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Introduction
� The placebo-controlled phase of the PRISMS

(Prevention of Relapses and disability by Interferon
beta-1a Subcutaneously in Multiple Sclerosis) study
demonstrated the efficacy of interferon (IFN) beta-1a,
44 or 22 mcg subcutaneously (sc) three times
weekly (tiw), on clinical and radiological outcomes
in patients with relapsing–remitting multiple sclerosis
(RRMS).1

� Data over 4 years showed that clinical and radiological
benefits were maintained for both doses, with evidence
of dose–response favouring the high-dose regimen,
and greater benefits seen in patients who were
randomized to active treatment from the start (‘early-
start’ patients).2

� Data from a long-term follow-up (LTFU) visit at around
8 years after study start demonstrated the continued
clinical and magnetic resonance imaging (MRI) benefit of
sc IFN beta-1a, with more pronounced treatment effects
seen in early-start patients.3

� The LTFU dataset provides an opportunity to examine
the hypothesis that cumulative exposure to disease-
modifying drug (DMD) therapy is an important predictor
of treatment outcomes.

� Previous post hoc analyses of these data have shown
that patients with the highest cumulative time receiving
sc IFN beta-1a and continuous treatment have better
clinical4,5 and MRI5 outcomes for up to 8 years,
compared with patients with lower cumulative exposure
or interruptions in treatment.

� We conducted exploratory post hoc analyses to
investigate annualized relapse rates (ARRs) in patients
with RRMS receiving sc IFN beta-1a for up to 8 years
according to total cumulative time on therapy, total
cumulative dose exposure and continuous versus
non-continuous treatment.

Methods
Study design
� The PRISMS study comprised the phases outlined

below.3–5

– In the initial 2-year, double-blind phase, patients with
RRMS were randomized to receive IFN beta-1a, 44 or
22 mcg sc tiw, or placebo (years 1–2).

– After 2 years, patients originally randomized to
placebo were then re-randomized to IFN beta-1a, 44
or 22 mcg sc tiw, for an additional 2 years (years 3–4).

– All patients were given the choice of continuing to
receive blinded or open-label treatment for a further
2 years (years 5–6).

– After year 6, patients could continue treatment with
any or no DMD.

� Patients were eligible for enrolment in the LTFU study if
they had been randomized to treatment in the original
PRISMS study, regardless of whether they had
subsequently withdrawn from the study.

� Patients had a single LTFU assessment close to the
seventh or eighth anniversary of their baseline visit.
– The assessment included a neurological evaluation as

well as a retrospective review of data (including
treatment exposure, neurological status and disease
progression) collected since the year-4 assessment.3

Post hoc exploratory analyses
� LTFU data from patients randomized to the three

original study arms were pooled and ranked into
quartiles from lowest to highest for a) cumulative
time on sc IFN beta-1a and b) cumulative dose
exposure. Calculations of both parameters took
into account periods when patients were not receiving
sc IFN beta-1a.

� ARRs across 2-year intervals were assessed in the
minimum (lowest quartile, MIN) and maximum (highest
quartile, MAX) cumulative time and dose groups.

� ARRs were also calculated in patients initially
randomized to IFN beta-1a, 44 mcg sc tiw, and
receiving ‘continuous’ or ‘non-continuous’ (interrupted)
therapy.
– The ‘continuous’ subgroup consisted of all patients

who had been randomized on study day 1 to IFN
beta-1a, 44 mcg sc tiw, and who had remained on
that dose until the LTFU visit, with no interruptions
and no other DMDs taken.

– The ‘non-continuous’ subgroup consisted
of all patients who had been randomized to
IFN beta-1a, 44 mcg sc tiw, and who had some
medication interruptions, irrespective of other
DMDs taken.

� Only descriptive statistics were applied because no
inferential statistical comparisons were made.

Results
� Of 560 patients originally randomized in the PRISMS

study, 493 were available for participation in the LTFU
study (three sites did not enter the LTFU study). Of
these patients, 382 participated in the LTFU visit.
– Of these 382 patients, 136 (35.6%) had originally

been randomized to IFN beta-1a, 44 mcg sc tiw,
123 (32.2%) to IFN beta-1a, 22 mcg sc tiw, and
123 (32.2%) to placebo.

Cumulative time groups
� Mean (standard deviation; SD) cumulative time exposure

was:
– 156.8 (87.7) weeks in the MIN cumulative time group

(n=96)
– 390.3 (5.9) weeks in the MAX cumulative time group

(n=95).
� Mean (SD) cumulative dose exposure was:

– 13.7 (9.4) mg/patient in the MIN cumulative time group
– 38.3 (11.0) mg/patient in the MAX cumulative time

group.
� The MIN cumulative time group comprised patients

originally randomized to IFN beta-1a, 44 or 22 mcg sc tiw,
or placebo, whereas the MAX cumulative time group
comprised only patients originally randomized to IFN
beta-1a, 44 or 22 mcg sc tiw (Table 1).

� Patients in the MAX cumulative time group had a lower
mean (SD) ARR than those in the MIN cumulative time
group, from baseline to LTFU (0.51 [0.49] and 0.76 [0.55],
respectively).

� Patients in the MAX cumulative time group also had a
lower mean ARR than those in the MIN cumulative time
group over each study period analysed (Figure 1).

Cumulative dose groups
� Mean (SD) cumulative dose exposure was:

– 10.8 (6.0) mg/patient in the MIN cumulative dose
group (n=96)

– 46.6 (4.6) mg/patient in the MAX cumulative dose
group (n=95).

� Mean (SD) cumulative time exposure was:
– 172.4 (102.6) weeks in the MIN cumulative dose

group
– 375.3 (26.4) weeks in the MAX cumulative dose

group.
� The MIN cumulative dose group mainly comprised

patients originally randomized to placebo or the lower
dose of IFN beta-1a (n=82/96, 85.4%), whereas the MAX
cumulative dose group predominantly comprised patients
originally randomized to the higher dose of IFN beta-1a
(n=91/95, 95.8%; Table 1).

� Patients in the MAX cumulative dose group had a lower
mean (SD) ARR than those in the MIN cumulative dose
group, from baseline to LTFU (0.52 [0.51] and 0.72 [0.55],
respectively).

� Patients in the MAX cumulative dose group also
had a lower mean ARR than those in the MIN cumulative
dose group over each study period analysed (Figure 2).
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Figure 1. ARR in MIN and MAX groups for cumulative length of time
on subcutaneous interferon beta-1a.
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Figure 2. ARR in MIN and MAX groups for cumulative dose exposure
to subcutaneous interferon beta-1a.
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Figure 3. ARR in patients originally randomized to interferon beta-1a,
44 mcg subcutaneously three times weekly, with (non-continuous)
or without (continuous) treatment interruptions (from baseline to
LTFU).

Table 1. MIN and MAX cumulative time and dose groups by
original PRISMS study randomization groups.

Cumulative time Cumulative dose
on sc IFN beta-1a of sc IFN beta-1a

Cohort MIN MAX MIN MAX

Original PRISMS IFN beta-1a, 21 (21.9) 53 (55.8) 14 (14.6) 91 (95.8)

study randomization 44 mcg sc tiw

group, n (% of IFN beta-1a, 22 (22.9) 42 (44.2) 28 (29.2) 0

exposure cohort) 22 mcg sc tiw

Placebo 53 (55.2) 0 54 (56.3) 4 (4.2)

Total 96 (100) 95 (100) 96 (100) 95 (100)

IFN, interferon; MAX, highest quartile; MIN, lowest quartile; PRISMS, Prevention of Relapses and disability by
Interferon beta-1a Subcutaneously in Multiple Sclerosis; sc, subcutaneous; tiw, three times weekly.

Non-continuous and continuous groups
� Mean (SD) cumulative dose exposure was:

– 34.0 (13.5) mg/patient in the non-continuous group
(n=91)

– 49.4 (2.6) mg/patient in the continuous group
(n=45).

� Patients in the continuous group had a lower mean
ARR than those in the non-continuous group,
from baseline to LTFU (0.51 [0.54] and 0.61 [0.56],
respectively).

� Patients in the continuous group also had a lower
mean ARR than those in the non-continuous group
over each study period analysed (Figure 3).

Conclusions
� Results from these post hoc exploratory analyses of

data from the PRISMS LTFU study show that, in
patients with RRMS, the greatest reductions on ARR
were observed with the highest cumulative time and
dose exposures to sc IFN beta-1a, over the long
term (for up to 8 years).

� Lower ARRs were also seen in patients receiving
continuous treatment with IFN beta-1a, 44 mcg
sc tiw, for up to 8 years, than in those who had
treatment interruptions.

� Although this analysis shows a correlation between
treatment cessation and disease progression, the
direction of causality cannot be established and
other possible contributing factors may be involved.
However, these findings support the importance of
high levels of treatment exposure in patients with
MS receiving IFN beta-1a and the maintenance of
uninterrupted treatment over the long term.
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