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Introduction

Ropeginterferon alfa-2b (P1101) is a novel mono-pegylated
recombinant proline-interferon (pro-IFN) alfa-2b with a 40 kDa

ABSTRACT

Background and Aim: Ropeginterferon alfa-2b (P1101) is a novel long-acting
mono-PEGylated recombinant proline interferon (IFN) conjugated to a 40 kDa
branched polyethylene glycol (PEG) chain at its N-terminus, allowing every-two-
week injection. It received European Medicines Agency and Taiwan marketing autho-
rization for the treatment of polycythemia vera in 2019 and 2020, respectively. This
phase 2 study aimed to evaluate the pharmacokinetics, safety, and preliminary efficacy
of ropeginterferon alfa-2b as compared with PEG-IFN-a2a in patients with chronic
hepatitis C virus genotype 1 infection.

Methods: One hundred six treatment naive patients were enrolled in this phase 2 study
and randomized to four treatment groups: subcutaneous weekly PEG-IFN-a2a 180 pg
(group 1), weekly ropeginterferon alfa-2b 180 pg (group 2), weekly ropeginterferon
alfa-2b 270 pg (group 3), or biweekly ropeginterferon alfa-2b 450 pg (group 4) plus
ribavirin for 48 weeks.

Results: After multiple weekly administration, serum exposure (AUCy.) in
ropeginterferon alfa-2b 180 pg was approximately 41% greater and the accumulation ratio
of 2-fold greater than PEG-IFN-o2a 180 pg. The incidences of flu-like symptoms were
66.7% (18/27), 53.3% (16/30), 55.0% (11/20), and 48.3% (14/29), anxiety were 14.8%
(4/27), 6.7% (2/30), 0%, and 0%, and depression were 25.9% (7/27), 13.3% (4/30), 0%,
and 3.4% (1/29), for groups 1-4, respectively. Two grade 2 of 3 depression were noted in
PEG-IFN-02a arm, but none in ropeginterferon arms. The SVR24 rates were 77.8%
(21/27), 66.7% (20/30), 80% (16/20), and 69% (20/29), respectively.

Conclusions: Ropeginterferon alfa-2b showed longer effective half-life and superior
safety profile than PEG-IFN-o2a. Biweekly injection of ropeginterferon alfa-2b will
be studied in larger viral hepatitis patient population.

branched polyethylene glycol (PEG) chain conjugated predomi-
nantly at its N-terminus. Conjugation of PEG aldehyde with pro-
line forms a tertiary amine linkage between PEG and pro-IFN
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alfa-2b after reductive amination, which is expected to be chemi-
cally more stable than the linkage of pegylated interferon (PEG-
IFN) alfa-2b (PegIntron) and PEG-IEN alfa-2a (Pegasys). Further-
more, ropeginterferon alfa-2b has unique structural characteristics of
only one major form as opposed to the 814 isomers of the other
PEG-IFNs (Pegasys, Peglntron). The unique characteristics have
been filed in United States (Patent No. 8143214. 2012-03-27) with
counterpart in Taiwan (Patent No. 1381851. 2013-01-11), Japan
(Patent No. 5613050. 2014-09-12), Korea (Patent No. 10/15888465.
2016-01-19), Australia (Patent No. 2008286742. 2014-09-11), and
Canada (Patent No. 2696478. 2018-10-09). It received European
Medicines Agency marketing authorization for the treatment of
polycythemia vera (PV) in 2019. Approval for the same indication
was obtained in Taiwan, Switzerland, and Liechtenstein in 2020 and
Israel in 2021.

In phase 1 study, the geometric mean values of
ropeginterferon alfa-2b for C,.x, area under the curve (AUC),
and AUC,_, showed an increase of 76%, 66%, and 82%, respec-
tively compared with PEG-IFN alfa-2a at the 180 pg dose level
(unpublished data). The superior pharmacokinetics (PK) profile
and longer half-life of ropeginterferon alfa-2b allow less frequent
injections of once every 2 weeks. Moreover, ropeginterferon
alfa-2b dose up to 450 pg was safe and well-tolerated in patients
with genotype 2 chronic hepatitis C (CHC), PV, and chronic hep-
atitis B (CHB).'

The World Health Organization (WHO) estimated that
71 million were infected by hepatitis C virus (HCV) and CHC
are one of the common causes of liver cirrhosis, cancer, and viral
hepatitis-related deaths. Globally, HCV infection remains a pub-
lic health problem and WHO set a goal to eliminate viral hepati-
tis by 2030.*° Based on the nucleotide variability of HCV
sequences, seven genotypes (genotype 1-7) have been identified
throughout the world.®” In Taiwan, genotype 1 accounted for the
largest proportion of HCV (45-70%), with genotype 1b being
predominant, followed by 2a and 2b.*"'" In addition to genotype
1 and 2, genotype 6 has also been reported in Taiwan.'> HCV
genotype is one of the predictors for response to treatment.'*™">
Before the launch of direct acting antiviral (DAA), IFN has been
the standard treatment for CHC for decades. This study aims to
study the PK, safety, and preliminary efficacy of ropeginterferon
alfa-2b plus ribavirin in treatment-naive patient with chronic
genotype 1 HCV infection.

Methods

Ethics statement. The study was in accordance with the
ethical standards of the Helsinki Declaration (1964, amended
most recently in 2008) of the World Medical Association and
approved by Institutional Review Board (IRB) of the participat-
ing study sites. This study was registered in ClinicalTrials.gov
(https://clinicaltrials.gov/; No.: NCT01587586) and Taiwan CDE
(http://www1.cde.org.tw/ct_taiwan/; No.: 1005016854) in 2011
before the launching of DAA therapy in Taiwan. The study con-
duct complied with the guidelines of the International Conference
on Harmonization (ICH) and the Good Clinical Practice (GCP).
Informed consent was obtained from each participant.

Patients. The patients were non-cirrhotic adults, 18-70 years,
with chronic HCV genotype 1 infection and treatment-naive. The
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eligible patients had compensated liver disease with baseline ala-
nine aminotransferase (ALT) <5 times upper limit of normal
(ULN) at screening.

Patients with any of the following condition at screening
were not eligible: alcohol or substance abuse; pregnancy; co-
infected with hepatitis B virus or human immunodeficiency
virus; significant retinopathy; history or presence of major psy-
chiatric, neurological, cardiovascular, pulmonary, hematological,
immunological, endocrine disorders; cancers or any other clinical
conditions that might interfere the study participation. Laboratory
abnormality exclusion criteria included estimated glomerular fil-
tration rate (eGFR) <60 mL/min, hemoglobin <13 g/dL in men
or <12 g/dL. in women, white blood cell (WBC) count <3500/
mm?, neutrophil count <1500/mm?, platelet count <90 000/mm?,
bilirubin level >2 mg/dL or international normalized ratio
(INR) 21.3.

Study design. This was a phase 2, multicenter, open label,
randomized, active control study, conducted in 14 sites in Tai-
wan between 2011 and 2016. The study consisted of 2-stage
patient enrollment (Fig. S1, Supporting information). At Stage I,
eligible patients were stratified by HCV RNA (<800 000 IU/mL
or 2800 000 IU/mL) and IL-28B SNP rs12979860 (CC or non-
CC [CT or TT] genotype), and randomized at 1:1 ratio to group
1 (PEG-IFN-a2a 180 pg QW) or group 2 (ropeginterferon alfa-
2b 180 pg QW). Stage I was completed when at least 20 patients
were enrolled in group 1 and 2. If no major safety concern
(defined as >4 patients with dose reduction or >2 patients with
discontinuation due to adverse event [AE] related to
ropeginterferon alfa-2b) in group 2, then Stage II would be
started. Ten patients were enrolled to group 3 (ropeginterferon
alfa-2b 270 pg QW) without stratification and randomization.
Safety data of these 10 patients at treatment week (TW) 5 were
reviewed before further enrollment. When no major safety con-
cern was noted in group 3, the enrollment was continued with
stratification by HCV RNA and IL-28B and randomized into
group 3 and group 4 (ropeginterferon alfa-2b 450 pg Q2W) at
1:2 ratio. The enrollment of Stage II was completed when at least
20 patients were enrolled in group 3 (including the first
10 patients who had undergone safety review) and group 4. How-
ever, if there was a major safety concern for group 3, enrollment
to group 3-1I (ropeginterferon alfa-2b 225 pg QW) would be per-
formed instead of to group 4. Safety data review process was
conducted for the first 10 subjects of group 3-IL. If there was no
major safety concern, additional 10 patients would be enrolled.
All patients received PEG-IFN-a2a or ropeginterferon alfa-2b for
48 weeks plus daily oral ribavirin 1000 mg (<75 kg) or 1200 mg
(>75 kg) in two divided doses for 48 weeks. Patients who did
not achieve >2 log reduction in serum HCV RNA levels at
TW13 or undetectable serum HCV RNA levels at TW25 were
discontinued from the treatment and entered a 24-week follow-
up period.

Assessments and endpoints. The primary efficacy end-
points were undetectable HCV RNA at 24 weeks post-treatment
(Sustained Virologic Response, SVR 24) and safety. The secondary
endpoints were pharmacokinetic parameters of ropeginterferon alfa-
2b, including drug concentration, Cpaxs Tmaxs Cmins Co 4z ti,
AUCy., AUCyins, AUCq.r, and Cyyg.ss across treatment groups and
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immunogenicity (defined as percentage of patients with positive
ADAs or neutralizing antibody of ropeginterferon alfa-2b). In addi-
tion to the pharmacokinetic evaluation (drug serum concentration), a
total of 20 subjects from four groups had an additional sampling col-
lection for multiple dose pharmacokinetic evaluation. Adverse
events that occurred during treatment or 24 weeks follow-up were
recorded and graded according to Common Terminology Criteria
for Adverse Events (CTCAE) version 4.0. Laboratory assessment
was obtained at screening, TW1, 2, 3, 5, 7, 9, 13, 19, 25, 37, 48,
and follow-up weeks 12 and 24. The Roche Linear Array HCV
genotyping test and the COBAS TagMan HCV Test were used for
RNA quantification. Immunogenicity was analyzed by ELISA. The
titer of neutralizing antibody was analyzed in positive samples by
cytopathic effect (CPE) method.

Statistical analyses. The analysis was not hypothesis
driven, but exploratory in nature. Safety and efficacy population
included all randomized patients who received >1 dose of study
drug. Significance test was performed, and confidence interval
was provided where appropriate. All the statistical tests were
two-sided. Continuous variables were summarized with number
of subject (1), mean, SD, minimum, maximum, as well as 95%
confidence interval, while number of subject and percentage were
provided in categorical variables. If the normal distribution was
violated, then the median, inter quartile range (IQR), minimum,
maximum, and 95% confidence interval of the median
were used.

Sample size. The sample size was not statistically powered.
We expect to evaluate the safety and preliminary efficacy across
treatment groups by approximately 100 patients in this study.

Results

Study enrollment and patient demographics. We
screened 209 patients from 2012 to 2015, and the screening fail-
ure rate was 48.8% (102 patients, Fig. S2). Majority of the rea-
sons of screening failure were non-genotype 1, not fulfilled HCV
RNA or hemoglobin criteria, failure to pass eye examination, or
withdraw consent (Table S1). One hundred seven patients were
randomized into four groups. One subject in group 4 was found
ineligible due to atrial fibrillation after randomization and was
withdrawn from the study before treatment. Sixteen patients dis-
continued: five patients in group 1, six patients in group 2, and
five patients in group 4. No major safety concern was detected in
each stage of the enrollment. As shown in Table 1, a total of
106 patients were treated: 27 in group 1, 30 in group 2, 20 in
group 3, and 29 in group 4. The age ranged from 20.2 to
71.4 years, with a median of 50.8 in group 1, 48.7 in group
2, 53.4 in group 3, and 55.3 in group 4. Overall, 44 patients
(41.5%) were male. At baseline, patients with HCV RNA
>800 000 IU/mL ranged from 72.4 to 85.0%, with 73.3-82.8%
of IL28B CC type. Patients with ALT <1.5X ULN comprised of
56-76%.

Pharmacokinetics. Serum concentration of the study drug
was evaluated in the safety population (n = 106). In Figure 1a,
the serum concentration of ropeginterferon alfa-2b/Peg-IFN-o2a
during the study by treatment group was shown. Group 3 had the
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highest mean serum concentration from TW3 to TW48, almost
twice the mean serum concentration of the other three groups.
After TW48, the drug concentration of all treatment groups
declined to undetectable level. The mean concentration of ribavi-
rin was similar in all treatment groups (Fig. 1b).

Twenty patients were included in additional multiple dose
pharmacokinetic evaluation. In group 1, after administration of
the first dose of 180 pg Peg-IFN-a2a (n = 8), the mean maximum
serum drug concentration was 13.3 £ 7.43 ng/mL with a Ty,
ranging from 72 to 168 h after dose. The mean AUC,. was
1559 + 1061 h-ng/mL. After the last dose of 48 weeks (n = 5),
the mean maximum serum drug concentration  was
24.3 £ 9.23 ng/mL with a T, ranging from zero to 168 h after
dose. The mean AUCy_, and C,, were 3107 £ 1808 h-ng/mL and
18.5 £ 10.8 ng/mL, respectively. In group 2, after the first dose
of 180 pg ropeginterferon alfa-2b (n = 8), the mean maximum
serum drug concentration was 13.1 & 5.13 ng/mL with a Ty,
ranging from 24 to 168 h after dose. The mean AUC,., was
1548 £ 798 h-ng/mL. After the last dose of 48 weeks (n = 6), the
mean maximum serum drug concentration was 29 £ 9.36 ng/mL
with a T}, ranging from O to 144 h after dose. The mean AUC_,
and C,, were 4374 £ 1512 h.-ng/mL. and 26.0 £ 9.0 ng/mL,
respectively. After multiple weekly administration, serum expo-
sure (AUC,.;) in ropeginterferon alfa-2b 180 pg was approxi-
mately 41% greater than PEG-IFN-a2a 180 pg (4374 vs 3107,
Table 2). The accumulation ratio in ropeginterferon alfa-2b was
2-fold greater than PEG-IFN-02a. A dose-dependent drug concen-
tration was observed in ropeginterferon alfa-2b arms (Fig. 2a,b).

Immunogenicity. Assessment of immunogenicity was based
on the presence of antidrug antibody (ADA) or neutralizing anti-
body at baseline (visit 1) and follow-up visits (FW12 & FW24).
No ADA was detected in any patient at any planned visit, except
for one patient in group 1. The patient who had positive ADA at
FW24 was assessed as non-neutralizing ADA. This patient
achieved undetectable HCV RNA starting from TWO until the
end of the study.

Safety. No AE was reported prior to the dosing of
ropeginterferon alfa-2b/PEG-IFN-a2a and ribavirin. All AEs
reported in this study were treatment-emergent adverse events
(TEAEs). Overall, a total of 1105 TEAEs were reported and the
incidence of AEs was similar among four treatment groups
(Table 2). The TEAEs were grade 1 in 81.8% (904 events) and
grade 2 in 14.7% (162 events). Thirty-four TEAEs (3.1%) were
of grade 3 and 5 (0.5%) of grade 4. The serious adverse event
(SAE), dose discontinuation, dose reduction, and grade 3 of
4 AEs were similar across the four groups. The incidence of
overall AEs and IFN related AEs were comparable across the
four groups. A total of seven SAEs were reported in seven
patients (6.6%). Three in group 1, one in group 2, two in group
3, and one in group 4. All SAEs were resolved and no death was
reported in this study.

TEAEs of 10% or higher are presented in Table 2. The
most common TEAEs were anemia, headache, weight decreased,
and pruritus (225% in all group), followed by insomnia, alopecia,
cough, rash, and fatigue (220% in all group). The following
TEAEs occurred more common in group 1: cough (44.4%),
insomnia (40.7%), pruritus (40.7%), pyrexia (37.0%), weight
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Table 1 Patient demographics and baseline characteristics
PEG-IFN-a2a 180 pg Ropeginterferon alfa-2b Ropeginterferon alfa-2b Ropeginterferon alfa-2b
QW (n = 27) 180 pg QW (n = 30) 270 pg QW (n = 20) 450 pg Q2W (n = 29)

Age, years

Mean + SD 484 +11.3 489+ 124 547+ 7.6 B5.5+11.7

Median (min—max) 50.8 (23.7-69.2) 48.7 (20.2-66.8) 53.4 (36.2-69.9) 55.3 (27.7-71.4)
Gender

Male, n (%) 14 (51.9) 10 (33.3) 9 (45.0) 11 (37.9)
Weight, kg

Mean + SD 659+ 11.8 63.1 + 8.6 62.5+10.0 649+ 12.3

HCV RNA, 1U/mL
Median (min-max)

HCV RNA =800 000 1U/mL, 20 (74.1)
n (%)
IL-28B SNP rs 12 979 860
CC, n (%) 21 (77.8)
ALT, U/L

Median (min-max) 54.0 (17.0-339.0)

22 (73.3)

32.0 (15.0-414.0)

2610 000 (15-36 900 000) 1 675 000 (785-27 800 000) 2 060 000 (9490-12 500 000) 1 760 000 (12 300-7 910 000)
22 (73.3)

17 (85.0) 21(72.4)

16 (80.0) 24 (82.8)

48.0 (20.0-133.0) 40.0 (14.0-343.0)

Baseline ALT £1.5X ULN, 15 (55.6) 22 (75.9) 13 (65.0) 19 (65.5)
n (0/0)

Albumin, g/dL

Median (min-max) 4.2 (3.7-5.0) 4.4 (3.6-4.9) 4.4 (3.6-4.8) 4.3 (3.5-4.9)
Total bilirubin, mg/dL

Median (min-max) 0.8 (0.3-1.4) 0.6 (0.4-1.4) 0.8 (0.3-1.3) 0.7 (0.4-1.5)
Prothrombin time (PT), s

Median (min-max) 10.6 (9.8-12.0) 10.7 (9.9-12.1) 10.8 (9.8-12.2) 10.4 (9.5-13.3)
INR"

Median (min-max) 1.0 (0.9-1.1) 1.0(1.0-1.2) 1.0 (0.9-1.2) 1.0(0.9-1.2)
Hemoglobin, g/dL

Median (min-max) 14.2 (12.1-16.8) 14.1 (12.6-17.6) 14.6 (12.4-17.1) 13.9(12.3-17.0)

Platelet count, 10%/uL

Median (min-max) 212.0 (125.0-340.0)

221.0 (124.0-337.0)

181.5 (93.0-310.0) 195.0 (118.0-409.0)

"Results at screening visit (V1) was used as baseline for PT and INR.

ALT, alanine aminotransferase; HCV, hepatitis C virus; PEG-IFN, pegylated interferon; ULN, upper limit of normal.

decreased (33.3%), diarrhea (29.6%), fatigue (29.6%), malaise
(29.6%), depression (25.9%), mouth ulceration (25.9%), neutro-
penia (22.2%), leukopenia (22.2%), nausea (22.2%), and myalgia
(22.2%). At the same dose level of 180 pg ropeginterferon alfa-
2b group (group 2), the incidence rates of insomnia (36.7%),
pruritus (33.3%), weight decreased (30.0%), fatigue (26.7%),
myalgia (20.0%), cough (20.0%), mouth ulceration (23.3%), leu-
kopenia (16.7%), depression (13.3%), nausea (13.3%), neutrope-
nia (10.0%), malaise (6.7%), pyrexia (3.3%), and diarrhea (3.3%)
were all lower than that in group 1. However, incidence rates of
anemia (53.3%), headache (36.7%), dizziness (36.7%), decreased
appetite (23.3%), and dry mouth (20.0%) were higher in group
2 than group 1. Higher dose of ropeginterferon alfa-2b in group
3 and 4 had higher incidence of anemia, weight decreased, and
rash. Cheilitis (10.0%) was only reported in group 3. Eczema
(35.0%) had a higher incidence in group 3 as compared with the
other groups. The cumulative incidence of flu-like symptoms,
that is arthralgia, myalgia, pyrexia, chills, headache, and influ-
enza like illness, was lower in ropeginterferon alfa-2b
arms (Fig. 3).

Efficacy. Efficacy summary are presented in Table 3. Rapid
virologic response (RVR) was achieved in 37.0% in group

1, 30.0% in group 2, 20.0% in group 3, and 24.1% in
group 4. Early virologic response (EVR) was achieved in 81.9%
in group 1, 86.7% in group 2, 90.0% in group 3, and 86.2%
in group 4. SVR12 was 74.1% in group 1, 70.0% in group
2, 80.0% in group 3, and 69.0% in group 4. SVR24 for group
1-4 was 77.8%, 66.7%, 80.0%, and 69.0%, respectively. In
patients who carried IL-28B CC genotype, the SVR12 rates were
81.0%, 81.8%, 87.5%, and 64.0% in group 1-4, respectively.
The SVR24 rates were 85.7%, 77.3%, 87.5%, and 64.0% in
group 1-4, respectively. The small sample size in some sub-
groups might affect the SVR rates (Table 4). The dynamic
change of mean serum HCV RNA levels during the study by
treatment group is illustrated in Figure S3. Group 3 has the low-
est mean serum HCV RNA level at FW24, followed by group
4, group 2, and group 1.

Discussion

This study was the first prospective study describing PK, safety,
tolerability, and efficacy of ropeginterferon alfa-2b (P1101) in
treatment-naive Taiwanese patients with HCV genotype 1 infec-
tion. The new formulation of ropeginterferon alfa-2b owns the
unique structural characteristics of only one major form with
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Figure 1 (a) Drug concentration of P1101/Pegasys across treatment week (safety population). Group 1: PEG-IFN-a2a 180 ug QW; group 2:
ropeginterferon alfa-2b 180 pg QW; group 3: ropeginterferon alfa-2b 270 pg QW, group 4: ropeginterferon alfa-2b 450 pg Q2W. Group 3 had the
highest mean serum concentrations from TW3 to TW48, almost twice the mean serum concentration of the other three groups. After TW48, the
drug concentrations of all treatment groups declined to undetectable levels. (b) Drug concentration of ribavirin across treatment week (safety popula-
tion). Group 1: PEG-IFN-a2a 180 pg QW; group 2: ropeginterferon alfa-2b 180 pg QW, group 3: ropeginterferon alfa-2b 270 ug QW; group 4:
ropeginterferon alfa-2b 450 pg Q2W. The mean concentrations of ribavirin for all treatment groups showed similar trends at all study time points.

PEG-IFN, pegylated interferon.

excellent PK and pharmacodynamics (PD) profiles in phase
1 study. The geometric mean values in Cy,x, AUC, and AUC_,
of ropeginterferon alfa-2b showed an increase of 76%, 66%, and
82%, respectively, as compared with PEG-IFN-a2a at the same
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After

180 pg dose levels (unpublished data). At the same 180 pg dose
level, longer half-life of the ropeginterferon alfa-2b (group 2:
478.04 h) was observed as compared with PEG-IFN-o2a (group
1:197.72 h).

multiple weekly administration, serum
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Table 2 Single dose (first dose) and multiple dose (last dose) pharmacokinetic parameters
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Ropeginterferon alfa-2b
270 pg QW, n=2

Ropeginterferon alfa-2b
450 pg Q2W, n=2

PEG-IFN-a2a Ropeginterferon alfa-2b

PK parameters (first dose) 180 pg QW, n=8 180 pg QW, n=38
Crax (ng/mL)

Mean 13.33 13.05

SD 7.43 5.13
Trnax (h)

Mean 114 138

SD 45.81 47.57
Gast: Grin (ng/mL)

Mean 9.93 11.98

SD 4.47 4.59
7 (h)

Mean 168 168

SD 0 0
AUCq., (h ng/mL)

Mean 1558.90 1547.89

SD 1060.86 797.72

AUCo.ﬂast (h ng/mL)

Mean 1558.90 1547.89

SD 1060.86 797.72

9.66 47.6
2.77 39.03
144 120
0 67.88
9.08 19.4
2.39 3.82
168 336
0 0
1223.89 9960.84
482.38 6871.89
1233.89 9960.84
482.38 6871.89

PK parameters

PEG-IFN-02a 180 pg

Ropeginterferon alfa-2b

Ropeginterferon alfa-2b

Ropeginterferon alfa-2b 450 pg

(last dose) QW, n=5 180 pg QW, n=6 270 pg QW, n=2 Q2W, n=2
Crnax (ng/mL)

Mean 24.30 28.99 43.20 50.85

SD 9.23 9.36 8.63 6.15
Trmax (N)

Mean 62.4 72.0 48.0 144

SD 69.14 45.54 33.94 0
Ciast (ng/mL)

Mean 3.05 3.04 10.64 14.15

SD 2.28 1.49 8.00 10.25
tiast ()

Mean 638.4 672.0 672.0 588

SD 75.13 0 0 118.79
AUCq.. (h ng/mL)

Mean 3107.42 4374.35 6802.20 14 509.2

SD 1807.62 1512.24 1176.91 1579.96
Cav (ng/mL)

Mean 18.50 26.04 40.49 43.19

SD 10.76 9.00 7.00 4.7
AUCO-ﬂast (h ng/

mL)

Mean 7856.62 10 160.14 16 213.56 20 108.22

SD 3219.88 3494.66 777.76 979.46

PEG-IFN, pegylated interferon; PK, pharmacokinetics.

exposure (AUCO-t) in ropeginterferon alfa-2b 180 pg was
approximately 41% greater than Peg-IFN-a2a 180 pg. The accu-
mulation ratio in ropeginterferon alfa-2b was 2-fold greater than
PEG-IFN-a2a. The longer effective half-life (Table S2) in the
ropeginterferon alfa-2b, as compared with the PEG-IFN-a2a,
suggests a slower accumulation of ropeginterferon alfa-2b. These
characteristics allows once every 2 weeks injection that increase
the compliance and reduce psychological stress of the patients.
The majority of TEAEs were comparable among all treat-
ment groups and have previously been reported in marketed

PEG-IFNs.'*"'® However, psychiatric disorders including anxi-
ety, depression, and insomnia were numerically higher in PEG-
IFN-a2a group (180 pg QW) than ropeginterferon alfa-2b groups
(180 pg QW, 270 pg QW, and 450 pg Q2W) (Table 2; Figs. S4
and S5). Among the common side effects of PEG-IFNs, depres-
sion and suicidal ideation correlate with poorer treatment
response independent of dose reduction and need more atten-
tion.'"” A SAE of grade 4 suicidal ideation and grade 4 major
depression were reported in a patient in the PEG-IFN-02a group.
This patient was hospitalized and discontinued from the
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Mean Drug Concentration vs Time Post First Dose
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Figure 2 (a) Mean serum drug concentration—time profiles (after first dose). Group 1: PEG-IFN-a2a 180 pg QW; group 2: ropeginterferon alfa-2b
180 pg QW; group 3: ropeginterferon alfa-2b 270 pg QW; group 4: ropeginterferon alfa-2b 450 pg Q2W. Single (first dose) and multiple dose (last
dose) serum concentration—time plots by group. (b) Mean serum drug concentration—time profiles (after last dose). Group 1: PEG-IFN-a2a 180 pg
QW; group 2: ropeginterferon alfa-2b 180 pg QW; group 3: ropeginterferon alfa-2b 270 pg QW; group 4: ropeginterferon alfa-2b 450 pg Q2W. Single
(first dose) and multiple dose (last dose) serum concentration—time plots by group. PEG-IFN, pegylated interferon.

treatment. The rate of depression in PEG-IFN-o2a group was Table 2). In pooled 48-week monotherapy and 48-week combi-
25.9% (7/27), which was numerically higher than the pooled nation therapy of PEG-IFN-a2a treated CHC patients, the rates
(6.3%) or individual ropeginterferon alfa-2b group (3.4-13.3%, of depression were 18-20% (PEGASYS package insert, South
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Figure 3 Cumulative incidence of flu-like symptoms (safety population). Group 1: PEG-IFN-a2a 180 pg QW,; group 2: ropeginterferon alfa-2b 180 pg
QW; group 3: ropeginterferon alfa-2b 270 pg QW; group 4: ropeginterferon alfa-2b 450 pg Q2W; In the analysis of the flu-like symptoms, the
MedDRA preferred term arthralgia, myalgia, pyrexia, chills, headache, and influenza like iliness were added for analysis. PEG-IFN, pegylated

interferon.

San Francisco, CA, USA: Hoffman-La Roche, Inc. 2017). With
references to PEG-IFN treatment for myeloproliferative neo-
plasms, ropeginterferon alfa-2b treated PV patients showed low
rate of depression (1.6%; 3/127).% In contrast, higher rates of
depression were observed in PV (8.0%; 4/50) and essential
thrombocythemia (ET) (12.5%; 12/64) patients who were treated
with PEG-IFN-o2a.%

Previously, Novartis has put efforts in development of a new
recombinant human albumin-interferon a-2b (Albuinterferon), which
was designed to dose every 2 weeks for treatment of chronic viral
hepatitis.>! However, increased pulmonary AEs were reported in the
phase 3 trial and the project was discontinued in 2010.%* In contrast,
no lung toxicities was observed in ropeginterferon alfa-2b use, up to
totally 629 patients, including 102 healthy subjects, 313 patients
with CHB or C, and 214 PV patients.'

There are limitations in this study. Firstly, the rates of dis-
continuation rate were slightly higher than the average. In this
study, rates of discontinuation were 18.5% (5/27), 20% (6/30),
and 17.2% (5/29) for group 1, 2, and 4, respectively. Group
3 (ropeginterferon alfa-2b 270 pg QW) had no patient discon-
tinued from the study. Fried et al. reported the discontinuation
rates of 7-10% for PEG-IFN-o2a plus ribavirin and Manns et al.
showed the discontinuation rates of 13-14% for PEG-IFN-o2b
plus ribavirin.>*?* Furthermore, the quality of life (QOL) was
not evaluated. The QOL evaluation may provide information on
the advantages of biweekly injection of ropeginterferon alfa-2b.

In this study, ropeginterferon alfa-2b demonstrated supe-
rior PK characteristics and safety profiles. In contrast, one patient
in PEG-IFN-02a group had to reduce the dose and subsequently
discontinued the treatment due to severe depression.

Although PEG-IFN was removed from current HCV treat-
ment guidelines, ropeginterferon alfa-2b is still the backbone of
treatment for CHB or chronic hepatitis D (CHD), due to its ant-
iviral mechanisms, which include direct inhibition of viral repli-
cation and the modulation of immune response. In our phase I/II
study in CHB patients, ropeginterferon alfa-2b showed compara-
ble safety profile and better HBeAg seroconversion rate than
PEG-IFN alfa-2a. There are several approved treatments includ-
ing PEG-IFN, nucleoside analogues (lamivudine, entecavir, and
telbivudine), and nucleotide analogues (adefovir dipivoxil,
tenofovir disoproxil fumarate, and tenofovir alafenamide) in
CHB. The goal of CHB therapies is to prevent the development
of cirrhosis, liver failure, hepatocellular carcinoma, and CHB-
related deaths, which can be achieved by clearance of hepatitis B
surface antigen (HBsAg). Monotherapy, sequential or simulta-
neous combination therapy of PEG-IFN plus nucleos(f)ide ana-
logues have been tested over the past decade, however, the rate
of functional cure (defined as a sustained loss of HBsAg and
undetectable HBV DNA in serum, with or without HBsAg sero-
conversion) is still lower than expectation and remains an unmet
medical need.”>>’ Ropeginterferon alfa-2b with the potential
efficacy and favorable safety may fill the gap of the need for
CHB treatment.

The first line therapy in CHD is 12-month or longer PEG-
IFN alpha. The response rates range from 17 to 47%, however,
with high relapse rates.>®>? Longer treatment duration with
marketed PEG-IFN alpha or combination with nucleos(f)ide ana-
logues such as adefovir, lamivudine, or entecavir did not increase
the response rates.*>** Bulevirtide recently received conditional
approval by European Medicines Agency for the treatment of
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Table 3 Safety summary

Pooled PEG-IFN-a2a
Ropeginterferon 180 pg QW
alfa-2b (n=79) (h=27)

Ropeginterferon
Ropeginterferon alfa-2b  Ropeginterferon alfa-2b  alfa-2b
180 ug QW (n = 30) 270 pg QW (n = 20) 450 pg Q2W (n = 29)

Overall AE 810 295 326 217 267
Overall AE incidence rate” NA 0.239 0.240 0.209 0.207
IFN related AE incidence rate” NA 0.147 0.136 0.148 0.158
Important safety event, n (%)*
Serious AE 4(5.1) 3(11.1) 1(3.3) 2(10.0 1(3.4)
Severe AE (grade 3) 16 (20.3) 7 (25.9) 5(16.7) 3(15.0) 8(27.6)
Severe AE (grade 4) 2 (2.5) 2(7.4) 0(0) 1(5.0) 1(3.4)
TEAE 210% in any group, n (%)*
Anemia 46 (58.22) 14 (51.9) 16 (53.3) 12 (60.0) 18 (62.1)
Leukopenia 11 (13.9) 6 (22.2) 5(16.7) 1(5.0) 5(17.2)
Neutropenia 11 (13.9) 6 (22.2) 3(10.0) 4 (20.0) 4(13.8)
Thrombocytopenia 5 (6.3) 0(0) 1(3.3) 1(5.0) 3(10.3)
Tinnitus 5 (6.3) 1(3.7) 2(6.7) 2(10.0 1(3.4)
Hyperthyroidism 3(3.8) 0(0) 3(10.0) 01(0) 0(0)
Hypothyroidism 8 (10.1) 2(7.4) 5 (16.7) 1(5.0) 2(6.9)
Abdominal distension 7 (8.9) 5(18.5) 2(6.7) 3(15.0) 2(6.9)
Abdominal pain upper 7 (8.9) 3(11.1) 5(16.7) 01(0) 2 (6.9
Cheilitis 2(2.5) 0(0) 01(0) 2(10.0) 0(0)
Constipation 7 (8.9) 3(11.1) 2(6.7) 1(5.0) 4(13.8)
Diarrhea 6 (7.6) 8 (29.6) 1(3.3) 2 (10.0) 3(10.3)
Dry mouth 9(11.4) 3(11.1) 6 (20.0) 1(5.0) 2 (6.9)
Dyspepsia 3(3.8) 2(7.4) 1(3.3) 2(10.0) 00
Gastritis 5 (6.3) 01(0) 3(10.0) 1(56.0) 1(3.4)
Gastrooesophageal reflux disease 4 (5.1) 3(11.1) 1(3.3) 2 (10.0) 1(3.4)
Mouth ulceration 13 (16.5) 7 (25.9) 7 (23.3) 2 (10.0) 4(13.8)
Nausea 8(10.1) 6 (22.2) 4(13.3) 2 (10.0) 2 (6.9)
Vomiting 5 (6.3) 2(7.4) 2(6.7) 2(10.0 1(3.4)
Fatigue 17 (21.5) 8 (29.6) 8(26.7) 5(25.0) 4(13.8)
Injection site reaction 3(3.8) 0 (0) 0 (0) 2 (10.0) 1(3.4)
Malaise 4(5.1) 8(29.6) 2(6.7) 1(56.0) 1(3.4)
Pyrexia 11 (13.9) 10 (37.0) 1(3.3) 5(25.0) 5(17.2)
Bronchitis 4 (5.1) 3(11.1) 1(3.3) 1(5.0) 2(6.9)
Cellulitis 2(2.5) 1(3.7) 01(0) 2(10.0 0(0)
Upper respiratory tract infection 13 (16.5) 4 (14.8) 4(13.3) 6 (30.0) 3(10.3)
Urinary tract infection 9(11.4) 1(3.7) 4(13.3) 3(15.0) 2(6.9)
Platelet count decreased 5 (6.3) 1(3.7) 1(3.3) 3(15.0) 1(3.4)
Weight decreased 34 (43.0) 9 (33.3) 9 (30.0) 9 (45.0) 16 (55.2)
White blood cell count decreased 9(11.4) 0 (0) 2(6.7) 3(15.0) 4 (13.8)
Decreased appetite 10(12.7) 6 (22.2) 7 (23.3) 2 (10.0) 1(3.4)
Arthralgia 5 (6.3) 0(0) 3(10.0) 1(5.0) 1(3.4)
Back pain 6 (7.6) 1(3.7) 2(6.7) 2(10.0 2 (6.9)
Myalgia 15 (19.0) 6 (22.2) 6 (20.0) 4 (20.0) 5(17.2)
Dizziness 20 (25.3) 4(14.8) 11 (36.7) 5(25.0) 4(13.8)
Headache 24 (30.4) 9 (33.3) 11 (36.7) 5(25.0) 8 (27.6)
Anxiety 2(2.5) 4(14.8) 2(6.7) 0(0) 0(0)
Depression 5 (6.3) 7 (25.9) 4(13.3) 0(0) 1(3.4)
Insomnia 24 (30.4) 11 (40.7) 11 (36.7) 7 (35.0) 6 (20.7)
Cough 17 (21.5) 12 (44 .4) 6 (20.0) 5(25.0) 6 (20.7)
Dyspnea 9(11.4) 3(11.1) 3(10.0) 1(5.0) 5(17.2)
Oropharyngeal pain 6 (7.6) 2(7.4) 4(13.3) 2(10.0 0(0)
Respiratory distress 3(3.8) 3(11.1) 3(10.0) 01(0) 0(0)
Rhinitis allergic 7 (8.9) 2(7.4) 3(10.0) 1(5.0) 3(10.3)
Alopecia 23 (29.1) 7 (25.9) 6 (20.0) 9 (45.0) 8 (27.6)
Dermatitis 12 (15.2) 3(11.1) 4(13.3) 2 (10.0) 2 (6.9)
Eczema 10 (12.7) 0(0) 2(6.7) 7 (35.0) 1(3.4)
(Continues)
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Table 3 (Continued)
Pooled PEG-IFN-a2a Ropeginterferon
Ropeginterferon 180 pg QW Ropeginterferon alfa-2b  Ropeginterferon alfa-2b  alfa-2b
alfa-2b (n=79) (h=27) 180 pg QW (n = 30) 270 pg QW (n = 20) 450 pg Q2W (n = 29)
Pruritus 29 (36.7) 11 (40.7) 10 (33.3) 5(25.0) 14 (48.3)
Rash 20 (25.3) 6 (22.2) 6 (20.0) 5(25.0) 9(31.0)

Bold: TEAE frequency >20%.

AE, adverse event; NA, not available; TEAE, treatment-emergent adverse event.

"Number of TEAEs/patient’s treatment week.
*Data in number of events, number of subjects (% of subjects).

Table 4 Efficacy summary

Pooled Ropeginterferon Ropeginterferon Ropeginterferon
Ropeginterferon PEG-IFN-a2a alfa-2b 180 pg QW, alfa-2b 270 pg QW, alfa-2b 450 pg Q2W,
alfa-2b n =79 180 pg QW, n =27 n=230 n=20 n=29
Undetectable HCV RNA
TW2 9(11.4) 4 (14.8) 4 (13.3) 1(5.0) 4(13.8)
TW3 3(16.5) 6(22.2) 8(26.7) 1(5.0) 4(13.8)
TW5 20 (25.3) O (37.0) 9 (30.0) 4 (20.0) 7(24.1)
TW9 52 (65.8) 0 (74.1) 20 (66.7) 15 (75.0) 7 (58.6)
TW13 69 (87.3) 2 (81.5) 26 (86.7) 18 (90.0) 5 (86.2)
TW25 73 (92.4) 4 (88.9) 27 (90.0) 20 (100.0) 6 (89.7)
TW48 9 (87.3) 3(85.2) 24 (80.0) 20 (100.0) 5 (86.2)
FW12 (SVR12) 57 (72.2) 0 (74.1) 21 (70.0) 16 (80.0) 0 (69.0)
FW24 (SVR24) 56 (70.9) 1(77.8) 20 (66.7) 16 (80.0) 0 (69.0)
>2 log reductions from 74 (93.7) 4 (88.9) 27 (90.0) 20 (100.0) 7 (93.1)
baseline at TW13
Relapse’ 14 (17.7) 3(11.1) 4(13.3) 4 (20.0) 6 (20.7)
Non-response* 9(11.4) 3(11.1) 6 (20.0) 0(0) 3(10.3)
SVR12 in IL-28B CC* 48 (76.2) 17 (81.0) 18 (81.8) 14 (87.5) 16 (64.0)
SVR12 in IL-28B Non-CC*¥ 9 (566.3) 3 (50.0) 3(37.5) 2 (50.0) 4(100.0)
SVR24 in IL-28B CC* 47 (74.6) 18 (85.7) 17 (77.3) 14 (87.5) 16 (64.0)
SVR24 in IL-28B Non-CC* 9 (66.3) 3 (60.0) 3(37.5) 2 (50.0) 4 (100.0)

HCV, hepatitis C virus; PEG-IFN, pegylated interferon; TW, treatment week.

fUndetectable serum HCV RNA at TW48 and detectable serum HCV RNA at follow-up.
*Detectable serum HCV RNA throughout the treatment and follow-up, or early discontinuation before TWA48 and lost to follow-up.
*Denominator was the number of patients in CC or Non-CC. Number of CC patient was 21, 22, 16, and 25 in group 1-4, respectively. Number of

Non-CC patient was 6, 8, 4, and 4 in group 1-4, respectively.

CHD based on phase 2 data.*® The preliminary result of ongoing
trials by adding PEG-IFN showed better treatment efficacy.™
Therefore, newly formulated PEG-IFN alpha is exceptionally
needed for CHD patients. Taking together, ropeginterferon alfa-
2b with longer effective half-life and superior safety profile will
benefit larger viral hepatitis patient population.
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Additional supporting information may be found in the online
version of this article at the publisher’s website:

Table S1. Reason for screening failure.
Table S2. Accumulation and effective half life.

Figure S1. Enrolment process. Group 1: PEG-IFN-a2a 180 pg
QW; Group 2: Ropeginterferon alfa-2b 180 pg QW; Group 3:
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Ropeginterferon alfa-2b 270 pg QW; Group 4: Ropeginterferon
alfa-2b 450 pg Q2W. After the enrolment completion of Stage I
and there was no major safety concern, 10 subjects were enrolled
into Group 3 at Stage Ila. If there was no major safety concern in
first 10 subjects in group 3, the enrolment of Group 3 and Group
4 will be continued.

Figure S2. Patient disposition. Group 1: PEG-IFN-a2a 180 pg
QW; Group 2: Ropeginterferon alfa-2b 180 pg QW; Group 3:
Ropeginterferon alfa-2b 270 ng QW; Group 4: Ropeginterferon
alfa-2b 450 pg Q2W; *: This patient received one dose of study
drug and was found to be co-infected with HBV. *: Patient was
found ineligible due to atrial fibrillation after randomization and
did not receive any study medication. **: Three patients met the
protocol-defined stopping rule. Two patients were discontinued
at TW13 due to lack of efficacy. The other patient discontinued
at TW25 due to lack of efficacy. ***: One patient was repatriate
return to China because overstay.

Figure S3. Mean serum HCV RNA by treatment group (Efficacy
Population) Group 1: PEG-IFN-o2a 180 pg QW; Group 2:
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Ropeginterferon alfa-2b 180 pg QW; Group 3: Ropeginterferon
alfa-2b 270 pg QW; Group 4: Ropeginterferon alfa-2b 450 pg
Q2W; Four groups showed rapid decline in serum HCV RNA levels
by TW2 to almost undetectable levels until TW48. An increase in
mean serum HCV RNA during follow-up was due to relapse and
non-response. Group 3 had the lowest serum HCV RNA level at
FW24, followed by Group 4, Group 2, and then Group 1.

Figure S4. Cumulative incidence of depression (Safety Popula-
tion) Group 1: PEG-IFN-o2a 180 pg QW; Group 2:
Ropeginterferon alfa-2b 180 pg QW; Group 3: Ropeginterferon
alfa-2b 270 pg QW; Group 4: Ropeginterferon alfa-2b 450 pg
Q2W. In the analysis of cumulative incidence, the MedDRA pre-
ferred term depression was used for analysis.

Figure S5. Cumulative incidence of anxiety (Safety Population).
Group 1: PEG-IFN-a2a 180 pug QW; Group 2: Ropeginterferon
alfa-2b 180 pg QW; Group 3: Ropeginterferon alfa-2b 270 pg
QW; Group 4: Ropeginterferon alfa-2b 450 pg Q2W. In the anal-
ysis of cumulative incidence, the MedDRA preferred term anxi-
ety was used for analysis.
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