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1 Abstract 

For the treatment of multiple sclerosis, disease modifying drugs (DMDs) are available that can reduce the number of relapses 

and delay disease and disability progression. A continuous administration of DMDs is crucial for the effectiveness of this 

therapy. Betaferon
®
 (interferon β-1b) is a DMD that requires regular self-injection, which can be associated with injection site 

problems and other side effects. New options for individuals with MS are required to help manage their disease. The approval 

of the electronic auto-injector BETACONNECT
®
 in 2014 in Europe and in 2015 in the U.S. represents an important step that 

gives patients the ability to customize certain aspects of their injections. 

The objective of this study was to evaluate the adherence rate for MS patients using the BETACONNECT
®
, based on 

compliance to therapy and study discontinuation. Moreover, patient satisfaction and injection site reactions with the 

BETACONNECT
®
 and the previous way of injection were investigated, as well as health-related quality of life, mental health 

impairments and, if applicable, the usage of myBETAapp
®
. In total 498 patients were analyzed. Patients were defined as 

adherent when compliance to therapy was ≥80% (i.e. when they injected 80% or more of the expected Betaferon
®
 dosages) 

and did not stop study participation prior to the respective visit. 

Compliance levels were high and slightly increased during the course of the study in both the full analysis set (FAS) and 

the subpopulation that did not drop out of the study prior to its end (“completers”). Compliance was determined after 4, 12 

and 24 weeks. After 4 weeks median compliance was 93.9% in the FAS and 93.8% in the “completer” subgroup, after 12 

weeks it was 95.2% in the FAS and 95.4% in the “completer” subgroup, and after 24 weeks it was 95.43% in both patient 

populations. After 4 weeks 427 patients still participated in the study, and 407 patients completed the study. The proportion of 

adherent patients was 63.9%, 59.6% and 56.2% at the respective time points in the full analysis set (FAS). The proportion of 

adherent patients was allover higher within the “completer” subgroup (68.3%, 67.1% and 68.8%), indicating that the 

proportion of adherent patients decreased during the course of the study in the FAS but not in the “completer” subgroup.  

Given that injection related data were not available from all patients in the study, we also performed an adherence 

analysis in the subgroup of patients with BETACONNECT
®
 data readouts excluding patients, who did not provide these data 

(termed sensitivity analyses). This approach allowed for a more conservative unbiased assessment based on the electronic 

data, i.e. injection time and date, from the BETACONNECT
®
 device itself. 

The patients’ satisfaction with the BETACONNECT
®
 was high. The majority of patients valued the user-friendliness of 

BETACONNECT
®
, was confident in using this new device and preferred it over their previous way of injection. For about 

half of the patients, injection site related pain improved with the BETACONNECT
®
. No major changes were observed in 

cognition, health-related quality of life, anxiety, depression, and fatigue during the course of the study, as determined by 

cognitive testing and specific validated patient questionnaires. 

MyBETAapp
®
 was used by about 15% of patients at the end of observation. This proportion was lower for patients with 

premature discontinuation, as well as for non-adherent patients. More than 1/3 of the users used the application very often and 

almost 2/3 used it as an injection reminder. Satisfaction with myBETAapp
® 

was high and the patients valued its user-

friendliness. 

The use of BETACONNECT
®
 represents a valid option to increase the overall injection experience for MS patients, 

therefore contributing to a higher adherence rate to injectables. 
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Rationale and background, Research question and objectives, Study design 

This study was performed to provide important information regarding the level of adherence to therapy with Betaferon
®
 when 

administrated through an auto-injector. Adherence is a critical aspect in MS therapy with DMDs, which can be enhanced by 
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improvements in drug-delivery devices. The BETACONNECT
®
 is an innovative auto-injector that may potentially increase 

therapy adherence. The primary objective was to investigate adherence to therapy among patients resident in different 

countries who were treated with Betaferon
®
 and used the new BETACONNECT

®
 auto-injector. Secondary objectives were to 

investigate factors that may affect adherence (e.g. satisfaction with the device, injection site problems and mental well-being). 

 

Setting 

This study was a prospective, international, non-interventional, multi-center, observational cohort study to collect valid 

documentation of patients with multiple sclerosis (MS) using the BETACONNECT
®
 auto-injector device. It was conducted in 

77 sites across Europe. Patients who already were on Betaferon
®
 treatment or for whom the decision for Betaferon

®
 treatment 

was made (in Spain, Italy and Croatia, patients had to be on Betaferon
® 

treatment for at least 3 months), and who agreed 

together with their attending physician to use the BETACONNECT
®
 device, were enrolled in this study. Each patient was 

followed for 24 weeks. 

 

Subjects and study size, including dropouts 

500 patients were enrolled in the study. However, 3 patients did not fulfill all inclusion criteria. 1 patient violated IC 01 and 2 

patients violated IC 03. The latter 2 patients were excluded from the analysis. Thus, 498 patients were included in the analysis. 

However, all patients were included in the safety analysis. 

All of the 500 patients had an initial visit, 427 a follow-up visit 1 (after appr. 4 weeks), and 407 a follow-up visit 2 (after 

appr. 12 weeks) and a final visit (follow-up visit 3, after appr. 24 weeks) documented. 93 patients discontinued the study 

prematurely. 357 patients had BETACONNECT
®
 data readouts at follow-up visit 1, 351 at follow-up visit 2 and 357 at the 

final visit (follow-up visit 3). The majority of patients completed the questionnaires. 

 

Variables and data sources 

All patient based data required for the aims of this study were collected during the initial and the follow-up visits. The 

investigator collected historical data (demographic and clinical characteristics) from medical records if available, or else by 

interviewing the patient and documented the study-relevant data for each patient in the eCRF. Likewise, the investigator 

collected treatment-related data during the initial and the follow-up visits. During all visits the patient was asked to complete 

questionnaires. However, the patient was free not to answer questions or questionnaires notwithstanding the consent to 

participate in this study. The questionnaires were sent to the CRO and entered in the eCRF by double data entry.  

The primary outcome variable was adherence to therapy. An adherence measure based on the “medication possession 

ratio” (MPR) was used. Injections were automatically recorded by the BETACONNECT
®
 device. The number of recorded 

injections was compared to the number of expected injections. Accordingly, patients were adherent when they were at least 

80% compliant, i.e. injected 80% or more of the expected Betaferon
®
 dosages up to the respective visit, and when they did 

not drop out of the study prior to evaluation at the respective visit. 

Secondary outcome variables were satisfaction with and evaluation of the BETACONNECT
®
 auto-injector, and 

evaluation of injection site pain and analgesic use prior to injection of Betaferon
®
 (recorded by a patient questionnaire). 

Further secondary outcome variables were health-related quality of life (measured with the self-administered Functional 

Assessment of Multiple Sclerosis (FAMS) questionnaire), anxiety (measured with the self-administered Hospital Anxiety and 

Depression Scale (HADS), depression (measured with the self-administered Center for Epidemiologic Studies Depression 

Scale (CES-D), fatigue (measured with the self-administered Fatigue Scale for Motor and Cognitive functions (FSMC), 

cognition (measured by the HCP with the Symbol Digit Modalities Test (SDMT), local skin reactions (recorded by HCP 

evaluation, local inspection), and injection-related specifics such as injection date, time, and speed (recorded by the 

BETACONNECT
®
 device). 

 

Results 

The median age of all 500 patients was 44 years (range: 19 - 72 years). About 35% were male. Most patients were diagnosed 

with RRMS (94.8%), only few with CIS (5.2%). 31% of patients suffered from concomitant diseases of special interest 

(depression, anxiety, fatigue). 47.6% received any other medication than Betaferon
®
, 7% received other MS medication. The 
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median duration from the initial diagnosis until the initial visit of the study was 76 months for RRMS patients and 23 months 

for CIS patients. The vast majority of patients previously received Betaferon
®
 (97%). The median duration from the start of 

Betaferon
®
 treatment and the initial visit of the study was 192 weeks. The median number of treatment days within the last 4 

weeks prior to the initial visit was 14 (planned and actual). Most patients previously used other auto-injectors for their 

injections (69%), about 1/4 performed manual injections. The number of the previous injections was mainly reported by the 

patient (81.5%). The median baseline EDSS score was 1.5. Training of BETACONNECT
®
 handling was provided for almost 

all patients (96.4%). 45.2% participated in the patient support program BETAPLUS
®
. 

 

The median compliance to therapy after 24 weeks was 95.4% for the analyzed study population (FAS) as well as for patients, 

who completed the whole study course (“completers”). There was a slight increase in compliance during the course of the 

study. Compliance was calculated as (documented # of treatment days during observation period / expected # of treatment 

days during observation period) x 100. After 24 weeks 57% of patients in the FAS were compliant, i.e. injected 80% or more 

of the expected Betaferon
®
 dosages. After 4 weeks it were 63.9%. 427 patients still participated in the study after 4 weeks, 

and 407 patients completed the study. The proportion of adherent patients, i.e. patients with a compliance of ≥80% and 

ongoing participation in the study, was 56.2% in the FAS and 68.8% in the “completer” subgroup after 24 weeks. Within the 

FAS, the proportion of adherent patients decreased during the course of the study (from 63.9% after 4 weeks), whereas there 

were no major changes within the “completer” subgroup. A higher age, concomitant diseases, male gender, a shorter MS 

duration, participation in BETAPLUS
®
, a higher SDMT score at the initial visit, and satisfaction with myBETAapp

®
 turned 

out to be predictors for a higher adherence rate. The median persistence to BETACONNECT
®
 use was 176 days in the FAS 

and 181 days in the “completer” subgroup. The proportion of persistent patients after 24 weeks was 78.7% in the FAS and 

96.3% in the “completer” subgroup. Within the FAS, the proportion of persistent patients decreased during the course of the 

study (from 85.7% after 4 weeks), whereas it increased within the “completer” subgroup (from 91.9% after 4 and 12 weeks). 

Concomitant diseases, male gender, and a higher SDMT score at the initial visit turned out to be predictors for a higher 

persistence rate. 

Given that injection related data were not available from all patients in the study, sensitivity analyses were performed for 

the subgroup of patients, who had data readouts from BETACONNECT
®
, excluding patients, who did not provide these data. 

This approach allows for a more conservative unbiased assessment based on the electronic data, i.e. injection time and date, 

from the BETACONNECT
®
 device itself. 

In patients with at least one data readout from BETACONNECT
®
 (sensitivity analysis I), overall compliance was 

comparable to the FAS. The median compliance after 24 weeks was 95.5% (for all patients of this sensitivity analysis as well 

as the respective “completers”). The proportion of patients that was compliant after 24 weeks was higher than in the FAS, 

amounting to 62.1%. The proportion of adherent patients was also somewhat higher at the end of observation than in the FAS. 

61.4% of the patients in this sensitivity analysis and 69.2% of the respective “completers” were adherent. There was a slight 

decrease within the first half of the study (from 63.1% after 4 weeks to 61% after 12 weeks). However, for the respective 

“completers” a steady increase was observed (from 64.3% after 4 weeks to 65.42% after 12 weeks). Here, concomitant 

diseases, a higher total FAMS score at the initial visit, a shorter MS duration, participation in BETAPLUS
®
, and satisfaction 

with myBETAapp
®
 turned out to be predictors for a higher adherence rate. Allover persistence was similar to the FAS. The 

median persistence was 178 days, and for the “completers” 181 days. The proportion of persistent patients after 24 weeks was 

85.5%, for the “completers” it was 96.3%, showing a similar trend to the FAS (i.e. decreasing for all patients of the sensitivity 

analysis and increasing in the “completer” subgroup). Male gender and a higher SDMT score at the initial visit turned out to 

be predictors for a higher persistence rate. 

In patients with BETACONNECT
®
 readouts at the corresponding visit (sensitivity analysis II), median compliance was 

identical to sensitivity analysis I. However, the proportion of compliant patients was allover higher, amounting to 74.2% after 

4 weeks and to 73.1% after 24 weeks. The proportion of adherent patients after 24 weeks was 72.3% (this applied to all 

patients of this sensitivity analysis as well as the respective “completers”), showing a slight decrease during the course of the 

study. Concomitant diseases, a shorter MS duration, participation in BETAPLUS
®
, and type of previous Betaferon injection

®
 

turned out to be predictors for a higher adherence rate. Not taking into account the patients with missing compliance data, the 

proportion of adherent patients increased during the course of the study to 81.1% after 24 weeks (this applied to all patients of 
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the analysis as well as the respective “completers”). Concomitant diseases, a higher total FAMS score at the initial visit, a 

shorter MS duration, and satisfaction with myBETAapp
®
 turned out to be predictors for a higher adherence rate in this 

analysis. 

 

The median satisfaction with BETACONNECT
®
 was between 8 and 9 at the different visits, the median satisfaction with the 

previous way of the Betaferon
®
 injection was 8 (on a scale from 0 to 10). About 84% of the patients agreed or strongly agreed 

that the previous way of Betaferon
®
 injection was user-friendly, whereas around 90% thought this of BETACONNECT

®
 at 

all visits, with an even larger number among patients, who previously used the BETACONNECT
®
. Preference of the 

BETACONNECT
®
 over their previous way of injection rose to 85% at the end of observation, and about 80% were confident 

in using the BETACONNECT
®
 increasing from 75% at the beginning of the study. More than 1/4 used the additional 

electronic features of the BETACONNECT
®
 device over the course of the study. 14.6% of patients, who completed the 

respective questionnaire, used myBETAapp
®
. The proportion was, however, considerably lower among patients, who 

prematurely discontinued the study, as well as among those who did not adhere to their therapy. More than 1/3 of the users 

used the app very often and almost 2/3 used it to remind them of their injection. 61.8% of the users agreed or strongly agreed 

that the application was user-friendly. The median satisfaction was 8 (on a scale from 0 to 10), however, being lower (6) 

among patients with premature discontinuation. 30.7% of patients not using myBETAapp
®

 had heard about the application. 

The main reasons for not using it were that they do not use apps and that they do not need help with injection tracking and site 

rotation, among others. 

The median pain intensity for BETACONNECT
®
 was between 4 and 5 at the different visits. The median pain intensity 

for the previous way of injection was 5 (on a scale from 0 to 10). After 4 weeks and at the end of observation, there was an 

improvement in injection site related pain by 1 with the use of the BETACONNECT
®
 as compared to the previous way 

(given that the previous way was not BETACONNECT
®
). About half of patients reported that their pain improved with the 

use of the BETACONNECT
®
. The use of analgesics prior to injection with BETACONNECT

®
 decreased from 22.3% (at 

follow-up visit 1) to 18.4% (at final visit) and was lower than prior to injection with the previous way (22.7%). Among 

patients with previous use of the BETACONNECT
®
, analgesic use was even lower (19.7% for previous use and 15.5% at the 

final visit). Local skin reactions were observed in 7.2% of patients at the initial visit. After 4 weeks they were observed in 

14.8% and after 24 weeks in 9.3% of patients. Redness was the most frequently reported reaction and the majority of 

reactions were mild. 

Overall, no major changes were observed in cognition, health-related quality of life, anxiety, depression, and fatigue 

during the course of the study. 

More than half of the participating patients received concomitant medication (56%), e.g. psychoactive drugs such as 

antidepressants and sedatives, or supplements such as vitamin D and analogues, among others. Indications were treatment of 

concomitant disease (44.2%), treatment of adverse event (12%) and others (16.2%). 

 

Most patients completed the study (81.4%). Almost all of these still used BETACONNECT
®
 at the end of observation 

(96.3%). In contrast, only 26.9% of patients with premature discontinuation still used the BETACONNECT
®
 at their final 

visit. Of the patients, who stopped BETACONNECT
®
 usage, more than 2/3 continued Betaferon

®
 treatment. 1/4 of these used 

manual injections, but the majority used other auto-injectors (BETAJECTlite
®
, BETAComfort

®
, BETAJECTComfort

®
). The 

main reasons for discontinuation of Betaferon
®
 treatment were adverse events, choice of other treatment and lack of efficacy. 

For patients, who completed the whole study course, the median treatment duration was 6 months. For patients with 

premature discontinuation, it was 3.7 months. 

The number of expected treatment days since the last visit was somewhat higher than the number of actual treatment 

days (by 1 for follow-up visit 1, by 2 for follow-up visit 2, and by 3 for the final and the individual last visit). For the majority 

of patients, the actual treatment day number was obtained with the BETACONNECT
®
, increasing from 83.6% at follow-up 

visit 2 to 88.3% at the final visit. The majority of the remaining patients reported this number by themselves. Hardly any test 

injections were performed. Betaferon
®
 treatment was interrupted for only 4 patients after follow-up visit 2, with a median 

duration of 17 days. The reasons for the interruptions were side effects and non-compliance. 
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Only 4.8% of patients experienced further demyelinating events/relapses during the course of the study with a median 

number of 1. The annualized relapse rate since the initial visit was 0.11. 

For 13.6% of patients, a total of 91 device events were documented, most of which were product issues (mainly device 

malfunction, difficulties with its use, and use error). For more than 80%, the events were associated with the patient, only one 

of which was related to an AE/SAE. For the vast majority the event was non incident (91.2%), for the remainder it was 

unanticipated. For most patients, the events were resolved (85.3%) or resolving (1.5%), for a minor part they were not 

resolved (7.4%) or resolved with sequelae (1.5%). 

 

Treatment-emergent adverse events (TEAEs) occurred in 33.4% of patients. For most patients with TEAEs (77.8%), the 

Betaferon
®
 dose was not changed, for a minor proportion, it was withdrawn (6.6%) or interrupted (5.4%). Most patients have 

recovered (44.3%) or are recovering (4.2%), a minor part has recovered with sequelae (1.2%), but 39.5% have not recovered. 

Most commonly observed adverse events were erythema (in 12.4% of patients), injection site erythema and skin reactions (in 

5.6% of patients each). Drug-related TEAEs occurred in 26.4% of patients. For most patients with drug-related TEAEs 

(78.8%), the Betaferon
®
 dose was not changed, for a minor proportion, it was withdrawn (5.3%) or interrupted (3.8%). Most 

of the patients have recovered (44.7%) or are recovering (3.8%), only a few have recovered with sequelae (0.8%), but 36.4% 

have not recovered. 9 patients (1.8%) experienced serious TEAEs (a total of 11), with a documented relation to the drug for 

only 2 patients (0.4%; for one patient a causal relation to the drug was considered only by the investigator). Hospitalization 

was necessary or prolonged for 8 patients (88.89%), for 1 patient it was an important medical event. The Betaferon
®

 dose was 

not changed for 4 patients (44.4%), interrupted for 3 patients (33.3%), and withdrawn for 2 patients (22.2%). 5 of the 9 

patients have recovered (55.6%), including the patients with serious drug-related TEAEs, 2 patients have recovered with 

sequelae (22.2%), and 1 patient has not recovered (11.1%). 

 

Discussion 

Adherence to therapy may be supported by the use of the new electronic BETACONNECT
®
 auto-injector, which allows 

patients to tailor certain aspects of their injection (e.g. injection speed and depth) and also captures application data (e.g. 

injection time and date) allowing an accurate and unbiased quantification of the applied Betaferon
®
 injections. Moreover, the 

usage of myBETAapp
®
 can help the patient to remember their injection, thereby overcoming a common barrier to adherence 

[14, 30]. Adherence - for this study defined as a composite of compliance to therapy with ≥80% of planned injections and 

continuation in the study - decreased over time, a well-known problem for DMDs requiring long-term treatment. In patients, 

who completed the whole study course, the adherence rate remained high until the end.  

Allover, a high level of satisfaction with BETACONNECT
®
 and preference over other ways of injection show that 

BETACONNECT
®
 represents a promising option to improve the injection experience of MS patients and with this adherence 

to their therapy. 

 

Marketing Authorisation Holder(s) 

Betaferon
®
: Bayer AG 

BETACONNECT
®
: Bayer AG 

 

Names and affiliations of principal investigators 
See “List of (principal) investigators” as stand-alone document in Annex 1. 
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List of abbreviations 

 

 ACSR  Abbreviated Clinical Study Reports 

 AD  Associated Document 

 AE  Adverse Event 

 AG  Aktiengesellschaft 

CES-D  Center for Epidemiologic Studies Depression 

CIS  Clinically Isolated Syndrome 

 CMD  Country Medical Director 

 CRF  Case Report Form 

 CRO  Contract Research Organization 

 CSP  Clinical Study Protocol 

 CSR  Clinical Study Report 

DMD  Disease Modifying Drug 

 EC  Ethics Committee 

EDSS  Expanded Disability Status Scale 

 EMA  European Medicines Agency 

 EU  European Union 

FAMS  Functional Assessment of Multiple Sclerosis 

 FAS  Full Analysis Set 

 FDA  US Food and Drug Administration 

 FDAAA  Food & Drug Administration Amendments Act 

FSMC  Fatigue Scale for Motor and Cognitive Functions 

 GCP  Good Clinical Practice 

 GPV  Global Pharmacovigilance 

 GSL  Global Safety Leader 

HADS  Hospital Anxiety and Depression Scale 

HCP  Health Care Provider 

 ICH  International Conference on Harmonization 

 ID  Identifier 

 IEC  Independent Ethics Committee 

 IRB  Institutional Review Board 

 MedDRA Medical Directory for Drug Regulatory Activities 

 MAH  Marketing Authorization Holder   

 OM  Operational Manual 

 OS  Observational Study 

PTC  Product Technical Complaint 

 PPS  Per Protocol Set 

 PT  Preferred Term 

 RRMS  Relapsing Remitting Multiple Sclerosis 

 SAE  Serious Adverse Event 

 SAF  Safety Analysis Set 

 SAP  Statistical Analysis Plan 

SDMT  Symbol Digit Modalities Test 

 SOC  System Organ Class 

 SOP  Standard Operating Procedure 

 TEAE  Treatment-Emergent Adverse Events 

 US  United States  


