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Purpose: Suramin is a multifunctional molecule with a wide range of potential applications, including parasitic and viral diseases, as
well as cancer.

Methods: A double-blinded, randomized, placebo-controlled single ascending dose study was conducted to investigate the safety,
tolerability, and pharmacokinetics of suramin in healthy Chinese volunteers. A total of 36 healthy subjects were enrolled. All doses of
suramin sodium and placebo were administered as a 30-minute infusion. Blood and urine samples were collected at the designated
time points for pharmacokinetic analysis. Safety was assessed by clinical examinations and adverse events.

Results: After a single dose, suramin maximum plasma concentration (C,,,) and area under the plasma concentration—time curve
from time zero to the time of the last measurable concentration (AUC,g,) increased in a dose-proportional manner. The plasma half-life
(t12) was dose-independent, average 48 days (range 28—105 days). The cumulative percentages of the dose excreted in urine over 7
days were less than 4%. Suramin can be detected in urine samples for longer periods (more than 140 days following infusion).
Suramin was generally well tolerated. Treatment-emergent adverse events (TEAEs) were generally mild in severity.

Conclusion: The PK and safety profiles of suramin in Chinese subjects indicated that 10 mg/kg or 15 mg/kg could be an appropriate
dose in a future multiple-dose study.
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Introduction
Suramin is a drug that has been used to treat both children and adults with African sleeping sickness and river blindness
for over a century.' It has also been shown to inhibit the replication of a variety of viruses, including enteroviruses, Zika
virus, Chikungunya, Ebola viruses, and SARS-CoV-2.>"® Suramin’s viral inhibition mechanisms are diverse, including
inhibition of viral attachment, entry, and release from host cells, which is accomplished in part through interactions with
viral capsid proteins.” >""® Until now, suramin was only tested in a few clinical trials on cancer patients and children
with an autism spectrum disorder.”'® Suramin’s effectiveness in treating viral illnesses has not recently been validated by
clinical research. However, suramin is expected to find a surprising variety of repurposing applications, particularly in
anti-virus disease.

Suramin has poor oral absorption while being widely distributed to tissues, kidneys, and protein. This drug’s volume
of distribution was 31-46 liters, with 80% excreted via the kidney.'""'” Suramin has an extremely long half-life (t; ;) of
50 days or more, resulting in drug accumulation with repeated dosing. Suramin levels above 350 pg/mL may increase the
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frequency of neurotoxicity and coagulopathy. The use of intermittent dosing schedules demonstrated that
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maintaining plasma suramin levels between 100 and 300 pg/mL significantly reduced suramin toxicities without
compromising antineoplastic activity in prostate cancer patients.'#?12

In China, enterovirus 71 (EV71) is the major etiological agent of hand foot mouth disease (HFMD) that poses severe
risks to children’s health.?* To date, there are no specific treatment drugs for EV71-associated HFMD. Due to suramin’s
preclinical effect for the EV-71 virus, injected suramin sodium was developed by Hainan Honz Pharmaceutical Co. Ltd
for the treatment of HFMD. The salt form can improve the water solubility of suramin. Its long half-life and low
therapeutic index make it difficult to design a regiment that would rapidly achieve concentrations in the range associated
with biological effects. In addition, its pharmacokinetics in the Chinese population is poorly understood.

The aims of the study were to evaluate the safety, tolerability, and PK profile of suramin after single-dose in adult
healthy Chinese subjects for the first time. The adult PK data would be applicable to modeling the PK/PD relationship in
children with HFMD and provide dosing guidelines for further clinical trials in adults or children.

Materials and Methods

The clinical protocol and informed consent were reviewed and approved by the ethics committee of the First Affiliated
Hospital, School of Medicine, Zhejiang University (approval No. 2018-EC-292). Clinical procedures were conducted in
the Phase I clinical trial unit of the First Affiliated Hospital, School of Medicine, Zhejiang University. The study (NCT
03804749) was conducted in accordance with the Declaration of Helsinki and followed the principles of Good Clinical
Practice. Written informed consent was obtained for all subjects prior to participating in any study procedures.

Study Participants

All healthy volunteers, aged 1845 years, body weight of 45-75 kg (female) and 50-75 kg (male), and body mass index
values of 18-26 kg/m? were eligible to participate in the study. Subjects were required to be in good health, as
determined by the absence of clinically significant findings from medical history, electrocardiogram, clinical laboratory
assessments, vital sign measurements, and physical exams. Baseline laboratory test values for kidney and liver functions
had to be within normal limits. The study candidates matched with the exclusion criteria in the study protocol will be
excluded such as a history of heart, liver, lung, kidney, respiratory, nervous, skeletal muscle, endocrine, digestive system
diseases or other serious diseases; clinical drug allergy history or specific allergic disease history, especially those who
are allergic to any ingredient used in the investigational product. Individuals who screened positive for hepatitis B virus,
HCV, or HIV were ineligible. Volunteers were also excluded from the study if they used tobacco or nicotine-containing
products within 3 months of study initiation and had used any medications, vitamins, or herbal supplements within 2
weeks before study drug administration. Additional exclusion criteria were consumption of any caffeine-containing foods
or beverages within 48 h and any alcohol or alcohol-containing drinks. Female subjects with childbearing potential
needed to have a negative serum pregnancy test and use at least one acceptable form of contraception. Males had to agree
to practice a reliable form of contraception or abstinence.

Study Design

The study was a double-blind, placebo-controlled, single-dose study conducted on healthy volunteers. Thirty-six
participants were randomized to administer either injected suramin sodium or placebo (Figure 1). Each of the three
dose escalation cohorts consisted of 12 healthy subjects. In the three dose escalation cohorts, ten subjects/cohort received
10, 15, or 20 mg/kg of suramin, respectively, and two subjects/cohort received placebo (ratio 5:1). Randomization was
completed using a simple randomization schedule generated by SAS 9.4 (SAS Institute Inc., Cary, NC, USA). Volunteers
were enrolled sequentially and assigned a random number in each dose group. All doses of injected suramin sodium and
placebo calculated on the basis of the volunteer’s body weight were dissolved in 100 mL of 0.9% sodium chloride
solution and injected intravenously at a consistent rate (infusion time was 30 min). Suramin dose escalation was only
conducted after reviewing inpatient safety data (day 1 to day 8) from the previous cohort. Unblinding occurred after all
subjects within each dose cohort had completed Day 28 visit. The study duration for each subject receiving injected
suramin sodium (screening period, administration, and follow-up) was approximately 154 days. The median time to
complete the study for placebo-treated subjects was approximately 32 days after their administration.
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Figure | Study design. Placebo-treated subjects were followed for at least 28 days until unblinding permits in each dose group. PK sampling time was up to 140 days for
suramin treatment cohorts to better characterize the terminal phase, given the long elimination half-life based on emerging data.

Sample Size

The sample size was based on the number of subjects that were feasible to evaluate the safety and the pharmacokinetic
profile of suramin and not on any statistical hypothesis. According to Technical Guidelines for Clinical Pharmacokinetics
Research on Chemical Drug, 8—12 subjects are generally required for each dose group. Considering the dropout rate, the
sample size planned for our study was about 12 cases in each dose level.

Biological Sample Collection

Plasma and urine concentrations of suramin were measured in this study. Venous blood samples were collected into
K2EDTA tubes at different time points: 0 (prior to the infusion), 10 min (during the infusion), 20 min (during the
infusion), 30 min (immediately following completion of the infusion), and 35 min, 45 min, 1 h, 2 h, 3h, 4 h, 8 h, 12 h,
24 h, 48 h (day 3), 72 h (day 4), 96 h (day 5), 120 h (day 6), 144 h (day 7), 168 h (day 8), 336 h (day 14), 672 h (day 28),
1344 h (day 56), 2016 h (day 84), 2688 h (day 112), 3360 h (day 140) after the start of the infusion. After centrifugation
at 1700 g for 10 min, the supernatant of each sample was collected and stored at —80 °C until analysis. 24-h urine
samples were collected daily from day 1 to day 7 for measurement of urine volume and suramin concentration. Spot
urine samples were collected on day 14, 28, 56, 84, 112, and 140 to obtain the suramin excretion. Two subjects receiving

placebo in each cohort were discontinued after unblinding and no more PK samples need collecting.

Bioanalytical Procedures

Plasma and urine samples were analyzed for suramin concentrations using validated, sensitive, and specific liquid
chromatography tandem mass spectrometric methods. The lower limit of quantification for suramin was 1.0 ug/mL for
plasma concentrations and 0.2 pg/mL for urine concentrations. The system comprised an LC-20AD™ (Shimadzu
System, Shimadzu, Japan) coupled with a mass spectrometry (Qtrap 5500, AB SCIEX, USA) to determine the suramin
concentration in plasma and urine. Chromatography was performed with an ACE 3 C18-AR, 50 x 2.1 mm, equipped with
a Phenomenex SecurityGuard Standard C18, 4 x 3.0 mm, and the mobile phase was water with 100 mM amine acetate
(PH 7.6) (A)-acetonitrile (B) at a flow rate of 0.6 mL/min. The gradient elution program: 0—1.0 minutes, 20%A/80%B;
1.0-2.0 minutes, 95%A/5%B; 2.1-4.0 minutes, 20%A/80%B. The quantification was performed using multiple reaction
monitoring of the transitions m/z 647—382 for suramin and m/z 651.1—382 for suramin-d§ (IS).

For plasma samples, the between-day assay accuracy, expressed as percent relative error, for quality control (QC)
concentrations ranged from —4.60% to 2.00% for the low, medium, high, and diluted QC samples. Assay precision,
expressed as the between-day percent coefficient of variation (%CV) of the mean estimated concentrations of QC
samples, was <2.95% for low (3 pg/mL), medium 1 (25 pg/mL), medium 2 (200 pg/mL), high (400 pg/mL) and diluted
(2000 pg/mL) concentrations. For urine samples, the accuracy, intra- and inter-day precisions were all required not to
exceed 15%.
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Pharmacokinetic Assessments

Pharmacokinetic parameters were estimated using noncompartmental methods (Phoenix WinNonlin version 8.0, Pharsight
Corporation, Princeton, New Jersey). Cpax and time to C,. (Tmax) Were obtained from the observed data. The AUC for
plasma concentration versus time from 0 to the last measurable time point (AUC,_,) was calculated using the linear trapezoidal
rule. The AUC from 0 to infinity (AUC,.,,) was calculated as AUCy + C,s/Az, where Cy is the last measurable
concentration and Az is the slope of the log-linear regression of the terminal concentration data points. Drug elimination half-
life (t;,) was then calculated as In2/Az. The apparent clearance (CL) was calculated as the ratio of dose to AUC,_,. The
apparent volume of distribution (V) was calculated as the ratio of clearance to Az. The amount of drug excreted into the urine
from time zero to time 7 days (Aey_7q) was determined for each single-dose pharmacokinetic group from the urine drug
concentration—time data.

Safety Assessments

We evaluated the safety by periodic physical examinations, including vital signs, assessment of 12-lead ECGs (PR, QRS,
QT, QTcB [Bazett’s formula]), clinical laboratory tests (complete blood count [CBC] with differential, prothrombin time
[PT], partial thromboplastin time [PTT], and sodium, potassium, calcium, glucose, creatinine, blood urea nitrogen
[BUN], albumin, protein, bilirubin, aspartate aminotransferase [AST], alanine aminotransferase [ALT], triglycerides,
total cholesterol, low-density lipoprotein, high-density lipoprotein, and alkaline phosphate levels) at baseline and at
various time points during the studies, and examined the AEs and use of concomitant medications. AEs were evaluated
according to National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE, version 5.0) and
were managed and recorded promptly by qualified investigators according to relevant regulations.

The dose-escalation termination criteria in a single ascending-dose study were determined by AEs. The dose escalation
was only conducted after reviewing impatient safety data (day 1 to day 8) from the previous cohort. Dose escalation should
be terminated when 1) AEs related to study drug of CTCAE Grade 2 and above occur in >50% subjects of one dose
group; 2) AEs related to the study drug of CTCAE Grade 3 and above occur in >25% subjects of one dose group. 3) SAE
related to the study drug occurs in at least one subject, with the exception of controlled infusion reactions.

Statistical Analyses

Statistical analysis was performed using SAS Software version 9.4 (SAS Institute, Cary, NC, USA) or using Phoenix
WinNonlin. AEs were coded using the MedDRA dictionary version 20.1. They were classified by System Organ Class
(SOC) and Preferred Term (PT). Treatment-emergent AEs (TEAEs) were summarized and listed.

Suramin concentrations vs time were plotted on linear and semi-logarithmic scales. Plasma concentrations and PK
parameters were listed. Summary statistics of PK parameters including means, geometric means and coefficients of
variation were presented for each dose. The normal distribution test was conducted using one-sample Kolmogorov—
Smirnov test within-group in pharmacokinetic variables of suramin except Tp.x (using nonparametric tests). Before
performing statistical comparison, non-normally distributed parameters were logarithmically transformed.

Pharmacokinetic parameters were compared among dose levels using analysis of variance (ANOVA). To confirm
whether C,.x and AUC for suramin were dose-proportional over the 10-20 mg/kg dose range in healthy Chinese
subjects, log-transformed pharmacokinetic parameters AUC and C,,,, were analyzed using the power model, PK =
Ax(Dose)?, where PK is the pharmacokinetic parameter, A is the intercept, and P is the dose-proportionality coefficient.
A 95% CI for the dose-proportionality parameter  was then calculated. Note that a slope of 1 would correspond to
perfect dose proportionality. Body weight corrected PK parameter values of both sexes were compared using independent
samples #-test to evaluate gender difference. P < 0.05 was considered significant.

Results

Participant Demographics
In total, 113 healthy Chinese subjects were recruited for the study, of whom 36 were randomized. Thirty subjects
received injected suramin sodium 10-20 mg/kg and 6 subjects received placebo. Two subjects (No.1007 in 10 mg/kg
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Table | Baseline Characteristics of the Randomized Study Population (n = 36)

Characteristic Placebo Suramin Total
n=6 n=36
10 mg/kg 15 mg/kg 20 mgl/kg
(n=10) (n=10) (n=10)
Age, mean (SD), y 24.8 (2.9) 254 (2.7) 28.2 (4.6) 26.1 (4.1) 26.2 (3.9)
Height, mean (SD), m 1.65 (1.1) 1.64 (7.4) 1.64 (7.7) 1.65 (6.6) 1.64 (7.3)

Weight, mean (SD), kg 61.4 (8.5) 59.2 (6.6) 58.3 (8.7) 60.5 (7.8) 60.3 (7.3)
BMI, mean (SD), kg/m? 224 (2.2) 22.0 (1.7) 21.6 (1.9) 222 (2.5) 22.1 (2.0)
Sex, No. (%)

Male 4 (66.7) 8 (80.0%) 6 (60.0%) 7 (70.0%) 25 (69.4%)
Female 2 (333) 2 (20%) 4 (40.0%) 3 (30.0%) Il (30.6%)
Race, No. (%)

Asian 6 (100%) 10 (100%) 10 (100%) 10 (100%) 36 (100%)
Nation, No. (%)

Han 6 (100%) 10 (100%) 8 (80%) 8 (80%) 32 (88.9%)

Abbreviations: BMI, body mass index; SD, standard deviation.

cohort and No0.3006 in 20 mg/kg cohort) were lost to follow-up on day 84 and considered not to have completed the
study. One female subject (N0.2010) was withdrawn from the 15 mg/kg suramin-treated cohort on day 28 because of
a pregnancy event. All subjects were included in the safety analysis, while 26 subjects treated with suramin sodium were
included in the PK analysis.

Baseline demographic characteristics were generally comparable across treatment groups (Table 1).

Pharmacokinetics Results

The mean plasma concentration—time profile of suramin following single IV infusion dosing of 10-20 mg/kg is shown in
Figure 2. Pharmacokinetic parameters are enlisted in Table 2. The PK characteristics of suramin indicated by the
parameters of Tp.., tin, V, and CL were similar in the three dose groups (P > 0.05). Plasma t;, was independent of
the dose, averaging 48 days (range 28—105 days). V and CL ranged between 31.5 and 109 L and 18.7 and 51.5 mL/h,
respectively, over the entire dose range. AUC.1404 Was 13.7 + 2.7, 24.2 +£ 4.7, and 33.8 +3.1 h-mg/mL for 10 mg/kg,
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Figure 2 Mean concentration—time curve with standard deviation for suramin in healthy human subjects after a single dose.
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Table 2 Pharmacokinetic Parameters of Suramin After Single-Dose Administration of Injected Suramin Sodium
in Healthy Subjects

Parameters Geometric Mean (Geometric CV%) Slop B (95% CI)

10 mglkg 15 mglkg 20 mg/kg

n=9 n=9 n=8

Crnax, Hg/mL™* 160 (9.6) 253 (10.9) 328 (6.5) 1.040 (0.908-1.171)
AUC_j404, h mg/mL>** 13.4 (20.4) 23.8 (19.8) 33.7 (9.2) 1.334 (1.092-1.575)
AUCq . h mg/mL®* 15.6 (28.9) 26.4 (19.9) 38.2 (14.6) 1.288 (1.004-1.573)
Tmaxo hour® 0.59 (0.50-0.59) | 0.54 (0.49-1.0) | 0.58 (0.50-0.58)
ti/, hour 1050 (33.9) 1109 (22.9) 1174 (46.3)
CL, mL/hour 37.3 (26.5) 334 (26.2) 319 (11.4)
VL 56.5 (23.3) 53.4 (36.7) 54.0 (42.6)
Urinary recovery in 7days (% of dose) 3.95 (1.57) 3.75 (0.83) 3.81 (0.73)

Notes: *Pharmacokinetic parameters were logarithmically transformed prior to analysis of variance (ANOVA). "Data was shown as median
(min, max). **P<0.001: The difference of the PK parameters among different dose groups is considered to be statistically significant.
Abbreviations: AUCy._.., area under the plasma concentration-time curve from time 0 to infinity; AUCq_ 404, area under the plasma
concentration—time curve from time 0 to 140 days; CL, apparent clearance; C,,,, maximum observed concentration; T, time to Cyax
ti/2, terminal elimination phase half-life; V, apparent volume of distribution.

15 mg/kg, and 20 mg/kg dose groups, respectively. AUCy., was 16.1 £4.5, 26.8 £ 5.2, and 38.5 + 5.6 h-mg/mL for the
three dose groups. Cpax Was 161 £ 15.4, 254 + 27.6, and 328 + 21.2 ug/mL for the three dose groups. According to
ANOVA, there was a dose-proportional increase in C,a.x, AUCq.1404, and AUC,_,, with the dose (P < 0.0001), with
a slope of 1.040 (90% CI 0.908-1.171) for Cyax, 1.334 (90% CI 0.908-1.171) for AUCy_1404 and 1.228 (90% CI 1.004—
1.573) for AUCy... This indicated that AUC parameters and C,,,x were linearly related to dose within 10-20 mg/kg dose
range. The dose linearity plots are demonstrated in Figure 3. Gender differences of pharmacokinetics were evaluated in
18 males and 8 females for single-dose study. There were no statistically significant differences in single-dose
pharmacokinetic parameters between female and male subjects (P > 0.05, Table S1).

The rates of drug excreted 7 days after administration of the three doses were 3.95%, 3.57%, and 3.81%, respectively.
In urine samples, suramin can be detected up to 140 days. The mean urine concentrations on day 140 were 1.22, 1.81,
and 2.76 pg/mL after 10, 15, and 20 mg/kg doses, respectively.

Safety and Tolerability
A total of 58 clinical treatment related adverse events (TEAEs) were reported in 69.4% (25/36) of the randomized
subjects, and eight clinical TEAEs were reported in 66.7% (4/6) of the placebo subjects. There were no deaths due to
TEAESs. No subjects were withdrawn from the study due to drug-related TEAEs. The incidence of TEAEs by treatment
group is shown in Table 3.

The number (incidence) of subjects experiencing AEs for 10 mg/kg, 15 mg/kg, 20 mg/kg dose group and placebo group
was 5 (83.3%), 10 (100%), 10 (100%) and 10 (100%), respectively. Among the reported AEs after suramin administration,
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Figure 3 Dose linearity plots of C.,,x and AUC parameters in a single ascending-dose study.
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Table 3 Summary of Adverse Events

Adverse Event

Placebo
n=6

Suramin

Cohort |
10 mglkg
n=10

Cohort 2
15 mgl/kg
n=10

Cohort 3
20 mgl/kg
n=10

Total
(n =36)

Summary of AEs

Any AE, n (%)

Moderate or severe AE, n (%)

Severe AE, n (%)

SAE, n (%)

Discontinuing or withdrawing due to an AE, n (%)
Treatment-related AE, n (%)

Body as a whole

Infusion reaction

Infectious and infective disease
Conjunctivitis

Pharyngitis

Upper respiratory tract infection
Gastrointestinal disorders

Diarrhea

Nausea

Oral ulcer

Hemorrhoidal bleeding

Nervous system disorders

Abnormal sensation

Headache

Cardiovascular disorders

Sinus tachycardia

Sinus bradycardia

Supraventricular extrasystole
Ventricular extrasystole

Skin and subcutaneous tissue disorders
Rash

Pimple

Acne-like dermatitis

Pruritus

Vascular and lymphatic diseases

Low blood pressure

Hot flush

Pregnancy, puerperium and perinatal conditions
Pregnancy

Laboratory values

Elevated blood uric acid

Elevated serum alanine aminotransferase
Elevated serum aspartate aminotransferase
Elevated serum bilirubin

Elevated serum creatinine

Elevated serum total bile acid

Elevated serum triglyceride

Decreased fibrinogen

Decreased platelet

Decreased potassium

5 (83.3%)
0
0
0
0
4 (66.7%)

— O N O — O O o

o O © o

o

O 0O o0 O —O — — — O

10 (100%)
0

0

0

0

5 (50%)

o © o —

o O N O o o

o O ©o o

©O — O N O O O — BN —

10 (100%)
2 (10%)
0

0 (10%)

I (10%)
9 (90%)

o © - - o o — — O

— O N »h — O — — N O

10 (100%)
3 (30%)

0

| (10%)

0

7 (70%)

o - w - o O o —

o O ©o —

o

O O NN — N O O O O

35 (97.2%)
5 (13.9%)
0

I (2.7%)

I (2.7%)
25 (69.4%)

(Continued)
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Table 3 (Continued).

Adverse Event Placebo Suramin Total
n=6 (n = 36)
Cohort | Cohort 2 Cohort 3
10 mg/kg 15 mg/kg 20 mgl/kg
n=10 n=10 n=10

Neutropenia
Urinary protein positive
Urine erythrocyte positive

o — O o
[So T S BN O, R ]

|
6
|
6

N O N —

Urine white blood cell positive

Abbreviation: AE, adverse event.

44 cases (19/30, 63.3%) were deemed to be related to study drug with CTCAE Grade 1. The most frequently reported
laboratory abnormalities were positive urine protein tests (n = 12), increase in serum triglyceride (n = 6), increase in ALT
(n =4), positive urine blood tests (n = 3).

Throughout the study, one serious adverse event (infusion reaction) occurred in the 20 mg/kg dose group, which did not
meet the protocol’s dose-escalation termination criteria. After 10 minutes of infusion at a rate of 40 mg/kg/h, the subject
(No0.3009) developed flushing, conjunctival hyperemia, and shortness of breath. At times, he was in mild abdominal pain
with the following vital signs: heart rate 120 beats per minute, respiratory rate 20 breaths per min, blood pressure 117/
71 mmHg, temperature 36.5°C, arterial oxygen saturation (SpO2) when breathing room air was 98%. The symptoms
disappeared by themselves immediately after the infusion was interrupted. We resumed administration at 20 mg/kg/h
(half the prior dose/rate) about 20 minutes later. He completed administration successfully at 9:51 AM but developed
a fever at 10:25 AM with a temperature of 38.0°C, with the highest temperature reached being 39.7°C. The therapeutic
measures, which including intravenous pulse of methylprednisolone, indomethacin, and rehydration support therapy,
resulted in temperature normalization in 48 hours. Details of this adverse reaction and treatment process were reported
to the ethics committee, and the adverse reactions were assessed as moderate in severity. The subject was followed up to 140
days and remained in the safety analysis set but was excluded from PK analysis due to protocol deviation.

All AEs in the study were resolved by last contact, except for 5 cases. Among the cases, serum triglyceride was
increased in 1 case, fibrinogen was decreased in 1 case, urine protein was positive in 1 case, and serum creatine was
slightly increased in 1 case.

Discussion

This project was a randomized, double-blind, placebo-controlled, dose-escalation, phase I study to determine the safety,
tolerability, and PK profiles of suramin after administration of single IV doses in healthy Chinese adult subjects. Suramin was
safe and well tolerated in our study, with no evidence of serious adverse events and no discontinued use because of drug-related
TEAEs. Most reported TEAEs were mild or moderate and were spontaneously relieved without any treatment intervention.

The TEAEs possibly related to drug administration were skin and subcutaneous tissue disorders, gastrointestinal
disorders, and significant changes in laboratory values, such as elevated activity of ALT and AST, as well as the
appearance of urinary erythrocytes and protein. Among them, the frequency of urinary protein and white blood cell
positivity increased with dose (20%, 50%, and 60%). Other TEAEs were considered accidental, as neither frequency nor
severity increased with dose.

Suramin’s most common side effects include nephrotoxicity, hypersensitivity reactions, dermatitis, anemia, peripheral
neuropathy, and bone marrow toxicity.'® In our study, we found infusion reactions, dermatologic disorders (rash,
dermatitis, and pruritus), neutropenia, and increased ALT and AST levels, but the frequency is much lower. The reason
for fewer AEs in our study is that only a single dose was administered, and the number of subjects enrolled in this phase

I clinical trial was limited; further research in larger populations will provide a more precise safety profile of suramin. It
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was also demonstrated that slow infusion, along with the administration of antihistamines and corticosteroids, can control
the infusion reaction.

Following a single 30-minute intravenous infusion of 10, 15, or 20 mg/kg injected suramin sodium, C,,,x and AUC
increased proportionally with suramin dose. The C,,, mean values were 160 ug/mL, 253 pg/mL, and 328 pg/mL,
respectively. Previous studies suggested an increased incidence of neurotoxicity at suramin concentrations greater than
300 pg/mL."° In the present study, the peaks on seven subjects in 20 mg/kg cohort were greater than 300 pg/mL. Then,
we should choose a lower dose or prolonged infusion time for further trials to avoid such off-limit peaks. CL and V did
not vary significantly with dosage. The elimination t,, proved to be independent of the dose, with values of 28—105 days,
which was close to the values reported in previous studies.?’ Suramin was eliminated in the kidney via slow urinary
excretion; this observation suggests a need for dosage adjustment in patients with the most severe degrees of renal
impairment. There are fewer data on the clinical pharmacokinetics of suramin in women. In the present study, there were
no statistically significant differences in pharmacokinetic parameters between female and male subjects. However, its
pharmacokinetics may vary between younger and older subjects, so further investigation of suramin pharmacokinetics
was required for these different subgroups.

Suramin has been shown to prevent SARS-CoV-2 infection in cell culture since 2020, with half-maximal inhibition
concentration (ICsg) values in the low micromolar range.”® Suramin is a highly effective inhibitor of the SARS-CoV-2
RNA-dependent RNA polymerase (ICsq, 0.26 uM)’ and SARS-CoV-2 3CLP™ (ICs, 6.3 pM).>> Suramin provided full
protection against SARS-CoV-2- induced cell death in Vero E6 cells and inhibited the virus with an ECs, of 20 pM,S
which is less than one-tenth of the maximum attainable level in human plasma. Due to its powerful influence in
preclinical evidence and the PK findings from this study, we initiated a study of a 60-minute intravenous 15 mg/kg
on day 1 and day 5 in China for coronavirus disease 2019 (COVID-19) patients. Based on the raw data from the current
study, a three-compartment PK model adequately captured suramin pharmacokinetics in healthy individuals. Suramin
concentrations in adult COVID-19 patients were found to be consistent with the PK model prediction (Figure S1). These
findings will help future research into suramin as a possible therapy option for RNA virus infection, particularly
enterovirus 71.%° Furthermore, we sought to recreate concentrations in children aged 5—14 years after a single intravenous
infusion of 20 mg/kg suramin for 1 hour using the PK model. Table S2 indicated that anticipated plasma concentrations
in children were comparable to observed data.'® As discussed above, we propose a day 1, day 3 or day 1, day 5 dosing
regimen, a prolonged infusion time (over 60 min), as well as a lower starting dosage at 10 mg/kg of suramin for the
multiple-dose study in healthy volunteers or patients with RNA virus infection.

This study had some limitations that should be considered. First, although a modest number of subjects per treatment
group are usually acceptable for Phase I trial, the sample size of the present study was relatively small. Second, all
participants were young, healthy Chinese volunteers; the results cannot be extrapolated to an older population or children
with infection. Third, fewer AEs in our study lie in the fact that only a single dose was taken, and further evaluation in
larger populations will provide a more exact safety profile of suramin.

Conclusion

In conclusion, following 30-minute infusion administration, suramin was relatively well tolerated and demonstrated
a large apparent distribution volume and extremely long elimination half-life. These characteristics were similar to those
observed in patients. Suramin was generally safe and well tolerated in healthy Chinese volunteers. The PK and safety
profiles of suramin in Chinese subjects indicated that 10 mg/kg or 15 mg/kg could be an appropriate dose in a future
multiple-dose study.
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