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Introduction
Peginterferon beta-1a, a pegylated form of inter-
feron (IFN) beta-1a, is approved for the treat-
ment of relapsing forms of multiple sclerosis 
(RMS). It has a prolonged half-life that permits a 
reduced dosing frequency compared with other 
beta IFNs and is administered at a subcutaneous 
(SC) dose of 125 µg every 2 weeks.1–3

In the first year of the 2-year pivotal phase III 
ADVANCE study, patients receiving SC peginter-
feron beta-1a every 2 weeks or every 4 weeks dem-
onstrated significant reductions in both clinical 
and magnetic resonance imaging (MRI) outcomes 
compared with placebo.4 Peginterferon beta-1a 
had a similar safety profile compared with estab-
lished IFNs, and the most common adverse events 
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Abstract
Background: ADVANCE was a phase III trial of the efficacy and safety of subcutaneous 
peginterferon beta-1a 125 µg every 2 or 4 weeks in patients with relapsing-remitting multiple 
sclerosis (RRMS). ATTAIN was a 2-year extension study of ADVANCE. The aim was to evaluate 
the long-term safety, tolerability, and efficacy of peginterferon beta-1a 125 µg every 2 or 
4 weeks in ATTAIN.
Methods: ADVANCE dosing schedules were maintained in ATTAIN, except that every-4-weeks 
dosing patients were switched to every-2-weeks dosing after conversion of the study to an open-
label protocol. ATTAIN was considered complete when the last patient completed the 96-week 
extension study. Primary endpoints included adverse event (AE) and serious AE (SAE) incidence. 
Secondary endpoints included relapse, magnetic resonance imaging, and disability outcomes.
Results: Of the 1512 patients randomized in ADVANCE, 1076 (71%) continued treatment in 
ATTAIN; of these, 842 (78%) completed the open-label extension study. During ATTAIN, 478 
patients (87%) in the every-2-weeks group and 471 patients (89%) in the every-4-weeks group 
experienced an AE; SAEs were reported in 90 patients (16%) in the every-2-weeks group 
and 113 patients (21%) in the every-4-weeks group. The most frequent AEs reported were 
injection site reactions and flu-like symptoms, both of which numerically decreased over 
time. Peginterferon beta-1a every 2 weeks versus every 4 weeks significantly reduced the 
adjusted annualized relapse rate over 6 years (0.188 versus 0.263, p = 0.0052) and the risk of 
relapse over 5 years (36% versus 49%, p = 0.0018). Fewer new T1, new/newly enlarging T2, 
and gadolinium-enhancing magnetic resonance imaging lesions were observed with every-2-
weeks dosing than every-4-weeks dosing over 4 years.
Conclusions: Results from the ADVANCE extension study, ATTAIN, confirm the favorable long-
term safety and tolerability profile of peginterferon beta-1a in patients with RRMS and provide 
additional evidence for the clinical and radiological benefits associated with this therapy.
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(AEs) described were injection site erythema and 
influenza-like illness.4 After 1 year, patients receiv-
ing placebo were re-randomized to treatment with 
peginterferon beta-1a every 2 weeks or every 
4 weeks, and patients receiving active treatment in 
year 1 continued on the same dosing regimen.5 
Efficacy was maintained over 2 years in the con-
tinuous peginterferon beta-1a groups, with greater 
efficacy observed with every-2-weeks versus every-
4-weeks dosing. Moreover, peginterferon beta-1a 
continued to be well tolerated.5

Post-hoc analyses of ADVANCE data revealed 
that peginterferon beta-1a every 2 weeks signifi-
cantly reduced confirmed disability worsening 
(CDW) over 2 years compared with delayed 
treatment (placebo in year 1 followed by 
peginterferon beta-1a every 2 or 4 weeks in year 
2). The every-2-weeks dosing regimen also sig-
nificantly reduced the proportion of patients 
experiencing relapses associated with 24-week 
CDW over 2 years compared with the every-4-
weeks regimen, indicating that the beneficial 
effect of peginterferon beta-1a on risk of CDW 
may be attributable to both an overall reduction 
in the risk of relapses and an improvement in 
recovery from relapses.6,7 In addition, compared 
with the delayed-treatment group, there were 
significantly more patients in the peginterferon 
beta-1a every-2-weeks treatment group who had 
no evidence of disease activity, including both 
MRI and clinical components, at 2 years.8 
Treatment with peginterferon beta-1a every 
2 weeks also improved health-related quality-of-
life measures in patients with 12-week CDW or 
a recent relapse.9

The ATTAIN study was an open-label extension 
study of ADVANCE. The objectives of the 
ATTAIN study were to evaluate the long-term 
safety, tolerability, and efficacy of SC peginter-
feron beta-1a 125 µg in patients originally treated 
in the ADVANCE study who continued treat-
ment, and to describe long-term multiple sclero-
sis (MS) outcomes in these patients.

Materials and methods

Study design and participants
ADVANCE was a 2-year, multicenter, rand-
omized, double-blind, parallel-group phase III 
study with a 1-year placebo-controlled period 
conducted at 183 sites in 26 countries. During 

year 1 of the study, patients were randomized 
(1:1:1) to self-administered SC injections of pla-
cebo or peginterferon beta-1a 125 µg every 
2 weeks or every 4 weeks.4 Patients who received 
peginterferon beta-1a in year 1 are referred to as 
the continuous-treatment group. There was no 
crossover from placebo to peginterferon beta-1a 
prior to the end of the 1-year placebo-controlled 
study, even in the event of relapse or CDW. At 
the end of year 1, patients treated with placebo 
were re-randomized to receive peginterferon 
beta-1a 125 µg every 2 weeks or every 4 weeks 
(referred to as the delayed-treatment groups). All 
patients were maintained on their assigned dos-
age schedules through year 2. The ATTAIN 
study was a dose-frequency blinded extension 
study of ADVANCE (Supplementary Figure 
S1). Implementation of a protocol amendment 
changed ATTAIN to an open-label study, in 
which all ongoing patients on peginterferon beta-
1a every-4-weeks dosing were switched to every-
2-weeks dosing; the original dosing schedules 
remained blinded. The study was considered 
complete when the last patient completed 
96 weeks in the ATTAIN study. At this time 
point, some patients had received up to nearly 
6 years of treatment.

Inclusion and exclusion criteria for the 
ADVANCE study have been described previ-
ously.4,5 Key eligibility criteria were a diagnosis 
of relapsing-remitting MS as defined by the 
2005 McDonald criteria, age 18–65 years, a 
score of 0.0–5.0 on the Expanded Disability 
Status Scale (EDSS), and at least two clinically 
documented relapses in the previous 3 years, of 
which at least one occurred within 12 months of 
screening visit. Key exclusion criteria were pro-
gressive forms of MS, prespecified laboratory 
abnormalities, and previous treatment with 
IFNs for MS for more than 4 weeks or discon-
tinuation of treatment less than 6 months before 
baseline visit.

Study procedures and endpoints
Study procedures have been reported in detail 
previously.4 Subjects continued to be treated with 
peginterferon beta-1a at the same dosing regimen 
received in their second year of ADVANCE, 
either every 2 weeks or every 4 weeks. To ensure 
blinding between dose-frequency groups, each 
patient received one injection of either placebo or 
peginterferon beta-1a every 2 weeks.
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AEs were summarized with the use of descriptive 
statistics for all patients who received at least 
one dose of active study treatment, excluding 
data obtained after patients switched to alterna-
tive MS medications. Relapse was defined as 
new or recurrent neurological symptoms not 
associated with fever or infection, lasting for at 
least 24 hours, and separated from the onset of 
other confirmed relapses by at least 30 days. 
Disability progression was defined as an increase 
in EDSS score of ⩾1.0 point for patients with a 
baseline score of ⩾1.0 or an increase of ⩾1.5 
points for patients with a baseline score of 0.0, 
confirmed after 24 weeks. Immunogenicity was 
measured by an analytically validated cell-based 
assay to characterize neutralizing antibodies 
(NAbs) to IFN beta-1a.10

Primary endpoints for the ATTAIN study were 
the incidence of AEs, serious AEs (SAEs), discon-
tinuations of study treatment due to an AE, and 
laboratory abnormalities. Secondary endpoints 
included MS relapse outcomes, MRI outcomes, 
disability outcomes, and immunogenicity.

Statistical analysis
The safety population was the ATTAIN intent-
to-treat (ITT) population and was defined as all 
patients who received at least one dose of treat-
ment while enrolled in ATTAIN. Adjusted annu-
alized relapse rate [ARR; adjustments were for 
baseline EDSS score (<4.0 versus ⩾4.0), baseline 
relapse rate, and age (<40 versus ⩾40 years)], 
mean number of gadolinium-enhancing (Gd+) 
lesions, new/newly enlarging T2 lesions, and new 
T1 hypointense lesions were evaluated in each 
study year by peginterferon beta-1a dosing fre-
quency in the ATTAIN ITT population for 
patients who received peginterferon beta-1a treat-
ment continuously (up to nearly 6 years). The 
every-2-weeks continuously dosed analysis group 
included only those patients who received 
peginterferon beta-1a every 2 weeks from the start 
of ADVANCE; it did not include patients who 
switched to every-2-weeks dosing at the time of 
the protocol amendment. Due to the limited 
number of patients completing 6 years, clinical 
outcomes reported are over 5 years. MRI data 
were collected only out to 4 years. Risk of relapse 
and CDW are shown across all treatment groups, 
including delayed-treatment groups. The adjusted 
relapse rate was obtained by negative binomial 
regression.

Standard protocol approvals, registrations, and 
patient consents
The protocol was approved by the institutional 
review board at each site, and the study was con-
ducted according to International Conference on 
Harmonisation Guidelines for Good Clinical 
Practice and the Declaration of Helsinki. Every 
patient provided written informed consent before 
entering the study. This trial is registered with 
ClinicalTrials.gov (identifier: NCT01332019). 
Patients were eligible to enter the ATTAIN 
extension study if they completed the study treat-
ment and visit schedule through week 96 of 
ADVANCE.

Results

Patients
Patient disposition across the ADVANCE and 
ATTAIN studies is presented in Supplementary 
Figure S2. Of 1512 patients randomized and 
dosed in ADVANCE, a total of 740 received 
peginterferon beta-1a every 2 weeks (512 received 
continuous treatment, and 228 received treat-
ment beginning in year 2) and 728 received 
peginterferon beta-1a every 4 weeks (500 received 
continuous treatment, and 228 received treat-
ment beginning in year 2). Of the 1332 patients 
who completed ADVANCE, 1076 (81%) were 
dosed in ATTAIN, and 842 patients (78% of 
those dosed in ATTAIN; 56% of the original 
ADVANCE study population) completed the 
ATTAIN study. During ATTAIN, 234 patients 
withdrew from the study, 122 in the peginterferon 
beta-1a every-2-weeks group (22 due to an AE) 
and 112 in the peginterferon beta-1a every-4-
weeks group (13 due to an AE). Reasons for study 
withdrawal included AEs, patient consent with-
drawn, patient lost to follow-up, investigator 
decision, and death. None of the five deaths 
occurring during the study (car accident, myocar-
dial infarction, bacterial meningitis, MS relapse 
with recurrent pneumonia, and ventricular fibril-
lation) were considered related to study treat-
ment. Reasons given for withdrawal of patient 
consent included logistics and personal reasons; 
no reason was provided in some cases. The mean 
duration of exposure to peginterferon beta-1a for 
the ATTAIN ITT population (n = 1076) across 
all treatment groups throughout the study was 
106 weeks. Patient demographics and baseline 
disease characteristics were generally well bal-
anced across the treatment groups (Table 1).
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Safety
The overall incidence of AEs, SAEs, and discon-
tinuations due to AEs by treatment group during 
the first 2 years (ADVANCE; includes patients 
who received peginterferon beta-1a at any time) 
and years 3–6 (ATTAIN) is shown in Table 2. 
During the ATTAIN study, the most commonly 
reported treatment-related AEs (combined 
every-2-weeks and every-4-weeks dosing) 
included influenza-like illness (43%), injection 
site erythema (41%), headache (29%), pyrexia 
(26%), myalgia (12%), and chills (12%) and 
were similar across treatment groups. A total of 
26 patients (5%) in the every-2-weeks treatment 
group and 18 patients (3%) in the every-4-weeks 
treatment group discontinued treatment due to 
an AE. Most AEs were categorized as mild or 
moderate. The incidence of any single AE that 

led to study discontinuation was <1%. The most 
common AEs leading to study discontinuation 
were MS relapse (n = 5), hepatic toxicity (n = 3), 
influenza-like illness (n = 3), and alanine ami-
notransferase increase (n = 3).

The incidence of SAEs, while low in both 
groups, was slightly higher in the peginterferon 
beta-1a every-4-weeks group [113 patients 
(21%)] than in the peginterferon beta-1a every-
2-weeks group [90 patients (16%); Table 2]. 
This difference primarily resulted from the 
higher incidence of MS relapse in the every-4-
weeks group [82 patients (16%)] than the every-
2-weeks group [57 patients (10%); Table 2]. 
The incidence of treatment-related SAEs was 
low (1% overall; <1% for any individual SAE in 
both treatment groups).

Table 1. Demographics and baseline characteristics of patients receiving continuous peginterferon beta-1a 
during ADVANCE and ATTAIN.

Characteristic ADVANCE baseline ATTAIN baseline

Every 2 weeks 
(n = 376)

Every 4 weeks 
(n = 354)

Every 2 weeks 
(n = 376)

Every 4 weeks 
(n = 354)

Age, years 37.1 (9.75) 36.2 (9.90) 39.0 (9.73) 38.1 (9.91)

Sex, % female 72 71 72 71

Time since first MS 
symptoms, years

6.6 (6.28) 6.2 (6.10) 8.5 (6.27) 8.1 (6.11)

Relapses within the 
previous 12 monthsa

1.6 (0.69) 1.5 (0.61) NA NA

Relapses within the 
previous 3 yearsa

2.6 (1.01) 2.4 (0.72) NA NA

Relapses within the 
previous 2 yearsb

NA NA 0.36 (0.80) 0.45 (0.80)

EDSS score 2.43 (1.27) 2.37 (1.19) 2.39 (1.34) 2.41 (1.37)c

Number of T2 lesions 50.2 (38.33) 50.9 (36.01) 5.8 (12.23)d 14.8 (23.39)e

Number of Gd+ lesions 1.3 (3.65)f 1.9 (5.74) 0.2 (1.18)g 0.6 (1.74)h

ATTAIN ITT population; only the continuous every-2-weeks and continuous every-4-weeks treatment groups are shown. 
Data are presented as mean (standard deviation) unless otherwise stated.
aRelapses occurring before peginterferon beta-1a treatment in ADVANCE.
bRelapses occurring during peginterferon beta-1a treatment in ADVANCE.
cn = 352.
dn = 374.
en = 353.
fn = 375.
gn = 375.
hn = 353.
EDSS, Expanded Disability Status Scale; Gd+, gadolinium-enhancing; ITT, intent to treat; MS, multiple sclerosis; NA, not 
available; SC, subcutaneous.
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The incidence of flu-like symptoms (FLS) and 
injection site reactions (ISRs), the most common 
AEs, is shown in Table 3. The most common 
FLS were influenza-like illness and pyrexia, and 

the most common ISR was erythema. Of patients 
who experienced ISRs, most reported them as 
mild or moderate. The proportion of patients 
experiencing FLS or ISRs during each year of the 

Table 2. Incidence of AEs and SAEs in patients who received peginterferon beta-1a at any time during 
ADVANCE and ATTAIN.

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

Peginterferon beta-1a every 
4 weeks, n (%)

ADVANCE
2 yearsa

(n = 740)

ATTAIN
Years 3–6b

(n = 547)

ADVANCE
2 yearsa

(n = 728)

ATTAIN
Years 3–6b

(n = 529)

Any AE 699 (94) 478 (87) 687 (94) 471 (89)

 Influenza-like illness 377 (51) 234 (43) 365 (50) 232 (44)

 Injection site erythema 470 (64) 224 (41) 433 (59) 221 (42)

 Headache 308 (42) 161 (29) 296 (41) 152 (29)

 MS relapse 185 (25) 137 (25) 222 (30) 159 (30)

 Pyrexia 320 (43) 131 (24) 298 (41) 146 (28)

 Chills 124 (17) 58 (11) 123 (17) 69 (13)

 Myalgia 140 (19) 67 (12) 137 (19) 65 (12)

 Nasopharyngitis 97 (13) 49 (9) 109 (15) 68 (13)

 Asthenia 90 (12) 45 (8) 108 (15) 64 (12)

 Back pain 92 (12) 57 (10) 89 (12) 53 (10)

 Pain in extremity 71 (10) 55 (10) 74 (10) 51 (10)

 Urinary tract infection 64 (9) 52 (10) 66 (9) 51 (10)

 Arthralgia 81 (11) 52 (10) 91 (13) 49 (9)

 Fatigue 87 (12) 52 (10) 72 (10) 39 (7)

All SAEs 120 (16) 90 (16)c 158 (22) 113 (21)c

Severe AE 152 (21) 73 (13) 149 (20) 74 (14)

Treatment-related AE 668 (90) 399 (73) 644 (88) 400 (76)

Discontinuation of 
treatment due to AE

41 (6) 26 (5) 42 (6) 18 (3)

Individual AEs affecting ⩾10% of patients in either peginterferon beta-1a treatment group in ATTAIN. Numbers in 
parentheses are percentages; for patients who switched to alternative MS medications, data after switch and 14 days after 
last dose of study treatment are excluded. A patient was counted only once within each preferred term.
aEvents over 2 years in all patients treated with peginterferon beta-1a at any time (continuous and delayed treatment) in 
ADVANCE, as previously reported.5

bEvents in years 3–6 in patients in peginterferon beta-1a treatment groups; duration of exposure ranges from 2 to 4 years 
in ATTAIN.
cIncludes MS relapse, which was reported as an SAE for 57 patients (10%) in the every-2-weeks group and 82 patients 
(16%) in the every-4-weeks group.
AE, adverse event; MS, multiple sclerosis; SAE, serious adverse event.
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study in each continuous-treatment group 
decreased over time, as shown in Figure 1.

As in the ADVANCE study, the incidence of 
binding anti-IFN antibodies (BAbs; every-2-
weeks group, 8%; every-4-weeks group, 6%), 
NAbs (every-2-weeks group, 1%; every-4-weeks 
group, <1%), and anti-PEG antibodies (every-
2-weeks group, 2%; every-4-weeks group, 3%) 
at any time during ATTAIN continued to be 
low. Laboratory abnormalities were typically 
consistent with ADVANCE, except for a 
reduced white blood cell (WBC) count in the 
every-2-weeks group. WBC counts were 
<3.0 × 109/l in 86 patients (16%) in the every-
2-weeks group and 28 patients (5%) in the 

every-4-weeks group. Red blood cell counts 
were <3.3 × 1012/l in seven patients (1%) in the 
every-2-weeks group and one patient (<1%) in 
the every-4-weeks group. Total absolute neutro-
phil counts were ⩽1 × 109/l in 15 patients (3%) 
in the every-2-weeks group and 8 patients (2%) 
in the every-4-weeks group. Lymphocyte counts 
were <0.8 × 109/l in 62 patients (11%) in the 
every-2-weeks group and 41 patients (8%) in 
the every-4-weeks group. Hemoglobin levels 
were ⩽100 g/l in 35 patients (6%) in the every-
2-weeks group and 33 patients (6%) in the 
every-4-weeks group. Platelet counts were 
⩽100 × 109/l in 11 patients (2%) in the every-2-
weeks group and 3 patients (<1%) in the every-
4-weeks group.

Table 3. Incidence of FLS and ISRs in patients who received peginterferon beta-1a at any time during 
ADVANCE or ATTAIN.

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

Peginterferon beta-1a every 4 weeks, 
n (%)

ADVANCE 2 yearsa 
(n = 740)

ATTAIN years 3–6b 
(n = 547)

ADVANCE 2 yearsa 
(n = 728)

ATTAIN years 3–6b 
(n = 529)

FLS of any kind 586 (79) 341 (62) 563 (77) 338 (64)

  Influenza-like 
illnessc

377 (51) 234 (43) 365 (50) 232 (44)

 Pyrexia 320 (43) 131 (24) 298 (41) 146 (28)

 Myalgia 140 (19) 67 (12) 137 (19) 65 (12)

 Chills 124 (17) 58 (11) 123 (17) 69 (13)

 Pain 40 (5) 20 (4) 42 (6) 18 (3)

ISRs of any kind 503 (68) 235 (43) 452 (62) 234 (44)

  Injection site 
erythema

470 (64) 224 (41) 433 (59) 221 (42)

  Injection site 
pain

125 (17) 34 (6) 105 (14) 37 (7)

  Injection site 
pruritus

108 (15) 34 (6) 82 (11) 24 (5)

FLS and ISRs experienced by >5% of patients are listed. Numbers in parentheses are percentages; n is the number of 
patients in the safety population with at least one post-baseline value in each study year. For patients who switched to 
alternative MS medications, data after switch and 14 days after last dose of study treatment are excluded. A patient was 
counted only once within each preferred term.
aEvents over 2 years in all patients treated with peginterferon beta-1a at any time (continuous and delayed treatment) in 
ADVANCE.
bEvents in years 3–6 in patients in peginterferon beta-1a treatment groups; duration of exposure ranges from 2 to 4 years 
in ATTAIN.
cPreferred terms include lower-level terms such as flu-like symptoms, flu-like aching, flu-like illness, influenza-like 
illness, and influenza-like symptoms.
FLS, flu-like symptoms; ISR, injection site reaction; MS, multiple sclerosis.
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Efficacy
Over years 0–6, the adjusted ARR was significantly 
improved in the continuous peginterferon beta-1a 
every-2-weeks group compared with the continuous- 
every-4-weeks group (0.188 versus 0.263; p = 
0.0052). Year-over-year adjusted ARRs were gener-
ally reduced in the every-2-weeks group (Figure 2).

Compared with continuous dosing of peginter-
feron beta-1a every 4 weeks, continuous dosing of 
peginterferon beta-1a every 2 weeks significantly 
reduced the risk of relapse over 5 years, from 49% 
to 36% (p = 0.0018; Supplementary Figure S3). It 
is notable that patients in the peginterferon beta-1a 
every-2-weeks group who received delayed treat-
ment (those who received placebo during year 1 of 
ADVANCE) did not exhibit a similar risk reduc-
tion. The risk of relapse in the every-2-weeks and 

every-4-weeks delayed-treatment groups (47% 
and 50%, respectively) was comparable to the risk 
of relapse in the every-4-weeks continuous-treat-
ment group.

Over 5 years, there was a trend toward a reduced 
risk of 24-week CDW in patients receiving con-
tinuous peginterferon beta-1a every 2 weeks com-
pared with continuous peginterferon beta-1a every 
4 weeks (15% versus 20%, p = 0.0526; Figure 3). 
The delayed every-2-weeks treatment group dis-
played a similar trend toward a reduced risk of 
24-week CDW (assessed at week 216) compared 
with the delayed every-4-weeks group (13% versus 
22%; p = 0.1646).

The mean number of MRI lesions continued to 
be significantly lower in the peginterferon 

Figure 1. Patients reporting (a) FLS and (b) ISRs by year for the placebo, peginterferon beta-1a every-2-weeks 
(continuous and delayed), and peginterferon beta-1a every-4-weeks (continuous and delayed) treatment 
groups.
Year 1 placebo results are for the ADVANCE ITT population.4 Year 6 data are not shown due to small n values (69 and 81 
patients).
FLS, flu-like symptoms; ISR, injection site reaction; ITT, intent to treat.
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every-2-weeks treatment group compared with 
the every-4-weeks group. In year 4, patients 
treated with peginterferon beta-1a every 2 weeks 
displayed 53% fewer new T1 lesions (p < 0.0001), 
61% fewer new/newly enlarging T2 lesions 
(p < 0.0001), and 75% fewer Gd+ lesions 
(p = 0.0067) compared with patients treated 
every 4 weeks (Figure 4).

Discussion
The safety and tolerability of SC peginterferon 
beta-1a 125 µg every 2 weeks remains favorable for 
up to 5 years in patients with RMS. Furthermore, 
the overall safety profile of ATTAIN is similar to 
that of ADVANCE, with no marked changes in 
event rates for any AEs. The proportion of patients 
reporting any AE during years 3–6 of ATTAIN 
(87% in the every-2-weeks group; 89% in the 
every-4-weeks group) was similar to that reported 
by the year 1 placebo patients during ADVANCE 
(83%).4 As in the ADVANCE study, the most fre-
quently reported AEs were ISRs and FLS, both of 
which were numerically decreased in later years of 
the study. Although a greater proportion of patients 
who experienced AEs choosing to withdraw from 
the study cannot be ruled out, only 4.2% of 
patients in the peginterferon beta-1a every-2-weeks 
group and 2.6% in the every-4-weeks group with-
drew due to AEs, which would not account for the 
observed reductions in AE incidence rates.

Tolerability improved over time in ATTAIN, 
with observed decreases in both FLS and ISRs. 
Both are common AEs associated with SC IFN 
beta therapies. A Delphi-consensus generating 
study of 374 patients treated by clinicians in 
ADVANCE found that both FLS and ISRs gen-
erally decreased in incidence and duration after 3 
months of treatment and had a minimal impact 
on daily activities in their typical patient. Patient 
education was important to set expectations 
regarding the characteristics and management of 
FLS and ISRs.11 In COMPARE, injection site 
erythema and injection site pain AEs were similar 
or less severe for patients treated with peginter-
feron beta-1a than for those treated with SC IFN 
beta-1a therapy. However, the incidence of injec-
tion site erythema was 2.5 times greater in patients 
receiving SC IFN beta-1a 44 µg three times per 
week (TIW).12

Peginterferon beta-1a 125 µg every 2 weeks led to 
significantly improved clinical outcomes (ARR in 
most individual years, as well as proportion of 
patients relapsed) and MRI outcomes compared 
with every-4-weeks treatment, demonstrating 
sustained and more robust efficacy with long-
term treatment. It is notable that at week 216, the 
proportions of patients who relapsed in both 
delayed-treatment groups (those who received 
placebo in year 1) were similar to the proportion 
of patients who relapsed in the every-4-weeks 

Figure 2. ARR, based on objective relapses, for study patients by year in the placebo (year 1), continuous 
peginterferon beta-1a every-2-weeks, and continuous peginterferon beta-1a every-4-weeks treatment groups.
Adjusted ARRs and p-values are based on negative binomial regression for each treatment group, with adjustment for 
baseline Expanded Disability Status Scale score (<4.0 versus ⩾4.0), baseline relapse rate, and age (<40 versus ⩾40 years). 
Placebo group results are from the ADVANCE ITT population and are presented for year 1 only. Year 6 are data not shown 
due to small n values (36 and 41 patients).
ARR, adjusted annualized relapse rate; ITT, intent to treat; NS, not significant.
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continuous-treatment group (those who received 
peginterferon every 4 weeks continuously from 
ADVANCE baseline). This observation supports 
early use of every-2-weeks peginterferon beta-1a, 
as the patients receiving the every-4-weeks dose 
or placebo for 1 year remained at a higher risk of 
relapse compared with patients receiving peginter-
feron beta-1a every 2 weeks.

The long-term clinical efficacy reported here is in 
the range of other IFN therapies for RMS. Sustained 
efficacy over time, combined with every-2-weeks 
dosing frequency, makes peginterferon beta-1a an 
effective and viable treatment option for many 
patients. Other IFN beta therapies require injec-
tions up to four times per week, and the less fre-
quent dosing regimen of peginterferon beta-1a 
could lead to improved adherence. Furthermore, 
decreased frequency of dosing is not associated with 
lower drug exposure. In the phase I COMPARE 

pharmacokinetics study of healthy subjects, drug 
exposure over 2 weeks (area under the concentra-
tion-time curve from time 0 to 336 hours) was 60% 
higher with SC peginterferon beta-1a compared 
with SC IFN beta-1a 44 µg TIW (117.4 versus 
73.1 ng/mL/h; p < 0.0001). Safety profiles of both 
treatments were consistent with prior observations, 
and the higher overall drug exposure during 
peginterferon beta-1a dosing was not associated 
with an increased rate of adverse effects.

The treatment effect of peginterferon beta-1a in 
patients with RMS is not expected to be attenu-
ated by immunogenicity. In an analysis of immu-
nogenicity in the ADVANCE study, 6%, <1%, 
and 7% of patients developed anti-IFN BAbs, 
NAbs, and anti-PEG antibodies, respectively, 
over 2 years, and there was no discernible clini-
cally meaningful effect of antibody status on any 
evaluated efficacy or safety endpoint.10

Figure 3. 24-week confirmed disability worsening over ADVANCE and ATTAIN.
Confirmed disability worsening is defined as a ⩾1.0-point increase on the EDSS from a baseline EDSS score ⩾1.0 or a 
1.5-point increase on the EDSS from a baseline EDSS score of 0.0 that is sustained for at least 24 weeks. Patients were 
censored if they withdrew from the study or switched to an alternative MS medication without progression. Percentage 
with disability worsening and probability of worsening are obtained using the Kaplan–Meier estimator. The Kaplan–Meier 
estimate was not calculated if the number of patients at risk was less than 30. The arrow shows the 1-year crossover from 
Pbo to peginterferon beta-1a during ADVANCE.
ap value compares continuous dosing every 2 weeks versus continuous dosing every 4 weeks and is based on a Cox 
proportional-hazards model adjusted for baseline EDSS score and age (<40 versus ⩾40 years). Data were available through 
216 weeks for delayed-treatment groups and through 240 weeks for continuous-treatment groups.
EDSS, Expanded Disability Status Scale; IFN, interferon; MS, multiple sclerosis; Pbo, placebo; PEG, pegylated.
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Figure 4. MRI lesions by year in the placebo (ADVANCE ITT at year 1), continuous peginterferon beta-1a every-
2-weeks, and continuous peginterferon beta-1a every-4-weeks treatment groups. (a) Mean number of new T1 
lesions; (b) adjusted mean number of new/newly enlarging T2 lesions; and (c) mean number of Gd+ lesions.
Placebo values are from the ADVANCE ITT group at ADVANCE baseline. All p-values based on comparison between the 
every-2-weeks and every-4-weeks treatment groups. New T1 and Gd+ lesions p-values based on multiple logit regression 
adjusted for the number of T1 and Gd+ lesions at ADVANCE baseline, respectively. For new/newly enlarging T2 lesions, 
adjusted means and p-values are based on negative binomial regression adjusted for the number of T2 lesions at ADVANCE 
baseline.
Gd+, gadolinium-enhancing; ITT, intent to treat; MRI, magnetic resonance imaging.
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Open-label extension studies have limitations that 
should be considered in the interpretation of their 
results. Specifically, such studies are prone to 
patient self-selection bias. Patients who withdrew 
from the original study are not available for the fol-
low-up study, and those who experienced favorable 
outcomes during the main study are more likely to 
agree to participate in an extension study than those 
who had less favorable experiences.

In conclusion, patients continuing peginterferon 
beta-1a treatment for up to 5 years showed a 
safety profile similar to that of the year 1–2 
ADVANCE patients, indicating that no new 
safety signals are associated with continued ther-
apy. In addition, ATTAIN patients saw reduc-
tions over time in the most common AEs, as well 
as in the risk of MS relapse and MRI indications 
of disease progression. This study confirms the 
safety, tolerability, and efficacy of SC peginter-
feron beta-1a in patients with RMS.
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