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Purpose: Patients with multiple sclerosis (MS) would benefit from continued long-term
treatment with disease-modifying therapies, and autoinjectors may help improve patients’
satisfaction with therapy, thereby increasing adherence rates. BETACONNECT® is an
autoinjector for interferon beta-1b designed to improve the injection experience for patients.
The BetaEval Global study assessed medication intake in patients using BETACONNECT to
further investigate the value of this autoinjector.

Patients and Methods: The BetaEval Global study was a prospective, non-interventional
cohort study across multiple European countries in patients with relapsing-remitting MS
(RRMS) or clinically isolated syndrome (CIS) who were starting interferon beta-1b treat-
ment. The decision to administer interferon beta-1b was made independently of the study.
Patients were assessed at the initial visits and planned follow-up visits at Weeks 4, 12, and
24. The primary outcome variable was compliance with therapy based on the medication
possession ratio (MPR). Injections were automatically recorded by the BETACONNECT
device or, in some instances, self-reported by the patients. This allowed for a complete
dataset that could be used in the calculation of the MPR.

Results: Four hundred ninety-eight patients were enrolled and completed 93.9%, 95.2%, and
95.4% of prescribed injections at Weeks 4, 12, and 24, respectively. Similarly, 76.4%
(n=318), 76.6% (n=297), and 81.1% (n=284) of patients completed at least 80% of their
prescribed injections. Median scores assessing patient satisfaction with the autoinjector were
consistently high across the study.

Conclusion: Overall, the results from BetaEval Global demonstrated that in this cohort of
patients with RRMS or CIS on interferon beta-1b, use of the BETACONNECT autoinjector
was associated with high rates of compliance, adherence, and patient satisfaction.
Keywords: multiple sclerosis, interferon beta-1b, autoinjector, adherence, disease-
modifying therapy

Introduction

Multiple sclerosis (MS) is a chronic degenerative neurologic disorder in which
patients usually require treatment over years or decades to minimize relapses and
limit disability. Consequently, disease-modifying therapies (DMTs) should be most
effective when patients remain on treatment with no or only minimal interruptions.
A 2003 report from the World Health Organization (WHO), which defines adher-
ence as the extent to which a person’s behavior, such as following medication
regimen, dietary and lifestyle changes, corresponds with the recommendations of
health care providers, states that:
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increasing the effectiveness of adherence interventions
may have a far greater impact on the health of the popula-
tion than any improvement in specific medical treatments."

However, many studies have found insufficient rates of
to DMTs with MS.>*

Regardless of disease and factors such as disease state or

adherence among patients
prognosis, 30% to 50% of patients did not adhere to appro-
priate use of prescription medications.” This poor adher-
ence, in turn, can be associated with worse disease
outcomes, including a higher risk of relapses, higher risk
of disease progression, lower quality of life, and higher
health care resource utilization.**>"-'°

Understanding the factors that contribute to poor adher-
ence may help physicians and patients to counter these
negative influences, improve medication intake behaviors,
and potentially improve outcomes. Many factors have been
associated with poor adherence, including age, disease
duration, psychologic factors, ease of injections, overall
patient satisfaction with therapy, perceived lack of efficacy,
adverse events (AEs), disease-related factors, depression,
fatigue, motor impairments, and cognitive deficits.>''"** It
has been reported that injectable DMTs for regular self-
administration have slightly higher adherence (68%) than
orally administered DMTs (63%)."> The use of autoinjec-
tors to administer injectable DMTs has been associated with
improved adherence by, among other factors, reducing the
rate at which injection site reactions occur.''"'®

BETACONNECT® is a fully electronic autoinjector for
interferon beta-1b (Betafer0n®/Betaseron®; Bayer AG;
Berlin, Germany) that incorporates a number of features
to facilitate the injection process, including a four-phase
injection technology and individual control of injection
speed, depth, dwell time, and needle retraction rate.!”
The autoinjector also provides visual and auditory indica-
tions at the end of the dose. Furthermore, operation of the
device has been made quieter to reduce anxiety around
injection. BETACONNECT has also been designed with
a shape that should be easier to handle for patients with
motor impairments affecting their arms and hands. Lastly,
BETACONNECT has communication capabilities that
include capture of data on injections that can help patients
remain adherent with prescribed therapy. Specifically, the
device offers the capability to record injection time and
data, injection status (OK, user interrupted, failed), inser-
tion depth, injection speed, and the volume of the injected
dose. These data are synchronized using a patient’s perso-
nal computer, tablet, or smartphone via the myBETAapp®

to allow for personalization of the injection to suit the
patient’s individual preferences.

The potential benefits of BETACONNECT have been
investigated in three studies to date. Two user surveys found
preference for the novel device over the participants’ pre-
vious injection methods.'®!? In addition, a recent prospec-
tive, observational study of patients in Germany also found
high levels of patient satisfaction with therapy and high
adherence rates among BETACONNECT users.'’ The
goal of the present study was to further investigate the
benefits of this autoinjector by evaluating medication intake
among patients using BETACONNECT to administer inter-
feron beta-1b in a multinational study across European
countries.

Patients and Methods
The BetaEval Global study was a prospective, non-
interventional cohort study conducted in 77 centers in
11 European countries (Austria, Belgium, Bosnia and
Herzegovina, Croatia, Czech Republic, France, Greece,
Hungary, Italy, Spain, and Switzerland). Patients with relap-
sing-remitting MS (RRMS) or clinically isolated syndrome
(CIS) who were starting or currently on treatment with
interferon beta-1b were enrolled. The decision to start inter-
feron beta-1b was made independently from enrollment in
the study. Assessments were conducted at the initial visits
with follow-up visits planned for Weeks 4, 12, and 24.

The primary outcome variable was compliance with ther-
apy based on the medication possession ratio (MPR). An
indirect measure of compliance, MPR is beneficial for iden-
tifying patients at risk for treatment failure and providing
data on medication refilling patterns.’® Per protocol,
injections were to be automatically recorded by the
BETACONNECT device, and case report forms allowed
for additional injection information entry if needed, allowing
for a complete dataset that could be used in the calculation of
the MPR. The number of recorded injections was compared
with the number of expected injections using the following
formula: (number of treatment days during the observation
period/expected number of treatment days during the obser-
vation period) x 100. Based on the standard definition of
adherence used in studies of medication intake behavior,?’
patients were considered adherent if they injected >80% of
the expected interferon beta-1b dosages up to the respective
follow-up visit over the course of the study.

Secondary outcome variables included persistence of
interferon beta-1b treatment, satisfaction with and evalua-
tion of the BETACONNECT autoinjector, evaluation of
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injection site pain, and analgesic use prior to injection of
interferon beta-1b, which were recorded by a patient ques-
tionnaire. Persistence of interferon beta-1b treatment
through BETACONNECT usage was measured as the
time in days from initial usage to termination of usage or
final visit, whichever came first. Additional secondary out-
come assessments included the Functional Assessment of
Multiple Sclerosis (FAMS) for health-related quality of
life, Hospital Anxiety and Depression Scale (HADS) and
Center for Epidemiologic Studies Depression Scale (CES-
D) for symptoms of anxiety and depression, Fatigue Scale
for Motor and Cognitive functions (FSMC) for fatigue,
and Symbol Digit Modalities Test (SDMT) for cognitive
function. Local skin reactions and injection-related speci-
fics such as injection date, time, and speed (all recorded
automatically by the BETACONNECT) were also
assessed. Satisfaction with BETACONNECT and the
patient’s previous method of injection was assessed using
questionnaires at the initial visit and at each individual
visit. Questionnaires asked patients to rank their satisfac-
tion on a scale from 0 (lowest) to 10 (highest).

This study was reviewed and approved by the relevant
ethics review committees, with approval by the coordinat-
ing centers’ ethics committees on June 25, 2014 (Table S1).
Study sites were requested to obtain a written informed
consent from each patient prior to inclusion in the study.

Experimental Design and Statistics
Statistical analyses were exploratory and of a descriptive
nature. Continuous variables were described by sample sta-
tistics (ie, mean, standard deviation, median, and interquar-
tile range [IQR]). The description of categorical variables
was done with frequency tables displaying the actual number
of patients in a category as well as percentages. The number
of patients with missing data was presented as a separate
category. For data over time, the respective change from
baseline was analyzed with Wilcoxon’s signed-rank test for
continuous data and McNemar's test or Cochran’s Q test for
categorical data. The primary analysis was at 24 weeks.
Additional analyses were also performed at 4 and 12 weeks.
Multivariate logistic regression models were used to
identify potential predictors for compliance and adherence
at the final visit. The following covariates were factored into
the models: age; sex; baseline Expanded Disability Status
Scale (EDSS) score; baseline CES-D score; presence of
concomitant diseases of special interest (fatigue, anxiety,
or depression); use of concomitant medications; education
level; employment status; baseline FAMS total score;

baseline FSMC; frequency of myBETAapp use; satisfaction
with myBETAapp; baseline HADS score; MS duration at
the initial visit; participation in the BETAPLUS®™ patient
support program; previous treatment; pain intensity with
previous injection method; baseline SDMT score; and pre-
vious injection method type.

Results

Patient Disposition

Between October 2014 and July 2016, BetaEval Global
enrolled 500 patients, but 2 patients were excluded due to
having insufficient information to assess compliance. The
full analysis set included 498 patients (Table 1), with
a median (IQR) age of 44 (35-52) years. Median (IQR)
disease duration was 76.2 (30.5-144.1) months for patients

Table | Baseline Characteristics (N=500)

n %
Sex Female 323 64.6
Male 177 354
Diagnosis RRMS 474 94.8
CIS 26 52
Employment status Employed 280 56.0
Retired 6l 12.2
Keeping house 44 88
Student 17 34
Seeking work 21 42
Other 24 4.8
Not reported 37 74
Education level Elementary 68 13.6
Secondary 249 49.8
College or 144 2838
university
Apprenticeship 15 3.0
Not reported 24 4.8
Concomitant diseases of special | Depression 70 14.0
interest® Anxiety 45 9.0
Fatigue 98 19.6
2| of these 155 31.0
None of these 345 69.0
Median (IQR)
Age, years 44 (35-52)
EDSS 1.5 (1.0-3.0)
Disease duration, months RRMS 76.2 (30.5-144.1)
CIS 22.7 (8.9-81.4)

Note: *Multiple answers per patient were possible.
Abbreviations: CIS, clinically isolated syndrome; EDSS, Expanded Disability Status
Scale; RRMS, relapsing-remitting multiple sclerosis.
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with RRMS and 22.7 (8.9-81.4) for patients with CIS.
Median (IQR) EDSS was 1.5 (1-3) at baseline and 315
patients (63%) had an EDSS <3 (EDSS missing from 51
patients [10.2%]). At study entry, 485 patients (97%) had
already been treated with interferon beta-1b, of whom 18.1%
had used the BETACONNECT autoinjector before the start
of the study. Approximately 45.2% of patients participated in
the BETAPLUS patient support program. A total of 15 (3%)
patients had no prior history of receiving interferon beta-1b
12 (2.4%) had never
received MS treatment while 3 (0.6%) patients received

treatment. Among these patients,

different forms of treatment other than interferon beta-1b.

A history of concomitant diseases of special interest
(depression, anxiety, and/or fatigue) was reported by 155
patients (31%). During the course of the study, 56% of
patients received concomitant treatment (33.6% took 1-2
medications, 15.8% took 3—5 medications, 5.6% took 6-10
medications, and 1% took >10 medications).

After 24 weeks, 405 patients (81.4%) completed the study.
The main reasons for study discontinuation were switching to
another method of Betaferon application (25.8%; switching to
either the BETAJECT lite™ or BETAComfort™
or opting for manual Betaferon injection), withdrawal of

M autoinjector

patient consent (22.6%), becoming lost to follow-up
(17.2%), and adverse events (9.7%). Approximately 96.3%
of patients who completed the study (and 26.9% of dropouts)
still used BETACONNECT at their final visit.

Compliance and Adherence
The median percentage of injections completed using
BETACONNECT remained stable between 93.9% and
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95.4% at all visits in patients who completed the study
(Figure 1A). Among patients with non-missing compli-
ance data at Weeks 4, 12, and 24, 76.4% (n=318), 76.6%
(n=297), and 81.1% (n=284), respectively, qualified as
adherent (ie, had completed >80% of planned injections
using BETACONNECT) (Figure 1B). According to sensi-
tivity analyses, adherence rates were similar when auto-
mated recordings were incomplete. Patients who were
never on MS treatment (12 [2.4%]) and those who were
on treatment other than interferon beta-1b (3 [0.6%])
demonstrated no difference in adherence at final visit
compared with patients with history of prior Betaferon
treatment (OR 1.578; 95% CI: 0.469, 5.31 and OR
1.578, 95% CI: 0.142, 17.516, respectively).

Median (IQR) persistence with BETACONNECT use
was 181 days (170-197) in patients who completed the
study. Among those study completers, 91.9% still used
BETACONNECT at Weeks 4 and 12 and 96.3% still
used the autoinjector at Week 24.

Multivariate logistic regression models indicated that
better compliance and adherence were associated with no
presence of symptoms of concomitant diseases of special
interest (fatigue, depression, or anxiety), and shorter MS
duration at initial visit with a trend for association with
higher satisfaction with the myBETAapp (Table 2).

Satisfaction with BETACONNECT and
Other Secondary Endpoints

Among patients being treated with interferon beta-1b at
the start of the study (n=483), 450 (90.4%) completed the
satisfaction survey at baseline. Sixty-six of these patients

B
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Percentage of patients
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Week 12
(N=388)

Week 24
(N=350)

Figure | Compliance at each follow-up visit for patients with non-missing compliance data only.
Notes: (A) The median percentage of injections completed by patients using BETACONNECT®. (B) Percentage of patients that completed 280% of scheduled

BETACONNECT injections.
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Table 2 Logistic Regression Results for Compliance and Adherence

Multivariate P-value
OR (95% CI)
Compliance®
Presence of concomitant diseases of 0.540 (0.263-1.107) 0.0927
special interest® (no vs yes)
MS duration at initial visit 0.994 (0.991-0.998) 0.0014
Satisfaction with myBETAapp® (>8 vs <8) | 10.840 (0.911-128.951) | 0.0592
Adherence®
Presence of concomitant diseases of 0.521 (0.329-0.823) 0.0052
special interest® (no vs yes)
Sex (female vs male) 0.675 (0.441-1.033) 0.0701
MS duration at initial visit 0.996 (0.994-0.999) 0.0041
SDMT at initial visit 1.017 (1.001-1.034) 0.0397

Notes: *Defined as the percentage of injections completed using BETACONNECT®:
bFatigue, anxiety, or depression. “Defined as completing 280% of injections using
BETACONNECT.

Abbreviations: OR, odds ratio; SDMT, Symbol Digit Modalities Test.

(14.7%) were already BETACONNECT users at study
start. Prior experience with BETACONNECT did not
affect patient-reported ratings of satisfaction with the
device. Median satisfaction scores for BETACONNECT
were either 8 or 9 (out of a possible 10) at all time points

for both patients with and without prior BETACONNECT
experience (Table 3). Median satisfaction with the pre-
vious injection method was 8 for patients with and without
BETACONNECT experience.

Median scores on the FAMS questionnaire indicated no
major changes during the course of the study (Table 4).
Median HADS scores for anxiety and depression were stable
across the study period and below the threshold considered
necessary for the presence of clinically relevant depression
or anxiety (a score of 8). Consistent with the findings from
the HADS, median CES-D scores were also below the
threshold to suggest depressive symptoms (a score of 16).
Median FSMC scores indicated a level of motor and cogni-
tive fatigue below the threshold considered clinically rele-
vant in the trial population (a score <43). Median scores on
the SDMT remained similar during the period of the study.

Discussion

BetaEval Global showed high rates of compliance and
adherence among patients with RRMS or CIS using
BETACONNECT to administer interferon beta-1b. The
BETACONNECT injection data confirmed the high rate

Table 3 Satisfaction with the Patient’s Previous Injection Method and BETACONNECT® Across Visits

N Mean (SD) Median (IQR)
Initial Visit No previous BETACONNECT use 374 7.27 (2.23) 8 (6.0-9.0)
Previous BETACONNECT use 63 7.98 (1.80) 8 (7.0-9.0)
BETACONNECT: Week 4 No previous BETACONNECT use 330 7.96 (2.12) 8.0 (7.0-10.0)
Previous BETACONNECT use 76 823 (1.72) 9.0 (7.5-9.0)
BETACONNECT: Week 12 No previous BETACONNECT use 302 7.87 (2.07) 8.0 (7.0-9.0)
Previous BETACONNECT use 78 821 (1.49) 8.0 (8.0-9.0)
BETACONNECT: Week 24 No previous BETACONNECT use 297 7.80 (2.17) 8.0 (6.0-9.0)
Previous BETACONNECT use 69 8.33 (1.75) 8.5 (7.0-9.0)
Table 4 Secondary Outcome Measures
Baseline Week 12 Week 24
N Median (IQR) N Median (IQR) N Median (IQR)
FAMS total 430 135 (111-153) 344 134.4 (111-155) 338 131.5 (108-153)
HADS anxiety 438 6(3-9) 349 6 (3-9) 341 6(3-9)
HADS depression 438 4 (1-7) 351 4 (1-7) 341 4 (1-8)
CES-D 480 10 (5-19) 380 10 (5-18) 369 11 (5-19)
FSMC cognitive fatigue 471 22 (14-33) 367 23 (14-31) 363 23 (16-32)
FSMC motor fatigue 475 27 (16-36) 367 26 (17-35) 364 26 (17-35)
SDMT 433 45.0 (32-55) 282 47.0 (35-56) 318 46.5 (35-57)

Abbreviations: CES-D, Center for Epidemiological Studies Depression Scale; FAMS, Functional Assessment of Multiple Sclerosis; FSMC, Fatigue Scale for Motor and
Cognitive functions; HADS, Hospital Anxiety and Depression Scale; SDMT, Symbol Digit Modalities Test.
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of compliance over the entire observation period, with
a median of >90% of injections completed. Rates of com-
pliance and adherence were associated with several
patient- and disease-related factors but not education or
employment level. This high rate of adherence comes
along with high satisfaction scores reported during the
study, suggesting that patients may perform their injections
more regularly when the injection experience is less
onerous.

The rate of patients classified as adherent in this study
compares favorably with previous studies of patients on inter-
feron beta-1b who were not utilizing BETACONNECT.
A systematic review of published studies found adherence
rates of 85.2% to 49.0%, although the methods to classify
a patient as adherent varied across studies, with lower adher-
ence in the retrospective studies.?' Only approximately 50% of
patients were considered adherent when a similar definition to
the current study was used. Overall this finding suggests that
the use of an autoinjector can improve adherence to interferon
beta-1b therapy.

Interpreting self-reported adherence data from question-
naire-based studies compared to claims-based data poses the
risk of over-estimation due to patient recall bias and social
desirability.>** The use of patient self-reported data is the
most unreliable yet commonly practiced approach in asses-
sing adherence, and gives rise to difficulties when comparing
adherence among DMTs.> In comparison to our study, one
retrospective cohort study estimated adherence during 720
days of follow-up using the German Institute for Drug Use
Evaluation (DAPI) pharmacy claims-based data from 2002
to 2009 by identifying both new and renewed prescriptions
from 2001 to 2005. This study provided comparative adher-
ence data on Avonex®, Betaferon, Rebif® ,and Copaxone®. It
was reported that Avonex had slightly higher adherence and
persistence data (34.2% and 42.8%, respectively) than
Betaferon (33.4% and 40.6%), followed by Rebif (31.7%
and 39.2%) and Copaxone (29.8% and 37.0%) throughout
this 2-year follow-up period.> While it is important to note
that the study was performed prior to the release of
BETACONNECT and RebiSmart™ autoinjectors, this study
demonstrated that patients were slightly more adherent to
Betaferon than other DMTs, such as Rebif and Copaxone.
Future investigations comparing patient adherence to DMTs
administered with the different auto-injectable devices avail-
able could provide valuable information toward increasing
overall adherence in MS patients.

With the completion of the BetaEval Global study, the
patient experience with BETACONNECT has now been

investigated in 5 different studies to date, each using differ-
ent methodologies. In one study, 1365 BETACONNECT
users in Germany responded to a 13-question survey that
assessed their experience and satisfaction with the
autoinjector.'” The majority of patients in the study reported
that they found the device to be helpful or very helpful in
supporting their interferon beta-1b therapy. Among the
individual features of the device, the optical/acoustic sig-
nals at the end of the injection and adjustable injection
depth/speed were considered to be particularly important.
survey  was among 118
BETACONNECT users in Germany to assess patient satis-
faction and preference for the autoinjector.'” Ninety percent

A second conducted

of survey respondents in this case reported that they pre-
ferred BETACONNECT over their previous injection
method, typically because of its ease of use and reduced
pain/irritation at the injection site. Patients also reported
that the ability to adjust injection speed and depth, the
overall quietness of the injection, and the ease of handling
the device improved their experience with the autoinjector
relative to their last injection method.

There are many factors that contribute to patient satisfac-
tion and adherence to treatment regimen. Patient education
through provision of easy to understand treatment informa-
tion, and on identifying and managing adverse events can
have a positive impact on patient adherence.** Forgetting to
administer their injections has been reported to be the most
common reason for nonadherence.”*>® We speculate that
the  distinguishing  technology and features of
BETACONNECT may prevent these factors from playing
a more significant role in patient nonadherence by conveni-
ently providing reminders for upcoming injection adminis-
trations, or contributing to a more pleasurable experience
with the lower levels of noise emitted by the device.

To date, there is a lack of data directly comparing the
various autoinjectors available for MS. However, one study
involved structured interviews of 90 BETACONNECT-
naive patients in the United States who were given
a demonstration of the features of the device.'® Prior to
using the autoinjector, 96% of patients reported that an
injection process with minimal difficulty was considered
to be an important attribute for any autoinjector. After
experiencing the device, 83% of participants reported that
they preferred BETACONNECT over their current injection
method, most often because of the ease of injection, user-
friendly functions, and the quietness of the device. Another
study by Limmroth et al reported that 82% of patients using
BETACONNECT were satisfied with the autoinjector
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device compared with RebiSmart (67%) and ExtaviPro®
(60%), with key differentiators of BETACONNECT being
its unique features such as next injection reminders and
lower noise levels when operating the device.?’

The BETACONNECT user experience was also inves-
tigated in a prospective, observational cohort study that
enrolled 143 patients in Germany and followed them for
24 weeks.”® Based on injection data collected by the
device throughout the study, patients completed 86.3% of
injections at the first assessment and 92.9% of injections at
Week 24. Over 81.1% of patients completed >80% of their
injections at 4 weeks and 80.5% did so at the end of the
study period. Approximately 75% of the patients in this
study were still using BETACONNECT to perform injec-
tions at Week 24 and satisfaction with BETACONNECT
remained high throughout the study.

The results of these 4 studies are consistent with the
findings of BetaEval Global. Overall, patients consistently
reported high rates of satisfaction with the device.
Furthermore, high percentages of patients completed their
prescribed injections.

Limitations of this study include the relatively short dura-
tion of follow-up, the lack of head-to-head comparisons with
other autoinjectors, and the differences in medication avail-
ability during the study period of October 2014 through
July 2016 in comparison with current DMT options based on
the 2018 European Committee for Treatment and Research in
Multiple ~ Sclerosis/European Academy of Neurology
(ECTRIMS/EAN) Guideline on pharmacologic treatment for
MS patients.* All patients were followed in European coun-
tries where cladribine, generic glatiramer acetate, and ocreli-
zumab were not approved at the time.*** A longer follow-up
period would be needed to determine if patients maintained
their high rates of compliance and adherence over the long
term, which is the most desirable outcome of a switch to an
autoinjector since patients’ preference of DMT use has been
demonstrated to change over time.*® In addition, direct com-
parisons with other autoinjectors could be beneficial to deter-
mine the relative benefits of the unique features of
BETACONNECT.

Furthermore, it is possible that the adherence rate in the
current study is higher than what would be expected in
clinical practice given that patients enrolled in a clinical
trial may be more highly motivated to remain adherent
than those in regular clinical practice."*

In this cohort of patients with RRMS or CIS being treated
with interferon beta-1b, use of the BETACONNECT autoin-
jector was associated with high rates of compliance,

adherence, and patient satisfaction. Ongoing studies will
attempt to gain a better understanding of medication intake
behavior over the long term and its relationship to outcomes.
Additional research will also explore the potential benefits of
improved compliance through the use of the autoinjector on
disease outcomes.
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