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ABSTRACT GST-HG131, a novel dihydroquinolizinone (DHQ) compound, has been
shown to reduce circulating levels of HBsAg in animals. This first-in-human trial eval-
uated the safety, tolerability, and pharmacokinetic profile of GST-HG131 in healthy
Chinese subjects. This was a double-blind, randomized, placebo-controlled phase Ia
clinical trial that was conducted in two parts. Part A was a single-ascending-dose
(SAD; GST-HG131 10 30, 60, 100, 150, 200, 250 or 300 mg or placebo) study, which
also assessed the food effect of GST-HG131 100 mg. Part B was a multiple-ascend-
ing-dose (MAD; GST-HG131 30, 60 or 100 mg or placebo BID) study. Tolerability
assessments included adverse events, vital signs, 12-lead electrocardiogram, physical
examination, and clinical laboratory tests. PK analyses were conducted in blood,
urine, and fecal samples. Single doses of GST-HG131 # 300 mg and multiple doses
of GST-HG131 # 60 mg were generally safe and well tolerated; however, multiple
dosing was stopped at GST-HG131 100 mg, as pre-defined stopping rules specified
in the protocol were met (Grade II drug related AEs of nausea and dizziness in
.50% of subjects). In the SAD study, median tmax of GST-HG131 was 1-6 h, and t1/2
ranged from 3.88 h to 14.3 h. PK parameters were proportional to dose. Exposure
was reduced after food intake. In the MAD study, steady-state was attained on day
4, and there was no apparent plasma accumulation of GST-HG131 on day 7 (Racc , 1.5).
In conclusion, GST-HG131 exhibited an acceptable safety profile in healthy subjects at
single doses ranging from 10-300 mg and multiple doses (BID) ranging from 30-60 mg,
and the MAD doses (30 mg and 60 mg BID) that potentially meet the therapeutic AUC
requirements. These findings imply GST-HG131 has potential as a therapeutic option
for CHB infection. (This study has been registered at ClinicalTrials.gov under identifier
NCT04499443.).

KEYWORDS GST-HG131, pharmacokinetics, safety, hepatitis B virus expression
inhibitor, food effect

Globally, an estimated 250 million individuals are living with chronic hepatitis B virus
(HBV) infection, a major cause of liver cirrhosis and hepatocellular carcinoma (HCC)

(1–3). HBV infection is characterized by high HBV surface antigen (HBsAg) levels in the
circulation, while functional cure is defined as an off-therapy loss of serum HBsAg (4–7).
Current antiviral agents, such as interferon and necleos(t)ide analogues (NA), have low
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functional cure rates (8, 9), and there remains an unmet clinical need for novel therapies
with improved anti-HBV potency and good tolerability.

RG7834 is a dihydroquinolizinone (DHQ)-based small-molecule HBV expression inhibi-
tor that significantly reduces HBsAg levels in vitro and in vivo (1, 8–12). Although the devel-
opment of RG7834 was stopped due to toxicity issues, especially the acute neurotoxicity
(13), medicinal chemistry optimization of this compound generated GST-HG131 (Fujian
Cosunter Pharmaceutical Co., Ltd), a novel inhibitor of HBsAg production with a promising
preclinical safety profile that can significantly reduce serum HBsAg levels in models of
chronic HBV infection.

In preclinical pharmacology studies, GST-HG131 and RG7834 had similar HBsAg inhib-
itory activities (IC50 , 10nM) (9). GST-HG131 inhibited HBsAg production in HepG2.2.15
cells at 50% and 90% maximal effective concentration (EC50 and EC90) values of 4.53 and
48.7 nM, respectively. In an adeno-associated virus/HBV (AAV-HBV) model, GST-HG131
(3–30 mg/kg) demonstrated a robust dose-dependent reduction of HBsAg, and GST-
HG131 30 mg/kg and RG7834 10 mg/kg had the same rate of HBsAg reduction (unpub-
lished data). In preclinical safety studies, GST-HG131 had a low risk of off-target effects.
In rats and beagles, there were no safety signals in a 28-day toxicology study. In rats, a
functional observational battery showed a low risk of neurotoxicity.

In rats and beagles, terminal half-life (t1/2) after intravenous administration of GST-
HG131 was 2.11–3.24 h, and bioavailability after oral administration of GST-HG131 was
65% or 76.5%, respectively. In mice, rats, dogs and humans, GST-HG131 had a plasma
protein binding rate of 59.3%, 57.1%, 61.1% and 57.2%, respectively. In rats, mean total
recovery of radioactivity in urine and fecal samples after a single oral administration of
15 mg/100 mCi/kg [14C] GST-HG131 was 95.23%, with urine and feces accounting for
3.01% and 91.48%, respectively.

The objective of this first-in-human trial was to evaluate the safety, tolerability, and
pharmacokinetic (PK) profile of GST-HG131 in healthy Chinese subjects. Findings will
inform dose optimization for subsequent Phase Ib and Phase II clinical trials in patients
with chronic HBV infection.

RESULTS
Baseline characteristics. A total of 847 subjects were screened, and 126 subjects

were enrolled in this study. One subject withdrew from the SAD GST-HG131 10 mg
cohort and one subject withdrew from the MAD GST-HG131 60 mg cohort before the
first dose of study drug due to abnormal blood pressure. Eight subjects withdrew from
the MAD GST-HG131 100 mg cohort due to AEs. Finally, 116 subjects completed the
study and were included in the safety, tolerability, and PK analyses. Subjects baseline
demographic characteristics (age, weight, and BMI) were well balanced across treat-
ment groups (Table 1).

Safety and tolerability. In the SAD study, 18.8-62.5% of subjects treated with GST-
HG131 and 31.3% of subjects treated with placebo reported treatment-emergent AEs
(TEAEs). 12.5-50.0% of subjects treated with GST-HG131 and 31.3% of subjects treated
with placebo reported drug-related TEAEs.

Drug-related TEAEs most frequently ($25%) reported by subjects administered
GST-HG131 included serum creatinine increased (GST-HG131 30 mg and 200 mg: 25%
of subjects each), neutrophil count decreased (GST-HG131 300 mg: 25% of subjects),
and WBC count decreased (GST-HG131 300 mg: 25% of subjects). All AEs were mild to
moderate (assessed by the investigator as CTCAE grade I and II). No dose effect was
observed for any TEAE in SAD study (Table 2).

In the MAD study, TEAEs were reported in 50.0%, 40.0%, 100%, and 33.3% of sub-
jects, and drug-related TEAEs were reported in 40.0%, 20.0%, 100%, and 33.3% of sub-
jects administered 30, 60, 100 mg GST-HG131 or placebo, respectively. Multiple doses
of GST-HG131 30 mg or 60 mg were generally safe and well tolerated, however, 100%
of subjects administered multiple doses of GST-HG131 100 mg reported drug-related
TEAEs, including dizziness (reported by 90% of subjects), nausea (reported by 90% of
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subjects), and vomiting (reported by 60% of subjects). Subjects treated with other
doses of GST-HG131 or placebo did not report these TEAEs (Table 3).

In the MAD study, . 50% of subjects treated with GST-HG131 100 mg reported
grade $2 drug-related TEAEs (Table 3). Multiple dosing was stopped at GST-HG131
100 mg, as pre-defined stopping rules specified in the protocol were met.

Pharmacokinetics. GST-HG131 plasma concentration-time profiles and PK parame-
ters after a single dose of GST-HG131 10–300 mg are shown in Fig. 1 and Table 4. GST-
HG131 was absorbed rapidly with a median Tmax between 1.0 h and 3.0 h. Mean t1/2
ranged from 3.88 h to 14.3 h, which tended to increase with the dose escalation. Mean
Cmax increased from 223 ng/mL to 5375 ng/mL. Cmax and AUC values increased in a
dose-dependent manner. GST-HG131 PK were linear with respect to Cmax, AUC0-t, and
AUC0-1. Dose proportionality was concluded since the 90% CI for the slope ln(Cmax)
(b = 0.97 [0.86-0.99]), ln(AUC0-t) (b = 1.07 [1.00-1.15]), and ln(AUC0-1) (b = 1.07 [1.00-
1.15]) on ln(dose) were completely contained within the pre-specified equivalence
interval of 0.796–1.204.

GST-HG131 plasma concentration-time profiles in the food-effect study are shown in
Fig. 2. In the fed state, Tmax was delayed, and Cmax and AUC were decreased. The Cmax,
AUC0-t, and AUC0-1 geometric least-squares mean ratios (90% CI) were 0.76 (0.65, 0.89),
0.85 (0.81, 0.89), and 0.86 (0.82, 0.90), respectively. Mean recovery of GST-HG131 in urine
and fecal samples were 2.368% and 2.797%, respectively, over 120 h post-dose.

TABLE 3 Drug-related adverse events in subjects treated with multiple doses of GST-HG131 100 mg

100 mg BID 100 mg BID 100 mg BID Placebo Placebo Placebo
Preferred term (N = 10) (N = 10) (N = 10) (N = 2) (N = 2) (N =2)

Total CTCAE grade I CTCAE grade II Total CTCAE grade I CTCAE grade II
Drug related AEsa 10 (100%) 3 (30.0%) 7 (70.0%) 1 (50.0%) 1 (50.0%) 0
Dizziness 9 (90.0%) 2 (20.0%) 7 (70.0%) 0 0 0
Nausea 9 (90.0%) 3 (30.0%) 6 (60.0%) 0 0 0
Vomit 6 (60.0%) 4 (40.0%) 2 (20.0%) 0 0 0
Gastroesophageal reflux disease 3 (30.0%) 3 (30.0%) 0 0 0 0
Abdominal discomfort 2 (20.0%) 2 (20.0%) 0 0 0 0
Retching 1 (10.0%) 1 (10.0%) 0 0 0 0
Serum creatinine increased 3 (30.0%) 3 (30.0%) 0 1 (50.0%) 1 (50.0%) 0
Neutrophil count decreased 0 0 0 1 (50.0%) 1 (50.0%) 0
Hyponatremia 2 (20.0%) 2 (20.0%) 0 0 0 0
Cheat discomfort 1 (10.0%) 1 (10.0%) 0 0 0 0
Tinnitus 1 (10.0%) 1 (10.0%) 0 0 0 0
aAE, adverse event; data are n (%).

FIG 1 SAD study: GST-HG131 plasma concentration-time profiles in healthy subjects (Semi-log profiles).
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GST-HG131 plasma concentration-time profiles and PK parameters (days 1 and 7) af-
ter multiple doses of GST-HG131 30–100 mg are shown in Fig. 3 and Table 5. Median
Tmax was 1.5–2.0 h and 1.385–4.5 h on days 1 and 7, respectively. Mean t1/2,ss ranged
from 7.20 h to 10.0 h, and Racc was ,1.5, implying no plasma accumulation of GST-
HG131 on day 7. Steady-state conditions were reached on day 4. Trough levels prior to
first administration of GST-HG131 30 mg, 60 mg, or 100 mg on days 4–7 were 82.6–
90.9, 213.82263.8, 395.52426.5 ng/mL, respectively. Trough levels (12h) prior to sec-
ond administration of GST-HG131 30 mg, 60 mg, or 100 mg on day 7 were 59.3, 182.3
and 460.4 ng/mL.

DISCUSSION

GST-HG131 is a novel inhibitor of HBsAg production which optimized from the first
oral HBV expression inhibitor RG7834. The anti-HBV potency of GST-HG131 is well-
demonstrated in both in vitro HepG2.2.15 cells and PHH infection assays. GST-HG131
had similar HBsAg inhibitory activities with RG7834 (IC50 , 10nM) in preclinical phar-
macology studies (9). Efficacy of GST-HG131 against HBV was shown in AAV-HBV mice
model by demonstrating a significant reduction of HBsAg. The safety was well in rats
and beagles in a 28-day toxicology study and showed a low risk of neurotoxicity, which

FIG 2 Food-effect study: GST-HG131 100 mg (single dose) plasma concentration-time profiles in healthy
subjects (Semi-log profiles).

FIG 3 MAD study: GST-HG131 plasma concentration-time profiles in healthy subjects (Semi-log
profiles).
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was observed in RG7834 (13). This Phase I clinical trial was designed evaluate the
safety, tolerability, and PK profile of GST-HG131 in healthy Chinese subjects.

In this study healthy subjects were randomized to receive a single oral dose of GST-
HG131 10, 30, 60, 100, 150, 200, 250, or 300 mg, multiple oral doses of GST-HG131 30, 60
or 100 mg (BID), or matching placebo. The maximum recommended starting dose (MSRD)
in humans was calculated as 8.72–20.2 mg based on the NOAEL in rats (15 mg/kg) and
beagles (100 mg/kg), considering a safety factor of 60. The maximal tolerated dose (MTD)
in humans was calculated as 363.6 mg and 697.7–3488.4 mg based on MTDs in rats
(300 mg/kg) and beagles (20021000 mg/kg), considering a safety factor of 10. Although
GST-HG131was safe and well-tolerated in preclinical animal studies, and single doses of
GST-HG131 # 300 mg and multiple doses of GST-HG131 # 60 mg were generally safe
and well tolerated in this first-in-human study, multiple dosing was stopped at GST-HG131
100 mg, as pre-defined stopping rules specified in the protocol were met (Grade II drug
related AEs of nausea and dizziness in.50% of subjects).

There were no serious AEs or deaths in the SAD or MAD studies. No dose effect was
observed for any TEAE. However, the MAD study was stopped at the GST-HG131 100 mg
cohort as .50% of the subjects treated with multiple doses of GST-HG131 100 mg
reported grade 2 drug-related AEs, including dizziness (reported by 90% of subjects),
nausea (reported by 90% of subjects), and vomiting (reported by 60% of subjects), which
were not reported by subjects in all SAD doses and MAD doses #60 mg BID treated
with GST-HG131 or placebo. In preclinical toxicology studies, vomiting, salivation and
opisthotonos were observed in beagles treated with GST-HG131 1000 mg/kg. Except the
neurotoxicity of RG7834, no other adverse reaction was mentioned about RG7834 and
other DHQ compounds (13).

In the MAD study, the half-life of GST-HG131 ranged from 7.20 h to 10.0 h, implying
GST-HG131 is suitable for twice daily dosing. In the SAD study, Cmax and AUC values
increased in a dose-dependent manner. In previous human, monkey, dog, rat and

TABLE 5MAD study: Plasma pharmacokinetic parameters of GST-HG131 in healthy subjectsa

PK parametes 30 mg BID 60 mg BID 100 mg BID
D1 (N = 10) (N = 10) (N = 10)
Tmax (h)b 1.500 (0.75,3.00) 2.000 (0.75,3.00) 1.750 (1.00,4.00)
Cmax (n*g/mL) 645.96 145.4 1250.96 276.7 1993.36 548.5
AUC0-t (h*ng/mL) 2656.06 698.8 6122.06 1637.9 9574.06 2873.1
AUC0-1 (h*ng/mL) 2792.06 764.4 6588.06 1845.1 10532.06 3475.7
t1/2 (h) 2.526 0.343 2.866 0.526 2.916 0.586
CL/F (mL/h) 11504.06 3165.8 9674.06 2365.1 10587.06 3836.6
Vz/F (mL) 407706 8325.5 394006 9664.8 425006 11362

D7 (N = 10) (N = 10) (N = 2)
Tmax,ss (h) 1.385 (0.75,4.00) 2.500 (0.50,3.00) 4.500 (3.00,6.00)
Cmax,ss (n*g/mL) 698.46 232.4 1587.26 337.5 1698.16 382.7
Cmin,ss (n*g/mL) 57.96 29.3 180.66 72.5 368.46 206.6
AUC0-t,ss (h*ng/mL) 3910.06 1322.6 10320.06 3123.6 16650.06 8273.2
AUC0-1,ss (h*ng/mL) 3983.06 1335.5 10589.06 3363.0 17600.06 8909.6
AUC0-12h,ss (h*ng/mL) 3220.06 1040.2 8146.06 2072.2 10920.06 4072.9
t1/2,ss (h) 7.206 1.80 7.926 1.78 10.06 1.10
CL/F,ss (mL/h) 10291.06 3629.8 7784.06 1893.0 9830.06 3634.5
DF (%) 241.36 54.2 211.36 30.7 153.26 37.5
RacAUC0-12h (%) 121.56 24.4 135.06 23.4 132.36 23.1

aData are expressed as mean6SD unless otherwise specified. Tmax is expressed as median (range).
bTmax, time to peak plasma concentration; Cmax, peak plasma concentration; AUC0-t, area under the plasma
concentration-time curve from time zero to time t; AUC0-1, area under the plasma concentration-time curve
from time zero to infinity; t1/2, terminal elimination half-life; CL/F, apparent clearance; Vz/F, apparent volume of
distribution, Tmax,ss, time to peak plasma concentration at steady-state; Cmax,ss, peak plasma concentration at
steady-state; AUC0-t,ss, area under the plasma concentration-time curve from time zero to time t at steady-state;
AUC0-1,ss, area under the plasma concentration-time curve from time zero to infinity at steady-state; AUC0-12ht,ss,
area under the plasma concentration-time curve from time zero to 12 h at steady-state; t1/2,ss, terminal
elimination half-life at steady-state; CL/F,ss, apparent clearance at steady-state; Vz/F, apparent volume of
distribution; DF, fluctuation percentage; Rac, accumulation factor.

Safety and Pharmacokinetics of GST-HG131 in Healthy Subjects Antimicrobial Agents and Chemotherapy

May 2022 Volume 66 Issue 5 10.1128/aac.00094-22 8

https://journals.asm.org/journal/aac
https://doi.org/10.1128/aac.00094-22


mouse liver microsomes and liver cells incubation tests, the prototype drug GST-
HG131 was the main component (.75%) after incubation. In vivo metabolic tests, the
relative abundance of GST-HG131 (percentage of GST-HG131 in plasma to total plasma
radioactivity) were 69.2–75.4% and 86.4–90.2% in SD rats and beagle dog. Prototype
drugs GST-HG131 was the main existing form in previous studies. In rats, mean total re-
covery of radioactivity in fecal samples after a single oral administration of 15 mg/100
mCi/kg [14C] GST-HG131 was 91.5%. In humans, only 2.797% of GST-HG131 was
excreted through the feces, the phenomenon that requires further investigation in a
radio-labeling study.

The efficacy of GST-HG131 in patients with CHB infection remains to be elucidated.
GST-HG131 inhibited HBsAg production in HepG2.2.15 cells at an EC90 value of 48.7 nM
(21 ng/mL). The initial effective dose in humans was calculated as 160.8 mg, corresponding
to an effective dose of 30 mg/kg in mice. The mean steady state trough concentration for
the MAD GST-HG131 30 mg cohort (free drug: 24.8 ng/mL) reached the target concentra-
tion, and the mean AUC of the plasma concentration of GST-HG131 was greater than the
effective dose extrapolated from studies in mice (160.8 mg) (Table 6). The safety, tolerabil-
ity, and PK profile of GST-HG131 in the healthy Chinese subjects included in this first-in-
human study suggests postprandial doses of GST-HG131 30 mg BID and GST-HG131
60 mg BID could be used in a Phase Ib study in patients with HBV infection.

In conclusion, GST-HG131 exhibited an acceptable safety, tolerability and PK profile
in healthy subjects at single doses ranging from 10–300 mg and multiple doses (BID)
ranging from 30–60 mg, and the MAD doses (30 mg and 60 mg BID) that potentially
meet the therapeutic AUC requirements. These findings and preclinical efficacy data
imply GST-HG131 has potential as a therapeutic option for CHB infection. GST-HG131
30 mg BID and 60 mg BID may be used in future clinical trials.

MATERIALS ANDMETHODS
This was a single-center clinical trial conducted at the Jilin University First Affiliated Hospital-Phase I

Clinical Research Center, Changchun City, China between August 18, 2020 and July 6, 2021 (NCT04499443
[ClinicalTrials.gov]). This first-in-human study was approved by the Ethics Committee at the Jilin University
First Affiliated Hospital-Clinical Research Institute and conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice guidelines. All study subjects gave written informed consent.

Study subjects. This study was conducted in healthy Chinese volunteers. Key inclusion criteria were:
1) males or females (not pregnant or lactating) aged 18–55 years; 2) body mass index (BMI) 18-28 kg/m2

(body weight: males, $ 50 kg, females, $ 45 kg); and 3) no clinically significant abnormal findings at
screening on physical examination, medical history, and/or clinical laboratory tests. Key exclusion criteria
were: 1) chronic smoking or alcohol and/or drug abuse; 2) use of any medication within the 14 days prior
to initiation of study drug (defined as GST-HG131 or placebo) or during the study; 3) blood donation
within the 3 months prior to study initiation; 4) exposure to any CYP3A4, P-gp, or BCRP inducers or
inhibitors within the 3 months prior to initiation of study drug; or 5) participation in a clinical trial of
another investigational drug within the 3 months prior to study initiation.

Study design. This was a double-blind, randomized, placebo-controlled Phase Ia clinical trial that was
conducted in two parts. Part A was a single-ascending-dose (SAD) study comprising eight cohorts (n = 10
per cohort). Subjects in each cohort were randomly assigned 4:1 to receive a single dose of GST-HG131
(10, 30, 60, 100, 150, 200, 250, or 300 mg) or placebo in the fasting state. An additional eight subjects were
enrolled in the 100 mg cohort to assess the food effect of GST-HG131 in a two-period crossover study with
a 7-day washout period. During the fed condition, after an overnight fast of approximately 10 h, high-fat
(approximately 50% of total caloric content of the meal), high calorie (approximately 800–1000 kcal) break-
fast will be consumed starting 30 min prior to dosing. The breakfast (two boiled eggs, 20 g butter, 20 g ba-
con, one slice of toast 50 g, 115 g fries and 240 mL whole milk) should be completed prior to dosing.

The initial GST-HG131 dose (10 mg) was selected based on preclinical studies. MRSD were calculated
at 20.2 and 8.72 mg using a 60-fold safety margin to the no-observed-adverse-effect-level (NOAEL) in

TABLE 6 Pharmacokinetic profiles of GST-HG131

Species Dose AUCss (h*ng/mL, D7) Ctrough (ng/mL,D7)
HepG2.2.15 cell NA NA EC90: 48.71 nM

(21 ng/mL)
Mice Effective dose

(single dose)
AUC0-t: 5660 (free: 2304) NA

Healthy subjects 30 mg (BID) AUC0-12h,ss: 3220 (free: 1378) C12h: 57.9 (free: 24.8)
60 mg (BID) AUC0-12h,ss: 8146 (free: 3486) C12h: 180.6 (free: 77.3)
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rats and beagles, respectively. The minimal anticipated biological effect level (MABEL) was 160.8 mg, cal-
culated from an efficacy study in mice. Dose-escalation occurred after a satisfactory medical review of
safety data at days 2, 4, and 6 post-dose. The Principal Investigator and study Sponsor determined each
subsequent dose level.

Part B was a multiple-ascending-dose (MAD) study comprising three cohorts (n = 12 per cohort).
Subjects in each cohort were randomly assigned 5:1 to receive GST-HG131 (30, 60, or 100 mg) or pla-
cebo in the fasting state twice-daily for 7 days. Doses administered in the MAD study were determined
after a review of the safety and PK data from the SAD study. Dose-escalation occurred after a satisfactory
medical review of safety data at days 3, 6, and 9 after treatment initiation. The Principal Investigator and
study Sponsor approved each subsequent dose level.

Each SAD and MAD cohort included two sentinel subjects, safety results for the sentinel subjects
were reviewed at 48 h (SAD) or 72 h (MAD) post-dose, prior to enrolling additional subjects.GST-HG131
and placebo were provided by the sponsor (Fujian Cosunter Pharmaceutical Co., Ltd.), and had identical
packaging, labeling, appearance, and administration schedules.

Study termination criteria was evaluated according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI-CTCAE) version 5.0 and defined as the emergence of the
following drug-related adverse events (AEs): in a dose group, more than half of participants suffered
Grade 2 drug-related AEs, or more than quarter of participants suffered Grade 3–4 treatment-related AEs
or one subject experienced a drug-related serious adverse event (SAE).

PK analysis. Blood samples (4 mL each) for PK analysis were collected via an indwelling intravenous
angiocatheter into K2EDTA containing tubes at pre-specified time points. Plasma was isolated after the
first 0.5–1 mL of blood had been discarded.

In the SAD study, blood samples were collected at 0 h (pre-dose) and 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2, 3,
4, 6, 8, 10, 12, 24, 48, 72, 96, and 120 h post-dose. For the food-effect cohort, blood samples were col-
lected at the same time points on days 1 and 8. In the MAD study, blood samples were collected on day
1 (0, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2, 3, 4, 6, 8, 10, and 12 h) and day 7 (0, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2, 3, 4, 6,
8, 10, 12, 24, and 48 h). Samples for the determination of GST-HG131 trough concentration were col-
lected on day 4 to day 6 at 0 h (pre-dose).

In period-2 (fasting state) of the food-effect study, urine samples were collected at 0 h, 0–6 h, 6–12
h, 12–24 h, 24–48 h, 48–72 h, 72–96 h, and 96–120 h post-dose. Fecal samples were collected at 0–120 h
post-dose.

All samples were stored at 280°C until analysis.
The concentrations of GST-HG131 in plasma, urine, and fecal samples were determined with a validated liq-

uid chromatography-tandem mass spectrometry method using an LC-30AD HPLC system (Shimadzu, Tokyo,
Japan) equipped with a Triple Quad 6500 1 (AB Sciex, Toronto, ON, Canada). Calibration ranges for assays in
plasma, urine, and feces were 1.00;2000 ng/mL. Accuracies were -6.1%;4.9%, -7.3%;14.9% and -4.7%;
9.6%, and precision was within 6.2% CV, 10.1% CV and 8.1% CV in plasma, urine, and feces, respectively.

Safety. Adverse events (AEs), vital signs (body temperature, blood pressure at rest, heart rate, respi-
ratory rate), and findings on electrocardiograms, physical examination, and clinical laboratory tests (bio-
chemistry, hematology, urinalysis, reticulocyte, thyroid function, antinuclear antibody [ANA] series, and
immune globulin) were evaluated according to the NCI-CTCAE v5.0. Thyroid ultrasound, semen analysis
and sperm DNA fragmentation testing was performed, and sex hormone levels were measured. The inci-
dence and severity of AEs and their relationship to study drug were recorded.

Statistical analysis. Plasma PK data were analyzed using standard non-compartmental methods
with WinNonlin v8.0 (Certara USA Inc.). PK parameters included peak plasma concentration (Cmax), time
to peak plasma concentration (Tmax), area under the plasma concentration–time curve from time zero to
the last time point with a quantifiable concentration (AUC0-t), AUC from time zero to infinity (AUC0-1),
t1/2, clearance (CL/F), and apparent volume of distribution (Vz/F). The amount (Ae) and apparent fraction
(Fe) of GST-HG131 recovered in the urine and fecal samples over 120 h post-dose were calculated.

Statistical analysis was performed with SAS software, v 9.4 (SAS Institute Inc., United States).
Continuous variables are provided as number, mean6 standard deviation, median, maximum, and mini-
mum. Categorical variables are provided as frequency and percentage. Dose proportionality analysis on
Cmax and AUC was assessed using log-transformed data regressions.

In the food-effect study, mixed-effects modeling with period and treatment as fixed effects and
subjects specified as nested random effects was used to compare log-transformed Cmax, AUC0-t, and
AUC0-1 values between the fasted and fed states. Geometric mean ratios and corresponding 90% confi-
dence intervals (CIs) for Cmax, AUC0-t, and AUC0-1 were calculated.
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