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ABSTRACT

Introduction: This study assessed the safety,
tolerability, and PK/PD of HSK7653 tablets in
Chinese patients with type 2 diabetes mellitus
(T2DM).
Methods: This was a Phase IIa, multicenter,
randomized, double-blind, placebo-controlled,
and dose-increasing study with 48 Chinese
diabetes patients. Subjects were randomly
assigned to placebo and 10/25/50 mg dose
groups, and they received oral administration
once every two weeks for a total of six times.
Safety and tolerability were assessed throughout
this study, and PK/PD parameters were analyzed
using non-compartment model with
WinNonlin.

Results: The three doses of HSK7653 were well
tolerated, and the incidence of TEAE and ADR
was not significantly increased compared with
the placebo group. Cmax increased linearly with
the increasing dose, and the mean t1/2 was
64.0–87.0 h. The first dose and last dose PK
parameters were similar. After oral administra-
tion of 10–50 mg HSK7653 every two weeks, the
average Rac_Cmax and Rac_AUC were 0.9–1.0 and
1.0–1.1 respectively; therefore, HSK7653 was
not accumulated in vivo. All three doses sig-
nificantly inhibited DPP-4 activity and
increased plasma GLP-1 level and serum insulin
levels. When the plasma concentration of
HSK7653 was C 20.0 ng/mL, the DPP-4 inhibi-
tion rate in all subjects was maintained at[
80.0%. In 10 and 25 mg dose groups, the
HbA1c levels maintained a downward trend
compared with the placebo group.
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Discussion: HSK7653 showed desirable phar-
macokinetic and pharmacodynamic properties
with good safety and tolerability in Chinese
T2DM patients. DPP-4 inhibition rate and
plasma GLP-1 levels were higher in each dose
group than in placebo group.
Trial Registration Number: CTR20182505
(Drug Clinical Trial Registration and Informa-
tion Disclosure Platform, www.chinadrugtrials.
org.cn).

Keywords: HSK7653; Type 2 diabetes mellitus;
DPP-4 inhibitor; GLP-1; PK/PD; Randomized
controlled trial

Key Summary Points

Why carry out this study?

China has the largest number of adults
with diabetes mellitus (140.9 million),
and more than 90% of them have T2DM.
Long-acting DPP-4 inhibitors, including
Omarigliptin (Marizev�) and Trelagliptin
(Zafatek�), once a week, were approved for
marketing in Japan in 2015, but not yet
approved in China.

HSK7653 is a long-acting DPP-4 inhibitor
that improves glycemic control by
increasing GLP-1 and GIP plasma
concentrations, promoting insulin
secretion in a glucose concentration-
dependent manner.

This is the first Phase IIa study to evaluate
the safety and PK/PD of biweekly
HSK7653 in Chinese patients with T2DM.

What was learned from the study?

The PK characteristics of HSK7653 were
similar for single versus multiple dosing,
with Cmax and AUC increasing linearly
with dosage. HSK7653 showed the DPP-4
inhibition rate in most subjects could
reach more than 80% and was well
tolerated in all dose groups. Plasma GLP-1
levels were significantly higher in each
HSK7653 dose group than in the placebo
group and were dose-dependent.

HSK7653 is a long-acting inhibitor of DPP-
4 and can be administered once every two
weeks. The 10 mg and 25 mg doses can
significantly reduce the level of HbA1c
compared with baseline, and have a good
hypoglycemic benefit. It is recommended
to enter the subsequent clinical trial as the
recommended dose.

INTRODUCTION

Diabetes mellitus is a chronic metabolic disease
characterized by hyperglycemia, which includes
type 1 diabetes mellitus (T1DM) and type 2
diabetes mellitus (T2DM). T1DM is caused by
absolute insulin deficiency, and T2DM is caused
by relative insulin deficiency and insulin resis-
tance. Complications of diabetes include dam-
age to the heart, blood vessels, eyes, and
kidneys, which lead to a high disability rate and
early death and require ongoing medical treat-
ment [1]. There are 536.6 million adults with
diabetes worldwide in 2021. China has the lar-
gest number of adults with diabetes (140.9
million) [2], and more than 90.0% of them have
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T2DM [3]. By 2045, adults with diabetes are
expected to reach 783.0 million globally and
174.4 million in China [2].

Dipeptidyl peptidase-4 (DPP-4) inhibitors or
‘‘gliptins’’ are emerging oral hypoglycemic
agents, which inhibit the activity of DPP-4 and
increase the levels of glucagon-like peptide-1
(GLP-1) and glucose-dependent insulinotropic
polypeptide (GIP). They boost insulin secretion
in a glucose concentration-dependent manner,
inhibit glucagon secretion, delay gastric emp-
tying, and protect islet b-cell function, all con-
tributing to their hypoglycemic effect [4–6].
DPP-4 inhibitors are glucose-dependent agents
with low incidence of hypoglycemia and good
safety and tolerability, and they can be admin-
istered alone or in combination with other
hypoglycemia drugs. HSK7653 ((2R,3S,5R,6S)-2-
(2,5-difluorophenyl)-5-[2-(methylsulfonyl)-2,6-
dihydropyrrolo[3,4-c]pyrazol-5(4H)-yl]-6-(triflu-
oromethyl)-tetrahydro-2H-pyran-3-amine)
(Supplementary Fig. S1) [7] is an oral hypo-
glycemic agent of DPP-4 inhibitor class, treat-
ment of T2DM developed by Sichuan Haisco
Pharmaceutical Co., Ltd. The main components
of HSK7653 are structurally similar to Omar-
igliptin in that they are both long-acting DPP-4
inhibitors and can be administered biweekly.
HSK7653 is relatively rapidly absorbed orally,
and a mass balance study (CTR20201559)
showed that the elimination process is domi-
nated by renal excretion (68.1%), followed by
hepatic metabolism (metabolites in urine 9.7%
and feces 5.7%) and fecal excretion (7.4%).
Thus, the kidney is the major organ for elimi-
nating HSK7653, and glomerular filtration is the
main route of excretion. This study evaluated
the safety, tolerability, and PK/PD of HSK7653
tablets in Chinese patients with T2DM.

METHODS

Study Design and Participants

A multicenter, randomized, double-blind, dose-
increasing design was used in this study, which
was carried out at the Department of
Endocrinology of People’s Hospital of Peking
University, Phase I Clinical Ward of Tianjin

People’s Hospital and Chinese People’s Libera-
tion Army General Hospital. The study protocols
were approved by the Independent Ethics Com-
mittees of the three participating hospitals, and
registered at drug clinical trial registration and
information disclosure platform, CTR20182505.
The studies followed the Declaration of Helsinki
(2013) and local applicable laws and regulations,
and all subjects provided written informed con-
sents before participated in the studies.

Forty-eight Chinese T2DM patients were
randomly divided into 10, 25, and 50 mg dose
groups and placebo group. Patient admission
criteria included: diagnosed with T2DM for at
least 3 months according to 1999 WHO diag-
nostic criteria and classification; hypoglycemia
agents are allowed in the past year but not
allowed in the past three months, blood sugar
can be controlled through diet and exercise;
and within one year before three months, not
allowed using hypoglycemia agents continu-
ously more than 4 weeks, as for the insulin
treatment is not allowed except pregnancy. The
qualifying patients entered the 6-week double-
blind treatment (called initial study period with
oral HSK7653 tablets or placebo), and subjects
who had successfully completed the initial
study continued into the extended study per-
iod. In the extended study period, subjects
continued oral HSK7653 or placebo for 6 weeks,
and a safety follow-up was performed for
2 weeks. The test drug and placebo will be
indistinguishable by shape, appearance and
packaging. Until the end of the study, the
investigator and their staff, the subjects, moni-
tors and sponsors will remain blinded.

Study Drug

HSK7653 and placebo tablets were provided by
Sichuan Haisco Pharmaceutical Co., LTD. The
drug or placebo was administered with
240.0 mL water, fasted on day 1 and day 29.
And dosing regimens were once every 2 weeks
for 12 consecutive weeks. Subjects should
swallow the entire tablet, not chew it. Unless
required for a test such as Electrocardiograph
(ECG) or vital sign, subjects did not lie down
within 2.0 h of taking drugs.
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Safety and Efficacy Assessment

Safety evaluation included the occurrence of
adverse events (AE) during the clinical study,
physical examination, laboratory examination
(blood routine, urine routine, blood biochem-
istry, amylase, lipase), vital signs, 12-ECG, and
occurrence of hypoglycemic events (including
incidence, occurrence time, duration, clinical
symptoms related to hypoglycemia, etc.).

The main efficacy parameters included:
plasma DPP-4 inhibition rate, plasma active
GLP-1 level, fasting plasma glucose, insulin,
C-peptide, glucagon, glycosylated albumin
(GA), and glycosylated hemoglobin (HbA1c)
and other PD parameters.

PK Parameters and PK/PD Analysis

In the study, 2.0 mL blood samples were col-
lected during screening, the day - 2, before the
first and third dosing (within 0.5 h) and at 0.25,
0.5, 1, 3, 6, 9, 12, 24, 72, and 168 h (day 8 and
29) post-dose, within 0.5 h before the second
and fourth dosing (day 15 and 43), before dos-
ing at day 57 and 71, post the last dosing (day
85). Analyzed in Suzhou Haike Medical Tech-
nology Co., Ltd. An established and validated
high-performance liquid chromatography-tan-
demmass spectrometry (HPLC–MS/MS) method
was used to determine the HSK7653 concen-
trations in plasma samples. First and last doses
PK parameters included but not limited to: peak
concentration (Cmax), peak time (Tmax), area
under the drug-time curve from 0 to the last
measurable concentration time point
(AUC0–last), area under the drug-time curve cal-
culated from 0 to infinity (AUC0–inf), percentage
area under the extrapolated drug-time curve
(AUC_%Extrap), elimination rate constant (kz),
elimination half-life (t1/2), apparent clearance
(CL/F), observed volume of distribution (Vz/F).
The pharmacokinetic and pharmacodynamic
parameters of HSK7653 were calculated with the
actual sampling time using non-compartmental
model analysis (NCA) by WinNonlin (version
8.2.0).

All subjects with evaluable PK and PD data
were included in the PK/PD analysis. For the

detection of PD indexes, the plasma DPP-4
inhibition rate and GLP-1 were determined by
validated fluorescence and electrochemilumi-
nescence methods in a central laboratory. Other
PD indexes were measured following the stan-
dard operating procedure of each research unit.
The exposure parameters [blood concentration,
AUC, Cmax and Ctrough (blood concentration
336 h after the third dose)] of the drugs in each
dose group were plotted with PD indicators
(DPP-4 inhibition rate, AUECDPP-4 and
AUECGLP-1) respectively, and the PK/PD rela-
tionship was analyzed.

DPP-4 Inhibition Rate

The mean DPP-4 inhibition rate was calculated
as: mean DPP-4 inhibition rate = AUECDPP-

4,0–tau/tau (for subjects with |Tlast-tau|\10%*
tau, select AUECDPP-4,0–last instead of AUECDPP-

4,0–tau).

Statistical Analyses

Quantitative indicators will be descripted using
mean, standard deviation (std), median, mini-
mum, and maximum values using SAS 9.4.
Other safety analysis and efficacy analysis were
described in lists.

RESULTS

Patients

This study took place in 3 research centers and
involved 48 subjects (Table 1). 243 subjects were
screened after signing informed consent, and
195 did not meet the inclusion criteria. Forty-
eight subjects were randomly assigned into
three dose groups of HSK7653 (10, 25 and
50 mg) and placebo group using an interactive
web response system. Forty-three subjects
(89.6%, 43/48) completed 6 months of study,
and drug compliance was 100% for the whole
treatment period. In the initial study period,
four subjects (2, 1 and 1 subject in the 10, 50 mg
and placebo groups respectively) withdrew, 2
due to diabetic ketosis, and 2 for protocol
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violations in the extended study period, 1 sub-
ject (in the placebo group) withdrew due to
poor blood glucose control and hyperglycemia
(Fig. 1).

Safety

In this study, 38 subjects (79.2%, 38/48) expe-
rienced 137 incidences of treatment-emerged
adverse events (TEAEs). The incidence of TEAEs
in the 10, 25, 50 mg and placebo group were
58.3%, 91.7%, 83.3% and 83.3%, respectively.
The highest incidence reported was positive
urinary leukocyte (27.1%). Other TEAEs with an
incidence[ 5% included: prolonged QT inter-
val (16.7%), abnormal T wave (12.5%), hyper-
triglyceridemia (10.4%), dyspepsia (10.4%),
decreased T wave amplitude of ECG (8.3%),
hyperlipidemia (8.3%), positive urine red blood
cells (6.3%), hyperuricemia (6.3%), sinus
bradycardia (6.3%), urinary tract infection
(6.3%), hyperbilirubinemia (6.3%), dizziness
(6.3%), and anemia (6.3%). Except one subject
(25 mg dose group) with grade 3 upper respira-
tory tract infection, all the other TEAEs were
grade 1 or 2, and 92.0% (126/137) of the TEAEs
was classified as ‘‘symptom disappearance
without sequelae’’.

A total of 29 (60.4%, 29/48) subjects in this
study experienced 93 adverse drug reactions
(ADRs). The incidences of ADR in the 10, 25,
50 mg and the placebo group were 33.3%,
58.3%, 75.0% and 75.0%, respectively. The
ADRs with HSK7653 or placebo inci-
dence[5.0% (HSK7653 dose group total vs
placebo) included dyspepsia (11.1% vs 8.3%),
hypertriglyceridemia (11.1% vs 0%),prolonged
QT interval of ECG (11.1% vs 16.7%), white
blood cells urine positive (8.3% vs 8.3%), elec-
trocardiogram T wave abnormal (8.3% vs 8.3%),
hyperlipidemia (8.3% vs. 8.3%), urinary tract
infection (8.3% vs. 0%), decreased T wave
amplitude of ECG (5.6% vs. 8.3%), positive
urine red blood cells (5.6% vs. 8.3%), upper
respiratory tract infection (5.6% vs. 0%),
hyperbilirubinemia (5.6% vs. 8.3%), increased
blood bilirubin (5.6% vs. 0%), anemia (5.6% vs.
8.3%) and dizziness (2.8% vs. 16.7%). Except for
one subject with upper respiratory tract

infection in the 25 mg dose group was classified
as grade 3, and the rest of the ADRs were grades
1 or 2, 94.6% of the ADRs was classified as
‘‘symptom disappearance without sequelae’’.

There were no serious adverse events/events,
or adverse events requiring dose reduction, drug
suspension or resumption, or posing a threat to
life or death. In summary, HSK7653 was well-
tolerated at doses of 10–50 mg, with no signifi-
cant increase in TEAEs or ADRs compared to the
placebo group (Supplementary Tables S1, S2).

Efficacy

HbA1c
HbA1c changes comparing to the baseline at
each visit are shown in Table 2. Figure 2 shows
that on day 85, the level of HbA1c in the
HSK7653 dose groups were significantly lower
than that at the baseline. Compared with the
placebo group (the HbA1c level decreased by
0.3% from baseline), 10 and 25 mg dose groups
showed more significant reductions (1.0% and
1.3% respectively), but 50 mg dose groups
showed the lowest reductions (- 0.05).

Glycated Albumin (GA) and Fasting Plasma
Glucose
On day 43, GA levels in the 10 and 25 mg dose
groups were significantly lower than the base-
line (2.3% and 0.8%), while GA levels in the
50 mg and placebo group were significantly
higher than the baseline (0.4% and 0.8%). With
the increase of treatment time, the level of GA
in 10 and 25 mg dose groups decreased contin-
uously. The mean baseline GA value of 10 and
25 mg dose groups were 23.3% and 21.8%; on
day 43 were 21.2% and 21.0%; on day 85 were
20.0% and 20.5%, which were lower than those
in the 50 mg and placebo group. The baseline
mean GA value in the 50 mg and placebo group
were 23.2% and 23.7%; on day 43 were 23.6%
and 24.5%; on day 85 were 24.2% and 22.8%.

On day 43, compared to baseline, fasting
blood glucose levels were significantly lower in
10 and 25 mg dose groups (0.7 and 0.5 mmol/
L); in 50 mg and placebo group were signifi-
cantly higher (increased 0.8 mmol/L and
0.5 mmol/L). Both 10 and 25 mg dose groups
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Table 1 Demographic data

HSK7653 10 mg
(N = 12)

HSK7653 25 mg
(N = 12)

HSK7653 50 mg
(N = 12)

Placebo
(N = 12)

Total
(N = 48)

Sex, n (%)

Male 7 (58.3%) 3 (25.0%) 4 (33.3%) 6 (50.0%) 20 (41.7%)

Female 5 (41.7%) 9 (75.0%) 8 (66.7%) 6 (50.0%) 28 (58.3%)

Age, years 51.9 ± 7.2 56.4 ± 6.0 58.8 ± 4.3 55.5 ± 8.1 55.6 ± 6.8

Height (cm) 163.9 ± 7.1 160.7 ± 5.1 158.3 ± 9.5 162.9 ± 6.9 161.4 ± 7.4

Weight (kg) 68.5 ± 8.3 68.8 ± 9.8 64.5 ± 8.6 70.6 ± 8.5 68.1 ± 8.8

BMI (kg/m2) 25.5 ± 2.7 26.6 ± 3.4 25.7 ± 2.3 26.6 ± 2.7 26.1 ± 2.8

Family history of diabetes 6 (50.0%) 2 (16.7%) 4 (33.3%) 2 (16.7%) 14 (29.2%)

Duration of diabetes

(years)

3.3 ± 2.6 1.8 ± 1.3 2.7 ± 2.1 2.3 ± 1.2 2.5 ± 1.9

Fasting Blood Glucose 10.1 ± 2.4 8.7 ± 1.4 8.7 ± 1.8a 8.7 ± 2.4a 9.1 ± 2.1b

HbA1c 8.6 ± 0.7 8.4 ± 0.8 8.4 ± 0.8a 8.6 ± 0.6a 8.5 ± 0.7b

Co-morbidities

Metabolic and

nutritional diseases

7 (58.3%) 10 (83.3%) 11 (91.7%) 11 (91.7%) 39 (81.3%)

Vascular and lymphatic

diseases

0 4 (33.3%) 8 (66.7%) 5 (41.7%) 17 (35.4%)

Hepatobiliary system

diseases

3 (25.0%) 3 (25.0%) 3 (25.0%) 1 (8.3%) 10 (20.8%)

Endocrine system diseases 1 (8.3%) 0 5 (41.7%) 4 (33.3%) 10 (20.8%)

Kidney and urinary

system diseases

2 (16.7%) 3 (25.0%) 2 (16.7%) 1 (8.3%) 8 (16.7%)

Blood and lymphatic

system diseases

1 (8.3%) 1 (8.3%) 1 (8.3%) 0 3 (6.3%)

Various neurological

diseases

1 (8.3%) 0 0 1 (8.3%) 2 (4.2%)

Gastrointestinal system

diseases

0 1 (8.3%) 1 (8.3%) 0 2 (4.2%)

Heart organ disease 0 0 1 (8.3%) 1 (8.3%) 2 (4.2%)

Eye disease 0 0 1 (8.3%) 1 (8.3%) 2 (4.2%)

Age calculation: Age (years) = INT ((Data of Informed Consent Signing-Data of Birth ? 1)/365.25). Duration of diabetes
(years) = (Data of Informed Consent Signing-Data of first diagnosis of diabetes ? 1)/365.25
aN = 11
bN = 46
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showed significant hypoglycemic benefit at
each checking point. The baseline mean fasting
blood glucose values in 10 and 25 mg dose
group were 10.1 and 8.7 mmol/L; on day 43

were 9.2 and 8.1 mmol/L; on day 85 were 9.2
and 8.5 mmol/L. The hypoglycemic effect lasted
until day 85 after administration, which

Fig. 1 Subjects distribution

Table 2 HbA1c changes comparing with baseline at each visit point

Visit point HSK7653
10 mg
(N = 12)

HSK7653
25 mg
(N = 12)

HSK7653
50 mg
(N = 11)

Placebo
(N = 11)

Total
(N = 46)

Baseline Cases 12 12 11 11 46

Mean ± SD 8.6 ± 0.7 8.4 ± 0.8 8.4 ± 0.8 8.6 ± 0.6 8.5 ± 0.7

Extended study

period Day 43

Cases 10 12 11 11 44

Mean ± SD 7.7 ± 0.4 7.5 ± 0.6 8.3 ± 1.0 8.4 ± 0.8 8.0 ± 0.8

Change on Day 43

from the baseline

Mean ± SD - 0.8 ± 0.6 - 0.9 ± 0.9 - 0.2 ± 0.5 - 0.2 ± 0.6 - 0.5 ± 0.7

Percentage change on

Day 43

Mean ± SD - 9.1 ± 6.9 - 10.5 ± 9.3 - 2.2 ± 6.1 - 2.2 ± 7.7 - 6.0 ± 8.4

Extended study

period Day 85

Cases 10 12 11 10 43

Mean ± SD 7.3 ± 0.3 7.4 ± 0.7 8.4 ± 1.1 8.3 ± 0.9 7.8 ± 0.9

Change on Day 85

from the baseline

Mean ± SD - 1.3 ± 0.6 - 1.0 ± 1.0 - 0.1 ± 0.8 - 0.3 ± 1.2 - 0.7 ± 1.0

Percentage change on

Day 85

Mean ± SD - 14.8 ± 6.0 - 11.6 ± 10.7 - 0.6 ± 9.4 -

3.2 ± 13.5

-

7.6 ± 11.5

Baseline: the last measurement available before initial administration
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decreased by 0.7 and 0.2 mmol/L compared
with the baseline.

PK/PD

Pharmacokinetics
After oral administration of HSK7653, drug
absorption was relatively rapid, and the median
Tmax of HSK7653 was about 1.0–3.0 h. In the
dose range of 10–50 mg, PK characteristics of
the first dose and the last dose were similar.
Cmax and AUC of HSK7653 increased linearly
with dose. The average CL/F, VZ/F, and t1/2 of
HSK7653 were 0.7–0.8 L/h, 61.1–81.9 L, and
64.0–87.0 h, respectively. After oral administra-
tion of 10–50 mg HSK7653 every 2 weeks, the
mean Rac_Cmax and CV% were 0.9–1.0 and
19.0–22.0%, respectively. The mean Rac_AUC
and CV% were 1.0–1.1 and 10.0–18.0%,
respectively. Under the current administration
regimen, HSK7653 did not accumulated in body
(Table 3). The average plasma concentration
versus time curve is shown in Fig. 3.

Pharmacodynamics

Plasma DPP-4 Inhibition Rate
After oral administration of HSK7653 every two
weeks, the mean inhibition rate of DPP-4 in
each HSK7653 dose group was significantly
higher than that in the placebo group
(Table 4a). There was no significant difference
in DPP-4 inhibition rate among the HSK7653
dose groups after first and last doses, as shown
in Fig. 4. The plasma concentration scatters
diagram of DPP-4 inhibition rate of HSK7653 is
shown in Fig. 5, when the plasma concentration
of HSK7653 was 20.0 ng/mL or above, the DPP-4
inhibition rate in most subjects (99.8%) could
reach more than 80.0%. AUECDPP-4 in HSK7653
dose groups was significantly higher than that
in the placebo group and increased slightly with
dose increase (Table 4b). There was no signifi-
cant difference in AUECDPP-4 in each dose group
after first and last doses (Table 4b).

Plasma GLP-1 Levels
The MTT test was carried out on day - 1
(baseline), day 42 (1 day before the fourth

Fig. 2 HbA1c levels in each dose group before and after treatment
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administration) and day 85 (2 weeks after the
sixth administration), and the time courses of
plasma GLP-1 levels are shown in Fig. 6. Before
treatment, there was a slight difference in the
AUECGLP-1 between the HSK7653 dose groups
and the placebo group; the mean baseline val-
ues (CV%) of AUECGLP-1 for 10, 25, 50 mg and
placebo were 15.5 (25.0), 13.7 (45.0), 21.2
(79.0), and 11.0 (26.0) pg*h/mL, respectively.
After treatment with HSK7653, AUCEGLP-1 in
the treatment groups were significantly higher

than the placebo group. And the values of all
the dose groups were similar. With the increase
of dose, the median value showed a certain
increasing trend. In each dose group, AUCEGLP-1

of HSK7653 (i.e., on day 42 and 85) was about
twice as high as that at baseline. The mean
value (CV%) of AUECGLP-1 on day 42 for 10, 25,
50 mg and placebo were 31.4 (53.0), 30.7 (45.0),
44.6 (60.0), and 12.2 (44.0) pg*h/mL, respec-
tively. The mean (CV%) value of AUECGLP-1 on
day 85 for 10, 25, 50 mg and placebo were 35.5

Fig. 3 Average concentration versus time curves of subjects after single (Day 1–15) or multiple (Day 29–34) oral
administration in each dose group. A Linear scale; B log-linear scale
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(80.0), 38.4 (60.0), 42.6 (38.0), and 15.0 (35.0)
pg*h/mL, respectively.

Serum Insulin
After multiple administration of HSK7653 (on
day 85), the serum insulin levels were increased
in each dose group compared with the placebo
group. The mean AUECinsulin0–4 h and its change
rate in each dose group were increased steadily

with increasing treatment time. The AUECin-

sulin0–4 h values of the 10, 25, 50 mg and placebo
groups on day - 1 were 73.1 ± 40.9,
96.3 ± 48.8, 65.9 ± 33.3, and
73.4 ± 35.8 mU*h/L, respectively; the AUECin-

sulin0–4 h values of the 10, 25, 50 mg and placebo
groups on day 85 were 91.2 ± 41.8,
124.0 ± 107.0, 96.4 ± 34.7, and
91.1 ± 43.2 mU*h/L, respectively.

Table 4 DPP-4 inhibition rate of each dose group of HSK7653 (A. Average DPP-4 inhibition rate at different time points;
B. The area under the DPP-4 inhibition rate-time curve.)

Placebo HSK7653 10 mg HSK7653 25 mg HSK7653 50 mg

A

D1

Sample 7 12 12 12

AUEC (%*h) 2080.0 ± 1760.0

(85.0%)

27,700.0 ± 2760.0

(10.0%)

28,900.0 ± 2120.0

(7.0%)

30,700.0 ± 1040.0

(3.0%)

Mean inhibition rate (%) 6.2 ± 5.3 (85.0%) 82.4 ± 8.2 (10.0%) 86.1 ± 6.3 (7.0%) 91.4 ± 3.1 (3.0%)

D29

Sample 4 10 12 11

AUECDPP-4,0–tau (%*h) 3040.0 ± 4020.0

(132.0%)

28,100.0 ± 2790.0

(10.0%)

28,900.0 ± 2500.0

(9.0%)

31,100.0 ± 728.0

(2.0%)

Mean inhibition rate (%) 9.1 ± 12.0

(132.0%)

83.8 ± 8.3 (10.0%) 85.9 ± 7.4 (9.0%) 92.5 ± 2.2 (2.0%)

B

Single (first) administration

AUECDPP-4
a

Sample 10 12 12 12

Median (CV%) 1530.0 (110.0) 27,700.0 (10.0) 28,900.0 (7.0) 30,700.0 (3.0)

Multiple (third) administration

AUECDPP-4
b

Sample 7 11 12 11

Median (CV%) 1920.0 (166.0) 27,000.0 (17.0) 28,900.0 (9.0) 31,100.0 (2.0)

AUECDPP-4, 0–tau: area under the DPP-4 inhibition rate-time curve within the administration interval (mean ± SD
(CV%)). Mean inhibition rate = AUECDPP-4,0–tau/tau, (mean ± SD (CV%)). AUECDPP-4: the area under the DPP-4
inhibition rate-time curve
a2 subjects in the placebo group the DPP-4 inhibition rate points were all 0, which was not included in the statistical analysis
b4 subjects in the placebo received multiple doses the DPP-4 inhibition rate points were all 0;1 subject in the placebo group,
1 subject in 10 mg dose group, 1 subject in 50 mg dose group received
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Serum C-peptide and Plasma Glucagon
Before administration, the level of plasma
C-peptide in 25 mg dose group was the highest,

followed by the 50 mg dose group and the pla-
cebo group, and the lowest in the 10 mg dose
group. With the increase of treatment time, the

Fig. 4 DPP-4 inhibition rate-time curves of each dose
group after first dose and last dose of HSK7653. Left: first
dose (Day 1–15), Right: last dose (Day 29–43). Nominal
time after first dose: time after planned first dose. Each

color line represents the mean DPP-4 inhibition rate-time
curve for one dose group, and the error bars represent the
SD

Fig. 5 DPP-4 inhibition rate of HSK7653 plasma concentration scatter plot. Figure shows model fit line and 95%
confidence band in red and light grey lines, respectively
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level of C-peptide in the 10 mg dose group
gradually increased to a similar level as the
placebo group, while there was no significant
change in the levels of C-peptide in the 25 and
50 mg dose groups compared with the placebo
group.

Before administration, the level of the
plasma glucagon in the 10 mg dose group was
the highest, while in the 25 and 50 mg dose
groups were lower than the placebo group. With
the increase in treatment time, glucagon level
in the 10 mg dose group was significantly
higher than the placebo group at the beginning.
It gradually decreased to below the level of the
placebo group at 90–180 min after meal. The
glucagon levels in both 25 and 50 mg dose
groups were lower than the placebo group dur-
ing treatment.

DISCUSSION

To overcome the drawbacks of short half-lives,
low bioavailability and adverse side effects of
traditional hypoglycemic agents such as insu-
lin, biguanides and sulfonylureas, new anti-di-
abetes drugs like DPP-4 inhibitors, GLP-1
receptor agonists, and sodium-glucose co-
transporter 2 (SGLT2) inhibitors have been
developed [8–10]. DPP-4 inhibitors act by

directly inhibiting the DPP-4 enzyme, which
prolong the half-life of GIP and GLP-1, provid-
ing an improved treatment option for T2DM at
risk of hypoglycemia [11]. Currently, the short-
acting DPP-4 inhibitors listed in China include
sitagliptin, vildagliptin, saxagliptin, linagliptin
and alogliptin, which require daily dosing.
Omarigliptin and trelagliptin, as long-acting
DPP-4 inhibitors, were approved in Japan in
2015 [12, 13]. These hypoglycemic agents
enhance medication adherence, better glycemic
control, prevent T2DM complications, and are
dosed weekly [14, 15]. HSK7653 is a long-acting
DPP-4 inhibitor that lasts longer than other
inhibitors on the market. Studies have shown
that introduction of a trifluoromethyl group at
the 6-position of the (2R, 3S, 5R, 6S) tetrahy-
dropyran ring of omarigliptin not only signifi-
cantly improved the overall pharmacokinetic
characteristics in mice, but also maintained
considerably longer DPP-4 inhibitory activity.
The plasma DPP-4 inhibition time of HSK7653
was about 4 times longer than that of omar-
igliptin [7].

We evaluated the safety, tolerability, and PK/
PD of HSK7653 in Chinese patients with T2DM.
There were no serious adverse events and death
during the study period. The incidences of ADRs
in the three dose groups of HSK7653 were not
higher than the placebo group; and the

Fig. 6 Plasma GLP-1 changes with time in each dose group in MTT test. Left: Day 1; middle: Day 42; right: Day 85
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incidences of ADRs in the 10 and 25 mg dose
groups were significantly lower than the pla-
cebo group. Except for one case of ADR with
grade 3, the CTCAE of other ADRs were grade 1
or 2. ADRs with an overall higher incidence in
the HSK7653 dose groups included dyspepsia,
hypertriglyceridemia and QT prolongation.
Events of dyspepsia have also been reported in
previous clinical studies of marketed DPP-4
inhibitors [16, 17].

Hypoglycemia was the expected ADR in this
study. A significant advantage of DPP-4 inhibi-
tors over sulfonylureas is the reduced risk of
hypoglycemia, which is approximately tenfold
greater comparing with DPP-4 inhibitors [18].
An observational study in Sweden demon-
strated a lower risk of severe hypoglycemia
compared with sulfonylureas [19]. Another RCT
comparing DPP-4 inhibitors with a-glucosidase
inhibitors suggested better glycemic control
with DPP-4 inhibitors, including a lower risk of
gastrointestinal adverse effects [20]. In this
study, 2 subjects were reported with hypo-
glycemia; 1 subject in the placebo group (a total
of 3 times) showed hypoglycemia; 1 subject (in
the 10 mg dose group) in the HSK7653 dose
group had a CTCAE grade of 1, and this subject
recovered without taking any measures. Based
on the above results, HSK7653 within the dose
range of 10–50 mg was well tolerated and safe in
Chinese T2DM subjects.

There were 4 subjects (11.1%, 4/36) exhibit-
ing ADRs with prolonged QT interval in the
HSK7653 dose group. Two subjects in the 25
and 50 mg group respectively, reported 10
incidences, and 2 subjects in the placebo group
reported 2 incidences. The incidence of ADRs
with prolonged QT interval in the HSK7653
dose groups were lower than in the placebo
group, suggesting that the prolonged QT inter-
val may be related to other factors and not due
to HSK7653 administration. After reviewing all
EGC results obtained during the screening per-
iod for these subjects with QT interval prolon-
gation, except for 1 subject (placebo group), the
corrected QT (QTc) values of ECG in the other 5
subjects (2, 2, and 1 subject in 25, 50 mg and
placebo groups respectively) were higher than
the normal value during the screening period.
Therefore, the occurrence of adverse reactions

cannot be excluded from the association with
their medical history.

In previous studies on the safety and toler-
ance of single administration of HSK7653 in
Chinese healthy subjects, no adverse events of
prolonged QT interval were found. The results
of plasma concentration QT analysis of single
dose in healthy subjects showed that there was
no significant risk of QT prolongation of
HSK7653 in the concentration range of
0–4190.0 ng/mL (to be published). Considering
that when dosing 25 mg once every two weeks
reached a steady state, the mean value of Cmax

was 822.0 ng/mL (the mean value of Cmax after
multiple oral administration was 411.0 ng/mL
at 25 mg), there was no significant risk of pro-
longation of QT interval at the dose of 25 mg or
less every two weeks. For all these reported
adverse events in this study, 1 subject remained
stable after the end of the study, and the other
ADRs were ‘‘symptom disappearance without
sequelae’’. Overall, the QT interval prolongation
reported in the studies had little effect on the
safety of the subjects. For DPP-4 inhibitors cur-
rently in the market, linagliptin did not increase
the QTc interval in the treatment group com-
pared with placebo at doses of 5 and 100 mg
[21]. In healthy subjects, 40–400 mg dose of
saxagliptin and its metabolites had no signifi-
cant effect on QTC [22]. The clinical dose of
sitagliptin 100 mg does not correlate with an
increase in QTc interval, while the super-thera-
peutic dose of 800 mg is generally well tolerated
and the QT interval is prolonged, but the clin-
ical significance is not significant [23]. Tene-
ligliptin, which has been marketed in other
countries, significantly prolonged the QT
interval only at 4 times the normal dose
(160.0 mg/day) [24].

Treatment with HSK7653 showed significant
increases in DPP-4 inhibition rate, plasma GLP-
1 levels and insulin levels compared to the
placebo group, and showed dose dependence.
This demonstrates that HSK7653 plays a dual
hormone regulatory role by inhibiting GLP-1
degradation, increasing endogenous active GLP-
1 concentration, improving insulin levels and
inhibiting insulin glucagon section. It is con-
sistent with the action mechanism of similar
DPP-4 inhibitors.
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The efficacy results indicated that compared
with the placebo group, HbA1c in 10 and 25 mg
dose groups decreased more significantly on day
85. On day 43 of this study, 10 and 25 mg dose
groups significantly reduced fasting blood glu-
cose and GA levels. By day 85, fasting blood
glucose and GA levels still maintained a down-
ward trend. However, there was no significant
improvement above those indexes in 50 mg
dose group.

On day 85, among the 11 subjects in the
50 mg dose group, HbA1c levels decreased sig-
nificantly in 5 subjects, while 6 subjects were
increased compared with baseline. The baseline
data indicated that the subjects enrolled in the
50 mg dose group had the highest average age,
relatively longer average duration of illness, a
higher proportion of retinopathy than other
dose groups, and the lowest serum insulin
levels. Therefore, although the pharmacody-
namic results of the 50 mg dose group suggested
that this dose also had potential hypoglycemic
effect, the efficacy and safety of this dose were
affected to some extent by the small sample
size, individual differences in baseline clinical
characteristics, sampling error and other factors,
which is also the limitation of this study.
Moreover, it may be related to saturation inhi-
bition in the 50 mg dose group. When
Cthrough[ 20.0 ng/mL, the amplitude of
AUECDPP-4 increase was also significantly
reduced, indicating that the DPP-4 inhibition
rate was close to saturation at this time. This
may also be a factor affecting the effectiveness
of the 50 mg dose group.

The HbA1c levels after treatment with DPP-4
inhibitor drugs show a decrease of * 0.5–1.0%
when used alone and a decrease of * 0.6–1.1%
when used in combination with metformin,
depending on the drug, treatment dose and
starting HbA1c levels [25]. Therefore, DPP-4
inhibitor drugs show improved glycemic con-
trol when used in combination with metformin,
sulfonylureas or insulin. At present, there are no
direct comparative trials of DPP-4 inhibitors
[26]. Our study demonstrated that HSK7653
when dosed at 10 and 25 mg once every two
weeks effectively inhibited DPP-4 enzyme,
increased GLP-1 levels, and improved insulin
levels in patients with T2DM. HSK7653 is safe

and effective for the hypoglycemic control of
patients.

CONCLUSION

HSK7653 in the dosing range of 10–50 mg once
every two weeks showed good pharmacokinetic
and pharmacodynamic results in Chinese
patients with T2DM, with good safety and tol-
erability. HSK7653 did not accumulate in the
body after multiple administrations. The DPP-4
inhibition rate and plasma GLP-1 levels of
HSK7653 in each dose group were significantly
higher than those in placebo group, and both
showed dose correlation. All dose groups of
HSK7653 increased the insulin levels of diabetes
subjects, and 10 and 25 mg dose groups signif-
icantly reduced the HbA1c levels compared
with baseline, which suggests that these two
doses exhibited better hypoglycemic benefits.
In summary, the 10 mg and 25 mg dose groups
demonstrated superior efficacy and safety over
the 50 mg dose group and the placebo group.
Hence, the 10 and 25 mg doses are selected for
subsequent clinical trials.
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