ABSTRACT
AIM
Ropeginterferon alfa-2b is a new site-specific conjugated 40 kDa branched polyethylene-glycol recombinant interferon (IFN). The aim of the study was to determine its safety, pharmacokinetics (PK) and pharmacodynamic (PD).
METHODS
Ropeginterferon alfa-2b was evaluated first in human in 48 healthy male volunteers after a single dose subcutaneous injection by either 24, 48, 90, 180, 225, 270mcg of the product or 180mcg of marketed pegylated (peg)-IFN alfa-2a. Within each dosing group, 6 subjects received ropeginterferon alfa-2b and 2 subjects received peg-IFN alfa-2a. 
RESULTS
[bookmark: _Hlk68804249]Dose-related increases in ropeginterferon alfa-2b PK parameters (Cmax, AUC, and AUC0-t) were observed over the dose range 24 to 270mcg. The geometric mean values for these PK parameters of ropeginterferon alfa-2b were higher than that of peg-IFN alfa-2a at the 180mcg dose level of 176%, 166%, and 182%, respectively. Mean PD parameters (Emax, Tmax, and AUC0-t) for ropeginterferon alfa-2b increased with dose for both biomarkers neopterin and 2', 5’-OAS. Ropeginterferon alfa-2b has similar PD profiles as peg-IFN alfa-2a. The treatment related adverse events are similar between the two study drugs, but the overall incidence was numerically lower for ropeginterferon alfa-2b (83%) than peg-IFN alfa-2a (100%) at the 180mcg dose level.
CONCLUSIONS
Single subcutaneous dose of Ropeginterferon alfa-2b of up to 270mcg is safe and well tolerated. It displays dose related increase in PK and PD parameters, potentially less frequent injection, and better safety profiles. Ropeginterferon alfa-2b is being developed for diseases in which previous peg-IFN use has been limited by side effects.    
INTRODUCTION
Interferons (IFNs) are a group of cytokines with antiviral, immunomodulatory, and antiproliferative activities, first described by Isaacs & Lindenmann in 1957 [1]. IFNs can be classified into three types (Type I~III) and IFN alfa is classified as type I. Addition of polyethylene-glycol on IFN molecule demonstrated a remarkable milestone to improve the disadvantage of conventional IFN. Peg-IFN alfa has improvement in pharmacokinetic (PK) properties and allow the delivery of a more convenient dose scheme than conventional IFN.
After years of development, recombinant IFN alfa and polyethylene-glycol-IFN alfa are widely employed [2] with some success in the fields of chronic hepatitis B [3-6], chronic hepatitis C [7-9], and myeloproliferative neoplasms [10-17]. Two pegylated (peg)-modified IFNs, peg-IFN alfa-2a (PEGASYS®; F. Hoffmann-La Roche, Inc., Basel, Switzerland) containing a 40-kDa branched peg and peg-IFN alfa-2b (PEG-INTRON®; Schering-Plough, New Jersey, U.S.) containing a linear 12-kDa peg have been approved by the US Food and Drug Administration (FDA) and European Medicines Agency (EMA) for chronic hepatitis [18-21]. 
It is widely acknowledged that IFN related adverse events (AEs), such as influenza-like syndrome, fatigue, neutropenia, thrombocytopenia, and psychiatric symptoms, lead to dose discontinuation or modification [22, 23]. These AEs might be related to multiple pegylation of positional isomers [24]. We developed a newly engineered human IFN alfa-2b by introducing an extra proline residue to the original N-terminal cysteine residue. Ropeginterferon alfa-2b is then produced by covalent attachment of a redesigned two-arm branched 40 kDa mPEG aldehyde to the N-terminal proline residue of pro-IFN alfa-2b with reductive amination (US Patent No. 8143214, 2012; TW Patent No. I381851, 2013; JP Patent No. 5613050, 2014; KR Patent No. 10/15888465, 2016; AU Patent No. 2008286742, 2014; CA Patent No. 2696478, 2018). The site-specific mono‑pegylation ropeginterferon alfa-2b represents a long-acting IFN with only 1 major isoform as opposed to the 8 to 14 isoforms of randomly pegylated IFN products, i.e. PEGASYS® and PEG-INTRON®.
In animal safety pharmacology studies, ropeginterferon alfa-2b had no effects on the CNS nor significant effects on the respiratory system (unpublished data). The toxicity profile of ropeginterferon alfa-2b were established in single/ multiple dose studies in rats and monkeys and in 2-week and 4-week studies in monkeys. Monkey is considered the most appropriate species for IFN related compound to derive the human equivalent dose and to select the maximum recommended starting dose..In the 4-week monkey study with twice weekly administration of ropeginterferon alfa-2b, the NOAEL in the 4-week study was determined to be 6.75 mg/kg (unpublished data). Based on the monkey NOAEL of, the human equivalent dose for P1101 is 0.22 mg/kg. With the standard 10-fold safety factor, the starting dose would be 22 μg/kg. Furthermore, the NOAEL dose provides a safety margin of 550 times the clinical starting dose of 0.4 ug/kg and 49 times (4.5 ug/kg) the maximum dose in the dose escalation of this study.
We aimed to assess the safety and toxicity of ropeginterferon alfa-2b in human. This is a single ascending dose (SAD) phase 1 study in healthy volunteers to evaluate the safety, tolerability, and PK of ropeginterferon alfa-2b. This study examined dose levels from 0.4 to 4.5 μg/kg (24 to 270 μg, total dose based on a 60 kg subject). These dose levels are comparable to those evaluated in the first clinical study with PEGASYS®. These results could be as a basis for selecting dose, frequency of administration, and route of administration in next phase of development for ropeginterferon alfa-2b in either patient with chronic viral hepatitis or myeloproliferative neoplasms (MPN).



METHODS
Ethics Statement
    The procedures followed were in accordance with the protocol, Good Clinical Practices (GCP), Good Laboratory Practices (GLP), ethical standards of the Institutional Review Board of the study site and with the Helsinki Declaration (1964, amended most recently in 2008). Informed consents were obtained from all participants.
 
Patients and Methods
Participants
Subjects eligible for study entry were male healthy volunteers with the following criteria at screening: healthy males aged ≥18 and ≤45 years, non-smokers, able to attend all scheduled visits and to comply with all study procedures and have a BMI ≥ 19.0 and <30.0.
Exclusion criteria consisted of clinically significant illness or surgery within 4 weeks prior to dosing, clinically significant abnormality or abnormal laboratory test results, positive result for HBV or HCV or HIV, vital sign abnormalities, alcohol or drug abuse, use any tobacco products or drugs that induce or inhibit hepatic metabolism of the test drug or resulted in immunomodulation, history of severe allergic or hypersensitivity reactions, history or presence of any gastrointestinal pathology, history or presence of neurological, psychiatric, high depression questionnaire score (Beck's Depression Inventory score >10 or HAM-D scale >7), cardiovascular, pulmonary, latent or active tuberculosis, hematological, immunologic, coagulation disorders or blood dyscrasias, endocrine, metabolic or other uncontrolled systemic disease, malignant disease, latent or active tuberculosis, immunization with a live attenuated vaccine 1 month prior to dosing, serious local infection or systemic infection, presence of fever, depot injection or implant of any drug within 3 months of study, blood donation within 7 days prior to drug administration, triglycerides >2.3 mmol/L, clinically significant ECG findings .

Study Design and Treatment
This phase I, single-center, double-blind, randomized, active control escalation study in 48 healthy volunteers was carried out from November 2009 to June 2010. There were 6 cohorts (24, 48, 90, 180, 225, 270 μg ropeginterferon alfa-2b) and 8 subjects were randomized in a 3:1 ratio per cohort. Safety margins for the proposed clinical doses based on the NOAEL of 0.675 mg/kg developed in preclinical data in monkey (unpublished data). The NOAEL dose provides a safety margin of >540 times the clinical starting dose of 0.4 ug/kg and >48 times the maximum dose in the dose escalation. The total dose was based on a 60 kg subject.
Each cohort included 6 subjects who received a single dose of ropeginterferon alfa-2b and 2 subjects received peg-IFN alfa-2a on Day 1. Two sentinel subjects in the first cohort (Cohort 1) were randomized in a 1:1 ratio (one subject treated by ropeginterferon alfa-2b and the other subject treated by peg-IFN-2a). After dosing at 72 hours, the remaining six subjects of this cohort were randomized in a 5:1 ratio to maintain an overall 3:1 (six ropeginterferon alfa-2b: two peg-IFN alfa-2a) ratio. Subjects meeting all eligibility criteria were assigned a randomization number in consecutive order. Escalation to the next dose level collaboratively followed the blinded review of the Safety Review Team. Finally, a total of 48 subjects were analyzed (Fig.1). Each subject in each treatment group had a safety follow-up visit on 35 days after dosing.
Ropeginterferon alfa-2b was supplied in 5 mL vials containing 1.2 mL of 0.18 mg/mL solution (180 μg/mL; 1.2 mL/vial; PharmaEssentia Corp., Taiwan). Peg-IFN alfa-2a was supplied as an injectable solution in vials (PEGASYS®, 180 μg/mL; 1.2 mL/vial; Hoffmann-Roche Ltd., Canada). Both ropeginterferon alfa-2b and peg-IFN alfa-2a were administered by site personnel who have received training in subcutaneous injection.
Blood Sample Collection
Serum samples were collected at protocol-defined time points for 29 days after each dose level to determine drug concentrations and biomarkers. Subjects were admitted to the clinical research facility during the first 4 days of each treatment period, from 10 hours prior to administration of test drug to 72-hour blood sample collection. All 48 subjects were followed up until Day 35 for safety. 
Blood samples for PK analyses were collected from all participants at pre-dose and at 1, 3, 6, 9, 12, 16, 24, 36, 48, 72, 96, 120, 144, 168, 192, 240, 288, 336, 504, and 672 hours post-dose. Blood samples for PD analyses (neopterin and 2 5’ OAS) were collected at 1 hour pre-dose and at 24, 48, 72, 96, 120, 168, 240, 336, 504, and 672 hours post-dose. Blood samples for immunogenicity were collected within 1 hour pre-dose and at 336, 672 hours post-dose. Blood samples for clinical laboratory tests were collected at screening, at check-in, at 24, 48, 72, 192, and 336 hours post-dose and on Day 35. Blood samples for immunogenicity were collected from all participants at pre-dose, 336 and 672 hours after dose administration.

Assessment
PK Analysis
All PK results (e.g., PK variables and serum concentrations) were summarized in graphs and descriptive statistics (i.e., number of subjects (n), mean, standard deviation (SD), coefficient of variation (CV%), median, minimum, maximum, and geometric mean). AUC, AUC0-t, and Cmax results were compared between treatment groups by using Analysis of Variance (ANOVA), including treatment group as the fixed effect to obtain the p-values. A point estimate (i.e., geometric mean) and interval estimate (i.e., 95% CI for the difference) were back transformed (using natural exponent) to give the ratio of point estimates (i.e., geometric mean ratio). Tmax values were compared between treatment groups by non-parametric test (e.g., Wilcoxon Rank-Sum test).

PD Analysis
All PD results were summarized using appropriate graphs and descriptive statistics. The comparisons between treatment groups were performed by appropriate statistical tests.

Immunogenicity Analysis
Immunogenicity assessment was conducted for each subject. Anti-P1101 (capture binding antibody against P1101), anti-P1040 (capture binding antibody against the interferon alfa-2b and the proline linker) and anti-PEG were evaluated. Immunogenicity samples collected within 1 hour pre-dose, and at 336 and 672 hours post-dose. Neutralizing antibody will be evaluated in samples that are positive for anti-P1101 or anti-P1040 at pre-dose or 672 hours only. Titer of neutralization antibody in positive samples were evaluated by cytopathic effect (CPE) assay.

Safety Analysis
Safety was closely monitored throughout the study up to 35 days after dosing. Safety and tolerability to ropeginterferon alfa-2b were evaluated through the assessment of AEs (i.e. seriousness, severity by CTCAE grade, relationship to the study drug), clinical laboratory parameters, vital signs, 12-lead ECG, physical examination, body measurements, and concomitant medications. AEs and concomitant medications were tabulated. Changes from baseline values in clinical laboratory parameters, vital signs, and 12-lead ECG were also evaluated.

Statistical Methods 
All analyses were performed by SAS Version 8.2 or higher. PK variables were calculated from the serum concentration using standard, non-compartmental methods by WinNonlin Version 5.0 or higher. Summary statistics (n, mean, SD, median, minimum, maximum, geometric mean and %CV) were presented for all PK parameters by dose level. PK parameters (AUC, AUC0-t and Cmax) were analyzed for dose proportionality by using analysis of variance (ANOVA) model. AUC, AUC0-t, and Cmax of combined ropeginterferon alfa-2b at each dose level were compared to those of peg-IFN alfa-2a by using two-sample T-test. Tmax values were compared between ropeginterferon alfa-2b (combined and each dose level) and peg-IFN alfa-2a also by using two-sample T-test. The AUC, AUC0-t, and Cmax for each ropeginterferon alfa-2b dose level were compared to those of peg-IFN alfa-2a by Wilcoxon Rank-Sum test.
PD parameters (Emax, Tmax, AUC, and T1/2) were computed from the individual serum 2’, 5’-OAS and neopterin concentrations versus time data. Emax is the maximum serum biomarker response, the highest biomarker concentration observed during a dosage interval. Summary statistics (n, mean, SD, median, minimum, and maximum) were presented for all PD parameters by dose level. PD parameters for combined ropeginterferon alfa-2b were compared to those for peg-IFN alfa-2a by two-sample T-test.

Adverse Events (AEs)
All AEs, including either observed or volunteered problems, complaints, signs, or symptoms, occurring during the study or designated follow-up periods were recorded on the subject’s case report form. Each AE was evaluated for duration and relationship to the study treatment (or other causes), as well as be assigned a severity grade according to the NCI-CTCAE version 3.0 (December 2003).
RESULTS
Baseline Demographics
Forty-eight healthy volunteers were recruited in this study by following the scheme outlined in Figure 1. Baseline demographics data were summarized in Table 1. All subjects were male. The age, race composition, weight, and BMI among groups were comparable. Overall, the mean age was 32.4 (SD ± 7.29) years, ranged from 20 to 44 years, the race composition composed of thirty-three (91.7%) white and three (8.3%) black or African American, mean weight was 80.28 (SD ± 9.45) kg, and mean body mass index was 25.82 (SD ± 2.425) in the ropeginterferon alfa-2b groups. All subjects completed dosing and follow-up.

Higher PK parameters and longer half-life of ropeginterferon alfa-2b
PK profile of ropeginterferon alfa-2b in single and multiple ascending dose groups (cohorts 1–6) were evaluated in this study (Supplemental Table 1). An increasing tendency of PK parameters for ropeginterferon alfa-2b with higher dose was observed. Mean Cmax values escalated from 1.78 ± 0.48 ng/mL to 24.84 ± 8.7 ng/mL in cohort 1 to cohort 6. Mean Tmax increased from 74.5 ± 42.2 hours in cohort 3 to 115.7 ± 31.4 hours in cohort 6. Mean T½ also increased from 61.4 ± 48.0 hours in cohort 2 to 118.2 ± 45.7 hours in cohort 6. Mean AUC0-t values raised from 272.7 ± 115.1 ng．hr/mL in cohort 1 to 6068.1 ± 1465.2 ng．hr/mL in cohort 6. At the highest dose levels of 270 ug, a 1.5-fold increase in dose as compared to 180 µg resulted in a 2.13, 2.62, 2.94-fold increase in Cmax, AUC and AUC0-t, respectively.
At the 180 µg dose level, the Cmax, Ct, AUC0-t, and AUC of peg-IFN alfa-2a were lower than ropeginterferon alfa-2b. The geometric mean ratios of ropeginterferon alfa-2b to peg-IFN alfa-2a with regard to AUC, AUC0-t and Cmax were 1.66 (P = 0.2398), 1.82 (P = 0.0687) and 1.76 (P = 0.0275), respectively (Table 2). The Cmax of ropeginterferon alfa-2b was 20.7 ng/mL (vs. 12.95 ng/mL of peg-IFN alfa-2a) which is reached at shorter time (Tmax) of 79.22 hour (vs. 84.25 hour of peg-IFN alfa-2a). The exposure of ropeginterferon alfa-2b was higher than peg-IFN alfa-2a with the AUC0-t and AUC of approximately 1.6-fold and 1.5-fold higher, respectively (Supplemental Table 1).
Mean serum concentrations of ropeginterferon alfa-2b and peg-IFN alfa-2a by cohort across study visits were demonstrated in Figure 2. Concentration time curves of ropeginterferon alfa-2b and peg-IFN alfa-2a reached a peak at approximately 3 to 5 days after dosing and declined gradually. The mean half-life ranged from 61.35 to 118.22 hours in ropeginterferon alfa-2b groups. At the same dose level, the half-life (T½) of peg-IFN alfa-2a was 89.32 hours.

Comparable PD parameters between ropeginterferon alfa-2b and peg-IFN alfa-2a
[bookmark: _GoBack]Mean PD parameters (Emax, Tmax, and AUC0-t) for ropeginterferon alfa-2b increased with dose for both biomarkers 2', 5'-OAS and neopterin (Supplemental Table 2). The dose relationship was linear for both PD parameters Emax and AUC0-t. Besides the two dose levels of 24 ug & 90 ug, there was no statistical significant difference in PD parameters (Emax, Tmax, and AUC0-t) between peg-IFNα-2a and ropeginterferon alfa-2b in bioactivity of biomarkers 2', 5'-OAS and neopterin (Table 3). 
Linear regression analysis of 2', 5'-OAS and neopterin as a function of ropeginterferon alfa-2b dose was demonstrated in Supplemental Figure 1 & 2. Over the tested dose range of 24-270 ug, there was evidence of a linear relationship between administered ropeginterferon alfa-2b and AUC of both neopterin and 2', 5'-OAS.

Safety Summary
All 48 subjects were monitored for safety during the whole study period. A total of 12 (100%) subjects receiving Peg-IFN alfa-2a, and 35 (97.2%) subjects receiving ropeginterferon alfa-2b experienced Treatment-Emergent Adverse Event (TEAE), but no subject experienced serious TEAE (Supplemental Table 3). There were 4 subjects with TEAEs of grade 3 or greater: one subject received peg-IFN alfa-2a in cohort 2 (decreased neutrophils), one subject received 24 μg ropeginterferon alfa-2b in cohort 1 (increased creatine phosphokinase), one subject received 180 μg ropeginterferon alfa-2b in cohort 4 (decreased neutrophils), and one subject received 225 μg ropeginterferon alfa-2b in cohort 5 (increased creatine phosphokinase). Until the end of the study, no discontinuation was related to the TEAEs nor death. Most of the reported events were mild (grade 1) or moderate (grade 2) in severity. The incidence of related TEAEs was comparable between peg-IFN alfa-2a and ropeginterferon alfa-2b (Supplemental Table 3).
In this study, the most common TEAE was injection site erythema which occurred in 8 (66.7%) of subjects on peg-IFN alfa-2a and in 23 (63.9%) of subjects on ropeginterferon alfa-2b (Table 4), followed by headache in 8 (66.7%) of subjects on peg-IFN alfa-2a, and in 10 (27.8%) of subjects on ropeginterferon alfa-2b. Ropeginterferon alfa-2b groups showed lower incidence of feeling hot (0%), back pain (11.1%), neutrophil count decreased (16.7%), body temperature increased (8.3%), white blood cell count decreased (8.3%), feeling cold (5.6%), arthralgia (5.6%), eye pain (5.6%), injection site pruritus (2.8%), vessel puncture site hematoma (2.8%), heart rate increased (2.8%), insomnia (2.8%), pyrexia (0%) and decreased appetite (0%). In related TEAE (Supplemental Table 4), same incidences were observed, except for vessel puncture site hematoma (2.8%).
At the comparison for dose level of 180 ug, ropeginterferon alfa-2b showed lower incidence of TEAE/related TEAE in injection site erythema (50%), headache (50%), back pain (16.7%), chills (16.7%), body temperature increased (16.7%), white blood cell count decreased (16.7%), feeling cold (16.7%), myalgia (16.7%), but higher neutrophil count decreased (33.3%), alanine aminotransferase increased (16.7%) and fatigue (16.7%) than peg-IFN alfa-2a.. No clinically meaningful change was observed in clinical laboratory assessments, physical examination findings, vital signs measurements, or ECG results (data not shown). 
In immunogenicity assessments at pre-dose, 336 hours and 672 hours post- dose, 13.9% (5/36) subjects on ropeginterferon alfa-2b groups and 25% (3/12) subjects on peg-IFN alfa-2a group developed binding antibody to ropeginterferon alfa-2b (anti-P1101) at pre-dose timepoint. At 336 hours post-dose timepoint, positive rate was achieved in 30.6% (11/36) and 33.3% (4/12) in ropeginterferon alfa-2b groups & peg-IFN alfa-2a group, respectively. At 672 hours post-dose timepoint, positive rate was achieved in 27.8% (10/36) and 33.3% (4/12) in ropeginterferon alfa-2b groups and peg-IFN alfa-2a group, respectively. For antibody against interferon alfa-2b and the proline linker (anti-P1040), ropeginterferon alfa-2b groups showed lower positive rates at three timepoints (2.7% v.s 8.3% at pre-dose, 5.6% v.s 16.7% at 336 hours post-dose, 2.7% v.s. 16.7% at 672 hours post-dose). For anti-peg antibody, lower positive rates were also observed (Supplemental Table 5). Neutralizing antibody was evaluated in subjects who were positive to anti-P1101 or anti-P1040 at pre-dose or 672 hours post-dose. All positive samples were not detected due to lower than detection limit (< 1000 IU/mL) (data not shown).

DISCUSSION
Interferons (IFN) represent one of the natural defenses of human organism against the invasion of external agents such as viruses, microbes or tumor cells. IFN have anti-tumor activity through direct anti-proliferative and cytotoxic effects as well as modulation of the host immune response [25, 26]. Based on unique pegylation technology platform developed by Pharmaessentia Corp, ropeginterferon alfa-2b is produced by covalent attachment of a two-arm branched 40 kDa mPEG aldehyde to the N-terminal proline residue of Pro-IFN alfa 2b. The present phase I clinical trial was a first-in-human study of ropeginterferon alfa-2b, which showed a prolonged residence time as compared to peg-IFN alfa-2a and established the safety profile in healthy adult volunteers. The marketed peg-IFN alfa-2b (PegIntron®) links to a linear 12 kDa PEG chain [27]. Another marketed peg-IFN alfa-2a (PEGASYS®) consists of two 20 kDa chains that are linked to form a branched chain and attached to lysine residues [28, 29]. Peg-IFN alfa-2a was selected as comparator in this study because of the similarities in 40-kDa branched PEG structures. 
	The PK profile of peg-IFN alfa-2b shows the maximum serum concentration (Cmax) is between 15- and 44- hours post-dose in a single subcutaneous dose and sustains up to 48 to 72 hours [30]. In contrast, the absorption of peg-IFN alfa-2a was sustained with peak serum concentrations reached 72 to 96 hours after dosing [31].The differences in the PK properties among ropeginterferon alfa-2b, peg-IFN alfa-2a and peg-IFN alfa-2b might be explained by the novel conjugation of polyethylene glycol [32]. In this study, at the same dose level of 180 ug, the Cmax of ropeginterferon alfa-2b was higher, reached at similar Tmax (79 v.s. 84 hours) and exposure was higher than peg-IFN alfa-2a (Supplemental Table 1). The biological activity of ropeginterferon alfa-2b and peg-IFN alfa-2a were assessed by the IFN relevant biomarkers 2',5'-OAS and neopterin [33, 34]. Dose-dependent induction of 2',5'-OAS and neopterin were observed in ropeginterferon alfa-2b groups. The PD parameters of 2',5'-OAS and neopterin were comparable between ropeginterferon alfa-2b and peg-IFN alfa-2a at 180 µg dose level, indicating similar bioactivity. The higher exposure of ropeginterferon alfa-2b was proportionally accompanied by higher response of PD parameter, suggesting the potential for less frequent injection at higher dose. Similar results were observed in phase I trial in Japanese and Caucasian subjects received a single subcutaneous dose of ropeginterferon alfa-2b (100, 200, 300 µg). Dose-dependent exposure and induction of beta-2 microglobulin (β2M)/neopterin was observed [35]. Besides, similar phase I study was conducted in healthy Chinese adult subjects received a single subcutaneous injection of Peg-IFN alfa-2a (180 μg) or ropeginterferon alfa-2b (90, 180, 270 μg). The exposure (Cmax, AUC0-t, AUC0-∞) increased with the dose (unpublished data).
In recent clinical development of ropeginterferon alfa-2b, we have evaluated safety and efficacy in HCV genotype 2 [36], HBV [37], and polycythemia vera clinical trials [10-17, 38]. Results of these clinical trials showed ropeginterferon alfa-2b is as safe and effective as Peg-IFN alfa-2a for hepatitis B & C infected patients. Ropeginterferon alfa-2b also offers a valuable and safe long-term treatment option as compared to hydroxyurea in patients with polycythaemia vera. ropeginterferon alfa-2b was well tolerated with numerically lower incidence of headache, feeling hot, back pain, neutrophil count decreased, body temperature increased, white blood cell count decreased, arthralgia, eye pain, injection site pruritus, vessel puncture site hematoma, heart rate increased, pyrexia and decreased appetite. However, numerically higher incidence of myalgia, alanine aminotransferase increased, somnolence, upper respiratory tract infection, blood creatine phosphokinase increased, and fatigue were also observed in pooled ropeginterferon alfa-2b groups. 
This study has some limitations. First, this work represented the first clinical trial done with the ropeginterferon alfa-2b, study design was planned on the basis of information and safety consideration of reference product (Peg-IFN alfa-2a). Imbalance randomization ratio (1:3) in each cohort might resulted in observation bias in small sample-size study. Second, the highest dose in this study was 270 ug, there was no data on higher dose (400 to 500 ug) in healthy subject. Third, there was no data on multiple-dose in this study. Fourth, only male subject was explored, the study was lack of PK/PD data in female subject. In conclusion, we presented single subcutaneous dose of ropeginterferon alfa-2b of up to 270 µg is safe and well tolerated in this first in human phase I study. It displays dose related increase in PK and PD parameters, and has the potential of less frequent injection and better safety profiles. Ropeginterferon alfa-2b has broad clinical applications especially in conditions where higher tolerable dose is necessary for better treatment efficacy.
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Tables
Table 1
Baseline Characteristics of the Study Subjects: Healthy Volunteers

	
	Peg-IFN alfa-2a
	Ropeginterferon alfa-2b

	
	180 µg
	24 µg
	48 µg
	90 µg
	180 µg
	225 µg
	270 µg

	
	N=12
	N=6
	N=6
	N=6
	N=6
	N=6
	N=6

	Age (years)
	
	
	
	
	
	
	

	Mean 
	31.8
	35.0
	32.7
	34.0
	29.2
	29.3
	34.3

	SD 
	7.85
	8.17
	8.62
	8.07
	6.59
	5.09
	7.53

	Median 
	32.0
	39.0
	34.0
	35.5
	28.0
	30.0
	33.0

	Race, n (%)
	
	
	
	
	
	
	

	White
	11 (91.7)
	5 (83.3)
	6 (100)
	4 (66.7)
	6 (100)
	6 (100)
	6 (100)

	Black or African American 
	1 (8.3)
	1 (16.7)
	0
	2 (33.3)
	0
	0
	0

	Asian
	0
	0
	0
	0
	0
	0
	0

	Others
	0
	0
	0
	0
	0
	0
	0

	Weight (kg)
	
	
	
	
	
	
	

	Mean
	77.02
	83.83
	86.17
	83.13
	76.32
	79.7
	72.52

	SD
	9.00
	9.234
	6.142
	4.792
	12.09
	11.05
	7.272

	Median
	76.40
	87.10
	84.40
	81.45
	74.55
	83.05
	72.50

	BMI (kg/m2)
	
	
	
	
	
	
	

	Mean
	25.59
	26.65
	27.08
	27
	24.21
	24.76
	25.19

	SD
	2.193
	2.844
	2.148
	2.441
	1.716
	2.734
	1.653

	Median
	26.52
	28.18
	27.02
	26.68
	24.30
	25.41
	24.59



Table 2 Analysis of Pharmacokinetic Parameters

	
	
	Peg-IFN alfa-2a
	
	Ropeginterferon alfa-2b

	
	
	180 ug
	
	24 ug
	48 ug
	90 ug
	180 ug
	225 ug
	270 ug

	　
	　
	N=11
	　
	N=5
	N=5
	N=5
	N=5
	N=6
	N=5

	AUC
	
	
	
	
	
	
	
	
	

	Gemotric Mean
	2315250.54 
	
	356524.19 
	616542.30 
	1138945.37 
	3846850.74 
	4454161.81 
	6064335.23 

	Gemotric Mean Ratio
	
	
	0.15 
	0.27 
	0.49 
	1.66 
	1.92 
	2.62 

	P - Value
	
	
	0.0112 
	0.0336 
	0.1119 
	0.2398 
	0.0290 
	0.0040 

	AUC0-T
	
	
	
	
	
	
	
	
	

	Gemotric Mean
	2002085.87 
	
	255152.93 
	378346.86 
	1048412.59 
	3642134.24 
	3891050.00 
	5890679.02 

	Gemotric Mean Ratio
	
	
	0.13 
	0.19 
	0.52 
	1.82 
	1.94 
	2.94 

	P - Value
	
	
	0.0009 
	0.0055 
	0.1804 
	0.0687 
	0.0616 
	0.0018 

	Cmax
	
	
	
	
	
	
	
	
	

	Gemotric Mean
	11182.55 
	
	1726.46 
	2505.45 
	5472.98 
	19703.91 
	19913.22 
	23838.20 

	Gemotric Mean Ratio
	
	
	0.15 
	0.22 
	0.49 
	1.76 
	1.78 
	2.13 

	P - Value
	　
	　
	0.0005 
	0.0009 
	0.0687 
	0.0275 
	0.0273 
	0.0055 


P - Value: Wilcoxon Rank-Sum test
Bold indicates significance (P <0.05).


Table 3 Analysis of Pharmacodynamic Parameters: 2’, 5’ - OAS and Neopterin

	
	Peg-IFN alfa-2a
	
	　
	　
	Ropeginterferon alfa-2b
	　
	　
	　

	
	180 ug
	
	24 ug
	48 ug
	90 ug
	180 ug
	225 ug
	270 ug

	 2’, 5’ - OAS
	N=12
	　
	N=6
	N=6
	N=6
	N=6
	N=6
	N=6

	Emax
	
	
	
	
	
	
	
	

	  Mean (SD)
	541.02 (580.47)
	
	268.96 (125.53)
	265.71 (96.83)
	487.53 (194.42)
	430.81 (210.51)
	360.69 (135.25)
	567.94 (378.40)

	  P - Value
	
	
	0.1505 
	0.0668 
	0.2908 
	1.0000 
	0.5532 
	0.4936 

	Tmax
	
	
	
	
	
	
	
	

	  Mean (SD)
	122.13 (67.28)
	
	176.55 (111.20)
	172.12 (88.04)
	160.25 (89.26)
	212.17 (160.34)
	222.36 (127.79)
	163.94 (95.35)

	  P - Value
	
	
	0.2488 
	0.2407 
	0.2407 
	0.1494 
	0.1166 
	0.3833 

	AUC
	
	
	
	
	
	
	
	

	  Mean (SD)
	119272.22 (43689.39)
	
	51970.20 (24941.69)
	89551.93 (45278.60)
	117122.43 (73454.66)
	122506.23 (49366.42)
	106759.12 (55985.89)
	175232.64 (107137.60)

	  P - Value
	
	
	0.0020 
	0.2496 
	0.7503 
	0.8916 
	0.4371 
	0.2129 

	Neopterin
	　
	　
	　
	　
	　
	　
	　
	　

	Emax
	
	
	
	
	
	
	
	

	  Mean (SD)
	21.21 (4.85)
	
	14.65 (4.25)
	17.87 (7.11)
	14.03 (1.53)
	18.14 (5.33)
	20.47 (3.51)
	18.69 (6.46)

	  P - Value
	
	
	0.0135 
	0.2908 
	0.0020 
	0.2129 
	0.6320 
	0.5532 

	Tmax
	
	
	
	
	
	
	
	

	  Mean (SD)
	50.04 (6.92)
	
	104.16 (115.24)
	60.10 (20.22)
	72.08 (48.14)
	48.12 (0.10)
	60.08 (20.25)
	52.00 (9.80)

	  P - Value
	
	
	0.5992 
	0.1837 
	0.3198 
	0.3348 
	0.9289 
	0.5763 

	AUC
	
	
	
	
	
	
	
	

	  Mean (SD)
	2452.83 (1482.42)
	
	1624.00 (420.22)
	2423.99 (1436.60)
	1213.38 (970.01)
	2223.84 (1087.08)
	2782.83 (407.16)
	3327.89 (1391.66)

	  P - Value
	　
	　
	0.0668 
	0.7503 
	0.0415 
	0.5532 
	1.0000 
	0.1505 


P - Value: Wilcoxon Rank-Sum test
Bold indicates significance (P <0.05).
Emax: Maximum serum biomarker response


Table 4 Summary of Treatment-Emergent Adverse Events (TEAE)

	
	Peg-IFN alfa-2a
	Ropeginterferon alfa-2b
	[bookmark: _Hlk68805207]Ropeginterferon alfa-2b

	
MedDRA System Organ Class
  MedDRA Preferred Term
	(180 µg)
N=12
n (%)
	(180 µg)
N=6
n (%)
	Combined
N=36 
n (%)

	TEAE > 10%
	
	
	

	  Injection site erythema
	8 (66.7)
	3 (50.0)
	23 (63.9)

	  Headache 
	8 (66.7)
	3 (50.0)
	10 (27.8)

	  Feeling hot 
	4 (33.3)
	0
	0

	  Back pain 
	4 (33.3)
	1 (16.7)
	4 (11.1)

	  Chills
	4 (33.3)
	2 (33.3)
	2 (5.6)

	  Neutrophil count decreased 
	3 (25.0)
	2 (33.3)
	6 (16.7)

	  Body temperature increased 
	3 (25.0)
	1 (16.7)
	3 (8.3)

	  White blood cell count decreased 
	3 (25.0)
	1 (16.7)
	3 (8.3)

	  Felling cold
	3 (25.0)
	1 (16.7)
	2 (5.6)

	  Myalgia 
	2 (16.7)
	1 (16.7)
	8 (22.2)

	  Arthralgia 
	2 (16.7)
	0
	2 (5.6)

	  Eye pain 
	2 (16.7)
	1 (16.7)
	2 (5.6)

	  Injection site pruritus
	2 (16.7)
	0
	1 (2.8)

	  Vessel puncture site haematoma 
	2 (16.7)
	0
	1 (2.8)

	  Heart rate increased 
	2 (16.7)
	0
	1 (2.8)

	  Insomnia
	2 (16.7)
	0
	1 (2.8)

	  Pyrexia 
	2 (16.7)
	0
	0

	  Decreased appetite 
	2 (16.7)
	0
	0

	  Alanine aminotransferase increased 
	0
	1 (16.7)
	6 (16.7)

	  Somnolence 
	0
	0
	5 (13.9)

	  Upper respiratory tract infection 
	0
	0
	5 (13.9)

	  Blood creatine phosphokinase increased 
	0
	0
	4 (11.1)

	  Fatigue
	1 (8.3)
	1 (16.7)
	4 (11.1)



