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Abstract

Background: Efficacy of interferon beta in multiple sclerosis (MS) can be dampened in
patients who develop neutralizing antidrug antibodies (NAbs). Peginterferon betala is an
interferon conjugated with a polyethylene glycol (PEG) moiety. Pegylation increases a drug'’s
half life and exposure, and may also reduce immunogenicity.

Objective: The objective of this study was to characterize the incidence and impact of
immunogenicity to peginterferon betala over 2 years in patients with MS.

Methods: Patients with relapsing-remitting MS (N = 1512) were randomized to subcutaneous
peginterferon betala 125 pg every 2 or 4 weeks, or placebo, for 1 year; patients in the placebo
group were rerandomized to active treatment in year 2. The incidence and titers of binding
antibodies (BAbs) and NAbs to interferon and antibodies to PEG (anti-PEG) were assessed in
analytically validated assays. The clinical impact of immunogenicity on relapse and magnetic

resonance imaging endpoints was evaluated.

Results: Over 2 years, 6%, less than 1%, and 7% of patients developed anti-interferon BAbs,
NAbs, and anti-PEG antibodies, respectively. There was no discernible clinically meaningful
effect of antibody status on the pharmacodynamic, efficacy, or safety parameters evaluated,
although these analyses were limited by the low incidence of treatment-emergent antibodies.
Conclusion: The treatment effect of peginterferon betala in patients with relapsing-remitting
MS is not expected to be attenuated by immunogenicity.

Keywords: immunogenicity, neutralizing antibodies, peginterferon betala, pegylation, relapsing-

remitting multiple sclerosis

Introduction

Nonpegylated interferon (IFN) beta therapies are
well established as safe and effective treatment
options for patients with relapsing forms of multi-
ple sclerosis (MS). However, several studies have
reported the occurrence of clinically meaningful
neutralizing antidrug antibodies (NAbs) against
IFN beta in patients treated with commercial IFN
beta preparations [Clanet er al. 2002; European
Study Group on IFN beta 1b in secondary pro-
gressive MS, 1998; Polman ez al. 2003; PRISMS
Study Group, 1998; Rudick ez al. 1998; The IFNB
Multiple Sclerosis Study Group and the University

of British Columbia MS/MRI Analysis Group,
1996]. In addition, efficacy of IFN beta on clinical
and MRI measures has been shown to be reduced
in patients who develop Nabs [Polman ez al. 2002;
Paolicelli ez al. 2013].

Protein therapeutics generally induce the develop-
ment of antidrug antibodies. When patients
develop NAbs to IFN beta, the NAbs can interfere
with binding of IFN to its receptor [Goodin ez al.
2007]. The clinical impact of NAbs is difficult to
quantify consistently, due to variation between
studies in assay methods, timing and frequency of
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sampling, and criteria for categorizing patients as
NADb positive or negative, since antibody status can
change over time. Differing clinical assessment
methods may also produce variable results, although
magnetic resonance imaging (MRI) measures have
more consistently shown diminished effect of IFN
beta therapy in patients who develop NAbs [Polman
et al. 2010; Goodin ez al. 2007]. Nonetheless, devel-
opment of NAbs is recognized as a potential prob-
lem with all currently available IFN beta therapies
for MS, which can reduce the efficacy of continued
treatment, potentially impact the efficacy of other
IFN-based treatments, and result in the discontinu-
ation of treatment [Polman ez al. 2010; Hartung
et al. 2005].

Peginterferon betala is a pegylated form of IFN
betala. Drug modification by conjugation of poly-
ethylene glycol (PEG) molecules (pegylation) may
confer several beneficial properties: increased
molecular size leads to reduced glomerular filtra-
tion rate and increased half life; due to improved
stability and solubility of the molecule, plasma
concentrations and therefore pharmacologic activ-
ity may be further increased; and the PEG moiety
may shield the native molecule from proteolytic
attack and thereby reduce degradation [Kang
et al. 2009; Kieseier and Calabresi, 2012; Harris
et al. 2001]. Pegylated products may also have
reduced immunogenicity, as the PEG moiety may
mask immunoreactive sites on the native molecule
[Kieseier and Calabresi, 2012; Harris et al. 2001;
Caliceti and Veronese, 2003]. PEG itself is a bio-
logically inert substance [Kieseier and Calabresi,
2012] with a very low risk of generating an adverse
immune reaction [Caliceti and Veronese, 2003].
However, several examples of immunogenic
responses to pegylated drugs have been reported,
including pegylated IFN alphas used in the treat-
ment of hepatitis C [Matsuda et al. 2012;
Scagnolari er al. 2012; Halfon er al. 2010] and
pegylated thrombopoietin [Rosenberg, 2003],
indicating that pegylation does not eliminate
immunogenicity altogether. Furthermore, devel-
opment of antibodies to PEG (anti-PEG Abs) has
been observed in animal models and humans
[Caliceti and Veronese, 2003; Ishida and Kiwada,
2013; Shimizu et al. 2012]. Therefore, it remains
important to evaluate the immunogenic profile of
new pegylated drug products; indeed, Food and
Drug Administration guidelines recommend that
immunogenicity assessments in trials of pegylated
therapeutic proteins include assays to detect anti-
bodies to both the protein and the PEG moiety
[Food and Drug Administration, 2014].

Data from phase I studies of peginterferon betala
showed increased half life and exposure (area
under the curve and peak concentration) com-
pared with nonpegylated IFN betala (30 ug intra-
muscularly), when administered at various dose
levels (63, 125, 188 pug subcutaneously or intra-
muscularly) [Hu er al. 2012]. In the phase III
ADVANCE study, subcutaneous peginterferon
betala (125 pg) administered every 2 or 4 weeks
provided statistically significant improvements in
clinical endpoints and MRI measures versus pla-
cebo over 1 year, to a greater extent with peginter-
feron betala every 2 weeks, and had a safety
profile consistent with that of established IFN
therapies for relapsing MS [Calabresi ez al. 2014].

Here we report the immunogenicity profile of
peginterferon betala over 2 years in the
ADVANCE study, characterized using separate
assays to determine levels of anti-IFN binding
antibodies (BAbs), which bind the IFN molecule
without altering biological activity, NAbs to
peginterferon betala, and anti-PEG Abs. This
analysis also sought to evaluate the possible
impact of peginterferon betala immunogenicity
on measures of efficacy and safety.

Materials and methods

Patients and study design

ADVANCE study design and methods have been
previously described [Calabresi er al. 2014].
Briefly, ADVANCE is a 2-year, multicenter, ran-
domized, double-blind, parallel-group, phase III
study with a 1-year placebo-controlled period.
Key inclusion criteria were relapsing-remitting
MS [Polman ez al. 2005], age 18—65 years, a score
of 0—5 on the Expanded Disability Status Scale
[Kurtzke, 1983], and at least two clinically docu-
mented relapses in the previous 3 years, with at
least one occurring within the past 12 months.
Patients were excluded if they received previous
IFN treatment for MS for over 4 weeks or had
discontinued less than 6 months before baseline.

Patients were randomized (1:1:1) to receive sub-
cutaneous injections with prefilled syringes of pla-
cebo, peginterferon betala 125 ug every 2 weeks,
or peginterferon betala 125 ug every 4 weeks in
the first year. During year 2, patients receiving
peginterferon betala remained on the same dose
frequency and patients receiving placebo were re-
randomized to peginterferon betala 125 pg every
2 weeks or every 4 weeks.
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Figure 1. Immunogenicity was assessed via three analytically validated assays: an ELISA for IFN betala BAbs,
a cell-based assay for peginterferon betala NAbs, and an ELISA for anti-PEG Abs.

Ab, antibody; BAb, binding antibody; ELISA, enzyme-linked immunosorbent assay; higG, human immunoglobulin G; higM,
human immunoglobulin M; IFN, interferon; IFNAR, type | IFN receptor; MxA, myxovirus protein A; NAb, neutralizing

antibody; PEG, polyethylene glycol.

Protocols and informed consent forms were
approved by the appropriate institutional review
board for each site, the study was conducted
according to International Conference on
Harmonization Guidelines for Good Clinical
Practice and the Declaration of Helsinki, and all
patients provided written informed consent before
entering the study [International Conference on
Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use,
1996; World Medical Association, 2013].

Study procedures and endpoints

The primary endpoint of ADVANCE was annu-
alized relapse rate (ARR) at 48 weeks, based on
the number of relapses. The secondary endpoints
were new or newly enlarging T2 lesions (relative
to baseline MRI), the proportion of patients who
had relapsing disease, and the proportion of
patients with disability progression.

To evaluate immunogenicity, clinical serum sam-
ples were collected predose on day 1 and at weeks

8, 20, 36, 48, 60, 72, and 96. Immunogenicity
was assessed via three analytically validated
assays: an enzyme-linked immunosorbent assay
(ELISA) for IFN betala BAbs, a cell-based assay
for peginterferon betala NAbs, and an ELISA for
anti-PEG Abs (Figure 1), which are described
briefly in Appendix 1 (publication of full meth-
odological details in progress).

A tiered testing strategy was used: samples were
first tested for presence of BAbs to IFN betala;
samples positive for BAbs to IFN betala were
then tested for presence and titer of NAbs to
peginterferon betala. Since binding is a necessary
prerequisite for neutralization, samples negative
for BAbs to IFN betala were presumed negative
for NAbs to peginterferon betala. All samples
were also tested for presence and titer of anti-
PEG Abs.

Statistical analysis
The incidence of each type of antibody was sum-
marized by treatment group and visit based on

http://tan.sagepub.com
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Table 1. Baseline antibody status prior to treatment with peginterferon beta1a.

the number of patients who were at risk. Number
at risk was defined as the number of patients
whose baseline antibody status was not positive
and had at least one positive post-baseline anti-
body value.

Patients positive for antibodies were further cate-
gorized as transient positive (a single positive
evaluation, or more than one positive evaluation
occurring less than 74 days apart) or persistent
positive (consecutive positive tests =74 days apart
or a positive evaluation at the final assessment
with no further samples available). The 74-day
interval was chosen to accommodate the 84 nom-
inal days between time points and the *5-day
visit window. The incidence of transient and per-
sistent positivity was summarized by treatment
group.

Positive anti-peginterferon betala NAbs and
anti-PEG Abs were broken down by titer level in
case only a subset of positive values were clini-
cally relevant. Cutoffs were set empirically based
on titer distributions of all samples. Titer levels
of peginterferon betala NAbs were categorized
as low (=50), medium (>50 and <700), or high
(>700). Titer levels of anti-PEG Abs were cat-
egorized as low (=<100), medium (>100 and
<800), or high (=800). Each patient was cate-
gorized according to their highest individual
sample titer level.

Since antibodies have the potential to impact
safety and efficacy regardless of whether pre-
existing or induced by treatment, analyses to
evaluate the potential impact of immunogenicity
on efficacy and safety used categories of ‘never
positive’ or ‘ever positive’, including baseline
antibody status.

Results

Patients

A total of 1512 patients were randomized and
treated with placebo (n = 500), peginterferon
betala 125 pg every 2 weeks (m = 512), or
peginterferon betala 125 pg every 4 weeks (n =
500) during year 1 of the study. Demographics
and baseline clinical characteristics were similar
between treatment groups [Calabresi ez al. 2014].

Baseline antibody incidence

Overall, few patients were positive for anti-IFN
betala BAbs (=<3% across all groups), anti-
peginterferon betala NAbs (<2% across all
groups), or anti-PEG Abs (<8% across all groups)
at baseline. Incidence of antibodies at baseline was
balanced between groups (Table 1). A second,
pretreatment, baseline assessment was made for
the placebo (delayed treatment) group at the
beginning of year 2, immediately prior to receiving
peginterferon betala in the second year, and inci-
dences of baseline positive antibodies remained
similar to those observed at the beginning of the
study (Table 1).

Incidence of treatment-emergent antibodies

The overall incidence of treatment-emergent IFN
betala BAbs was low. In year 1, the proportion of
patients with emerging anti-IFN betala BAbs was
3% in the placebo group (n = 13/481), 8% (n =
38/483) in the peginterferon betala every 2 weeks,
and 4% (n = 20/486) in the peginterferon betala
every 4 weeks group. Similar results were observed
over 2 years in patients treated at any point with
peginterferon betala, and the overall incidence
was 6% (n = 90/1412) (Table 2). Approximately
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Table 2. Incidence of treatment-emergent anti-IFN betala BAbs at year 1 and over 2 years?.

Table 3. Incidence of treatment-emergent antipeginterferon betala NAbs at year 1 and over 2 yearsa.

half of the treatment-emergent BAbs to IFN
betala appeared to be transient (Table 2).

The overall incidence of treatment-emergent anti-
peginterferon betala NAbs was also low. Per the
tiered assay design, only patients who were positive
for anti-IFN BAbs were evaluated for the presence
of antipeginterferon betala NAbs. In year 1, less
than 1% of patients in all groups became positive
for antipeginterferon betala NAbs; 2/13 patients
in the BAb-positive placebo group, 4/38 patients in
the BAb-positive peginterferon betala every 2

http://tan.sagepub.com

weeks group, and 2/20 patients in the BAb-positive
peginterferon betala every 4 weeks group devel-
oped NAbs. The overall incidence of antipeginter-
feron betala NAbs remained less than 1% (n =
13/1431) over 2 years in patients treated at any
point with peginterferon betala and most had low
(range 6—44) or medium (80-581) titer levels
(Table 3). Only one patient had high titer levels of
NAbs (range 1210-3530). The incidence of tran-
sient and persistent antibodies was similar (Table
3). Among patients who received continuous
peginterferon betala in both years, the incidence
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Table 4. Incidence of treatment-emergent anti-PEG Abs at year 1 and over 2 years?.

of NAbs in year 2 was 5/429 (1%) in the peginter-
feron betala every 2 weeks group, and 2/435
(<1%) in the peginterferon betala every 4 weeks
group (Supplementary Table 1).

The incidence of treatment-emergent anti-PEG
Abs in year 1 was 5% (24/456) in the placebo
group and 6% (30/474) and 9% (43/467) in the
peginterferon betala every 2 weeks and every 4
weeks groups, respectively. The incidence over 2
years in patients treated at any point with peginter-
feron betala was similar to the incidence in the
peginterferon betala groups in year 1 (Table 4). Of
the 95 treatment-emergent anti-PEG Ab-positive
patients, 18 patients in the peginterferon betala
every 2 weeks group and 35 patients in the peginter-
feron betala every 4 weeks group had persistent
anti-PEG reactivity. Most patients with a positive
test for anti-PEG Abs had low or medium titer
levels (Table 4). For patients positive for anti-
PEG Abs at baseline, titers increased over three-
fold across the study in 4/43 and 2/39 patients
receiving peginterferon betala every 2 weeks or
every 4 weeks, respectively.

Impact of antibody status on efficacy and safety

of peginterferon betala

Assessment of the impact of antibody status on
efficacy and safety was confounded by low num-
bers of patients with positive antibody results.
However, based on the available data for patients

with baseline or treatment-emergent antibodies,
we observed that, at the end of year 1, unadjusted
ARR (the primary endpoint of ADVANCE) was
lower for patients treated with peginterferon betala
every 2 weeks or every 4 weeks wversus placebo
regardless of antibody status (Table 5). Better out-
comes were also observed in patients treated with
peginterferon betala in comparison to placebo-
treated patients, regardless of antibody status, for
both MRI and clinical secondary endpoints (the
number of new or newly enlarging T2 lesions, the
proportion of patients who had relapsing disease,
and the proportion of patients with disability pro-
gression) at year 1 (Supplementary Table 2).

Among patients who received peginterferon betala
in both years 1 and 2, efficacy results were generally
similar at year 1 and over 2 years (Table 5); in fact
further reductions in ARR were observed in the
peginterferon betala every 2 weeks group [Kieseier
et al. 2015]. There was no evidence of worsening
with longer-term treatment in patients who were
ever positive for antibodies to IFN or PEG.

There was no discernible effect of antibody status
on the incidence of adverse events (AEs), including
serious AEs and injection-site reactions (Table 6).

Discussion
We evaluated the risk of generating an immu-
nogenic response and explored the impact of
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Table 5. ARR? by antibody statusP at Year 1 and over 2 years¢.

Table 6. Key measures of safety by antibody status? over 2 yearsb.
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antibodies to peginterferon betala on efficacy and
safety measures. The first assessment evaluated
the risk of generating de novo antibodies in anti-
body-naive patients. The second assessment eval-
uated the risk of antibodies affecting safety and
efficacy, whether those antibodies were present
prior to treatment (such as from other IFN thera-
pies or environmental exposure to PEG) or gen-
erated during the course of treatment with
peginterferon betala.

This study showed very low immunogenicity with
peginterferon betala over 2 years. The overall inci-
dence of treatment-emergent anti-IFN BAbs at
any point over 2 years in patients receiving
peginterferon betala dosed every 2 or 4 weeks was
6%, and the overall incidence of NAbs was less
than 1%. For both BAbs and NAbs, appearance of
antibodies was transient in approximately half of
the patients who developed antidrug antibodies. A
small minority of patients were positive for anti-
IFN antibodies at baseline; this may relate to prior
IFN treatment, or could reflect false positive reac-
tivity in the assays due to the statistically derived
cut point. As patients on long-term IFN therapy
prior to this trial were excluded from enrollment,
there are insufficient data to determine whether
antibodies generated against nonpegylated IFNs
will be cross reactive to peginterferon betala.

Anti-PEG Abs were detected in the serum of
approximately 6% of patients at baseline. This
background level of anti-PEG Abs is consistent
with general exposure to PEG from processed
foods and over-the-counter medicines such as
antacids [Sheftel, 2000]. A similar proportion of
patients in the placebo group (5%) developed
‘treatment-emergent’ anti-PEG Abs during year
1. Although cross-study comparisons are com-
plicated by different assay formats and the lack
of a true positive control [Verhoef ez al. 2014],
this is in a comparable range to the 13% anti-
PEG Ab incidence determined by serology in a
subgroup of patients receiving nonpegylated
drug in a study of pegasparaginase [Armstrong
et al. 2007]. Treatment-emergent anti-PEG Abs
also developed in a similar proportion of patients
receiving peginterferon betala (~7%) over 2
years. Approximately half of patients developing
anti-PEG Abs were only transiently positive, and
the majority had low or medium antibody titers.
Among patients who were anti-PEG Ab positive
at baseline, only 6 of 82 patients had more than
a threefold increase in anti-PEG Ab titer levels
during treatment.

The low rate of immunogenicity, with NAbs
detected in less than 1% of patients over 2 years, is
at the lowest end of the range of immunogenicity
observed with interferon treatments for MS. The
incidence of NAbs emerging during treatment with
nonpegylated IFN betas has been reported as rang-
ing from 2% to 6% in trials of intramuscular IFN
betala (Avonex, Biogen, Cambridge, MA, USA),
from 12% to 28% with subcutaneous IFN betala
(Rebif, Merck Serono, Geneva, Switzerland), and
from 28% to 47% with subcutaneous IFN betalb
(Betaferon/Betaseron, Bayer-Schering, Leverkusen,
Germany) [Bertolotto er al. 2004]. Rates reported
in clinical trials may vary due to differences in assay
methods, timing of sampling and so on [Sorenson
et al. 2005; Ross et al. 2000]. Differences between
IFN beta products have been attributed to differ-
ences in the method of production (e.g. IFN betala
is produced in mammalian cells, whereas IFN
betalb is produced in Escherichia coli cells) and
related differences in glycosylation, as well as to
dosage and frequency of administration [Goodin
et al. 2007; Bertolotto et al. 2014; Ross et al. 2000].
While some of these factors may contribute to the
lower immunogenicity observed with peginterferon
betala, for example reduced frequency of adminis-
tration, it is probable that pegylation also contrib-
utesto alarge extent to the favorable immunogenicity
profile, either directly or through the extended
pharmacokinetic profile.

For each type of antibody (BAbs, NAbs, and anti-
PEG Abs), results for active treatment groups
over the entire 2-year treatment period remained
consistent with year 1 results; therefore, we
believe that 2 years was an adequate duration to
characterize immunogenicity. Ongoing monitor-
ing in the ATTAIN study [ClinicalTrials.gov
identifier: NCTO01332019], an extension of
ADVANCE, will reveal whether there may be a
longer-term trend for increasing NAbs incidence;
however, previous studies have shown that
patients who have remained NAb negative during
the first 18 or 24 months of IFN beta therapy
rarely develop NAbs with continuing treatment
[Sorensen er al. 2005]. A longer duration of treat-
ment in the commercial setting may be required
to reveal any effect of antibody status on clinical
efficacy, particularly given the small number of
patients developing antibodies.

The NAb assay measures ability to neutralize
IFN activity in vitro, which is anticipated to pre-
dict potential in-vivo neutralization. An immuno-
genic response is most likely to have a clinically
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relevant impact if a patient develops persistent
NADs at a sufficiently high i vitro titer [Polman
et al. 2003, 2010; Goodin et al. 2007]. However,
so few patients had persistent NAb positivity at
any titer level (<1% overall, and only one patient
with high titer; range 1210-3530) that reliable
assessment of any potential impact on efficacy or
safety on this basis was not feasible. Instead, we
categorized patients according to their status as
ever positive or never positive, for each type of
antibody. This permitted assessment of potential
impact on efficacy and safety regardless of whether
antibodies were treatment induced or pre-exist-
ing, and of potential impact of anti-PEG Abs as
well as antipeginterferon betala NAbs. Anti-IFN
BAbs were included for completeness, although
only NAbs have been reported to impact safety or
efficacy of nonpegylated IFN beta [Polman ez al.
2010; Paolicelli er al. 2013]. The data from this
trial showed no discernible effect of IFN BAbs or
NAbs or anti-PEG Abs on clinical efficacy,
improvement in MRI measures, or AEs.

Favorable pharmacokinetic characteristics of
peginterferon betala could also help explain the
lack of apparent impact of antibodies, including
NAbs, on efficacy in this study, by allowing for
dosing over the inhibitory concentration in a
similar manner as has been used with hemo-
philia factors [Abshire, 2004]. Future experi-
ence in patients with NAbs from prior IFN beta
treatment could help distinguish between this
hypothesis, not reaching a clinically relevant
titer for NAbs, or simply the low number of
NAb-positive patients.

We have provided a thorough characterization of
the immunogenic profile of peginterferon betala,
evaluating immune responses to both the IFN
portion and the PEG moiety. Our findings do not
suggest a need to routinely monitor patients
receiving peginterferon betala for development of
antipeginterferon NAbs or anti-PEG Abs. Despite
limitations to the interpretation of results regard-
ing the impact of antidrug antibodies on treat-
ment effect, the low incidence of immunogenicity,
including extremely low frequency of anti-
peginterferon NAbs developing at high titer lev-
els, means that few patients are at risk of
experiencing impaired efficacy during treatment
with peginterferon betala due to immunogenic-
ity. Overall, these results show that the treatment
effect of peginterferon betala in patients with
relapsing-remitting MS is not expected to be
attenuated by immunogenicity.
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