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Abstract

Background Hepatitis B virus (HBV) core protein-targeting antivirals (CpTAs) are promising therapeutic agents for
treating chronic hepatitis B (CHB). In this study, the antiviral activity, pharmacokinetics (PK), and tolerability of ZM-
H1505R (Canocapavir), a chemically unique HBV CpTA, were evaluated in patients with CHB.

Methods This study was a double-blind, randomized, placebo-controlled phase 1b trial in Chinese CHB patients.
Noncirrhotic and treatment-naive CHB patients were divided into three cohorts (10 patients per cohort) and rand-
omized within each cohort in a ratio of 4:1 to receive a single dose of 50, 100, or 200 mg of Canocapavir or placebo
once a day for 28 consecutive days.

Results Canocapavir was well tolerated, with the majority of adverse reactions being grade | or Il in severity. There
were no serious adverse events, and no patients withdrew from the study. Corresponding to 50, 100, and 200 mg
doses of Canocapavir, the mean plasma trough concentrations of the drug were 2.7-, 7.0-, and 14.6-fold of its pro-
tein-binding adjusted HBV DNA ECs, (135 ng/mL), respectively, with linear PK and a low-to-mild accumulation rate
(1.26-1.99). After 28 days of treatment, the mean maximum HBV DNA declines from baseline were -1.54,-2.50,-2.75,
and -0.47 log;, IU/mL for the 50, 100, and 200 mg of Canocapavir or placebo groups, respectively; and the mean
maximum pregenomic RNA declines from baseline were -1.53,-2.35,-2.34, and -0.17 log, , copies/mL, respectively.

Conclusions Canocapavir treatment is tolerated with efficacious antiviral activity in CHB patients, supporting its
further development in treating HBV infection.

Trial registration ClinicalTrials.gov, number NCT05470829).
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Background

Chronic hepatitis caused by hepatitis B virus (HBV)
infection is a major global health problem, with an esti-
mated 0.6—1 million deaths per year [1, 2]. Emerging
evidence supports the theory that persistent viral repli-
cation is associated with liver cirrhosis, liver cancer, and
liver disease-related mortality [3, 4]. Although current
antiviral therapies, such as monotherapy or combination
therapy with pegylated interferon-alpha and nucleos(t)
ide analogues, can effectively improve the quality of life
of chronic hepatitis B (CHB) patients, they can only con-
trol HBV infection rather than curing infected hepato-
cytes due to the lack of a mechanism for complete HBV
eradication. In addition, the emergence of drug resistance
and viral relapse, as well as side effects such as thrombo-
cytopenia and flu-like symptoms, pose major issues for
these therapies [5].

Developing drugs targeting different HBV life cycle
steps has become a critical approach for treating viral
infections, such as CHB [6, 7]. There are numerous suc-
cessful examples in this regard, such as the combination
therapies developed for the treatments of human immu-
nodeficiency virus and hepatitis C virus infection [8]. It
is reasonable to expect that a similar strategy could be
applied to the treatment of HBV infection. The HBV
core protein (HBc) is a potential target for new anti-HBV
therapy because it plays a critical role in various steps of
the viral life cycle, including subcellular trafficking of the
HBV genome, maintenance of the nuclear covalently-
closed-circular DNA (cccDNA) pool, assembly of nucle-
ocapsids, and epigenetic regulation of the viral and host
genomes [9, 10]. HBV capsid assembly is a critical step
in the propagation of the virus and is mediated by the
core protein. Therefore, the development of pharmaco-
logical agents that target HBc, a structural component of
the viral nucleocapsid, may be efficient for treating CHB
caused by various HBV genotypes [10].

HBV core protein-targeting antivirals (CpTAs) are
HBc-targeting small molecule compounds [9, 11-13].
CpTAs have two categories: (1) capsid assembly modu-
lator-aberrant (CAM-A), which consists of heteroaryl-
dihydro-pyrimidine derivatives and can misdirect HBc to
form aberrant noncapsid polymers and lead to the deg-
radation of the HBc [14, 15]; (2) CAM-empty (CAM-E),
which consists of sulfamoylbenzamide derivatives and
can accelerate the formation of morphologically normal
HBV capsids that are nucleic acid-free [15, 16]. Both
types of CpTAs (CAM-A and CAM-E) can disrupt HBV
replication by preventing pregenomic RNA encapsidation

during capsid assembly, leading to an increased yield of
either aberrant or empty capsids, thereby affecting HBV
replication and reducing pools of cccDNA during infec-
tion [17]. Currently, several CpTAs have been developed
and studied in the early phases of clinical trials, such as
GLS4, ABI-H0731, JNJ-6379, and RO7049389 [9, 11, 12].

Distinguished from the abovementioned CAM-A and
CAM-E CpTAs, Canocapavir is a novel CAM-E CpTA
with a pyrazole structure and a new binding site in the
HBc [18]. Canocapavir also stimulates the intracellular
accumulation of nonfunctional HBV capsids devoid of
HBV DNA and pregenomic RNA (pgRNA). Canocapavir
has shown potent and pan-genotypic anti-HBV effects in
cell-based assays. Previously, in a phase 1a study, multi-
ple doses (up to 300 mg) of Canocapavir (q.d. for 14 days)
were found to be safe and well tolerated in healthy sub-
jects. Its plasma exposure was well above its effective
inhibitory concentration and increased in a dose-propor-
tional manner [19] (See Additional file 1 for details). The
present study aimed to evaluate the safety, tolerability,
pharmacokinetics, and antiviral activity of Canocapavir
in patients with CHB.

Methods

Study design

This was a randomized, open-label, placebo-controlled,
phase 1b study (Clinical Trial Registration Number:
NCT05470829; Chinese Clinical Trial Registration Num-
ber: CTR20210686), which was conducted at the Phase
I Clinical Research Center, The First Hospital of Jilin
University (Jilin, China), during the period from May to
November of 2021. In order to minimize the safety risk
of Canocapavir, an adaptive ascending dosing strategy
was adopted for Canocapavir treatment in this study. The
second and third assigned doses were initiated only after
the safety data from the previous dose was reviewed and
determined to be safe by the Principal Investigator and
the Sponsor on day 8 postdosing (post drug administra-
tion days). Canocapavir was administered at the Clinical
Research Center on days 1-8 and day 28 and at home on
days 9-27 under the same conditions (fixed administra-
tion time and fasting condition). Patients were required
to visit the facility for follow-up on days 15, 22, 27,43 +1,
and 57 +2 postdosing. The study protocol and informed
consent forms were prepared according to the principles
of the Declaration of Helsinki. The study protocol was
approved by the Institutional Review Board of the First
Hospital of Jilin University (approval number: 20Y201-
006). All recruited patients provided written informed
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value). Additional inclusion and exclusion criteria are
described in Additional file 1.

consent before participating
procedures.

in any study-related

Procedures

Randomization and blinding

A total of 30 CHB patients were recruited in this study
and were randomly assigned into three cohorts (N=10,
each). In these three cohorts, the patients (in a ratio of
4:1) received 50, 100, or 200 mg of Canocapavir or pla-
cebo once a day for 28 consecutive days under fasting
conditions, followed by a 28-day follow-up (Fig. 1). The
patients, care providers, and those assessing outcomes
were blinded during the study. This random process was
completed in an electronic data capture system, and the
details are shown in Additional file 1.

Participants

The main inclusion criteria of the participants were
as follows: 1) adult subjects aged 18—65 years old who
were treatment-naive or had terminated their treatment
at least six months for nucleoside analog use or at least
one year for interferon use prior to screening; 2) show-
ing serum HBV DNA > 2 x 10* IU/mL for the subjects
negative for hepatitis E surface antigen [HBeAg(-)] or
serum HBV DNA > 2 x 10° IU/mL for the subjects with
HBeAg(+); 3) level of alanine aminotransferase (ALT)
less than 5 x the upper limit of normal. The main exclu-
sion criteria were as follows: 1) with clinically signifi-
cant acute or chronic liver diseases that are not caused
by HBV infection, such as alcoholic liver disease, non-
alcoholic fatty liver disease with severe or high sever-
ity, autoimmune liver disease, and Gilbert syndrome or
other hereditary liver diseases; 2) cirrhosis and/or the
value of liver stiffness measurement (LSM)>12.4 kPa
(LSM >17.5 kPa when ALT >the upper limit of normal

Assessment of adverse reactions and drug tolerability

To examine possible adverse events (AEs) and adverse
reactions (an adverse event is definitely, probably, or
possibly related to the drug) in this study, the recruited
patients underwent regular clinical laboratory testing,
12-lead electrocardiograms, examination of vital signs,

Screening(n=66)

Failed (n=36)
1) not meet the inclusion and exclusion criteria(n=27)
2) others(n=9)

Randomization(n=30)

Taking medication (n=30)
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abdominal ultrasound, and regular physical examina-
tions, using the baseline data as a control. The severity of
AEs and laboratory abnormalities were graded according
to the Common Terminology Criteria for Adverse Events
(CTCAE), version 5.0, which defines toxicity criteria. The
AEs were coded using the Medical Dictionary for Regula-
tory Activities, version 24.1 (McLean, VA, USA).

Pharmacokinetics

Blood samples for Canocapavir PK analysis were col-
lected at different time points, and were collected
and placed into a vacutainer with an anticoagulant
(K,-EDTA), followed by centrifugation at 2,000 g and
4 °C for 10 min to collect the plasma.

Antiviral activity

The changes in the serum levels of HBV DNA, HBV
pgRNA, HBcrAg, HBsAg, HBsAb, HBeAg, HBeAb, and
HBcAD at different time points were examined. Blood
samples were collected on the initial screening day (base-
line) and days 1, 8, 15, 22, 29, 4341, and 57+2 post-
dosing. Blood samples for detecting viral resistance to
Canocapavir were collected on day 1 (predosing), day 29
(24 h after day 28 dosing), and day 57 2 postdosing.

Statistical analysis

The following observed data were used for the analysis
of the plasma PK parameters with the noncompartmen-
tal PK approach using WinNonlin, version 8.2, software
(Pharsight Co., Mountain View, CA, USA): the maxi-
mum observed plasma concentration (Cmax), the time

Table 1 Baseline demographic characteristics and clinical features
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to maximum observed serum concentration (Tmax),
area under the concentration—time curve from the time
of dosing to the last time point with the measurable
plasma concentration (AUCO-t) prior to the next dose,
AUC from the time of dosing extrapolated to infinity
(AUC, ), the terminal elimination half-life of the drug
in plasma (t;;,), clearance (CL/F), volume (Vz/F), accu-
mulation rate (RAC), and degree of fluctuation. All of
these parameters in the treatment cohorts were analyzed
using the descriptive statistics methods provided by SAS
9.1 software (Cary, NC, USA). The dose proportionality
of Canocapavir was evaluated by the power model and
the linear fixed-effect model. Descriptive analysis was
used for safety, tolerability and antiviral activity indexes.
Please see Additional file 1 for the detailed methodology.

Results

Demographics and disease characteristics of patients

This study was conducted during the period from May
to November of 2021. Among the 66 patients that were
screened, 30 fulfilled the inclusion and exclusion criteria,
and no patient discontinued prematurely or was lost to
follow-up during the study period. The recruited patients
were all Chinese; 63.3% (19/30) of the patients were
male, and 36.7% (11/30) of the patients were female. In
general, the demographics and disease characteristics of
the enrolled patients were matched among the different
cohorts (Table 1). In total, 43.3% of the recruited patients
were HBeAg(-). The mean baseline HBV DNA levels
ranged between 6.04 and 7.16 log;, IU/mL, and the mean
baseline ALT levels ranged between 30.89 and 46.65 U/L.

Baseline parameter (mean +SD) Canocapavir

Placebon=6

50mgn=8 100mgn=38 200mgn=8
Age, years 36.9 (9.08) 36.9 (6.15) 41.8(10.91) 47.7 (10.86)
Sex (male/female) 6/2 3/5 6/2 4/2
Ethnicity (Han/other) 8/0 71 8/0 6/0
Weight (kg) 67.60 (10.645) 54.20 (7.648) 7143 (6.443) 6948 (7.51)
HBV DNA (log;q IU/mL) 6.68 (1.64) 7.16(1.52) 6.04 (1.84) 6.42 (2.07)
HBV pgRNA (log,, copies/mL) 6.04 (1.66) 5.60 (1.68) 5.10(2.00) 5.14(2.79)
HBcrAg (log;, Ku/mL) 3.98 (2.16) 4.38(1.86) 329 (2.04) 2.99 (245)
HBsAg (log;o IU/mL) 4.23(0.62) 4.10 (1.00) 3.97(0.75) 3.79(1.17)
HBeAg (log,, PEI-U/mL) 3.06 (0.09) 3.09 (0.22) 2.05(1.42) 2.77 (0.43)
HBeAg (positive/negative) 5/3 5/3 4/4 3/3
Fibroscan (kPa) 5.05 (0.42) 541(2.18) 5.54(1.10) 5.05 (1.01)
ALT (U/L) 30.89 (18.95) 46.65 (42.72) 41.13(14.62) 35.98(19.16)
AST (U/L) 27.09 (9.48) 52.61 (46.25) 33.06 (9.97) 30.75 (8.16)
genotype B=3,C=5 B=2,C=6 B=1,C=7 B=3,C=3

BMI body mass index, HBV hepatitis B virus, HBsAg hepatitis B surface antigen, ALT alanine aminotransferase, HBeAg hepatitis B e antigen, HBcrAg hepatitis B core

antigen, pgRNA pregenomic RNA
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Safety and tolerability

This study showed that Canocapavir was safe and
tolerated over the 28 days of treatment. No seri-
ous AE occurred during the period of the trial. No
patients withdrew from the study due to an AE, thus
allowing the tolerability, antiviral, and PK analyses
on data from all patients. A total of 76.7% (23/30) of
the patients experienced 49 cases of AEs, in which 38
cases occurred in 75% of patients from the Canocapa-
vir cohort, while 11 cases were from 83% of patients
from the placebo cohort.

In total, 50% (15/30) of the subjects experienced 31
cases of adverse reactions, in which 24 cases occurred
in 50% of patients from the Canocapavir cohort, while 7
cases were from 50% of patients from the placebo cohort.
Most adverse reactions were mild or moderate in sever-
ity and resolved without treatment. The incidence rates of
adverse reactions in each cohort were as follows: 50 mg,
37.5% (3/8); 100 mg, 62.5% (5/8); 200 mg, 50.0% (4/8);
and placebo, 50.0% (3/6). The incidence of adverse reac-
tions among patients who received Canocapavir was not
significantly correlated to its increased dose (Table 2).
In addition, the most common adverse reactions among
patients who received Canocapavir were increased ALT
(37.5%) and aspartate aminotransferase (AST) (25.0%).
The most common adverse reactions among patients who
received the placebo were also increased ALT (50.0%)
and AST (50.0%). According to the criteria of CTCAE
(version 5.0), two patients (6.7%) in this study had grade
III adverse reactions, of which a decreased neutrophil
count was observed in one subject receiving 50 mg of
Canocapavir and hypertriglyceridemia was noted in one
subject receiving 200 mg of Canocapavir. There were six
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grade II adverse reactions in three patients (10%), includ-
ing a decreased white blood cell count (one case receiv-
ing 50 mg of Canocapavir and one case receiving 100 mg
of Canocapavir), a decreased neutrophil count (one case
receiving 100 mg of Canocapavir), a decreased ALT level
(two cases in two patients receiving placebo), and an
increased AST level (one case receiving placebo). There
were 22 cases of grade I adverse reactions in 10 patients
(33.3%) (Additional file 1: Table 1). Most AEs in this study
spontaneously recovered or stabilized by the end of the
study. The details are shown in Additional file 1.

Pharmacokinetics

The concentration—time profiles of Canocapavir and
the corresponding PK parameters in the patients who
received different doses are shown in Fig. 2 and Table 3.
Following the first and last dose of Canocapavir on days
1 and 28, the Canocapavir concentration increased after
drug administration, reaching a maximum level at about
2-3 h (Fig. 2). A linear PK proportional relationship was
observed between doses and plasma exposure of Cano-
capavir. The end-stage elimination of Canocapavir was a
two-phase process with a mean t;;, of 12.1-15.6 h after
the last dosage. A steady state of QD dosing was achieved
by day 8. The accumulation rate of the drug was small
(1.26-1.99) in the patients who received different doses
of Canocapavir, indicating that the drug accumulation
rate was mild. On day 28, the mean plasma trough con-
centrations (Cy,,gy) in the patients who received 50, 100,
or 200 mg of Canocapavir were 2.7-, 7.0-, and 14.6-fold
of its protein-binding adjusted HBV DNA ECj, (135 ng/
mL), respectively. The values of CLz/F and Vz/F were
similar between the patients who received 50, 100, or

Table 2 Frequency of adverse reactions in each treatment cohort [case, number of subjects (%)]

Canocapavir Placebo

50mg,n=38 100 mg,n=8 200 mg,n=8 n=6

case n (%) case n (%) case n (%) case n (%)
Total 6 3(37.5) 10 5(62.5) 8 4(50) 7 3(50)
Increased alanine aminotransferase 2 2 (25) 3 3(37.5) 3 3(37.5) 3 3 (50)
Increased aspartate aminotransferase 1 1(125) 2 2 (25) 1 1(12.5) 4 3(50)
Decreased white blood cell count 1 1(12.5) 1 1(12.5) 0 0(0) 0 0 (0)
Decreased neutrophil count 1 1(12.5) 1 1(12.5) 0 0(0) 0 0 (0)
Increased y-glutamyltransferase 0 0(0) 1 1(12.5) 0 0(0) 0 0 (0)
Increased bilirubin 0 0(0) 0 0(0) 1 1(12.5) 0 0 (0)
Increased creatinine 1 1(12.5) 0 0(0) 0 0(0) 0 0(0)
Decreased platelet count 0 0(0) 1 1(12.5) 0 0(0) 0 0 (0)
Decreased serum phosphorus 0 0(0) 0 0(0) 1 1(12.5) 0 0 (0)
Hypertriglyceridemia 0 0(0) 0 0(0) 2 1(12.5) 0 0 (0)
Rash 0 0(0) 1 1(12.5) 0 0(0) 0 0(0)
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Table 3 Pharmacokinetic parameters of Canocapavir on days 1 and 28 in each treatment cohort (mean £ SD)

Day 1 Day 28

50mgn=8 100mgn=38 200mgn=8 50mgn=8 100mgn=38 200mgn=8
Trnax (N 20(20,3.0) 3.0(20,4.0) 3.0(20,3.0) 25(20,3.0) 3.0(20,4.0) 3.0(20,4.0)
Cinax (NG/ML) 1344.1 £498.2 2770.14£652.5 4389.8+£19504 17523+£8152 3398.7+6113 5330.6+ 16564
t,, (h)° 130419 121437 156423
AUC 541, (h-ng/mL) 11,73294+£4933.2 28,447.1+£93509 5087544257505 18,134.1+£96659  42,115.1+£9863.1 73,897.0429,1084
AUC (h-ng/mL) 11,701.1+£49156 283565493079 50,6714+£256348 24,7165+151572 57,807.0+16,6308 114,031.6£51,939.3
AUC, o (h-ng/mL)b 25625.6+£15804.7 59,399.0+£18,159.0 120,090.0+£57,3189
CL/F (L/h)P 34+£15 25+06 33+20
VZ/F (L)° 6144230 423+109 736+434
Cmugh (ng/mL) 289.8£220.7 722.8+256.6 1797.7 £933.9
degree of fluctuation (%) 203.5+342 15584219 12184330
RACAuco-24 165+£0.85 1.56£045 1994181
RACmax 1444085 1.26+£0.29 1.52£1.12

2 Median (min-max);

b 0-24 h blood samples were only collected on day 1. The values of CL/F, V,/F, t, ,, and AUC,_,, were not well estimated due to the short elimination phase

200 mg of Canocapavir. The degree of fluctuation was
relatively small (121.8-203.5%).

Comparing the Canocapavir exposure (C,,, and AUC)
in the patients who received different doses of Canocapa-
vir on days 1 and 28, the slope (90% confidence interval)
in the power model was very close to 1 (regression coef-
ficient: 0.82-1.14), suggesting linear PK of Canocapavir.
The values of C_,, and the AUC of Canocapavir were
positively related to the drug doses (Additional file 1:
Table 2).

Antiviral activity

The level of HBV DNA decreased profoundly from
baseline in the patients receiving three doses of Cano-
capavir but not in those receiving placebo. The HBV
DNA level decreased greatly starting from day 8, with
the average maximum decrease on day 22 or day 29.
The HBV DNA level gradually returned to the baseline
after drug withdrawal and recovered to the baseline at

follow-up on day 57. Moreover, the HBV DNA level
decreased overwhelmingly in patients who received
100 mg or 200 mg of Canocapavir compared to those
who received 50 mg. The mean maximum HBV DNA
decreases were -1.54, -2.50, -2.75, and -0.47 log;, IU/
mL in the patients who received 50, 100, or 200 mg of
Canocapavir or placebo, respectively. Regardless of the
HBeAg status (either positive or negative), there was a
declining trend in the HBV DNA level in the patients
who received different doses of Canocapavir. How-
ever, among the patients who received the same dose
of Canocapavir, the degree of HBV DNA decrease
among the HBeAg(+) patients was slightly less than
that of the HBeAg(-) patients. The numbers of patients
(percentage) who received 50 mg, 100 mg, or 200 mg
of Canocapavir or placebo and whose HBV DNA level
was reduced below the lower limit of quantification
after administration were 0, 1 (12.5%), 1 (12.5%), and
0, respectively. The reduction of HBV DNA below the
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Fig. 3 Changes of HBV virologic markers from baseline during treatment with Canocapavir or placebo. A-C Hepatitis B virus (HBV) DNA, D-F HBV
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lower limit of quantification only occurred in HBeAg(-)
patients (Fig. 3 and Additional file 1: Fig. S1).

This study also showed that the HBV pgRNA level
decreased profoundly from baseline in the patients
who received different doses of Canocapavir but not in
those who received the placebo. As mentioned above,
the declining trend was similar to that of HBV DNA.
The degree of HBV pgRNA decrease in the patients
who received 100 mg or 200 mg of Canocapavir was
similar, but it was deeper than that in the patients who
received 50 mg. The mean maximum HBV pgRNA
decreases were -1.53, -2.35, -2.34, and -0.17 log;, copies/
mL in the patients who received 50, 100, or 200 mg of
Canocapavir or placebo, respectively. The HBV pgRNA
level decreased similarly in the patients with either
HBeAg(+) or HBeAg(-) who received the same dose
of Canocapavir. The numbers of patients (percentages)
who received 50 mg, 100 mg, or 200 mg of Canocapavir
or placebo and whose HBV pgRNA level was reduced
below the lower limit of quantification (~2 log;, copies/

mL) after administration were 1 (12.5%), 1 (12.5%), 4
(50.0%), and 0, respectively. A reduction of HBV pgRNA
below the lower limit of quantification only occurred in
HBeAg(-) patients (Fig. 3 and Additional file 1: Fig. S1).
The rebound rate of the HBV pgRNA level was reversely
dose-dependent, meaning that the higher dose was, the
slower the rebound.

In addition, within the duration of treatment, the
HBcrAg level in each dosage cohort decreased to a cer-
tain extent from baseline. The HBcrAg level decreased
more in the patients who received 100 mg or 200 mg of
Canocapavir than in those who received 50 mg of Cano-
capavir or the placebo. The maximum mean HBcrAg
decreases were -0.30, -0.61, -0.51, and -0.38 log;, kU/mL
in the patients who received 50 mg, 100 mg, or 200 mg
of Canocapavir or placebo, respectively. Neither the
HBsAg nor HBeAg levels decreased in the patients who
received different doses of Canocapavir. However, they
fluctuated around baseline (Fig. 3). There were no clini-
cally significant changes in the levels of HBsAb, HBeAb,
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or HBcADb after administration of Canocapavir (data not
shown). No resistance mutation that might be induced by
Canocapavir treatment was detected in this study. One
subject (E2003) was found to have a pre-existing substi-
tution (P25S) in the HBc, which is known to reduce the
susceptibility of the virus to CpTAs. After Canocapavir
treatment, no decrease in HBV DNA and only a slight
decrease in HBV pgRNA were observed in this patient.
No new treatment-emergent resistance mutations were
identified in this or other patients.

Discussion

In this phase 1b study, we examined the safety, toler-
ability, PK profiles, and preliminary clinical efficacy of
Canocapavir, a novel CAM-E CpTA for the treatment
of patients with CHB. Our results showed that Canoca-
pavir was safe and well tolerated in patients with CHB,
and serum HBV DNA and HBV pgRNA were profoundly
reduced after a 28-day treatment of Canocapavir.

Since CHB is a chronic disease and requires long-term
treatment, safety is an important feature that a new drug
must possess. In this study, an overall 50% incidence rate
for adverse reactions was observed, which were not sig-
nificantly correlated with the drug dosage. Most adverse
reactions in this study were mild in severity, including
elevation of ALT or AST. The data show that 12.5-37.5%
of the patients who received Canocapavir had a grade I
adverse reaction, while 50% of patients who received pla-
cebo had a grade I-II adverse reaction. These findings
were similar with other CAM-E CpTAs, such as NVR
3-778 and ABI-H0731 [12, 20]. Therefore, even though
the treatment duration in the current study is only about
4 weeks and treatment and observation of longer-term
are definitely needed, Canocapavir seems safe and toler-
ated in CHB patients.

In our previous study [9], patients with high baseline
ALT levels were prone to an ALT flare during antiviral
treatment. This phenomenon was usually correlated with
a decline in the HBV DNA and viral antigen levels, indi-
cating that the occurrence of ALT flare is a therapeutic
by-product [9]. It has also been reported that treatment
with adefovir dipivoxil led to the decline of the HBV DNA
level and a steady increase in the amount of T helper
1/2 cytokine-producing T cells and the levels of serum
cytokines [21]. Nonetheless, an increased ALT level can
be a double-edged sword, as it may reflect both immune
system activation and liver cell damage (caused by viral
infection or drug toxicity) [22]. We noticed that the ALT
level of patient E3010, who received 100 mg of Canoca-
pavir, was 144.9 U/L at baseline and increased gradually
during the trial, reaching a maximum of 385.4 U/L on day
15, and the HBV markers in this patient decreased at the
same time. The maximum decreases of HBV DNA, HBV
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pgRNA, HBcrAg, and HBsAg in this patient were -3.23
log,, IU/mL, -3.71 log,, copies/mL, -1.96 log;, kU/mL,
and -0.22 log;, IU/mL, respectively. Because no abnor-
malities in bilirubin, albumin, or INR abnormality were
found in this patient, the treatment-induced elevation of
ALT may reflect a clearance of HBV-infected hepatocytes
by an activated immune system [21, 22].

In contrast to this observation, we also noticed that
in patient E4005, who received the placebo, the ALT
level was 21.4U /L at baseline and increased gradually
after day 31 (i.e., 3 days after the last dosing of the pla-
cebo), reaching to a maximum of 158.2 U/L on day 64.
Similarly, in another patient (E4007) who also received
the placebo, the ALT level was 65.8 U/L at baseline and
increased gradually after day 15, reaching a maximum of
300.9 U/L on day 57 (Additional file 1: Fig. S2). The HBV
DNA, HBV pgRNA, HBcrAg, and HBsAg levels in these
two patients increased simultaneously. We interpret that
the abnormally increased ALT in these two patients was
caused by the aggravation of HBV infection, leading to
liver damage [21, 22].

Chan et al. have reported that in cases of liver cirrhosis,
the optimal cutoff values for the liver stiffness measure-
ment were 8.4 kPa (98% sensitivity), 9.0 kPa (maximum
sum of sensitivity and specificity), 13.4 kPa (94% speci-
ficity), and 13.4 kPa (maximum diagnostic accuracy, 85%)
[23]. The mean liver stiffness measurement for all sub-
jects in our study was 5.27 +1.30 kPa. Only one subject
(E3007) in the Canocapavir (100 mg) group had a varia-
tion of liver stiffness measurement (10.5 kPa). The liver
stiffness measurement values in the remaining subjects
were less than 8.4 kPa. Moreover, one subject (E3007)
had an abnormal ALT level (60 IU/mL) at the screening
stage but did not have an AE during the clinical study.
The mean liver stiffness measurement of these subjects
was 5.06+0.89 kPa, with a maximum liver stiffness
measurement value (6.4 kPa). Therefore, this study could
basically exclude the possibility that a higher frequency
of ALT increases was caused by higher values for the liver
stiffness measurement.

The occurrence frequency and rate of AEs, such as an
increased ALT level, were similar among the different
treatment groups. For example, the occurrence frequen-
cies of an increased ALT level in the 50 mg, 100 mg, and
200 mg groups of Canocapavir and placebo were 2, 3, 3,
and 3 cases, respectively (Table 2), indicating that the AE
of an increased ALT was not related to the dose.

It has been reported that in the treatment with
nucleos(t)ide analogues, a decrease of serum phospho-
rus levels and an increase of serum creatinine levels were
observed; these can also happen in the presence of lactic
acidosis and severe hepatomegaly with steatosis, includ-
ing fatal cases. Severe acute exacerbations of hepatitis
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have been found in HBV-infected patients who have
discontinued anti-hepatitis B therapy with nucleos(t)
ide analogues [24]. In this study, abdominal ultrasound,
regular physical examinations, and laboratory examina-
tions were performed; therefore, liver function indexes
(including bilirubin, AST, ALT, gamma-glutamyl trans-
peptidase, alkaline phosphatase, total protein, albumin,
serum amylase, serum lipase, creatine kinase, and lac-
tate dehydrogenase), coagulation function, kidney func-
tion (urea, creatinine), and ions (potassium, sodium,
chlorine, calcium, and inorganic phosphorus) could be
determined. We found an increase in grade I-1I ALT and
AST elevations; however, the rates were similar between
the drug and placebo groups (Table 2). Increased levels
of bilirubin, gamma-glutamyltransferase, and creatinine
as well as a decreased level of serum phosphorus were
found in the Canocapavir group, all of which were grade
1 without dose correlation and could be recovered auto-
matically without treatment. Thus, in this study, there
was no hepatic or renal toxicity similar to that observed
with the nucleos(t)ide analogue treatment.

The PK profiles of Canocapavir showed rapid absorp-
tion (T, 2-3 h) of this drug, with a slow plasma
elimination (t;,: 12.1-15.6 h). The accumulation of
Canocapavir was mild, and its mean C,g, after dos-
ing reached 2.7-14.6 times the EC;, (135 ng/mL ng/
mL). Therefore, once-a-day administration is reasonable
because of the large margin of the steady-state concen-
tration of Canocapavir beyond its ECy, [8].

The conversion of HBV RNA to DNA occurs within
viral core particles in the cytoplasm through reverse tran-
scription, which is the prerequisite for both generations
of progeny virus particles and replenishment of the HBV
cccDNA pool in the nucleus. It has been postulated that
complete and sustained disruption of the processes men-
tioned above may help accelerate the exhaustion of the
cccDNA pool, eventually leading to permanent steriliza-
tion of HBV infection [25, 26]. Canocapavir promotes the
production of the nonfunctional HBV capsid devoid of
HBV DNA and pgRNA, thereby inhibiting the accumu-
lation of cccDNA [18]. Although nucleoside analogues
have little effect on reducing HBV RNA, the combina-
tional use of a CpTA with a nucleoside analogue might
have a more profound inhibitory effect on overall HBV
replication than the single treatment with either of them.
Therefore, it is reasonable to speculate that, given a long
enough treatment, the combinational use of Canocapavir
with a nucleoside analogue drug eventually will lead to a
functional cure of CHB.

The changes in HBsAg, HBeAg, and HBcrAg levels
have been studied for several CpTAs in phase I-II tri-
als and generally are limited [11, 12, 20]. While we did
not see significant changes in HBsAg and HBeAg after
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Canocapavir treatment in this study, we did observe
some meaningful reduction in HBcrAg in some patients
(see Fig. 3). The maximum mean HBcrAg decreases were
-0.30, -0.61, -0.51, and -0.38 log;, kU/mL in patients who
received 50 mg, 100 mg, or 200 mg of Canocapavir or
placebo, respectively. Considering that some of HBcrAg
(such as the core protein) are translated from pgRNA,
disruption of the pgRNA package into a capsid (and its
accumulation in the cytoplasm) by Canocapavir may
interfere with the expression of these proteins. Studies
are underway to characterize this mechanism.

One subject (E2003) was found to have a pre-existing
substitution (P25S) in the HBc known to reduce the
susceptibility of the virus to CpTAs [11], which may
be responsible for the lower response of this patient
to Canocapavir treatment. Indeed, after Canocapavir
treatment, no decrease in HBV DNA and only a slight
decrease in HBV pgRNA was observed in this patient. No
new treatment-emergent resistance mutations were iden-
tified in this or other patients. The prevalence of the P25S
resistance mutation was low (<3.3%) in this study, sug-
gesting a low risk of treatment failure due to pre-existing
core inhibitor resistance [11, 12]. Nevertheless, identify-
ing and excluding patients with pre-existing mutations
known to cause reduced susceptibility to CpTAs may be
needed in future studies of Canocapavir [9, 27].

This study provides the first clinical evidence that sub-
stantial inhibition of viral production in patients with
CHB can be achieved by Canocapavir treatment. In a pre-
vious report, long-term entecavir therapy was associated
with a decreased incidence of liver decompensation and
hepatocellular carcinoma [28]. Since long-term oral anti-
viral therapy is associated with several disadvantages and
virological relapse frequently occurs after termination of
treatment, it is necessary to develop combinational thera-
pies with HBV CpTA and other HBV-targeting drugs,
which may be more efficient for the treatment of HBV
patients [5, 25, 28].

Study limitation

This study does have some limitations that must be
addressed in future studies. These include a small num-
ber of patients, a short treatment and follow-up period,
and the lack of analysis of immune-inflammatory factors.
These limitations will be addressed in future multicenter
studies of Canocapavir in more patients with a more
extended treatment and follow-up period.

Conclusions

Canocapavir was well tolerated. Most of the adverse reac-
tions were grade I or II in severity. No dose-dependency
was observed for either the frequency or intensity of AEs.
Corresponding to 50-200-mg doses of Canocapavir, a
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linear PK profile and a low-to-mild accumulation rate
(1.26-1.99) were notable. After oral dosing, significant
margins were observed between plasma exposure of
Canocapavir and its anti-HBV activity in vitro, support-
ing a once-a-day dosing in future trials. Canocapavir
treatment for 28 days induced a substantial reduction of
serum levels of both HBV DNA and HBV pgRNA in HBV
patients. One subject (E2003) in the 50 mg of Canocapa-
vir group did not respond to the treatment; this patient
had a pre-existing mutation in the HBc (substitution of
P25S), which is known to reduce the susceptibility of the
virus to other CpTAs. The virus of the test subjects will
need to be sequenced prior to treatment initiation, and
monitored during and after treatment in future clini-
cal studies. Taken together, these results support further
clinical investigation of Canocapavir as a potent thera-
peutic agent for treating patients with CHB.
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