SD, standard deviation.

TABLE 2 Dose–response results of percentage change in body weight from baseline at week 12 (full analysis set)

Treatment

Placebo-subtracted changea Dose responsea

Model-based (95% CI) ANCOVA (95% CI) Model-based (95% CI) ANCOVA (95% CI)

Placebo (n = 29) 0.11 (−0.90, 0.97) 0.09 (−0.79, 0.96)

Licogliflozin 2.5 mg qd (n = 19) −1.99 (−2.92, −0.21) −1.69 (−3.06, −0.31) −1.86 (−2.59, −0.67) −1.60 (−2.66, −0.54)

Licogliflozin 10 mg qd (n = 19) −3.00 (−4.15, −1.70) −3.50 (−4.89, −2.11) −2.84 (−3.79, −2.16) −3.42 (−4.49, −2.34)

Licogliflozin 25 mg qd (n = 28) −3.54 (−4.54, −2.26) −3.02 (−4.26, −1.79) −3.41 (−3.96, −2.84) −2.94 (−3.81, −2.06)

Licogliflozin 50 mg qd (n = 31) −3.91 (−5.01, −2.77) −4.09 (−5.32, −2.86) −3.80 (−4.48, −3.17) −4.00 (−4.85, −3.16)

Abbreviations: CI, confidence interval; qd, once daily.
aModelling is based on estimates from the ANCOVA model, adjusting for glycaemic factor and body weight at baseline.
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TABLE 3 Key secondary endpoints (full analysis set)

Parameter Placebo

Licogliflozin

2.5 mg qd

Licogliflozin

10 mg qd

Licogliflozin

25 mg qd

Licogliflozin

50 mg qd

Percentage decrease in body weight from baseline at week

12a

≥3%

n/M (%) 2/28 (7.1) 3/19 (15.8) 10/18 (55.6) 14/28 (50.0) 17/30 (56.7)

Odds ratio vs. placebo 2.30 15.8 12.7 16.8

95% CI (0.34, 15.35) (2.84, 87.55) (2.51, 64.32) (3.36, 84.09)

2-sided P-value 0.390 0.002 0.002 <0.001

≥5%

n/M (%) 0/28 1/19 (5.3) 5/18 (27.8) 5/28 (17.9) 8/30 (26.7)

Odds ratio vs. placebo NC NC NC NC

95% CI NC NC NC NC

2-sided P-value <0.001 <0.001 <0.001 <0.001

Waist circumference (cm)

N 28 19 18 28 30

Adjusted mean change −1.37 −2.47 −2.63 −2.65 −3.11

Comparison of adjusted mean changes vs. placebo −1.10 −1.26 −1.28 −1.74

95% CI (−3.10, 0.90) (−3.26, 0.75) (−3.07, 0.50) (−3.50, 0.02)

2-sided P-value 0.278 0.216 0.158 0.053

HbA1c (%) in patients with T2DM

N 15 11 10 15 17

Adjusted mean change −0.09 −0.40 −0.49 −0.50 −0.62

Comparison of adjusted mean changes vs. placebo −0.31 −0.40 −0.41 −0.53

95% CI (−0.59, −0.03) (−0.68, −0.12) (−0.66, −0.16) (−0.77, −0.28)

2-sided P-value 0.029 0.006 0.002 <0.001

FPG (mmol/L) in patients with T2DM

N 15 11 10 15 17

Adjusted mean change −0.08 −0.60 −1.11 −1.14 −1.38

Comparison of adjusted mean changes vs. placebo −0.53 −1.03 −1.06 −1.3

95% CI (−1.18, 0.12) (−1.69, −0.37) (−1.65, −0.48) (−1.87, −0.73)

2-sided P-value 0.110 0.003 <0.001 <0.001

SBP (mmHg)

N 28 19 18 28 30

Adjusted mean change −5.36 −4.90 −5.12 −6.36 −6.94

Comparison of adjusted mean changes vs. placebo 0.46 0.24 −1.00 −1.58

95% CI (−4.90, 5.82) (−5.24, 5.72) (−5.82, 3.82) (−6.31, 3.14)

2-sided P-value 0.865 0.931 0.682 0.508

DBP (mmHg)

N 28 19 18 28 30

Adjusted mean change −3.12 −3.72 −3.54 −4.36 −5.23

Comparison of adjusted mean changes vs. placebo −0.59 −0.42 −1.23 −2.11

95% CI (−4.58, 3.39) (−4.46, 3.63) (−4.81, 2.34) (−5.62, 1.40)

2-sided P-value 0.769 0.839 0.496 0.237

Uric acid (μmol/L)

N 28 19 18 28 30

Adjusted mean change 12.4 −52.6 −55.2 −58.4 −62.0

(Continues)
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Dose–response relationship for weight loss in patients with

dysglycaemia and with type 2 diabetes

The dose–response relationship in both subgroups (patients with

dysglycaemia and with T2DM) was similar to that observed in the

group overall (Figure S3; see Supporting Information).

Waist circumference

The mean placebo-subtracted change from baseline in waist circum-

ference at week 12 was −1.10, −1.26, −1.28 and −1.74 cm in the

licogliflozin 2.5, 10, 25 and 50 mg once-daily dose groups, respec-

tively (all P >0.05) (Table 3).

Haemoglobin A1c

In patients with T2DM, the mean placebo-subtracted change

from baseline in HbA1c at week 12 was dose-dependent at

−0.31%, −0.40%, −0.41% and −0.53% in the licogliflozin 2.5,

10, 25 and 50 mg once-daily dose groups, respectively (all

P <0.05) (Table 3).

HbA1c data in overall patients and the dysglycaemic population

are presented in Table S3 (see Supporting Information).

Fasting plasma glucose

Licogliflozin induced a dose-dependent reduction in FPG with an

increase in dose over 12 weeks. In patients with T2DM, the mean

placebo-subtracted change from baseline in FPG was −0.53, −1.03,

−1.07 and −1.30 mmol/L in the licogliflozin 2.5, 10, 25 and 50 mg

once-daily dose groups, respectively (all P <0.05 except for the

licogliflozin 2.5 mg once-daily dose group) (Table 3).

FPG data in overall patients and the dysglycaemic population are

presented in Table S3 (see Supporting Information).

Systolic blood pressure and diastolic blood pressure

The mean placebo-subtracted change from baseline in SBP at week

12 was 0.46, 0.24, −1.0 and −1.58 mmHg in the licogliflozin 2.5,

10, 25 and 50 mg once-daily dose groups, respectively (all P >0.05).

The mean placebo-subtracted change from baseline in DBP at

week 12 was −0.59, −0.42, −1.23 and −2.11 mmHg in the

licogliflozin 2.5, 10, 25 and 50 mg once-daily dose groups, respec-

tively (all P >0.05) (Table 3).

Uric acid

Licogliflozin induced a dose-dependent reduction in uric acid with an

increase in dose over 12 weeks. The mean placebo-subtracted change

from baseline at week 12 in uric acid was −65.1, −67.7, −70.8 and

−74.4 μmol/L in the licogliflozin 2.5, 10, 25 and 50 mg once-daily

dose groups, respectively (all P <0.001) (Table 3).

Visceral fat area and subcutaneous fat area

The mean placebo-subtracted percentage change in VFA from base-

line at week 12 was −0.19%, −1.88%, −5.24% and −7.40% in the

licogliflozin 2.5, 10, 25 and 50 mg once-daily dose groups, respec-

tively (all P >0.05).

The mean placebo-subtracted percentage change in SFA from

baseline at week 12 was −3.09%, −0.98%, −4.51% and −2.27% in the

licogliflozin 2.5, 10, 25 and 50 mg once-daily dose groups, respec-

tively (all P >0.05) (Table 3).

TABLE 3 (Continued)

Parameter Placebo

Licogliflozin

2.5 mg qd

Licogliflozin

10 mg qd

Licogliflozin

25 mg qd

Licogliflozin

50 mg qd

Comparison of adjusted mean changes vs. placebo −65.1 −67.7 −70.8 −74.4

95% CI (−90.86, −39.25) (−93.85, −41.54) (−93.94, −47.74) (−97.12, −51.70)

2-sided P-value <0.001 <0.001 <0.001 <0.001

Visceral fat area (cm2)

N 29 19 19 28 31

Adjusted mean change −3.95 −4.14 −5.83 −9.18 −11.35

Comparison of adjusted mean changes −0.19 −1.88 −5.24 −7.40

95% CI (−9.60, 9.22) (−11.30, 7.53) (−13.68, 3.20) (−15.65, 0.84)

2-sided P-value 0.968 0.693 0.222 0.078

Subcutaneous fat area (cm2)

N 27 19 18 28 31

Adjusted mean change −3.48 −6.56 −4.45 −7.98 −5.74

Comparison of adjusted mean changes vs. placebo −3.09 −0.98 −4.51 −2.27

95% CI (−8.70, 2.52) (−6.64, 4.69) (−9.48, 0.47) (−7.15, 2.62)

2-sided P-value 0.278 0.733 0.075 0.360

Abbreviations: CI, confidence interval; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, haemoglobin A1c; M, total number of patients in

the treatment group with response variable defined; n, number of responders; N, number of patients with non-missing value at the corresponding time

point of interest; NC, not calculated; qd, once daily; SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus.
aA response of ≥10% change in body weight from baseline at week 12 was reported in only one patient from the licogliflozin 50 mg qd dose group (data

not shown).
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Urine albumin and urine albumin to creatinine ratio

The mean placebo-subtracted change from baseline in urine albumin

at week 12 was −0.56, 1.29, −2.62 and −1.82 × 104 mmol/L in the

licogliflozin 2.5, 10, 25 and 50 mg once-daily dose groups, respec-

tively (all P >0.05).

The mean placebo-subtracted change from baseline in urine albu-

min to creatinine ratio at week 12 was 0.65, 0.66, −1.05 and

−0.37 mg/mmol in the licogliflozin 2.5, 10, 25 and 50 mg once-daily

dose groups, respectively (all P >0.05) (Table S3; see Supporting

Information).

Fasting lipid profile

Licogliflozin did not show dose-dependent changes from baseline in

triglycerides, total cholesterol, high-density lipoprotein and low-

density lipoprotein with increase in dose over 12 weeks across all

patients (all P >0.05) (Table S3; see Supporting Information).

High-sensitivity C-reactive protein

The mean placebo-subtracted percentage change in hsCRP from base-

line at week 12 was 44.8%, 162.3%, 69.1% and 37.7% in the

licogliflozin 2.5, 10, 25 and 50 mg once-daily dose groups, respec-

tively (all P >0.05) (Table 3; see Supporting Information).

3.3 | Safety

Treatment-emergent AEs (TEAEs) were comparable between the

licogliflozin dose groups (2.5, 10, 25 mg once daily) and the placebo

group, with a higher incidence of AEs in the licogliflozin 50 mg once-

daily dose group (n = 23; 74.2%) (Table S4; see Supporting Informa-

tion). The most commonly reported TEAEs (>5%) with the licogliflozin

50 mg once-daily dose group were diarrhoea (n = 12; 38.7%) and

nasopharyngitis (n = 4; 12.9%), which were followed by flatulence,

hypoglycaemia and increased urine albumin/creatinine ratio (n = 2

each; 6.5% each).

The most commonly reported AE of special interest was diarrhoea

of mild to moderate severity and it increased in a dose-dependent

manner. Diarrhoea was not reported in the licogliflozin 2.5 and 10 mg

once-daily dose groups. However, diarrhoea was reported during the

early treatment period (0 to <2 weeks) in the licogliflozin 25 mg

(n = 1; 3.6%) and 50 mg (n = 3; 9.7%) once-daily dose groups and dur-

ing the 2- to <4-week treatment period with placebo (n = 1; 3.4%).

The mean duration of diarrhoea was approximately 50 days in the

licogliflozin 25 and 50 mg once-daily dose groups as well as in the pla-

cebo group. Two patients (6.5%) from the licogliflozin 50 mg once-

daily dose group and one patient (3.4%) from the placebo group dis-

continued the study due to diarrhoea (Table S5; see Supporting Infor-

mation). No major changes in liver enzymes were reported. No urinary

tract infection was reported with any dose of licogliflozin. The inci-

dence of hypoglycaemia was similar between the higher doses of

licogliflozin (25 and 50 mg once daily) and the placebo group.

Of the total 31 patients in the licogliflozin 50 mg once-daily dose

group, one non-fatal serious AE (acute cholecystitis) was reported.

The event was not related to the study treatment and no dose adjust-

ment was made. The event was resolved after 7 days. No ketoacidosis

or death was reported during the study (Table S5; see Supporting

Information).

4 | DISCUSSION

The Japanese guidelines for the management of obesity recommend

achieving ≥3% weight loss during 3–6 months.4 The licogliflozin

10, 25 and 50 mg once-daily dose treatment for 12 weeks resulted in

≥3% weight loss from baseline compared with the placebo group, thus

achieving the Japanese treatment goal for patients with obesity for

3 months.

A lifestyle-modification programme in 3480 Japanese patients

with obesity (defined as BMI ≥25 kg/m2 and one or more lifestyle-

related diseases) reported that weight loss was clinically beneficial. In

the study, weight loss of ≥3% for 1 year showed improvements in

obesity-related complications such as HbA1c, FPG, SBP/DBP, lipid

profile and uric acid, which provided a rationale for Japanese guide-

lines for the management of obesity to recommend a weight reduc-

tion of ≥3%.4,18 However, lifestyle-modification demonstrated only

33.3% of patients reduced their weight by ≥3% from their initial

weight.18 It means approximately 67% of patients with obesity need

additional intervention to reduce their weight by ≥3%.

In this study, treatment with licogliflozin was associated with a

significant dose-dependent reduction in HbA1c and FPG in patients

with T2DM.11 Licogliflozin also induced a potentially dose-

dependent reduction in waist circumference, DBP and VFA in

patients overall; however, this effect was not statistically significant.

All other parameters such as SBP, urine albumin, albumin to creati-

nine ratio, fasting lipid profile and inflammation biomarkers and SFA

showed no consistent dose-dependent changes across all groups.

These observations must be considered with caution given the rela-

tively small sample size and will require validation in future larger

clinical trials.

Hyperuricaemia is frequently observed in patients with obesity

and T2DM, and elevated levels of serum uric acid have been associ-

ated with the development of nephropathy and increased risk of

hypertension and cardiovascular disease in such patients. SGLT2

inhibitors have been suggested to have a class effect in reducing

serum uric acid levels in patients with T2DM.19 Licogliflozin induced a

dose-dependent reduction in uric acid in patients overall and the

mean placebo-subtracted change from baseline ranged between

−65.1 and −74.4 μmol/L. This effect of licogliflozin on uric acid seems

stronger than marketed SGLT2 inhibitors (−37.7 to −45.8 μmol/L), an

effect probably due to dual inhibition of SGLT1/2.19,20

It has been reported that Asians have a higher prevalence of

T2DM at relatively lower BMI thresholds, such as 23–25 kg/m2, than

white people do because of a propensity to develop visceral fat.21,22

Excessive visceral fat accumulation is associated with several meta-

bolic (including diabetogenic) and atherogenic effects increasing the

risk of atherosclerotic cardiovascular diseases and its reduction is
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associated with a decrease in the number of obesity-related cardio-

vascular risk factors.23-27 In the current study, licogliflozin showed

dose-dependent reductions in VFA with greatest reductions observed

with 50 mg once daily (P = 0.078); however, the changes in VFA were

not significant. Although there are no treatment goals for VFA reduc-

tion, VFA >100 cm2 has been associated with an increased risk of

obesity-related cardiovascular events.23 The observed reductions in

VFA (11.35%) with licogliflozin are close to those observed in previous

studies with SGLT2 inhibitors and other interventions (6%–17%), and

could be clinically significant, particularly in combination with other

interventions such as calorie restriction.26-28

Treatment with licogliflozin was generally safe and well tolerated

with no new safety signals. Diarrhoea is one of the known AEs of

SGLT1 inhibition and was the most commonly observed AE in the pre-

sent study, with a dose-dependent increase in its incidence. SGLT1

inhibition results in glucose/galactose malabsorption that may lead to

elevated incidences of gastrointestinal side effects such as

diarrhoea.11

There are some limitations in this study. Sample size was rela-

tively small, and the short duration (12 weeks) provided limited infor-

mation on long-term efficacy (weight loss) and/or safety risks

associated with licogliflozin.

5 | CONCLUSIONS

Licogliflozin induced a dose-dependent reduction in body weight fol-

lowing administration of once-daily doses of 2.5, 10, 25 and 50 mg in

Japanese patients with obesity. Administration of once-daily doses of

licogliflozin (2.5, 10, 25 and 50 mg) over 12 weeks were safe and well

tolerated in this study.
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