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Introduction and background: Adherence is a critical factor for optimal clinical 
outcomes in multiple sclerosis (MS) treatment. This study investigated the 
adherence and clinical outcomes of MS patients treated with subcutaneous (sc) 
interferon (IFN) (β)-1a, an established immunomodulatory treatment for relapsing 
MS. The benefits of a patient support programme (PSP) were also studied.

Methods: This phase-IV prospective, observational multicentre study enrolled 
patients with relapsing MS who were treated with sc IFN β-1a for 24  months was 
conducted at 53 centres across 17 countries. The primary endpoint was adherence 
to sc IFN β-1a treatment, as assessed using Morisky Green Levine Medication 
Adherence Scale (MGLS) scores at 24  months. The MGLS is a self-reported 
diagnostic tool to address medication non-adherence, with a score ranging from 
0 to 4, with 0 representing high adherence, 1–2 representing medium adherence, 
and 3–4 representing low adherence. Other endpoints included time to study 
and treatment discontinuation over 24  months, the proportion of relapse-free 
patients, and Expanded Disability Status Scale (EDSS) progression (defined as ≥1.0 
point increase sustained for 3  months) at 24  months. A subgroup analysis was 
performed for endpoints based on patients assigned to PSP (yes/no—PSP versus 
non-PSP subgroup).

Results: Of the 577 patients enrolled, 408 had evaluable MGLS scores at 24  months. 
A total of 336 (58.2%; 95% confidence interval [CI]: 54.1–62.3%) patients reported 
high adherence, 57 (9.9%; 95% CIs: 7.6–12.7%) reported medium adherence, 
and 15 (2.6%; 95% CI: 1.5–4.3%) reported low adherence at 24  months. The PSP 
subgroup reported higher adherence (n  =  206; 65.8%) than the non-PSP subgroup 
(n  =  130; 56.5%). By 24  months, 52.2% of the patients were relapse-free and 17.2% 
patients experienced ≥1 relapse. Expanded Disability Status Scale progression 
was observed in 12.3% of patients. Over the 24-month period, 30.8% of the 
patients discontinued treatment, and the most common reasons for treatment 
discontinuation were adverse events (AEs, 10.4%), being lost to followup (7.1%), 
and a lack of efficacy (5.5%). Overall, 39.6% patients experienced ≥1 AE, which 
ranged from mild to moderate.

Conclusion: The study demonstrated high adherence to sc IFN β-1a treatment 
with an added benefit of PSP participation. More than half of the patients remained 
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relapse-free over a 24-month period. No new safety concerns to sc IFN β-1a 
treatment were observed.

Clinical trial registration: https://clinicaltrials.gov/study/NCT02921035, NCT029 
21035.
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1 Introduction

Multiple sclerosis (MS) is an inflammatory, demyelinating, 
neurodegenerative, and progressive autoimmune disease of the central 
nervous system (1). The exact aetiology of MS is not known. Various 
hypotheses have linked infection, genetics, and a possible autoimmune 
mechanism to MS (2). In most cases, patients with MS first experience 
an acute inflammatory demyelinating event and progress to  
relapsing–remitting MS, which is marked by distinct acute events of 
deteriorating neurological function (relapses) followed by partial or 
total recovery (remission). The relapsing–remitting disease course 
may evolve into a secondary progressive stage with or without 
occasional relapse, minor remissions, and plateaus (3). MS imposes a 
considerable burden on patients, caregivers, and society because of the 
early age of MS disease onset (4). Without a definitive cure for MS, 
disease-modifying drugs (DMDs) are the current mainstream 
treatment, aiming to alleviate symptoms, reduce the number of MS 
relapses, prevent new lesion formation, and potentially slow down 
disability progression (5–7).

As MS is a chronic condition, its successful treatment requires 
adherence to prolonged therapy. Maintaining a dosing regimen is 
critical for achieving the defined therapeutic outcomes. Several studies 
have shown that adherence to MS treatment is associated with fewer 
relapses, a slower rate of disease progression, less patient disability, 
reduced healthcare resource utilisation, lower costs, and improved 
quality of life (8, 9). However, evidence suggests that adherence to MS 
treatments is suboptimal (10), with 41–88% of patients not adhering 
to the DMDs as prescribed (11). In addition, poor drug adherence or 
treatment gaps have been linked to a higher risk of relapse (12).

The treatment gap associated with DMD use is frequently 
influenced by patient beliefs and choices, resulting in an unmet need 
for effective long-term treatment support and management. Several 
strategies have been investigated and implemented to improve drug 
adherence, including patient support programmes (PSPs) and 
innovative injectable devices (13, 14). PSPs may improve treatment 
adherence as well as clinical outcomes (13, 15). Real-world adherence 
studies on RebiSmart®, an autoinjector device for MS treatment, have 
shown that the device helps patients adhere to therapy and potentially 
improve clinical outcomes (14, 16).

Subcutaneous interferon beta-1a (sc IFN β-1a) is a well-established 
immunomodulating DMD for clinically isolated syndrome and 
relapsing multiple sclerosis (RMS) (17) with an estimated cumulative 
exposure of 1,908,836 patient-years (until September 2022) (18). The 
effectiveness of sc IFN β-1a in lowering MS disease activity (as 
measured by clinical outcomes and magnetic resonance imaging 
surrogate measures) has previously been demonstrated (17, 19, 20). In 

clinical trials, 22 or 44 μg three times weekly (tiw) sc IFN β-1a has been 
shown to have a positive benefit, to risk profile and is well tolerated (17, 
19, 20). In addition to sc IFN β-1a, the current landscape of MS 
therapies includes injectables such as other interferons (intramuscular 
IFN β-1a and IFN β-1b) and glatiramer acetate; oral DMDs such as 
teriflunomide, dimethyl fumarate, fingolimod, cladribine tablets, and 
siponimod; and infusion therapies such as natalizumab, alemtuzumab, 
and ocrelizumab (21–24). Considering patient characteristics, disease 
severity, the number of alternative therapies (oral and injectable) 
available for MS management, recent guidelines suggest individualised 
therapies (21). In the context of an ever-evolving treatment landscape, 
sc IFN β-1a, recognised for its clinical efficacy and established safety 
profile, continues to address the unique needs of patients with MS (24).

This study assessed adherence and clinical outcomes of patients 
with relapsing MS who were prescribed sc IFN β-1a (with or without 
RebiSmart® device) over a period of 24 months. We also assessed the 
benefits of additional support through enrolment in a PSP.

2 Materials and methods

2.1 Study design and population

This was a 24-month, Multicentre, phase-IV, prospective, 
observational, open-label, single-arm non-interventional study to 
assess Adherence to treatment for paTIENTs with relapsing MS who 
were prescribed sc IFN β-1a (MAIN-MS). The MAIN-MS study was 
conducted at 53 centres in 17 countries between June 2016 and July 
2020. The study population comprised patients with relapsing MS who 
were either treatment naïve or treated with other DMDs and who were 
prescribed sc IFN β-1a treatment.

2.2 Eligibility

Patients were eligible if they fulfilled the following inclusion 
criteria: (1) aged ≥18 years and ≤ 60 years at the time of sc IFN β-1a 
initiation; (2) diagnosed with relapsing MS according to the 2017 
McDonald criteria (25); (3) treatment naïve or receiving other DMDs 
but would switch to sc IFN β-1a, a human serum albumin-free 
formulation (with or without RebiSmart® device), at a dosage of 44 μg, 
tiw; and (4) provided signed informed consent. All the enrolled 
patients were followed up for 24 months with no additional visits or 
intervention(s) outside of the investigators’ routine practice. Patients 
could also be assigned to a PSP at the discretion of the investigator. 
Patients who withdrew from the study prematurely were not replaced.
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2.3 Study sample size

Assuming a 5% dropout rate, 526 patients were planned to 
be enrolled in the study to provide a sample size of 500 evaluable 
patients. With a precision of at least 4.4% using 95% confidence 
intervals (CIs), the proportion of patients with high Morisky Green 
Levine Medication Adherence Scale (MGLS) score at 24 months was 
estimated to be 55%.

2.4 Study endpoints

The primary endpoint was adherence to sc IFN β-1a treatment as 
determined using the MGLS score at 24 months. MGLS is a self-
reported diagnostic tool to address medication non-adherence, with 
scores ranging from 0 to 4, with 0 representing high adherence, 1–2 
representing medium adherence, and 3–4 representing low adherence 
(26). Other endpoints included time to study and treatment 
discontinuation over 24 months, reasons for study and treatment 
discontinuation, the proportion of relapse-free patients at 24 months, 
and the proportion of patients with Expanded Disability Status Scale 
(EDSS) progression at 24 months. EDSS progression was defined as an 
EDSS score increase of ≥1.0 point that was sustained for at least 
3 months at 24 months. The safety profile of sc IFN β-1a, including 
adverse events (AEs), serious AEs (SAEs), and adverse drug reactions, 
was also assessed.

2.5 Statistical analyses

Descriptive statistics were used for all continuous variables. The 
95% CIs were provided wherever applicable. The full analysis set (FAS) 
was defined as all patients who provided informed consent and met 
the eligibility criteria. Baseline and efficacy data were analysed on the 
basis of FAS. The safety analysis set (SAF) was defined as all patients 
who provided informed consent and received at least one dose of 
study treatment. Safety was analysed using the SAF. Subgroup analysis 
was planned for endpoints based on (1) patients assigned to PSP (yes/
no—PSP versus non-PSP subgroup and (2) patients assigned to the 
RebiSmart® device (yes/no: RebiSmart® versus non-RebiSmart® 
subgroup).

Patients who discontinued the study were categorised under study 
discontinuation, and patients who discontinued sc IFN β-1a therapy 
were categorised under treatment discontinuation. The time to study 
discontinuation over the 24-month period and the time to treatment 
discontinuation over the 24-month period were summarised using 
descriptive statistics and the Kaplan–Meier estimate of probability.

The safety evaluation included the summary of AEs and SAEs 
during the study period. All AEs were coded using the Medical 
Dictionary for Regulatory Activities (MedDRA) version 23.0 
terminology for the System Organ Class and Preferred Term.

Statistical analysis system (SAS) version 9.1.3 or higher was used 
to perform statistical analysis. The overall MGLS score and each of the 
adherence categories (high, medium, or low) were summarised as 
numbers and percentages from FAS at 24 months or early withdrawal, 
with 95% CIs provided for each adherence category. The last 
observation carried forward (LOCF) method was used to perform 
sensitivity analysis of the primary endpoint.

2.6 Ethics statement

Ethical approval (MOH-2021-1670) was obtained from the 
institutional review boards at the Ain Shams University and at each of 
the other participating centres of the respective countries in 
accordance with their ethical regulations and was conducted 
according to the Declaration of Helsinki. An informed consent form 
was signed by each patient. The patients were free to withdraw consent 
at any time without prejudice to their medical care and were not 
obliged to state their reasons.

2.7 Data availability statement

The datasets generated during and/or analysed during the current 
study are available from the corresponding author on reasonable request.

In addition, any requests for data by qualified scientific and 
medical researchers for legitimate research purposes will be subject to 
Merck Data Sharing Policy. All requests should be  submitted in 
writing to Merck’s data sharing portal: https://www.merckgroup.com/
en/research/our-approach-to-research-and-development/healthcare/
clinical-trials/commitment-responsible-data-sharing.html. When 
Merck has a co-research, co-development, or co-marketing or 
co-promotion agreement, or when the product has been outlicensed, 
the responsibility for disclosure might be dependent on the agreement 
between parties. Under these circumstances, Merck will endeavour to 
gain agreement to share data in response to requests.

3 Results

3.1 Patient disposition

A total of 584 patients were screened, of which 577 were enrolled 
in the study and constituted the FAS. Of the 577 enrolled patients, 
94.1% (n = 543) initiated treatment with sc IFN β-1a and were 
included in the SAF. Overall, 36.2% (n = 209) of the patients 
discontinued the study.

3.2 Patient demographics and baseline 
disease characteristics

The majority of the patients were women (69.3%) and had a mean 
(standard deviation [SD]) age of 34.3 (9.3) years. The baseline 
demographics and MS disease history are described in Table  1. 
Amongst the patients included in the FAS, 21.5% (n = 124) used 
RebiSmart®. A total of 54.2% (n = 313) of the patients were assigned 
to the PSP.

3.3 Adherence

The adherence to sc IFN β-1a was assessed at 24 months. Overall, 
70.7% (n = 408) of the patients had evaluable MGLS scores at 
24 months. The majority (n = 336) of the patients reported high 
adherence to sc IFN β-1a (58.2% of 577 patients; 95% CI: 54.1–
62.3%). Fifty-seven patients (9.9%; 95% CI: 7.6–12.7%) reported 
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medium adherence, whereas only a few patients reported low 
adherence (2.6%; 95% CI: 1.5–4.3%) (Table 2). However, reports on 
adherence were missing for 135 (23.4%; 95% CI: 20.1–27.2%) patients 
and not evaluable for the remaining 34 (5.9%; 95% CI: 4.1–8.2%) 
patients.

The sensitivity analysis using the LOCF method performed to 
include patients who had a missing MGLS score at 24 months or had 
an early withdrawal (23.4%) resulted in data availability for all 543 
patients who initiated treatment. Including these data, the proportion 
of patients with high adherence was 76.8% (95% CI: 73.1–80.2%).

The last available MGLS assessments revealed that 107 (79.3%) 
patients had high adherence, 20 (14.8%) had medium adherence, and 
8 (5.9%) had low adherence.

Adherence to sc IFN β-1a remained relatively stable over the study 
period (Figure 1) when considering evaluable non-missing reports. 
Patients with evaluable non-missing MGLS scores at pre-specified 
timepoints continued to report high adherence (Figure 1).

3.4 Study discontinuation

Over the 24-month period, 36.2% (n = 209) of patients 
discontinued the study. The mean (SD) time to study discontinuation 
was 10.1 (7.1) months. Based on the Kaplan–Meier estimates, the time 
to study discontinuation for the first 25% of patients was 13.4 months 
(Figure 2A). The most common reasons for study discontinuation 
were AEs (10.1%), patients lost to follow-up (6.9%), and a lack of 
efficacy (5.7%). The time to study discontinuation was observed to 
be similar across the adherence categories, and there were no clear 
differences in the reasons for study discontinuation amongst different 
adherence categories.

3.5 Treatment discontinuation

Over the 24-month period, 30.8% (n = 178) of patients 
discontinued their treatment. The mean (SD) time to treatment 
discontinuation was 10.3 (6.4) months. Based on the Kaplan–
Meier estimates, the time to treatment discontinuation for the first 
25% of patients was 16.2 months (Figure 3A). The most common 
reasons for treatment discontinuation were AEs (10.4%), lost to 
follow-up (7.1%), and a lack of efficacy (5.5%). The time to 
treatment discontinuation was observed to be similar across the 
adherence categories, and there were no clear differences in the 
reasons for treatment discontinuation amongst different 
adherence categories.

3.6 Relapses and EDSS progression

By 24 months or early withdrawal, >50% of the patients were 
relapse-free (52.2%) and 17.2% of patients experienced at least one 
relapse. No information was available for the remaining 30.7% of the 
patients. The mean (SD) number of relapses were 1.1 (0.4), with a 
maximum of three relapses. The median duration of the relapse was 
23.0 days (interquartile range: 12.0–43.0). Amongst the patients who 
were relapse-free over 24 months, 67.4% reported high adherence, 
25.3% reported medium adherence, and 6.4% reported low adherence, 
whereas amongst the patients with at least one relapse, 60.6% reported 
high adherence, 32.3% reported medium adherence, and 6.1% 
reported low adherence.

At 24 months or early withdrawal, EDSS progression was observed 
in 12.3% (n = 71) of the patients, and most of these patients (n = 63, 
10.9%) had an EDSS score of ≤3, whereas 1.2% (n = 7) of the patients 
had EDSS score of >3. The EDSS score was available for 70.4% 
(n = 406) of patients at 24 months: 59.6% (n = 344) of patients had an 
EDSS of ≤3 and 10.7% (n = 62) of patients had an EDSS of >3. 
Throughout the study, most patients had an EDSS score of ≤3: 87.7% 

TABLE 2 Adherence at 24  months (FAS).

All patients (n  =  577) 95% CI

MGLS score, n (%)

0 336 (58.2)

1 36 (6.2)

2 21 (3.6)

3 5 (0.9)

4 10 (1.7)

Missing 135 (23.4)

Not evaluablea 34 (5.9)

Adherence, n (%)

High 336 (58.2) (54.1–62.3)

Medium 57 (9.9) (7.6–12.7)

Low 15 (2.6) (1.5–4.3)

Missing 135 (23.4)

Not evaluablea 34 (5.9)

A MGLS score of 0 indicates high adherence; a score of 1–2 indicates medium adherence; a 
score of 3–4 indicates low adherence.aPatients who did not take at least one dose of study 
medication. 
CI, confidence interval; FAS, full analysis set; MGLS, Morisky Green Levine Medication 
Adherence Scale; n, number of patients.

TABLE 1 Baseline demographics and disease characteristics (FAS).

Characteristics N  =  577

Mean age, years (SD)a 34.3 (9.3)

Female, n (%) 400 (69.3)

Mean time since first symptoms of MS, years (SD) 4.6 (5.3)

Median time since first symptoms of MS, years (range) 2.7 (0–33.8)

Mean time since first relapse, years (SD) 2.6 (3.9)

Median time since first relapse, years (range) 0.9 (0–28.8)

Mean number of relapses in the previous 24 months (SD) 1.2 (0.9)

Median number of relapses in the previous 24 months (range) 1 (0–6)

Classification, n (%)

McDonald criteria 425 (73.7)

Clinically definite 152 (26.3)

Mean EDSS score (SD)b 1.8 (1.1)

Median EDSS score (range)b 1.5 (0–6)

aTwo outlier patients aged 17.3 and 61.5 years were included in the FAS and SAF.
bn = 576. 
EDSS, Expanded Disability Status Scale; FAS, full analysis set; MS, multiple sclerosis; n, 
number of patients; SD, standard deviation.
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(n = 506) patients at baseline, 75.2% (n = 434) patients at 6 months, 
65.7% (n = 379) at 12 months, 60.8% (n = 351) patients at 18 months, 
and 59.6% (n = 344) patients at 24 months.

3.7 Subgroup analysis (PSP versus non-PSP 
subgroup)

The PSP subgroup (n = 206; 65.8%) had a larger proportion of 
patients reporting high adherence compared with the non-PSP 
subgroup (n = 130; 56.5%). A lower proportion of patients had 
discontinued the study by 24 months in the PSP subgroup (27.8%) 

than in the non-PSP subgroup (39.6%). The mean (SD) times to study 
discontinuation were similar between the PSP (11.2 [6.9] months) and 
the non-PSP (11.5 [6.2] months) subgroups. However, the  
Kaplan–Meier estimates showed that the estimated time to study 
discontinuation for the first 25% of patients was longer in the PSP 
subgroup (20.0 months) than in the non-PSP subgroup (12.7 months; 
Figure 2B). The most common reasons for study discontinuation were 
similar between both subgroups. However, a higher proportion of 
patients in the non-PSP subgroup than in the PSP subgroup reported 
study discontinuation due to AEs (non-PSP subgroup: 12.6% vs. PSP 
subgroup: 9.3%), lack of efficacy (non-PSP subgroup: 10.4% vs. PSP 
subgroup: 2.9%), withdrawal of consent (non-PSP subgroup: 3.9% vs. 

FIGURE 1

Adherence over time up to 18  months (FAS). A MGLS score of 0 indicates high adherence; a score of 1–2 indicates medium adherence; a score of 3–4 
indicates low adherence. FAS, full analysis set; MGLS, Morisky Green Levine Medication Adherence Scale; n, number of patients.

FIGURE 2

Time to study discontinuation over 24  months. (A) All patients, (FAS). (B) By PSP. FAS, full analysis set; PSP, patient support programme.
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PSP subgroup: 3.5%), and financial issues (non-PSP subgroup: 3.0% 
vs. PSP subgroup: 0.0%).

Similar results were reported for treatment discontinuation. A 
lower proportion of patients had discontinued the treatment by 
24 months in the PSP subgroup (27.8%) than in the non-PSP subgroup 
(39.6%). The mean (SD) time to treatment discontinuation was longer 
in the PSP subgroup (10.7 [6.9] months) than in the non-PSP 
subgroup (10.0 [6.0] months). However, the Kaplan–Meier estimates 
showed that the estimated time to treatment discontinuation for the 
first 25% of the patients was longer in the PSP subgroup (19.5 months) 
than in the non-PSP subgroup (11.5 months; Figure 3B). The most 
common reasons for treatment discontinuation were similar between 
both subgroups. However, a higher proportion of patients in the 
non-PSP subgroup than in the PSP subgroup reported treatment 
discontinuation due to AEs (non-PSP subgroup: 13.5% vs. PSP 
subgroup: 9.3%), lack of efficacy (non-PSP subgroup: 10.0% vs. PSP 
subgroup: 2.9%), and financial issues (non-PSP subgroup: 3.0% vs. 
PSP subgroup: 0.0%).

Compared with the PSP subgroup (16.3%), the non-PSP subgroup 
(20.4%) had more patients with at least one relapse. The proportions 
of patients with EDSS progression were comparable between 
both subgroups.

3.8 Safety

The median duration of exposure to sc IFN β-1a over the study 
period was 729 days. Of the 543 patients who initiated sc IFN β-1a, 
39.6% experienced at least one AE, and the AEs were mild to moderate 
in nature. The most frequent AEs reported for ≥2% of patients were 
influenza-like illness (7.4%), pyrexia (6.8%), headache (3.1%), MS 
relapse (3.1%), asthenia (2.9%), and injection site reaction (2.2%).

A total of 5.2% of patients experienced at least one SAE. MS 
relapse was the most commonly reported SAE, with 15 patients 
experiencing MS relapses requiring hospitalisation. Amongst the 

remaining SAEs, four were pregnancy-related, and there was one case 
each of cholecystitis, liver disease, urinary tract infection, weight gain, 
gait disturbance, and psoriasis.

Overall, 30.6% of patients experienced at least one AE related to 
the study medication, including five (0.9%) patients with at least one 
SAE. The most frequent treatment-related AEs reported for ≥2% of 
patients were influenza-like illness (7.4%), pyrexia (6.8%), headache 
(2.2%), asthenia (2.2%), and injection site reaction (2.2%). Of the five 
treatment-related SAEs, two cases were of depression and one case 
each was of anaemia, increased liver function test, and reduced white 
blood cell count.

4 Discussion

Because MS is a chronic disease, long-term adherence to 
treatment can be challenging to achieve desired clinical outcomes. 
Adherence to medication is a critical factor for patients with MS, as 
long-term use of the healthcare professionals (HCPs) prescribed 
DMDs that are usually associated with reduced relapse rates, reduced 
disease progression, and increased drug efficacy (9, 11, 12, 27). The 
most common reasons for failure to adherence to treatment are 
forgetting to take the medication, patient-perceived lack of efficacy, 
injection anxiety, as well as AEs related to injection site reactions, 
flu-like symptoms, and fatigue (28). The use of support strategies (15, 
29) and treatment maintenance methods (14, 30, 31) are being 
investigated to overcome poor adherence.

In this study, it was observed that more than 50% of the patients 
self-reported high adherence to the sc IFN β-1a treatment as assessed 
using the MGLS score at 24 months. The sensitivity analysis to include 
the last observed non-missing MGLS scores further increased the 
proportion of patients reporting high adherence to 77%. Another 
important observation in this study was that adherence to sc IFN β-1a 
treatment remained relatively stable over the study period at 6, 12, and 
18 months when considering evaluable non-missing MGLS scores. 

FIGURE 3

Time to treatment discontinuation over 24  months. (A) All patients, (FAS). (B) By PSP. FAS, full analysis set; PSP, patient support programme.
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Patients continued to report high adherence over 6–18 months. 
Adherence to sc IFN β-1a treatment has been studied previously; a 
narrative review of the literature on treatment adherence to DMDs by 
Menzin et al. has reported high medication adherence rates, ranging 
from 58.5 to 77.6% for sc IFN β-1a treatment in patients with relapsing 
MS (11).

In this study, because a relatively low number of patients used the 
RebiSmart® device and the results of subgroup analysis were 
inconclusive, we have not described them further. However, previous 
studies have reported that the use of RebiSmart® device assists in 
improving adherence to sc IFN β-1a therapy (16, 30, 31). The results 
from the recent REBIFLICT study have shown that high adherence 
(97.9%) to sc IFN β-1a therapy was achieved with the RebiSmart® 
device over 24 months. Of note, the REBIFLICT study assessed 
adherence on the assumption that treatment adherence and clinical 
data were frequently communicated to patients by their attending 
physicians (30). The READOUT smart study reported a mean 
quantitative adherence rate of 85.3% over 24 months (31). The results 
from the SMART study has also shown that patients with relapsing 
MS using RebiSmart® device to self-inject sc IFN β-1a had excellent 
adherence at the end of 12 months and had good clinical outcomes. In 
addition, patients reported that the RebiSmart® device was convenient 
and easy to use (16).

Clinical efficacy was evaluated in terms of relapse rates and EDSS 
outcomes. More than 50% of the patients were relapse-free at 
24 months or early withdrawal, and 17.2% patients had experienced 
mostly 1 to 3 relapses. In the pivotal PRISMS study, 45% and 32% of 
the patients receiving sc IFN β-1a 44 μg were relapse-free at year 1 and 
year 2, respectively (20). Moreover, in this study, the median EDSS 
scores (≤3) were stable during the assessments conducted at 
pre-specified timepoints throughout the study, and the proportion of 
patients with EDSS progression was relatively low (12.3%). The 
beneficial effect of sc IFN β-1a on EDSS progression observed in our 
study was consistent with previous findings (32–34).

Furthermore, in our study, the adherence to sc IFN β-1a was 
slightly higher in the patients who were relapse-free compared to 
patients who had at least one relapse. Previous studies have indicated 
that adherence to sc IFN β-1a treatment is associated with a lower 
probability of relapse (35, 36). For example, the STAR study by 
Huppert et al. showed that the proportion of patients with MS with 
good adherence were relapse-free at 12 months compared to those 
with fair or poor adherence (77.6% vs. 50.0%; p = 0.0107) (37).

There is limited information on the benefits of PSP participation 
in MS (29). However, PSPs have been found to provide potential 
benefits in other therapeutic areas such as cardiovascular disease, 
diabetes, and asthma (38). Structured PSPs with skilled healthcare 
workers and specialised nurses enable continuous patient education 
and provide support to patients initiating immunotherapies, which 
may have an immense impact on health-related outcomes in patients 
with MS (39). A large retrospective cohort study (N = 3,993) by Tan 
et al. evaluated the impact of a speciality care management programme 
amongst patients with MS. The findings suggested that the speciality 
care management programme was not only associated with improved 
treatment adherence and persistence but also reduced MS-related 
hospitalisations and decreased MS-related costs (13). Notably, a large 
proportion of patients in the study were receiving interferons as MS 
medication (intramuscular IFN β-1a: 37.3%; sc IFN β-1a: 16.6%; and 
IFN β-1b: 13.5%) (13). Another study by Lenz and Harms showed 

that, amongst patients with mild-to-moderate relapsing-remitting MS, 
adherence to disease-modifying therapies was significantly higher in 
PSP participants than in the non-PSP participants (92.9% vs. 61.8%; 
p = 0.0197) irrespective of treatment duration (15). Consistent with 
these previous reports, in the present study, the proportion of patients 
reporting high adherence to sc IFN β-1a was higher in the patients 
assigned to PSP (65.8%) compared to those not assigned to PSP 
(56.5%). In addition, a lower proportion of patients discontinued the 
treatment by 24 months in the PSP subgroup than in the non-PSP 
subgroup. Furthermore, the mean time-to-treatment discontinuation 
was longer in the PSP subgroup than in the non-PSP subgroup. It must 
be  noted that the patients in the study had a baseline mean and 
median EDSS of 1.8 and 1.5, respectively, representing a mild active 
disease. These findings highlight the importance of enhancing and 
promoting strategies (such as PSPs) to manage patient expectations 
and AEs and educate patients, families, and caregivers about 
establishing patient–physician relationships and the benefits of 
participation in PSPs (40).

Study discontinuations and sc IFN β-1a treatment 
discontinuations were observed in more than 30% of the patients over 
the 24 months. The most common reasons for these discontinuations 
(study and treatment discontinuation) were AEs, being lost to 
follow-up, and a lack of efficacy. In a real-world cohort study by Espin 
and Munschauer, the discontinuation rates to sc IFN β-1a treatment 
were 36.9% in year 1 and 49.5% in year 2 (41). In general, previous 
study reports have shown higher discontinuation rates with sc IFN 
β-1a treatment (41, 42). The retrospective (43) and prospective 
observational (37) studies have shown AEs as one of the most 
common reason to discontinue IFN-β therapy in real-world settings.

In terms of safety, sc IFN β-1a tiw already has a well-established 
safety profile supported by more than 20 years of clinical and  
real-world evidence (44), and most AEs associated with sc IFN β-1a 
are mild to moderate in nature. The most commonly reported AEs 
with sc IFN β-1a treatment are influenza-like illness, injection site 
reaction, and headache (45). Overall, no new safety concerns were 
observed in our study. Consistent with the known safety profile of sc 
IFN β-1a, the most frequent AEs (reported by ≥2% of patients) in our 
study were influenza-like illness, pyrexia, headache, MS relapse, 
asthenia, and injection site reaction. The five treatment-related SAEs, 
which included two cases of depression and one case each of anaemia, 
increased liver function test values, and decreased white blood cell 
count, were also consistent with the known safety profile of sc IFN 
β-1a used in the approved indication.

Although our study was not designed to, or aimed at, comparing 
the treatment adherence of injectable therapies and other approved 
MS DMDs, this is an important aspect, especially considering the 
evolving MS treatment landscape and shifting prescription trends. For 
example, data from a recent cross-sectional study showed significant 
changes in the initiation patterns of DMDs in MS, with patients 
receiving treatment earlier in their disease course and a shift towards 
oral therapies from the platform injectable therapies (46). The exact 
reasons for this shift were not determined but were attributed to 
factors such as convenience of administration, insurance limitations, 
and advertising strategies (46). Of note, prescription trends for MS 
vary across different regions and countries and treatment choice also 
depends on the availability of DMDs in the region (47). In general, 
adherence to the DMDs in MS varies widely between 41% and 93% 
and has been attributed to factors such as patient-specific factors, 
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therapy-specific factors, management, and healthcare system-related 
factors (11, 48).

Considering this recent shift in prescription towards oral therapies in 
MS, it is also pertinent to understand the impact of the route of 
administration on DMD adherence. The rate of adherence to injectable 
therapies in patients with MS has been reported as being between 41 and 
88% (11). A few studies have compared adherence between oral DMDs 
and injectable DMDs. A recent study by Martinez et al. reported that a 
change in the route of administration from injectable to oral was 
associated with increased adherence (49). Two retrospective analyses of 
short-term claims data in the US observed higher adherence to the 
treatment in patients initiating an oral DMD (fingolimod) compared to 
those initiating injectable DMDs (50, 51). Another retrospective analysis 
of claims data for MS patients in the US, however, observed no difference 
in adherence between patients initiating oral DMDs and those initiating 
injectable treatment (10). The study reported suboptimal adherence with 
both types of treatment (10). Another US claim analysis, by Munsell et al., 
assessing prescribing patterns for oral and self-injectable DMDs, reported 
that the route of administration was not a significant predictor of 
treatment non-adherence (52). A cross-sectional study in Spain reported 
higher adherence to the injectable compared to the oral therapies 
attributed mainly to forgetfulness (53). Furthermore, a meta-analysis by 
Nicholas et  al. assessed the rates of adherence and persistence for 
once-and twice-daily oral DMDs in patients with MS using real-world 
data (54). The meta-analysis indicated that approximately 20% patients 
with MS do not adhere to, and approximately 25% discontinue, daily oral 
DMDs within 1 year of treatment initiation (54). Therefore, with this 
limited and varied evidence, it is difficult to establish a clear difference in 
adherence between oral and injectable DMD therapies, and further 
research on this topic is warranted.

5 Limitations

There were a few limitations of this study that should be considered 
when interpreting the results. Because this non-interventional study was 
open-label and observational, there was limited control over the outcome 
assessments as patient monitoring and diagnoses were performed as per 
standard care. This could have led to potential enrolment and 
information bias. Regarding enrolment bias, there is a possibility that the 
demographic characteristics/disease status of patients who participated 
in this study may differ from those who did not participate. Information 
bias may result from differences in collected data, such as accuracy/
completeness that may misclassify patients in terms of exposures or 
outcomes. To minimise these study limitation, standardised case report 
forms, systematic site training and monitoring, and other guidance 
documentation were used to ensure consistent data collection. However, 
the relatively higher study and treatment discontinuation (>30% of the 
enrolled patients) rates may have affected the results. To limit the effect 
of missing data on MGLS scores, a sensitivity analysis was performed. 
Furthermore, variability in the treatments received may limit reliability 
of the interpretations of the results.

6 Conclusion

This non-interventional study demonstrated high patient adherence 
to sc IFN β-1a treatment as assessed using MGLS. PSP participation had 

an added benefit as the number of patients reporting high adherence was 
slightly higher in patients assigned to a PSP than in patients not assigned 
to a PSP. Favourable clinical outcomes in terms of low relapses could 
be correlated with high drug adherence. Overall, no safety concerns were 
observed in this study. The safety profile was consistent with the known 
safety profile of sc IFN β-1a used for the approved indication. The findings 
of our study add to the available data regarding treatment adherence with 
sc IFN β-1a in patients with relapsing MS and may help HCPs to make 
informed decisions about treatment maintenance.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

Ethical approval (MOH-2021-1670) was obtained from the 
institutional review boards at the Ain Shams University and at each of the 
other participating centers of the respective countries in accordance with 
their ethical regulations and was conducted according to the Declaration 
of Helsinki. An informed consent form was signed by each patient. The 
patients were free to withdraw consent at any time without prejudice to 
their medical care and were not obliged to state their reasons. The studies 
were conducted in accordance with the local legislation and institutional 
requirements. The participants provided their written informed consent 
to participate in this study.

Author contributions

RA-R: Conceptualization, Data curation, Formal analysis, 
Methodology, Supervision, Writing – review & editing. MZ: 
Conceptualization, Data curation, Formal analysis, Methodology, 
Supervision, Writing – review & editing. EC: Conceptualization, Data 
curation, Formal analysis, Methodology, Supervision, Writing – 
review & editing. KT: Conceptualization, Data curation, Formal 
analysis, Methodology, Supervision, Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. The authors 
declare that this study received funding from Merck Healthcare 
KGaA, Darmstadt, Germany (CrossRef Funder ID: 
10.13039/100009945). The funder was involved in the study design, 
collection, analysis, interpretation of data, the writing of this article 
or the decision to submit it for publication.

Acknowledgments

The authors would like to thank Bitumani Borah and Rahul 
Birari (Merck Specialities Pvt. Ltd., Bangalore, India, an affiliate of 
Merck KGaA) for providing medical writing and editorial assistance.

https://doi.org/10.3389/fneur.2023.1257455
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Al-Roughani et al. 10.3389/fneur.2023.1257455

Frontiers in Neurology 09 frontiersin.org

Conflict of interest

RA-R reports receiving personal compensation for serving on 
speaker/advisory boards for Bayer, Biogen, Merck, Novartis, Roche, 
and Sanofi, and receiving research support from Biogen, Merck, 
Novartis, and Roche for the establishment of regional multiple 
sclerosis registries and the conduct of clinical trials. MZ has 
received fees for advisory boards and lectures from Merck, Biogen, 
Roche, Sanofi, Bayer and Novartis. EC has received speaker 
honoraria from Novartis, Biogen, Sanofi, and Merck and travel 
support from Novartis, Biogen, Sanofi, and Merck. KT is an 

employee of Merck Serono Middle East FZ-Ltd., Dubai, UAE, an 
affiliate of Merck KGaA.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Bergsland N, Horakova D, Dwyer MG, Dolezal O, Seidl ZK, Vaneckova M, et al. 

Subcortical and cortical gray matter atrophy in a large sample of patients with clinically 
isolated syndrome and early relapsing-remitting multiple sclerosis. AJNR Am  J 
Neuroradiol. (2012) 33:1573–8. doi: 10.3174/ajnr.A3086

 2. Compston A, Coles A. Multiple sclerosis. Lancet. (2008) 372:1502–17. doi: 10.1016/
S0140-6736(08)61620-7

 3. Lublin FD, Reingold SC. Defining the clinical course of multiple sclerosis: results 
of an international survey. National Multiple Sclerosis Society (USA) advisory 
committee on clinical trials of new agents in multiple sclerosis. Neurology. (1996) 
46:907–11. doi: 10.1212/WNL.46.4.907

 4. Fattore G, Lang M, Pugliatti M. The treatment experience, burden, and unmet 
needs (TRIBUNE) study - measuring the socioeconomic consequences of multiple 
sclerosis. Mult Scler. (2012) 18:5–6. doi: 10.1177/1352458512447262

 5. Yamout B, Sahraian M, Bohlega S, Al-Jumah M, Goueider R, Dahdaleh M, et al. 
Consensus recommendations for the diagnosis and treatment of multiple sclerosis: 2019 
revisions to the MENACTRIMS guidelines. Mult Scler Relat Disord. (2020) 37:101459. 
doi: 10.1016/j.msard.2019.101459

 6. Comi G. Shifting the paradigm toward earlier treatment of multiple sclerosis with 
interferon beta. Clin Ther. (2009) 31:1142–57. doi: 10.1016/j.clinthera.2009.06.007

 7. Lublin FD, Baier M, Cutter G. Effect of relapses on development of residual deficit 
in multiple sclerosis. Neurology. (2003) 61:1528–32. doi: 10.1212/01.
WNL.0000096175.39831.21

 8. Katsarava Z, Ehlken B, Limmroth V, Taipale K, Patel SN, Niemczyk G, et al. 
Adherence and cost in multiple sclerosis patients treated with IM IFN beta-1a: impact 
of the CARE patient management program. BMC Neurol. (2015) 15:170. doi: 10.1186/
s12883-015-0426-x

 9. Tan H, Cai Q, Agarwal S, Stephenson JJ, Kamat S. Impact of adherence to disease-
modifying therapies on clinical and economic outcomes among patients with multiple 
sclerosis. Adv Ther. (2011) 28:51–61. doi: 10.1007/s12325-010-0093-7

 10. Burks J, Marshall TS, Ye X. Adherence to disease-modifying therapies and its 
impact on relapse, health resource utilization, and costs among patients with multiple 
sclerosis. Clinicoecon Outcomes Res. (2017) 9:251–60. doi: 10.2147/CEOR.S130334

 11. Menzin J, Caon C, Nichols C, White LA, Friedman M, Pill MW. Narrative review of the 
literature on adherence to disease-modifying therapies among patients with multiple sclerosis. 
J Manag Care Pharm. (2013) 19:S24–40. doi: 10.18553/jmcp.2013.19.s1.S24

 12. Steinberg SC, Faris RJ, Chang CF, Chan A, Tankersley MA. Impact of adherence to 
interferons in the treatment of multiple sclerosis: a non-experimental, 
retrospective, cohort study. Clin Drug Investig. (2010) 30:89–100. doi: 10.2165/11533330-00000 
0000-00000

 13. Tan H, Yu J, Tabby D, Devries A, Singer J. Clinical and economic impact of a 
specialty care management program among patients with multiple sclerosis: a cohort 
study. Mult Scler. (2010) 16:956–63. doi: 10.1177/1352458510373487

 14. Vališ M, Šarláková J, Halúsková S, Klímová B, Potužník P, Peterka M, et al. An 
observational study demonstrating the adherence and ease of use of the injector device, Rebi 
smart®. Expert Opin Drug Deliv. (2020) 17:719–24. doi: 10.1080/17425247.2020.1742694

 15. Lenz F, Harms L. The impact of patient support programs on adherence to disease-
modifying therapies of patients with relapsing-remitting multiple sclerosis in Germany: 
a non-interventional. Prospective Study Adv Ther. (2020) 37:2999–3009. doi: 10.1007/
s12325-020-01349-3

 16. Bayas A, Ouallet JC, Kallmann B, Hupperts R, Fulda U, Marhardt K. Adherence 
to, and effectiveness of, subcutaneous interferon β-1a administered by Rebi SMART® 
in patients with relapsing multiple sclerosis: results of the 1-year, observational SMART 
study. Expert Opin Drug Deliv. (2015) 12:1239–50. doi: 10.1517/17425247.2015.1057567

 17. Manfredonia F, Pasquali L, Dardano A, Iudice A, Murri L, Monzani F. Review of 
the clinical evidence for interferon beta 1a (Rebif) in the treatment of multiple sclerosis. 
Neuropsychiatr Dis Treat. (2008) 4:321–36. doi: 10.2147/ndt.s476

 18. Lin YT, Will T, Wickham C, Boeree P, Jack D, Keiser M. Evolution of the  
Rebi smart electromechanical autoinjector to improve usability in support of adherence 
to subcutaneous interferon β-1a therapy for people living with multiple sclerosis. Patient 
Prefer Adherence. (2023) 17:1923–33. doi: 10.2147/PPA.S414151

 19. Schwid SR, Panitch HS. Full results of the evidence of interferon dose-response-
European North American comparative efficacy (EVIDENCE) study: a multicenter, 
randomized, assessor-blinded comparison of low-dose weekly versus high-dose, high-
frequency interferon beta-1a for relapsing multiple sclerosis. Clin Ther. (2007) 
29:2031–48. doi: 10.1016/j.clinthera.2007.09.025

 20. Ebers GC. Randomised double-blind placebo-controlled study of interferon 
beta-1a in relapsing/remitting multiple sclerosis. PRISMS (prevention of relapses and 
disability by interferon beta-1a subcutaneously in multiple sclerosis) study group. 
Lancet. (1998) 352:1498–504. doi: 10.1016/S0140-6736(98)03334-0

 21. Montalban X, Gold R, Thompson AJ, Otero-Romero S, Amato MP, Chandraratna 
D, et al. ECTRIMS/EAN guideline on the pharmacological treatment of people with 
multiple sclerosis. Eur J Neurol. (2018) 25:215–37. doi: 10.1111/ene.13536

 22. Pardo G, Jones DE. The sequence of disease-modifying therapies in relapsing 
multiple sclerosis: safety and immunologic considerations. J Neurol. (2017) 264:2351–74. 
doi: 10.1007/s00415-017-8594-9

 23. Sorensen PS. New management algorithms in multiple sclerosis. Curr Opin Neurol. 
(2014) 27:246–59. doi: 10.1097/WCO.0000000000000096

 24. Alroughani R, Inshasi JS, Deleu D, Al-Hashel J, Shakra M, Elalamy OR, et al. An 
overview of high-efficacy drugs for multiple sclerosis: gulf region expert opinion. Neurol 
Ther. (2019) 8:13–23. doi: 10.1007/s40120-019-0129-0

 25. Thompson AJ, Banwell BL, Barkhof F, Carroll WM, Coetzee T, Comi G, et al. 
Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. Lancet Neurol. 
(2018) 17:162–73. doi: 10.1016/S1474-4422(17)30470-2

 26. Morisky DE, Green LW, Levine DM. Concurrent and predictive validity of a self-
reported measure of medication adherence. Med Care. (1986) 24:67–74. doi: 
10.1097/00005650-198601000-00007

 27. Haase R, Kullmann JS, Ziemssen T. Therapy satisfaction and adherence in patients 
with relapsing-remitting multiple sclerosis: the THEPA-MS survey. Ther Adv Neurol 
Disord. (2016) 9:250–63. doi: 10.1177/1756285616634247

 28. Costello K, Kennedy P, Scanzillo J. Recognizing nonadherence in patients with 
multiple sclerosis and maintaining treatment adherence in the long term. Medscape J 
Med. (2008) 10:225.

 29. Kohlmann T, Wang C, Lipinski J, Hadker N, Caffrey E, Epstein M, et al. The impact 
of a patient support program for multiple sclerosis on patient satisfaction and subjective 
health status. J Neurosci Nurs. (2013) 45:E3–E14. doi: 10.1097/JNN.0b013e31828a4161

 30. Rieckmann P, Ziemssen T, Penner IK, Raji A, Wagner T, Richter J, et al. Adherence 
to subcutaneous interferon Beta-1a in multiple sclerosis patients receiving periodic 
feedback on drug use by discussion of readouts of their Rebismart(®) injector: results 
of the prospective cohort study REBIFLECT. Adv Ther. (2022). 39:2749–2760 doi: 
10.1007/s12325-022-02100-w

 31. Rieckmann P, Schwab M, Pöhlau D, Penner IK, Wagner T, Schel E, et al. Adherence 
to subcutaneous IFN β-1a in multiple sclerosis: final analysis of the non-interventional 
study READOUTsmart using the dosing log and Readout function of Rebi smart(®). 
Adv Ther. (2019) 36:175–86. doi: 10.1007/s12325-018-0839-1

 32. Uitdehaag B, Constantinescu C, Cornelisse P, Jeffery D, Kappos L, Li D, et al. 
Impact of exposure to interferon beta-1a on outcomes in patients with relapsing-
remitting multiple sclerosis: exploratory analyses from the PRISMS long-term follow-up 
study. Ther Adv Neurol Disord. (2011) 4:3–14. doi: 10.1177/1756285610391693

 33. Comi G, De Stefano N, Freedman MS, Barkhof F, Uitdehaag BM, de Vos M, et al. 
Subcutaneous interferon β-1a in the treatment of clinically isolated syndromes: 3-year 
and 5-year results of the phase III dosing frequency-blind multicentre REFLEXION 
study. J Neurol Neurosurg Psychiatry. (2017) 88:285–94. doi: 10.1136/jnnp-2016-314843

https://doi.org/10.3389/fneur.2023.1257455
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3174/ajnr.A3086
https://doi.org/10.1016/S0140-6736(08)61620-7
https://doi.org/10.1016/S0140-6736(08)61620-7
https://doi.org/10.1212/WNL.46.4.907
https://doi.org/10.1177/1352458512447262
https://doi.org/10.1016/j.msard.2019.101459
https://doi.org/10.1016/j.clinthera.2009.06.007
https://doi.org/10.1212/01.WNL.0000096175.39831.21
https://doi.org/10.1212/01.WNL.0000096175.39831.21
https://doi.org/10.1186/s12883-015-0426-x
https://doi.org/10.1186/s12883-015-0426-x
https://doi.org/10.1007/s12325-010-0093-7
https://doi.org/10.2147/CEOR.S130334
https://doi.org/10.18553/jmcp.2013.19.s1.S24
https://doi.org/10.2165/11533330-000000000-00000
https://doi.org/10.2165/11533330-000000000-00000
https://doi.org/10.1177/1352458510373487
https://doi.org/10.1080/17425247.2020.1742694
https://doi.org/10.1007/s12325-020-01349-3
https://doi.org/10.1007/s12325-020-01349-3
https://doi.org/10.1517/17425247.2015.1057567
https://doi.org/10.2147/ndt.s476
https://doi.org/10.2147/PPA.S414151
https://doi.org/10.1016/j.clinthera.2007.09.025
https://doi.org/10.1016/S0140-6736(98)03334-0
https://doi.org/10.1111/ene.13536
https://doi.org/10.1007/s00415-017-8594-9
https://doi.org/10.1097/WCO.0000000000000096
https://doi.org/10.1007/s40120-019-0129-0
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1097/00005650-198601000-00007
https://doi.org/10.1177/1756285616634247
https://doi.org/10.1097/JNN.0b013e31828a4161
https://doi.org/10.1007/s12325-022-02100-w
https://doi.org/10.1007/s12325-018-0839-1
https://doi.org/10.1177/1756285610391693
https://doi.org/10.1136/jnnp-2016-314843


Al-Roughani et al. 10.3389/fneur.2023.1257455

Frontiers in Neurology 10 frontiersin.org

 34. PRISMS-4. Long-term efficacy of interferon-beta-1a in relapsing MS. Neurology. 
(2001) 56:1628–36. doi: 10.1212/WNL.56.12.1628

 35. Cohen BA, Coyle PK, Leist T, Oleen-Burkey MA, Schwartz M, Zwibel H. Therapy 
optimization in multiple sclerosis: a cohort study of therapy adherence and risk of 
relapse. Mult Scler Relat Disord. (2015) 4:75–82. doi: 10.1016/j.msard.2014.09.214

 36. Ivanova JI, Bergman RE, Birnbaum HG, Phillips AL, Stewart M, Meletiche DM. 
Impact of medication adherence to disease-modifying drugs on severe relapse, and 
direct and indirect costs among employees with multiple sclerosis in the US. J Med Econ. 
(2012) 15:601–9. doi: 10.3111/13696998.2012.667027

 37. Hupperts R, Ghazi-Visser L, Martins Silva A, Arvanitis M, Kuusisto H, Marhardt K, 
et al. The STAR study: a real-world, international, observational study of the safety and 
tolerability of, and adherence to, serum-free subcutaneous interferon β-1a in patients with 
relapsing multiple sclerosis. Clin Ther. (2014) 36:1946–57. doi: 10.1016/j.clinthera.2014.04.002

 38. Ofman JJ, Badamgarav E, Henning JM, Knight K, Gano AD Jr, Levan RK, et al. 
Does disease management improve clinical and economic outcomes in patients with 
chronic diseases? A systematic review Am J Med. (2004) 117:182–92. doi: 10.1016/j.
amjmed.2004.03.018

 39. Smrtka J, Caon C, Saunders C, Becker BL, Baxter N. Enhancing adherence through 
education. J Neurosci Nurs. (2010) 42:S19–29. doi: 10.1097/jnn.0b013e3181ef82b6

 40. Brandes DW, Callender T, Lathi E, O'Leary S. A review of disease-modifying 
therapies for MS: maximizing adherence and minimizing adverse events. Curr Med Res 
Opin. (2009) 25:77–92. doi: 10.1185/03007990802569455

 41. Sabidó-Espin M, Munschauer R. Reasons for discontinuation of subcutaneous 
interferon β-1a three times a week among patients with multiple sclerosis: a real-world 
cohort study. BMC Neurol. (2017) 17:57 doi: 10.1186/s12883-017-0831-4

 42. Bruce JM, Lynch SG. Multiple sclerosis: MS treatment adherence--how to keep patients 
on medication? Nat Rev Neurol. (2011) 7:421–2. doi: 10.1038/nrneurol.2011.106

 43. Gobbi C, Zecca C, Linnebank M, Müller S, You X, Meier R, et al. Swiss analysis of 
multiple sclerosis: a multicenter, non-interventional, retrospective cohort study of disease-
modifying therapies. Eur Neurol. (2013) 70:35–41. doi: 10.1159/000346761

 44. Coray M, Seitzinger A, Roy S, Freedman MS, Barkhof F, Comi G, et al. Exploratory 
analysis of serum GDF-15 levels in patients receiving subcutaneous interferon Beta-1a 
in the REFLEX trial In: ECTRIMS: 2021. Austria: Multiple Sclerosis (2021). 576.

 45. Smith MY, Sabidó-Espin M, Trochanov A, Samuelson M, Guedes S, Corvino FA, 
et al. Postmarketing safety profile of subcutaneous interferon Beta-1a given 3 times 
weekly: a retrospective administrative claims analysis. J Manag Care Spec Pharm. (2015) 
21:650–60. doi: 10.18553/jmcp.2015.21.8.650

 46. Henderson, M, Horton, DB, Bhise, V, Pal, G, Bushnell, G, and Dave, CV: Initiation 
Patterns of Disease-Modifying Therapies for Multiple Sclerosis Among US Adults and 
Children, 2001 Through 2020. JAMA Neurol (2023). 80:860–867.

 47. Hatem, A, El Ayoubi, NK, Habahbeh, M, Ghanim, Z, Al-Naqshbandi, M, Raki, A, 
et al: Current and future trends in multiple sclerosis management: Near East perspective. 
Mult Scler Relat Disord (2023), 76:104800.

 48. Kołtuniuk, A, and Chojdak-Łukasiewicz, J: Adherence to Therapy in Patients with 
Multiple Sclerosis-Review. Int J Environ Res Public Health (2022). 19.

 49. Sánchez Martínez, I, Cerdán Sánchez, M, López Román, J, Iniesta Martínez, F, 
Carreón-Guarnizo, E, Meca Lallana, JE, et al: Possible Influence of the Route of 
Treatment Administration on Treatment Adherence in Patients With Multiple Sclerosis. 
Clin Ther (2020), 42:e87–e99.

 50. Agashivala, N, Wu, N, Abouzaid, S, Wu, Y, Kim, E, Boulanger, L, et al: Compliance 
to fingolimod and other disease modifying treatments in multiple sclerosis patients, a 
retrospective cohort study. BMC Neurol (2013). 13:138.

 51. Bergvall, N, Petrilla, AA, Karkare, SU, Lahoz, R, Agashivala, N, Pradhan, A, et al: 
Persistence with and adherence to fingolimod compared with other disease-modifying 
therapies for the treatment of multiple sclerosis: a retrospective US claims database 
analysis. J Med Econ (2014), 17:696–707.

 52. Munsell, M, Frean, M, Menzin, J, and Phillips, AL: An evaluation of adherence in 
patients with multiple sclerosis newly initiating treatment with a self-injectable or an 
oral disease-modifying drug. Patient Prefer Adherence (2017). 11:55–62.

 53. Morillo Verdugo, R, Ramírez Herráiz, E, Fernández-Del Olmo, R, and Roig 
Bonet, M, Valdivia García M: Adherence to disease-modifying treatments in 
patients with multiple sclerosis in Spain. Patient Prefer Adherence *(2019), 
13:261–272.

 54. Nicholas, JA, Edwards, NC, Edwards, RA, Dellarole, A, Grosso, M, and Phillips, 
AL: Real-world adherence to, and persistence with, once- and twice-daily oral disease-
modifying drugs in patients with multiple sclerosis: a systematic review and meta-
analysis. BMC Neurol (2020). 20:281.

https://doi.org/10.3389/fneur.2023.1257455
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1212/WNL.56.12.1628
https://doi.org/10.1016/j.msard.2014.09.214
https://doi.org/10.3111/13696998.2012.667027
https://doi.org/10.1016/j.clinthera.2014.04.002
https://doi.org/10.1016/j.amjmed.2004.03.018
https://doi.org/10.1016/j.amjmed.2004.03.018
https://doi.org/10.1097/jnn.0b013e3181ef82b6
https://doi.org/10.1185/03007990802569455
https://doi.org/10.1186/s12883-017-0831-4
https://doi.org/10.1038/nrneurol.2011.106
https://doi.org/10.1159/000346761
https://doi.org/10.18553/jmcp.2015.21.8.650

	Adherence to subcutaneous interferon beta-1a treatment among patients with relapsing multiple sclerosis: the MAIN-MS study
	1 Introduction
	2 Materials and methods
	2.1 Study design and population
	2.2 Eligibility
	2.3 Study sample size
	2.4 Study endpoints
	2.5 Statistical analyses
	2.6 Ethics statement
	2.7 Data availability statement

	3 Results
	3.1 Patient disposition
	3.2 Patient demographics and baseline disease characteristics
	3.3 Adherence
	3.4 Study discontinuation
	3.5 Treatment discontinuation
	3.6 Relapses and EDSS progression
	3.7 Subgroup analysis (PSP versus non-PSP subgroup)
	3.8 Safety

	4 Discussion
	5 Limitations
	6 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

