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Abstract

Background: No evidence of disease activity (NEDA) is a composite measurement,
incorporating clinical and magnetic resonance imaging (MRI) elements of disease activity to
sensitively evaluate the therapeutic efficacy of treatments for relapsing-remitting multiple
sclerosis (RRMS].

Objective: To assess the NEDA status of patients treated with peginterferon 3-1ain the
ADVANCE and ATTAIN studies and explore its predictive value on longer-term clinical
outcomes.

Methods: ATTAIN was a 2-year extension of the pivotal 2-year ADVANCE study of
peginterferon B-1a for RRMS. Achievement of clinical NEDA, MRI NEDA, or overall NEDA
was calculated cumulatively and by year over 4 years. Clinical outcomes during ATTAIN were
analyzed based on NEDA status at the end of ADVANCE.

Results: Significantly more patients treated with peginterferon B-1a every 2 weeks than every
4 weeks achieved clinical NEDA (60.6% versus 50.6%, p = 0.0063) and MRI NEDA (28.3% versus
15.8%, p = 0.0005) through year 4 and overall NEDA through year 3 (20.9% versus 13.9%,

p = 0.0160). Over 4 years, 15.8% of patients in the every 2 weeks group and 10.7% of patients
in the every 4 weeks group maintained overall NEDA (p = 0.0584). Achievement of clinical
NEDA, MRI NEDA, or overall NEDA in ADVANCE was predictive of annualized relapse rate in
ATTAIN; achievement of clinical NEDA in ADVANCE was also predictive of NEDA achievement
and confirmed disability worsening in ATTAIN.

Conclusions: Peginterferon B-1a every 2 weeks is associated with higher levels of NEDA
compared with placebo in year 1 or peginterferon 3-1a every 4 weeks in years 2-4. Overall
NEDA within the first 2 years of treatment may be prognostic of long-term clinical outcomes.
Clinicaltrials.gov: NCT01332019
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placebo-treated patients were rerandomized to
peginterferon B-1a 125 pg (i.e. delayed treatment),
and continuous peginterferon B-la 125 pg dos-
ing similarly demonstrated superior efficacy to
delayed treatment. ATTAIN was a 2-year exten-
sion study of ADVANCE.

The concept of no evidence of disease activity
(NEDA) was first proposed as a composite
measure to assess whether patients with RRMS
were meeting treatment goals in the clinical trial
setting.>- Evidence suggests that NEDA may be a
more sensitive measure of therapeutic efficacy
than traditional endpoints, and achieving NEDA
has been proposed as a principal aim for neurolo-
gists in their practices.” NEDA comprises clinical
and magnetic resonance imaging (MRI) parame-
ters and is defined as no evidence of relapses, no
onset of confirmed disability worsening (CDW),
and no active MRI lesions [i.e. new or newly
enlarging T2 hyperintense (NET2) lesions or
gadolinium-enhanced (Gd+) lesions]. NEDA
has been evaluated, with varying definitions, in
other DMTs (e.g. natalizumab, fingolimod, clad-
ribine, and interferon B-la combined with glati-
ramer acetate).58-10

In ADVANCE year 1, significantly more patients
dosed with peginterferon B-la every 2 weeks
achieved NEDA than those dosed every 4 weeks
or who received placebo.!! In ADVANCE year 2,
significantly more patients dosed continuously
with peginterferon B-1a every 2 weeks achieved
NEDA than those with delayed treatment.!? The
current post hoc analysis assessed NEDA status
during the ADVANCE (years 1 and 2) and
ATTAIN (years 3 and 4) studies and explored
clinical outcomes, including annualized relapse
rate (ARR), CDW, and achievement of NEDA in
years 3 and 4 among patients stratified by NEDA
achievement at year 2.

Materials and methods

Study design and participants

ADVANCE was a 2-year, international, rand-
omized, double-blind phase III study with a
1-year placebo-controlled period. During year 1
of ADVANCE, patients were randomized (1:1:1)
to placebo or peginterferon B-1a 125 pg every 2
or 4 weeks.? In year 2, placebo patients were
rerandomized to peginterferon B-1a 125 g every
2 or 4 weeks.* ATTAIN, the extension study of

ADVANCE, was not considered complete until
the last enrolled patient completed 96 weeks in
the ATTAIN study; therefore, some patients
received treatment for nearly 6 years.

Patients who were aged 18-65 years with a diag-
nosis of RRMS, a score of 0—5 on the Expanded
Disability Status Scale (EDSS),13 and at least two
relapses in the previous 3 years (at least one
within the past 12 months) were eligible for
ADVANCE study inclusion. Exclusion criteria
included progressive forms of MS, prespecified
laboratory abnormalities, and previous treatment
with interferon for MS for over 4 weeks or dis-
continuation less than 6 months before baseline.?
Patients who had successfully completed the
ADVANCE 2-year trial were eligible to enter the
ATTAIN study.

All protocols were approved by the institutional
review board at each site, and the study was con-
ducted according to International Conference on
Harmonization Guidelines for Good Clinical
Practice and the Declaration of Helsinki. Patients
provided written informed consent prior to begin-
ning the ADVANCE study. ADVANCE and
ATTAIN are registered with ClinicalTrials.gov
[ClinicalTrials.gov identifier: NCT00906399
and NCT01939002].

Study procedures and endpoints

The proportion of patients in the ATTAIN
intent-to-treat (ITT) population (all rand-
omized patients who received at least one dose
of active study treatment over 2 years) who
experienced NEDA were evaluated annually.
Clinical NEDA was defined as the absence of
clinical disease activity [no relapses and no
onset of 24-week CDW (defined as a =1.0-
point increase from an ADVANCE baseline
EDSS score of =1.0 or =1.5-point increase
from an ADVANCE baseline EDSS score of
=0.0, confirmed =24 weeks later)]. MRI
NEDA was defined as the absence of MRI dis-
ease activity (no Gd+ lesions and no NET2
lesions). Overall NEDA was defined as no evi-
dence of clinical or MRI disease activity.

Statistical analysis

The NEDA analysis used observed data only;
patients missing measurements who had achieved
NEDA on all available measurements were
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excluded, while patients missing measurements
who had evidence of disease activity in at least
one measurement were considered as not achiev-
ing NEDA. A logistic regression model was used
to calculate odds ratios and corresponding p val-
ues. Patients in all dosing groups (including those
receiving placebo in year 1) were stratified based
on achievement of NEDA during ADVANCE
years 1 and 2 (NEDA+/NEDA- for each clinical
NEDA, MRI NEDA, or overall NEDA assess-
ment). ARR, CDW, and NEDA achievement
during ATTAIN were analyzed based on NEDA
status at the end of year 2 in ADVANCE.

To assess NEDA status 6 months after peginter-
feron B-la initiation, the NEDA analysis was
repeated with baseline for each outcome set as
month 6 data (to allow time after initiation for a
therapeutic effect to be achieved). Relapses,
EDSS scores, and MRI measurements on or after
month 6 were assessed, whereas relapses, EDSS
scores, and MRI measurements prior to month 6
were removed.

Results

Patients

In the ADVANCE study, a total of 1512 patients
were randomized, with 500 receiving placebo,
512 receiving peginterferon B-la every 2 weeks,
and 500 receiving peginterferon [-la every
4 weeks; four patients were not dosed. Of the
1332 patients who completed year 1, 456 patients
from the placebo arm were rerandomized to
receive either peginterferon B-1a every 2 or every
4 weeks (228 patients in each group); 876 patients
remained on continuous peginterferon B-1a either
every 2 or every 4 weeks (438 patients in each
group; Supplemental Figure 1).3:4

Patient demographics and baseline disease char-
acteristics have been reported previously and
were generally well balanced across treatment
groups.? Of the 1512 patients in the I'TT popula-
tion in ADVANCE, 260 (17%) had previously
received treatment for MS, the mean age of
patients across treatment groups was 36.3—
36.9 years, and 70-72% were female.? Overall, of
the 1512 patients who were randomized and
dosed in ADVANCE, 842 patients (56%) com-
pleted the ATTAIN study. Baseline characteris-
tics for the ATTAIN ITT population are shown
in Supplemental Table 1.

NEDA assessment

Clinical NEDA, MRI NEDA, and overall NEDA
outcomes over 4 years of treatment were analyzed
year by year or cumulatively for patients who had
been assigned to placebo or active treatment
(peginterferon B-1a every 2 or 4 weeks) at initial
randomization in ADVANCE.

Significantly more patients treated with peginter-
feron B-la every 2 weeks than with placebo
achieved clinical NEDA, MRI NEDA, and overall
NEDAinyear 1 (Figure 1;p = 0.0013,p < 0.0001,
and p < 0.0001, respectively). Moreover, signifi-
cantly more patients treated with peginterferon {3-
la every 2 weeks than every 4 weeks achieved
clinical NEDA after year 1 and MRI NEDA over
all 4 years. Overall NEDA was higher for peginter-
feron B-la administered every 2 weeks than
peginterferon B-la administered every 4 weeks
over 1 year (34.8% wersus 22.0%, p = 0.0001),
2 years (27.3% wersus 15.9%, p = 0.0002), and
3 years (20.9% wversus 13.9%, p = 0.0160). Over
4 years, overall NEDA was maintained by 15.8%
of patients in the every 2 weeks group and 10.7%
of patients in the every 4 weeks group (p = 0.0584).
After rebaselining at 6 months, a significantly
higher percentage of patients treated every 2 weeks
than every 4 weeks achieved clinical NEDA after
year 1 and MRI NEDA and overall NEDA over all
4 years (Figure 2).

On a year-by-year basis, significantly more
patients treated with peginterferon 3-la every
2 weeks than every 4 weeks achieved higher rates
of clinical NEDA, MRI NEDA, and overall
NEDA (Supplemental Figure 2). During years
2—4, over 80% of patients treated with peginter-
feron B-1a every 2 weeks achieved clinical NEDA
each year, over 60% achieved MRI NEDA each
year, and over 50% achieved overall NEDA each
year.

Clinical outcome prediction

Clinical outcomes in years 3 and 4 were stratified
by NEDA status over years 1 and 2 [NEDA+
(achieved clinical NEDA, MRI NEDA, or overall
NEDA, as appropriate) or NEDA- (did not
achieve clinical NEDA, MRI NEDA, or overall
NEDA, as appropriate)]. Achievement of clinical
NEDA, MRI NEDA, or overall NEDA over years
1 and 2 was predictive of ARR in years 3 and 4,
with significantly lower ARRs in the NEDA+
groups than in the NEDA- groups (peginterferon
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Figure 1. Patients who achieved (a) clinical NEDA, (b) MRI NEDA, and (c] overall NEDA over 4 years

(cumulative).

**p < 0.01; ****p < 0.0001 for peginterferon B-1a every 2 weeks versus placebo. fp < 0.05; *fp < 0.01; ***p < 0.001;
tttp < 0.0001 for peginterferon B-1a every 2 weeks versus peginterferon 3-1a every 4 weeks. MRI, magnetic resonance

imaging; NEDA, no evidence of disease activity.

B-1a dosing groups combined; clinical NEDA,
p < 0.0001; MRI NEDA, p = 0.0002; overall
NEDA, p < 0.0001; Figure 3). Achievement of
clinical NEDA (but not of MRI NEDA or over-
all NEDA) over years 1 and 2 was predictive of
24-week CDW in years 3 and 4, with a signifi-
cantly lower proportion of patients with 24-week
CDW in the NEDA+ group than in the NEDA—-
group (Figure 4; p = 0.0021). Moreover,
achievement of clinical NEDA, MRI NEDA, or
overall NEDA over years 1 and 2 was predictive

of achieving clinical NEDA, MRI NEDA, or
overall NEDA, respectively, in years 3 and 4, with
significantly greater proportions of NEDA+
ADVANCE patients achieving NEDA in
ATTAIN (Figure 5; p < 0.0001 wversus NEDA—
ADVANCE patients).

Discussion
The outcomes of this analysis of NEDA status in
ATTAIN are consistent with previously reported
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Figure 2. Patients who achieved (a) clinical NEDA, (b) MRI NEDA, and (c] overall NEDA over 4 years

(cumulative, baseline at 6 months).

fp < 0.05; Tp < 0.01; *tfp < 0.001; **p < 0.0001 for peginterferon B-1a every 2 weeks versus peginterferon 3-1a every
4 weeks. MRI, magnetic resonance imaging; NEDA, no evidence of disease activity.

data from the ADVANCE study and support the
sustained efficacy of peginterferon B-la every
2 weeks.!1:12 In this study, analyses of cumula-
tive (year over year) and yearly (year by year)
NEDA achieved in the ADVANCE/ATTAIN
studies demonstrated that peginterferon B-1la
continues to provide significant improvement on
clinical and MRI endpoints through 4 years of
treatment. Just over one third of patients receiv-
ing peginterferon B-la every 2 weeks achieved
overall NEDA in year 1, which was significantly
higher than the percentage of overall NEDA

observed in year 1 in patients receiving peginter-
feron B-1a every 4 weeks or placebo (Figure 1).
The relatively low percentage of NEDA in year 1
for patients treated with peginterferon B-1a,
compared with later yearly NEDA rates
(Supplemental Figure 2), is likely attributable to
patients having disease not yet stabilized on the
medication and to the several months that the
medication may require to have an appreciable
effect,* a trend similar to that observed with
other DMTs (depending on the pharmacody-
namics of the DMT).5:15 Based on this trend, it
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Figure 3. ARR inyears 3 and 4 by clinical NEDA, MRI NEDA, and overall NEDA in the 2-year ADVANCE study.
Mean ARRs during years 3 and 4 are shown for subgroups of patients who did (NEDA+) or did not (NEDA-] achieve clinical
NEDA, MRI NEDA, or overall NEDA at year 2 in ADVANCE. ***p < 0.001; ****p < 0.0001 for NEDA+ versus NEDA-. ARR,
annualized relapse rate; MRI, magnetic resonance imaging; NEDA, no evidence of disease activity.
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Figure 4. Twenty-four-week CDW in years 3 and 4 in patients by achievement of clinical NEDA in the 2-year
ADVANCE study.

Kaplan-Meier estimate; CDW is defined as =1.0-point increase from an ATTAIN baseline EDSS score of =1.0 or a =1.5-point
increase from an ATTAIN baseline EDSS score of =0.0, confirmed =24 weeks later; p value is based on a Cox proportional
hazards model, with adjustment for baseline EDSS score and age (<40 or =40). CDW, confirmed disability worsening; EDSS,
Expanded Disability Status Scale; NEDA, no evidence of disease activity; NEDA+, achieved NEDA during ADVANCE; NEDA-,
did not achieve NEDA during ADVANCE.

patients who rebaselined at 6 months than who
did not rebaseline achieved clinical NEDA, MRI

has been recommended that patients be rebase-
lined after 3—6 months of interferon B therapy to

determine more accurately whether NEDA has
been achieved.!* Indeed, a higher percentage of

NEDA, and overall NEDA over 4 years (Figures
1 and 2).
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Figure 5. NEDA achievement in years 3 and 4 by NEDA achievement in the 2-year ADVANCE study.

Proportion of patients achieving clinical NEDA, MRI NEDA, or overall NEDA during years 3 and 4 are shown for subgroups
of patients who did (NEDA+) or did not (NEDA-) achieve clinical NEDA, MRI NEDA, or overall NEDA, respectively, at year 2.
Only patients for whom NEDA data were available were included in the analysis. ****p < 0.0001 for NEDA+ versus NEDA-.
MRI, magnetic resonance imaging; NEDA, no evidence of disease activity.

Experts have debated the prognostic significance
of NEDA status.!® A recent study found that
patients with MS who achieve NEDA during the
first 2 years of observation had similar long-term
outcomes to the cohort as a whole, suggesting
that NEDA in the first 2 years is not predictive of
long-term disease stability.1® Conversely, in the
current study, patients who achieved NEDA
(clinical, MRI, or overall) over years 1 and 2 of
treatment had significantly reduced ARR during
treatment years 3 and 4 compared with patients
who did not achieve NEDA, suggesting that
NEDA status after the first 2 years of treatment is
indeed prognostic of long-term clinical outcomes.
This finding, particularly for clinical NEDA, is
consistent with data from earlier studies. For
example, one long-term observational study of
patients with MS found that achieving NEDA in
year 1 and year 2 was 72% and 78% predictive,
respectively, of no disease progression (defined as
an EDSS change of <0.5) at 7 years.!” In addi-
tion, a prediction model for the progression of
disability in MS found the number of brain T2
lesions on MRI at baseline was highly predictive
of long-term prognosis.!8

Since the introduction of NEDA, several post
hoc analyses have been published on clinical trials
of DMTs and found improvements in NEDA

achievement with active treatment compared
with placebo.5:15:19:20 Although these studies can-
not be directly compared because of differences
between patient populations, study methodolo-
gies, and endpoints (e.g. 3- wversus 6-month
CDW), NEDA analyses allow for an improved
understanding of the benefits and limitations of
other DMTs. In the current analysis, a signifi-
cantly higher percentage of patients treated with
peginterferon B-1a every 2 weeks achieved overall
NEDA compared with placebo patients (year 1)
and compared with patients treated with peginter-
feron B-1a every 4 weeks (years 2—4). It must be
noted that study dropouts could contribute to the
higher yearly rates as the study progresses.

These results are limited by the post hoc nature of
the analyses. As ATTAIN is the open-label exten-
sion of ADVANCE, patients in years 3 and 4 of
this analysis may have been selected for those
with a tendency to experience a greater therapeu-
tic response. The finding that clinical NEDA was
more common than MRI NEDA supports previ-
ous data indicating that MRI activity may be a
determining factor for achievement of overall
NEDA.!2 Although NEDA has traditionally been
defined as no evidence of disease activity as
defined by relapses, CDW, and MRI activity
(Gd+ and NET?2 lesions) (i.e. NEDA-3), no
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standard definition of NEDA has been estab-
lished, and definitions vary across studies.
Methods of analyses (e.g. to account for missing
data), the sensitivity of MRI analyses, and the
number of scans may also vary between studies.
Other studies have suggested moving beyond the
three-component NEDA to include additional
endpoints. For example, the incorporation of
brain volume loss as a component of NEDA (i.e.
NEDA-4) has been proposed.!® However, analy-
sis of MRI data from the ADVANCE study sug-
gests that brain volume is unsuitable as a
component of NEDA because of the small
changes observed over periods of clinical interest
(1 or 2 years), the noise in this measurement, and
the potential complication of pseudoatrophy.!2

The ATTAIN study provided long-term data
demonstrating that peginterferon B-la every
2 weeks remained safe and effective on clinical
and MRI endpoints over 4 years of treatment.2!
These analyses also provide evidence that
peginterferon B-la every 2 weeks increases the
likelihood of achieving NEDA in patients with
RRMS and suggest that achieving NEDA over
the first 2 years of treatment may predict
improved long-term outcomes.
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