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Abstract

Background and Objective Henagliflozin, a selective

inhibitor of the renal sodium glucose cotransporter-2, was

developed for type 2 diabetes mellitus (T2DM). This study

characterized single- and multiple-dose pharmacokinetics

and pharmacodynamics of henagliflozin in Chinese

patients with T2DM.

Methods Thirty T2DM patients were randomized in a 4:1

ratio to orally receive either henagliflozin 5, 10, 20 mg/day

or placebo for 10 days, except on day 2 and day 3. Phar-

macokinetic and pharmacodynamic profiles were measured

on day 1 and day 10.

Results Henagliflozin exhibited dose-proportional plasma

concentrations with a half-life ranging from 9.1 to 14 h.

Steady-state plasma henagliflozin concentration was

reached by day 7 in all active treatment groups. Henagli-

flozin decreased the 24-h mean plasma glucose by -0.3,

-1.0 and -1.0 mmol/L with doses of 5, 10 and 20 mg on

day 1, respectively. The corresponding values on day 10

were -0.8, -0.9 and -1.2 mmol/L. Twenty-four-hour

urinary glucose excretion increased by 11, 65 and 82 times

with doses of 5, 10 and 20 mg on day 1, respectively, with

a similar trend on day 10. No treatment-related serious

adverse events or discontinuations due to adverse events

occurred.

Conclusions The observed pharmacokinetic and phar-

macodynamic profiles of henagliflozin support a once-daily

dosing regimen in Chinese T2DM patients.

Key Points

Steady-state plasma henagliflozin concentration was

reached by day 7. Single- and multiple-dose

administration resulted in dose-dependent decreases

in mean plasma glucose. Taking the baseline values

into account, 24-h urine glucose excretion increased

in a dose proportional way.

No treatment-related serious adverse events

occurred. The observed pharmacokinetic and

pharmacodynamic properties implied a once-daily

dosing regimen in Chinese T2DM patients.

1 Introduction

The increasing prevalence of type 2 diabetes mellitus

(T2DM) represents one of the major health-economic

challenges of the twenty-first century [1, 2]. The progres-

sive nature of T2DM necessitates an intensification of

treatment that may include increasing the dosage of oral

antidiabetic agents and the introduction of additional

medications in order to achieve treatment goals [3]. Novel

antidiabetic agents, in particular those that work indepen-

dently of insulin, are required.
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The kidney contributes to maintaining normal blood

glucose levels by reabsorbing about 180 g of glucose each

day [4]. In the context of diabetes, blocking the reabsorp-

tion of glucose via the inhibition of sodium-glucose

cotransporter-2 (SGLT2) has become an intriguing thera-

peutic strategy. Inhibition of SGLT2 is a rational insulin-

independent therapeutic approach to lowering blood glu-

cose through inhibition of renal glucose reabsorption [5, 6]

resulting in a mandatory increase in urinary glucose and

loss of calories.

Henagliflozin, an orally active inhibitor of SGLT2, is

currently in development for the treatment of patients with

T2DM. Henagliflozin is mainly metabolized by UDP-glu-

curonosyltrans-ferase in the liver with a plasma protein

binding rate about 95 %. The main metabolites were three

henagliflozin-glucuronide metabolites. The accumulative

excretion rate of henagliflozin in urine is 3 %. In a previous

pharmacokinetic study involving healthy Chinese subjects,

henagliflozin was rapidly absorbed, with a Tmax (time at

which the maximum concentration is observed) of

1.5–3.0 h and a half-life (T1/2) of about 11.0–15.3 h. Doses

of 20–50 mg provided near-maximal SGLT2 inhibition for

24 h, and systemic exposure increased dose proportionally.

Henagliflozin did not reduce fasting plasma glucose in

healthy people, and no serious adverse events (SAEs) were

observed.

As indicated in the Permit from China Food and Drug

Administration, the pharmacokinetic and pharmacody-

namic properties of henagliflozin are required to be tested

in T2DM patients. Therefore, the purpose of the current

double-blind, randomized, placebo-controlled, single- and

multiple-dose phase 1 study was to characterize the phar-

macokinetics, pharmacodynamics, safety and tolerability

of henagliflozin in Chinese T2DM patients (ClinicalTri-

als.gov: NCT02346175). The results will be applied to

support the development of henagliflozin in China.

2 Methods

2.1 Study Population

The study was conducted in accordance with Good Clinical

Practice as defined by the International Conference on

Harmonisation, and Chinese State Food and Drug

Administration, and Declaration of Helsinki. The study

protocol and all amendments were reviewed and approved

by the Clinical Research Ethics Committee of Chengdu

Military General Hospital and Xijing Hospital. The

investigators explained the nature and purpose of the study,

participation/termination conditions, and the possible risks

and benefits of treatment to the patients. All the patients

provided informed consent.

Patients were eligible for inclusion in the studies if they

met the following criteria: Chinese male and female sub-

jects with a history of T2DM, aged 18–65 years with a

body mass index (BMI) of 20–35 kg/m2. Eligible subjects

were medically stable based on physical examination,

medical history, laboratory results, vital sign measure-

ments, and 12-lead electrocardiogram (ECG) at screening.

In addition, eligible patients were on a stable regimen of

antihyperglycemic therapy for at least 8 weeks prior to

screening and had fasting plasma glucose (FPG) concen-

tration \13.9 mmol/L at baseline. Stable antihyper-

glycemic regimens could include a single oral agent (e.g.

metformin, a sulfonylurea, a thiazolidinediones ketone, a

benzoic acid derivative, a dipeptidyl peptidase-4 inhibitor,

or an a-glucosidase inhibitor) with glycated hemoglobin

(HbA1c) between 7.0 and 10.0 %.

Major exclusion criteria included: pregnancy or breast-

feeding; significant acute or chronic medical illness,

including renal impairment (defined as serum creatinine

[133 lmol/L for men and[126 lmol/L for women), or

recent surgery; donation of blood or plasma within the

4 weeks prior to the start of the study; and/or prior expo-

sure to any investigational drug or placebo within 4 weeks,

or over-the-counter medications within 1 week before the

start of the study; history of clinically significant diabetic

complications, type 1 diabetes mellitus, or repeated severe

hypoglycemic episodes.

2.2 Study Design

This was a two-center, double-blind, randomized, placebo-

controlled, ascending-dose phase I study. Thirty patients

were randomly assigned in a 4:1 ratio to receive either a

multiple dose of 5, 10, or 20 mg henagliflozin (n = 8) or

placebo (n = 2). Safety data were reviewed by the prin-

cipal investigator and the sponsor. If a dose regimen (be-

ginning with the lowest dose) was found to be safe and well

tolerated, then the succeeding panel of eight subjects

received the next higher dose of henagliflozin or placebo.

Following a 3-week screening phase and a 3-week washout

of antihyperglycemic agents for all subjects, eligible sub-

jects entered the clinical research center on day -1 and

underwent baseline safety and FPG and cumulative 24-h

urine glucose excretion (UGE) assessments. Subjects were

required to remain fasted for at least 10 h prior to admin-

istration of drugs and for 4 h after administration on the

first day (day 1) and the last day (day 10). Intake of water

was not allowed until 1 h after dosing. All subjects

received standardized meals served at the study site at

predetermined intervals.

Henagliflozin or the matching placebo were adminis-

tered at the fasting state as oral tablets with 200 mL water

on day 1 and day 4, then continued with the same daily

196 X. Yong et al.



dose for another 7 days (days 4–10). The time of dosing

was recorded as 0 h. Pharmacokinetic profiles were deter-

mined in blood samples obtained immediately before 0 h,

and at 0.25, 0.5, 1, 1.5, 2, 3, 6, 8, 10, 12, 24, 36, 48 and

72 h postdose commencing on day 1 (after a single dose)

and commencing on day 10 (after multiple doses). At each

time-point, 3 mL blood was drawn. Blood samples were

also collected prior to dosing on days 7, 8 and 9 for the

assessment of attainment of steady state on day 10. Blood

was drawn from intravenous cannulae at 0 (immediately

prior to dosing), 2, 4, 6, 8, 10, 12, 24 h postdose on day -1,

day 1 and day 10 to measure plasma glucose. UGE was

assessed from pooled 24-h urine collected at intervals

ending at 4, 8, 12 and 24 h postdose on day -1, day 1 and

day 10. Follow-up visits focusing on AE occurred

5–10 days after the last administration of study drug via

phone call.

2.3 Bioanalysis

Analysis of plasma henagliflozin concentration was per-

formed at Wuxi App Tec (Shanghai, China) using a vali-

dated LC/MS-MS [7] method and within the known period

of drug stability in human plasma samples. All determi-

nations of henagliflozin in plasma were generated in ana-

lytical runs using appropriate calibration curves and

quality-control samples that met pre-established criteria,

and were conducted in compliance with the applicable

standard operating procedures in place at the time of

analysis. The standard curve of henagliflozin in plasma

ranged from 0.5 to 1000 ng/mL. The between-run vari-

ability and within-run variability for the analytical quality

controls were less than 15 %. Glucose concentrations in

plasma and urine were analyzed using the standardized

hexokinase method at the study site. The estimated

glomerular filtration rate (eGFR) was calculated using the

following formula [8]:

eGFR mL/min=1:73 m2
� �

¼ 175� ðserum creatinineÞ1:154

� ageð Þ0:203� 0:742 if femaleð Þ:

2.4 Pharmacokinetic Measurements

Individual subject pharmacokinetic parameters including

maximum observed plasma concentration (Cmax), time to

maximum plasma concentration (Tmax), T1/2, area under

the plasma henagliflozin concentration–time curve from

time zero to 24 h (AUC0–24) and to infinity (AUC?)

were derived by noncompartmental techniques (Phoenix

WinNonlin 6.3; Pharsight Corporation). Accumulation

ratio (AR) was defined as the ratio of AUC0–24 h at

steady state (day 10) to AUC0–24 h after the first dose

(day 1).

2.5 Pharmacodynamic Measurements

Pharmacodynamic measurements included FPG, 24-h

mean plasma glucose (MPG), and UGE.

2.6 Safety Evaluation

The determination of AEs was based on the medical review

of AE reports and the results of vital sign measurements,

12-lead ECGs, physical examinations, and clinical labora-

tory tests. Subjects were closely monitored for AEs

throughout the study. Treatment-emergent adverse events

(TEAEs) were defined as AEs that were new in onset or

increased in severity or frequency following administration

of study drug. Serious adverse events (SAEs) were defined

as those that resulted in death; required inpatient hospi-

talization or prolongation of existing hospitalization;

resulted in persistent or significant disability, congenital

anomaly, or birth defect; or that were life threatening.

2.7 Statistical Methods

All subjects who received henagliflozin or placebo were

included in the safety and pharmacodynamic populations.

All subjects who received henagliflozin were included in

the pharmacokinetic population. The pharmacokinetic and

pharmacodynamic estimates were summarized by hena-

gliflozin doses and study days. Analysis of variance

(ANOVA) was used to investigate pharmacodynamic

effects of henagliflozin. Paired t test was applied for the

within-subject differences before and after treatment.

Statistical significance was achieved if P value was

\0.05.

3 Results

3.1 Demographics

Of the 30 patients, 24 were evenly randomized to receive a

single oral dose of henagliflozin 5, 10 and 20 mg. Another

six patients were assigned to receive placebo. Mean age

was 50.8 years, and seven (23.3 %) were women

(Table 1). Laboratory measurements, including plasma

glucose concentration, HbA1c, and liver and kidney func-

tion at screening, were listed in Table 1.

3.2 Previous Antihyperglycemic Agents

As shown in Table 1, before screening, the numbers of

patients who took metformin were 1 in the placebo group,

and 3 in the 5 and 10 mg dose groups. In the placebo

group, two patients used sulfonylurea or a-glucosidase
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inhibitor. One patient in the 10 mg dose group took sul-

fonylurea. The corresponding number was 2 in the 20 mg

dose group.

3.3 Pharmacokinetic Properties

Single- and multiple-dose pharmacokinetic results for

henagliflozin are summarized in Table 2. Median Tmax

values of henagliflozin range from 1.00 to 2.00 h across the

dose range. T1/2 of henagliflozin were 9.1–14.0 and

10.3–13.8 h on day 1 and day 10, respectively. In all active

treatment groups, steady-state plasma concentrations of

henagliflozin were reached by day 7. At steady state,

accumulative ratios of henagliflozin range from 1.16 to

1.24. Cmax, AUC0–24 and AUC? on both day 1 and day 10

increased dose proportionally.

Figure 1 shows the mean plasma henagliflozin concen-

tration-time profiles for the 5, 10, and 20 mg dose groups

on day 1 and day 10. Mean plasma henagliflozin concen-

trations increased in a dose-dependent manner. The con-

centrations of henagliflozin after administration of each

dose on day 1 were similar to that after administration of

the same dose daily for 6 days (days 4–10).

3.4 Pharmacodynamic Properties

FPG, MPG, and UGE measured at baseline, on day 1 and

day 10, are summarized in Table 3. FPG decreased in the

Table 1 Characteristics of

patients at baseline
Characteristics Placebo Henagliflozin

5 mg 10 mg 20 mg

Number 6 8 8 8

Female, n (%) 2 (33.3) 1 (12.5) 3 (37.5) 1 (12.5)

Mean ± SD

Age (years) 51.2 ± 6.7 52.4 ± 6.9 50.6 ± 9.1 49.0 ± 6.5

Weight (kg) 67.6 ± 5.5 70.9 ± 5.1 70.8 ± 9.3 69.7 ± 9.7

Body mass index (kg/m2) 23.8 ± 1.3 25.0 ± 4.0 26.4 ± 2.1 24.8 ± 2.5

HbA1c (%) 7.93 ± 0.71 8.58 ± 1.03 8.43 ± 0.65 8.21 ± 0.82

FPG (mmol/L) 7.66 ± 1.94 9.21 ± 1.90 9.11 ± 2.8 8.51 ± 2.03

MPG (mmol/L) 10.6 ± 2.9 12.5 ± 2.9 10.5 ± 3.0 12.5 ± 3.3

Albumin (g/L) 50.2 ± 2.6 47.1 ± 4.2 46.6 ± 4.0 46.7 ± 3.0

Creatinine (lmol/L) 76.8 ± 12.9 78.2 ± 25.2 62.0 ± 11.8 81.1 ± 13.7

eGRF (mL/min/1.73 m2) 85.8 ± 10.2 100.3 ± 45.0 110.9 ± 22.5 87.3 ± 16.2

Median (range)

ALT (U/L) 37 (22.5–48) 27.5 (23.3–42.8) 31.3 (15.8–42.7) 20.5 (15–37.3)

AST (U/L) 21.3 (15–64) 22.0 (14–47.8) 31.8 (16–43.5) 17 (9–27.8)

FPG fasting plasma glucose concentration, MPG 24-h mean plasma glucose concentration, ALT alanine

transaminase, AST aspartate transaminase, eGFR estimated glomerular filtration rate, HbA1c glycated

hemaglobin

Table 2 Pharmacokinetic parameters following single and multiple doses of henagliflozin

Variables 5 mg 10 mg 20 mg

Day 1 Day 10 Day 1 Day 10 Day 1 Day 10

Cmax (ng/mL) 73.7 (28.4) 87.4 (28.0) 137 (19) 151 (34) 364 (18) 335 (53)

AUC0–24 h, (ng�h/mL) 467 (23) 570 (17) 918 (13) 1050 (17) 2020 (20) 2380 (28)

AUC? (ng�h/mL) 558 (25) 689 (21) 1050 (15) 1210 (19) 2390 (19) 2900 (26)

AR – 1.22 (16.9) – 1.15 (17.0) – 1.18 (11.9)

Tmax (h) 1.50 (1.00–2.00) 1.50 (1.00–2.00) 2.00 (1.00–3.00) 1.75 (1.00–3.00) 1.00 (1.00–3.00) 2.00 (1.00–3.00)

T1/2 (h) 14.0 ± 6.3 12.5 ± 4.3 9.1 ± ± 1.1 10.3 ± 3.2 13.2 ± 3.9 13.8 ± 10.5

Values are geometric mean (CV %), median (range) or mean (±SD)

CV coefficient of variance, SD standard deviation, Cmax maximum concentration, AUC0–24 h area under plasma henagliflozin concentration-time

curve from 0 to 24 h post-dose, AUC? area under plasma henagliflozin concentration-time curve from time zero to infinity, AR accumulation

ratio, Tmax time to maximum concentration, T1/2 half-life
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5 mg group (-1.5 mmol/L, p\ 0.001 on day 1; -1.5

mmol/L, p\ 0.05 on day 10), 10 mg group (-0.5 mmol/L,

p[ 0.05 on day 1; -0.7, p[ 0.05 on day 10) and in the

20 mg group (-2.7 mmol/L, p\ 0.001 on day 1; -2.5

mmol/L, p[ 0.05 on day 10). Twenty-four-hour MPG

decreased by -0.3 mmol/L in the 5 mg group (p[ 0.05),

-1.0 mmol/L in the 10 mg (p[ 0.05) and 20 mg groups

(p\ 0.05) on day 1. The corresponding values were -0.8,

-0.9 and -1.2 mmol/L on day 10 (p[ 0.05 for all). There

were significant increases (p B 0.05 for all) in UGE for all

dose groups of henagliflozin on day 1 and day 10. The

UGE increased by 54.2 and 56.8 g with 5 mg, 90.0 and

85.0 g with 10 mg, and 49.7 and 50.4 g with 20 mg on day

1 and day 10, respectively. UGE also increased in placebo;

however, significance was only observed on day 10

(p = 0.01).

Figure 2 shows the changes in FPG, MPG and UGE

from baseline. MPG decreased dose dependently, while

FPG did not. Compared with baseline, UGE increased by

11, 65, and 82 times with doses of 5, 10, and 20 mg on day

1, respectively. Corresponding values on day 10 were 21,

82, and 110 times. Therefore, 24-h UGE increased with

henagliflozin doses.

3.5 Safety and Tolerability

There were no treatment-related SAEs. No subjects dis-

continued the study (5–20 mg henagliflozin) due to AEs.

TEAEs were reported by 16.7 % (1/6) of subjects in the

placebo group and by 16.7 % (4/24) of subjects treated

with henagliflozin (all doses), without apparent dose rela-

tionship. All TEAEs were considered to be mild in inten-

sity. No episodes of hypoglycemia were reported. None of

the TEAEs reported during the study were considered by

the investigator to be very likely or probably related to the

study drug. Two reports of increased urine b2 microglob-

ulin in the henagliflozin 5 and 10 mg groups and one report

of pruritus in the henagliflozin 20 mg group were consid-

ered to be possibly related to the study drug. A mild

increase in urine red blood cells was observed in one

patient receiving placebo, which was not considered to be

as the result of the drug administration. Treatment with

henagliflozin had no clinically meaningful effects on lab-

oratory test results, vital signs, ECG parameters, or phys-

ical examination measurements.

4 Discussion

This is the first study that has assessed the safety, tolera-

bility, and the pharmacokinetic and pharmacodynamic

properties of henagliflozin in Chinese T2DM patients.

Henagliflozin was well tolerated in Chinese T2DM patients

within the dose range from 5 to 20 mg. No SAEs or dis-

continuations as a result of AEs were reported at any dose

in this phase I study. These findings are consistent with that

reported in the previous single- and multiple-dose study of

Chinese nondiabetic subjects (data not published). All

Fig. 1 Plasma henagliflozin

concentration-time profiles on

day 1 and day 10
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doses of henagliflozin induced improvements in glycemic

parameters in Chinese T2DM patients. The pharmacoki-

netic and pharmacodynamic results support a once-daily

dosing regimen.

Rapid oral absorption of henagliflozin was observed in

this study with median Tmax values ranging from 1.00 to

2.00 h. The Cmax, AUC0–24 and AUC? values for hena-

gliflozin increased in proportion with the increase in dose

Table 3 Pharmacodynamic

parameters following single and

multiple doses of henagliflozin

and placebo

Groups FPG (mmol/L) MPG (mmol/L ) UGE (g)

Placebo, n = 6

Baseline 9.50 ± 3.0 10.6 ± 1.3 6.38 ± 13.4

Day 1 10.0 ± 2.2 10.7 ± 2.6 10.6 ± 19.5

Changea 1.0 (-1.5, 1.4) 0.1 (-1.8, 2.9) 0.4 (0.1, 16.3)

Day 10 10.4 ± 3.2 12.5 ± 2.6 13.9 ± 17.4

Changea 1.1 (–0.5, 2.5) 1.5 (–0.4, 4.0)� 5.8 (3.5, 14.9)�

Henagliflozin

5 mg, n = 8

Baseline 11.0 ± 2.3 12.5 ± 2.0 24.4 ± 23.3

Day 1 9.4 ± 2.3 12.0 ± 2.3 72.5 ± 21.5

Changea –1.5 (–2.9, –0.7)§ –0.3 (–2.1, 0.9) 54.2 (11.7, 69.0)§

Day 10 9.3 ± 1.6 12.1 ± 1.9 95.4 ± 64.4

Changea –1.5 (–4.1, 0.4)� –0.8 (–1.9, 1.4) 56.8 (–18.4, 152.3)�

10 mg, n = 8

Baseline 9.5 ± 1.9 10.5 ± 2.5 17.8 ± 26.8

Day 1 9.0 ± 1.9 10.0 ± 2.0 102.5 ± 43.6

Changea –0.5 (–1.9, 0.3) –1.0 (–2.3, 1.0) 90.0 (33.8, 130.7)§

Day 10 8.5 ± 1.6 10.0 ± 2.0 98.0 ± 29.7

Changea –0.7 (–4.8, 1.3) –0.9 (–3.5, 3.9) 85.0 (14.2, 136.6)§

20 mg, n = 8

Baseline 12.4 ± 3.9 12.5 ± 2.7 18.2 ± 22.6

Day 1 9.5 ± 3.0 11.3 ± 2.7 64.6 ± 20.9

Changea –2.7 (–5.1, –1.5)§ –1.0 (–3.5, 0.0)� 49.7 (–8.1, 96.4)�

Day 10 9.5 ± 3.6 11.2 ± 2.7 63.5 ± 30.1

Changea –2.45 (–8.7, 5.3) –1.2 (–5.4, 2.4) 50.4 (–12.3, 112.3)�

Values are mean (±SD) if not specified

SD standard deviation, FPG fasting plasma glucose concentration, MPG 24-h mean plasma glucose con-

centration, UGE urine glucose excretion
� P\ 0.05, � P\ 0.01, § p\ 0.001 compared with baseline
a Values are median (minimum, maximum)

Fig. 2 Changes in pharmacodynamic profiles of henagliflozin from baseline to day 1 and day 10

200 X. Yong et al.



over the 5–20 mg range. The pharmacokinetic parameters

of henagliflozin on day 1 were similar to those on day 10,

indicating a time-independent pattern. The mean T1/2 of

henagliflozin was 9.1–14.0 and 10.3–13.8 h on day 1 and

day 10, respectively. The accumulative ratio ranged from

1.16 to 1.24 upon repeated daily dose of henagliflozin on

day 10 within each dose panel.

In the current study, all doses of henagliflozin induced

improvements in glycemic parameters in Chinese T2DM

patients. Single dose decreases the 24-h MPG by

-0.3 mmol/L in the 5 mg group, -1.0 mmol/L in 10 mg

(p[ 0.05) and 20 mg groups on day 1. The corresponding

values were -0.8, -0.9 and -1.2 mmol/L on day 10. The

FPG changes were not dose proportional, although larger

changes in FPG were observed in all three dosage groups

compared to placebo group. This may be due to the inter-

individual and inter-group variability. In our previous study

in healthy Chinese subjects, henagliflozin did not reduce

FPG level (data not published). This observation reflects

the mechanism of action of henagliflozin, which is inde-

pendent of insulin action but dependent on the filtered

glucose load, and suggests a low propensity to cause

hypoglycemia.

In all active treated groups, UGE increased significantly

from baseline. The highest absolute change in UGE was

observed in the 10 mg group with a value of 90.0 and

85.0 g on day 1 and day 10, respectively. Taking the

baseline value into account, UGE increased most signifi-

cantly in the 20 mg group (by 82–110 times), followed by

the 10 mg group (65–82 times) and by the 5 mg group

(11–21 times). Therefore, 24-h UGE increased in a dose

proportional way. The pharmacodynamic effect of hena-

gliflozin on UGE was comparable with those of dapagli-

flozin and canagliflozin. The mean values of 24-h UGE

were 113 and 111 g following 300 mg of canagliflozin [7]

on day 1 and day 7, and 68.4 and 71.41 g following 10 mg

of dapagliflozin [9].

There were no treatment-related SAEs. No subjects

withdrew from the study due to AEs. Two subjects reported

increased urine b2 microglobulin in the 5 and 10 mg dose

groups, and one reported pruritus in the 20 mg dose group.

These were considered to be possibly related to the study

drug. As reported by Kasichayanula et al. [9], there were

eight adverse events that were considered to be related to

the administration of dapagliflozin in the multiple

ascending dose study. These were ‘protein urine present’,

observed in two patients each receiving 2.5 and 20 mg;

‘thirst’ and ‘pollakiuria’ in one patient receiving 2.5 mg;

‘nocturia’ and ‘blood alkaline phosphatase increased’ in

one patient receiving 10 mg. There were no adverse events

leading to discontinuation. In the single and multiple

ascending dose study of canagliflozin in T2DM patients

[7], no treatment-related adverse events were reported.

The main limitation of the current study is that the renal

function parameters were not evaluated using eGFR, and

the urinary glucose excretion was not corrected by urinary

creatinine. As the efficacy of SGLT2 inhibitors is depen-

dent on renal function, the pharmacodynamic profiles of

henagliflozin might be influenced. This might explain the

non-dose-proportional relation of pharmacodynamic mea-

surements such as FPG. In addition, we did not assess the

pharmacokinetic and pharmacodynamic properties of

henagliflozin in other ethnic cohorts. Previous studies

showed that the pharmacokinetic profiles of dapagliflozin

in Japanese healthy people and T2DM patients were sim-

ilar to those in US cohorts [10–12]. Further study might be

required before administration of henagliflozin to other

ethnic groups.

5 Conclusion

In conclusion, henagliflozin was generally well tolerated in

Chinese T2DM patients. All doses of henagliflozin induced

improvements in glycemic parameters in Chinese T2DM

patients. The observed pharmacokinetic and pharmacody-

namic profiles of henagliflozin support a once-daily dosing

regimen.
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