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AIMS
The aims of the study were to assess the pharmacokinetics, pharmacodynamics,
safety and tolerability of a novel, pegylated recombinant human consensus
interferon-α variant (PEG-IFN-SA) in healthy volunteers. A pharmacokinetic and
pharmacodynamic comparison of PEG-IFN-SA and peginterferon-α-2a in healthy
subjects was evaluated.

METHODS
A randomized, dose-escalating, single administration dose phase I clinical study was
conducted. Thirty healthy subjects received PEG-IFN-SA as a single dose of
0.5–2.0 μg kg−1 by subcutaneous (s.c.) injection in four parallel groups. Eight subjects
received peginterferon-α-2a as a single dose of 180 μg s.c.

RESULTS
The incidence rates of adverse events for PEG-IFN-SA and peginterferon-α-2a were 29
of 30 and 7 of 8, respectively. The adverse events for PEG-IFN-SA were mild to
moderate and similar to those of peginterferon-α-2a. Within 168 h after
injection, the mean values of maximal concentration and area under the plasma
concentration–time curve from time of dosing to 168 h [AUC(0–168h)] for
2′,5′-oligoadenylate, neopterin and β2-microglobulin for PEG-IFN-SA at 1.5 μg kg−1 s.c.
were similar to or higher than those for peginterferon-α-2a at a dose of 180 μg s.c.
After s.c. injection of PEG-IFN-SA at 1.5 μg kg−1, the mean geometric mean values of
plasma half-life, time to maximal concentration, maximal concentration and
AUC(0–168h) were 55.3 h, 26.9 h, 0.53 μg l−1 and 44.0 μg l−1 h, respectively.

CONCLUSIONS
The tolerance, pharmacokinetic and pharmacodynamic characteristics of PEG-IFN-SA
support its administration by s.c. injection as a single dose of 1.5 μg kg−1 or at
2.0 μg kg−1 per week.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Studies in animals have suggested that a

novel, pegylated recombinant human
consensus interferon-α variant (PEG-IFN-SA)
provides enhanced drug exposure and has
desirable pharmacokinetic properties and
significantly sustained antiviral activity.

WHAT THIS STUDY ADDS
• This first study in humans provides

information on the tolerability, safety,
pharmacokinetics and pharmacodynamics
of PEG-IFN-SA, a potential new treatment
for viral hepatitis and neoplastic disease.

• The results of our study showed that the
absorption and elimination of PEG-IFN-SA
was faster than that of
peginterferon-alfa-2a; however, the
pharmacodynamic data on the novel
formulation were comparable to or similar
to those of peginterferon alfa-2a.
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Introduction

Chronic hepatitis B and C are leading causes of hepatocel-
lular carcinoma, cirrhosis and end-stage liver disease
worldwide [1, 2]. The prevalence of persons chronically
infected with hepatitis B virus ranges from 10 to 20% in
China [3]. Interferons (IFNs) have been used as a primary
treatment of chronic hepatitis B and C [2, 3]. Interferons are
naturally occurring proteins produced by cells in response
to antigenic stimulation with viral RNA, bacterial products
or tumour proteins and are considered part of the innate
immune system [4, 5].

Interferon-α is a type I IFN with antiviral, anti-
proliferative and immunomodulatory functions. The
consensus interferon could be used in the clinic, and
it has been developed and is available as interferon
alfacon-1 (Infergen®; Amgen, Inc., Thousand Oaks, CA,
USA) and IFNα-n1 (Wellferon®; Glaxo-Wellcome Ltd.,
London, UK), which have been used successfully to treat
various viral infections and tumours [5–7]. However, as
with many unmodified protein drugs, some types of IFN
have a rapid systemic clearance and relatively short
lifespan in the systemic circulation, and they must be
given frequently to maintain the desired therapeutic
effects [5, 7]. Protein conjugation with polyethylene
glycol (PEG) is considered to be one method by which to
overcome these disadvantages. The following PEG-
modified interferons have been developed and are com-
mercially available: PEG (a branched 40 kDa) IFN-α-2a
(Pegasys, PEGASYS®; Hoffmann-La Roche, Inc., Basel, Swit-
zerland) and PEG (a linear 12 kDa) IFN-α-2b (PEG-
INTRON®; Schering Corp., Innishannon County Cork,
Ireland). These PEG-modified interferons have a longer
half-life and achieve more sustained therapeutic effects.
Additionally, they allow a decrease of dosing frequency
from three times to once per week, which reduces the
inconvenience and pain for the patients [8, 9]. In China,
however, the drugs are expensive, and new treatments
are required.

The recombinant human consensus interferon-α
variant (IFN-SA), a novel consensus interferon-α with
171 amino acid residues, was developed by Chongqing
Fagen Biomedical Inc., China. Compared with a naturally
occurring IFN-α protein, IFN-SA has demonstrated
enhanced (by ∼10-fold) antiviral activity in vitro. The
PEG-modified IFN-SA (PEG-IFN-SA) investigated in the
present study was produced by the covalent attach-
ment of a single 20 kDa methoxy polyethylene glycol-
propionaldehyde (mPEG-ALD) molecule to the N-terminal
of IFN-SA, forming a molecule with an average molecular
weight of ∼40 kDa, resulting in a longer half-life and
sustained antiviral action. In vitro studies have shown
that the antiviral mechanism of action of PEG-IFN-SA is
identical to that of IFN-SA, which is stimulation of
the expression of pro-inflammatory cytokines and
co-stimulatory molecules, leading to the transition to an

adaptive antiviral immunity [10]. Studies in animals have
suggested that PEG-IFN-SA provides enhanced drug
exposure and has desirable pharmacokinetic properties
and significantly sustained antiviral activity [10].

The aims of this study were to evaluate the
pharmacokinetics, pharmacodynamics, safety and toler-
ability of single doses of PEG-IFN-SA in healthy volunteers
and to establish the optimal dosing regimen for subse-
quent studies. For comparison, a Pegasys control arm was
included (using the dose indicated for chronic hepatitis
B and C patients in clinical practice [2, 11]), and
pharmacokinetic and pharmacodynamic data were
collected.

Methods

Subjects
Healthy, nonsmoking men or women aged 18–45 years
with a body mass index of 18–25 kg m−2 were eligible for
inclusion in the study. The health status was determined
by a prestudy medical history, physical examination and
clinical laboratory evaluations. Women who were nursing
or pregnant and subjects who were infected with human
immunodeficiency virus, hepatitis B or hepatitis C viruses
were excluded from the study. The subjects were not
allowed to consume alcohol, caffeine, tea or grapefruit-
containing products for 7 days prior to screening and
during admission and follow-up.

Design
An open, single-centre, randomized, positive control,
dose-escalating study in healthy male and female subjects
was conducted. The study was conducted at the Phase I
Unit of West China Hospital (37# GuoXue Xiang, Chengdu,
Sichuan, China) and sponsored by Chongqing Fagen
Biomedical Inc. The study protocol was reviewed and
approved by an independent ethics committee (Ethics
approval number: WCHIEC 20100030, Ren min nan road 3,
Chengdu, Sichuan 610041, China) and conducted under
the Good Clinical Practices (GCP) of the China Food Drug
Administration (CFDA); the study was in compliance with
the Declaration of Helsinki. The study was registered at
clinical trials.gov.cn (ChiCTR-TRC-11001393). After a full
explanation of the study had been provided, written
informed consent was obtained from each subject before
the start of any protocol-specific procedures.

Thirty-eight subjects were randomized, according to
a computer-generated simple random number list, to
receive the one dose treatment (the test group or control
group). In the test group, 30 subjects were randomized
into four cohorts (four, 10, 10 and six; an equal number of
women and men in each cohort). The subjects in the test
group received, in sequential ascending order, PEG-IFN-SA
0.5, 1.0, 1.5 or 2.0 μg kg−1 by subcutaneous (s.c.) injection.
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Eight subjects (six and two) received Pegasys as a single
dose of 180 μg (the usual therapeutic dose for chronic
hepatitis B and C) by s.c. injection to act as the reference
groups for the 1.5 and 2.0 μg kg−1 PEG-IFN-SA groups,
respectively. All the doses were taken in the morning, in a
fasted state. The subjects remained fasted for 2 h after
administration of the medicine. During each period, the
subjects were hospitalized during the first 48 h after the
injections under strict medical supervision. Collection of
the blood samples and monitoring for adverse reactions
was continued for 168 h. Standard meals were provided
during the study procedures. In all cases, testing of a
higher dose was initiated only after it had been shown that
the lower doses were adequately tolerated.

Eight subjects in the PEG-IFN-SA 1.5 μg kg−1 group and
six subjects in the Pegasys group took part in the
pharmacokinetic (PK) and pharmacodynamic (PD) cohorts.
In these cohorts, blood serum samples were collected
for pharmacokinetic and pharmacodynamic assessment
[pharmacodynamic targets: 2′,5′-oligoadenylate (2,5-A),
neopterin and β2-macroglobulin (β2M)] and their antiviral
activity in vivo. In the PK and PD cohorts, the blood serum
samples were collected over a 168 h period at the follow-
ing time points: prior to dosing (0 h) and at 3, 6, 9, 12, 16,
24, 36, 48, 60, 72, 84, 96, 120, 144 and 168 h after dosing.
For each sample, ∼4 ml of blood was collected into a
vacuum tube containing no anticoagulant.

Except for the 0.5 μg kg−1 cohorts, the 20 volunteers (18
for the PEG-IFN-SA group and two for the Pegasys group)
participated in the pharmacodynamic study. Additionally,
the pharmacodynamic targets (2,5-A and neopterin)
were evaluated. The blood serum samples for the
pharmacodynamic assessments were collected over a
168 h period at the following time points: 0 (predose),
24, 48 or 72 and 168 h after the administration of
each treatment.

Pharmacokinetic assessments
The concentrations of PEG-IFN-SA and Pegasys were
detected by a commercially available enzyme-linked
immunosorbent assay (ELISA) kit (PBL Biomedical Labora-
tories, Piscataway, NJ, USA; kit number, 41110) that had
been validated for human serum. Briefly, a standard curve
was prepared ranging from 12.5 to 1000 pg ml−1 for
human IFN-α, and two standard curves were prepared
ranging from 50 to 2500 pg ml−1 for PEG-IFN-SA and
Pegasys. The values of absorbance at 450 nm (OD450) were
determined according to the specifications of the test kit.
The intra- and interassay variations were determined
with blank human serum samples containing various con-
centrations of PEG-IFN-SA and Pegasys throughout the
range of the assay. Three samples with different known
concentrations were assayed 10 times in one test
and assayed in 10 separate tests to assess the intra- and
interassay precision. The recovery of PEG-IFN-SA and

Pegasys with three different levels within the quantitative
range of the assay from the human serum samples
was evaluated. Some endogenous proteins, such as inter-
feron β (IFN-β), recombinant hirudin 2 (HV2), ciliary
neurotrophic factor (CNTF), human growth factor (HG),
parathyroid hormone (PTH), human endostatin (Edno)
and human interleukin 11 (IL-11), were used for the evalu-
ation of the cross-reaction of these proteins with PEG-
IFN-SA and Pegasys. The results showed that the linear
ranges of PEG-IFN-SA and Pegasys were 50–2500 pg ml−1.
The lower limits of quantification for PEG-IFN-SA and
Pegasys were 50 pg ml−1. The intra- and interassay levels
of PEG-IFN-SA were <7.9 and <9.9%, respectively. The
intra- and interassay levels of Pegasys were <7.2 and
<8.3%, respectively. The mean recovery for PEG-IFN-SA
and Pegasys was 100 ± 2.1 and 105.0 ± 4.3%, respectively.
The cross-reactivity rates were all below 0.5%.

Pharmacodynamic assessments
A commercially available radioimmunoassay kit (Eiken
Chemical, Taito, Tokyo, Japan) that had been validated for
human serum (the lower limit of quantification was
10 pmol dl−1) was used to detect the 2,5-A concentrations.
The intra- and interassay precision levels of 2,5-A were
<10.9 and <8.7%, respectively. The mean recovery for 2,5-A
was 98.9 ± 1.8%.

The neopterin concentration was detected using
a commercially available ELISA kit (IBL International
GmbH, Flughafenstrasse, Hamburg, Germany; kit number,
RE59321) that had been validated for human serum (the
lower limit of quantification was 1.35 nmol l−1). The intra-
and interassay precision levels of neopterin were <10.6%.

The β2M concentration was detected using a commer-
cially available ELISA kit (R&D Systems, Minneapolis, MN,
USA; kit number, DBM200) that had been validated for
human serum (the lower limit of quantification was
0.4 μg ml−1). The intra- and interassay precision levels of
β2M were <8.1 and <9.2%, respectively.

The ex vivo antiviral activity of PEG-IFN-SA and
Pegasys in the serum of healthy volunteers was assessed
using a cytopathic effect bioassay that reflected the
ability of the protein to protect the human amnion WISH
cells against cytotoxicity induced by infection with the
vesicular stomatitis virus. The assay was performed in
accordance with the Appendix to Volume III of the
Chinese Pharmacopoeia (2005 Edition) [12]. Briefly, WISH
cells (3.0 × 105 cells (100 μl)−1 per well in complete MEM
medium containing 10% fetal bovine serum) were
seeded in flat-bottomed 96-well plates and incubated at
37°C, in air supplemented with 5% CO2 for 5 h. Serial dilu-
tions of serum samples or the IFN-α World Health Organi-
zation international standard were added to the wells,
and the cells were challenged with vesicular stomatitis
virus 24 h later. The viable cells were stained with 1%
crystal violet in 15% ethanol and were quantified 24 h
after the virus challenge. The cell viability was assessed
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by absorbance at 570 nm (OD570) with a reference wave-
length of 630 nm using a microplate reader. The samples
were tested in triplicate. The titre of the samples was
based on the 50% cytopathic effect of the assay. A stand-
ard curve was generated for each plate, and it served to
determine the IFN-α antiviral activity in each test serum
sample. The antiviral activity, expressed as EC50 (the con-
centration to achieve 50% of the maximal effect), was cal-
culated using a four-parameter curve fitting with Origin
7.5 software (Labconco, Kansas City, MO, USA).

Safety assessment
The following clinical safety assessments were included in
the study: a physical examination; the vital signs (blood
pressure, pulse rate, oral temperature and respiratory rate);
12-lead ECG cardiac monitoring (starting 30 min prior to
the study drug administration and for 2 h postdose); and
recording of the adverse events. Adverse experiences were
monitored throughout the study. Clinical laboratory tests
(full blood count, blood chemistry, free triiodothyro-
nine, free thyroxine, thyrotrophin-stimulating hormone,
coagulation tests and urinalysis) were performed on day 8
after dosing. The investigators evaluated all the clinical
adverse events in terms of the intensity (mild, moderate or
severe), duration, severity, outcome and relationship to
the study drug.

Data and statistical analysis
The serum concentration–time data for PEG-IFN-SA,
Pegasys, 2,5-A, neopterin and β2M were analysed
by noncompartmental methods using WinNonlin 6.1
(version 6.0, 2012; Pharsight, Inc., Mountain View, CA,
USA). The following PK and PD parameters were deter-
mined from the serum concentration–time data: the
maximal concentration (Cmax); the time to the maximal con-
centration (Tmax); the half-life (t1/2); and the area under the
concentration–time curve to the last measured concentra-
tion (AUC0–t). The concentration values below the lower
limit of quantification were excluded from the PK and PD
analysis. The Cmax and Tmax were recorded directly from the
experimental observations for each treatment period. The
apparent terminal elimination rate constant (λz) was esti-

mated using least-squares regression analysis of the termi-
nal log–linear portion of the plasma concentration–time
profiles. The t1/2 was calculated as ln(2)/λz. The AUC0–168h

was calculated by linear and log–linear trapezoidal sum-
mations using the mixed log–linear algorithm.

The geometric mean and coefficient of variation (CV)
for each parameter were calculated. A two-sided 90% con-
fidence interval was constructed for the geometric mean
ratio (PEG-IFN-SA/Pegasys) of the PD parameter values
using an independent two-sample t-test. The statistical
analysis of the data was performed with the Statistical
Package for Social Science program (SPSS) for Windows,
version 16.0 (SPSS, Chicago, IL, USA). The tests of the sta-
tistical hypotheses were performed at the 5% significance
level.

Results

Subject characteristics
A total of 38 subjects (19 men and 19 women) were
enrolled in the single rising dose study. The demographic
and baseline characteristics of the subjects are presented
in Table 1. The hypothesis of homogeneity among the
groups was accepted. All the individuals complied with the
treatment and evaluations.

Very low serum concentrations of Pegasys were found
in one subject (B3) after the injection during the trial
period, and a pharmacodynamic effect was not found.
The data from this patient were excluded from the
pharmacokinetic and pharmacodynamic analyses and
were taken into account only for the safety investigation.

Safety
The adverse events (AEs) were recorded during the entire
study and are summarized in Table 2; they were mild to
moderate and well controlled. The test (29 of 30) and
control groups (7 of 8) had no statistically significant dif-
ference (P = 0.862) in the incidence of adverse events. The
types, degree and incidence of adverse events between
s.c. PEG-IFN-SA at a dose of 1.5 or 2.0 μg kg−1 and s.c.
Pegasys at 180 μg were similar.

Table 1
Baseline subject characteristics

Characteristic
PEG-INF-SA Pegasys

0.5 μg kg−1 1.0 μg kg−1 1.5 μg kg−1 2.0 μg kg−1 180 μg kg−1* 180 μg kg−1†

Number of subjects 4 10 10 6 6 2
Age (years) 24.75 (21–28) 24.00 (22–27) 23.50 (21–28) 23.00 (21–25) 24.13 (22–26) 24.00 (24–24)

Height (cm) 168.00 (165–174) 165.20 (155–173) 163.63 (156–180) 168.33 (158–181) 167.75 (153–190) 165.00 (162–181)
Weight (kg) 59.00 (55–64) 57.00 (46–70) 59.25 (48–70) 60.33 (50–78) 59.88 (46–88) 56.00 (55–57)

Body mass index (kg m−2) 20.94 (19.49–23.50) 20.64 (19.10–23.00) 21.23 (19.30–24.50) 21.14 (19.05–24.89) 21.00 (19.60–24.30) 20.58 (20.20–20.96)

Values are given as the mean (range). *Control group for the PEG-INF-SA 1.5 μg kg−1 group. †Control group for the PEG-INF-SA 2.0 μg kg−1 group.
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For the PEG-IFN-SA groups, the types of adverse reac-
tions in each group were similar. With the dose escala-
tion, more moderate adverse reactions were found in the
1.5 and 2.0 μg kg−1 groups, particularly for leuco-
penia and influenza-like symptoms. In the 2.0 μg kg−1

group, absolute neutrophil counts lower than 1.0 × 109 l−1

were found in one-half of the subjects. Considering
the safety of the healthy volunteers, the follow-up test
was stopped. No serious or severe adverse events
occurred, and all the adverse events were transient and
could be returned to normal or baseline after drug with-
drawal.

Pharmacokinetics
The mean serum concentration–time data and PK param-
eters of PEG-IFN-SA (1.5 μg kg−1) and Pegasys (180 μg) are
shown in Table 3 and Figure 1. Given that PK blood
samples were only collected for 168 h after the treatment
in this study, the elimination phase of Pegasys was not
observed, and the calculation of Pegasys elimination half-
life was unavailable.

There were differences in the drug dosages, and the
serum concentrations of PEG-IFN-SA were lower than
those of Pegasys. The PEG-IFN-SA was readily absorbed
after administration. Within 9–72 h after administration,
the PEG-IFN-SA serum concentration was maintained at
high levels (mean concentrations of 386.7–425.2 pg ml−1),
and 168 h after administration the mean serum concen-

tration could be detected at 131.0 pg ml−1. The serum
concentration of Pegasys increased within 9–168 h after
administration at a dose of 180 μg s.c., and the serum
concentration remained at high levels. The mean t1/2 of
PEG-IFN-SA (55.3 h) was shorter than that of Pegasys
(50–130 h) [9, 11]. The mean Tmax of PEG-IFN-SA was sig-
nificantly earlier than that of Pegasys (26.9 vs. 90.7 h,
respectively, P = 0.005). The PK parameters of both drugs
showed that PEG-IFN-SA had relatively more rapid
absorption and excretion than did Pegasys in the healthy
subjects.

Table 2
Incidence of all adverse events in at least one subgroup

PEG-INF-SA Pegasys
0.5 μg kg−1 1.0 μg kg−1 1.5 μg kg−1 2.0 μg kg−1 180 μg kg−1* 180 μg kg−1†

Number of subjects 4 10 10 6 6 2
Number of subjects reporting at least one adverse event 4 10 9 6 5 2

Adverse event

Dizziness‡ [n (%)] 4 (100) 3 (30) 5 (50) 3 (50) 3 (50) 2 (100)

Weakness‡ [n (%)] 4 (100) 1 (10) 1 (10) 6 (100) 1 (17) 1 (50)

Myalgia‡ [n (%)] 0 0 1 (10) 2 (33) 1 (17) 1 (50)

Headache [n (%)] 1 (25) 6 (60) 7 (70) 4 (67) 2 (33) 0

Degree (mild/moderate) 1/0 5/1 7/0 1/3 1/1

Fever [n (%)] 2 (50) 2 (20) 7 (70) 3 (50) 2 (33) 1 (50)

Degree (mild/moderate) 2/0 1/1 5/2 2/1 1/1 1/0

Leucopenia [n (%)] 3 (75) 7 (70) 5 (50) 5 (83) 4 (67) 2 (100)

Degree (mild/moderate) 3/0 5/2 3/2 2/3 4/0 0/2

Thyroid dysfunction‡ [n (%)] 0 0 1 (10) 0 0 0

Somnolence‡ [n (%)] 1 (25) 1 (10) 0 0 0 0

Nasal obstruction‡ [n (%)] 1 (25) 0 0 0 0 0

Cough‡ [n (%)] 0 1 (10) 0 0 0 0

Diarrhoea‡ [n (%)] 0 0 0 1 (17) 0 0

Injection site pain‡ [n (%)] 0 0 0 2 (33) 0 1 (50)

Poor appetite‡ [n (%)] 0 0 0 0 0 1 (50)

Nausea‡ [n (%)] 0 1 (10) 0 0 0 0

Abbreviations are as follows: n, number of subjects. *Control group for the PEG-INF-SA 1.5 μg kg−1 group. †Control group for the PEG-INF-SA2.0 μg kg−1 group. ‡The degree was
mild.

Table 3
Comparison of pharmacokinetic parameters following a single subcuta-
neous dose of PEG-IFN-SA (1.5 μg kg−1) and Pegasys (180 μg) in healthy
volunteers

Parameter
PEG-IFN-SA (n = 8) Pegasys (n = 5)
Geometric mean (%CV) Geometric mean (%CV)

AUC(0–168h) (μg l−1 h) 44.0 (47.2) 1103.1 (75.8)
Cmax (μg l−1) 0.53 (57.7) 12.3 (61.9)

Tmax (h)* 26.9 (16, 60) 90.7 (34, 168)
t1/2 (h)* 55.3 (22.3, 113.2) –

Abbreviations are as follows: AUC(0–168h), area under the plasma concentration–
time curve from time of dosing to168 h; Cmax, maximal observed concentration;
CV, coefficient of variation; Tmax, time to reach Cmax. *Values are given as the
median (range).
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Pharmacodynamics
After administration of PEG-IFN-SA 1.5 μg kg−1 s.c. and
Pegasys 180 μg s.c., the serum concentrations of 2,5-A,
neopterin and β2M in both groups increased and
presented similar trends (Figure 2A–C). The primary PD
parameters of PEG-IFN-SA (1.5 μg kg−1) and Pegasys
(180 μg) are shown in Table 4. The data on the PD
parameters of PEG-IFN-SA and Pegasys showed that the
mean AUC(0–168h) and Cmax for 2,5-A and neopterin in both
groups were similar. Additionally, the data showed
that the mean AUC(0–168h) of β2M with PEG-IFN-SA
(1.5 μg kg−1 s.c.) was higher than that with Pegasys
(180 μg s.c.). In the healthy volunteers, the ex vivo antivi-
ral activity of PEG-IFN-SA was higher than that of Pegasys
(Figure 2D).

The serum concentrations of 2,5-A and neopterin fol-
lowing a single dose of s.c. administration of PEG-IFN-SA
(1–2 μg kg−1) in healthy volunteers had a similar increased
trend in all the groups. The pharmacodynamic parameters
of 2,5-A and neopterin are listed in Table 5 and presented
no dose response relationship.

Discussion

This study provides the first safety, tolerability, PK and PD
data for PEG-IFN-SA, in healthy volunteers. Single doses of
up to 2 μg kg−1 were well tolerated. A previous study
reported influenza-like symptoms, such as dizziness,
weakness, headache and fever, as common adverse events
of interferons [8, 9]. The commonest laboratory abnormal-

ity resulting from interferon treatment was leucopenia [8,
9, 11]. The presentation of adverse events in healthy vol-
unteers after PEG-IFN-SA s.c. found in our study was similar
to those of previous reports [8, 9, 11].

In the comparison of the PK parameters of PEG-IFN-SA
with those of general unpegylated interferon, the mean
t1/2 of PEG-IFN-SA was 55.3 h, which was longer than
that of the general unpegylated interferon-α (with a
mean t1/2 of 3–10 h [5, 13, 14]), revealing long-acting
activity. The PK parameters of PEG-IFN-SA in healthy vol-
unteers were consistent with those found in monkeys
and rats [10].

In our study, PEG-IFN-SA presented a relatively more
rapid absorption and excretion than did Pegasys in
healthy subjects. The PK characteristics might differ
because of the different molecular weight, modification
methods and modified loci of PEG modification. Pegasys
is a 40 kDa molecular weight PEG, predominantly by
amide linkage covalent bonding in lysine loci, specifically
in the middle of the Lys 31,121,131,134 branch key
modifiers, with priority for Lys121 [9]. However, PEG-
IFN-SA is produced by the covalent attachment
of a single 20 kDa methoxy polyethylene glycol-
propionaldehyde (mPEG-ALD) molecule to the N-terminal
of IFN-SA, forming a molecule with an average molecular
weight of approximately 40 kDa. It has been reported
that the hydrodynamic volume of branched PEG-proteins
and variations in the position and number of PEG adducts
results in variations in characteristics relevant to clinical
and other application-related effects [15–18].

We found high individual variability in our study,
which was similar to the results in other interferon PK
studies [8, 13, 18]. Particularly for subject B3, whose
serum concentrations ranged from 204.3 to 262.8 pg ml−1,
the interferon PK levels were much lower than the mean
concentration levels (4000–10 000 pg ml−1) in the Pegasys
group. The same results were found in the PD targets of
subject B3, and the data from this subject were excluded
from the PK and PD analyses. No special events were
found in the female subject during the trial. Many factors
led to the individual differences of PK and PD in the
interferon study. The major reason might be the indi-
vidual variables. Interferon is a type of natural synthetic
material in the human body, and there are individual dif-
ferences in interferon levels and regulatory mechanisms
[3, 4, 19].

The PK characteristics of dose escalation and multiple
doses were not obtained in this study, which was the first
study of this type to be conducted in humans, and they will
be investigated in a study of patients with hepatitis C and
hepatitis B.

The key effect protein of interferon is 2′,5′-
oligoadenylate synthetase (2′,5′-OAS), which is an accurate
indicator of the antiviral activity in the body [3, 20]. In our
study, the detection of 2,5-A could reflect the activity of
2′,5′-OAS. Neopterin is a GTP metabolic product and a type
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Figure 1
The mean serum concentration–time profiles following a single subcuta-
neous administration of PEG-IFN-SA and Pegasy in healthy volunteers at
doses of 1.5 μg kg−1 and 180 μg, respectively. Each data point represents
the mean value of the serum concentrations that were obtained from the
PEG-IFN-SA (n = 8) and Pegasy (n = 5) groups, while the error bar shows
the SD. , PEG-IFN-SA; , Pegasys
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Figure 2
The mean serum concentration–time profiles of 2′,5′-oligoadenylate (2,5-A; A), neopterin (B) and β2-microglobulin (β2M; C) and the ex vivo antiviral activity
(D) following a single subcutaneous administration of PEG-IFN-SA and Pegasys in healthy volunteers at doses of 1.5 μg kg−1 and 180 μg, respectively. Each
data point represents the mean value of the serum concentrations that were obtained from the PEG-IFN-SA (n = 8) and Pegasy (n = 5) groups, while the error
bar shows the SD. , PEG-IFN-SA; , Pegasys

Table 4
Comparison of pharmacodynamic parameters following a single subcutaneous dose of PEG-IFN-SA (1.5 μg kg−1) and Pegasys (180 μg) in healthy volunteers

Biomarker Parameter
PEG-IFN-SA (n = 8) Pegasys (n = 5)

GMR (T/C)
90% Confidence
interval for GMR P ValueGeometric mean (%CV) Geometric mean (%CV)

2′,5′-Oligoadenylate AUC(0-168h) (pmol dl−1 h) 5716.8 (36.5) 3553.8 (36.7) 1.61 (0.97–1.70) 0.053

Cmax (pmol dl−1) 99.5 (36.9) 74.5 (50.7) 1.34 (0.85–1.53) 0.309

Tmax (h)* 40.4 (24–48) 38.1 (24–48) 1.06 (0.79–1.21) 0.756
Neopterin AUC(0-168h) (nmol l−1 h) 1797.0 (12.8) 1645.4 (20.9) 1.09 (0.67–1.26) 0.446

Cmax (nmol l−1) 16.4 (9.6) 15.5 (24.5) 1.06 (0.87–1.13) 0.147
Tmax (h)* 56.2 (24–120) 56.9 (24–120) 0.98 (0.94–1.03) 0.988

β2-Macroglobulin AUC(0–168h) (mg l−1 h) 473.5 (13.8) 329.8 (30.0) 1.44 (1.16–1.65) 0.024

Cmax (mg l−1) 3.9 (14.0) 2.8 (39.3) 1.39 (0.97–1.52) 0.199

Tmax (h)* 88.4 (36–144) 91.9 (60–144) 0.96 (0.85–1.18) 0.940

Abbreviations are as follows: AUC(0–168h), area under the plasma concentration–time curve from time of dosing to 168 h; C, Pegasys group; Cmax, maximal observed concentration;
GMR, geometric mean ratio; T, PEG-IFN-SA group; Tmax, time of Cmax. *Values are given as the geometric mean (range).

656

L. Zheng et al.

/ : / Br J Clin Pharmacol79 4



of immune activation regulator. The serum neopterin level
is considered to be a specific biomarker of the body’s
immune activation by a viral infection or inflammation
[21]. In addition, β2M plays an important role in the control
of tumour growth and metastasis and is another
biomarker reflecting the biological activities of interferon
[22].

In this study, the PD end-point and watch points
were referenced to past reports on Pegasys [22–25]. The
geometric mean Tmax of 2,5-A, neopterin and β2M of
PEG-IFN-SA at a dose of 1.5 μg kg−1 s.c. lagged behind the
mean Tmax of the drug concentrations in the blood samples
(∼26.9 h), at 40.4, 56.2, and 88.4 h, respectively. These
changes in the pharmacodynamic targets were because of
the interferon stimulation. The results in our study were
consistent with those of previous studies [23–26]. The
pharmacodynamic parameters of 2,5-A and neopterin fol-
lowing a single s.c. dose of PEG-IFN-SA (1–2 μg kg−1) in
healthy volunteers had a similar increased trend but pre-
sented no dose–response relationship. This result may be
influenced by the small sample size and the individual
variables.

Although the serum concentration levels of PEG-
IFN-SA were lower than those of Pegasys, the data in
Table 4 show the similarity for PEG-IFN-SA and Pegasys
of the AUC(0–168h) and Cmax for 2,5-A and neopterin. Addi-
tionally, the mean AUC(0–168h) of β2M for PEG-IFN-SA
1.5 μg kg−1 s.c. was higher than that for Pegasys 180 μg s.c.
Thus, PEG-IFN-SA 1.5 μg kg−1 s.c. might present a clinical
therapeutic effect similar to that of Pegasys 180 μg s.c. in
chronic hepatitis B or C patients.

These outcomes were possibly a result of the particular
structure of IFN-SA. Unlike general consensus interferon or
natural interferon containing 166 amino acid residues, the
novel recombinant human consensus interferon-α variant
(IFN-SA) is a consensus interferon-α with 171 amino acid
residues. The structural innovation of IFN-SA is in 121, 166
amino acid positions, Lys, Glu mutated into Arg, and Asp,
and in the N-terminal five amino acid residues that were
added for linking to PEG. These changes led to enhanced
antiviral activity. The purity of PEG-IFN-SA and IFN-SA were

determined to be 98.8 and 98.0%, respectively, by high-
performance liquid chromatography, and the antiviral
activity in vitro was 1.0 × 108 and 7.8 × 108 IU (mg
protein)−1, respectively. However, for Pegasys, the antiviral
activity in vitro was ∼1.0 × 106 to 3 × 106 IU (mg protein)−1

[11, 27]. In our study, the higher ex vivo antiviral activity of
PEG-IFN-SA in healthy volunteers might be a reason for the
PK/PD results (Figure 2D).

Considering the small sample size, the clinical thera-
peutic effect of PEG-INF-SA should be confirmed by a
future phase II–III study.

Conclusion
This first human trial of PEG-IFN-SA indicated that the
medicine was well tolerated up to 2.0 μg kg−1 in healthy
volunteers. Our research showed that absorption and
excretion were more rapid for PEG-IFN-SA than for
Pegasys, and they had similar or comparable pharma-
codynamic responses. The tolerance, PK and PD charac-
teristics of PEG-INF-SA support its administration by s.c.
injection, at a single dose of 1.5 or 2.0 μg kg−1 once per
week.
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