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Abstract
Background: Multiple sclerosis (MS) currently requires long-term treatment with disease-modifying drugs, 
administered parenterally up to once daily. The need for regular self-injection can be a barrier to treatment for many 
patients. Autoinjectors can help patients overcome problems or concerns with self-injection and could, therefore, 
improve treatment adherence. This study was performed to assess the suitability of a new electronic device for the 
subcutaneous (sc) administration of interferon (IFN) beta-1a, 44 mcg three times weekly, for relapsing MS.

Methods: In this Phase IIIb, multicentre, single-arm study, patients with relapsing MS who had been consistently self-
injecting sc IFN beta-1a using an autoinjector for at least 6 weeks were taught to use the new device and self-
administered treatment for 12 weeks thereafter. Patient-rated suitability of the device was assessed at the end of Week 
12 using the Patient User Trial Questionnaire. Patient satisfaction with, and evaluation of, the injection process was 
assessed using the MS Treatment Concern Questionnaire. Trainers evaluated the device using the Trainer User Trial 
Questionnaire.

Results: At Week 12, 71.6% (73/102) of patients considered the device 'very suitable' or 'suitable' for self-injection; 
92.2% (94/102) reported some degree of suitability and only 7.8% (8/102) found the device 'not at all suitable'. At 
Weeks 4, 8 and 12, most patients reported that injection preparation and clean-up, performing injections and ease of 
device use in the previous 4 weeks compared favourably with, or was equivalent to, their previous experience of self-
injection. Injection-related pain, injection reactions and 'flu-like' symptoms remained stable over the 12 weeks. Each 
device feature was rated 'very useful' or 'useful' by at least 80% of patients. All trainers and 95.2% (99/104) of patients 
found device functions 'very easy' or 'easy' to use. Overall convenience was considered the most important benefit of 
the device.

Conclusions: Most patients considered the new electronic injection device suitable for the sc injection of IFN beta-1a. 
They found the device easy to use with useful features, and reported benefits such as overall convenience. The device 
may, therefore, increase treatment adherence in patients with MS, particularly those with injection-related issues.

Trial registration: NCT00735007

Background
Multiple sclerosis (MS) is a chronic, inflammatory and
degenerative disease of the central nervous system that

can cause a wide range of debilitating symptoms affecting
both mental and physical functions [1]. Although MS
remains incurable, treatment with disease-modifying
drugs (DMDs) such as interferon (IFN) beta-1a, IFN
beta-1b and glatiramer acetate can reduce the frequency
of disease exacerbations and may delay disability progres-
sion [2-5]
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Currently, all approved first-line DMDs require fre-
quent, parenteral administration (up to once daily). Due
to the relatively early age of onset and chronic nature of
MS, long-term treatment is often required. Self-injection
is common, but performing regular injections can be
stressful and physically demanding for many patients.
Symptoms of the disease itself, such as poor manual dex-
terity and impaired cognitive function, can make self-
injection more difficult. Other potential issues that may
affect treatment acceptance and, thus, adherence include
needle phobia, concerns about correct injection tech-
niques, perceived lack of efficacy, treatment-related local
and systemic side-effects and treatment fatigue [6-9].
Indeed, non-adherence to MS therapies is a common
problem [10] with clinical consequences including
reduced efficacy [11,12]. Patient education, a good doc-
tor-patient relationship, management of patients' treat-
ment expectations and accurate adherence monitoring
are, therefore, essential to improve treatment adherence.

Mechanical, single-dose injection devices are available
for most DMDs and can help patients to overcome injec-
tion-related issues [13,14]. A new electronic autoinjection
device (RebiSmart™, Merck Serono S.A. - Geneva, Swit-
zerland, an affiliate of Merck KGaA, Darmstadt, Ger-
many) has been developed for the subcutaneous (sc)
administration of IFN beta-1a supplied in a multi-dose
cartridge. The new device is based on an existing device
for administering growth hormone to children (easypod®,
Merck Serono S.A. - Geneva) and has been adapted for
use in patients with MS. The device has features that sim-
plify the injection process and may help patients to over-
come injection-related issues and improve treatment
satisfaction, and may, therefore, increase adherence to
treatment. These features include the convenience of the
multi-dose cartridge, which holds one week's drug dos-
age; easy-to-understand, step-by-step instructions; an
injection log to inform patients of their injection history;
and adjustable comfort settings, which allow patients to
tailor injections to improve comfort. Needle speed and
injection speed, time and depth can all be changed by
patients who experience discomfort upon injection or
who are dissatisfied with the injection process, for exam-
ple because a drop of liquid is seen on the skin when the
needle is withdrawn.

This study was conducted to investigate the feasibility
of using the device for the self-injection of sc IFN beta-1a,
44 mcg three times weekly (tiw), by patients with relaps-
ing MS. To this end, patient-rated suitability of the device
was assessed in a population of patients currently receiv-
ing IFN beta-1a via a single-dose autoinjection device and
in healthcare professionals who trained patients in device
use ('trainers'). The study also assessed patients' satisfac-
tion with the injection process, patients' and trainers'

evaluation of the device, local tolerability and overall
safety.

Methods
Study design
The RebiSmart™ User Trial (study protocol 28733;
NCT00735007) was a Phase IIIb, multicentre, 12-week,
single-arm, open-label study carried out in 15 centres in
Europe, the United States of America and Canada. The
study was carried out in accordance with local clinical
research regulations, approved by local ethics commit-
tees or institutional review boards (IRBs) and conformed
to the World Medical Association Declaration of Helsinki
(1996). A complete listing of the ethics committees that
granted approval for the study is given below:
Canada
IRB services, Ontario; University of British Columbia
Office of Research Services, Clinical Research Ethics
Board, British Columbia.
Germany
Ethik-Kommission der Ärztekammer Hamburg; Ethik-
Kommission bei der Landesärztekammer Baden-Württ-
emberg, Stuttgart; Geschäftsstelle der Ethik-Kommission
des Landes Berlin; Ethik-Kommission der
Landesärztekammer Hessen.
Italy
Comitato di Etica per la Ricerca Biomedica, Università
degli Studi "G. D'Annunzio", Azienda Sanitaria Locale -
Chieti; Comitato Etico Azienda Policlinico Umberto I,
Roma.
Spain
Secretaría Administrativa del Comité Etico de Investiga-
cion Clinica, Hospital Universitario de Bellvitge, Barce-
lona; Comité Ético de Investigación Clínica, Hospital
Clínico San Carlos, Madrid; Comité Ético de Investi-
gación Clínica, Passeig Vall d'Hebrón, Barcelona.
Sweden
Regionala Etikprövningsnämnden i Lund.
USA
Chesapeake Research Review, Inc. Columbia, MD.

Patients
Patients aged 18-65 years with a confirmed diagnosis of
relapsing MS (according to the revised McDonald criteria
[15]) with disease duration of at least 3 months were eligi-
ble. Inclusion criteria required patients to be already
receiving the new formulation of IFN beta-1a that is free
from serum-derived products, 44 mcg sc tiw, adminis-
tered using the Rebiject II™ injection device, and to have
been consistently on therapy for at least 6 weeks prior to
screening. Women could not be pregnant or breastfeed-
ing, and had to be without child-bearing potential. Key
exclusion criteria included receiving any other medica-
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tions via injection on a regular basis during the week
prior to the screening period or throughout the study,
receiving any therapy for MS other than sc IFN beta-1a in
the 12 months prior to study enrolment or during the
study, receiving oral or systemic corticosteroids or adre-
nocorticotrophic hormone in the 30 days prior to Study
Day 1 (SD1), inadequate liver function or bone marrow
reserve, moderate or severe renal impairment, a history
of chronic pain syndrome, or any visual or physical
impairment that would preclude the patient from using
the device.

Treatment
Patients self-administered the new formulation of sc IFN
beta-1a, 44 mcg tiw, in a multi-dose cartridge, using the
new electronic device for 12 weeks. The baseline device
'comfort settings' were the same for all patients.

Study procedures and assessments
Patients who met the eligibility criteria during a 2-week
screening period and gave written informed consent were
recruited to the 12-week study. Baseline was defined as
the first day of study drug administration (SD1). At SD1,
patients were taught to self-inject using the new device by
an investigator or a trainer and also underwent a physical
examination. A safety assessment was performed, collect-
ing information on adverse events (AEs) including injec-
tion-site reactions (ISRs), and routine blood samples
were taken for laboratory testing. Patients completed
items 13 to 38 of the Multiple Sclerosis Treatment Con-
cern Questionnaire (MSTCQ) before the first injection
with the new device, and the Patient User Trial Question-
naire after the first injection. They also received a patient
diary and training on the recording of information such
as injections and AEs.

At Week 2, a telephone call was made by a nurse to
monitor device use by the patient and to collect informa-
tion on AEs and concomitant medications. Further
assessments were made at Weeks 4, 8 and 12. The Patient
User Trial Questionnaire was completed at Weeks 4 and
12. The MSTCQ was completed and safety data collected
at Weeks 4, 8 and 12. Local tolerability following injection
was assessed at the follow-up visits by direct questioning
of the patient and assessment of patient diaries.

Trainers (defined as the person who presents the
patient with the device, trains them in device use and fol-
lows up during the study) evaluated the device by com-
pleting the Trainer User Trial Questionnaire at SD1 and
Week 12, giving feedback on topics that included device
functionality and ease of use.

Study endpoints
Primary endpoint
The primary endpoint was the proportion of patients
with relapsing MS rating the new device as 'very suitable'

or 'suitable' for self-injecting the new formulation of sc
IFN beta-1a at the end of the 12-week treatment period.
Secondary endpoints
Secondary endpoints included the incidence of pre-
defined ISRs leading to treatment discontinuation at the
end of Week 12 and evaluation of the injection process,
treatment differences, and overall injection issues at
Weeks 4, 8 and 12 using the MSTCQ. This evaluation
included MSTCQ subscale scores for 'flu-like' symptoms
(FLS), ISRs, global side-effects (GSE), and the most
important benefit of the device (at SD1 and Weeks 4, 8
and 12). Injection pain was assessed using the short-form
McGill Pain Questionnaire, visual analogue scale (VAS),
and rating of pain (at SD1 and Weeks 4, 8 and 12). Overall
evaluation of the device was based on responses from the
Patient and Trainer User Trial Questionnaires (at SD1
and Weeks 4 and 12).
Safety endpoints
Safety endpoints included the incidence of treatment-
emergent AEs, including serious AEs and abnormal labo-
ratory parameters. According to the monitoring conven-
tion, only ISRs leading to treatment discontinuation were
recorded as AEs. Other reactions at the injection site
relating to sc IFN beta-1a administered using the new
device were recorded on the local tolerability form as part
of regular physician follow-up.

Analysis populations
The intent-to-treat (ITT) population comprised all
patients who had received at least one injection using the
device and, for the primary endpoint, had a valid baseline
and Week 12 assessment of device use. The per-protocol
(PP) population was as for the ITT population, but
excluded patients with major protocol violations. The
safety population included all patients with follow-up
safety data who had received at least one administration
of study medication.

Statistical analyses
For the primary endpoint, a sample of 100 patients was
considered satisfactory to test the functionality and suit-
ability of the new device. For the secondary endpoint
(proportion of patients experiencing ISRs at the end of 12
weeks of treatment), a sample of 100 patients was
required to determine a proportion of 28% (based on a
post hoc analysis of data from a previous study) with a
precision of 8-9%, using a 95% confidence interval (CI).

Descriptive statistics were calculated for continuous
and categorical variables. No formal comparisons of data
over time were performed. For the primary endpoint, the
percentage of patients and corresponding exact 95% CIs
(based on the Clopper-Pearson formula) were calculated;
descriptive and inferential methods were used for sec-
ondary endpoints.
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The primary endpoint was analysed only for patients
with complete assessments at baseline and Week 12. A
sensitivity analysis was conducted on the primary end-
point for the ITT population in which patients with miss-
ing data were assigned to the worst suitability category
('not at all suitable'), thereby including them in the
denominator for the calculation. MSTCQ items related to
FLS, ISRs and GSE subscales were imputed as stated in
the MSTCQ scoring manual. Other missing data, includ-
ing the primary endpoint, were not imputed.

Results
Patient disposition
Of the 108 patients screened, 106 were enrolled (ITT
population). The two patients who failed screening did
not meet the eligibility criteria. Of the 106 enrolled
patients, 101 (95.3%) completed the 12 weeks of on-study
treatment. Four of the five patients who withdrew from
treatment did so between SD1 and Week 4. Reasons for
premature treatment withdrawal were AEs (four patients)
and protocol violation (one patient). Ten patients (9.4%)
had at least one major protocol deviation and were
excluded from the PP population. Major protocol devia-
tions were: less than 75% compliance during the study
(four patients; 3.8%); missing the Week 12 Patient User
Trial Questionnaire (four patients; 3.8%); and inclusion
criteria not met (two patients; 1.9%).

Patient demographics
Baseline patient demographics are shown in Table 1.
Consistent sc IFN beta-1a therapy for at least 6 weeks
prior to screening was a requirement of study entry and,
notably, 86 of the 106 enrolled patients (81.1%) had been
taking sc IFN beta-1a for at least 1 year before starting the
study.

Trainer population
The trainer population comprised one trainer from each
participating centre (i.e. 15 trainers in total).

Suitability of the device for self-injection of sc IFN beta-1a
At the end of Week 12, 71.6% (95% CI: 61.8%, 80.1%; 73/
102) of patients found the new device to be 'very suitable'
or 'suitable' for self-injection of sc IFN beta-1a (primary
endpoint). Furthermore, 92.2% of patients reported some
degree of suitability ('very suitable', 'suitable' or 'a little
suitable'). Only 7.8% found the new device to be 'not at all
suitable' for self-injection (Figure 1).

Sensitivity analyses, in which imputation of missing
values was conducted by assigning patients with missing
data to the worst suitability category ('not at all suitable')
supported this finding: 68.9% (95% CI: 59.1%, 77.5%; 73/
106) of patients found the new device to be 'very suitable'
or 'suitable' for self-injection at Week 12.

Evaluation of the injection process
The study was not designed to compare the new device
with patients' previous experience of self-injection meth-
ods. However, certain items of the MSTCQ (administered
at 4-week intervals) do assess changes in patients' experi-
ence of the injection process by recording feedback on
injections in the last 4 weeks. For items 24 to 33 on the
MSTCQ at Weeks 4, 8 and 12, the majority of patients
reported that the process of performing injections with
the new device over the previous 4 weeks (e.g. prepara-
tion, clean up, making injections, injection-related pain,
time taken, ease of use of the system, FLS, and occurrence
of injection reactions) was equivalent to, or compared
favourably with, their previous experience of self-injec-
tion (Additional file 1).

Only minor changes were seen over time in parameters
relating to the procedure of performing injections with
the new device. For most of these parameters, the pro-
portions of patients reporting their experience over the
last 4 weeks as being at least equivalent to their previous
experience with this device were slightly higher at Week
12 than at Week 4. Interestingly, the proportion of
patients reporting that the injection procedure took less
or about the same time increased from 56.3% at Week 4
to 76.2% at Week 12. Most patients found local injection
reactions and pain (as assessed using the MSTCQ) to be
equivalent or less problematic than previously, and there
was little change in these measures over the duration of
the study. At both Weeks 4 and 12, patients reported no
change in overall injection issues and side-effects in the
previous 4 weeks (data not shown).

Overall device evaluation
At Week 12, each of the device features (display of
remaining doses in cartridge, display of last injection date
and time, audible and visual signals, confirmation of end
of injection, dose history, teach-me menu, on-screen
instructions, pre-programmed dose, and skin sensor) was
rated as 'useful' or 'very useful' by over 80% of patients;
ratings for each feature are show in Figure 2. Further,
95.2% (99/104) of patients rated the use of device func-
tions, generally, as 'very easy' or 'easy'. Each of the device
actions (needle attachment, injection, needle detach-
ment, cartridge change) was rated as 'easy' or 'very easy'
to perform by over 80% of patients. Based on their experi-
ence, most patients rated 'overall convenience' to be the
most important benefit of the new device (from a pre-
defined list of responses) at all time points, reported by
63 of 85 respondents (74.1%) at Week 12.

At the end of Week 12, 71.2% (74/104) of patients rated
the new device equal to or more convenient than their
current device and 60.2% (62/103) of patients reported
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that they would prefer to keep the new device than revert
to using their previous device.

All 15 trainers (100%) rated the device and device func-
tions as 'easy' or 'very easy' to use.

Comfort settings
By Week 12, 60.6% (63/104) of patients had changed the
comfort settings on the device from baseline. For each

comfort setting (needle speed, and injection speed, depth
and time), a range of different settings were used by the
63 patients who changed these during the study.

Tolerability of sc IFN beta-1a administered using the new 
device
Local reactions at the injection site following self-injec-
tion (pain, swelling, redness or bruising), as reported by

Table 1: Baseline patient demographics, disease characteristics and treatment history.

Characteristic Intent-to-treat population

Age, years n (missing) 106 (0)

Mean (SD) 41.7 (9.3)

Median (range) 40.2 (23-63)

Sex, n (%) Male 41 (38.7)

Female 65 (61.3)

Race, n (%) White 103 (97.2)

Black 1 (0.9)

Other 2 (1.9)

IFN beta-1a (sc) treatment before 
switching to new formulation of IFN beta-
1a (sc)

n (missing) 106 (0)

Yes 97 (91.5)

No 9 (8.5)

Time from first IFN beta-1a (sc) treatment, 
years

n (missing) 97 (0)

Mean (SD) 3.76 (2.54)

Median (range) 3.20 (0.4-14.8)

Time from first IFN beta-1a (sc) treatment, 
n (%)

<6 months 3 (3.1)

6 months-1 year 8 (8.2)

1-2 years 16 (16.5)

>2 years 70 (72.2)

Time from first treatment with new 
formulation of IFN beta-1a (sc), years

n (missing) 105 (1)

Mean (SD) 0.73 (0.38)

Median (range) 0.61 (0.2-1.4)

EDSS score n (missing) 106 (0)

Mean (SD) 2.2 (1.57)

Median (range) 2.0 (0.0-6.5)

EDSS category, n (%) 0-<1 11 (10.4)

1-<2 34 (32.1)

1-<3 33 (31.1)

3-<4 13 (12.3)

4-<5 6 (5.7)

5-<6 1 (0.9)

≥6 8 (7.5)

EDSS, Expanded Disability Status Scale; IFN, interferon; sc, subcutaneous; SD, standard deviation.
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Figure 1 Patient-rated suitability of the new device for self-injection of the new formulation of subcutaneous interferon beta-1a at Week 
12: intent-to-treat population (n = 102, 4 missing).

Figure 2 Proportion of patients reporting device features as 'useful' or 'very useful' at Week 12 (n = 104 except for 'pre-programmed dose' 
[n = 103]).
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patients during follow-up visits and recorded by the phy-
sician on the local tolerability report form, occurred in 79
(74.5%) patients over the 12 weeks. Most reactions were
considered mild or moderate in severity (Figure 3). Mini-
mal changes in side-effects relating to ISRs in the previ-
ous 4 weeks (assessed via the MSTCQ) were reported by
patients between SD1, which assessed the period when
patients were using their previous injection device, and
Week 12, which assessed their experience with the new
device (Table 2). Similarly, there was little change over
time in MSTCQ side-effect scores relating to FLS and
GSE in the previous 4 weeks between SD1 and Week 12
(Table 2).

Pain on injection, as assessed using the Pain Rating
Grade and Pain Rating Scale (VAS), did not differ
between Weeks 4 and 12 (data not shown). Over half of
the patients reported no or only mild pain on injection on
the Pain Rating Grade from Week 4 (61.4%; 62/101) to
Week 12 (56.6%; 60/106). There were no clear differences
between SD1 and Week 12 in injection-related pain, as
assessed by the McGill Pain Questionnaire. Most pain
symptoms were reported as absent by more than 70% of
patients at both SD1 and Week 12.

Safety
No new or unexpected safety issues associated with expo-
sure to sc IFN beta-1a were observed during this study.
Serious AEs occurred in three (2.8%) patients. AEs are
summarized in Table 3. Prespecified ISRs leading to
treatment withdrawal occurred in four (3.8%) patients.
Some patients discontinued treatment because they had
experienced more than one AE. Four patients (3.8%)
experienced AEs that led to permanent, premature dis-
continuation of treatment: injection-site pain (n = 3),

injection-site erythema (n = 2), injection-site irritation (n
= 2) and influenza-like illness (n = 1).

Discussion
The RebiSmart™ User Trial investigated the feasibility of
the new electronic injection device to self-inject sc IFN
beta-1a in patients with relapsing MS, primarily by
assessing patient-rated suitability of the device and evalu-
ation of the device and the injection process. Over 90% of
patients in this study reported some degree of suitability
and 71.6% considered the device 'suitable' or 'very suit-
able' for this purpose. The sensitivity analysis, which con-
sidered the worst-case scenario by assigning missing
patients to the 'not at all suitable' category, supported this
finding.

No new safety concerns were raised in this study; sc
IFN beta-1a was generally well tolerated, with the AEs
being consistent with the known safety profile of this
drug [5,16]. As expected, there was little difference in the
incidences of FLS and local ISRs throughout the study,
indicating that AEs were largely unaltered by a change in
injection device. Importantly, overall injection issues did
not change notably, and side-effects relating to sc IFN
beta-1a self-administration using the new device gener-
ally remained stable over the 12-week study.

Injection devices have been shown to reduce ISRs [14],
at least partly by ensuring correct injection technique. As
ISRs are probably related more to the study drug than the
device, the little or no change in local tolerability seen
over the course of this study was as expected. Notably
only four patients (3.8%) experienced prespecified ISRs as
an AE, all of which occurred within the first 4 weeks of
the study. Patient-reported local reactions at the injection
site, as recorded by physicians on the local tolerability

Figure 3 Local tolerability of injections during 12-week study period (safety population, n = 106).
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report form (including redness, pain, bruising or itching),
occurred in 74.5% of patients over the 12 weeks. How-
ever, 75.2% stated that ISRs did not interfere at all with
daily work and activities (data not shown).

Injection-related pain, recorded through various
assessment tools, generally did not change over the
course of the study. Pain on injection was given as a rea-
son for changing comfort settings, but at the time of the
trial there was no available information on optimum
comfort settings in different patient groups. As it was not
possible to provide patients with guidance on setting
algorithms, it is presumed that patients had to experi-
ment with different settings before finding their most
comfortable injection settings. Over such a short (12-
week) study, without guidelines, patients may not have
felt confident in changing the settings despite being
trained in this device function, which may explain why
40% made no changes at all. Thus, patients may not have
found their optimum settings. Further studies are needed
to determine optimum comfort settings in different
patients.

As with other ISRs, pain is probably not related to the
device. At the time of the study, refrigerated storage of
the new formulation in the multi-dose cartridge was nec-
essary, and injection of the drug that was below room
temperature may have resulted in ISRs, including pain. It
is possible that patients familiar with the single-dose
syringe may have underestimated the time needed to
warm the larger volume of drug in the multi-dose car-
tridge within the device to room temperature. In addi-
tion, while patients were advised to keep the solution out
of the fridge for 1 hour prior to injection, this may have
been insufficient for the solution to reach room tempera-
ture in some situations. Indeed, it is possible that no dis-
continuations due to AEs occurred after 4 weeks at least
partly because patients were more practiced in the entire
injection process, including the time required to warm
the drug to room temperature in their surroundings.
However, as detailed information on injection prepara-
tion was not formally collected, we cannot confirm that
injection of cold drug contributed to the relatively high
incidence of ISRs seen in this study. Correct injection
preparation can be addressed through patient education

Table 2: MSTCQ scores for subscales relating to injection-site reactions (ISRs), 'flu-like' symptoms (FLS), and global side-
effects (GSE), by 4-week interval.

ISR score* FLS score* GSE score*

Time point Observed Change Observed Change Observed Change

Study Day 1 n (missing) 106 (0) - 106 (0) - 106 (0) -

Mean (SD) 11.1 (3.3) - 9.5 (3.7) - 4.8 (1.7) -

Median 11.0 - 10.0 - 4.0 -

(range) (4-19) (4-17) (3-10)

Week 4 n (missing) 103 (3) 103 (3) 103 (3) 103 (3) 103 (3) 103 (3)

Mean (SD) 11.4 (3.2) 0.3 (3.3) 8.8 (3.9) -0.7 (3.3) 5.5 (2.4) 0.7 (2.3)

Median 12.0 0.0 9.0 0.0 5.0 0.0

(range) (4-18) (-10-9) (4-17) (-9-10) (3-13) (-4-9)

Week 8 n (missing) 100 (6) 100 (6) 100 (6) 100 (6) 100 (6) 100 (6)

Mean (SD) 11.3 (3.5) 0.2 (3.6) 8.8 (3.8) -0.8 (3.0) 5.2 (2.2) 0.5 (2.2)

Median 12.0 0.0 9.0 0.0 5.0 0.0

(range) (4-18) (-11-8) (4-17) (-11-8) (3-12) (-4-7)

Week 12/
early 
termination

n (missing) 106 (0) 106 (0) 106 (0) 106 (0) 106 (0) 106 (0)

Mean (SD) 11.4 (3.4) 0.3 (3.4) 9.0 (3.8) -0.5 (3.3) 5.6 (2.6) 0.8 (2.5)

Median 12.0 0.0 9.0 0.0 5.0 0.0

(range) (4-19) (-11-8) (4-18) (-7-11) (3-14) (-4-9)

MSTCQ, Multiple Sclerosis Treatment Concern Questionnaire; SD, standard deviation.
*Maximum score = 20 for ISR and FLS, 15 for GSE; higher scores indicate greater negative impact. Further information on the use of the MSTCQ 
to assess satisfaction with injection systems for subcutaneous interferon beta-1a can be found in [13].
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and support, but it should be noted that since completing
the study, approval has been granted for room tempera-
ture storage of the multi-dose cartridge for up to 2 weeks
[17], making refrigeration of the pre-loaded device no
longer necessary.

The positive findings of this study must be considered
in the context of the study limitations. Although the
Patient User Trial Questionnaire was used previously to
assess the suitability of a similar device in children and
adolescents requiring growth hormone therapy, this
questionnaire has not yet been validated in an adult, MS
population. Furthermore, patients may have found the
assessment of 'device suitability' difficult to interpret,
particularly with respect to differences between 'suitable'
and 'a little suitable'. Problems with interpretation may
have been confounded by translation of 'suitability' into
different languages. The inclusion of a defined patient
subgroup only may also have influenced results.

The finding that the majority of this population of
patients with relapsing MS considered the device to be

suitable for their use is particularly encouraging consider-
ing that over 80% had been receiving IFN beta-1a therapy
for over 1 year at study entry (the mean time since start-
ing sc IFN beta-1a treatment was 3.76 years), and all
patients had previous experience with autoinjector tech-
nologies. It is possible that changes to injection practice
might result in lower satisfaction with treatment in
patients who are already comfortable with their existing
administration method, particularly over the relatively
short duration of this 12-week study. Therefore, this
study population may be an appropriately stringent group
of patients in which to assess responses to a new injection
device.

It is reasonable to speculate that patients who are naïve
to, or who have discontinued treatment due to, injection-
related issues may perceive a greater benefit in a new
device. Nonetheless, even in the current study popula-
tion, the device was generally well received, with over
80% of patients rating the various device features as 'use-
ful' or 'very useful' and more than 95% considering the

Table 3: Adverse events (AEs) reported during the 12-week study (safety population).

Patients, n (%)
(n = 106)

Events, n (%)
(n = 193)

Treatment-emergent AE

Any 67 (63.2) 193 (100.0)

Influenza-like illness* 22 (20.8) 54 (28.0)

Headache* 12 (11.3) 25 (13.0)

Severity of treatment-emergent AEs

Mild 43 (40.6) 96 (49.7)

Moderate 35 (33.0) 73 (37.8)

Severe 14 (13.2) 24 (12.4)

Prespecified AEs

Any 32 (30.2) 74 (38.3)

'Flu-like' symptoms 22 (20.8) 54 (28.0)

Cytopenia 5 (4.7) 9 (4.7)

Injection-site reactions 4 (3.8) 8 (4.1)

Hypersensitivity 2 (1.9) 3 (1.6)

Rash (pruritus) 1 (0.9) 2 (1.0)

Serious AEs

Any 3 (2.8) 6 (3.1)

Myocardial infarction 1 (0.9) 1 (0.5)

Adverse drug reaction 1 (0.9) 1 (0.5)

Biliary colic 1 (0.9) 1 (0.5)

Breast infection 1 (0.9) 1 (0.5)

Seroma 1 (0.9) 1 (0.5)

Hypertensive crisis 1 (0.9) 1 (0.5)

*Most common (occurring in >10% of patients).
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device functions as 'easy' or 'very easy' to perform.
Indeed, at the end of the study, 60.2% of patients stated
that they would prefer to continue using the new device
than to return to their previous device. This proportion
might seem low considering that very few patients dis-
continued treatment over the study period and over half
considered the device to be more convenient than their
previous device. However, it is possible that this finding
may reflect a desire by a proportion of patients to return
to an injection device with which they had experience
outside of the clinical trial environment. In addition, the
findings of this 12-week study suggested that a 'learning
curve' existed even over this relatively short time-period,
with patients becoming more adept at using the device
over time. The proportion of patients who found overall
convenience to be the most important benefit of the
device increased from 42.2% at SD1 to 74.1% at Week 12,
and the percentage of patients who reported that a
shorter or similar amount of time was needed for the pro-
cedure than previously rose from 56.3% at Week 4 to
76.2% at Week 12. Responses for other MSTCQ items
relating to performing injections also tended to become
more positive over time, suggesting that patients were
becoming more proficient in preparing and performing
injections with the new device. The proportion of
patients wishing to continue using the new device may
therefore have increased with prolonged use.

Despite patient awareness of the potentially debilitating
nature of MS, long-term adherence to therapy is known
to be poor [10]. Failure to adhere to prescribed treatment
can have several consequences, including reduced effi-
cacy, increased healthcare costs and poor long-term
health outcomes. Among the many factors that can lead
to treatment discontinuation [9], anxiety and concerns
over self-injection are strong predictors of treatment dis-
continuation after 6 months [8]. Adherence to therapy
[18,19] and shorter treatment gaps [11] have been shown
to decrease the risk of severe relapse in patients with MS
receiving DMD therapy. Improving treatment adherence
is, therefore, an important goal.

Delivery devices have the potential to help patients
overcome injection-related problems, such as ISRs and
fear of incorrect injection technique, which may improve
adherence. Indeed, the use of injection devices can sub-
stantially reduce ISRs compared with injection with
syringe alone [14], and improvements in device technol-
ogy have been shown to reduce ISRs and pain on injec-
tion, and improve treatment satisfaction [13]. In addition
to shielding the needle from view and improved conve-
nience, which are benefits common to all currently avail-
able injection devices, the new electronic injection device
has several specific additional features that may further
benefit patients. The ability to adjust injection comfort
settings may encourage patients to experiment with new
settings and customize these to their personal prefer-

ences. This function may enable patients to continue
therapy where they may previously have chosen to stop
treatment. Additionally, over 90% of patients considered
confirmation of successful injection to be useful in pro-
viding reassurance that they had administered their injec-
tions correctly. The multi-dose cartridge contains 1
week's worth of medication, which reduces the frequency
of device loading. The novel dosing log informs the
patient that an injection is due and serves as a reminder
of treatment history, which may be particularly useful to
patients with cognitive impairment. The log also enables
adherence to MS treatment to be recorded accurately and
objectively for the first time. In contrast, all previous
measures of adherence have relied on subjective, often
retrospective, patient reporting, which can give inaccu-
rate results. Dosing history data can also be downloaded,
linked to electronic patient records and reviewed by phy-
sicians, and thus may promote an open dialogue between
patient and neurologist regarding treatment adherence,
although this was not assessed in this study. Furthermore,
as adherence to treatment can influence outcomes,
assessment of efficacy in both trials and in the clinic may
be confounded by the patient's subjective reporting of
adherence. Hence, a device that can provide an objective
measure of adherence may also be a critical tool in assess-
ing the true relationship of treatment to patient out-
comes. Treatment adherence in patients using the device
is currently being assessed in an ongoing study being car-
ried out in Canada (Study EMR701068_520). In addition,
it may be interesting to compare treatment adherence
and disease outcomes in patients using the new device
and in those using other delivery methods.

Conclusions
This study gave patients with relapsing MS who had been
consistently self-administering sc IFN beta-1a for at least
6 weeks prior to the study the opportunity to test and
assess the suitability of a new electronic injection device
for self-injection of their current therapy. The vast major-
ity of patients in the study considered the new device to
be suitable for the self-administration of sc IFN beta-1a
for the treatment of relapsing MS (over 90% of patients
reported some degree of suitability). In addition, the
device was found to be easy to use and to have features
considered useful by most patients. Most patients also
found using the new device either equivalent to or better
than their previous experience for a range of measures
relating to the injection procedure, and over half wanted
to continue using the device at the end of the study. Based
on these findings, it is reasonable to predict that the
device may also be suitable for those who are not satisfied
with existing administration methods or those new to
DMD therapy. Furthermore, the benefits and device fea-
tures may help patients to adhere to their prescribed
therapy and provide a basis for discussions between
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patients and physicians in order to optimize adherence
and so maximize outcomes with chronic treatment for
MS.

Additional material

Competing interests
AL has received honoraria or research grants from: Biogen Dompè, Sanofi
Aventis, Merck Serono S.A. - Geneva and Bayer Schering, and is involved in clin-
ical trials of the same companies, plus GlaxoSmithKline and Teva Neuroscience.
TA has received honoraria for lecturing and consulting services, travel
expenses for attending meetings and financial support for research from Bayer
Schering, Biogen Idec, Sanofi Aventis, Teva Neurosciences and Merck Serono
S.A. - Geneva.
BB has received honoraria from: Biogen Idec, GlaxoSmithKline, Janssen-Cilag,
Merck Serono S.A. - Geneva; and has been involved in clinical trials with the
same companies as well as Pfizer.
BS has received consulting and/or speaker honoraria from Bayer, Biogen Idec,
EMD Serono, Inc., Novartis, Pfizer and Teva Neuroscience; and research funding
from Biogen Idec, EMD Serono, Genzyme and Novartis.
ML has no competing interests to declare.
VD has received honoraria from: Biogen Idec, Merck Serono S.A. - Geneva,
Bayer and Teva Neuroscience.
EV and PC are employees of Merck Serono S.A. - Geneva, Switzerland, an affili-
ate of Merck KGaA, Darmstadt, Germany.

Authors' contributions
All the authors contributed to the manuscript and have read and approved the
final version. VD† developed the first draft of the manuscript. EV developed the
study protocol and approved the statistical analysis plan. PC developed the
statistical analysis plan and performed the statistical analysis.

Acknowledgements
The authors thank Mauro Placchi (co-author of the study protocol and amend-
ments) and Maria Koutsopoulou (co-author of the protocol amendments and 
study coordinator leader) of Merck Serono S.A. - Geneva, Switzerland, an affili-
ate of Merck KGaA, Darmstadt, Germany, for their substantial contribution to 
the development of the study protocol. They also thank Andrea Plant and 
Joanne Tang, Caudex Medical (supported by Merck Serono S.A. - Geneva, Swit-
zerland, an affiliate of Merck KGaA, Darmstadt, Germany) for their assistance in 
the preparation of this manuscript.
†On behalf of the RebiSmart™ User Trial Study Group. Principal investigators 
(study coordinator and/or study nurse*):
Canada: Suzanne Christie (Isabelle Bedirian*), Virginia Devonshire† (Ruth 
Grigg); Germany: Wolfgang Elias (Yasmin Brendel), Michael Lang (Urte Kucken-
horn), Said Masri (Nadine Sebald), Gerd Reifschneider (Heidi Klüber*); Italy: 
Alessandra Lugaresi (Giovanna De Luca), Enrico Millefiorini (Tomasso Corlianò); 
Spain: Txomin Arbizu (Susana Pobla, Ana Gónzalez*, Mireya Burés*), Rafael 
Arroyo (Concepción Ramirez*, Jesús Diaz*), Xavier Montalbán (Marta Sallén, 
Rosalia Horno*, Ma José Vicente*); Sweden: Björn Borre (Birthe Borre*); USA: 
Tamara Miller (Paul Miller), Barry Singer (Heather Popham*)

Author Details
1Department of Neurology, University of British Columbia, 2211 Wesbrook Mall, 
V6T 2B5 Vancouver, BC, Canada, 2Hospital Universitario de Bellvitge Servicio de 
Neurología, Unitat d'Esclerosi Múltiple, L'Hospitalet de Llobergat, Avenida Gran 
Via, 08907 Barcelona, Spain, 3Neurokliniken, Drottninggatan 17, SE-25221 
Helsingborg, Sweden, 4NeuroPoint Patient Academy and Neurological Practice, 
Pfauengasse 8, 89073 Ulm, Germany, 5MS Centre, Centro Sclerosi Multipla (VII 
Livello, Corpo A), Ospedale Clinicizzato "Santissima Annunziata", Via dei Vestini, 
66100 Chieti, Italy, 6The MS Center for Innovations in Care, Missouri Baptist 
Medical Center, 3009 North Ballas Road, Building B, Suite 207, Saint Louis, MO, 
63131, USA and 7Merck Serono S.A. - Geneva, 9 Chemin des Mines, CH-1202 
Geneva, Switzerland (an affiliate of Merck KGaA), Darmstadt, Germany

References
1. Compston A, Coles A: Multiple sclerosis.  Lancet 2008, 372:1502-1517.
2. IFNB Multiple Sclerosis Study Group: Interferon beta-1b is effective in 

relapsing-remitting multiple sclerosis. I Clinical results of a multicenter, 
randomized, double-blind, placebo-controlled trial.  Neurology 1993, 
43:655-661.

3. Jacobs LD, Cookfair DL, Rudick RA, Herndon RM, Richert JR, Salazar AM, 
Fischer JS, Goodkin DE, Granger CV, Simon JH, et al.: Intramuscular 
interferon beta-1a for disease progression in relapsing multiple 
sclerosis.  Ann Neurol 1996, 39:285-294.

4. Johnson KP, Brooks BR, Cohen JA, Ford CC, Goldstein J, Lisak RP, Myers LW, 
Panitch HS, Rose JW, Schiffer RB, et al.: Copolymer 1 reduces relapse rate 
and improves disability in relapsing-remitting multiple sclerosis: 
results of a phase III multicenter, double-blind placebo-controlled trial.  
Neurology 1995, 45:1268-1276.

5. PRISMS Study Group: Randomised double-blind placebo-controlled 
study of interferon beta-1a in relapsing/remitting multiple sclerosis.  
Lancet 1998, 352:1498-1504.

6. Cox D, Stone J: Managing self-injection difficulties in patients with 
relapsing-remitting multiple sclerosis.  J Neurosci Nurs 2006, 38:167-171.

7. Lugaresi A: Addressing the need for increased adherence to multiple 
sclerosis therapy: can delivery technology enhance patient 
motivation?  Exper Opin Drug Deliv 2009, 6:995-1002.

8. Mohr DC, Boudewyn AC, Likosky W, Levine E, Goodkin DE: Injectable 
medication for the treatment of multiple sclerosis: the influence of self-
efficacy expectations and injection anxiety on adherence and ability to 
self-inject.  Ann Behav Med 2001, 23:125-132.

9. Tremlett HL, Oger J: Interrupted therapy: stopping and switching of the 
beta-interferons prescribed for MS.  Neurology 2003, 61:551-554.

10. Treadaway K, Cutter G, Salter A, Lynch S, Simsarian J, Corboy J, Jeffery D, 
Cohen B, Mankowski K, Guarnaccia J, et al.: Factors that influence 
adherence with disease-modifying therapy in MS.  J Neurol 2009, 
256:568-576.

11. Al-Sabbagh A, Bennet R, Kozma C, Dickson M, Meletiche D: Medication 
gaps in disease-modifying therapy for multiple sclerosis are associated 
with an increased risk of relapse: findings from a national managed 
care database.  J Neurol 2008, 255(Suppl 2):S79.

12. Durelli L, Bongioanni MR, Ferrero B, Ferri R, Imperiale D, Bradac GB, Bergui 
M, Geuna M, Bergamini L, Bergamasco B: Interferon alpha-2a treatment 
of relapsing-remitting multiple sclerosis: disease activity resumes after 
stopping treatment.  Neurology 1996, 47:123-129.

13. Cramer JA, Cuffel BJ, Divan V, Al-Sabbagh A, Glassman M: Patient 
satisfaction with an injection device for multiple sclerosis treatment.  
Acta Neurol Scand 2006, 113:156-162.

14. Mikol D, Lopez-Bresnahan M, Taraskiewicz S, Chang P, Rangnow J: A 
randomized, multicentre, open-label, parallel-group trial of the 
tolerability of interferon beta-1a (Rebif ) administered by autoinjection 
or manual injection in relapsing-remitting multiple sclerosis.  Mult Scler 
2005, 11:585-591.

15. Polman CH, Reingold SC, Edan G, Filippi M, Hartung HP, Kappos L, Lublin 
FD, Metz LM, McFarland HF, O'Connor P, et al.: Diagnostic criteria for 
multiple sclerosis: 2005 revisions to the "McDonald Criteria".  Ann 
Neurol 2005, 58:840-846.

16. Giovannoni G, Barbarash O, Casset-Semanaz F, King J, Metz L, Pardo G, 
Simsarian J, Sorensen P, Stubinski B: Safety and immunogenicity of a 
new formulation of interferon beta-1a (Rebif(R) New Formulation) in a 
phase IIIb study in patients with relapsing multiple sclerosis: 96-week 
results.  Mult Scler 2009, 15:219-228.

17. Merck Serono Launches RebiSmart™, First Electronic Injection Device 
For Delivery of Multiple Sclerosis Treatment Rebif®.   News release, June 
24 2009  [http://www.merckserono.com/corp.merckserono/en/images/
20090624_en_tcm112_42119.pdf].

18. Meletiche D, Dickson M, Kozma C, Okuda DT, Fincher C, Bennett R, Al-
Sabbagh A: Association between adherence with multiple sclerosis 
disease-modifying therapy and severe relapses using three measures 
of medication adherence.  J Neurol 2008, 255(Suppl 2):P717.

Additional file 1 Supplemental Table. Patient assessment of the injec-
tion process in the previous 4 weeks; intent-to-treat population (n = 106)*.

Received: 25 September 2009 Accepted: 30 April 2010 
Published: 30 April 2010
This article is available from: http://www.biomedcentral.com/1471-2377/10/28© 2010 Devonshire et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Neurology 2010, 10:28

http://www.biomedcentral.com/content/supplementary/1471-2377-10-28-S1.DOC
http://www.biomedcentral.com/1471-2377/10/28
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18970977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8469318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8602746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7617181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9820297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16817668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11394554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12939437
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19444532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8710065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16441244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16193898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16283615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18755819
http://www.merckserono.com/corp.merckserono/en/images/20090624_en_tcm112_42119.pdf
http://www.merckserono.com/corp.merckserono/en/images/20090624_en_tcm112_42119.pdf


Devonshire et al. BMC Neurology 2010, 10:28
http://www.biomedcentral.com/1471-2377/10/28

Page 12 of 12
19. Meletiche D, Kozma C, Bennett R, Al-Sabbagh A: Relationship between 
severe relapses and adherence to disease-modifying therapy in 
multiple sclerosis patients.  J Neurol 2008, 255(Suppl 2):P826.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2377/10/28/prepub

doi: 10.1186/1471-2377-10-28
Cite this article as: Devonshire et al., Patient-rated suitability of a novel elec-
tronic device for self-injection of subcutaneous interferon beta-1a in relaps-
ing multiple sclerosis: an international, single-arm, multicentre, Phase IIIb 
study BMC Neurology 2010, 10:28

http://www.biomedcentral.com/1471-2377/10/28/prepub

	Abstract
	Background
	Methods
	Study design
	Canada
	Germany
	Italy
	Spain
	Sweden
	USA

	Patients
	Treatment
	Study procedures and assessments
	Study endpoints
	Primary endpoint
	Secondary endpoints
	Safety endpoints

	Analysis populations
	Statistical analyses

	Results
	Patient disposition
	Patient demographics
	Trainer population
	Suitability of the device for self-injection of sc IFN beta-1a
	Evaluation of the injection process
	Overall device evaluation
	Comfort settings
	Tolerability of sc IFN beta-1a administered using the new device
	Safety

	Discussion
	Conclusions
	Additional material
	References



