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Abstract

Background and Aim: Ropeginterferon alfa-2b is a novel mono-pegylated, extra-
long-acting interferon. It is administered infrequently and showed good tolerability
and clinical activity for the chronic hepatitis B or C treatment in our previous Phase
2 clinical trials. This study aims to validate the potency and safety of this novel agent
in a Phase 3 chronic viral hepatitis setting.

Methods: Patients with chronic hepatitis C genotype 2 were randomized to receive
subcutaneous injections of ropeginterferon alfa-2b biweekly or the conventional
pegylated interferon alfa-2b weekly for 24 weeks, combined with ribavirin. The pri-
mary endpoint was to assess the safety and antiviral potency of ropeginterferon alfa-
2b by the non-inferiority in sustained virologic response at 12 weeks after treatment.
Results: A total of 222 patients were enrolled. Ropeginterferon alfa-2b group showed
a favorable safety profile. Side effects that were generally associated with prior inter-
feron therapies, including neutropenia, asthenia, fatigue, alopecia, dizziness, decreased
appetite, nausea, flu-like symptoms including myalgia, pyrexia, and headache, and
administration site reactions, were notably less in the ropeginterferon alfa-2b group.
The cumulative incidence of adverse events of special interest was also notably higher
in the control group. The primary endpoint was met and ropeginterferon alfa-2b
showed a better SVR12 rate of 79.8% than 71.9% of the control group.

Conclusion: Ropeginterferon alfa-2b is efficacious and has a favorable safety profile
as compared with the conventional pegylated interferon alfa-2b. This study together
with previous Phase 2 data validated ropeginterferon alfa-2b to be a new treatment
option for chronic hepatitis C genotype 2.
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Introduction

Ropeginterferon alfa-2b is a novel, site-selective mono-pegylated
proline-interferon alfa-2b. It has improved pharmacokinetic
(PK) properties, making it extra-long-acting as compared with
the conventional pegylated interferons (IFNs) and allowing it to
be dosed clinically once every 2—4 weeks.'™ It is a single chemi-
cally predominant homogenous isomer, as compared with the
conventional pegylated IFNs, which contain multiple isomers
that may affect their PK parameters and can contribute to the
development of adverse effects.”® Ropeginterferon alfa-2b was
recently approved for the treatment of polycythemia vera (PV) in
Europe, Taiwan, Switzerland, Israel, and the United States,*°
becoming the first-ever approved IFN-based therapy for the PV
treatment for an indefinite period of time.

Chronic viral hepatitis has been a major application of
interferon alfa. We previously evaluated ropeginterferon alfa-2b
for the treatment of chronic hepatitis B (CHB) and chronic hepa-
titis C (CHC) in Phase 2 clinical trials, in which safety and pre-
liminary efficacy against CHB and CHC genotypes 1 or 2 were
observed."*!® To further comprehensively validate the potency
and safety of ropeginterferon alfa-2b in a chronic viral hepatitis
setting, we conducted a Phase 3 regional clinical study in Asian
patients with CHC genotype 2 because its prevalence is high
in Asia.

CHC affects an estimated 71 million people worldwide
and the infection causes inflammation of the liver, leading to
liver fibrosis and cirrhosis, and complications including hepato-
cellular carcinoma (HCC).'' There are seven major genotypes of
hepatitis C virus (HCV) including genotypes 1-7.'? In Asia, the
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prevalence of genotype 2 can be as high as 60% in certain areas.
Direct-acting antiviral (DAA) therapy is highly effective for
HCV treatment, leading to impressive sustained virologic
responses (SVRs) in all HCV genotypes.'? For DAAs, viral drug
resistance can be a factor in reducing their antiviral efficacy."’ In
addition, HCC could still recur in some patients who achieved
the SVR.'*'°

Pegylated IFN-alfa therapy has been shown to cause clini-
cally appreciable SVR, for example, 70-90% SVR rate in
patients with CHC genotype 2 infection,'”'® and alleviate fibro-
sis and reduce the risk of HCC development.'® Two pegylated
interferon products, peginterferon alfa-2a and peginterferon alfa-
2b, have been used for CHC treatment. However, their frequent
weekly dosing schedule and notable side effects such as flu-like
symptoms, injection site reactions, and depression limited their
use 1718

In this report, we show our Phase 3 results of the extra-
long-acting ropeginterferon alfa-2b compared with the previously
approved, conventional pegylated IFN alfa-2b in patients with
CHC genotype 2. We validated ropeginterferon alfa-2b as a
novel, safe, and effective IFN therapy in a Phase 3 clinical hepa-
titis C genotype 2 setting.

Methods

Study design. This was a Phase 3 multicenter, open-label,
randomized study conducted at 39 study centers in Taiwan,
Korea, and China mainland (Table S8, Supporting information).
This study assessed the efficacy and safety of ropeginterferon
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alfa-2b subcutaneously (SC) administered at a dose of 400 pg
once every 2 weeks (biweekly) plus oral ribavirin daily for the
treatment of CHC genotype 2. Eligible patients were stratified by
IL28B single-nucleotide polymorphism (SNP)*° and baseline
serum HCV RNA?!' and were randomized (1.4:1) to receive
either ropeginterferon alfa-2b SC biweekly plus ribavirin daily or
the previously approved, conventional pegylated IFN alfa-2b
control (PEG-Intron®, Merck) weekly at 1.5 pg/kg plus ribavirin
daily for a duration of 24 weeks. The ribavirin daily dose was
determined by weight.!” All patients were followed up for
24 weeks after treatment. Details of the randomization, stratifica-
tion, and the ribavirin daily dose are provided in the Supplemen-
tal Materials. The study was conducted in accordance with the
Helsinki Declaration 2008. Study protocol and informed consent
(ICF) were approved by the Institutional Review Board of partic-
ipating hospitals. ICF was obtained from all patients before par-
ticipation. This study was registered in ClinicalTrials.gov
(NCT04382937).

Patients. Adult patients with CHC genotype 2 and compen-
sated liver disease were enrolled. Patients with HBV or HIV pos-
itivity and severe neurological, cardiovascular, or pulmonary
conditions were excluded. The main inclusion/exclusion criteria
are provided in Supplemental Materials.

Table 1 Demographic data and baseline characteristics (ITT population)

C-Y Chen et al.

Outcomes. The primary endpoint was to compare the percent-
age of patients with SVR12 (undetectable serum HCV RNA at
FW12) between the treatment groups and to assess the non-
inferiority of the ropeginterferon alfa-2b group to the control
with a predefined non-inferiority margin (NIM) of 15%."”

Main secondary endpoints included the measurement of
HCV RNA levels, the percentage of patients with undetectable
serum HCV RNA, and percentage of patients with relapse
defined as HCV RNA detectable at the end of follow-up but
undetectable when treatment is discontinued.

Safety assessment included treatment emergent adverse
events (TEAEs) and TEAE of special interest, which were defined
as the known side effects that may be caused by IFN-based ther-
apy, for example, flu-like symptoms, depression, anxiety, thyroid
gland disorder, and administration site reactions. See Supplemental
Materials for the details of safety assessment.

Statistics. All statistical analyses were performed using SAS
version 9.4.

Continuous variables were summarized using descrip-
tive statistics and were presented as number of patients, mean,
standard deviation (SD), median, minimum, maximum, and
95% confidence interval (CI). Multi-way analysis of variance
with adjustment for stratification factors was used to compare
groups.

Peginterferon alfa-2b + RBV

Ropeginterferon alfa-2b + RBV

(control group) n =90 (study group) n = 125 Total n =215

Age, years

Median 54.8 55.6 55.3

Range (min—max) 21.8-79.7 20.9-78.1 20.9-79.7
Male, n (%) 33 (36.7) 47 (37.6) 80 (37.2)
Race, n (%)

Asian 90 (100) 125 (100) 215 (100)
Country/area, n (%)

Taiwan 53 (58.9) 50 (40.0) 103 (47.9)

China 30 (33.3) 61 (48.8) 91 (42.3)

Korea 7(7.8) 14 (11.2) 21(9.8)
HCV RNA (IlU/mL), n (%)

Median 1093514.5 1711 415.0 1532 353.0

Range (min-max) 1220-13 781 965

HCV RNA category

<800 000 IU/mL 35 (38.9)

>800 000 1U/mL 55 (61.1)
ALT level (U/L)

Median 38.5

Range (min-max) 3.6-251.0
ALT x ULN, n (%)

<1.5 x ULN 63 (70.0)

>1.5 x ULN 27 (30.0)
IL-28B SNP, n (%)

CcC 77 (85.6)

Non-CC 13 (14.4)

454-11 909 719 454-13 781 965

50 (40.0) 85 (39.5)
75 (60.0) 130 (60.5)
40.0 39.0
10.4-353.0 3.6-353.0
89 (71.2) 1562 (70.7)
36 (28.8) 63 (29.3)
105 (84.0) 182 (84.7)
20 (16.0) 33 (15.3)

% = percentage of patients with n as the denominator.

ALT, alanine aminotransferase; HCV, hepatitis C virus; IL28B, interleukin 28B; ITT, intention-to-treat; IU/mL, International unit/milliliter; Max, maximal;
Min, minimal; RBV, ribavirin; RNA, ribonucleic acid; SNP, single-nucleotide polymorphism; U/L, unit/liter; ULN, upper limit of normal.
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Figure 1 Non-inferiority plot comparing the SVR12 of the peginterferon alfa-2b control group versus the ropeginterferon alfa-2b study group. (a) ITT
population; (b) PP population (*treatment difference, % [95% Cl]). Cl, confidence interval; ITT, intent-to-treat; PP, per protocol; SVR, sustained viro-
logic response.

Table 2 Patients with undetectable serum HCV RNA overtime

ITT population PP population

Peginterferon alfa-2b + RBV Ropeginterferon alfa-2b + RBV Peginterferon alfa-2b + RBV Ropeginterferon alfa-2b + RBV
(control group) n = 90 (study group) n = 125 (control group) n =78 (Study group) n= 113

Undetectable serum
HCV RNA, n (%)

TW4 47 (62.2) 87 (69.6) 46 (569.0) 80 (70.8)
TW8 71 (78.9) 116 (92.8) 70 (89.7) 110 (97.3)
TW12 75 (83.3) 116 (92.8) 74 (94.9) 110 (97.3)
TW24 72 (80.0) 109 (87.2) 72(92.3) 107 (94.7)
FW12 64 (71.1) 97 (77.6) 64 (82.1) 96 (85.0)
Fw24 60 (66.7) 101 (80.8) 60 (76.9) 99 (87.6)

% = percentage of patients with N as the denominator. Missing data were not imputed.
FW, follow-up week; HCV, hepatitis C virus; ITT, intention-to-treat; PP, per protocol; RBV, ribavirin; RNA, ribonucleic acid; TW, treatment week.

Categorical data were summarized with descriptive statis- In the primary efficacy analysis, SVR12 was compared
tics and were presented as number of patients, frequency, with a predefined NIM of 15%. The non-inferiority was met if
percentage, and 95% CI and analyzed with Chi-square, or the upper bound of the one-sided 97.5% CI of the difference
Cochran—Mantel-Haenszel (CMH) test, adjusting for stratifica- (i.e., percent of patients with SVR12 of the control group minus
tion factors, if appropriate. that of the ropeginterferon alfa-2b group) was less than the NIM.

P-values <0.05 were considered statistically significant. For the impact of COVID-19, the SVR12 missing data
All statistical tests were two-sided where applicable. were imputed (see Supplemental Materials).
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Basic characteristics and the achievement of rapid virolog-
ical response (RVR, undetectable HCV RNA at TW4) or early
virological response (cEVR, undetectable HCV RNA at TW12)
were analyzed for the effect on SVR12 using univariate and
multivariate logistic regression analyses (see Supplemental
Materials).

The efficacy analysis was conducted on the ITT and PP
populations. ITT included all patients who were randomized and
PP included those who received at least 80% compliance with
study treatment, had no major protocol deviations, and had the
primary endpoint assessment. The safety population included all
patients who received at least one dose of the study drug.

Results

Baseline characteristics. This study was conducted from
January 2016 to July 2020. Patients were randomized to receive
ribavirin daily plus either ropeginterferon alfa-2b biweekly or the
conventional pegylated IFN alfa-2b control weekly for a duration
of 24 weeks (Figure S1). Overall, 215 patients were included in
the ITT population, including 125 in the ropeginterferon alfa-2b
group and 90 in the control group. The PP population included
113 patients in the ropeginterferon alfa-2b group and 78 in the
control group.

Median age was 55.3 years old (Table 1). Sex distribution
was 80 (37.2%) male and 135 (62.8%) female. For baseline char-
acteristics, most patients had HCV RNA 2800 000 IU/mL
(60.5%), alanine aminotransferase (ALT) <1.5 x ULN (70.7%),
and CC allele (84.7%). Generally, the two treatment groups had
comparable baseline characteristics (Table 1).

Efficacy. In the ITT population, the ropeginterferon alfa-2b
treatment group had a notably higher percentage of patients who

C-Y Chen et al.

achieved SVR12 compared with the control group: 79.8% versus
71.9% (Fig. 1a and Table S1). The strata-adjusted treatment dif-
ference was —7.8% (2-sided 95% CI: —19.52%, 3.99%). The pri-
mary endpoint of non-inferiority of ropeginterferon alfa-2b was
met both in the ITT and PP populations, because the upper
bound of the one-sided 97.5% CI of the treatment difference was
less than the NIM of 15% (Fig. 1 and Table S1). Furthermore,
the ropeginterferon alfa-2b group had a statistically significant
higher percentage of patients who achieved SVR24 when com-
pared with the control group: 81.5% versus 67.4% (P = 0.021,
Table S2).

Missing data were imputed in the SVR12 analysis for
the primary endpoint. When using non-imputed data, the
ropeginterferon alfa-2b group consistently showed a better
virological response than the control group at all the study
visits (Table 2).

The mean HCV RNA levels decreased dramatically from
baseline to Treatment Week (TW) 8 after study treatment and
remained low until a slight increase at follow-up week
(FW) 12 and FW24 for both treatment groups (Fig. 2). The mean
HCV RNA levels were significantly lower in the ropeginterferon
alfa-2b group at TW4 (0.58 log;o IU/mL vs 0.95 log;o IU/mL,
P = 0.009) and TWS (0.08 log;o IU/mL vs 0.27 log;o IU/mL,
P = 0.005). There was no statistically significant difference
between the mean HCV RNA levels between the treatment
groups at other time points (P 2 0.05), although the virus RNA
levels were higher in the control group than the ropeginterferon
alfa-2b group at FW12 (1.09 log;o IU/mL vs 0.69 log;o IU/mL)
and FW24 (1.03 log;o IU/mL vs 0.61 log,o IU/mL). In addition,
higher number of patients experienced relapse in the control
group (18.9%) as compared with the ropeginterferon alfa-2b
group (12.8%; Table S3). For the SVR-related factors, both the
univariate and multiple logistic regression analyses showed that

S
1

Mean Serum HCV-RNA Level +/- 95% Cl (Log IU/mL)

Baseline TW4 TW12

TW24 FW24

Figure 2 Mean serum log HCV RNA level over time (ITT population). Cl, confidence interval; FW, follow-up visit; HCV, hepatitis C virus; ITT, intent-
to-treat; TW, treatment-week visit. Treatment group: ——, peginterferon alfa-2b + ribavirin; ------ , ropeginterferon alfa-2b + ribavirin
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Table 3 Overall summary of treatment emergent adverse events (safety population)

Peginterferon alfa-2b + RBV Ropeginterferon alfa-2b + RBV
(control group) n = 95 (study group) n =127 Total n =222
Any TEAE 94 (98.9) 127 (100) 221 (99.5)
Any study treatment related TEAE' 94 (98.9) 124 (97.6) 218 (98.2)
Any ropeginterferon alfa-2b/peginterferon alfa-2b 92 (96.8) 119 (93.7) 211 (95.0)
related TEAE
Any ribavirin-related TEAE 87 (91.6) 110 (86.6) 197 (88.7)
Any TEAE by severity, n (%)
Grade 1 93 (97.9) 126 (99.2) 219 (98.6)
Grade 2 66 (69.5) 102 (80.3) 168 (75.7)
Grade 3 19 (20.0) 7 (21.3) 46 (20.7)
Grade 4 1(1.1) 2 (1. ) 3(1.4)
Grade 5 0 2(1. 2(0.9)
Any TEAE with severity grade >3 20 (21.1) 28 (22 0) 48 (21.6)
Any serious TEAE, n (%) 5 (5.3) 7 (5.5) 12 (5.4)
Any study treatment related serious TEAE, n (%) 3(3.2) 1(0.8) 4(1.8)
Any ropeginterferon alfa-2b/peginterferon alfa-2b 3(3.2) 1(0.8) 4(1.8)
related serious TEAE
Any ribavirin-related serious TEAE 0 (0) 1(0.8) 1(0.5)
Any TEAE leading to ropeginterferon alfa-2b/ 4 (4.2) 8(6.3) 12 (5.4)
peginterferon alfa-2b dose discontinuations
Any TEAE >10%
White blood cell count decreased 45 (47.4) 8 (53.5) 113 (50.9)
Anemia 44 (46.3) 4 (50.4) 108 (48.6)
Neutropenia 36 (37.9) 7 (29.1) 73 (32.9)
Leukopenia 24 (25.3) 4 (26.8) 58 (26.1)
Pyrexia 24 (25.3) 9 (15.0) 43 (19.4)
Pruritus 19 (20.0) 4 (18.9) 43 (19.4)
Headache 22 (23.2) 0(15.7) 42 (18.9)
Platelet count decreased 15 (15.8) 4 (18.9) 39 (17.6)
Cough 16 (16.8) 8(14.2) 34 (15.3)
Urinary tract infection 15 (15.8) 7 (13.4) 32 (14.4)
Weight decreased 13 (13.7) 9 (15.0) 32 (14.4)
Insomnia 14 (14.7) (12 6) 30 (13.5)
Alopecia 18 (18.9) 2(9. 30 (13.5)
Rash 13 (13.7) (10 2) 26 (11.7)
Decreased appetite 20 (21.1) 6 4. 26 (11.7)
Dizziness 16 (16.8) 9 (7.1 ) 25(11.3)
Nausea 15 (15.8) 10 (7.9 25 (11.3)
Thrombocytopenia 9 (9.5) 15 (11. ) 24 (10.8)
Asthenia 14 (14.7) 10(7.9) 24 (10.8)

TAny ropeginterferon alfa-2b/peginterferon alfa-2b related or ribavirin-related TEAE was characterized as study treatment related TEAE.

% = percentage of patients with n as the denominator.
RBV, ribavirin; TEAE, treatment emergent adverse event.

age (continuous variable), RVR, and cEVR were associated with
the SVR12 rate (P < 0.05, Table S4).

Safety. Most TEAEs were mild or moderate in severity
(Table 3). Seven (5.5%) patients in the ropeginterferon alfa-2b
group and five (5.3%) in the control group reported serious
adverse events (SAEs). One (0.8%) patient in ropeginterferon
alfa-2b group and three (3.2%) in control group experienced
treatment-related serious TEAEs (Table S5). In addition, there
were two treatment unrelated deaths in the study (Table S6). No
suspected unexpected serious adverse reaction was reported in
the study.

JGH Open: An open access journal of gastroenterology and hepatology 6 (2022) 782-791

For study discontinuations, the ropeginterferon alfa-2b
group had less discontinuations than the control (7.9% vs 14.7%,
Figure S1). The common TEAEs included WBC count decrease
and anemia. Overall, the ropeginterferon alfa-2b group showed
notably less neutropenia, pyrexia, asthenia, fatigue, alopecia,
headache, dizziness, decreased appetite, nausea, myalgia, flu-like
symptoms, and administration site reactions (Table 3). Other
common TEAEs were generally comparable between the two
treatment groups.

Prior IFN-based therapies have known side effects includ-
ing flu-like symptoms, depression, anxiety, and administration site
reactions,'”'® and they were evaluated as TEAEs of special inter-
est in this study. Of these TEAEs, the incidences of administration
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site reactions (1.6% in the study group vs 7.4% in the control
group), depressions (3.1% in the study group vs 5.3% in the con-
trol group), and flu-like symptoms (37.8% in the study group vs
547% in the control group) were notably lower in the
ropeginterferon alfa-2b group than the control group (Fig. 3a).
During the study, the control group had 68.4% of the patients
experiencing TEAEs of special interest while the ropeginterferon
alfa-2b group had 47.2%. Throughout the study, the cumulative
incidence of TEAEs of special interest was notably higher in the
control group compared with the ropeginterferon alfa-2b group
(Fig. 3b).

In both groups, most hematologic parameters declined dur-
ing the treatment period and returned to the respective baseline
level during the follow-up period. Most biochemistry values and
urinalysis were normal or abnormal without clinical significance
throughout the study. The levels of ALT and aspartate amino-
transferase (AST) in most patients declined from higher levels at
baseline to the normal range during the treatment and follow-up

C-Y Chen et al.

period in both groups. Most patients had normal or no clinically
significant (NCS) abnormal antinuclear—antibodies test, vital
signs, pulse oximetry, electrocardiogram, chest X-ray, and physi-
cal examinations throughout the study.

Immunogenicity. Overall, the antidrug antibody (ADA) was
not detected in most patients (Table S7). Two (2.0%) and four
(3.5%) patients in the ropeginterferon alfa-2b group had positive
ropeginterferon alfa-2b ADA at FW12 and FW24, respectively.
Six (8.5%) and three (4.1%) patients in the control group had
positive peginterferon alfa-2b ADA at FW12 and FW24, respec-
tively. Lower percentage of patients in the ropeginterferon alfa-
2b group had positive PEG ADA compared with the control
group at FW12 (7.0% vs 14.1%) and FW24 (6.2% vs 11.0%). Of
the patients with the positive ADA, all were negative for the neu-
tralizing antibody except one in the ropeginterferon alfa-2b group
and two in the control group.

a

Incidence +/- 95% CI (%)

Flu-like Depression Administration
symptoms site reaction
AESI
X
[}
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Figure 3 Incidence of TEAEs of special interest (safety population) (a) incidence of TEAEs of special interest by event and treatment group. m,
peginterferon alfa-2b + ribavirin; m, ropeginterferon alfa-2b + ribavirin. (b) Cumulative incidence of TEAEs of special interest by treatment group.
——, peginterferon alfa-2b + ribavirin; ----- , ropeginterferon alfa-2b + ribavirin. AESI, adverse event of special interest; Cl, confidence interval;

TEAEs, treatment emergent adverse events.
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Discussion

Ropeginterferon alfa-2b is a novel, extra-long-acting, site-selective
mono-pegylated interferon alfa-2b. It exists as a predominantly
single, homogenous isoform, differing from the conventional
pegylated IFNs, which contain multiple isomers that can affect
their PK properties and may contribute to the occurrence of side
effects. Ropeginterferon alfa-2b has improved PK properties,
making it extra-long-acting and rendering it to be dosed at a much
less frequent schedule.'® Ropeginterferon alfa-2b was recently
approved for the treatment of PV, a myeloproliferative neo-
plasm.® It is the first approved IFN-based therapy for an MPN by
the US FDA. In addition, it was used as an off-label treatment for
other indications.?***

The data from this Phase 3 study showed that in the clinical
viral hepatitis C genotype 2 setting, ropeginterferon alfa-2b was
efficacious, meeting the primary endpoint of non-inferiority to the
weekly given, conventional pegylated IFN alfa-2b, previously
approved for the CHC treatment. The ropeginterferon alfa-2b
group also had numerically better virologic responses consistently
in every time point of the measurements during the study. This
study demonstrated the efficacy and safety of ropeginterferon alfa-
2b in patients with CHC genotypes 2. Previously, conventional
pegylated IFN-alfa products were approved for the treatment of
CHC infections including genotypes 1 and 2, and CHB. They
were also recommended for the CHD treatment by both European
Association for the Study of the Liver (EASL) and American
Association for the Study of Liver Diseases (AASLD). In our pre-
vious Phase 1 and 2 clinical studies, ropeginterferon alfa-2b
showed solid clinical activities or efficacy against CHC genotype
1 or 2, or CHB."*'° This study further validates the efficacy and
safety of the ropeginterferon alfa-2b as a new IFN therapy for
CHC genotype 2 in the Phase 3 setting and suggests that it may
be effective on other chronic viral hepatitis.

To date, most pegylated protein therapeutics approved by
FDA are products with nonspecific pegylated sites.”® This often
leads to a heterogeneous mixture of pegylated molecules with each
conjugate having its own bioactivity, stability, and immunogenicity
properties. For example, the conventional pegylated IFN alfa-2a has
eight different pegylated isomers with different bioactivity, approxi-
mately three-fold range between the most and the least active
isomers.” Similarly, the conventional pegylated IFN alfa-2b has a
major positional isomer comprising 47% among the mixtures and
having a higher bioactivity five times than the least active isomer.®
Multiple isoforms of pegylated IFN-alfas may thereby impact the
PK properties and their efficacies. Their frequent weekly dosing
scheme and mixture of isomers with various activities and immuno-
genicity can further affect the safety profile. The dosing schedule
and clinical side effects, notably, flu-like symptoms, administration
site reactions, and depression, limited the clinical use of the conven-
tional pegylated IFN alfa products. In this Phase 3 study,
ropeginterferon alfa-2b treatment showed a favorable safety profile,
having less neutropenia, asthenia, fatigue, alopecia, dizziness,
decreased appetite, and nausea, compared with the conventional
pegylated IFN control. The TEAEs of special interest to IFN ther-
apy, mainly flu-like symptoms, administration site reactions, and
depressions, were also less in the ropeginterferon alfa-2b group
compared with the control. It is also worthwhile to note that in the
Phase 3 studies in PV patients, the rate of depression from the long-
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term consecutive treatment with ropeginterferon alfa-2b up to
5 years was minimal and did not appear to be significantly different
from that of the control drug hydroxyurea.’ By contrast, depression
was observed at a much higher rate with the weekly given, conven-
tional pegylated IFN alfa products.'”'® Furthermore, our previous
data in the Phase 2 setting also indicated that anxiety and depression
were significantly less in the ropeginterferon alfa-2b group than the
control pegylated IFN alfa group.' Grade 2 or 3 depression was
only noted in the control group, but not in the ropeginterferon alfa-
2b group. These safety findings are consistent with the fact that
ropeginterferon alfa-2b is a single homogenous isoform and has an
infrequent doing scheme with improved PK properties.

IFN alfa is an anticancer agent and its therapies can reduce
the risk of CHC or HBV-associated HCC development.'?> In the
Phase 3 studies in patients with myeloproliferative neoplasm PV,
there was no occurrence of secondary cancers during the
ropeginterferon alfa-2b treatment, while five cases of cancer pro-
gression, including two secondary acute leukemia, were observed
in the control group.®?® This is consistent with a notion that
ropeginterferon alfa-2b as an IFN alfa-based therapy is potentially
an effective antineoplastic or anticancer agent. Type 1 IFNs alfa
and beta bind the same receptor termed IFNAR to elicit their bio-
logical activities.”” They selectively induce cell growth-inhibitory
effects such as cell cycle inhibitions in transformed or cancer cells,
but not in normal cells.”® Low-copy gene delivery via a lentivirus
vector or the extrachromosomal gene expression of IFN beta by an
adenoviral vector led to very efficient suppression of tumor forma-
tion in vivo.?*** Therefore, ropeginterferon alfa-2b therapy may be
helpful in inhibiting cancer development possibly by both inducing
the SVR and exerting its direct anticancer activities during the
chronic viral hepatitis treatment. In this respect, it would be inter-
esting to examine whether ropeginterferon alfa-2b could have anti-
cancer effect on HCC cells or in patients with HCC in the future.

DAAs are currently the first-line therapy for CHC patients.
However, viral drug resistance and HCC development occur in a
small population of patients after the treatment of DAA.'3'¢
Their availability, especially in resource-limited areas, also limits
their use for fighting against CHC. Ropeginterferon alfa-2b can
potentially be a new option in HCV patients who have treatment
failures to DAAs or for whom DAAs are not available. It can
also potentially be used in combination therapies with DAAs,
potentially generating a complementary effect in curing CHC
and preventing HCC occurrence.

Ropeginterferon alfa-2b could also be useful in combina-
tion therapies for CHB or CHD. Pegylated IFN therapy can lead
to high rates of HbeAg and HbsAg seroconversion, which
may be due to its ability to enhance the covalently closed circular
DNA (cccDNA) degradation and have epigenetic modifications
of the cccDNA transcription.’’ Nucleoside analogue (NA)
therapy, especially the long-term NA treatment, is also effective
in depleting the cccDNA.*? However, the antiviral efficacies
need to significantly improve for clearing HbsAg and achieving
the goal of functional or complete cure of CHB. There is a poten-
tial for a combination therapy approach with NAs and a novel
and effective pegylated IFN alfa such as ropeginterferon alfa-2b
in curing CHB. Indeed, our previous Phase 2 trial in patients
with CHB showed that ropeginterferon alfa-2b administered
biweekly achieved a notably higher HbeAg seroconversion
rate than the weekly given, conventional pegylated IFN alfa
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control and exhibited a favorable safety profile.'® Therefore, we
anticipate that ropeginterferon alfa-2b can potentially serve as a
treatment option or component in the emerging anti-HBV or
anti-HDV combination treatment regimens.

In summary, our study further validates the potency and
safety of ropeginterferon alfa-2b as a novel and effective IFN
alfa-based, anti-viral hepatitis therapy with a favorable safety
profile in a Phase 3 hepatitis C genotype 2 setting.
Ropeginterferon alfa-2b showed a favorable safety profile with
lower accumulative rates of TEAEs of special interest and nota-
bly lesser side effects including neutropenia, asthenia, fatigue,
alopecia, dizziness, decreased appetite, nausea, flu-like symp-
toms, administration site reaction, and depression compared with
the weekly given, conventional pegylated IFN alfa-2b control.
With its efficacy, favorable dosing scheme, and safety profile,
and potential as an anti-neoplastic agent, ropeginterferon alfa-2b
could potentially provide a new treatment option for patients with
chronic viral hepatitis.

Acknowledgments

We would like to thank all the investigators, study coordinators,
and nurses, and all other study participants in the study. We
thank Erwin Teng, Chingyu Lai, and all other members at
PharmaEssentia who helped conduct the trial and appreciate the
help of Darren Tsai during the manuscript preparations. We are
grateful to patients and their families. PharmaEssentia Corpora-
tion sponsored the study and supported the study drugs.

Data availability statement. Data sharing for the study is
being managed by PharmaEssentia Corporation. The clinical
study report synopsis and deidentified patient-level data from
clinical trial analysis datasets can be made available 6 months
after approval of the study drug by the Taiwan Food and Drug
Administration and China’s National Medical Products Adminis-
tration (NMPA) and for as long as the drug is on the market.
Research proposals should be submitted to PharmaEssentia
Corporation at info@pharmaessentia.com. Access to these data
will be provided in a secured analysis environment to qualified
external researchers who have been approved by PharmaEssentia
Corporation, depending on the nature of the request, the merit
of the research proposed, the availability of the data, and the
intended use of the data. To gain access, approved requestors
will need to sign a data sharing agreement.

References

1 Lin H-H, Hsu S-J, Lu S-N et al. Ropeginterferon alfa-2b in patients
with genotype 1 chronic hepatitis C: pharmacokinetics, safety, and
preliminary efficacy. JGH Open. 2021; 5: 929-40.

Huang Y-W, Tsai C-Y, Tsai C-W et al. Pharmacokinetics and phar-

macodynamics of novel long acting ropeginterferon alfa-2b in healthy

Chinese subjects. Adv. Ther. 2021; 38: 4756-70.

Hsu S-J, Yu M-L, Su C-W et al. Ropeginterferon alfa-2b adminis-

tered every two weeks for patients with genotype 2 chronic hepatitis

C. J. Formos. Med. Assoc. 2021; 120: 956-64.

4 Miyachi N, Zagrijtschuk O, Kang L, Yonezu K, Qin A. Pharmacoki-
netics and pharmacodynamics of ropeginterferon alfa-2b in healthy
Japanese and Caucasian subjects after single subcutaneous administra-
tion. Clin. Drug Investig. 2021; 41: 391-404.

[\

(98]

790

16

18

20

2

—_

22

23

24

25

C-Y Chen et al.

Huang Y-W, Qin A, Fang J et al. Novel long-acting ropeginterferon
alfa-2b: pharmacokinetics, pharmacodynamics and safety in a phase I
clinical trial. Br. J. Clin. Pharmacol. 2022; 88: 2396—407.

Gisslinger H, Klade C, Georgiev P et al. Ropeginterferon alfa-2b ver-
sus standard therapy for polycythaemia vera (PROUD-PV and
CONTINUATION-PV): a randomised, non-inferiority, phase 3 trial
and its extension study. Lancet Haematol. 2020; 7: e196-208.

Foser S, Schacher A, Weyer KA et al. Isolation, structural characteriza-
tion, and antiviral activity of positional isomers of monopegylated
interferon alpha-2a (PEGASYS). Protein Expr. Purif. 2003; 30: 78-87.
Wang Y-S, Youngster S, Grace M, Bausch J, Bordens R, Wyss DF.
Structural and biological characterization of pegylated recombinant
interferon alpha-2b and its therapeutic implications. Adv. Drug Deliv.
Rev. 2002; 54: 547-70.

US FDA. FDA approves treatment for rare blood disease [Internet].
2021. Cited 12 Nov 2021. Available from URL: https://www.fda.gov/
news-events/press-announcements/fda-approves-treatment-rare-blood-
disease.

Huang Y-W, Hsu C-W, Lu S-N et al. Ropeginterferon alfa-2b every
2 weeks as a novel pegylated interferon for patients with chronic hep-
atitis B. Hepatol Int. 2020; 14: 997-1008.

WHO. Hepatitis C fact sheets 2021 [Internet]. 2021. Available from
URL: https://www.who.int/news-room/fact-sheets/detail/hepatitis-c.
Smith DB, Bukh J, Kuiken C er al. Expanded classification of hepati-
tis C virus into 7 genotypes and 67 subtypes: updated criteria and
genotype assignment web resource. Hepatology. 2014; 59: 318-27.
Wyles DL, Luetkemeyer AF. Understanding hepatitis ¢ virus drug
resistance: clinical implications for current and future regimens. Top
Antivir. Med. 2017; 25: 103-9.

Reig M, Marifio Z, Perell6 C er al. Unexpected high rate of early
tumor recurrence in patients with HCV-related HCC undergoing
interferon-free therapy. J. Hepatol. 2016; 65: 719-26.

Conti F, Buonfiglioli F, Scuteri A et al. Early occurrence and recur-
rence of hepatocellular carcinoma in HCV-related cirrhosis treated
with direct-acting antivirals. J. Hepatol. 2016; 65: 727-33.

Cardoso H, Vale AM, Rodrigues S et al. High incidence of hepatocel-
lular carcinoma following successful interferon-free antiviral therapy
for hepatitis C associated cirrhosis. J. Hepatol. 2016; 65: 1070-1.
Merck Sharp & Dohme Corp. Package insert: PEGINTRON®
(peginterferon alfa-2b) [Internet]. 2019. Available from URL: https://
www.accessdata.fda.gov/drugsatfda_docs/label/2019/103949s53131bl.
pdf.

Roche. Package insert: PEGASYS® (peginterferon alfa-2a) [Internet].
2002. Available from URL: https://www.accessdata.fda.gov/
drugsatfda_docs/label/2011/103964s52041bl.pdf.

Hsu C-S, Huang C-J, Kao J-H et al. Interferon-based therapy
decreases risks of hepatocellular carcinoma and complications of cir-
rhosis in chronic hepatitis C patients. PLoS One. 2013; 8: €70458.
Balagopal A, Thomas DL, Thio CL. IL28B and the control of hepati-
tis C virus infection. Gastroenterology. 2010; 139: 1865-76.
Ticehurst JR, Hamzeh FM, Thomas DL. Factors affecting serum con-
centrations of hepatitis C virus (HCV) RNA in HCV genotype
1-infected patients with chronic hepatitis. J. Clin. Microbiol. 2007;
45: 2426-33.

PharmaEssentia Corp. P1101 development safety update report;
No. 2; Reporting Period: July 15, 2019-July 14, 2020.

Chen K-Y, Kang-Yun L, Qin A er al. Clinical experience with
ropeginterferon alfa-2b in the off-label use for the treatment of
COVID-19 patients in Taiwan. Adv. Ther. 2021; 39: 910-22.

Huang C-E, Wu Y-Y, Hsu C-C er al. Real-world experience with
ropeginterferon-alpha 2b (Besremi) in Philadelphia-negative myelo-
proliferative neoplasms. J. Formos. Med. Assoc. 2021; 120: 863-73.
Lai C-L, Yuen M-F. Prevention of hepatitis b virus-related hepatocel-
lular carcinoma with antiviral therapy. Hepatology. 2013; 57:
399-408.

JGH Open: An open access journal of gastroenterology and hepatology 6 (2022) 782-791

© 2022 The Authors. JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.


mailto:info@pharmaessentia.com
https://www.fda.gov/news-events/press-announcements/fda-approves-treatment-rare-blood-disease
https://www.fda.gov/news-events/press-announcements/fda-approves-treatment-rare-blood-disease
https://www.fda.gov/news-events/press-announcements/fda-approves-treatment-rare-blood-disease
https://www.who.int/news-room/fact-sheets/detail/hepatitis-c
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/103949s5313lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/103949s5313lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/103949s5313lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2011/103964s5204lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2011/103964s5204lbl.pdf

C-Y Chen et al.

26 Verger E, Soret-Dulphy J, Maslah N et al. Ropeginterferon alpha-2b
targets JAK2V617F-positive polycythemia vera cells in vitro and
in vivo. Blood Cancer J. 2018; 8: 94.

27 Vidal P. Interferon « in cancer immunoediting: From elimination to
escape. Scand. J. Immunol. 2020; 91: e12863.

28 Qin XQ, Runkel L, Deck C, DeDios C, Barsoum J. Interferon-beta
induces S phase accumulation selectively in human transformed cells.
J. Interferon Cytokine Res. 1997; 17: 355-67.

29 Kaynor C, Xin M, Wakefield J, Barsoum J, Qin X-Q. Direct evidence
that IFN-beta functions as a tumor-suppressor protein. J. Interferon
Cytokine Res. 2002; 22: 1089-98.

30 Qin XQ, Tao N, Dergay A et al. Interferon-beta gene therapy inhibits
tumor formation and causes regression of established tumors in
immune-deficient mice. Proc. Natl. Acad. Sci. U. S. A. 1998; 95:
14411-6.

JGH Open: An open access journal of gastroenterology and hepatology 6 (2022) 782-791

Ropeginterferon Alfa-2b in Hepatitis C

31 Wang G, Guan J, Khan NU et al. Potential capacity of interferon-a to
eliminate covalently closed circular DNA (cccDNA) in hepatocytes
infected with hepatitis B virus. Gut Pathog. 2021; 13: 22.

32 Lai C-L, Wong D, Ip P er al. Reduction of covalently closed circular
DNA with long-term nucleos(t)ide analogue treatment in chronic
hepatitis B. J. Hepatol. 2017; 66: 275-81.

Supporting information

Additional supporting information may be found in the online
version of this article at the publisher’s website:

Appendix S1. Supporting Information.

791

© 2022 The Authors. JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.



	 A Phase 3 clinical trial validating the potency and safety of an innovative, extra-long-acting interferon in chronic hepat...
	Introduction
	Methods
	Study design
	Patients
	Outcomes
	Statistics

	Results
	Baseline characteristics
	Efficacy
	Safety
	Immunogenicity

	Discussion
	Acknowledgments
	Data availability statement

	References


