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Abstract: Ropeginterferon alfa-2b is a novel mono-pegylated and extra-long-acting interferon, being
developed for the treatment of myeloproliferative neoplasm (MPN) and chronic viral hepatitis. It has
a favorable pharmacokinetic profile and less frequent dosing schedule, i.e., once every two to four
weeks, compared to conventional pegylated interferon products, which have multiple isomers and
are administered weekly. It was approved for the long-term treatment of polycythemia vera, an MPN,
and has been included in the NCCN clinical practice guidelines for this indication. Ropeginterferon
alfa-2b has demonstrated efficacy and showed a favorable safety profile for the treatment of chronic
viral hepatitis in several clinical studies. In this article, we review its pharmacokinetics and available
clinical data and suggest that ropeginterferon alfa-2b administered once every two weeks can serve
as a new treatment option for patients with chronic viral hepatitis, including chronic hepatitis B, C,
and D.

Keywords: clinical trial; chronic hepatitis B; chronic hepatitis C; chronic hepatitis D; interferon;
ropeginterferon alfa-2b

1. Introduction

Ropeginterferon alfa-2b is a novel mono-pegylated proline-interferon (pro-IFN) alfa-
2b. It is predominantly a single and chemically homogenous isomer, as compared to the
conventional pegylated interferon (IFN) products, which contain multiple isomers that
may contribute to the development of adverse effects [1,2]. Ropeginterferon alfa-2b has
favorable pharmacokinetic properties that allow it to be dosed on a much less frequent
schedule, i.e., once every 2 weeks or every 3 to 4 weeks [3–5]. The drug has been shown
to be well tolerated and efficacious in patients with polycythemia vera (PV) and has been
approved as the first IFN-based therapy for the PV treatment in Europe, Switzerland, Israel,
Taiwan, Korea, and the USA [6–8]. It has recently been included in the NCCN clinical
practice guidelines [9].

Another major application of IFN alfa (alpha) is for the treatment of chronic viral
hepatitis, such as hepatitis B, C, and D. To identify the clinical values of ropeginter-
feron alfa-2b in these clinical indications, ropeginterferon alfa-2b has been evaluated in
phase 1 and 2 clinical trials for the treatment of chronic hepatitis B (CHB) and chronic
hepatitis C (CHC) [10–12]. We summarized the relevant clinical results to show that
ropeginterferon alfa-2b as a novel IFN alfa-based therapy was well tolerated and effective
in these clinical studies and discuss the future perspectives in using ropeginterferon alfa-2b
for the treatment of chronic viral hepatitis.
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2. Pharmacokinetics (PK) and Pharmacodynamics (PD) of Ropeginterferon alfa-2b in
Healthy Volunteers

The PK/PD profiles of ropeginterferon alfa-2b were evaluated in three clinical studies
of healthy volunteers, including one first-in-human study conducted in Canada, one in
China, and another in Australia with Japanese and Caucasian subjects [3–5]. Ropeginter-
feron alfa-2b was subcutaneously (SC) administered as a single injection at doses ranging
from 24 to 300 µg in these studies (Table 1). The Tmax of ropeginterferon alfa-2b was found
to be 75 to 142 h, and the elimination half-life was 52 to 129 h. The non-dose proportionality
of ropeginterferon alfa-2b was observed in all three studies. The slope of the relationship
between the dose and the exposure variables, i.e., AUC0-inf, AUC0-t, and Cmax, were greater
than one, suggesting that the increase in ropeginterferon alfa-2b exposure was greater than
dose proportional under 300 µg in healthy subjects. 2′,5′-Oligoadenylate synthetase (OAS),
neopterin, and β2-microglobulin were evaluated as PD markers in these studies. Overall, a
dose-dependent increase for the serum concentration of the PD markers was observed.

Table 1. PK/PD parameters of ropeginterferon alfa-2b in clinical studies of healthy volunteers.

Parameter
Healthy Subjects

A09-102 Study [3] A17-101 Study [4] A17-102 Study [5]

Study population Canadian Chinese Japanese Caucasian

SC dosing Single dose

Dose range (µg) 24 to 270 90 to 270 100 to 300

Sampling time (h) range 0 to 672 0 to 672 0 to 672

PK parameters

Tmax (h) range * 75 to 116 92 to 142 108 to 111 84 to 108

t1/2 (h) range 61 to 118 78 to 129 67 to 69 52 to 112

Cmax (ng/mL) range 1.8 to 24.8 4.2 to 24.1 8.4 to 41.4 4.5 to 19.2

AUC0-t (ng·h/mL) range 273 to 6068 957 to 6983 1445 to 7658 945 to 3933

AUC0-inf (ng·h/mL) range 372 to 6258 1287 to 7998 1927 to 7843 1510 to 5433

Dose proportionality analysis

ln (AUC0-inf)

Slope (95% CI) 1.22 (1.00–1.44) 1.84 (1.13–2.55) 1.35 (0.93–1.76) 1.11 (0.06–2.16)

ln (AUC0-t)

Slope (95% CI) 1.36 (1.11–1.61) 2.52 (0.69–4.35) 1.73 (1.30–2.16) 1.52 (0.31–2.72)

ln (Cmax)

Slope (95% CI) 1.19 (0.99–1.39) 1.87 (0.79–2.95) 1.52 (1.11–1.94) 1.49 (0.59–2.40)

PD parameters

2′,5′-Oligoadenylate synthetase

Emax (pmol/dL) range 266–568 NA NA NA

ETmax (h) range 160–222 NA NA NA

AUEC0-t (h·pmol/dL) range 51,970–175,233 NA NA NA

Neopterin

Emax (nmol/L) range 14–20 NA 19.70–42.87 26.06–40.50

ETmax (h) range * 48–104 NA 36–48 48

AUEC0-t (h·nmol/L) range 1213–3328 NA 6298–11,690 8897–12,510
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Table 1. Cont.

Parameter
Healthy Subjects

A09-102 Study [3] A17-101 Study [4] A17-102 Study [5]

β2-microglobulin

Emax (µg/mL) range NA 3.126–3.341 2.356–3.252 2.681–3.644

ETmax (h) range * NA 118–132 84–120 72–84

AUEC0-t (h·µg/mL) range NA 1608–1775 1207–1649 1341–1856

Abbreviation: AUC0-inf: area under the serum concentration-time curve from time zero to infinity; AUC0-t: area
under the serum concentration–time curve from time zero to the last measurable concentration; AUEC0-t: area
under the serum concentration–time curve PD biomarker from time zero to the last measurable concentration; CI:
confidence interval; Cmax: Maximum serum concentration; Emax: maximum serum PD biomarker response; ETmax:
the time that Emax was observed; ln: natural logarithm; SC: subcutaneous; t1/2 : elimination half-life; Tmax: time at
which Cmax was observed. * For Tmax and ETmax, the data are expressed as mean value in A09-102 and A17-101
studies while expressed as median in A17-102 study. For the other PK and PD parrameters, i.e., t1/2 , Cmax, AUC0-t,
AUC0-inf, Emax, and AUEC0-t, the data are expressed as mean value in A09-102, A17-101 and A17-102 studies.

Compared to the conventional pegylated interferon products, e.g., peginterferon alfa-2a,
ropeginterferon alfa-2b had a higher drug exposure at the same dose level, i.e., 180 µg [3,4].
At the same 180 µg dose level, ropeginterferon alfa-2b showed higher Cmax, AUC0-t, and
AUC0-inf than peginterferon alfa-2a [3,4]. The geometric mean ratios of AUC0-inf, AUC0-t,
and Cmax were 1.66, 1.82, and 1.76, respectively, for ropeginterferon alfa-2b when compared
to peginterferon alfa-2a [3]. The Cmax of ropeginterferon alfa-2b was 20.7 ng/mL as
compared to 12.95 ng/mL of peginterferon alfa-2a [3]. The Cmax was reached in a shorter
time (Tmax) in the ropeginterferon alfa-2b than in the peginterferon alfa-2a group: 79.22 h
vs. 84.25 h [3]. The half-lives (T 1

2 ) of ropeginterferon alfa-2b and peginterferon alfa-2a were
66.53 and 89.32 h, respectively [3].

Ropeginterferon alfa-2b at a single administration showed similar PD profiles in the
OAS and neopterin bioactivity as peginterferon alfa-2a [3]. At the single dose, the safety
profile of the ropeginterferon alfa-2b did not show a significant difference from that of
peginterferon alfa-2a. Most of the adverse events were mild or moderate [3–5]. The phase 1
data indicated higher PK exposures and similar safety profiles of ropeginterferon alfa-2b at
a single dose when compared to peginterferon alfa-2a in healthy volunteers and suggested
that ropeginterferon alfa-2b could potentially be administered with less frequent injections
in clinical use. The PK and PD parameters of ropeginterferon alfa-2b in these studies are
summarized in Table 1.

3. Clinical Studies in Patients with Chronic Hepatitis
3.1. Ropeginterferon alfa-2b in Chronic Hepatitis C (CHC)

CHC infection causes inflammation of the liver, leading to a high risk of liver fibrosis,
cirrhosis, liver failure, and hepatocellular carcinoma (HCC) [13,14]. CHC affects an esti-
mated 71 million people worldwide and elimination of CHC has been advocated by the
WHO as a continuous development goal till 2030 [15]. There are seven major genotypes
of hepatitis C virus (HCV). Genotype 1 is the predominant (46%) followed by genotype
3 (22%) and genotype 2 (13%), and the prevalence of HCV genotypes 4, 5, 6, and 7 varies
greatly with geographic locations [16,17]. In Asia, the prevalence of genotype 2 can be as
high as 60% in certain areas [15,17].

IFN alfa therapy has been shown to be effective for the CHC and was widely used for
the CHC treatment in the pre-direct acting antiviral agent (DAA) era [18]. IFN alfa binds to
a heterodimeric transmembrane receptor termed IFN-α/β receptor (IFNAR) to activate the
JAK-STAT signal transduction pathways and elicit their biological activities, including the
inhibition of virus replication and activation of the immune responses [19,20].

Pegylated IFN alfa therapies have been shown to induce clinically appreciable sus-
tained virologic responses (SVRs) in CHC patients, e.g., a 70–90% SVR rate in patients
with the genotype 2 infection [21–23]. In addition, they also alleviate fibrosis and reduce
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the risk of HCC development in CHC patients [24–26]. To date, two pegylated IFNs,
i.e., peginterferon alfa-2a and peginterferon alfa-2b, have been approved and clinically
used for the CHC treatment [27,28]. However, their relatively frequent dosing schedule,
i.e., once every week, and notable side effects such as flu-like symptoms, injection site reac-
tions, and depression have limited their use in CHC treatment. By contrast, ropeginterferon
alfa-2b showed a favorable dosing schedule and safety profile in the treatment of chronic
hepatitis including CHC and CHB. Two phase 2 clinical studies have been conducted to
explore and validate the safety and efficacy of ropeginterferon alfa-2b in combination with
ribavirin in the CHC treatment, including one in CHC genotype 1 and the other in CHC
genotype 2 (Table 2) [10,11].

Table 2. Efficacy of ropeginterferon alfa-2b in CHC treatment.

Parameters

CHC Genotype 1 CHC Genotype 2

A11-201 Study [10] A11-203 Study [11]

Peginterferon alfa-2a Ropeginterferon alfa-2b Peginterferon alfa-2a Ropeginterferon alfa-2b

180 µg
(Group 1)

n = 27

180 µg
(Group 2)

n = 30

270 µg
(Group 3)

n = 20

450 µg
(Group 4)

n = 29

180 µg
(Group 1)

n = 22

270 µg
(Group 2)

n = 23

360 µg
(Group 3)

n = 21

450 µg
(Group 4)

n = 20

SVR12 74.1% 70.0% 80.0% 69.0% 95.5% 82.6% 85.7% 70.0%

SVR24 77.8% 66.7% 80.0% 69.0% 95.5% 78.3% 85.7% 60.0%

Abbreviation: CHC: chronic hepatitis C; SVR12: sustained virologic response at 12 weeks post-treatment; SVR12:
sustained virologic response at 24 weeks post-treatment.

In the phase 2 CHC genotype 1 study [10], 106 treatment naive patients were enrolled
and randomized into four treatment groups including peginterferon alfa-2a once every
week SC at the dose of 180 µg (Group 1) as a control, ropeginterferon alfa-2b SC once
every week at 180 or 270 µg (Group 2 and Group 3, respectively) or once every two weeks
at 450 µg (Group 4), plus daily oral ribavirin for a treatment of 48 weeks [10]. Patients
who were treated with ropeginterferon alfa-2b at 180 µg showed a notably higher serum
exposure (AUC0-τ), which was 1.4-fold greater than those treated with peginterferon alfa-2a
at the same dose. The accumulation ratio of ropeginterferon alfa-2b in its 180 µg group was
twofold greater than that of peginterferon alfa-2a at the same dose. The ropeginterferon
alfa-2b groups had the SVR24 rates ranging from 66% to 80%, which were similar to that
of the 180 µg peginterferon alfa-2a group (Table 2). Moreover, the ropeginterferon alfa-
2b groups showed a favorable safety profile regarding flu-like symptoms, anxiety, and
depression, when compared to the peginterferon alfa-2a group. The incidence of flu-like
symptoms was 66.7%, 53.3%, 55.0%, and 48.3%; anxiety was 14.8%, 6.7%, 0% and 0%; and
depression was 25.9%, 13.3%, 0%, 3.4% for the 180 µg peginterferon alfa-2a, and 180, 270,
450 µg ropeginterferon alfa-2b groups, respectively. Grade 2 or 3 depression was reported
in the peginterferon alfa-2a group, but none in the ropeginterferon groups. Ropeginterferon
alfa-2b administered once every two weeks at the dose of 450 µg showed a favorable safety
profile regarding key adverse effects reported with previous IFN therapies compared to the
weekly given, conventional pegylated IFN alfa-2a.

In another phase 2 study [11], 86 treatment-naive patients with CHC genotype 2 were
randomized to receive daily oral ribavirin plus peginterferon alfa-2a weekly at 180 µg, or
ropeginterferon alfa-2b once every two weeks at 270, 360, or 450 µg [11]. In this study,
patients who achieved the rapid virologic response (RVR, undetectable HCV RNA at
4 weeks of treatment) received a total treatment of 16 weeks, while those without RVR
received a total treatment of 24 weeks. At 12 weeks of treatment, the rate of 100% in the
complete early virologic response (cEVR) was achieved in all groups. The end of treatment
virologic response (ETVR), defined as undetectable HCV RNA at the end of treatment
per protocol (i.e., 16 weeks or 24 weeks), was also achieved in 100% in all groups, except
one patient who discontinued treatment early due to an AE at week 13 in the 360 µg
ropeginterferon alfa-2b group (ETVR: 95.2%; 20/21; 95% CI: 76.2–99.9%). In this study,
the SVR12 rates at 12 weeks of follow-up were observed to be 95.5%, 82.6%, 85.7%, and
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70.0% and the SVR24 rates were observed to be 95.5%, 78.3%, 85.7%, and 60% in the
180 µg peginterferon alfa-2a weekly, 270, 360, and 450 µg ropeginterferon alfa-2b bi-weekly
groups, respectively. The relapse rate was higher in the ropeginterferon alfa-2b groups
when compared to the peginterferon alfa-2a group. Further analysis of the relapse rates in
patients receiving 16- or 24-week regimens indicated that the 16-week treatment regimen,
despite having impressive RVR and ETVR, may not be sufficient in achieving a high SVR24
rate and may have contributed to the higher relapse rate in the ropeginterferon alfa-2b
groups. Consistently, the relapse rate in the ropeginterferon alfa-2b groups was lower than
the peginterferon alfa-2a group in patients who received the 24 weeks of treatment (25%
vs. 33%). Therefore, the completion of the 24-week treatment appears to be required for
higher SVR rates. For safety, the injection site reactions were only noted in the peginterferon
alfa-2a group but not in the ropeginterferon alfa-2b groups, which may be due to the less
frequent dosing regimen of ropeginterferon alfa-2b, i.e., once every two weeks.

3.2. Ropeginterferon alfa-2b in Chronic Hepatitis B (CHB)

CHB is another public health problem worldwide. The WHO estimates that CHB
affects 296 million people worldwide in 2019, with 1.5 million new infections each year [29].
It resulted in an estimated 820,000 deaths, mostly due to cirrhosis and HCC. Although
CHB could largely be prevented by vaccines, it is hardly cured completely once infection
occurs. The persistent presence of the covalently closed circular DNA (cccDNA) of the
hepatitis B virus (HBV), which has a long half-life, is a major reason [30,31]. Pegylated
IFNs and nucleos(t)ide analogues (NAs) including entecavir and tenofovir were approved
and serve as the preferred first-line treatment for chronic HBV infection. For NAs, drug
resistance can occur and is a critical factor in determining the success of the NA-based anti-
HBV therapy. Entecavir and tenofovir are associated with high barriers to antiviral drug
resistance compared to other NAs, but they achieve a relatively low HBeAg seroconversion
rate of about 10–21%, and approximately 1–3% in the rate of HBsAg loss, which was
regarded as a functional cure for the HBV infection [32]. The pegylated IFN alfa-based
therapy showed higher seroconversion rates of hepatitis B e-antigen (HBeAg) (~30%) and
surface antigen (HBsAg) (~3%) [32] and has a minimal risk of drug resistance. By immune
stimulations, it can potentially cause the clearance of the viral genome. However, the long
duration of treatment with a frequent injection schedule, i.e., once every week, and side
effects could hamper therapy compliance and limit its use in the CHB treatment.

Ropeginterferon alfa-2b, with a convenient, infrequent dosing scheme and favor-
able safety profile, may potentially serve as a new treatment option for CHB. In a phase
1/2 study, 31 HBeAg-positive and 31 HBeAg-negative CHB patients were randomized
to receive ropeginterferon alfa-2b once every two weeks at 350 µg (Group 1) or 450 µg
(Group 2), or the conventional pegylated IFN alfa-2a (peginterferon alfa-2a) once every
week at 180 µg (Group 3) [12]. Patients received 48 weeks of treatment with a follow-up of
24 weeks. At the follow-up week 24 (FW24), both the 350 and 450 µg ropeginterferon alfa-2b
groups showed a higher cumulative HBeAg seroconversion rate than the peginterferon
alfa-2a group: 27.3%, 36.4%, and 11.1%, respectively. The time to achieve HBeAg serocon-
version was also shorter in the ropeginterferon alfa-2b groups than in the peginterferon
alfa-2a group. The HBeAg seroconversion started in TW24, TW16, and TW48 in the 350 and
450 µg ropeginterferon alfa-2b groups and the peginterferon alfa-2a group, respectively.
Ropeginterferon alfa-2b was well tolerated in the study. Most adverse events were mild
or moderate. Depression was not observed in the study. In addition, the ropeginterferon
alfa-2b groups showed a lower incidence of rash (9.5% and 4.5%, respectively) as compared
to the peginterferon alfa-2a group (36.8%). Other study drug-related adverse events were
comparable among treatment groups. This study showed that ropeginterferon alfa-2b once
every two weeks was well tolerated and effective for the CHB treatment, with a higher
HBeAg seroconversion rate than peginterferon alfa-2a once every week.
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4. Future Perspectives for Ropeginterferon alfa-2b in the Chronic Viral Hepatitis Treatment

The clinical use of pegylated IFNs for the chronic hepatitis treatment has been limited
in the past due to the need of frequent dosing and obvious side effects including injection
site reactions, flu-like syndromes, and depression [27,28]. Ropeginterferon alfa-2b as a
novel site-selective, mono-pegylated IFN alfa-2b has improved PK properties, meaning
that is can be given on a less frequent schedule. This advantage, together with its favorable
safety profile and significant clinical response, supports its use and further development
for chronic hepatitis treatment.

Flu-like symptoms, administration-site reactions, and depression are the major con-
cerns for previous IFN-based therapies. These side effects have been observed notably less
often with the ropeginterferon alfa-2b treatment in several studies. This is possibly due to
the fact that ropeginterferon alfa-2b is predominantly a single isomer and is administered
on a less frequent schedule. Consistent with the data in the chronic hepatitis studies, the
rate of depression from the long-term ropeginterferon alfa-2b treatment up to 5 years in the
phase 3 studies in PV patients was also minimal [6]. This reinforces the argument for using
ropeginterferon alfa-2b in the chronic viral hepatitis treatment.

DAAs improved SVRs for CHC patients. Treatment failures due to drug resistance or
side effects still occur in a small portion of treated patients [33,34]. The reasons for DAA
failures are heterogeneous, including the resistance-associated substitutions (RASs) that
lead to viral variants with reduced susceptibilities to DAAs [33]. A new generation of DAA
regimens with high rates of viral eradication above 90% regardless of the presence of RASs
has been developed, e.g., voxilaprevir/velpatasvir/sofosbuvir. Their availability and the
well-validated RVS testing may not be widely available, especially in the resource-limited
area [35,36]. It was also reported that HCC could still recur in some patients who achieved
the SVR after the treatment with DAAs [37–40]. Recent evidence with a larger number
of patients shows that HCV clearance by the DAA treatment reduces the incidence of
HCC [41]. Pegylated IFN alfa therapies could reduce the HCC risk by not only causing
SVRs but also potentially eliciting IFN-associated intrinsic anti-cancer properties. Type I
IFNs have known anti-cancer activities including the direct anti-proliferative effect consist-
ing of cytotoxicity, cell cycle inhibition and induction of a senescence-like state, and the
indirect anti-tumor effect induced by immune stimulation and anti-angiogenesis [20,42–45].
Type 1 IFNs alfa and beta bind a same receptor termed IFNAR to elicit their biological
activities [19,20]. They selectively induce a cell-growth inhibitory effect such as cell-cycle
inhibitions in human transformed or cancer cells, but not in normal cells [42]. Furthermore,
low-copy gene delivery of IFN beta by a lentivirus vector or the extrachromosomal gene ex-
pression by an adenoviral vector led to the significant inhibition of tumor formation [44,46].
Recombinant IFN alfa was approved for the treatment of hairy cell leukemia, malignant
melanoma, AIDS-related Kaposi’s sarcoma, and follicular non-Hodgkin’s lymphoma, and
its pegylated products with extended half-lives were under development for the treatment
of more cancer types, e.g., acute myeloid leukemia [47–53]. IFN-alfa therapies were also
noted to significantly reduce the risk of CHC-associated HCC occurrence [26,54,55]. In
the phase 3 studies in PV patients, there was no occurrence of secondary cancers in the
patients who received ropeginterferon alfa-2b. In contrast, five events of cancer progression,
including two cases of secondary acute leukemia, were observed in the control group [6,56].
Ropeginterferon alfa-2b was also found to be able to selectively inhibit the malignant JAK2
mutation-carrying progenitor cells in the bone marrow of patients [57]. Taken together, the
data suggest that ropeginterferon alfa-2b is not only effective in chronic hepatitis treatment
but also potentially inhibits cancer formation and growth. This further supports the use of
ropeginterferon alfa-2b in the treatment of chronic viral hepatitis.
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For CHC infection, ropeginterferon alfa-2b can be a viable option when DAAs are
not appropriate such as in patients who had treatment failures due to drug resistance
or side effects. Since they have different modes of action, a combination treatment with
ropeginterferon alfa-2b and DAAs may potentially induce a combinatorial or complemen-
tary clinical effect in patients, being effective in curing CHC and decreasing the HCC
risk. Therefore, with a less frequent dosing scheme, improved PK and safety profiles, and
potential as an anti-cancer agent, ropeginterferon alfa-2b provides new treatment options
for CHC patients.

Ropeginterferon alfa-2b can be very useful in the treatment of CHB and chronic hep-
atitis D (CHD). Pegylated IFN alfa was approved for the CHB treatment [28] and serves as
a backbone treatment in CHD patients as an off-label use [58]. Pegylated IFN treatment
can lead to higher rates of HBeAg and HBsAg seroconversion in patients, compared to
those receiving NAs, possibly due to its immune stimulation or ability to enhance the
cccDNA degradation and exert epigenetic modifications of the cccDNA transcription [59].
Ropeginterferon alfa-2b therapy has been shown to cause higher HBeAg seroconversion
rates than the conventional pegylated IFN alfa-2a given weekly in the phase 2 setting [12].
Therefore, ropeginterferon alfa-2b is expected to be effective in CHB and CHD. NA thera-
pies, especially their long-term treatment, are also effective in depleting the cccDNA [60].
However, there is a potential for a combination-therapy approach with NAs and a novel
and effective pegylated IFN alfa such as ropeginterferon alfa-2b in curing CHB. It is also
possible that ropeginterferon alfa-2b therapy may help CHB patients off the long-term NA
treatment during their disease management.

There have been rekindled enthusiasms for combining small molecules with IFN-
based therapies for the CHB or CHD treatment [61,62]. A meta-analysis indicated that the
combination of the pegylated IFN alfa treatment with lamivudine given orally could show
a better virological (57% vs. 20% in HBeAg-positive patients and 85% vs. 65% in HBeAg-
negative patients, respectively) and biochemical (48% vs. 37% in HBeAg-positive patients
and 50% vs. 40% in HBeAg-negative patients, respectively) responses than pegylated IFN
alfa monotherapy at the end of treatment [63]. The pegylated IFN alfa treatment plus
adefovir also had a better seroconversion rate than the pegylated IFN alfa alone in the
HBeAg-positive patients (51% vs. 34%). In addition, higher rates of HBsAg loss (10%
vs. 0%) and HBeAg seroconversion (29.5% vs. 15.6%) were observed in the combination
treatment with pegylated IFN alfa and tenofovir than the tenofovir therapy alone [64]. The
combination of the pegylated IFN alfa therapy with entecavir or tenofovir also led to a
higher rate of HBsAg loss when compared to the NA treatment alone (30% vs. 7%) [65].
Furthermore, a reversion of hepatic fibrosis could be observed in the CHB patients who
received the entecavir add-on pegylated IFN alfa therapy [66]. Patients treated with
the combined therapies had a larger improvement of liver histology in the mean liver
stiffness value when compared to the monotherapy. Finally, early combination of entecavir
and the pegylated IFN alfa-2a treatment improved the anti-HBV efficacy and long-term
survival in HBV DNA-positive HCC patients as compared to the NA monotherapy [67].
Previous combination studies with IFN-based therapies and NAs are summarized in Table 3.
These data show that the combination regimens that contain a pegylated IFN therapy as a
backbone treatment may cause a functional cure of CHB and deliver a therapeutic effect on
HCC. Therefore, the availability of ropeginterferon alfa-2b as a new-generation pegylated
IFN alfa might facilitate the development of new combination regimens in the search for
the cure of CHB or CHD infections.
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Table 3. Combinations of PEG-IFN alfa and NA therapies in the CHB treatment.

Treatment
Regimens Study Type Study

Populations Clinical Efficacy References

PEG-IFN alfa + Lam
vs.
PEG-IFN alfa alone

MA

HBeAg-positive CHB 1. Virology response a: 57% vs. 20%
2. Biochemical response b: 48% vs. 37%

[63]

HBeAg-negative CHB 1. Virology response a: 85% vs. 65%
2. Biochemical response b: 50% vs. 40%

PEG-IFN alfa + ADV
vs.
PEG-IFN alfa alone

MA HBeAg-positive CHB HBeAg seroconversion c: 51% vs. 34% [63]

PEG-IFN alfa 2a + TDF
vs.
TDF alone
vs.
PEG-IFN alfa 2a alone

RCT

CHB
1. HBsAg loss d: 10.4% vs. 0% vs. 3.5%
2. HBeAg seroconversion e: 29.5% vs. 15.6%

vs. 25.0% [64]
HBeAg-positive CHB HBsAg loss d: 9.7% vs. 0% vs. 5.2%

HBeAg-negative CHB HBsAg loss d: 11.0% vs. 0% vs. 1.3%

PEG-IFN alfa 2b + NA f

vs.
NA f alone

RCT HBeAg-positive CHB HBeAg seroconversion g: 30% vs. 7% [65]

PEG-IFN alfa 2a + ETV
vs.
ETV alone

RCT HBeAg-positive CHB
Liver cirrhosis evaluation by transient
elastography value: 6.6 [4.9, 9.8] vs.
7.8 [5.4, 11.1] kPa, p = 0.028

[66]

Early combination of
PEG-IFN alfa 2a + NA h

vs.
NA h

RCT HBV DNA (+) HCC

1. 8 years OS rate: 79.2% vs. 59.1%
2. 8 years RFS rate: 68.4% vs. 32.3%
3. HBsAg reduced by >1500 IU/mL: 56.5%

vs. 41.7%

[67]

Abbreviation: ADV: adefovir dipivoxil; CHB: chronic hepatitis B; ETV: entecavir; HBeAg: hepatitis B e antigen;
HBsAg: hepatitis B surface antigen; HBV: hepatitis B virus; HCC: hepatocellular carcinoma; LAM: lamivudine;
MA: meta-analysis; NA: nucleos(t)ide analogues; OS: overall survival; RCT: randomised controlled trial; RFS:
recurrence-free survival; TDF: tenofovir disoproxil fumarate. Note: a Virology response: percentage of patients
with HBV DNA levels < 2000 IU/mL at the end of treatment. b Biochemical response: normalization of ALT levels
at the end of treatment. c Percentage of patients with HBeAg seroconversion at the end of treatment. d Percentage
of patients with HbsAg loss at study week 120. e Percentage of patients with HBeAg seroconversion at study
week 120. f NA: ETV or TDF. g Percentage of patients with HBeAg seroconversion at study week 96. h NA: ETV
alone or ETV + ADV.

Approximately 5% of patients with CHB are co-infected with HDV, leading to the most
severe form of chronic viral hepatitis [68,69]. HDV is a defective virus that requires coin-
fection with HBV to replicate. Envelope proteins from HBV, i.e., small-HBsAg (S-HBsAg),
medium-HBsAg (M-HBsAg), and large-HBsAg (L-HBsAg), are essential for HDV to enter
and replicate in the liver cells [70]. Compared to the HBV infection alone, HBV/HDV
co-infection results in a threefold increase in the risk of liver cirrhosis, with approximately
70% of cases developing cirrhosis within 5 to 10 years of diagnosis [71]. It could also cause
a higher risk of HCC development with an odds ratio of 1.28–2.77 when compared to HBV
infection alone [72]. Until now, no medication has been approved by the FDA for the treat-
ment of CHD. IFN-based therapies have long been recommended for the off-label treatment
of CHD by both the American Association for the Study of Liver Diseases (AASLD) and
European Association for the Study of the Liver (EASL) [73,74]. A 48-week treatment with
pegylated IFN alfa given weekly showed an HDV RNA clearance rate of 20–30% in HDV
patients [75]. Long-term follow-up studies indicated that the IFN alfa-based therapies led
to a lower likelihood of liver-related complications in CHD patients [76–78]. However, late
HDV RNA relapses may occur after the pegylated IFN alfa therapy [79]. New therapies
such as inhibitors of viral cell entry or secretion and nucleic acid polymers (NAPs) were sub-
sequently being developed for HDV treatment [69]. Bulevirtide is a synthetic lipopeptide
which inhibits the entry of HDV and HBV into hepatocytes [69]. In 2020, bulevirtide at 2 mg
SC once daily was conditionally approved in the EU for the CHD treatment [80]. A 24-week
regimen with bulevirtide at 2 mg plus tenofovir showed a higher HDV RNA clearance
rate at the end of treatment than tenofovir alone (53.6% vs. 3.6%) [81]. HDV viral RNA
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relapse was reported in approximately 40–70% of the HDV RNA responders who received
bulevirtide plus tenofovir [82]. By contrast, a 48-week regimen containing 2 mg bulevirtide
and pegylated IFN-alfa had a higher HDV RNA clearance rate (80%) than bulevirtide (13%)
or pegylated IFN alfa alone (13%) at the end of treatment [81]. The proportion of patients
with undetectable serum HDV RNA remained higher in the combination group than the
pegylated IFN alfa treatment alone group (53% vs. 0%) [83]. Complementary effects for
the HDV treatment were also reported in the combination of a pegylated IFN alfa therapy
with other antiviral agents. Lonafarnib, an oral small-molecule drug which inhibits the
prenylation of large hepatitis D antigen (L-HDAg), blocks the assembly and secretion of
HDV [70]. A triple combination therapy of lonafarnib, pegylated IFN alfa, and ritonavir
showed a significantly higher virological response rate than the dual combination therapy
of lonafarnib plus ritonavir (89% vs. 46%) [84]. Combination therapy with pegylated
IFN alfa and NAPs also showed great potential for clearing the HDV RNA. NAPs are
phosphorothioated oligonucleotides and can inhibit HDV infection [85–91]. Adding NAPs
to the pegylated IFN alfa-based backbone therapy showed greater HDV RNA clearance in
patients with HBV/HDV co-infection [77,92]. These clinical data suggest that combination
regimens containing a pegylated IFN alfa-based backbone therapy are effective for the
treatment of HBV/HDV co-infection. As an improved site-selective pegylated IFN alfa
product, ropeginterferon alfa-2b could potentially serve as a better backbone treatment in
combination regimens for CHD patients.

Immunotherapy is an attractive area for developing effective CHB treatments. Func-
tional dysregulation or exhaustion of CD8+ T cells occurs in patients with CHB [93]. PD-L1,
the ligand of programmed cell death 1 (PD1), is present on liver cells but overexpressed dur-
ing CHB infection [94]. Blockade of PD1/PD-L1 signaling, a targeted immune checkpoint
inhibition, re-activated the specific T cell responses against HBV in animal models [95,96].
In a clinical study in patients with advanced HCC, CHB patients who received the anti-PD-1
antibody treatment once every two weeks at 3.0 mg/kg showed a one-log decline in the
HBsAg level [97]. Significant HBsAg declines from baseline were also observed after a
single dose of an anti-PD-1 blockade antibody [98]. These clinical studies suggest a poten-
tial of anti-PD-1 antibodies in the treatment of chronic HBV infection. It is worth noting
that HBV reactivation was observed in HCC patients with HBV infection after immuno-
checkpoint inhibition and that the reactivation resolved after anti-viral treatments [99–101].
Combination therapy with anti-PD1/PD-L1 antibodies and pegylated IFNs may help clear
the viral genome and be effective in preventing the HBV reactivation. Type 1 IFNs can
stimulate the innate and acquired immunities, including the direct activation of the CD8+

T cells without the CD4+ T helper cells [102], and can potentially augment the effect of
the targeted immune checkpoint inhibition by the anti-PD1/PD-L1 antibodies. Therefore,
a clinical study is being conducted to explore the efficacy and safety of the combined
therapy of ropeginterferon alfa-2b and an anti-PD1 antibody in CHB and CHD patients
(ClinicalTrials.gov No. NCT04638439). The combination approach of anti-PD1/PD-L1 and
ropeginterferon alfa-2b therapies might offer a more effective treatment for the CHB.

5. Conclusions

Ropeginterferon alfa-2b has shown a favorable tolerability, safety, and efficacy profile
in chronic viral hepatitis patients. By reducing the hurdles of using an IFN alfa-based
therapy for the chronic viral hepatitis, it provides new treatment options for chronic viral
hepatitis patients, especially in combination therapies with other anti-viral agents for CHB
or CHD treatment.
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