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Graphical Abstract

Study Highlights
•	 CHB is a major cause of morbidity and mortality worldwide. Oral EDP-514 is a potent core protein inhibitor of 
HBV. This study tested the safety, tolerability, PK and antiviral activity of EDP-514. EDP-514 was well tolerated with 
a favorable safety and PK profile. EDP-514 reduced HBV DNA and HBV RNA in untreated viremic CHB patients.
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INTRODUCTION

Infection with hepatitis B virus (HBV) is a common cause 

of hepatic cirrhosis and the most common cause of hepa-

tocellular carcinoma.1 Worldwide, almost 300 million people 

are estimated to be chronically infected with HBV, and 1.5 

million new infections/year are reported resulting in 

>800,000 deaths annually.2 HBV infection can be prevent-

ed with widely available HBV vaccines,3,4 however, the ma-

jority of people are unvaccinated, especially in lower- and 

middle-income countries. Standard treatment for HBV in-

fection includes pegylated interferon (pegIFN) and 

nucleos(t)ide analogues (NUCs). These effectively sup-

press the infection through immunomodulation and inhibi-

tion of viral replication, respectively. NUCs are associated 

with an excellent safety/tolerability profile and potent antivi-

ral activity for suppressing hepatitis B DNA levels but is 

needed to be taken long-term, whereas, pegIFN provides a 

satisfactory response in a very limited number of pa-

tients.3,4 

Hence, a need exists for treatments providing a sus-

tained clinical response and functional cure, which is de-

fined as a sustained loss of hepatitis B surface antigen 

(HBsAg), with or without acquisition of hepatitis B surface 
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antibody (anti-HBs), and undetectable HBV DNA 6 months 

after completing treatment.5,6 Current therapies only 

achieve functional cure in a limited number of patients. 

Treatment with pegIFN achieves functional cure in approxi-

mately 11% of patients after 3 years,4 and treatment with 

NUC produces a functional cure in ≤10% of patients after 5 

years of treatment.7,8 As a result, patients with HBV infec-

tion frequently require lifelong maintenance therapy, which 

imparts a substantial economic burden and may be associ-

ated with a risk of breakthrough drug resistance and drug 

toxicity.9,10 Further, the risk of hepatocellular carcinoma is 

reduced but not eliminated with these currently available 

treatments.11,12 

Novel drugs, which offer the potential for a functional 

cure, are in early clinical development for HBV infection in-

cluding viral entry inhibitors, drugs for epigenetic control of 

cccDNA, immune modulators, RNA interference agents, ri-

bonuclease H inhibitors, and core protein inhibitors.5 Two 

types of core protein inhibitors are recognized, both of 

which accelerate the kinetics of core protein interactions. 

Treatment with Type I inhibitors in vitro leads to the intracel-

lular core protein aggregation and degradation, while in vi-

tro treatment with Type II inhibitors results in production of 

empty capsids that lack the RNA polymerase complex-re-

quired for HBV replication.13 Interestingly, in addition to sup-

pressing replication by preventing pgRNA encapsidation, 

inhibitors of both these classes have been described to 

prevent de novo formation of cccDNA by preventing deliv-

ery of intact capsids to the nucleus. Treatment with core 

protein inhibitors in patients with HBV infection demonstrat-

ed a 2 to 3 log10  IU/mL reduction in the mean HBV DNA 

concentrations in viremic chronic hepatitis B (CHB) pa-

tients.14-16

EDP-514 is a novel HBV core protein inhibitor that is in 

clinical development to treat chronic HBV infection. EDP-

514 is a Type II core protein inhibitor that stimulates core 

assembly and prevents encapsulation of viral pregenomic 

RNA to block HBV replication resulting in the production of 

empty capsids (Fig. 1).17 EDP-514 potently inhibited encap-

sidation of viral RNA and production of viral DNA in stable 

cell lines expressing HBV and prevented HBV cccDNA es-

tablishment in cell lines or primary human hepatocytes 

when present at the time of viral infection. EDP-514 was 

equally active across HBV genotypes (A to H) and NUC-

resistant variants with no cytotoxicity and exhibited a prom-

ising safety and pharmacological profile in nonclinical stud-

ies.  In a f i rs t- in -human study of  the safety and 

pharmacokinetics (PK) of oral EDP-514 in healthy volun-

teers and NUC-suppressed patients with CHB, EDP-514 

was well-tolerated, exhibited a PK profile supportive of 

once daily dosing, and reduced antiviral activity in NUC-

suppressed CHB patients.18

This study evaluated the safety, PK, and antiviral activity 

of three doses of oral EDP-514 in treatment-naive, viremic 

patients with either hepatitis B e antigen (HBeAg)-positive 

or -negative chronic HBV infection. The inclusion of pa-

tients with CHB who are viremic and not currently on treat-

ment provides an opportunity to evaluate initial safety and 

efficacy for EDP-514 in CHB patients. In addition, the pres-

ent study would provide supportive data allowing for ade-

quate dose selection and choice of appropriate endpoints 

for future studies in patients with CHB including those re-

ceiving NUC therapy.

MATERIALS AND METHODS

The present study was conducted in compliance with the 

International Conference on Harmonisation-Good Clinical 

Practices guidelines, the Declaration of Helsinki, and na-

tional regulations for clinical trials. The study protocol and 

informed consent were reviewed and approved by Institu-

tional Review Boards of participating institutions. Written 

informed consents were obtained from all participants prior 

to any study procedures. This study was registered at clini-

caltrials.gov: NCT04470388.

Study design

This was a randomized, double-blind, placebo-controlled, 

phase 1b study. The study consisted of three cohorts of vi-

remic patients with CHB not currently on treatment. Each 

cohort enrolled patients who were randomized to EDP-514 

200 mg, 400 mg or 800 mg or placebo once daily for 28 

days. A safety follow-up was conducted 2 and 8 weeks af-

ter the last dose of study drug. Following dosing for the ini-

tial 200 mg cohort with EDP-514, subsequent cohorts were 

dosed following review of available blinded safety and PK 

data from the previous cohort.
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Patient selection

Men or women aged 18 to 70 years with a body mass in-

dex (BMI) of 18 to 35 kg/m2 were eligible if they had HBsAg 

detectable in serum/plasma at screening and in the most 

recent HBsAg serum/plasma testing within the past 6 

months. At screening, all patients who were HBeAg-posi-

tive had a screening serum/plasma HBV DNA level 

≥20,000 IU/mL or for those who were HBeAg-negative, a 

screening serum/plasma HBV DNA level ≥2,000 IU/mL, 

and no HBV DNA serum/plasma test values <1,000 IU/mL 

over the previous 12 months. Patients were not taking pre-

scribed anti-HBV treatment, specifically pegIFN and/or 

NUC therapy for at least 12 months prior to screening. 

Patients were excluded if there was a prior diagnosis of 

cirrhosis or history of hepatic decompensation (ascites, en-

cephalopathy or variceal hemorrhage) or documented ex-

tensive bridging fibrosis or cirrhosis defined by any one of 

the following: a) Metavir ≥3 or Ishak fibrosis score ≥4 by a 

prior liver biopsy; b) FibroSure at screening with a score of 

≥0.48 and aspartate aminotransferase (AST) to platelet ra-

tio index ≥0.45; or c) FibroScan with a result ≥9 kPa at 

screening or within 6 months of screening. Patients also 

were excluded if they had coinfection with human immuno-

deficiency virus (HIV), hepatitis C virus (HCV), hepatitis D 

virus (HDV), hepatitis A virus (HAV) or hepatitis E virus 

(HEV); prior history of hepatocellular carcinoma, evidence 

of hepatocellular carcinoma, by imaging in the past 3 

months or screening alpha-fetoprotein ≥50 ng/mL without 

imaging. Patients also were excluded if there were usage 

of any prescription medication or St. John’s Wort or receipt 

of any vaccine or investigational drugs within 28 days or 5 

half-lives prior to the first dose of study drug; or use of non-

prescription drugs, dietary or herbal supplements, hormone 

replacement therapy or cytochrome P450 3A4 or p-glyco-

protein inducers or inhibitors within 14 days of study drug.

Full eligibility criteria are provided in Supplementary Ma-

terial A.

Figure 1. Mechanism of action of core inhibitors in the HBV life cycle. EDP-514 is a type II core protein inhibitor that suppresses HBV replica-
tion by modulating the kinetics of capsid assembly and disassembly. This prevents both pgRNA encapsidation and delivery of rcDNA to the 
nucleus, resulting in suppression of rcDNA and de novo cccDNA formation. HBV, hepatitis B virus; rcDNA, relaxed circular DNA; cccDNA, cova-
lently closed circular DNA; pgRNA, pregenomic RNA; mRNAs, messenger RNAs.
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Study assessments

Safety was assessed by physical examination, vital signs 

(heart rate, blood pressure, respiratory rate, body tempera-

ture), clinical laboratory testing (chemistry, hematology, uri-

nalysis), 12-lead electrocardiogram (ECG), and reports of 

adverse events (AEs). Partial thromboplastin time (PTT), 

prothrombin time (PT), and international normalized ratio 

(INR) were measured at each study visit. Patients were as-

sessed at screening for the presence of HAV, HDV, HCV, 

HEV, and HIV.  HBV DNA, HBsAg, hepatitis B core-related 

antigen (HBcrAg), HBeAg, and HBV RNA were assessed 

at each study visit. The lower limits of quantification for 

HBV DNA, HBsAg, HBcrAg, HBeAg, and HBV RNA were 

1.3 log10 IU/mL, 0.05 IU/mL, 2.75 log10 U/mL, 0.59 PEI-U/

mL, and 1.65 log10 U/mL, respectively. Serious AEs, grade 

3 or 4 AEs considered at least possibly related to the study 

drug, all clinically significant grade 3 or 4 laboratory abnor-

malities, alanine aminotransferase (ALT) ≥2 × baseline with 

signs of hepatic decompensation and/or laboratory chang-

es suggestive of worsening hepatic function, ALT eleva-

tions >3 × upper limit of normal (ULN) and ≥2 × baseline, 

and ALT elevations >10 × ULN were monitored and man-

aged according to protocol-specific guidelines (Supple-

mentary Material B). AEs and laboratory abnormalities 

were graded according to the National Cancer Institute 

Common Terminology Criteria for Adverse Events Version 

5.0.

Blood samples were collected for PK analysis on Day 1 

and Day 28 (or EOT) predose and at 0.5, 1, 2, 3, 4, 5, 6, 

and 8 hours postdose, and on Days 3, 7, 14, and 21 pre-

dose and at 1 to 3 hours postdose and at least 1 hour later 

but before administration of the next dose.

Statistical analysis

No formal sample size calculations were performed. A 

total of 24 viremic CHB patients not currently on treatment 

were planned to be enrolled, which was considered suffi-

cient to characterize the efficacy, safety, tolerability, and PK 

for each EDP-514 dose level.

For safety data, no formal statistical analyses were per-

formed. Plasma PK parameters for each dose level were 

calculated from the concentrations of EDP-514 and its ma-

jor metabolites measured in predose and postdose plasma 

samples. For each EDP-514 dose level, descriptive statis-

tics (sample size, arithmetic means, geometric means, 

standard deviation, % coefficient of variation [CV], % geo-

metric CV, minimum, median, and maximum) were report-

ed. Dose proportionality was assessed using a linear re-

gression. PK parameters included Cmax, Ctrough, and AUC0-last 

for plasma EDP-514 and its major metabolites.

For each EDP-514 dose cohort, HBV-specific biomarkers 

were evaluated at baseline, on treatment through Day 28, 

and at 2 and 8 weeks posttreatment. The primary antiviral 

endpoint was HBV DNA levels through Day 28. HBV DNA 

levels were summarized by treatment using descriptive sta-

tistics. The percentage of patients with virologic failure/viral 

breakthrough defined as a confirmed increase in serum/

plasma HBV DNA level ≥1.0 log10 IU/mL from nadir while 

receiving EDP-514 would be reported. For all patients with 

virologic failure, resistance testing was attempted if HBV 

DNA levels were adequate. Other antiviral parameters as-

sessed over time included HBsAg, HBeAg, HBcrAg, and 

HBV RNA levels (log10 U/mL). Additionally, HBsAg (reflex 

anti-HBs) and HBeAg (reflex anti-HBe in patients who were 

HBeAg-positive at baseline) were assessed serologically at 

the end of treatment.

The safety population included all patients who received 

at least one dose of study drug, the PK population consist-

ed of all patients who received active study drug and had 

any measurable plasma concentration of study drug, and 

the antiviral population was all patients who received at 

least one dose of study drug and had any on-treatment 

HBV DNA data.

RESULTS

Twenty-five patients were randomized to treatment and 

completed the study. Patients were mostly male (60.0%) 

and all were Asian. The mean age was 46.3 years (range: 

24 to 60 years), and the mean BMI was 25.8 kg/m2 (range: 

18.8 to 34.7 kg/m2) (Table 1).  Baseline HBV DNA and HBV 

RNA levels were similar in all EDP-514 treatment groups 

and placebo. All patients had detectable HBsAg and the 

baseline levels were variable in all groups. Two patients in 

the 800 mg group, one patient each in the EDP-514 400 

mg and placebo groups, and no patient in the 200 mg 

group were HBeAg-positive. 
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Pharmacokinetics

Following once daily oral administration, mean EDP-514 

plasma concentrations increased with dose from 200 mg to 

800 mg at most time points on Day 1 and Day 28, respec-

tively (Fig. 2). EDP-514 was absorbed within approximately 

2.0 to 4.0 hours post dose, with median Tmax between ap-

proximately 2.9 to 4.0 hours across all doses on Day 1 and 

between 2.0 to 3.4 hours across all doses on Day 28. A 

dose-related increase in EDP-514 exposure (AUClast and 

Cmax) was observed on both Day 1 and Day 28 (Table 2). 

Exposures on Day 28 were higher than on Day 1 indicating 

some evidence for accumulation with multiple daily dosing. 

The PK profile was supportive of once daily dosing, with 

Figure 2. Mean plasma EDP-514 concentration-time curves on Day 1 and Day 28.
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  EDP-514 200 mg Day 1
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  EDP-514 200 mg Day 28
  EDP-514 400 mg Day 28 
  EDP-514 800 mg Day 28

Table 2. Geometric mean plasma PK parameters for EDP-514 at Day 1 and Day 28

Parameter
EDP-514

200 mg (n=6) 400 mg (n=6) 800 mg (n=7)

Day 1

AUC0-last, ng/mL*h 11,815 (11) 21,325 (23) 30,746 (17)

Cmax, ng/mL 2,387 (19) 4,246 (21) 6,806 (40)

Tmax, h 3.8 (43.2) 3.8 (47.3) 2.7 (31.8)

Day 28

AUC0-last, ng/mL*h 16,617 (26) 24,600 (27) 41,669 (22)

Cmax, ng/mL 3,115 (31) 4,660 (17) 7,947 (14)

Ctrough, ng/mL 482.7 (106.9) 1,250.6 (54.8) 1,900.3 (47.1)

Tmax, h 2.7 (62.4) 3.3 (32.4) 2.3 (52.0)

All values presented as geometric mean (% geometric coefficient of variation).
PK, pharmacokinetics.
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median Ctrough at Day 28 ~9-fold for 200 mg, ~20-fold for 

400 mg, and ~24-fold for 800 mg doses above the protein-

adjusted EC50 (71 ng/mL) (Fig. 3).

Antiviral activity

EDP-514 showed both dose- and time-dependent de-

creases in HBV DNA levels when administered to viremic 

CHB patients not currently on treatment (Fig. 4 and Sup-

plementary Fig. 1). Mean HBV DNA levels decreased with 

increasing EDP-514 dose at all measurements between 

Day 3 and Day 28, with the greatest decrease in the EDP-

514 800 mg at all time points. At Day 28, mean reductions 

in HBV DNA levels were –2.9, –3.3, –3.5, and –0.2 log10 IU/

mL in the 200 mg, 400 mg, 800 mg, and placebo groups, 

respectively. Once treatment was discontinued, HBV DNA 

levels returned to near baseline levels for all EDP-514 treat-

ment groups. No virologic failures were observed. 

Twenty-two patients had quantifiable HBV RNA levels at 

baseline (200 mg, n=6; 400 mg, n=5; 800 mg, n=6; place-

bo, n=5) (Table 1). EDP-514 also showed increasing inhibi-

tion of HBV RNA levels with increasing duration of treat-

ment, but no clear dose-dependent effects were observed 

(Fig. 5 and Supplementary Fig. 2). By Day 28, mean 

change from baseline for HBV RNA levels was –2.9, –2.4, 

–2.0, and –0.02 log10 U/mL with the 200 mg, 400 mg, 800 

mg, and placebo groups, respectively. Following discontin-

uation of study treatments, HBV RNA levels increased to 

approach baseline levels in all treatment groups. 

No clinically meaningful changes from baseline were ob-

served in patients with quantifiable levels at baseline for 

HBsAg, HBeAg (n=4) or HBcrAg (n=21) (Table 1 and Sup-

plementary Figs. 3 and 4).

Safety/Tolerability

No discontinuations, serious AEs or deaths were report-

ed with EDP-514 treatment. Overall, nine patients reported 

treatment emergent adverse events (TEAEs) (Table 3). All 

TEAEs were mild or moderate, and none were severe. No 

individual TEAE occurred more than once with any dose of 

EDP-514. One patient in the placebo group experienced 

gastrointestinal disorder, prolonged activated PTT and in-

creased INR that were considered possibly related to pla-

cebo therapy. Clinical laboratory findings were generally 

normal with no clinically relevant changes in the EDP-514 

Figure 3. Mean (standard error [SE]) EDP-514 trough plasma concentrations. 

M
ea

n 
(+

/-
SE

) P
la

sm
a 

Co
nc

en
tr

at
io

n 
(n

g/
m

L)

3,000

2,500

2,000

1,500

1,000

500

0

	Day 3	 Day 7	 Day 14	 Day 21	 Day 28

Study Visit

  EDP-514 200 mg                                  EDP-514 400 mg                                 EDP-514 800 mg



 Man-Fung Yuen, et al. 
 EDP-514 antiviral activity in chronic hepatitis B

https://doi.org/10.3350/cmh.2023.0535 383http://www.e-cmh.org

treatment groups except for one patient who experienced 

prolonged activated PTT and increased INR and one pa-

tient who experienced prolonged PT, both in the EDP-514 

200 mg group. Mean change from baseline of ALT, AST, 

gamma glutamyl transferase, bilirubin, triglycerides, and 

cholesterol are shown in Supplementary Figures 5, 6, 7, 8, 

9 and 10. No ALT elevations indicative of HBV viral flares 

was observed in the study. No clinically relevant changes 

in the physical examination, vital signs or ECG were ob-

served with EDP-514. 

DISCUSSION

The HBV core protein plays an indispensable role in the 

viral life cycle by packaging the viral pregenomic RNA 

along with the viral polymerase into capsids. This packag-

ing enables the reverse transcription of pregenomic RNA 

into relaxed circular DNA to produce the infectious form of 

the viral genome. The core protein itself also displays limit-

ed sequence polymorphisms across HBV genotypes, 

which coupled with the critical role of the protein in produc-

ing infectious virus and sustaining the viral cccDNA pool, 

makes it an important target for novel antivirals to treat 

HBV infection.19,20

In this phase 1b study of EDP-514, positive data were ob-

tained from all three dose cohorts in patients with viremic 

CHB infection not currently treated with pegIFN or NUC. 

The incidence of mild or moderate AEs was similar be-

tween EDP-514 groups and placebo with no dose-related 

increase in AEs. No AEs occurred more than once in any 

patient, and no patients discontinued the study for an AE. 

EDP-514 displayed a PK profile demonstrating a dose-re-

lated increase in exposure and supporting once-daily dos-

ing, with median Ctrough at Day 28 ~9-fold for 200 mg, ~20-

fold for 400 mg, and ~24-fold for 800 mg doses above the 

protein-adjusted EC50 (71 ng/mL). Marked reductions in 

HBV DNA and HBV RNA levels occurred rapidly with all 

three EDP-514 doses compared with placebo, and levels 

returned to baseline after discontinuing study treatment. 

Overall, these results were consistent with a previous study 

of EDP-514 in healthy patients.18 At Day 28 in the study re-

ported here, mean reductions in HBV DNA levels were 

–2.9, –3.3, and –3.5 with the 200 mg, 400 mg, and 800 mg 

doses of EDP-514, and mean reductions in HBV RNA lev-

els were –2.9, –2.4, and –2.0. The lack of dose proportion-

Figure 4. Mean (standard deviation [SD]) change from baseline in HBV DNA concentrations over time. HBV, hepatitis B virus.
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al response in HBV RNA may be due to potentially attain-

ing the maximal effect in HBV RNA reduction with 200 mg, 

the small number of patients evaluated, or that the majority 

of patients were HBeAg negative whose HBV RNA levels 

are typically low.21 As a whole, other studies of drug thera-

py for treatment-naive patients with HBV reported similar 

findings.13,15,22-24 While the clinical significance of circulating 

HBV RNA remains unknown, it has been suggested HBV 

RNA levels may be a marker for treatment response and 

cccDNA activity in patients with chronic HBV infection.25-29 

This viral biomarker is one that remains largely unchanged 

with short term NUC therapy and highlights the differentiat-

ed mechanism of action of EDP-514. The addition of a po-

tent core protein inhibitor such as EDP-514 to NUC treat-

ment could potentially lower HBV DNA and RNA levels 

more rapidly and profoundly, which may result in a lower 

incidence of hepatocellular carcinoma. The addition of an 

early generation core protein inhibitor vebicorvir to patients 

taking NUCs further suppressed HBV DNA and HBV RNA 

more than with NUCs alone.24,30 In this manner, an EDP-

514 and NUC combination treatment may have clinical 

benefit in treatment-naive highly viremic HBeAg-positive 

patients where NUC treatment takes longer than a year to 

achieve undetectable HBV DNA levels and NUC-treated 

patients with residual HBV DNA and HBV RNA are detect-

able in circulation by highly sensitive assays. 

In the present study of 4 weeks dosing of EDP-514, a re-

duction in HBsAg was not observed. Recently, another 

core protein inhibitor ALG-000184 demonstrated an HBsAg 

reduction beginning at approximately 4 weeks to 36 weeks 

of treatment.31 According to the present study, EDP-514 ap-

pears to have a similar potency of HBV DNA and HBV RNA 

suppressions when compared with ALG-000184 (mean 

HBV DNA and HBV RNA reductions of 3.8 log10 IU/mL and 

1.9 log10 copies/mL after 4 weeks of treatment, respective-

ly).32 Whether a longer treatment duration of EDP-514 than 

4 weeks could also show an HBsAg reduction would be in-

teresting to explore in the future.

Limitations to this study included a small sample size, a 

short treatment duration, and limited diversity in the patient 

population. However, this study was specifically designed 

to evaluate safety, PK, and antiviral activity in a previously 

untreated population with CHB and help to confirm results 

from an earlier study that evaluated EDP-514 in healthy 

subjects and NUC-suppressed patients.18 Studies enrolling 

larger numbers of more diverse patients with HBV infec-

Figure 5. Mean (standard deviation [SD]) change from baseline in HBV RNA concentrations over time. HBV, hepatitis B virus.
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tions with longer treatment duration and follow-up will be 

necessary to further elucidate the role of EDP-514 for treat-

ing CHB. 

Overall, these results demonstrate that EDP-514, a novel 

oral HBV core protein inhibitor, was well tolerated and had 

a favorable safety profile for viremic, treatment-naive CHB 

patients. In this population of patients with chronic HBV in-

fection, EDP-514 for 28 days resulted in a mean reduction 

in both HBV DNA and HBV RNA of 2 to 3.5 log10 that is 

highly suggestive of antiviral activity as a potent HBV core 

protein inhibitor. These results encourage continued inves-

tigation of EDP-514 for viremic, treatment-naive patients 

with CHB. 
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