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Introduction
Interferon (IFN) beta has been an effective treatment for 
relapsing–remitting multiple sclerosis (RRMS) for many 
years. However, some currently available IFN beta ther-
apies require injection several times a week because they 
are rapidly degraded or cleared by the kidney.1 Frequent 
injections may have an impact on treatment initiation or 
adherence among patients with RRMS. Peginterferon 
beta-1a was developed by attaching a poly(ethylene gly-
col) chain to the parent IFN beta-1a molecule,2 an estab-
lished process known as pegylation, and is in 
development for the treatment of RRMS. Pegylation of 
IFN beta-1a has been shown to improve pharmacoki-
netic (PK) and pharmacodynamic (PD) properties in 

humans compared with non-pegylated IFN beta-1a,3 
resulting in prolonged exposure, increased biologic 
activity, and a longer half-life.4,5

ADVANCE is a 2-year Phase 3, multicenter, rand-
omized, double-blind study with a 1-year placebo-
controlled period evaluating the efficacy and safety of 
subcutaneous (SC) peginterferon beta-1a adminis-
tered every 2 or 4 weeks in patients with RRMS.

Year 1 results have been previously reported.6 Briefly, 
peginterferon beta-1a every 2 weeks and every 4 
weeks significantly improved clinical and magnetic 
resonance imaging (MRI) endpoints versus placebo 
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(with reductions in annualized relapse rate [ARR; pri-
mary endpoint], risk of relapse and disability progres-
sion, and the number of new or newly enlarging T2 
lesions [secondary endpoints]), with a safety profile 
consistent with that of established IFN beta-1a thera-
pies. During Year 1, every 2 week dosing provided 
numerically greater reductions relative to every 4 
week dosing across relapse and MRI endpoints.

After Year 1, patients randomized to placebo were re-
randomized to peginterferon beta-1a (every 2 or 4 
weeks) for Year 2 and patients randomized to active 
treatment in Year 1 remained on the same dosing regi-
men in Year 2. Here we report the 2-year efficacy and 
safety results from ADVANCE.

Methods

Study design and participants
Patients were recruited between June 2009 and 
November 2011 for ADVANCE, a randomized, multi-
center, double-blind, Phase 3 study to investigate 
peginterferon beta-1a in patients with RRMS. Full 
details of the study design and eligibility criteria have 
been previously reported.6 Briefly, eligible patients 
had a diagnosis of RRMS as defined by the McDonald 
criteria,7 were aged 18−65 years, had a score of 0−5 on 
the Expanded Disability Status Scale (EDSS)8 and ≥2 
clinically documented relapses in the previous 3 years, 
with ≥1 of these relapses having occurred within the 
12 months prior to randomization. Key exclusion cri-
teria were progressive forms of multiple sclerosis 
(MS), pre-specified laboratory abnormalities, and 
prior IFN treatment for MS exceeding 4 weeks or dis-
continuation <6 months prior to baseline.

During Year 1 of ADVANCE, patients were randomly 
assigned 1:1:1 to SC injections of placebo, peginter-
feron beta-1a 125 µg every 2 weeks, or peginterferon 
beta-1a 125 µg every 4 weeks (starting dose 63 µg, 94 
µg at Week 2, target dose 125 µg at Week 4 and there-
after). At the end of Year 1 (Week 48), patients rand-
omized to placebo were re-randomized to 
peginterferon beta-1a 125 µg every 2 weeks or every 
4 weeks (1:1) with the same dose titration as described 
above (i.e. during Year 2 all patients received dose-
blinded peginterferon beta-1a).

The protocol was approved by each site’s institutional 
review board and was conducted according to the 
International Conference on Harmonization 
Guidelines for Good Clinical Practice and the 
Declaration of Helsinki. Every patient provided writ-
ten informed consent prior to study entry.

Study procedures and endpoints
Methods for ADVANCE have been previously pub-
lished.6 Briefly, standardized neurologic assessments, 
including determination of EDSS score by a blinded, 
EDSS-certified non-treating physician, were carried out 
every 12 weeks and at the time of suspected relapse 
(evaluated during unscheduled visits). MRI scans were 
obtained at Weeks 24, 48, and 96, and were evaluated in 
a blinded manner at a central MRI reading center.

Relapses were defined as new or recurrent neurologic 
symptoms not associated with fever or infection, last-
ing for ≥24 hours, accompanied by new objective 
neurologic findings, and separated from the onset of 
other confirmed relapses by at least 30 days, which 
were confirmed by the independent neurologic evalu-
ation committee (INEC). Disability progression was 
defined as an increase in the EDSS score of ≥1.0 point 
in patients with a baseline score of ≥1.0, or an increase 
of ≥1.5 points in patients with a baseline score of 0, 
confirmed after 12 and 24 weeks.

Assessments of the following key clinical and MRI 
measures in patients with available 2-year data were 
tertiary endpoints of ADVANCE: ARR, proportion of 
patients relapsed, disability progression (12-week and 
24-week), mean number of new or newly enlarging 
T2 hyperintense lesions, and gadolinium enhancing 
(Gd+) lesions.

Safety assessments included monitoring and recording 
of adverse events (AEs), physical examination, vital 
signs, and clinician assessment of injection sites, and 
subject assessment of injection pain. Laboratory assess-
ments included electrocardiography, hematology, blood 
chemistry, and urinalysis. To assess immunogenicity, 
patient serum samples were collected pre-dose on Day 
1 and Weeks 8, 20, 36, 48, 60, 72, and 96.

Statistical analysis
All efficacy analyses were performed on data from 
the intent-to-treat (ITT) population (all randomized 
patients who received at least one dose of active study 
treatment over 2 years). Statistical tests were two-
sided, and p<0.05 was considered significant.

To assess efficacy over 2 years in patients who 
received peginterferon beta-1a starting from Year 1 
versus those who received placebo in Year 1, patients 
who switched from placebo to peginterferon beta-1a 
in Year 2 were combined as one group (the “delayed 
treatment” group) and statistical comparisons versus 
those receiving continuous peginterferon beta-1a 
were made: ARR (post-hoc), proportion of patients 
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relapsed (post-hoc), and proportion of patients with 
disability progression (pre-specified) over 2 years.

ARR, defined as total number of relapses divided by 
patient-years in the study, excluding data obtained 
after patients switched to alternative MS medica-
tions, was analyzed with the use of a negative bino-
mial regression model adjusted for baseline EDSS 
score (<4 versus ≥4), baseline relapse rate (number 
of relapses in 3 years prior to study entry divided by 
three), and age (<40 versus ≥40 years); adjusted 
ARRs were presented for each group. MRI results 
are based on all patients with available MRI data. 
Negative binomial regression was used for analysis 
of new or newly enlarging hyperintense lesions on 
T2-weighted images (adjusted for baseline number 
of T2 lesions) and multiple logit regression was 
used for the analysis of Gd+ lesions (adjusted for 
baseline number of Gd+ lesions). Time to first clini-
cal relapse (adjusted for baseline EDSS, age, base-
line relapse rate, and baseline presence/absence of 
Gd+ lesions) and time to first disability progression 
(adjusted for baseline EDSS and age) were analyzed 

using a Cox proportional hazards model. Post-hoc 
analyses compared the efficacy of every 2 week ver-
sus every 4 week regimens over 2 years.

AEs were summarized with the use of descriptive sta-
tistics for all patients who received at least one dose 
of active study treatment, excluding data obtained 
after patients switched to alternative MS medications. 
Immunogenicity was measured by an analytically 
validated cell-based assay to characterize neutralizing 
antibodies (NAbs) to IFN beta-1a.

Results

Patients
In the overall study population, patient demographics 
and baseline disease characteristics were generally 
well balanced across treatment groups.6 Baseline 
characteristics were similar among the original treat-
ment groups at randomization (Table S1, supplemen-
tary materials). Of the 1332 patients completing Year 
1, the percentage who completed Year 2 was similar 

Figure 1. Patient disposition – over 2 years.
N, n = number of subjects.
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across the continuous peginterferon beta-1a treatment 
groups and across the placebo-to-active treatment 
groups (Figure 1). Over 2 years, the rate of discon-
tinuation due to AEs was similar between dosing regi-
mens (6% for each peginterferon beta-1a group).

Efficacy
Maintenance of efficacy. Maintenance of efficacy 
over 2 years was evaluated by comparing ARR and 

the number of new or newly enlarging T2 lesions 
from Year 1 (Baseline to Week 48) and Year 2 (Week 
48 to Week 96) for patients receiving peginterferon 
beta-1a both years. ARR was further reduced with 
peginterferon beta-1a every 2 weeks or maintained 
with peginterferon beta-1a every 4 weeks in Year 2 
relative to Year 1; for the peginterferon beta-1a every 
2 weeks group, ARR was 0.230 (95% CI 0.183–0.291) 
in Year 1 and 0.178 (0.136–0.233) in Year 2 (Figure 
2). In the peginterferon beta-1a every 4 weeks group, 
the ARR was 0.286 (95% CI 0.231–0.355) in Year 1 
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Figure 2. Annualized relapse rate by study year.
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and 0.291 (0.231–0.368) in Year 2 (Figure 2). The 
mean number of new or newly enlarging T2 lesions 
was numerically lower in Year 2 (1.9 every 2 weeks; 
5.6 every 4 weeks) versus Year 1 for both dosing regi-
mens (4.1 every 2 weeks; 9.4 every 4 weeks) (Figure 
3).

Efficacy in patients who received peginterferon 
beta-1a for 2 years versus those who switched from 
placebo in Year 1 to peginterferon beta-1a in Year 
2. Analysis of clinical endpoints among patients on 
continuous peginterferon beta-1a and patients origi-
nally assigned to placebo showed that peginterferon 
beta-1a had numerically greater effects. The ARR 
(95% CI) was 0.351 (0.295–0.418) for the delayed 
treatment group, 0.221 (0.183–0.267) for the pegin-
terferon beta-1a every 2 weeks group and 0.291 
(0.244–0.348) for the peginterferon beta-1a every 4 
weeks group (Table 1). A post-hoc analysis of con-
tinuous peginterferon beta-1a versus the delayed 
treatment group showed a reduction of 37% 
(p<0.0001) and 17% (p=0.0906) with peginterferon 
beta-1a every 2 weeks and every 4 weeks, respec-
tively. The estimated proportion of patients who 
relapsed over 2 years was 0.402 for the delayed 
treatment group, 0.265 for the peginterferon beta-1a 
every 2 weeks group, and 0.344 for the peginter-
feron beta-1a every 4 weeks group, representing 
reductions versus the delayed treatment group of 
39% (p<0.0001) and 19% (p=0.0465), respectively 
(Table 1; Figure 4). The estimated proportion of 
patients with 12-week confirmed disability progres-
sion was 0.162 for the delayed treatment group, 
0.112 for the peginterferon beta-1a every 2 weeks 
group, and 0.123 for the peginterferon beta-1a every 
4 weeks group, representing reductions versus the 
delayed treatment group of 33% (p=0.0257) and 
25% (p=0.0960), respectively (Table 1; Figure 5). 
The estimated proportion of patients with 24-week 
confirmed disability progression was 0.119 for the 
delayed treatment group, 0.077 for the peginter-
feron beta-1a every 2 weeks group, and 0.113 for 
the peginterferon beta-1a every 4 weeks group, cor-
responding to a 41% (p=0.0137) and 9% (p=0.6243) 
reduction versus the delayed treatment group, 
respectively (Table 1; Figure 6). Patients treated 
with continuous peginterferon beta-1a every 2 
weeks and peginterferon beta-1a every 4 weeks had 
fewer newly enlarging T2 lesions over 2 years than 
patients in the delayed treatment group, by 67% 
(p<0.0001) and 16% (p=0.0973), respectively. Sta-
tistically significantly reductions in the number of 
Gd+ lesions were also observed in the every 2 weeks 
group versus the delayed treatment group (p=0.0002) 
(Table 1).

Peginterferon beta-1a every 2 weeks versus every 4 
weeks. Post-hoc analyses of the efficacy of peginter-
feron beta-1a every 2 weeks versus every 4 weeks 
were conducted for clinical and MRI endpoints over 2 
years (Table 1). Over 2 years, peginterferon beta-1a 
every 2 weeks produced favorable outcomes com-
pared with peginterferon beta-1a every 4 weeks. The 
ARR was 0.221 and 0.29 in the every 2 week and 
every 4 week groups respectively, representing a 24% 
([95% CI (4.1–40)]; p=0.0209) reduction versus the 
every 4 week group (Table 1). Relative to peginter-
feron beta-1a every 4 weeks, the risk of relapse was 
reduced by 24% ([4–40], p=0.0212). Hazard ratios 
(Table 1) indicated that peginterferon beta-1a every 2 
weeks reduced the risk of 12-week confirmed disabil-
ity progression by 11% ([95% CI (31–39)]; p=0.5665) 
and the risk of 24-week disability progression by 36% 
([95% CI (1–58)]; p=0.0459) relative to every 4 week 
dosing.

Patients treated with peginterferon beta-1a every 2 
weeks had 60% (p<0.0001) fewer new or newly 
enlarging hyperintense T2 lesions over 2 years than 
patients in the every 4 weeks group (Table 1). Relative 
to the peginterferon beta-1a every 4 weeks group, the 
number of Gd+ lesions over 2 years was reduced by 
71% (p<0.0001) in the peginterferon beta-1a every 2 
weeks group.

Safety
Over 2 years, in patients who received at least one dose 
of peginterferon beta-1a, the incidence of AEs was sim-
ilar between treatment groups (94% for each peginter-
feron beta-1a group) (Table 2). The most commonly 
reported AEs over 2 years were injection site erythema, 
influenza-like illness, pyrexia, and headache (Table 2). 
The majority of AEs were mild or moderate in severity; 
incidence of severe AEs was similar between peginter-
feron beta-1a dosing groups (21% for every 2 weeks 
and 20% for every 4 weeks). The incidence of AEs, 
most common AEs, and severity of AEs in Year 2 were 
similar to Year 1 (Table S2, supplementary materials).6 
The incidence of AEs considered related to treatment by 
the Investigator in peginterferon beta-1a groups was 
90% in the every 2 weeks group and 88% in the every 4 
weeks group. The incidence of discontinuation of study 
treatment due to AEs was 6% in each peginterferon 
beta-1a group. The incidence of serious AEs was higher 
in the peginterferon beta-1a every 4 weeks group (22%) 
than the every 2 weeks group (16%), with MS relapse 
the most frequently reported event (Table 2).

Nine deaths were reported over the 2-year study. 
Deaths occurring in patients receiving at least one 
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Table 1. Summary of clinical and MRI endpoints over 2 years by original randomization group.

Endpoint Delayed treatmenth 
(n=500)

Peginterferon beta-1a 
every 2 weeks (n=512)

Peginterferon beta-
1a every 4 weeks 
(n=500)

Annualized relapse rate at 2 years

Annualized relapse rate (95% CI)a 0.351 (0.295, 0.418) 0.221 (0.183, 0.267) 0.291 (0.244, 0.348)

Rate ratio vs. delayed treatment (95% CI)a 0.629 (0.500, 0.790) 0.829 (0.666, 1.030)

p-value vs. delayed treatmenta <0.0001 0.0906

Rate ratio every 2 weeks vs. every 4 weeks (95% CI)a 0.759 (0.600, 0.959)  

p-value (every 2 weeks vs. every 4 weeks)a 0.0209  

Estimated proportion of patients with a relapse at 2 years

Number of patients relapsed 192 124 158

Proportion relapsedb 0.402 0.265 0.344

Hazard ratio vs. delayed treatmentc 0.61 (0.49, 0.76) 0.81 (0.65, 1.00)

p-value vs. delayed treatmentc <0.0001 0.0465

Hazard ratio every 2 weeks vs. every 4 weeks (95% CI)c 0.76 (0.60, 0.96)  

p-value (every 2 weeks vs. every 4 weeks)c 0.0212  

Disability progression at 2 years (12-week confirmed)

Number of patients with disability progression 75 51 56

Estimated proportion with disability progressiond 0.162 0.112 0.123

Hazard ratio vs. delayed treatment (95% CI)e 0.67 (0.47, 0.95) 0.75 (0.53, 1.05)

p-value vs. delayed treatmente 0.0257 0.0960

Hazard ratio every 2 weeks vs. every 4 weeks (95% CI)e 0.89 (0.61, 1.31)  

p-value (every 2 weeks vs. every 4 weeks)e 0.5665  

Disability progression at 2 years (24-week confirmed)

Number of patients with disability progression 57 34 52

Estimated proportion with disability progressiond 0.119 0.077 0.113

Hazard ratio vs. delayed treatment (95% CI)e 0.59 (0.38, 0.90) 0.91 (0.63, 1.33)

p-value vs. delayed treatmente 0.0137 0.6243

Hazard ratio every 2 weeks vs. every 4 weeks (95% CI)e 0.64 (0.42, 0.99)  

p-value (every 2 weeks vs. every 4 weeks)e 0.0459  

New or newly enlarging T2-weighted hyperintense lesions at 2 years

Number of patients evaluated 393 407 389

Adjusted mean number of lesionsf 14.8 5.0 12.5

 Lesion mean ratio (peginterferon beta-1a:delayed treatment) 
(95% CI)f

0.33 (0.27, 0.41) 0.84 (0.69. 1.03)

p-value (peginterferon beta-1a:delayed treatment)f <0.0001 0.0973

Lesion mean ratio (every 2 weeks:every 4 weeks) (95% CI)f 0.40 (0.32, 0.49)  

p-value (every 2 weeks vs. every 4 weeks)f <0.0001  

Gd+ lesions at 2 years

Number of patients evaluated 393 407 389

Mean number of lesions (SE) 0.5 (0.08) 0.2 (0.06)    0.7 (0.12)

p-value (peginterferon beta-1a vs. delayed treatment)g 0.0002 0.2169

Percent reduction (every 2 weeks vs. every 4 weeks)g 71  
p-value (every 2 weeks vs. every 4 weeks)g <0.0001  

aBased on negative binomial regression, with adjustment for baseline EDSS (<4 vs. ≥4), baseline relapse rate, age (<40 vs. ≥40).
bBased on Kaplan–Meier product limit method.
c Based on Cox proportion hazards model, adjusted for baseline EDSS (<4 vs. ≥4), age (<40 vs. ≥40), baseline relapse rate, and baseline Gd+ lesions (presence 
vs. absence).

dEstimated proportion of patients with progression based on the Kaplan–Meier product limit method.
eBased on Cox proportional hazards model, adjusted for baseline EDSS and age (<40 vs. ≥40).
fBased on negative binomial regression, adjusted for baseline number of new or newly enlarging T2 lesions.
gPercent reduction based on group mean and p-value based on multiple logit regression, adjusted for baseline number of Gd+ lesions.
h Delayed treatment group: Patients who received placebo in Year 1 and switched to peginterferon beta-1a in Year 2.
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Figure 4. Proportion of patients relapsed over 2 years (time to first relapse over 2 years).
aBased on Cox proportional hazards model, adjustment for baseline EDSS (<4 vs. ≥4), age (<40 vs. ≥40), baseline relapse rate, and 
baseline Gd+ lesions (presence vs. absence). Analyses were conducted by combining patients who received placebo in Year 1 and either 
peginterferon beta-1a every 2 or 4 weeks in Year 2 as one group (delayed treatment).

Figure 5. Proportion of patients with 12-week confirmed disability progression over 2 years (time to disability 
progression).
aBased on a Cox proportional hazards model, adjustment for baseline EDSS and age (<40 vs. ≥40). Disability progression is defined 
as ≥1.0 point increase on the EDSS from a baseline EDSS ≥1.0 sustained for 12 weeks or ≥1.5 point increase on the EDSS from a 
baseline EDSS of 0 sustained for 12 weeks. Analyses were conducted by combining patients who received placebo in Year 1 and either 
peginterferon beta-1a every 2 or 4 weeks in Year 2 as one group (delayed treatment group). 
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dose of active treatment (n=7) are listed in Table 2 and 
deaths by study year are listed in Table S2. Of the nine 
deaths reported over 2 years, four occurred in Year 1 
(n=2 in the placebo group and one in each peginter-
feron beta-1a group) and five occurred in Year 2 (n=3 
in the peginterferon beta-1a every 2 weeks group and 
n=2 in the delayed treatment every 4 weeks group) 
(Table S2). None of the deaths during Year 1 (n=4) 
were assessed as related to study treatment by the 
Investigator6 (n=2 in the placebo group [n=1 sudden 
death of unknown cause, n=1 subarachnoid hemor-
rhage] and n=1 in each peginterferon beta-1a group 
[every 2 weeks, cause unknown; every 4 weeks, sep-
ticemic shock]). Of the five deaths in Year 2, three 
were considered related to study treatment by the 
Investigator (n=1 pneumonia/septicemia [every 2 
weeks group], n=1 squamous cell carcinoma [delayed 
treatment to every 4 weeks group] and n=1 aspiration 
pneumonia [delayed treatment to every 4 weeks 
group]) (Table S2). An independent data safety moni-
toring board concluded that these events were not 
likely related to study drug and did not change the 
risk–benefit profile of peginteferon beta-1a.

In Year 2, the incidence of potentially clinically sig-
nificant abnormalities in white blood cell counts 
(defined as <3.0×109/l), lymphocyte counts (defined 
as <0.8×109/l), and absolute neutrophil count (defined 
as ≤1.0×109/l) remained low (≤10% of patients) 
across peginterferon beta-1a dosing groups (Table S3 
in the supplementary materials). The majority of 
hepatic transaminase elevations were <3 times the 
upper limit of normal (ULN) (Table S4 in the supple-
mentary materials). During Year 2, one patient had 
asymptomatic concurrent elevation of alanine 
transaminase (ALT) and aspartate transaminase 
(AST) ≥3 × ULN and elevation of total bilirubin >2 × 
ULN. For both dosing regimens, in majority of sub-
jects who reported hepatic or hematological labora-
tory abnormalities, the abnormal values returned to 
normal at the end of Year 2. Lab abnormalities over 2 
years are presented in Tables S5 and S6 in the online 
supplementary materials.

Over 2 years, the incidence (number of patients at 
risk) of NAbs against IFN (anti-IFN NAbs) (<1% 
every 4 weeks; <1% every 2 weeks), binding 

Figure 6. Proportion of patients with 24-week confirmed disability progression over 2 years (time to disability 
progression).
Disability progression is defined as ≥1.0 point increase on the EDSS from a baseline EDSS ≥1.0 sustained for 24 weeks or ≥1.5 point 
increase on the EDSS from a baseline EDSS of 0 sustained for 24 weeks. Analyses were conducted by combining patients who received 
placebo in Year 1 and either peginterferon beta-1a every 2 or 4 weeks in Year 2 as one group (delayed treatment).
aBased on a Cox proportional hazards model, adjustment for baseline EDSS and age (<40 vs. ≥40).
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antibodies to IFN moieties (5% every 4 weeks; 8% 
every 2 weeks), and antibodies against peginter-
feron (anti-PEG Abs) (8% every 4 weeks; 6% every 
2 weeks), were similar for both peginterferon beta-
1a dosing groups (Table S7 in the supplementary 
materials).

Discussion
The results from ADVANCE show that the clinical 
and neuroradiologic efficacy of peginterferon beta-1a 
was maintained beyond 1 year of treatment. Compared 
with Year 1, further reductions in ARR were observed 
with peginterferon beta-1a every 2 weeks and the 
same level of reductions was achieved with peginter-
feron beta-1a every 4 weeks in Year 2. The number of 
new or newly enlarging T2 lesions was further 
reduced in Year 2 compared with Year 1 in the con-
tinuous peginterferon beta-1a groups, with greater 
reductions observed for peginterferon beta-1a every 2 

weeks. The safety profile of peginterferon beta-1a 
over 2 years was consistent with that in Year 1.6

Assessment of endpoints by original randomization 
group generally showed that peginterferon beta-1a 
had greater effects relative to delayed treatment. 
Importantly, these results demonstrated that the ben-
efits of earlier therapy initiation remain significant for 
a minimum of 1 year following treatment delay. 
However, due to the nature of the comparator group, 
results should be interpreted with caution as the effect 
sizes are likely underestimates of those against a 
“true” placebo group. While the every 2 weeks dosing 
group demonstrated superiority over the delayed 
treatment group for all endpoints, the every 4 weeks 
dosing group only demonstrated significant improve-
ment at one endpoint (proportion of relapsed patients). 
Although comparisons between dosing groups were 
not pre-specified, assessment of peginterferon beta-1a 
every 2 weeks versus every 4 weeks over 2 years 

Table 2. Adverse events, serious adverse events, and discontinuations over 2 years – all patients who received 
peginterferon beta-1a any time over 2 years.

Event, n (%) Peginterferon beta-1a every 2 
weeks (n=740)

Peginterferon beta-1a every 
4 weeks (n=728)

Any adverse event 699 (94) 687 (94)

Most common adverse events (≥10% in any treatment group)

Injection site erythema 470 (64) 433 (59)

Influenza-like illness 377 (51) 365 (50)

Pyrexia 320 (43) 298 (41)

Headache 308 (42) 296 (41)

MS relapse 185 (25) 222 (30)

Myalgia 140 (19) 137 (19)

Chills 124 (17) 123 (17)

Injection site pain 125 (17) 105 (14)

Nasopharyngitis 97 (13) 109 (15)

Asthenia 90 (12) 108 (15)

Injection site pruritus 108 (15) 82 (11)

Back pain 92 (12) 89 (12)

Arthralgia 81 (11) 91 (13)

Fatigue 87 (12) 72 (10)

Pain in extremity 71 (10) 74 (10)

Nausea 73 (10) 63 (9)

Adverse events related to study treatment 668 (90) 644 (88)

Adverse events leading to discontinuation 41 (6) 42 (6)

Adverse events leading to discontinuation (≥1% in any active treatment group)

Influenza-like illness 8 (1) 12 (2)

Any serious adverse events 120 (16) 158 (22)

Severe adverse events 152 (21) 149 (20)
Deaths 4 (<1) 3 (<1)

Severe adverse events were defined as symptom(s) that cause severe discomfort; incapacitation or significant impact on subject’s 
daily life; severity may cause cessation of treatment with study treatment; treatment for symptom(s) could be given and/or subject.
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showed that peginterferon beta-1a administered every 
2 weeks provided larger statistically significant treat-
ment effects over 2 years versus every 4 weeks admin-
istration on ARR, proportion of relapse patients, 
24-week disability progression, and all MRI end-
points (12-week disability progression was numeri-
cally but not significantly superior).

Comparison of safety results over 2 years with Year 1 
showed that the nature, type, and frequency of AEs 
remained consistent with the longer duration of treat-
ment. The overall incidence of AEs was similar between 
Year 1 (94% for each peginterferon beta-1a dosing 
group) and over 2 years (94% for each peginterferon 
beta-1a dosing group). The most common AEs reported 
over 2 years were similar to those in Year 1 (injection 
site erythema, influenza-like illness, pyrexia, and head-
ache). Incidence of severe and serious AEs and rate of 
infections and serious infections were higher over 2 
years than in Year 1 due to the longer duration of fol-
low-up. Safety profiles of peginterferon beta-1a by 
study year (Year 1 and Year 2) were similar.

The incidence of AEs, serious AEs, and discontinuations 
due to AEs was also similar across dose regimens (the 
incidence of serious AEs was slightly higher in the every 
4 week dosing group than every 2 week dosing group) 
and are consistent with the known profiles of IFN beta 
therapies in MS. For the deaths occurring in Year 1, there 
was no specific pattern. In Year 2, the nature of deaths 
was consistent with those expected in the MS population 
and an independent data safety monitoring board con-
cluded that they did not change the risk–benefit profile 
of peginterferon beta-1a. The incidence of potentially 
clinically significant lab abnormalities was low across 
treatment groups in Year 1 and in Year 2.6

Development of NAbs against IFN beta has been asso-
ciated with reduced levels of efficacy based on clinical 
and MRI variables.9–11 Immunogenicity remained low 
over 2 years; the development of NAbs to IFN beta-1a 
in Year 1 was similar to that over 2 years (<1%). The 
development of binding antibodies to IFN beta-1a in 
Year 1 and over 2 years was also similar (6%) as well as 
binding antibodies against PEG (7-8%).

Although this study did not directly compare peginter-
feron beta-1a with other MS therapies, our data are 
consistent with clinical and MRI findings observed 
with currently available first-line injection therapies 
(e.g. 29–34% ARR12–15 12–37% of patients with dis-
ability progression,12–14,16 and mean number of new or 
newly enlarging T2 lesions12,14,17 in 2-year trials). 
Although direct comparisons are not possible, results 
suggest that peginterferon beta-1a may provide 

similar efficacy and safety to that of approved first-
line therapies, with the added benefit of a more con-
venient SC dosing regimen.

Two-year results from ADVANCE showed that clinical 
and MRI benefits were maintained with SC peginter-
feron beta-1a beyond the placebo-controlled first year 
of the study and numerically better efficacy was 
observed in patients receiving continuous peginterferon 
beta-1a than those originally randomized to placebo in 
Year 1. Greater efficacy was observed with every 2 
week versus every 4 week administration, and safety 
results show that peginterferon beta-1a is well tolerated 
over 2 years. Peginterferon beta-1a offers an effective 
and safe treatment option with the benefit of less fre-
quent administration.
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