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ABSTRACT

Introduction: Treatment adherence is a critical
success factor in the disease-modifying therapy
(DMT) of multiple sclerosis (MS). The REBIS-
TART study prospectively evaluated adherence
in patients using components of a patient sup-
port program (PSP).
Methods: The 12-month non-interventional
multicenter study examined the real-world
adherence to subcutaneously (sc) injected
interferon beta-1a (Rebif�). Patient-assessed
adherence was measured by a visual analog
scale (VAS) and the Morisky Medication
Adherence Scale (MMAS). Objective adherence

data were obtained by readouts from the
RebiSmart� injection device.
Results: Of 333 patients, 70.9% used the nurs-
ing service as the core component of the PSP.
Self-assessed VAS-based adherence was
stable over time at 94.0–96.3%. Similarly,
MMAS score (maximum 4) was 3.8–3.9 at all
visits, also reflecting high self-assessed adher-
ence. In 269 patients using the RebiSmart�

injection device, mean readout-based objective
adherence was similarly high (93.0–98.4%
throughout visits). At last available visit, VAS-
based adherence was independent of participa-
tion in the PSP nursing service (93.1% with
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participation versus 91.7% without it).Adher-
ence was also independent of injection method
or disease-related measures, including fatigue,
depression, cognition, and quality of life. The
most frequent reason for the premature dis-
continuations (38.7% of patients) was ‘‘change
of treatment’’ (10.0%).
Discussion: We suggest that subgroups that
may specifically benefit from PSP include
patients who live alone, use multiple comedi-
cations, and are affected by cognitive impair-
ment, depression, and/or fatigue. Further
studies should investigate the potential useful-
ness of PSPs in these populations.
Conclusions: Very high adherence rates inde-
pendent of the PSP nursing service over 1 year
of treatment indicate that IFN beta-1a sc is an
easy-to-use and well-tolerated disease-modify-
ing drug.
Trial Registration Number: Vfa.de: No. 892.
https://www.vfa.de/de/arzneimittel-forschung/
datenbanken-zu-arzneimitteln/nisdb/nis-
details/_892.

Keywords: Interferon beta-1a sc; Subcutaneous
injection; Adherence; Patient support program;
Multiple sclerosis

Key Summary Points

Why carry out this study?

Treatment adherence is a critical success
factor in the management of multiple
sclerosis (MS).

The REBISTART study evaluated whether a
patient support program and its modules
increase the treatment adherence of
patients with MS who newly started or
restarted subcutaneous treatment with
interferon beta-1a over a period of
12 month.

What was learned from the study?

Objective adherence (RebiSmart� ID
readout) and self-assessed adherence were
high and stable over time.

Adherence was independent of
participation in the nursing service of the
patient support program, the injection
method, or disease-related parameters.

Self-assessed adherence is a surprisingly
accurate tool to gauge adherence in
patients with MS.

Further studies should investigate the
usefulness of patient support programs in
subgroups that are expected to experience
a specific benefit.

INTRODUCTION

Adherence to prescribed drug therapy is a criti-
cal prerequisite in the management of chronic
diseases [1, 2]. Poor adherence negatively affects
outcomes and health benefits of pharmacolog-
ical treatments [3]. Adherence is influenced by
dosing regimen, route and mode of application,
side effects, and perceived effectiveness [4].
Patient psychological situation [5] and cogni-
tive capacity also play important roles [6].

In patients with multiple sclerosis (MS),
previous studies have shown that non-adher-
ence to disease-modifying treatments (DMTs)
and premature discontinuation remain relevant
issues [7]. Patient support programs can mark-
edly reduce early treatment discontinuation
and foster persistence and adherence to a pre-
scribed regimen [8, 9].

Subcutaneously administered interferon
beta-1a (IFN beta-1a sc; Rebif�) is a DMT
licensed for patients with relapsing multiple
sclerosis (RMS) and individuals with a clinically
isolated demyelinating syndrome (CIS) at high
risk of developing clinically definitive MS
(CDMS) [10]. A significant inverse correlation
between adherence and subsequent risk of MS
relapse on treatment was previously reported
for interferon IFN beta-1a [11].

Patients treated with IFN beta-1a sc are rou-
tinely offered participation in the product-
specific patient support program (PSP). This
voluntary, free-of-charge program includes
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several modules, e.g., nursing service, coaching,
online information, patient academy, and
patient journal. Each module can be used
without time limits, either as a stand-alone
option or as component of a complete package.
The nursing service is the core of the PSP.
Specifically trained and certified MS nurses
support the patients as permanently accessible
contacts, in person and via telephone. They
provide injection training at the start of ther-
apy, and individualized long-term treatment
assistance to patients in their domestic envi-
ronment. The coaching module may be used on
its own or in combination with the nursing
service. Coaches are medically trained profes-
sionals, who discuss issues of living with MS via
telephone. The online module MSdialog serves
to more effectively engage patients with MS and
their healthcare providers with treatment
adherence information. MSdialog also allows
people with MS to engage in the management
of their disease by asking them to complete
periodic health report questionnaires based on
short forms of published instruments and
standard scales, such as the Multiple Sclerosis
Quality of Life Inventory (MSQLI) and the
Multiple Sclerosis International Quality of Life
(MusiQoL) questionnaires.

Over a period of 12 months, the study REBIS-
TART evaluated whether this PSP and more
specifically which of its modules increase the
treatment adherence of patients with MS who
start or restart treatment with IFN beta-1a sc.

METHODS

REBISTART was a non-interventional multicen-
ter clinical study performed at 54 neurological
study centers (neurological specialty practices
and hospital departments or outpatient clinics)
in Germany. It was conducted in accordance
with the Declaration of Helsinki, Good Clinical
Practice (as far as applicable in the non-inter-
ventional setting), Good Epidemiological Prac-
tice, and Good Pharmacoepidemiology Practice.
The study protocol was approved by relevant
institutional review boards and independent
ethics committees, in line with national and/or
international regulations. All patients provided

their written informed consent before inclusion
into the study.

Eligibility criteria were as follows: adults with
a diagnosis of CIS (clinically isolated syndrome)
at high risk of developing clinically definitive
MS (CDMS), or relapsing multiple sclerosis
(RRMS) according to McDonald criteria of 2010
[12]. Participants could be treatment-naı̈ve or
previously treated with any DMT licensed for
MS with the exception of IFN beta-1a sc itself.
Further prerequisites for inclusion were mild to
moderate disability (Expanded Disability Status
Scale [EDSS] score B 3.5) at baseline, and time
since MS diagnosis B 5 years.

Patients could start treatment with a starter
pack containing 12 prefilled syringes for titra-
tion of interferon during the first month of
treatment: six syringes with 8.8 lg of active
ingredient for the first 2 weeks, and six syringes
with 22 lg each for weeks 3 and 4.

Participants were observed for a period of up
to 12 months. Study data were documented at
baseline, i.e., start of treatment with IFN beta-1a
sc (visit 1) and at 1 month (visit 2), 3 months
(visit 3), 6 months (visit 4), and 12 months
(visit 5) thereafter. In patients with premature
treatment discontinuation, a final documenta-
tion according to the specifications of visit 5
was mandatory.

Data analysis was based on the safety analy-
sis set, comprising all patients who entered the
study and received at least one injection of IFN
beta-1a sc within the study timeframe.

Study Objectives

The primary target parameter was patient-
assessed adherence to treatment with IFN beta-
1a sc as a function of participation in the
nursing service as the core module of the PSP
during 12 months of observation. The patients
rated their adherence (during the time since the
last visit) on a visual analog scale (VAS) ranging
from 0 (lowest adherence) to 100 (highest
adherence) and on the 4-item Morisky Medica-
tion Adherence Scale (MMAS; 4 = maximum
adherence).

Secondary target parameters included the
comparison of subjective self-assessed (VAS)
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adherence versus objective adherence based on
the readouts from the electronic injection
device RebiSmart�; correlation between VAS
data and disease-associated measures which
may have a potential impact on, or correlate
with, adherence including the participation in
coaching as the core module of the PSP; type of
injection device used (prefilled syringe, Rebi-
ject II�, RebiDose�, RebiSmart�); fatigue (Fati-
gue Scale for Motor and Cognitive Functions
[FSMC]); depression (Beck Depression Inven-
tory-Fast Screen [BDI-FS]); disease-related qual-
ity of life (Multiple Sclerosis International
Quality of Life questionnaire [MusiQoL]); and
medication possession ratio (MPR; defined as
the ratio of the number of days formally cov-
ered by a prescription by the actual number of
days passed until the next prescription).

Data Retrieval

Patient answers to questionnaires and their VAS
scores were transferred into the electronic data
capture system. Socio-demographic data, MS
history, results of EDSS and magnetic resonance
imaging (MRI) examinations (if performed),
health-economic and socioeconomic data, data
on IFN beta-1a sc therapy, and injection device
were extracted from the patient’s medical
records and documented in an electronic case
report form (CRF). The MPR was calculated from
number of prescribed packages multiplied by
the package size converted to time on therapy.
Occurrence of adverse events was assessed by
the physicians on the basis of patient reports,
medical records, and physical examinations, as
applicable.

Statistical Analyses

Data were first analyzed by descriptive statistics.
Categorical variables were represented by fre-
quency distribution. Student’s t test was used to
probe for statistical significant differences
between participants and non-participants in
the PSP nursing service and/or PSP coaching.

Correlations between the VAS score and
adherence-related parameters were analyzed by
Pearson product-moment correlation assuming

normal distributions, and Spearman rank cor-
relation. Statistical tests were exploratory at a
5.0% significance level. All values are given as
means ± standard deviation (SD) if not other-
wise specified.

RESULTS

Patient Characteristics

A total of 341 patients were enrolled. The safety
analysis set comprised 333 patients at a median
age of 33 years (range 18–70); the majority was
female (74.8%).

The most prevalent MS disease type was
RRMS (79.0%) followed by CIS (18.9%)
(Table 1). MS disease duration ranged between 0
and 10 years at baseline. The mean duration of
MS at baseline was 0.4 ± 1.0 years, indicating a
population that was treated early in the course
of MS. The majority (92.8%) of the patients had
not previously received any DMT, and 82.9%
had received no other MS-related drugs (e.g.,
symptomatic treatments).

MS Disease Activity

The mean number of relapses within the last
12 months prior to baseline (i.e., the annualized
relapse rate) was 1.2 ± 0.5. Overall, the patients
experienced between 0 and 5 relapses within
this period. The percentage of patients with a
relapse during the 12 months before study was
88.0% (293 of 333 patients).

Relapses were documented in 3.9% of
patients (n = 13) after baseline. A total of 2.7%
(n = 9) were hospitalized with a relapse, 5 at
visit 4 (month 6), and 4 at visit 5 (month 12).

The mean EDSS at baseline was 1.2 ± 0.7.
The mean change of disability (EDSS) between
baseline and visit 5 was 0.1 ± 0.8 in 172
patients with data available at both visits.

In patients with available MRI data at base-
line and visit 5 (n = 59), there was no substan-
tial change in the number of contrast-
enhancing lesions (mean 0.9 ± 4.0) at visit 5
versus at baseline (1.3 ± 3.1), and T2 hyperin-
tense lesions (3.9 ± 5.2 versus 4.1 ± 6.4).
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Approximately half of patients already showed
at least minimal signs of general and cognitive
fatigue in the FSMC, and depressive symptoms in
the BDI-FS questionnaires (Table 1).

The proportion of patients who were inca-
pacitated for work during the last 12 months
prior to baseline was 33.9% (n = 113). During
the treatment period, incapacitation for work
was documented in 9.8% (n = 25) at visit 4
(month 6) and in 7.8% (n = 22) at visit 5
(month 12).

Safety

A total of 51 patients (15.3%) experienced 90
adverse drug reactions (ADRs) during the study
period. Nine ADRs in 6 patients (1.8%) were
assessed by the physicians as serious adverse
drug reactions. The most frequent ADRs were
classified in the system organ class ‘‘general
disorders and administration site conditions’’
(8.1%). Among these injection site reactions
were observed in 11 patients (3.3%), erythema
at an injection site (2.4%) followed by flu-like
symptoms (2.1%).

Drug Administration and Use

The reasons for choosing a specific injection
device were ‘‘patient’s choice after being pre-
sented with various injectors’’ in 201 patients
(60.4%); in 92 patients (27.6%) the choice was
based on the recommendation bythe MSnurse, in
71 patients (21.3%) on the physician’s recom-
mendation, and in 53 patients (15.9%) on the
prescription. RebiSmart� was the most frequently
chosen injection device [82.7% (n = 82.7) at
visit 1 through 79.1% at visit 5]. Most patients
initiated their therapy with the starter pack
(88.3%, n = 294). The total mean treatment
duration on study was 10.7 ± 3.5 months. Pre-
maturediscontinuation of study was documented
in 132 of 341 patients (38.7%). Reasons were
available only for 78 patients with documented
early discontinuation whereby multiple entries
were possible. The most frequent reason was
‘‘changeof treatment’’ (43.6%,34patients), others
included pregnancy or patient wish (34.6%, 27
patients), followed by ‘‘adverse drug reactions’’

Table 1 Patient demographic and MS-specific baseline
characteristics (patient number listed only if different from
N = 333)

Characteristics Total
N = 333

Sex, n (%)

Female 249 (74.8)

Male 84 (25.2)

Age [years], mean (SD) 35.1 (10.1)

Education, n (%)

Secondary school 215 (64.6)

High school 75 (22.5)

College or university 32 (9.6)

Other 7 (2.1)

No degree 3 (0.9)

Missing data 1 (0.3)

Living alone, n (%) 77 (23.1)

Current type of MS, n (%)

RRMS 263 (79.0)

CIS 63 (18.9)

SPMS with relapses 6 (1.8)

Missing data 1 (0.3)

Disease duration, n (%)

\ 1 year 269 (80.8)

1 to\ 5 years 62 (18.6)

5 to 10 years 1 (0.3)

[ 10 years 0 (0.0)

Missing data 1 (0.3)

Previous DMT, n (%)

None 309 (92.8)

Any 23 (6.9)

Glatiramer acetate 10 (3.0)

IFN beta-1a sc 8 (2.4)

Other IFN beta preparations 8 (2.4)

Other DMTs 8 (2.4)

Missing data 1 (0.3)
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(20.5%, n = 16), and ‘‘lack of efficacy’’ (14.1%,
n = 11).

Self-Assessed Adherence

Self-assessed therapy adherence was high (mean
VAS score C 91) at all visits, regardless of the
injection device used (Table 2). The mean total
score of the 4-item MMAS was 3.9 ± 0.5 at
visit 2 and did not change substantially during
study (Table 3).

Positive correlations (coefficient range
0.35–0.5) between the VAS score and the MMAS
were observed at all post-baseline visits
(p\ 0.0001, at each visit) (Table 3). No correla-
tions between the VAS score and any of the
following factors were found at any of the
applicable visits: fatigue (FSMC), depression
(BDI-FS), or quality of life (MusiQoL).

The most frequent reason for missing injec-
tions over all visits and all devices was forget-
fulness, with increasing incidence between
visit 2 (3.2%, n = 10) and visit 5 (13.5%, n = 38).
A conscious decision against injection was
another reason for not injecting IFN beta-1a sc
at the end of the observational period (visit 5,
4.6%, n = 13).

Objective Adherence

In patients using the RebiSmart� ID, the objec-
tive mean adherence was greater than 97.0% at
visit 2 (98.4%; n = 258), visit 3 (97.7%; n = 241),
and visit 4 (98.2%; n = 212) and greater than
90% at visit 5 (93.0%; n = 223) (Table 4).

The mean cumulative adherence was
95.8 ± 10.6% (n = 269). In most patients
(90.7% of 269 patients, n = 244), cumulative
adherence was in the range of 85–105%. There
were 25 patients (9.3%) with a cumulative
adherence below 85%.

Positive correlations (coefficient range
0.36–0.40) between self-assessed adherence based

Table 1 continued

Characteristics Total
N = 333

EDSS, mean (SD) 1.2 (0.7)

Patients with relapse within the last

12 months prior to baseline, %

88.0

Number of patients with relapses in

12 months prior to therapy, n (%)

293

(88.0%)

Mean number of relapses per patient,

n (SD)

1.2 (0.5)

Mean time between onset of last relapse and

baseline visit, months (SD)

4.8 (9.3)

Neuropsychological and quality of life questionnaires,

mean (SD)

FSMC (n = 325); ULN = 42 46.1 (18.4)

FSMC cognitive score (n = 327),

ULN = 21

22.1 (9.5)

BDI-FS (n = 330); ULN = 4 1.9 (2.5)

MusiQoL (n = 300); range 0–100 50.7 (10.9)

Percentage of patients with pathological

neuropsychological findings, number of patients (%)

FSMC (n = 325); score[ 42 170 (52.3)

FSMC cognitive score (n = 327),

score[ 22

154 (47.4)

BDI-FS (n = 330); score[ 4 71 (21.5)

BDI-FS Beck Depression Inventory-Fast Screen, CIS
clinically isolated syndrome, DMT disease-modifying
therapy, EDSS Expanded Disability Status Scale, FSMC
Fatigue Scale for Motor and Cognitive Functions, IFN
interferon, MusiQoL Multiple Sclerosis International
Quality of Life questionnaire, RRMS relapsing–remitting
multiple sclerosis, SD standard deviation, SPMS secondary
progressive multiple sclerosis, ULN upper limit of normal
range
aNormative value 50
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on the VAS score in patients using the RebiSmart�

ID and objective adherence (data readouts from
RebiSmart� ID) were observed at all post-baseline
visits (p\0.0001 at each visit).

Effects of PSP Nursing Service
on Adherence

Participation in the PSP remained fairly con-
stant from baseline (77.5%) to visit 5 (69.9%)

(Table 5). The nursing service was the most fre-
quently used module of the PSP (70.9% at
baseline to 61.0% at visit 5), followed by MSdi-
alog (43.8% at baseline to 36.5% at visit 5), and
RebiSTAR coach (16.8% at baseline to 6.7% at
visit 5). However, data on participation in
components of the PSP were missing for 22.5%
of patients at baseline to 30.1% at visit 5.

As the primary target parameter, the mean
VAS-based adherence to IFN beta-1a sc in

Table 2 VAS adherence score of participants in the PSP nursing service by visit

Visit 2 (month 1) Visit 3 (month 3) Visit 4 (month 6) Visit 5 (month 12)

Number of patients 176 165 145 146

VAS, mean ± SD 93.6 ± 17.6 96.2 ± 8.8 96.3 ± 10.3 94.0 ± 15.8

VAS, median (min, max) 100 (0, 100) 100 (45, 100) 100 (6, 100) 100 (0, 100)

VAS, 95% CI 91.0–96.2 94.9–97.6 94.6–98.0 91.4–96.6

CI confidence interval, max maximum, min minimum, VAS visual analog scale, SD standard deviation

Table 3 Results on the 4-item Morisky Medication Adherence Scale total score

Visit 2
(month 1)

Visit 3
(month 3)

Visit 4
(month 6)

Visit 5
(month 12)

Number of patients 309 292 254 252

Total score

Mean ± SD 3.9 ± 0.5 3.8 ± 0.5 3.8 ± 0.5 3.8 ± 0.6

Median (min, max) 95% CI 4 (0, 4)

3.8–4.0

4 (0, 4)

3.8–3.9

4 (0, 4)

3.8–3.9

4 (0, 4) 3.7–3.8

Correlation coefficient between VAS score and

MMAS score

0.35 0.50 0.48 0.41

p value of correlation \ 0.0001 \ 0.0001 \ 0.0001 \ 0.0001

CI confidence interval, max maximum, min minimum, SD standard deviation, VAS visual analog scale, MMAS Morisky
Medication Adherence Scale

Table 4 Objective mean adherence as determined by RebiSmart� ID readouts

Visit 2
(month 1)

Visit 3
(month 3)

Visit 4
(month 6)

Visit 5
(month 12)

Number of participants 258 241 212 223

Percentage of patients with objective adherence,

mean

98.4% 97.7% 98.2% 93%
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patients who exclusively participated in the PSP
nursing service at the respective visit was largely
stable at a high level during the observation
period, ranging from 93.6% at visit 2 to 96.3%
at visit 5 (Table 2).

At the last available visit, the mean VAS-
based adherence in the patients who used the
PSP nursing service (between all or some of the
visits) was similar to the adherence in patients

who never participated in the PSP nursing ser-
vice: 93.1% versus 91.7% (Table 6). The mean
VAS-based adherence score was 83.8 ± 17.0
(n = 4) in patients who participated only in the
PSP coaching, 92.4 ± 10.1 (n = 16) in patients
who continuously participated in the PSP
nursing service and coaching, and 92.1 ± 14.0
(n = 80) in patients who never participated in
the PSP nursing service or coaching.

Table 5 Patient participation and contacts in the entire PSP and its program modules nursing service and coaching

Baseline
N = 333

Visit 3 (month 3)
N = 294

Visit 5 (month 12)
N = 282

Number of participating patients

PSP, overall 258 (77.5%) 228 (77.6%) 197 (69.9%)

PSP nursing service 236 (70.9%) 197 (67.0%) 172 (61.0%)

PSP coaching 56 (16.8%) 33 (11.2%) 19 (6.7%)

Visit 2 (month 1)
N = 313

Visit 3 (month 3)
N = 294

Visit 5 (month 12)
N = 282

Number of contacts since last visit

PSP nursing service 168 166 128

Contacts per patient

Mean ± SD 2.8 ± 1.7 1.9 ± 1.1 2.1 ± 1.4

Median (min, max) 2 (0, 10) 2 (0, 7) 2 (0, 8)

PSP coaching

Contacts per patient 11 5 3

Mean ± SD 0.5 ± 0.8 1.0 ± 1.2 1.7 ± 0.6

Median (min, max) 0 (0, 2) 1 (0, 3) 2 (1, 2)

PSP patient support program, SD standard deviation, max maximum, min minimum

Table 6 VAS adherence score according to participation in the PSP nursing service at last available visit

Participated in the PSP nursing service only Never participated in the PSP nursing service

Number of patients 183 84

VAS score

Mean ± SD 93.1 ± 17.8 91.7 ± 14.2

Median (min, max) 100 (0, 100) 99 (34, 100)

PSP patient support program, VAS visual analog scale, SD standard deviation, max maximum, min minimum
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DISCUSSION

The participants of this non-interventional
study were predominantly female and repre-
sented a typical population with early MS: at
baseline, the majority had only minimal dis-
ability and a short disease duration. More than
90% of study participants were treatment-naı̈ve.
However, the great majority had experienced at
least one relapse in the year before study initi-
ation, which may explain the high rate of work-
incapacitated individuals.

We observed high levels of self-assessed
adherence to IFN beta-1a sc over the entire first
year of treatment that were obviously not affec-
ted by first signs of general and cognitive fatigue,
and depressive symptoms in approximately 50%
of the patients before the start of therapy.

The highly significant correlations of self-
assessed adherence based on the VAS and the
MMAS results and those between self-assessed
adherence based on the VAS and the objective
adherence based on the RebiSmart� ID read-
outs support the validity of the VAS for
assessment of adherence. The fact that VAS-
assessed adherence was not influenced by dis-
ease-associated factors such as fatigue, depres-
sion, cognition, or quality of life may have
been confounded by the fact that this study
included patients early in the disease course
with a low burden of symptoms. The high self-
assessed adherence levels were similar for all
injection devices and confirmed by the MPR
and the high rate of objective adherence based
on data readouts from the RebiSmart� ID. This
type of injector was used by the great majority
of the patients throughout the study. The
proportion of patients using the RebiSmart� ID
was higher than observed in longitudinal pre-
scription data from healthcare system data-
bases [13].

Adherence Compared to Observations
in Other Studies with IFNb-1a

The objective cumulative adherence rate over
12 months derived from RebiSmart� ID readouts
was comparable to those found in previous long-
term observational studies in patients with

relapsing MS and treated with IFN beta-1a sc
using the RebiSmart� ID [14–28].

In a retrospective study performed in Great
Britain and Ireland with 225 patients, the mean
adherence (doses used per doses prescribed)
over the course of 24 months was 95.0% [26].
Another retrospective study from Spain repor-
ted an overall adherence rate of 92.6% over
35 months [22]. The patients in the first study
were also offered patient support services,
whereas a support program was not provided in
the Spanish study. However, long-term support
is typically offered to patients with MS who are
prescribed a DMT.

Adherence Compared to Observations
with Other Disease-Modifying Therapies

Although comparing adherence among differ-
ent drugs is generally limited by the diverging
routes and schedules of application, self-asses-
sed and objective adherence to IFN beta-1a sc of
greater than 90% after 12 months appears to
compare favorably with other DMTs. For dime-
thyl fumarate, a medication possession rate of
at least 80% was reported and in 63% of patients
over 12 months of therapy [29]. A compliance
rate of 81% at 6 months and 60% at 24 months
of treatment was reported with teriflunomide in
a real-world setting [30]. In other observational
studies, proportions of patients with no missed
doses were 66% for glatiramer acetate and 85%
for IFN beta-1a applied once a week intramus-
cularly [31]. These data are consistent with
findings of studies reviewed by Menzin et al.
[32] indicating treatment adherence for
injectable DMTs in the range of 49–88%.

Compared to these results, adherence appears
to be numerically higher in the REBISTART
study. This observation may relate to practical
advantages of the RebiSmart� injection device,
the route of application, and/or tolerability
issues with oral disease-modifying drugs.

While healthcare data collected in clinical
routine settings revealed high adherence rates
for IFN beta-1a sc similar to our own results [33],
previous research still has shown that patients
with MS benefit from support programs in terms
of higher adherence and persistence with DMTs
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[34, 35]. In the present study, self-assessed
adherence reported at the last available visit of a
patient was numerically higher in the group of
patients who participated in the PSP nursing
service and/or in the PSP coaching. This was
consistent with the observation that patients
with a higher number of contacts with the PSP
nurse tended to have a higher mean VAS score
at most visits.

The absence of adherence-enhancing effects
of the nursing service as the core module of the
PSP is probably due to a ceiling effect of the very
high overall adherence in the study population.
Favorable tolerability and the easy-to-use injec-
tion device probably supported the exceedingly
high adherence regardless of the participation
in the very well accepted PSP. There was no
indication of a withdrawal bias, i.e., that
patients with low adherence preferentially left
the study. From a general point of view, the
high overall adherence may also be related to
the background effects of the well-developed
support and self-organization landscape for
patients with MS in Germany. However,
adherence-enhancing effects of PSPs may also
occur later during treatment, i.e., after more
than 1 year of treatment when ‘‘needle weari-
ness/fatigue’’ sets in.

Limitations

Limitations of this study include the observa-
tional, non-comparative design, the lack of a
control group, and the inherent potential of
biases in patient-reported outcomes, e.g., a
tendency to report a supposedly favored
behavior. Safety data recorded in non-inter-
ventional studies may be skewed by reporting
biases which are common in routine practice.

The mere occurrence of a doctor’s visit may
temporarily increase the treatment adherence
of patients on chronic treatments. Therefore we
adapted the number of visits to the schedule of
visits most commonly used in routine clinical
practice during the first year of treatment with
disease-modifying MS treatments.

Subgroups that may specifically benefit from
PSP include patients with MS who live alone, use
multiple comedications, and suffer from

cognitive impairment, depression, and/or fati-
gue. However, the overall adherence rates were
too high to allow for a meaningful subgroup
analysis. Further studies should investigate the
potential usefulness of PSPs in these populations.

CONCLUSION

In this non-interventional, multicenter study
that included patients with early MS, self-
assessed adherence to IFN beta-1a sc was gen-
erally very high. The VAS has been proven to be
a reliable tool to measure adherence. The
favorable adherence even in patients without
participation in a PSP reveals that interferon
beta-1a sc remains a highly accepted and well-
tolerated medication in the era of therapies
with oral application and/or prolonged dosage
intervals.

Although limited by the non-comparative,
observational design of the study, the results
support evidence of previous research showing
that PSPs in MS are well accepted by patients,
potentially supporting effective long-term
therapy.

The results of REBISTART supports the deci-
sion to maintain the opportunity of participat-
ing in the PSP for patients starting treatment
with IFN beta-1 sc in the forthcoming years.
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