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Abstract
Improvement of glucose and insulin sensitivity remains an unmet medical need in diabetes management,
in which the underlying cause of type 2 diabetes(T2D) was not well addressed by current treatment. We
report the �ndings of a randomized, double-blind, placebo-controlled, phase 3 clinical trial
(NCT03173391) to evaluate the e�cacy and safety of dorzagliatin, a dual-acting glucokinase (GK)
allosteric modulator, which enhances the GK activity in T2D patients in a glucose dependent manner, and
has demonstrated its effects in blood glucose control through improvement of glucose sensitivity in T2D
patients. Eligible drug-naïve T2D patients (n=463) were randomly assigned to dorzagliatin group or
placebo group in a 2:1 ratio for a 24-week double-blind treatment, then followed by a 28-week open-label
treatment with dorzagliatin in all patients. The primary e�cacy endpoint was the change from baseline in
the glycated hemoglobin (HbA1c) level at week 24. Safety was assessed throughout the trial. At week 24,
the change from baseline in HbA1c was -1.07% in the dorzagliatin group and -0.50% with placebo (ETD,
-0.57%; 95%CI, -0.79 to -0.36; P<0.001), and the effects sustained through 52 weeks. Improvement of β-
cell function was demonstrated by an increase of HOMA2-β in dorzagliatin group over placebo group
(2.56 vs -0.72; 95% CI, 0.44 to 6.11; P<0.05) at week 24. The incidence of adverse events(AEs) was similar
between the two groups during the 24 weeks and most AEs were mild during 52 weeks. There were no
severe hypoglycemia events and drug related serious adverse events. The incidence of hypoglycemia was
1 of 310 patients (0.3%) in the dorzagliatin group during the 24 weeks. There was no body weight gain
during the study period. In drug-naïve T2D patients, dorzagliatin demonstrated fast onset and sustained
glycemic control with a good safety and tolerability pro�le for 52 weeks.

Introduction
Type 2 diabetes is a complex, chronic metabolic disorder, characterized by insulin resistance and a
progressive loss of β-cell function, which requires continuous medical care with various interventions to
control the blood glucose in order to reduce diabetes complications.1 Current therapies have not been
able to treat the underlying cause of diabetes and stop the progression of the disease, which encourage
the medical community to seek for disease-modifying therapy.2 The loss of glucokinase function in
diabetes leads to a reduced glucose sensitivity in glucose stimulated insulin release(GSIR) that results in
a delayed insulin secretion. The impaired early phase insulin secretion generates a mismatch of glucose
and insulin signals in glucose storage in the liver and muscle which eventually leads to a dysfunction of
glucose homeostasis. 3 It is highly desirable to develop a therapeutics that directly optimizes the glucose
sensor function of glucokinase and synchronizes the glucose signal with glucose-controlling hormones
such as insulin, glucagon and glucagon-like peptide-1, to achieve improved glucose and insulin sensitivity
in diabetes patients. 

Glucokinase(GK), is the glucose sensor which responds to the glucose �uctuation to regulate glucose
storage and production .4-7Glucokinase is mainly expressed in glucose-sensitive tissues, including
pancreas, liver and intestine etc. In pancreas, it directly controls the set point of blood glucose and the
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threshold of glucose-induced hormone secretion, including glucose-dependent regulation of early-phase
insulin secretion, glucagon and glucagon-like peptide-1(GLP-1) release, in response to the glucose level
during feeding and fasting. The majority of GK is found in hepatocytes, which is tightly regulated by
glucokinase regulatory protein (GKRP) in response to hepatic glucose change, and controls the hepatic
glucose uptake and glycogen synthesis. Genetic defects in glucokinase cause the dysregulation of insulin
release, clinical hyperinsulinemia(HI) and Maturity Onset Diabetes of the Young-2(MODY-2). 8 Signi�cant
reduction of insulin secretion and hepatic glycogen contents characterized by hyperglycemia were
associated with GK mutation in MODY-2 subjects. The signi�cant delay in insulin secretion in response to
glucose change and reduced hepatic glucose uptake and glycogen storage in type 2 diabetes patients is
closely correlated with reduced glucokinase expression in the pancreas and liver, which is considered as
the underlying cause of disease. 9,10 Enlightened by Matschinsky, pharmaceutical companies have
launched a major effort to develop glucokinase activators(GKAs) for the treatment of diabetes in the last
two decades. The lack of success in two decades’ discovery of GKA was primarily due to the insu�cient
understanding of glucokinase as a glucose sensor, and developing GKA as a glucose processor in the
glucose control. 11 A new hope of GKA for T2D treatment was illustrated with a phase 2 trial success of
dorzagliatin. 12 

Dorzagliatin is a novel, dual-acting, full glucokinase activator that activates both the pancreatic and
hepatic glucokinase to improve the glucose sensitivity in T2D patients. To date, dorzagliatin has
completed multiple phase 1 trials 13-15 and a phase 2 trial 16 both in China and the United States, and
glucose sensitivity was assessed in different studies. After dorzagliatin treatment for 5.5 days in type 2
diabetes patients, the C-peptide secretion Tmax was 30 minutes earlier than placebo (NCT02077452), and
after dorzagliatin treatment for 28 days, early-phase insulin secretion index (ΔC30/ΔG30) and
homeostasis model assessment 2-β (HOMA2-β) increased signi�cantly from baseline (NCT02386982).14

Dorzagliatin monotherapy for 12 weeks showed that the improvement on disposition index was observed
and maintained even at a week after drug withdrawal. 16 This trial (SEED) is the phase 3 trial of
dorzagliatin in drug-naïve type 2 diabetes patients for a 24-week double-blind treatment and followed by
a 28-week open-label treatment. Here we report the e�cacy and safety outcomes of this trial. 

Results
Patient Demographics and Clinical Characteristics

Patients were recruited from July 18, 2017 to February 28, 2019, with the last patient visit conducted on
March 6, 2020. Of the 975 patients screened, 650 patients entered the placebo run-in period, 463 eligible
patients were randomly assigned to either the dorzagliatin 75 mg twice a day group (n=310) or the
placebo group (n=153; Fig. 1b), and 457 patients took at least one dose of study medication and had
glycated hemoglobin(HbA1c) measurements at baseline and at least one post-baseline timepoint. Among
all patients who underwent randomization, 401 patients (86.6%) (281 [90.6%] in the dorzagliatin group
and 120 [78.4%] in the placebo group) completed 24 weeks of double-blind treatment and entered into 28



Page 6/22

weeks of open-label study. Subsequently, 351 patients (75.8%) completed 52 weeks of treatment (246
[79.4%] in the dorzagliatin group and 105 [68.6%] in the placebo group) (Fig. 1b). 12 patients
discontinued for not completing on-site visit due to the in�uence of coronavirus pandemic in the extended
28-week open-label treatment period. Baseline characteristics were similar between the two groups (Table
1). 

E�cacy Outcomes

The glycated hemoglobin level at week 24 was reduced from baseline by 1.07 percentage points in the
dorzagliatin group, whereas the level decreased by 0.50 percentage points in the placebo group
(estimated treatment difference, -0.57 percentage points; 95% CI, -0.79 to -0.36; P<0.001) (Table 2 and Fig.
2a). This demonstrated the superiority of dorzagliatin to placebo in decreasing HbA1c. The homeostasis
model assessment 2-β was consistently improved at week 24 in the dorzagliatin group compared with the
placebo group (2.56 with dorzagliatin vs. -0.72 with placebo; estimated treatment difference, 3.28; 95% CI,
0.44 to 6.11, P<0.05) (Table 2 and Fig. 2b). 

The time to �rst achieve a HbA1c level of less than 7.0% in the dorzagliatin group was shorter than that
for the placebo group over the 24-week treatment period (Fig. 2c). The effect of lowering HbA1c levels in
the dorzagliatin group started at week 4, reached the maximum at week 12 (Supplementary Table 7), and
a signi�cantly greater reduction compared to placebo maintained over 24-week treatment period.
Moreover, the effect of reducing the HbA1c level in the dorzagliatin group sustained from week 24 to
week 52 (open-label treatment), with reduction in HbA1c level from baseline of 1.15% and 1.11% at week
24 and week 52 respectively. The decrease of the HbA1c level was also observed in the placebo group
after switching to dorzagliatin treatment at week 24 to week 52 (Fig. 2d).

Results showed that 42.2% of the patients in the dorzagliatin group, as compared with 17.3% in the
placebo group at week 24, achieved a homeostatic control rate (a HbA1c level of less than 7.0% without
hypoglycemia) for the full-analysis set (odds ratio, 4.10; 95% CI, 2.46 to 6.85, P<0.001). The similar
percentage of patients (40.5%) was achieved in the dorzagliatin group since week 8, much higher than
that in the placebo group (10.0%) and sustained till week 24 (Fig. 2e and Supplementary Table 6). In
subgroup analyses, for patients with baseline HbA1c levels less than or equal to 8.0%, the homeostatic
control rate was higher in the dorzagliatin group compared with the placebo from week 8 (63.6% vs.
18.6%) to week 24 (58.7% vs. 30.5%; odds ratio, 3.60; 95% CI, 1.81 to 7.14, P<0.001) (Fig. 2f). 

The effects of dorzagliatin in reducing 2-hour postprandial glucose and fasting plasma glucose levels at
week 24 compared to placebo were also shown (Table 2). At week 24, a greater decrease in the 2-hour
postprandial glucose level was observed with dorzagliatin than with placebo (-50.9 mg per deciliter vs.
-9.0 mg per deciliter; estimated treatment difference, -41.94 mg per deciliter; 95% CI, -57.06 to -26.82,
P<0.001). The fasting plasma glucose level was reduced more in the dorzagliatin group than that in the
placebo group at week 24 (-10.4 mg per deciliter vs. -4.7 mg per deciliter; estimated treatment difference,
-5.94 mg per deciliter; 95% CI, -13.68 to 1.98, P=0.141) (Table 2). 
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Safety Outcomes

During the 24-week double-blind treatment period, at least one adverse event(AE) was reported in 240 out
of 310 patients (77.4%) in the dorzagliatin group and 103 out of 153 patients (67.3%) in the placebo
group (Table 3). Most of the adverse events were mild in severity, resolved, and were considered by
investigators to be unrelated to dorzagliatin or placebo. No severe hypoglycemia events and drug related
serious adverse events. There was no clustering of serious adverse events (Supplementary Table 11). No
serious adverse events were considered as related to dorzagliatin by investigators. Adverse events that
occurred in at least 5% of the patients in either treatment group and were more frequently reported in the
dorzagliatin group than the placebo group were listed in Table 3. There was no signi�cant difference in
the type and severity of adverse events in the two groups. The incidents of drug related AEs judged by
investigators were low. During the open-label treatment period, both adverse events and serious adverse
events remain the same in type and incidence rate as that had occurred in the double-blind treatment
period. No death was reported in the trial. During the double-blind treatment period, BMI decrease in both
groups were observed, with no statistical difference between the two groups. There was no statistical
difference in blood pressure and vital signs between the two groups (Table 4).

Clinically signi�cant hypoglycemia (blood glucose level <54 mg per deciliter) was reported in 1 (0.3%) of
310 patients in the dorzagliatin group during the 24-week double-blind period and 1 of 153 patients in the
placebo group during the open-label treatment period (Table 3 and Supplementary Table 10). No severe
hypoglycemia was reported in the trial.

Discussion
Dorzagliatin, as a glucose sensitizer, was the �rst glucokinase activator that demonstrated its effects on
the improvement of glucose sensitivity with good glycemic control in type 2 diabetes patients in a 12-
week phase 2 study, which has now completed phase 3 registration trial globally. The primary goal of
SEED study was to evaluate its e�cacy and safety over placebo in 24-week double-blind placebo-
controlled treatment, and safety pro�les (e�cacy second to that) during a 28-week open-label treatment,
in which subjects in both placebo and dorzagliatin-treated groups were all treated with active drug
dorzagliatin. The results from this phase 3 trial (SEED) in drug-naïve type 2 diabetes patients
showed the improvement of glycemic control in 24-week double-blind treatment and the effects sustained
through 52 weeks. Dorzagliatin showed a fast on-set action with the HbA1c, 2-hour postprandial glucose
and fasting plasma glucose levels all decreased at the �rst visit after 4 weeks of dorzagliatin
treatment. The HbA1c level reached the maximal decreases at 12 weeks, and sustained during the double-
blind treatment (Supplementary Table 7). There are 129 (42.2% out of 307) patients in the dorzagliatin
group who achieved the homeostatic control rate (a HbA1c level of less than 7.0% and without
hypoglycemia) at week 24 (Fig. 2e and Supplementary Table 6). β-cell function assessed using HOMA2-β,
was signi�cantly improved in the dorzagliatin group than placebo group at week 24. We reasoned that
the fast onset and sustained glycemic control could be a result from the improvement on β-cell function
with dorzagliatin through improved early-phase insulin release in type 2 diabetes patients 14, 16 by
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optimizing glucose sensitivity in pancreatic β-cells. A much improved glycemic control was observed in
the subgroup population of patients with baseline HbA1c level of no more than 8.0%; a higher percentage
of patients achieved the HbA1c target (less than 7.0%) and reached within a shorter period of time (Fig. 2f
and Table 2) in the subgroup, with the response rate of 59.5% in the subgroup (vs. 42.5% in the overall
population), and the median �rst time to reach HbA1c target of 4.7 weeks (vs. 12.1 weeks in the overall
population). Similar effects on HbA1c were observed in the placebo group from week 24 to week 52,
which has lower HbA1c baseline before switching to dorzagliatin treatment (Fig. 2d). In addition, results
showed that the e�cacy sustained in the dorzagliatin group during the 28-week open-label treatment
period (HbA1c of 1.15% vs 1.11% at week 24 and 52 using descriptive data, Supplementary Table 7).
These data could offer a potential new treatment strategy to type 2 diabetes patients using dorzagliatin
as a �rst-line therapy.

We found that dorzagliatin was well-tolerated and had a good safety pro�le during the entire 52-week
treatment period, with no occurrence of drug-related serious adverse events or severe hypoglycemia in the
dorzagliatin group. The incidence of adverse events was similar between the dorzagliatin group and the
placebo group. Clinically signi�cant hypoglycemia occurred in two patients (0.3%) treated with
dorzagliatin and were mild in nature. The homeostatic control rate was signi�cantly improved with
dorzagliatin (Fig. 2e), which is consistent with the improvement of glucose sensitivity in α-cells indicated
by the improved fasting glucagon observed in type 2 diabetes rat. 17 

As the drug-naïve, newly-diagnosed diabetes patients in China, the characteristics of the patients who
enrolled into the SEED study were observed at baseline. Although the duration of disease was reported as
about 1 year, the glycemic control was poorly managed, with HbA1c level about 8.3%, accompanied by
high 2-hour postprandial glucose about 320.6 mg/dl and the fasting C peptide about 1.7 ng/mL (Table
1). The majority of subjects were not obese and body-mass index was about 25 kg/m2. Lifestyle changes
showed bene�ts in these patients. Engaging education, self-monitoring, and dietary advices from
investigators during the trial contributes to body weight reduction and glycemic control during the trial. A
similar reduction of HbA1c was reported in the placebo group in the trials conducted in China and the
strict diet and exercise control was recommended by the American Diabetes Association (ADA) and
Chinese Diabetes Society (CDS) diabetes management guidelines. However, the signi�cant improvement
of β-cell function in the dorzagliatin group was observed while the deterioration of that was found in the
placebo group, suggesting the bene�ts of improved glucose sensitivity by dorzagliatin
treatment. Dorzagliatin clearly brought in additional bene�ts on the glycemic control in these patients,
while more importantly improved their β-cell function over the placebo group (Fig. 2a and 2b). 

For safety pro�les, the baseline status of subjects in the SEED study re�ected the characteristics of newly
diagnosed Chinese patients with type 2 diabetes that have high rate of diabetes complications and
concomitant diseases, such as about 55% of patients with dyslipidemia related diseases, about 45% with
liver and biliary system diseases, about 39% with vascular and lymphatic diseases, about 30% with
kidney and urinary system diseases and with the high level of triglyceride(about 2.0 mmol/L at baseline)
at screening(Table 1). In the dorzagliatin group, no weight gain, no increased blood pressure and no
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abnormal changes of renal function in mean values were observed during 52 weeks of dorzagliatin
treatment. For the several indicators of concern to other GKA molecules, the incidence of adverse events
of hyperlipidemia was similar in two groups, with 11.9% in the dorzagliatin group and 10.5% in the
placebo group and there was no hyperlipidemia adverse event that related to the study drug judged by
investigators in the dorzagliatin group (Table 3), which suggested that long-term use of the dorzagliatin
does not increase the risk of dyslipidemia. Results showed similar trend for liver function indicators that
there was no drug-induced liver injury (DILI) event reported in the study. The incidence of adverse events
of abnormal hepatic function was 5.8% in the dorzagliatin group and 3.9% in the placebo group, and 2
cases in the placebo group and 2 cases in the dorzagliatin group were reported as related to the study
drug judged by investigators. The results also suggested that long-term use of the dorzagliatin does not
increase the risk of abnormal liver function.

The limitation of this study is that the SEED trial was only conducted in Chinese drug-naive type 2
diabetes patients, and thus the e�cacy and safety results should be investigated in other populations
who are different in terms of disease etiology, environmental factors, and the treatment regimens. To
address this, dorzagliatin has been evaluated in several clinical trials conducted in the United States.
Three phase 1 drug-drug interaction trials with metformin, dipeptidyl peptidase 4 inhibitor (sitagliptin) and
sodium-glucose co-transporter-2 inhibitor (empagli�ozin) (NCT03790839 and NCT03790787) were
completed with synergistic effects in the glycemic control to support future investigation in non-Chinese
population. A 24-week double-blind and extended 28-week open-label treatment phase 3 trial
(NCT03141073) in Chinese patients with insu�cient glycemic control by metformin alone was recently
completed in China that further supported the synergy of dorzagliatin with metformin in the glycemic
control, with a signi�cant reduction of postprandial glucose and the improvement of β-cell function and
insulin sensitivity. In SEED study, the 52-week treatment period in the dorzagliatin group consisted of a
24-week double-blind treatment and a 28-week open-label treatment period. Further studies will be
conducted to validate the longer-term e�cacy and safety of dorzagliatin.

In conclusion, dorzagliatin monotherapy signi�cantly improved the glycemic control starting at the week
4 and maintained till week 24, and the treatment was safe and well-tolerated over the 52 weeks. In
addition, the glycemic control sustained over 52 weeks in the dorzagliatin group after the extended 28-
week open-label treatment.

Methods
Trial Design and Oversight

We conducted this phase 3 trial (SEED) from July 18, 2017 to March 6, 2020, at 40 sites in China, in
Chinese drug-naïve type 2 diabetes patients. The SEED trial had a 2-week screening period, a 4-week
single-blind placebo run-in period, and then eligible patients were randomized at a 2:1 ratio into the
dorzagliatin and placebo group in a 24-week double-blind, placebo-controlled treatment period, followed
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by an extended 28-week open-label treatment period with all patients receiving dorzagliatin orally, and a
1-week follow-up period without treatment (Fig. 1a). 

The trial was conducted in accordance with the principles of Declaration of Helsinki, Good Clinical
Practice guidelines, and laws and regulations in China. The study protocol was amended once during
study enrollment, and the important changes to methods after trial commencement and reasons were
summarized in the supplemental material. The trial protocol and amendments were approved by the local
ethics committees of all study sites. Written informed consent was obtained from all patients before the
initiation of any trial-related procedures. The trial was also conducted in accordance with the Chinese
Diabetes Society guidelines, which requires physicians to educate and strictly enforce improved exercise
and dietary control, as well as self-monitoring of blood glucose (at least 2 times per week), in
treating type 2 diabetes patients.

Patients

Patients were recruited at the study site by investigators. Patients were required to sign the informed
consent form before enrollment. After providing written informed consent, patients were screened for
eligibility. The individuals (18 to 75 years of age) were eligible for inclusion in the trial if they met the
following criteria: diagnosed with type 2 diabetes, on diet and exercise interventions for at least 3 months
and had no antidiabetic therapy before screening, had HbA1c levels between 7.5 and 11.0%, and had a
body-mass index between 18.5 and 35.0 kg per square meters at screening. 

Individuals were excluded if they had severe hypoglycemia without cause within 3 months, or frequent
hypoglycemia occurred no less than 3 times within 1 month before screening, fasting C-peptide level of
less than 1.0 ng per milliliter at screening, a history of type 1 diabetes. Other exclusion criteria were the
major cardio-cerebrovascular diseases within 6 months before screening; unstable or rapidly progressive
kidney disease; active liver diseases; psychiatric disease; any type of malignancy; an alanine or aspartate
transaminase level greater than 2.5 times of the upper limit of the normal range, or serum total bilirubin
level greater than 1.5 times of the upper limit of the normal range. Complete lists of inclusion, exclusion,
and randomization criteria are provided in the protocol as a supplemental material. 

Trial Procedures

After screening, eligible patients entered a 4-week, single-blind placebo run-in period. At week 3 of run-in
period, patients were reevaluated before randomization to con�rm the eligibility. Eligibility criteria
included HbA1c levels between 7.5 and 10.0%, and fasting plasma glucose levels between 7.0 and 13.3
mmol per liter at randomization. Diet and exercise counseling was provided during the entire experiment. 

Eligible patients were randomly assigned, in a 2:1 ratio, to receive dorzagliatin or placebo for 24 weeks, on
a background of a diet and exercise regimen. Randomization and drug dispense were performed with an
interactive web response system (IWRS) (Balance, MedData Solution). The random allocation sequences
were generated by the IWRS. A strati�ed randomization method with the permuted block randomization
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algorithm was used. The blocks were dynamically allocated to each site and stratum from the
randomization list. A unique identi�cation number (drug box serial number) was provided by the drug
packing vendor and marked on the label of drug box. By central randomization, the randomization codes
were assigned to subjects who meet randomization criteria by IWRS system based on randomization
factors (baseline HbA1c level ≤ 8.5% or >8.5%) and the block size. Then, the randomization codes along
with the corresponding drug box numbers were provided to subjects who meet the randomization criteria
at each visit. 

Investigators enrolled participants and used IWRS to assign participants to interventions. Double-blind
method was used in the study. The random allocation sequences were concealed from patients,
investigators and all other study members. The placebo tablets have the size, color, odor, and appearance
same as the investigational drug. Blinding was maintained until the end of week 24. All doses of
dorzagliatin 75 mg tablets and placebo tablets were administered orally twice daily, as single tablet. 

All the patients who completed a 24-week double-blind treatment (dorzagliatin or placebo), received
dorzagliatin treatment for a 28-week open-label period, during which patients assigned to dorzagliatin
continued their treatment unchanged, whereas those assigned to placebo were switched from the
placebo to dorzagliatin. After the 52-week treatment, all patients were observed for 1 week for safety
evaluation. 

Endpoints

The primary e�cacy endpoint was the change from baseline in the HbA1c level at week 24. Key
secondary e�cacy endpoints included the changes from baseline in 2-hour postprandial glucose, fasting
plasma glucose levels at week 24, and HbA1c level at each visit (except week 24); the percentage of
patients who reached a HbA1c level of less than 7.0% at week 24. Additional e�cacy endpoints included
homeostatic control rate (a HbA1c level of less than 7.0% and without hypoglycemia), as well as the
change from baseline in the homeostasis model assessment 2-β (an index for β-cell function). A full list
of other e�cacy endpoints is provided in the statistical analysis plan as the supplemental material. 

Adverse events, serious adverse events were assessed throughout the trial (de�nitions are provided in the
protocol as a supplemental material). Hypoglycemic episodes were classi�ed according to the American
Diabetes Association de�nitions (see the protocol provided as a supplemental material). Vital signs and
clinical laboratory test results were assessed, and physical examinations were performed.

Statistical Analyses

We hypothesized that dorzagliatin would show superiority to placebo in the decrease of HbA1c level in
patients after 24-week treatment. For the primary endpoint of the change from baseline in the HbA1c level
at week 24, we calculated that a total sample size of 450 patients would provide the trial with 91.4%
power to detect a difference of 0.4 percentage points between the dorzagliatin group and the placebo
group in a 2:1 ratio of allocation at a 2-sided signi�cance level of 0.05, assuming a standard deviation
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(SD) of 1.2 percentage points. The full analysis set included all randomized patients, who took at least
one dose of study drugs and had at least one post-treatment measurement of the primary endpoint
during double-blind treatment period. The safety set included all randomized patients, who took at least
one dose of study drugs. Since this trial had only one con�rmatory hypothesis test, i.e. the test of null
hypothesis of no difference in the primary endpoint between dorzagliatin and placebo, there was no
adjustment for multiplicity.

The primary analysis method for the primary e�cacy endpoint was in the full analysis set using a mixed
model for repeated measures without missing value imputation, which included treatment group,
scheduled visit, interaction of treatment group with scheduled visit, pooled site and HbA1c baseline value
as �xed effects. In the mixed model for repeated measures, data collected after initiation of prohibited
antidiabetic medications (the amount and time of taking were reviewed in blind-data-review meeting and
open-data-review meeting) were handled as missing data. The least-squares means of each treatment
group, the estimated treatment difference between dorzagliatin and placebo and its 95% con�dence
interval (CI) were calculated. A sensitivity analysis was performed with the primary e�cacy endpoint in
the full analysis set using an analysis of covariance model with factors of treatment group, pooled site
and interaction of treatment group with pooled site (interaction effect removed if not signi�cant on a 2-
sided alpha level of 0.1), and a covariate of HbA1c baseline value. In the analysis of covariance model,
missing values were imputed using the method of last observation carried forward, which was applied
after excluding data collected after initiation of prohibited antidiabetic medications. Another sensitivity
analysis was performed with the primary e�cacy endpoint using the same mixed model for repeated
measures in the per-protocol set. 

The secondary e�cacy endpoints including changes from baseline in 2-hour postprandial glucose, and
fasting plasma glucose levels at week 24 were assessed using the same mixed model for repeated
measures for the primary endpoint. Another secondary e�cacy endpoint of the percentage of patients
who reached a HbA1c level of less than 7.0% and additional e�cacy endpoint of the homeostatic control
rate were estimated based on the data imputed by last observation carried forward approach in the full
analysis set. Odds ratio and 95% con�dence interval between two treatment groups were estimated using
the logistic regression model with categorical independent variables of treatment group, pooled site and
interaction of treatment group with pooled site (interaction effect removed from the model if not
signi�cant at a 2-sided alpha level of 0.1), and a continuous independent variable of baseline HbA1c
level. For other e�cacy endpoints, such as the change from baseline in the homeostasis model
assessment 2-β were analyzed using the same analysis of covariance model as described above. 

The post-hoc subgroup analyses were carried out with the same statistical methods as used for primary
e�cacy outcome. Patients were strati�ed into subgroups according to their HbA1c level at baseline (less
than or equal to 8.0% vs greater than 8.0%). The analysis of covariance model was used to investigate
the treatment effect on homeostasis model assessment 2-β. Kaplan-Meier method was employed to
analyze the time to �rst reach target response (a HbA1c level of less than 7.0%) over 24 weeks. 
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The incidence of treatment-emergent adverse events that occurred between the �rst intake of double-blind
study medications and the 7th day after the last dose of study medications was summarized by
treatment group and compared between two treatment groups. The incidence of hypoglycemic events
was also summarized by treatment group and compared between treatment groups, both patients that
spontaneously reported low glucose events and low glucose events reported at on-site visit were counted
as hypoglycemic events. Additional details regarding the statistical analysis are provided in the statistical
analysis plan as a supplemental material.
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Table 1. Demographic and Baseline Characteristics *
Dorzagliatin

(N=310)
Placebo
(N=153)

Age - yr 53.2±9.60 53.5±10.02

Male sex - n. (%) 200 (64.5) 101 (66.0)
Duration of disease - mth 12.11±8.98 10.70±7.96
Body weight – kg 69.75±10.759 68.28±9.837

Body mass index§ - kg/m2 25.60±2.94 25.32±2.75
Blood pressure - mm Hg
    Systolic 125.3±13.1 124.0±13.6
    Diastolic 79.8±8.5 78.4±8.6
Glycated hemoglobin - % 8.34±0.67 8.38±0.73
    ≤8% - no. (%) 123 (39.68) 59 (38.56)

    >8% - no. (%) 187 (60.32) 94 (61.44)

Fasting plasma glucose - mg/dl 176.0±32.2 174.8±27.6
2-hour postprandial glucose - mg/dl 320.6±57.1 321.3±57.2
Fasting C peptide - ng/mL 1.762±0.6430 1.738±0.6188
HOMA2-β 35.14±13.983 34.75±13.587
Medical history - n(%) 291 ( 93.9) 144 ( 94.1)
 Metabolic and nutritional diseases 180 ( 58.1) 95 ( 62.1)
    Hyperlipemia  121 (39.0) 62 (40.5)
    Dyslipidemia 31 (10.0) 17 (11.1)
    Hypertriglyceridemia 12 (3.9) 6 (3.9)
    Low HDL cholesterolemia 6 (1.9) 4 (2.6)
    Hypercholesterolemia 2 (0.6) 4 (2.6)
 Liver and biliary system diseases 138 ( 44.5) 72 ( 47.1)
 Vascular and lymphatic diseases 123 ( 39.7) 60 ( 39.2)
 Kidney and urinary system diseases 93 ( 30.0) 52 ( 34.0)
 Infectious and infectious diseases 90 ( 29.0) 43 ( 28.1)
 Heart organ disease 58 ( 18.7) 24 ( 15.7)
 Neurological diseases 39 ( 12.6) 22 ( 14.4)
ALT-U/L 23.3(12.66) 22.4(11.02)
AST-U/L 20.0(7.55) 20.5(8.30)
TBill- umol/L 11.4(4.21) 11.7(4.26)
TG - mmol/L 1.992(1.1556) 2.050(1.0948)
TC - mmol/L 4.846(0.9518) 4.890(0.9012)
LDL-C - mmol/L 2.775(0.8389) 2.776 (0.7605)
HDL-C - mmol/L 1.190(0.2750) 1.182(0.2771)

eGFR† - mL/min/1.73m2 96. 24 (17.187) 97.10 (20.236)

* Plus-minus values are means±SD.§Body-mass index (BMI) is the weight in kilograms divided by the square of
the height in meters. SD: standard deviation† eGFR was calculated in 766 patients who were in the safety set
population.
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Table 2. Changes in Efficacy Endpoints From Baseline to Week 24.

End Point Dorzagliatin
(N=307)

Placebo
(N=150)

Estimated Treatment
Difference, Dorzagliatin

vs. Placebo (95% CI)

P
Value

Glycated hemoglobin *- %
   LS mean change from baseline -1.07±0.061 -0.50±0.091 -0.57 (-0.79, -0.36) <0.001
2-hour postprandial glucose *- mg/dl

   LS mean change from baseline -50.9±4.4 -9.0±6.6 -41.94 (-57.06, -26.82) <0.001

Fasting plasma glucose *- mg/dl

   LS mean change from baseline -10.4±2.2 -4.7±3.3 -5.94 (-13.68, 1.98) =0.141

Response rate (glycated hemoglobin <7.0%)†-%

Percentage of patients achieving target
(Overall population)

42.5% 17.3% 4.20 (2.51, 7.02)‖ <0.001

Percentage of patients achieving target
(Baseline glycated hemoglobin≤8%
population)

59.5% 30.5% 3.80(1.90,7.57) <0.001

Homeostasis model assessment 2-β‡

   LS mean change from baseline 2.56±0.852 -0.72±1.220 3.28 (0.44, 6.11) <0.05

First time to reach glycated hemoglobin <7.0% target (glycated hemoglobin control rate)- week †

   Median time (95% CI)
  (Overall population)

12.1 (12.0,
16.1)

NE§ - <0.001

   Median time (95% CI) (Baseline glycated
hemoglobin≤8% population)

4.7(4.3,8.1) 24.6(16.6,NE) - <0.001

* Plus-minus values are estimated LS means±SE. LS mean differences and corresponding 95% confidence
interval (CI) were estimated using a mixed model for repeated measures in the full-analysis set.
† Response rate was estimated in the full-analysis set, with the use of the data imputed by last observation
carried forward. Estimated treatment difference is represented as the odds ratio and 95%CI using
logistic regression.
‡ Plus-minus values are estimated LS means±SE. LS mean differences were calculated from an analysis of
covariance in the full-analysis set, with the use of the data imputed by last observation carried forward. 
SE: standard error; SD: standard deviation; NA: not available; LS: least-squares; CI: confidence interval.
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Table 3. Adverse Events and Hypoglycemic Events  in 24-Week Double-blind Treatment
Period.*

 

Event Dorzagliatin 
(N=310)

Placebo
(N=153)

No. of Patients (%) No. of Patients (%)
Any adverse events 240 (77.4) 103 (67.3)

Any serious adverse events 12 (3.9) 9 (5.9)

Adverse events leading to drug discontinuation# 0 2 (1.3)

Serious adverse events leading to discontinuation 2 (0.6) 6 (3.9)

Adverse events in ≥5% of patients‖   
Upper respiratory tract infection 58 (18.7) 27 (17.6)
Hyperlipidemia 37 (11.9) 16 (10.5)
Protein urine present 26 (8.4) 7 (4.6)
Hepatic function abnormal 18 (5.8) 6 (3.9)
Hypertension 16 (5.2) 6 (3.9)

Adverse events in at least 5% of patients related to the study drug†    
Upper respiratory tract infection 3 (1.0) 0
Hyperlipidemia 1 (0.3) 0
Protein urine present 1 (0.3) 1 (0.7)
Hepatic function abnormal 2 (0.6) 2 (1.3)
Hypertension 1 (0.3) 0

Hypoglycemia    
Severe hypoglycemia 0 0
Clinically significant hypoglycemia (Blood glucose level <3.0 mmol/L) 1 (0.3) 0
Drop-out due to hypoglycemia 0 0

*Adverse events and serious adverse events that occurred in the 24-week double-blind treatment period
among patients in the safety  population are included in the table and presented with their preferred
terms in the Medical Dictionary for Regulatory Activities, version 23.0. The safety population includes all
randomized patients, who took at least one dose of study drugs. Events were included if the date of onset
was between the first intake of double-blind study medications and the 7th day after the last dose of study
medications.
# Serious adverse events that lead to drug discontinuation are not included.
‖ Adverse events in at least 5% of patients and more frequently reported in the dorzagliatin group than in
the placebo group were listed in the table. Urinary tract infection was reported in 5.2% of patients in both
groups and is not listed in the table.
†Adverse events in at least 5% of patients related to the study drug was defined as adverse events that
were deemed by the investigators to be very likely, or probably related to the study drug or placebo. 
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Table 4. Changes in Selected Labs and Vital Signs at Week 24 (Safety Set).  
Outcome Dorzagliatin

(N=310)
Placebo
(N=153)

 Week 24 Week 52 Week 24 Week 52

Change in body weight - kg  -0.14±2.239 -0.34±2.521 -0.76±2.382 -0.41±2.326

Change in body mass index- kg/m2 -0.052±0.8235 -0.124±0.9168 -0.286±0.8927 -0.157±0.8619

Change in systolic blood pressure - mm Hg -1.34±11.474 0.38±10.190 -0.80±11.094 0.90±11.634

Change in diastolic blood pressure- mm Hg -1.28±8.020 -1.28±8.020 -0.06±7.676 -0.06±7.676

      

Plus-minus values are arithmetic means±SD.
SD: standard deviation.

Figures
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Figure 1

SEED trial design and study patient disposition. a. SEED trial design. b. SEED study patient disposition
�ow diagram throughout the trial.
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Figure 2

E�cacy Endpoints. a. It shows the least-squares (LS) mean change from baseline in the glycated
hemoglobin level at week 24 in patients who received either dorzagliatin or placebo. Estimated treatment
differences (ETD) and corresponding 95% con�dence interval(CI) were estimated in the full-analysis set
using a mixed model for repeated measures. b. It shows the LS mean change from baseline in
homeostasis model assessment 2-β estimated from an analysis of covariance model. Homeostasis
model assessment 2-β is an index for evaluating pancreatic β-cell function with the new homeostasis
model. It is developed from homeostasis model assessment-1, including physiological indicators of
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glucose homeostasis such as liver and peripheral insulin resistance. c. It shows the time to �rst reach a
glycated hemoglobin level of less than 7.0% over 24 weeks, which was analyzed by Kaplan-Meier
method. d. It shows the arithmetic mean change in the glycated hemoglobin level over 52 weeks in
patients who received either dorzagliatin or placebo. Error bars indicate standard errors. e. It shows
homeostatic control rate (glycated hemoglobin of less than 7.0% and without hypoglycemia) in the
overall population and patients with baseline glycated hemoglobin less than or equal to 8.0%. f The
percentages of patients who reached glycated hemoglobin of less than 7.0% target in baseline glycated
hemoglobin less than and equal to 8.0% population. SE: standard error; HR: hazard ratio.
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