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Background: To reduce the risk of long-term disability in people with Multiple Sclerosis (pwMS), an increasing number of disease- 
modifying immune therapies (DMT) are available, involving diverse mechanisms of action, levels of efficacy, treatment risks, and 
tolerability aspects. Including patient preferences and expectations in shared decision-making may improve treatment satisfaction, 
adherence, and persistence.
Purpose: To investigate long-term alignment of individual preferences and expectations of pwMS with their actual DMT and its 
effect on treatment satisfaction, health-related quality of life (HRQoL), adherence, and treatment discontinuation.
Methods: A total of 401 pwMS beginning a new DMT were enrolled from 2015 to 2018 in a non-interventional study at three 
German MS centres. Patient preferences regarding DMT, TSQM-9, SF36, and self-reported adherence as well as relapses and EDSS 
were recorded at baseline and every 3 to 6 months for up to 3 years.
Results: Efficacy and tolerability were the highest-ranking preferences at baseline. Actual selection of DMT corresponded more 
closely to safety than efficacy, tolerability, or convenience preferences. Participants reported excellent adherence throughout the study. 
DMT persistence was 69.0%, with earlier discontinuation for injectable vs oral or infusion therapies. Breakthrough disease, rather than 
patient-reported outcomes, was the main driver of DMT discontinuation. For all routes of administration, global treatment satisfaction 
increased over time despite lower satisfaction with convenience. Several patterns of changing preferences were observed.
Conclusion: This study provides insight into the interaction of DMT preferences of pwMS with their actual treatment experience. 
Treatment decisions should be aligned with long-term expectations of pwMS to promote continuous adherence.
Keywords: multiple sclerosis, treatment adherence and compliance, treatment discontinuation, patient preference, health-related 
quality of life

Introduction
Multiple sclerosis (MS) is the most common autoimmune demyelinating disorder of the central nervous system, affecting 
2.8 million worldwide.1 In most people with MS (pwMS), the disease is initially characterised by recurring relapses, 
separated by phases of complete or partial remission of symptoms (relapsing-remitting MS, RRMS), whereas about 10% 
experience progressive deterioration from onset (primary progressive MS, PPMS).2 Individuals affected by RRMS, 
typically young adults, are at risk of accumulating neurological deficits and severe disability from clinical relapses and 
neurodegeneration.3,4 Physical, cognitive, and psychiatric symptoms, as well as effects on everyday life develop in 
a highly individual manner.

In the absence of a cure, disease-modifying therapy (DMT) aims to reduce harmful adaptive immune responses by 
modulating or depleting pro-inflammatory lymphocytes subsets or restricting their access to the CNS.5 Effective control 
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of inflammatory disease activity, ie, preventing relapses and formation of new lesions on MRI, slows the accumulation of 
disability and reduces the risk of transitioning from RRMS to a secondary chronic progressive course (SPMS) that is 
much less amenable to DMT.6

Over the past decade, immunomodulatory therapy options for pwMS have expanded significantly, involving different routes 
of application (oral, infusion, subcutaneous or intramuscular injection) and frequencies of treatment.5 Diverse mechanisms of 
action translate into moderately vs highly efficient therapies (MET, HET) as well as drug-specific safety and tolerability 
aspects.5,7 In parallel, individual prognostication has improved, considering personal co-factors as well as MRI findings and 
liquid biomarkers.8–10 Moreover, diagnostic criteria and treatment strategies have evolved significantly. Data from randomized 
clinical trials, open-label extension studies, as well as large real-world registries provide clear evidence that treatment effective-
ness is dependent on initiating DMT as early as possible, and optimizing treatment early in case of persistent disease activity.11,12 

Some controversy remains on the criteria for using HET first line vs following an escalation approach.13

Non-adherence to DMT increases the risk of relapses and more pronounced disease severity.14–16 Frequent switching 
of DMT may involve cumulative safety risks from sequential immune therapies.17 Shared decision-making is key to 
supporting treatment adherence and persistence in chronic diseases including MS, regarding not only DMT use, but also 
drug-specific risk mitigation strategies, and non-pharmacological aspects of therapy.18 From the patient’s perspective, 
decision-making in early RRMS involves weighing an assumed treatment burden against an unclear risk of future 
disability, often at a time of little or no subjective impairment.19 Physicians can provide an assessment of disease severity 
and risk indicators as well as a rational recommendation of treatment choices, including contraindications.20,21 For 
effective counselling, individual treatment preferences and expectations are an equally important point of 
consideration.22–24 Beyond the initial choice of treatment, however, it is likely that treatment preferences are subject 
to change, eg based on the actual treatment experience and health-related outcomes. In the multicentre longitudinal 
ANTHEMS study, we therefore investigated how therapeutic preferences of pwMS influence the selection of a DMT, 
their relationship with clinical outcomes, treatment satisfaction, health-related quality of life (HRQoL), adherence to 
DMT and persistence, as well as changes during the first two to three years of a newly initiated immunotherapy.

Materials and Methods
Participants
We conducted an observational multi-centre study in three large neurological centres specializing in MS in Germany 
between 2015 and 2020. People with confirmed RRMS, SPMS, or a clinically isolated syndrome (CIS) aged 18 years or 
above were eligible to enrol in the study. Participants had to start their first disease-modifying therapy (DMT) or switch 
from a prior DMT at the baseline visit (visit 0, V0). During follow-up, pwMS were assessed after three (V1) and six 
months (V2) and every six months (V3 to V7) thereafter for up to 36 months, resulting in up to seven follow-up visits. 
The study protocol was implemented as an extension to routine clinical visits at the participating centre. During the study, 
patients had access to extensive counselling by the study physician and nurses on all aspects of the disease, treatment, 
and drug safety. The ethics committee at the Brandenburg Chamber of Physicians approved the study protocol and 
materials (S4a/2014). The study was conducted in compliance with the Declaration of Helsinki. All participants provided 
written informed consent prior to entering the study.

Measures
Sociodemographic and anamnestic data were assessed at study entry. At each visit, participants were asked by the study 
physicians about relapses that have occurred in the meantime, increase in disability, changes in therapy, and compliance 
with the risk management plan.

In addition, we applied patient-reported outcomes including the Treatment Satisfaction Questionnaire for Medication 
(TSQM-9, 9-item version), the 36-Item Short Form Survey (SF-36, version 1), a 20-item questionnaire on treatment 
preferences as well as additional items on attitudes and decisions regarding DMTs via tablet.25,26 Electronic implementa-
tion of TSQM was not reviewed or certified by the developer IQVIA. Participants rated their treatment preferences on 
a 20-item list using a 4-level scale ranging from “very important” to “less important”. Self-reported adherence was 
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assessed on a numerical analog scale from 0 (“very low”) to 10 (“very high”). For the SF-36, data provided by Greiner 
et al were used to calculate normalized values.27

Like the other instruments, the Expanded Disability Status Scale (EDSS) was administered on a regular basis during 
study visits to document MS-related progression.28 All data were collected using the Multiple Sclerosis Documentation 
System 3D (MedicalSyn GmbH, Stuttgart, Germany).29

Statistical Analysis
Normal distribution of data was visually assessed using quantile–quantile plots. Results are presented as mean, standard 
deviation (SD), or 95% confidence intervals (CI). Data were analysed applying generalized linear mixed models 
(GLMM) with linear link function for normally distributed data and gamma distribution and log link function for right- 
skewed data. For pairwise comparisons, contrast tests with Sidak correction were applied. Time-to-event data were 
evaluated by Kaplan–Meier-estimators and analysed using Cox regression. T-tests, ANOVA, χ2 tests, and median tests 
were used for baseline comparisons. For the explorative analysis of initial treatment choices, an Exhaustive χ2 Automatic 
Interaction Detection (CHAID) analysis with multiple Bonferroni adjusted χ2 tests was used in a decision tree model 
with 10-fold cross validation and complete regrouping of predictor variables.30 Estimates for treatment preferences were 
recalculated from averaged absolute ranks to relative ranks using the highest rated criterion as anchor. P-values <0.05 
were considered statistically significant. Statistical analyses were performed using IBM SPSS software (version 29.0, 
IBM Corporation, Armonk, NY).

The target sample size of n = 400 was originally calculated for a fixed model linear regression analysis including up 
to 8 predictors with a p-value of 0.05 and a power of 0.8, presuming a small effect size (f2 = 0.05) and a drop-out rate of 
up to 25%. Feasibility and available funding were additional points of consideration.

Results
Patient Characteristics
A total of 401 pwMS were enrolled in the study. Of these, 379 provided sufficient data to be included in our analyses 
(Table 1). At baseline, patients presented with a mean age of 40.2 years, a mean disease duration of 6.01 years, and 
a median EDSS of 2.0. About 95.2% were people with RRMS, 2.0% with SPMS, and 2.8% with CIS. About 26.1% of 
pwMS started on an injection regimen, 22.2% on infusions, and 51.7% on an oral treatment.

Preferences for Choosing a New Therapy
In an explorative decision tree analysis of the influence of individual preferences on the choice of treatment (N = 379), 
more people opted for an infusion therapy (20.1% vs 57.1%, p < 0.001) at baseline when high efficacy was less 
important. Within the majority of people stating a high importance of efficacy (94.5%), younger pwMS (age <42 years) 
were more likely to start an infusion therapy (25.9% vs 11.3%) instead of an injection therapy (21.3% vs 37.3%, p = 
0.009). For pwMS younger than 42 years, a present wish for pregnancy increased the frequency of injection therapies 
(37.2% vs 17.3%) and reduced that of infusion therapies (7.0% vs 30.6%, p = 0.004). PwMS who had one or more 

Table 1 Patient Characteristics by Type of Treatment Application (N = 379)

Parameter Oral Injection Infusion p

N 196 99 84

Age (mean±SD) 40.3±10.9 42.04±10.3 36.7±9.9 0.002

Disease duration (years since diagnosis, mean±SD) 6.4±7.6 5.9±6.9 5.1±5.1 0.316
Sex (female) 65.8% 70.0% 73.8% 0.403

EDSS at baseline (median) 2.0 2.0 2.0 0.479

Number of relapses (12 months prior study entry, mean±SD) 0.82±1.25 0.96±1.03 1.15±0.92 0.087

Abbreviation: Standard deviation, SD.
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relapses in the previous 12 months were more likely to choose infusion therapies (27.1% vs 12.9%) and less likely to 
choose oral therapies (45.3% vs 63.6%, p = 0.009). In this group, a high valuation of available long-term safety 
information resulted in more injection therapies (30.9% vs 10.0%) and fewer infusion therapies (23.2% vs 47.5%, p = 
0.017).

Adherence and Time on Treatment
Treatment adherence saw a steady increase over time (from 8.7 to 9.9, p < 0.001), which did not differ between the 
subgroups. The median time of participation in the study was 18 months with a final dropout rate of 27.1%. Within the 
study period of up to 36 months, 69.0% of pwMS continued their new DMT, while 31.0% stopped their treatment at least 
once. With Kaplan–Meier estimation, the median time to discontinuation was lower in pwMS on injection therapies (30 
months) than on oral or infusion therapies (36 months, both, p < 0.001) (Figure 1). In an additional Cox regression, men 
had a slightly longer time on treatment than women (B = 0.450, p < 0.001). Age and disease duration were not related to 
the continuation of treatment. In addition, discontinuation was not significantly associated with a closely preceding 
relapse (p = 0.130), disability worsening (p = 0.409), or adverse event (p = 0.446). Considering the entire study period 
after treatment initiation, the annual relapse rate was higher in pwMS who discontinued their treatment (0.29 vs 0.18, p = 
0.048). At the same time, the average portion of relapse free (81.0%, p = 0.051) and adverse-event-free pwMS did not 
differ (68.6%, p = 0.241) between oral, injection, and infusion therapies.

Treatment Satisfaction, Adherence, and Quality of Life
No differences were found for the efficacy aspect of treatment satisfaction (71.05 [68.82, 73.29]; mean and CI) over time 
and between subgroups. For the global treatment satisfaction scale of the TSQM, a general trend of increasing 
satisfaction over time was reported in all subgroups (p = 0.005) (Table 2). This trend did not differ between people 
discontinuing or staying on treatment (p = 0.104).

Over the study period, a rise in the interest in oral therapies was associated with an increase in satisfaction with 
efficacy (r = 0.461), convenience (r=0.315), and global treatment satisfaction (r = 0.402). With an increase in global 
satisfaction, a low number of treatment-related appointments became less important (r = −0.378).

Higher satisfaction with convenience was reported by pwMS on oral therapies compared to those on infusion 
therapies (79.30 [76.50, 81.65] vs 73.25 [68.95, 77.56], p = 0.027) (Table 3). In the first year of treatment, convenience 
was generally higher than in the second year (p < 0.001). Again, those who discontinued the treatment did not provide 
different ratings (p = 0.194).

Figure 1 Time to discontinuation of treatment by route of application (N=379). Time ranges from visit 0 (study baseline, treatment start) to visit 7 (end of study, 36 months 
later). PwMS: people with multiple sclerosis.
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The SF-36 was used to assess HRQoL. Younger age was associated with higher scores in the physical (B = −0.139, 
p < 0.001) and psychological subscales (B = −0.056, p = 0.024). Physical and psychological QoL increased over the first 
two years (p < 0.001, respectively) (Figure 2), but increases did not last to up to 36 months. An improving psychological 

Table 2 Global Satisfaction with Treatment by Application Type of 
Treatment Over Three Years (N = 272)

Time Oral Infusion Injection

Baseline 70.19 (66.93–73.44) 67.71 (61.94–73.48) 73.42 (68.70–78.13)

3 months 69.92 (65.69–74.15) 65.23 (58.56–71.90) 75.48 (69.96–80.99)

6 months 69.17 (65.02–73.31) 69.29 (62.40–76.17) 71.39 (64.81–77.96)
12 months 68.67 (64.14–73.20) 69.67 (61.22–78.11) 62.27 (56.38–68.16)

18 months 66.07 (60.43–71.70) 64.32 (54.65–73.99) 70.53 (63.83–77.23)

24 months 71.27 (64.70–77.84) 71.19 (59.83–82.54) 69.43 (58.48–80.38)
30 months 72.27 (65.12–79.42) 64.37 (50.52–78.21) 77.68 (66.38–88.99)

36 months 84.83 (79.81–89.85) 78.83 (67.85–89.80) 75.14 (67.94–82.33)

Notes: Treatment Satisfaction Questionnaire for Medication, Global Satisfaction Scale. Mean and 
95% confidence intervals from generalized linear mixed models are displayed.

Table 3 Satisfaction with Treatment Convenience by Application Type of 
Treatment Over Three Years (N = 273)

Time Oral Infusion Injection

Baseline 83.98 (80.12–87.84) 78.69 (71.82–85.57) 78.45 (72.83–84.08)

3 months 85.25 (80.65–89.86) 72.03 (64.80–79.27) 81.65 (75.76–87.53)
6 months 83.88 (79.20–88.56) 78.40 (70.52–86.29) 88.25 (81.07–95.44)

12 months 81.55 (75.88–87.23) 87.19 (76.61–97.78) 78.56 (71.18–85.95)

18 months 74.04 (67.43–80.65) 70.48 (59.17–81.80) 67.11 (59.38–74.84)
24 months 72.93 (66.20–79.66) 68.25 (56.64–79.85) 68.02 (57.19–78.85)

30 months 71.47 (63.54–79.40) 53.30 (37.94–68.66) 74.65 (62.12–87.18)

36 months 81.30 (74.23–88.38) 77.68 (62.22–93.14) 75.52 (65.39–85.65)

Notes: Treatment Satisfaction Questionnaire for Medication, Convenience Scale. Mean and 95% 
confidence intervals from generalized linear mixed models are displayed.

Figure 2 Health-related quality of life over three years (N=286). Physical (PHYS) and psychological (PSY) sum scales of the SF-36 are display as mean and 95% confidence interval.
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HRQoL was especially associated with an increased preference for a good overall safety profile (r = 0.373) and an 
increased preference for stable MRI results (r = 0.370). An increase in physical HRQoL correlated with a higher interest 
in low interference of treatment with the personal lifestyle (r = 0.322) and a lower importance of physical side effects (r = 
−0.315).

Changes in Treatment Preferences Over Time
PwMS were repeatedly asked about their preferences for DMT to assess shifts in decision-related categories while on 
treatment. We found several changes over time (Table 4).

Many decision drivers, such as high efficacy in terms of relapse prevention and low risk of long-term complications, 
remained highly relevant throughout the study period. The aspect of causing only little interference with personal 
lifestyle gained importance throughout the treatment experience. On the other hand, application frequency and conve-
nience, overall tolerability, number of appointments, physical and psychological side effects, interference with occupa-
tion, availability of long-term safety information, prevention of disability progression, and improvement of MS-related 
symptoms were rated less important during the first 36 months of treatment.

As part of the model analyses, we estimated the effects of gender, disease duration, route of application (oral, 
injection, and infusion), and the interaction of time and application route. Regarding the importance of ease of 

Table 4 Importance of Treatment Aspects for Choice of Treatment Over the Course of Up to 36 Months After Start of 
Treatment in People with Relapsing-Remitting Multiple Sclerosis (N = 197)

Aspect / Months 0 3 6 12 18 24 30 36 ptime

Overall Criteria Convenience 59% 48% 46% 35% 31% 33% 31% 19% < 0.001

Tolerability 76% 78% 77% 70% 67% 64% 53% 49% < 0.001

Safety 67% 68% 63% 63% 66% 72% 60% 82% 0.208

Efficacy 86% 88% 85% 90% 85% 87% 85% 86% 0.845

Convenience Low application frequency 68% 73% 62% 52% 59% 59% 51% 55% 0.026

Few appointments 57% 60% 53% 59% 65% 53% 63% 33% 0.002

Uncomplicated discontinuation / switch 70% 61% 67% 66% 56% 66% 59% 83% 0.120

Oral formulation 72% 76% 77% 79% 68% 69% 70% 82% 0.310

Tolerability Few physical side effects 90% 85% 86% 87% 72% 68% 62% 61% < 0.001

Few psychological side effects 83% 85% 81% 74% 64% 68% 66% 71% < 0.001

Little interference with work 53% 59% 47% 30% 30% 32% 28% 19% < 0.001

Little interference with personal lifestyle 66% 57% 60% 64% 65% 85% 83% 92% < 0.001

Safety No complications at initiation of therapy 58% 51% 52% 48% 41% 57% 55% 53% 0.138

No long-term complications 84% 88% 84% 86% 85% 88% 87% 85% 0.920

Known long-term safety profile 72% 79% 74% 70% 56% 44% 44% 35% < 0.001

No safety risks regarding pregnancy 52% 55% 56% 52% 61% 68% 69% 73% 0.180

Efficacy Prevention of relapses 90% 78% 85% 89% 89% 96% 99% 90% 0.055

Prevention of progression 83% 83% 72% 63% 71% 71% 58% 62% < 0.001

Prevention of disease activity on MRI 52% 47% 44% 38% 32% 48% 48% 55% 0.066

Improvement of MS symptoms 66% 78% 71% 69% 52% 49% 39% 34% < 0.001

Notes: Percentages represent average relative model estimates. P values are displayed for the effect of time in the respective generalized linear mixed models.
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application, pwMS on infusion therapy gave lower ratings already after six months on treatment, whereas other 
participants joined them after two years (p = 0.018). High overall efficacy was rated more important by men than 
women (92% vs 81%, p = 0.009). For pwMS on infusion therapies, a low frequency of administration was more 
important than for those on oral treatments (63% vs 52%, p = 0.022). PwMS on injection therapies preferred a lower 
number of appointments compared to people on oral treatments (63% vs 53%, p = 0.028). A low number of 
psychological side effects were especially welcomed in pwMS on injection therapies (81%) compared to oral (72%, 
p = 0.041) and to infusion therapies (70%, p = 0.037).

In pwMS discontinuing their treatment, a higher decrease in importance was reported for ease of application (d = 
0.26, p = 0.030), overall tolerance (d = 0.33, p = 0.006), low frequency of administration (d = 0.33, p = 0.011), few 
psychological side effects (d = 0.28, p = 0.022), interference with work (d = 0.38, p=0.002), and a well-known long-term 
safety profile (d = 0.32, p = 0.012).

Discussion
In the observational ANTHEMS study, we found that pwMS starting on a new DMT expressed specific needs and 
demands regarding their treatment with a high and stable focus on relapse prevention and a good overall safety over the 
course of up to 36 months. Individual preferences may have been part of the initial shared decision process, but new 
emerging therapy options and shifts in preferences may also directly affect the decision to continue or discontinue 
treatment.

Participants
The study population represents a largely homogeneous cohort of rather early, active RRMS, being characterised by an 
average age of 42 years and 6 years since diagnosis, low disability, and relapse activity in the previous year. For most of 
these pwMS, therefore, a broad range of on-label DMT alternatives were applicable, highlighting the importance of 
understanding factors involved in treatment choice. At the start of the inclusion period (2015–2018), available treatments 
included beta interferons and glatiramer acetate for injection, teriflunomide, dimethyl fumarate and fingolimod as oral 
DMTs, as well as the highly effective monoclonal antibodies natalizumab and alemtuzumab for infusion. Oral cladribine 
was approved in August 2017. Daclizumab injections were available from July 2016 to March 2018, being restricted 
from July 2017 due to safety concerns.

The proportion of participants starting infusion therapies was considerably higher at 22.2% than in a German registry 
with 17,553 participants who were treated by office-based neurologists during the same period (10%).31 In contrast, 
injectable therapies were less frequently used in the present cohort than in the registry (26.1% vs 46%). During the study 
period, therapeutic strategies were shifting from an escalation paradigm (ie, generally starting with a moderately effective 
DMT and switching to higher efficacy DMTs only in the case of high and persistent disease activity) towards first-line 
use of high-efficacy DMTs for active disease, considering also MRI findings and other patient characteristics.11,20 Since 
the study protocol did not guide the choice of DMT, a stronger embracement of this development by the participating 
academic MS centres is suggested.

Initial Treatment Preference and DMT Selection
At baseline, the highest priority was stated for efficacy and tolerability, and lower preference for safety and convenience. 
Similar preferences were reported in earlier studies.32,33 In the domain of efficacy, suppression of relapses was ranked 
much higher than prevention of MRI activity. Of note, subclinical disease activity on MRI, especially while on DMT, is 
a predictor of relapses, disability, and shorter time to SPSS, and it is a central means to monitor individual treatment 
effectiveness.34–37 Not closely related to short-time changes in disability, the importance of MRI activity is often 
underestimated by physicians and pwMS.38,39 Improvement of MS symptoms, as has been observed with HET, was 
not ranked as an important aspect of selecting a DMT.40

Other leading considerations were the availability of an oral formulation, absence of physical side effects, and long- 
term safety. Different findings were reported in a recent discrete choice experiment, where safety and convenience (route 
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and frequency of administration) were ranked twice as important as the effects on relapse rate and disease progression.41 

Another study reported high valuation of symptomatic improvement by DMT.42

Decision tree analysis suggests that treatment preferences were not closely reflected in the actual selection of DMT. 
This mismatch was particularly apparent in the aspect of efficacy. On the one hand, pwMS starting highly effective 
infusion therapies assigned relatively lower preference to efficacy than those who did not. At the same time, a rather large 
proportion of patients favouring high efficacy started moderately effective injection therapies. Unrelated to patient 
preference, age and level of disease activity appeared to be important factors in selecting infusion therapies. Further 
contextual factors are likely to have a major impact on DMT choice.22

By comparison, safety-related preferences were more closely aligned with the DMT selection. Available for more 
than 25 years, injection therapies are considered particularly safe while only moderately effective. PwMS stating high 
preferences for safety during pregnancy or for long-term safety were likely to be treated with injectable DMTs. These 
safety needs appeared to override other factors: Even in active RRMS, these pwMS were less likely to receive infusion 
therapies, and despite at least equal efficacy, higher convenience, and fewer tolerability issues, they were less likely to 
receive a more recent oral therapy. In the mentioned discrete choice experiment, pwMS on injectable DMTs also gave 
highest priority to safety, unlike patients on oral or infusion therapies.41 MS neurologists and nurses may assign equal or 
higher priority to safety than pwMS.43,44

The findings indicate that the perceived balance of treatment risks and benefits by pwMS remains central to treatment 
decision. Shared decision-making is negatively impacted by knowledge gaps of pwMS, but effective means to support 
the provision of effective and accurate information remain unclear.32,45,46 Overestimation of benefits and underestimation 
of risks by pwMS may increase the risk of treatment dissatisfaction and lower adherence.32 In the present study, study 
physicians and nurses provided information on MS-related topics in a semi-structured manner; results will be presented 
elsewhere.

Adherence and Time on Treatment
Participants estimated their prospective treatment adherence at baseline at 8.7/10. Self-assessed adherence increased 
steadily in all subgroups, reaching 9.9/10 at 36 months. Near-perfect adherence is not usually found in real-world 
scenarios. A recent study evaluating insurance claims of 3347 pwMS in the US estimated adherence during one year at 
72–76%, based on a medication possession ratio of at least 80%, regardless of the route of administration.47 While self- 
assessed adherence in our study may seem overly optimistic, we interpret the finding as a sign of growing confidence in 
DMT and perceived self-efficacy of the participants.

DMT persistence was 69.0% over the entire study period, with a shorter median time to discontinuation for injectable 
therapies. A comparison to previous studies is difficult given variable definitions and methods of assessment.48 With 
injectable DMTs, two-year persistence was calculated at 32.3% in a study of pharmacy claims for 50,057 German 
patients.49 Although participants reported stable adherence, a higher on-treatment relapse rate was found in pwMS 
discontinuing or switching their DMT, suggesting that breakthrough disease activity was a prominent reason for non- 
persistence. Due to the limited granularity of the visit schedule, we did, however, not identify a close temporal relation of 
relapses or EDSS progression events with discontinuation at an individual level. Similarly, no deterioration in patient- 
reported treatment satisfaction or quality of life was captured before discontinuation. In contrast, in an earlier study of 
first-line injectable therapies, pwMS identified side effects, lack of perceived effectiveness and psychological support as 
the main reasons for discontinuation.50,51

Quality of Life and Treatment Satisfaction
Overall, participants reported an improvement in physical and mental well-being during the first two years of the study, 
with a later return to baseline levels. A non-specific”honey-moon” period of transient improvement in SF-36 sum scores 
has been described during the first two years after a range of diverse medical interventions, eg bariatric surgery.52 

However, psychological well-being appeared to benefit from positive treatment experiences, particularly in pwMS who 
attributed high importance to safety and stable MRI results. Moreover, pwMS reporting increased physical well-being de- 
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prioritized the absence of physical DMT side effects as a therapeutic preference. Translation of these positive effects into 
everyday life appeared to be geared more towards the personal sphere than the workplace.

On a cross-sectional level, global treatment satisfaction was generally high. For injection therapies, similar results 
were reported in an earlier study.33 Over time, we observed an increase in global treatment satisfaction in all subgroups, 
showing a non-significant trend towards higher scores in pwMS receiving oral therapies. In this latter group, the amount 
of improvement can be considered as clinically meaningful.53 Since no difference was found between pwMS who stayed 
on their DMT vs those who discontinued, increased satisfaction is not likely explained by attrition bias.

Satisfaction with efficacy remained stable over time and did not differ between DMT groups. An effect of relapses or 
EDSS progression was not detected. Thus, efficacy did not appear to be the main driver of treatment satisfaction during 
the observation period. Instead, differential effects were found for treatment convenience. In all groups, convenience 
ratings deteriorated on average after the first year, but did not predict discontinuation. In pwMS using oral DMTs, the 
preference for oral application increased in parallel with increasing satisfaction, convenience, and efficacy, as well as 
global treatment experience. Overall, QoL and treatment satisfaction results may point to self-amplifying mechanisms of 
positive attribution.

Changes in Preferences Over Time
Attitudes and preferences of pwMS towards their disease and therapy are prone to change, especially in the first two 
years of therapy.54 Initial preferences for prevention of relapses and long-term safety retained a very high ranking 
throughout our study. Other aspects lost importance with increasing treatment duration. Convenience, eg, relating to 
a low frequency of DMT administration or of appointments, was stated as an important priority in selecting a therapy, but 
was less emphasized over time. Since convenience-related treatment satisfaction decreased, we consider habituation and 
adjustment of expectations to the actual treatment experience as likely explanations. Along the same lines, an initial focus 
of pwMS on externally available safety information may have shifted towards personal experience, consistent with the 
overall increase in satisfaction with treatment.

Furthermore, pwMS considered prevention of relapse and preservation of their personal lifestyle to be central to their 
treatment experience, whereas preventing disability progression, symptom improvement, and tolerability became even 
less important, especially for pwMS who discontinued their DMT. Thus, relapses appeared to be central to pwMS’ 
disease perception, whereas newer concepts such as progression independent of relapse active (PIRA) or smouldering 
MS were not yet considered.55,56

Considering a trade-off between safety and efficacy preferences, we found shifts within these categories but less 
between them. These results extend and strengthen findings from larger cross-sectional studies that identified satisfaction 
with treatment efficacy and side effects as major determinants of HRQoL, making them key components of treatment 
monitoring and holistic disease management.50,51 In this regard, longitudinal research approaches with a representative 
sample size, executed in a real-world setting, will provide more relevant information, whereas smaller studies on that 
topic provided less generalizable results.15,33,41,42,51

Limitations
Our study was conducted in highly specialized treatment centres that may not be fully representative of routine MS care. 
Combined with the study procedures, this may have implicitly led to increased adherence. The self-reported level of 
adherence was assessed using a non-standardized instrument. Recording of time to discontinuation of medication was 
tied to visits, so no day-by-day resolution was possible. However, this level of accuracy appears sufficient in the context 
of DMTs for MS. In a small number of affected patients, outcomes were influenced by the withdrawal of daclizumab 
from the market due to safety concerns. Due to the observational character, our study was not designed to provide enough 
cases to compare single DMTs. Some selection bias may have manifested over time as pwMS staying on DMT 
contributed more data than pwMS discounting their DMT. However, our analyses indicated that these two groups did 
not differ systematically. Satisfaction with treatment-associated side effects was not assessed due to the applied version 
of the TSQM.
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Conclusion
In this prospective observational study, we observed important differences between the stated therapeutic preferences of 
pwMS and the actual selection of DMT. Nonetheless, self-reported adherence, treatment satisfaction, and HRQoL 
remained high or improved throughout the study. Disease activity rather than patient-reported outcomes appeared to 
be the main driver of DMT discontinuation (switch) in pwMS, with a lower persistence on injectable therapy. Several 
changes in leading treatment preferences were observed during the first years of treatment experience. To promote 
treatment satisfaction and adherence, treatment decisions should be aligned with the preferences of pwMS, also 
considering their evolution during the actual treatment experience.
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