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Abstract:
Objective: To explore the effects of exposure to subcutaneous (sc) interferon (IFN) beta-1a on
efficacy in patients with relapsing�remitting multiple sclerosis (RRMS) enrolled in the PRISMS
(Prevention of Relapses and disability by Interferon beta-1a Subcutaneously in Multiple
Sclerosis) study.
Methods: Patients with RRMS received IFN beta-1a, 44 or 22 mg sc three times weekly (tiw),
or placebo, for 2 years, at which point placebo recipients were re-randomized to IFN beta-1a,
44 or 22 mg sc tiw, for a further 2�4 years. Long-term follow-up visits occurred 7�8 years after
enrolment and allowed participation of patients who had previously discontinued treatment.
Post hoc descriptive analyses were conducted within the lower (MIN) and upper (MAX) quartiles
of patients divided according to cumulative dose of IFN beta-1a and cumulative time on
treatment. Outcomes were explored in patients initially randomized to IFN beta-1a, 44 mg
sc tiw, who had received continuous or noncontinuous therapy during the study.
Results: For both cumulative dose and time analyses, the MIN and MAX groups comprised
96 and 95 patients, respectively. The continuous and noncontinuous groups included 45 and
91 patients, respectively. The MAX DOSE and MAX TIME groups had lower annualized relapse
rates, lower rates of conversion to secondary progressive MS, lower percentages of patients
with Expanded Disability Status Scale progression, higher percentages of relapse-free
patients, and less T2 burden of disease than the MIN groups. The continuous therapy group had
a lower annualized relapse rate and lower percentages of patients with Expanded Disability
Status Scale progression or conversion to secondary progressive MS than the noncontinuous
therapy group.
Conclusions: The findings of these post hoc analyses suggest that high exposure to sc IFN
beta-1a may be associated with better clinical outcomes than low exposure, and also highlight
the importance of maximizing adherence. Additional prospective investigation is warranted to
evaluate further the effects of treatment exposure on outcomes and to determine the benefits
of interventions to improve adherence.

Keywords: adherence, interferon beta-1a, long-term follow up, PRISMS, relapsing�remitting
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Introduction
Multiple sclerosis (MS) affects an estimated 2.1

million people worldwide [National Multiple

Sclerosis Society, 2010; McDonald, 2000] and

is the most common disabling neurological dis-

ease among young adults, particularly those of

Northern European origin [Murray, 2006;

McDonald, 2000]. The primary goals of current
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treatments for MS are to prevent lesion forma-

tion in the central nervous system, to decrease

the rate and severity of relapses and to delay the

resulting disability [Hartung, 2009]. Progression

of MS can be slowed by early treatment with

disease-modifying drugs (DMDs) [Tintore,

2007; Kappos et al. 2006; PRISMS Study

Group and University of British Columbia

MS/MRI Analysis Group, 2001]. In particular,

there is compelling evidence to support the use

of high-dose, high-frequency interferon (IFN)

beta-1a, administered subcutaneously (sc)

[Kappos et al. 2006; Panitch et al. 2005, 2002;

Schwid et al. 2005], which has been shown to

provide an effective treatment option for relaps-

ing�remitting MS (RRMS), to have a well-estab-

lished long-term safety and tolerability profile

[Kappos et al. 2006; PRISMS Study Group and

University of British Columbia MS/MRI Analysis

Group, 2001; PRISMS Study Group, 1998], and

to be associated with a favourable benefit-to-risk

profile [Freedman et al. 2008; Goodin et al.

2007]. However, long-term administration of

injectable DMDs may be burdensome and lead

to suboptimal treatment adherence. The main

barriers to adherence are problems with injecting,

perceived lack of efficacy and adverse events

[Costello et al. 2008].

Among the various analyses that have examined

issues related to adherence to DMD therapy in

patients with MS, one retrospective study of

patient records reported that the risk of severe

relapse decreased with higher rates of adherence

[Meletiche et al. 2008a, 2008b] and that gaps in

DMD therapy of 90 or more days were associated

with an increased risk of severe relapse compared

with shorter gaps [Al-Sabbagh et al. 2008]. It has

been estimated that approximately 50% of

patients who discontinue DMD treatment do so

within the first 2 years of therapy [Costello et al.

2008]. Indeed, a retrospective cohort analysis of

patients at a US practice found that 26% of the

patients studied discontinued DMDs within

4 months of initiating treatment, a percentage

that increased to 43% within 14 months [Lafata

et al. 2008]. In addition, ‘gap days’ (defined as

days on which the patient did not have the med-

ication on hand, as derived from supply informa-

tion) accounted for 31% of the total number of

days during the 24-month treatment period

[Lafata et al. 2008]. The current lack of accurate,

direct measures of treatment adherence means

that such analyses have to rely on indirect

measures and indicators of adherence to therapy,

such as medication possession ratios.

Results from the PRISMS (Prevention of

Relapses and disability by Interferon beta-1a

Subcutaneously in Multiple Sclerosis) long-term

follow-up (LTFU) study showed that sc IFN

beta-1a provides sustained benefits in terms of

relapse rate, disability, and magnetic resonance

imaging (MRI) outcomes for up to 8 years

[Kappos et al. 2006]. This LTFU dataset, there-

fore, provides an opportunity to examine the

hypothesis that cumulative exposure to DMD

therapy (as an indicator of treatment adherence)

is an important predictor of treatment outcome.

We conducted exploratory post hoc analyses to

investigate clinical efficacy outcomes in patients

with RRMS receiving sc IFN beta-1a for up to 8

years, according to total cumulative dose expo-

sure, total cumulative time on therapy and con-

tinuous versus noncontinuous treatment.

Methods

Study design
The design and conduct of the PRISMS study

have been described previously [Kappos et al.

2006; PRISMS Study Group and University of

British Columbia MS/MRI Analysis Group,

2001; PRISMS Study Group, 1998]. In sum-

mary, during the initial 2-year, double-blind

phase, patients with RRMS were assigned ran-

domly to receive IFN beta-1a, either 44 or

22mg sc three times weekly (tiw), or placebo

(years 1�2). Patients originally randomized to

placebo were then re-randomized to IFN beta-

1a, 44 or 22mg sc tiw, for an additional 2 years

(years 3�4). At the end of year 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 withdrawal or completion of

6 years on study, treatment was open label such

that patients could take any or no DMD as per

standard clinical practice. Patients were eligible

for enrolment in the LTFU phase if they had

been randomized to treatment in the original

study, regardless of whether they had subse-

quently withdrawn from the study. A single

LTFU assessment took place close to the seventh

or eighth anniversary of their baseline visit and

included a neurological evaluation as well as a

retrospective review of data (including treatment

exposure and safety data) collected since the

4-year assessment [Kappos et al. 2006].
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Clinical assessments throughout PRISMS

included relapse rate and Expanded Disability

Status Scale (EDSS) progression. Conversion to

secondary progressive MS (SPMS) was defined

as an endpoint and assessed at LTFU only.

At LTFU, relapse counts were based on data col-

lected during the first 4 years plus retrospective

data collected at LTFU. EDSS progression was

defined as an increase in score of �1.0 point

(or 0.5 points for those with a baseline score

of �6.0) that was not associated with a relapse.

For progression to be confirmed, the increase

had to be maintained for at least 3 months,

although progression reported at the time of the

LTFU assessment was assumed to be confirmed

(as there was no subsequent follow-up visit).

Conversion to SPMS was defined as progressive

deterioration of disability for at least 12 months

and confirmed EDSS progression of �1.0 point

(0.5 point if the baseline score was �6.0) that was

not associated with a relapse, following an initial

relapsing�remitting disease course.

Post hoc exploratory analyses
Patient data from the three original study arms

(placebo; IFN beta-1a, 44mg sc tiw; or IFN beta-

1a, 22mg sc tiw) were pooled and ranked from

lowest to highest cumulative dose exposure to sc

IFN beta-1a, calculated as follows: (dose of IFN

beta-1a)� (frequency of application)� (period of

application, in weeks). Clinical and MRI out-

comes were compared between the minimum

(lowest quartile, MIN) and maximum (highest

quartile, MAX) dose exposure groups, and

included annualized relapse rate, proportion of

patients free from relapse, proportion of patients

with EDSS progression, proportion of patients

who converted to SPMS and percentage change

in T2 burden of disease.

Similar post hoc analyses were performed based

on estimated MIN and MAX cumulative time

on sc IFN beta-1a (from baseline to LTFU

visit), which was estimated as the date of the

last dose minus the date of the first dose (using

data from the three original study arms). As these

were exploratory post hoc analyses, no inferential

statistical comparisons were made, and the

results are summarized using descriptive

statistics.

Exploratory analyses were also conducted to

compare clinical outcomes between two sub-

groups of patients within the population random-

ized to IFN beta-1a, 44mg sc tiw, on study day 1.

To avoid confounding by cumulative dose, these

subgroups consisted of patients who had received

only the 44-mg dose. The ‘continuous’ subgroup

consisted of all patients who had been random-

ized on study day 1 to IFN beta-1a, 44 mg sc tiw,

and who had remained on that dose until the

LTFU visit, with no interruptions and no other

DMDs taken. A patient was considered to have

had a treatment interruption if their time on

treatment was less than their time on study.

The ‘non-continuous’ subgroup consisted of all

patients who had been randomized on study day

1 to IFN beta-1a, 44 mg sc tiw, and who had some

medication interruptions, irrespective of other

DMDs taken. Clinical outcomes were assessed

in the two subgroups and included annualized

relapse rate, proportion of patients free from

relapse, proportion of patients with EDSS pro-

gression, proportion of patients who converted

to SPMS and percentage increase in T2 burden

of disease. As in the other exploratory analyses,

only descriptive statistics were applied.

Results

Patient disposition, baseline characteristics and
treatment exposure
The original PRISMS study enrolled 560

patients (31% male, 69% female), of whom 184

were randomized to IFN beta-1a, 44mg sc tiw;

189 to IFN beta-1a, 22mg sc tiw; and 187 to

placebo. The LTFU visit was completed by 382

patients (68.2% of the original 560 randomized

patients), of whom 105 (27.5%) were men and

277 (72.5%) were women. Of these 382 patients,

36 (9.4%) had been treated with other DMDs for

any length of time after withdrawal or completion

of 6 years on study. When ranked by cumulative

IFN beta-1a dose exposure, there were 96

patients in the MIN quartile and 95 in the

MAX quartile. A total of 15 (15.6%) and 63

(66.3%) patients, respectively, were still on treat-

ment at the LTFU visit (Table 1). When ranked

by cumulative time on therapy, there were also 96

patients in the MIN quartile and 95 in the MAX

quartile. At LTFU, 4 (4.2%) and 71 (74.7%)

patients, respectively, were still on therapy. The

distribution of patients over the quartiles ana-

lyzed, and hence the overlap of patients between

the cumulative dose quartiles and cumulative

time quartiles, is shown in Table 2.

Baseline demographic characteristics for the

MIN and MAX cumulative dose groups were

comparable, but with a higher percentage of
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women and a shorter time since MS onset in the

MIN DOSE group (Table 3). Likewise, baseline

demographic and clinical characteristics were

generally similar between MIN and MAX cumu-

lative time groups, although in the MIN TIME

group there was a higher percentage of women,

and the population was slightly younger, with a

slightly shorter time since MS onset. For the

analysis of cumulative dose, the MAX group pre-

dominantly comprised patients originally ran-

domized to IFN beta-1a, 44 mg sc tiw (Table 3).

For the analysis of cumulative time on treatment,

the MIN TIME group comprised a greater pro-

portion of patients originally randomized to the

22-mg dose of IFN beta-1a or placebo, whereas

the MAX TIME group included only patients

originally randomized to IFN beta-1a, 44 or

22mg sc tiw.

The analyses of continuous versus noncontinuous

treatment were conducted in a total of 136

patients who had been originally randomized to

IFN beta-1a, 44mg sc tiw. A total of 45 patients

had received continuous treatment and 91 had

received noncontinuous treatment during the

course of the study. Baseline demographic and

clinical characteristics were generally similar

between these two subgroups (Table 3).

Patients in the MAX DOSE group had a mean

cumulative dose exposure that was approximately

4.3-fold greater and a mean cumulative time

exposure that was approximately 2.2-fold greater

than in the MIN DOSE group (Table 3). The

mean cumulative dose exposure was approxi-

mately 2.8-fold greater, and the mean cumulative

time exposure was approximately 2.5-fold greater

in the MAX TIME group compared with the

MIN TIME group. Mean cumulative dose expo-

sure was approximately 1.5-fold greater in the

continuous group, compared with the noncontin-

uous group.

Clinical outcomes
Mean annualized relapse rates were lower among

patients in the MAX DOSE group than in the

MIN DOSE group (Figure 1(a)). The proportion

of patients who did not convert to SPMS was also

Table 1. Numbers of patients on treatment within each of the lowest (MIN) and highest (MAX) quartiles, by cumulative dose or time
on treatment in the population completing the LTFU visit.

Randomized: n¼ 382 Male (M) n¼ 105 (27.5%); Female (F) n¼ 277 (72.5%)

Cumulative dose analysis: patients on treatment Cumulative time analysis: patients on treatment

MIN quartile (n) MAX quartile (n) MIN quartile (n) MAX quartile (n)

Day 1 96 M 20.8%; F 79.2% 95 M 32.6%; F 67.4% 96 M 19.8%; F 80.2% 95 M 34.7%; F 65.3%
Year 2 80 (83.3%) 94 (98.9%) 78 (81.3%) 93 (97.9%)
Year 4 49 (51.0%) 94 (98.9%) 45 (46.9%) 93 (97.9%)
Year 6 23 (24.0%) 69 (72.6%) 12 (12.5%) 72 (75.8%)
LTFU 15 (15.6%)

M 33.3%; F 67.7%
63 (66.3%)

M 34.9%; F 65.1%
4 (4.2%)

M 25.0%; F 75.0%
71 (74.7%)

M 33.8%; F 66.2%

F, female; LTFU, long-term follow up; M, male; MAX, maximum (highest quartile); MIN, minimum (lowest quartile).

Table 2. The distribution of patients over the quartiles analyzed, showing the overlap of patients between the cumulative dose
quartiles and cumulative time quartiles.

Cumulative dose of
sc IFN beta-1a

Cumulative time on sc IFN beta-1a Total, n

1st quartile
[MIN], n

2nd
quartile, n

3rd
quartile, n

4th quartile
[MAX], n

1st quartile [MIN], n 69 26 1 0 96
2nd quartile, n 18 27 25 25 95
3rd quartile, n 9 32 31 24 96
4th quartile [MAX], n 0 10 39 46 95
Total, n 96 95 96 95 382

IFN, interferon; MAX, maximum (highest quartile); MIN, minimum (lowest quartile); sc, subcutaneous.
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greater in the MAX DOSE group than in the

MIN DOSE group (Figure 2(a)). In addition,

the MAX DOSE group had a higher percentage

of relapse-free patients, lower percentage of

patients with 3-month confirmed EDSS progres-

sion and a smaller mean increase in T2 burden of

disease (Table 4). In the MIN DOSE group, con-

version to SPMS occurred before treatment ces-

sation in 5 patients and after treatment cessation

in 16 patients, whereas progression to EDSS

score �6 occurred before treatment cessation in

16 patients and after treatment cessation in

9 patients.

Patients in the MAX TIME group had a lower

mean annualized relapse rate than did patients in

the MIN TIME group, over all time periods

assessed (Figure 1(b)). Consistent with the anal-

ysis of cumulative dose exposure, the MAX

TIME group had a higher percentage of patients

who did not convert to SPMS (Figure 2(b)),

higher percentage of relapse-free patients, lower

percentage of patients with 3-month confirmed

EDSS progression and a smaller mean increase

in T2 burden of disease from baseline to LTFU

(Table 4). In the MIN TIME group, conversion

to SPMS occurred before treatment cessation in

8 patients and after treatment cessation in

20 patients, whereas progression to EDSS score

�6 occurred before treatment cessation in

20 patients and after treatment cessation in

10 patients.

Table 3. Baseline demographic and clinical characteristics, original randomization groups, and treatment exposure in patients
completing the long-term follow-up visit.

Characteristic Cumulative dose of
sc IFN beta-1a

Cumulative time on
sc IFN beta-1a

Noncontinuous versus
continuous IFN
beta-1a 44 mg sc tiw

MIN MAX MIN MAX Noncontinuous Continuous
(n¼ 96) (n¼ 95) (n¼ 96) (n¼ 95) (n¼ 91) (n¼ 45)

Age, years 33.8±7.4 35.8±7.7 33.8±7.4 36.4±6.6) 34.9±7.9 36.4±7.8
Median (range) 32.9 (21�50) 36.1 (19�49) 33.4 (20�50) 36.1 (21�50) 34.7 (20�51) 37.5 (19�49)

Women, n (%) 76 (79.2) 64 (67.4) 77 (80.2) 62 (65.3) 70 (76.9) 28 (62.2)
Race, n (%)

White 95 (99.0) 95 (100) 95 (99.0) 95 (100) 90 (98.9) 45 (100)
Other 1 (1.0) 0 1 (1.0) 0 1 (1.1) 0

Time since first
exacerbationa,
years

1.53±0.42 1.57±0.40 1.53±0.47 1.58±0.38 1.59±0.43 1.54±0.41

Median (range) 1.58 (0.4�2.4) 1.61 (0.3�2.3) 1.64 (0.4�2.4) 1.65 (0.6�2.3) 1.64 (0.3�2.3) 1.60 (0.6�2.3)
Time since MS

onset, years
6.47±5.25 7.72±6.15 6.67±5.38 7.56±5.36 8.02±6.16 8.06±6.39

Median (range) 4.50 (1.1�23.2) 6.20 (0.6�34.4) 5.17 (1.3�25.7) 6.38 (0.6�23.5) 6.52 (0.6�25.7) 7.58 (1.3�34.4)
EDSS score

at baseline
2.40±1.24 2.42±1.23 2.41±1.24 2.39±1.14 2.30±1.27 2.59±1.16

Median (range) 2.25 (0.0�5.5) 2.0 (0.0�5.0) 2.25 (0.0�5.5) 2.0 (0.0�5.0) 2.0 (0.0�5.0) 2.50 (1.0�5.0)
MS relapses within

past 2 years
2.9±1.2 2.9±0.9 3.0±1.2 2.9±0.8 2.8±1.1 2.9±0.9

Median (range) 3.0 (2�8) 3.0 (1�5) 3.0 (2�8) 3.0 (1�5) 3.0 (2�8) 3.0 (1�5)
Original

randomization,
n (%)
Placebo 54 (56.3) 4 (4.2) 53 (55.2) 0 0 0
IFN beta-1a 22 mg 28 (29.2) 0 22 (22.9) 42 (44.2) 0 0
IFN beta-1a 44 mg 14 (14.6) 91 (95.8) 21 (21.9) 53 (55.8) 91 (100) 45 (100)
Cumulative time

exposure, weeks
172.42±102.55 375.25±26.37 156.78±87.66 390.27±5.87 311.53±105.06 385.70±8.81

Cumulative dose
exposure, mg

10.79±5.98 46.60±4.56 13.65±9.37 38.28±10.97 34.01±13.53 49.43±2.59

Values are means±standard deviations unless indicated otherwise.
aThe length of time between the patient’s first MS exacerbation and their entry into the study.
EDSS, Expanded Disability Status Scale; IFN, interferon; MAX, maximum (highest quartile); MIN, minimum (lowest quartile); MS, multiple
sclerosis; sc, subcutaneous; tiw, three times weekly.
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The mean annualized relapse rate was lower in

the continuous group than in the non-continuous

group (Table 4). In addition, the group receiving

continuous therapy had a lower percentage of

patients with 3-month confirmed EDSS progres-

sion and a lower percentage of patients convert-

ing to SPMS.

Discussion
The importance of adherence to long-term ther-

apies in the optimal management of chronic dis-

eases has long been recognized by the World

Health Organization, which has stated that

increasing the effectiveness of adherence inter-

ventions may have a far greater impact on popu-

lation health than improvements in specific

medical treatments [World Health Organization,

2003]. By extension, there is a clear need for

reliable, accurate measures of treatment adher-

ence, without which advances in biomedical tech-

nology would not be able to realize their potential

in reducing disease burden. This is clearly exem-

plified by the challenges of measuring adherence

in patients with MS. In the absence of more

direct measures of adherence, our analytical

approach suggests that that higher levels of sc

IFN beta-1a exposure (in terms of both dose

and time) and continuous treatment, both of

which may provide an indication of adherence

to therapy, may be associated with better out-

comes than lower cumulative dose/time on treat-

ment or noncontinuous therapy in patients

with MS.

In this post hoc analysis of clinical and MRI out-

comes data from the PRISMS LTFU study,

2.0

1.5

1.0

0.5

2.5

(a) 

0.0
4 years to LTFU

(95/95)

Time period

2–4 years
(78/95)

0–2 years
(96/95)

1.21

0.85

0.63
0.51

0.50

0.32

Baseline to LTFU
(96/95)Patients, n

(MIN/MAX)

M
ea

n 
an

nu
al

 r
el

ap
se

 r
at

e

MIN quartile

MAX quartile

0.72

0.52

2.0

1.5

1.0

0.5

2.5

(b)

0.0
4 years to LTFU

(95/95)

Time period

2–4 years
(78/95)

0–2 years
(96/95)

1.26

0.85

0.67

0.55
0.53

0.29

Baseline to LTFU
(96/95)Patients, n

(MIN/MAX)

M
ea

n 
an

nu
al

 r
el

ap
se

 r
at

e

MIN quartile

MAX quartile

0.76

0.51

Figure 1. Mean (standard deviation) annualized relapse rates in patients in the lowest (MIN) and highest (MAX)
quartiles of (a) cumulative dose of subcutaneous (sc) interferon (IFN) beta-1a and (b) cumulative time on sc IFN
beta-1a. LTFU, long-term follow up.
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patients in the upper quartiles (MAX groups) of

cumulative dose and time on sc IFN beta-1a had

more favourable outcomes than did patients in the

corresponding lower quartiles (MIN groups).

Specifically, patients in the MAX groups experi-

enced lower annualized relapse rates, lower rates

of conversion to SPMS, lower risk of EDSS pro-

gression, greater likelihood of freedom from

relapse and less T2 burden of disease. Similarly,

this post hoc analysis suggests that continuous ther-

apy may be associated with better outcomes than

noncontinuous therapy.

Our findings are consistent with those of pub-

lished studies. For example, an analysis of a US

managed care database of information on

patients taking intramuscular IFN beta-1a, sc

IFN beta-1a, sc IFN beta-1b or glatiramer
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Figure 2. Kaplan�Meier analysis of time conversion to secondary progressive multiple sclerosis (SPMS) in
patients in the highest (MIN) and lowest (MAX) quartiles of (a) cumulative dose of subcutaneous (sc) interferon
(IFN) beta-1a and (b) cumulative time on sc IFN beta-1a.
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acetate showed that patients with long gaps (�90

days) in their treatment had almost a twofold

greater risk of severe relapse compared with

patients with a treatment gap of 0�10 days

[Al-Sabbagh et al. 2008]. A separate analysis of

the same database also found that decreased

adherence was associated with increased risk of

severe relapse, whether adherence was assessed

by consistence, persistence or medication posses-

sion ratio [Meletiche et al. 2008a, 2008b]. Other

studies have shown that high-dose, high-fre-

quency treatment with IFN beta is associated

with better outcomes than low-dose, low-fre-

quency treatment [Schwid and Panitch, 2007;

Kappos et al. 2006; Durelli and Clerico, 2005;

Panitch et al. 2005, 2002; PRISMS Study

Group and University of British Columbia

MS/MRI Analysis Group, 2001; PRISMS

Study Group, 1998]. Three recently published

analyses of patients treated for up to 15 or

16 years with other DMDs (intramuscular IFN

beta-1a, glatiramer acetate or IFN beta-1b) also

support long-term DMD therapy in MS [Bermel

et al. 2010; Ebers et al. 2010; Ford et al. 2010].

Our findings, combined with those of previous

studies, illustrate the importance of adherence

with DMD therapy in patients with MS in

order to achieve high and consistent drug

exposure and thus improved outcomes. No con-

clusions regarding high-frequency versus low-

frequency treatment can be drawn from the

present post hoc analysis, as dose frequency was

not analyzed separately from cumulative dose

exposure. It should also be noted that there was

a large overlap between the MIN DOSE and

MIN TIME groups and also between the MAX

DOSE and MAX TIME groups: 69/96 (72%)

of patients were in the lowest quartiles for both

cumulative dose and cumulative time, while 48%

of patients (46/95) were in the highest

quartiles for both cumulative dose and

cumulative time.

As the MIN groups included many patients orig-

inally assigned to placebo, the differences in out-

come measures observed between MIN and

MAX groups may also be due to early initiation

of treatment in some patients (those originally

randomized to active treatment) and later initia-

tion in others (those originally randomized to pla-

cebo and subsequently switched to active

treatment). Indeed, patients receiving early treat-

ment with sc IFN beta-1a have been shown to

have better outcomes than those initially givenT
a
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placebo and switching to active treatment at the

end of year 2 [Oger et al. 2005].

Although these results are informative and sup-

portive of previous evidence, a number of limita-

tions of the present analyses should be noted.

These were exploratory, post hoc analyses of his-

torical data from nonrandomized patient groups

of small samples; hence, statistical comparisons

were not appropriate, and any conclusions can

only be drawn with caution. Differences between

groups may have been due to between-group dif-

ferences in demographic characteristics or

disease severity at baseline, or to other confound-

ing factors. Notably, standard deviations around

mean values at baseline were widely spread.

Some differences in baseline characteristics were

noted between the quartiles of patients with high-

est and lowest exposure to sc IFN beta-1a. In

particular, patients in the MIN groups were

more likely to be female and have a slightly

shorter time since MS onset than were patients

in the MAX groups; patients with a shorter time

since MS onset are more likely to be in the early

phase of MS. In addition, although the return

rate was high, 31.8% of patients enrolled in the

original study did not return for the LTFU visit;

however, there were no apparently meaningful

differences in baseline characteristics or behav-

iour during the PRISMS study between patients

who returned for the LTFU visit and those who

did not [Kappos et al. 2006].

In the total population of patients included in the

LTFU analyses, the percentages of men and

women (27.5% and 72.5%, respectively) were

similar to those in the original population

enrolled in the PRISMS study (31% and 69%,

respectively) and representative of disease epide-

miology in general [Noseworthy et al. 2000].

However, in the LTFU population, the percent-

age of women was lower in the MAX DOSE

group (67.4%) and MAX TIME group (65.3%)

than in the MIN groups (79.2% and 80.2%,

respectively). A similar pattern was seen for the

percentages of women in the continuous group

(62.2%) and noncontinuous group (76.9%).

Possible reasons for these differences could

include differences in drug effects, disease state

or attitudes toward therapy between men

and women.

Another limitation that potentially confounds the

observed association between treatment and clin-

ical effect in LTFU studies is whether disease

progression is a consequence or cause of cessa-

tion of therapy. In this post hoc analysis, most

patients who converted to SPMS in the MIN

groups did so after discontinuation of therapy,

making it less likely that these groups were pre-

dominantly biased towards treatment nonrespon-

ders. However, the majority of EDSS progression

in the MIN groups occurred before treatment

cessation. For both parameters, the number of

patients involved was too small to draw any con-

clusions in this respect.

To summarize, although the direction of causality

cannot be established clearly, and other possible

contributing factors may be involved, the findings

from our exploratory analyses reinforce the

importance of high levels of treatment exposure

in patients with MS receiving IFN beta and

maintaining uninterrupted treatment over the

long term. Indeed, our analyses suggest that

patients with high levels of exposure to sc IFN

beta-1a (based on cumulative dose or cumulative

time on treatment) had lower rates of relapse and

EDSS progression and were less likely to convert

to SPMS than were patients with low levels of

exposure to sc IFN beta-1a. These findings

have significant clinical, psychosocial and socio-

economic implications and, together with the

results of previous studies, provide a strong ratio-

nale for attempting to maximize adherence to sc

IFN beta-1a treatment in MS.

Strategies to help improve adherence will hinge

upon the relationships between patients and their

key healthcare professionals. Careful selection of

the most appropriate starting therapy, close man-

agement of patient expectations and more accu-

rate and systematic measures of adherence and

monitoring of patient progress are all crucial to

maximizing adherence to therapy. Treatments

with flexible dosing regimens, convenient routes

of administration and good tolerability profiles

will further help to improve adherence.

Prospective, controlled long-term studies, in

which adherence is measured systematically, spe-

cifically and objectively, are warranted to evaluate

further the effects of treatment exposure on clin-

ical outcomes in patients with RRMS.
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