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Abstract 

Background  Treatment decisions for persons with relapsing–remitting multiple sclerosis (RRMS) rely on clinical 
and radiological disease activity, the benefit-harm profile of drug therapy, and preferences of patients and physicians. 
However, there is limited evidence to support evidence-based personalized decision-making on how to adapt dis-
ease-modifying therapy treatments targeting no evidence of disease activity, while achieving better patient-relevant 
outcomes, fewer adverse events, and improved care. Serum neurofilament light chain (sNfL) is a sensitive measure 
of disease activity that captures and prognosticates disease worsening in RRMS. sNfL might therefore be instrumental 
for a patient-tailored treatment adaptation. We aim to assess whether 6-monthly sNfL monitoring in addition to usual 
care improves patient-relevant outcomes compared to usual care alone.

Methods  Pragmatic multicenter, 1:1 randomized, platform trial embedded in the Swiss Multiple Sclerosis Cohort 
(SMSC). All patients with RRMS in the SMSC for ≥ 1 year are eligible. We plan to include 915 patients with RRMS, ran-
domly allocated to two groups with different care strategies, one of them new (group A) and one of them usual care 
(group B). In group A, 6-monthly monitoring of sNfL will together with information on relapses, disability, and mag-
netic resonance imaging (MRI) inform personalized treatment decisions (e.g., escalation or de-escalation) supported 
by pre-specified algorithms. In group B, patients will receive usual care with their usual 6- or 12-monthly visits. Two 
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Introduction
Multiple sclerosis (MS) is an inflammatory, demyelinat-
ing, and neurodegenerative disease of the central nervous 
system, typically affecting persons in early adulthood and 
is a leading cause of non-traumatic disability in young 
adults [1]. MS presents heterogeneous courses of the 
disease, the most common form being relapsing–remit-
ting MS (RRMS), with high variability in symptoms and 
treatment responses. There are currently over 20 disease-
modifying therapies (DMTs) that have been approved 
but all have diverse benefits, harms, and burdens [2]. 
High-efficacy DMTs such as for example natalizumab [3], 
alemtuzumab [4], and ocrelizumab [5] which are given as 
infusions, ranging from every 4  weeks to yearly, lead to 
an almost complete suppression of acute disease activ-
ity. However, such DMTs inevitably inhibit the natural 
immune response putting patients at risk for harm due 
to, for example, viral or bacterial infections [6].

As more potent DMTs are being developed [7] one 
should also explore the optimization of currently avail-
able DMTs [8]. Personalized treatment strategies for per-
sons with MS are urgently needed [8, 9] to treat patients 
as little as possible but as much as necessary and at the 
right time [10]. Practically, this means ensuring no evi-
dence of disease activity, while achieving better patient-
relevant outcomes such as, for example, improved quality 
of life, fewer adverse events, and improved care. Such 
an approach requires detailed information on disease 
activity and treatment response. Currently, in usual care, 
this includes information on relapses, new/enlarging T2 
weighted (w) MRI lesions or T1w contrast-enhancing 
lesions, and confirmed disability worsening. MRIs are 
time- and resources-consuming, and the occurrence of 
disease worsening despite stable standard MRI features is 
well documented [11]. There is an urgent need for a body 
fluid biomarker [9] allowing for reliable and rapid detec-
tion of disease activity leading to prompt treatment esca-
lation or as important additional surveillance to ensure 
disease stability during treatment de-escalation.

Serum neurofilament light chain (sNfL) has emerged 
as a promising fluid biomarker reflecting neuro-axonal 
damage in MS and correlating with disease activity and 

severity [12–15]. Recent advancements in immunoas-
say technology allow for sensitive detection of subtle 
sNfL level increases in serum samples [16]. sNfL levels 
are associated with future MS disease activity, disability 
worsening, MRI activity, and treatment response [17–
22]. When added to clinical assessments (i.e., relapses 
and disability worsening assessment) and conventional 
MRI, sNfL increases sensitivity in detecting disease activ-
ity and worsening in disability score [14].

However, while sNfL shows potential for personalized 
treatment decisions, its routine use in clinical care is not 
widespread or recommended in major clinical guidelines. 
To the best of our knowledge, there are currently no 
planned or ongoing randomized controlled trials assess-
ing the clinical usefulness of sNfL in MS therapy moni-
toring in clinical practice.

Objectives
The primary objective of this trial is to assess whether a 
treatment strategy including sNfL monitoring improves 
patient-relevant outcomes and care of patients with 
RRMS by either increasing the proportion of patients 
with no evidence of disease activity or by improving 
patients’ health-related quality of life. We assume that 
introducing a 6-monthly monitoring of sNfL within 
SMSC usual care will inform more personalized treat-
ment decisions and result in either:

1)	 Better quality of life for patients with MS through 
biomarker (i.e., sNfL) guided de-escalation by reduc-
ing treatment burden and risk for side effects associ-
ated with highly effective DMT, or

2)	 Lower disease activity by early and/or more sensitive 
biomarker-guided escalation of DMT.

Secondary objectives include assessing if a treatment 
strategy including 6-monthly monitoring is associ-
ated with a decrease in the proportion of patients with 
relapses, disability worsening (assessed using Expanded 
Disability Status Scale (EDSS) scores), and/or MRI activ-
ity (i.e., new/enlarging T2w lesions or T1w contrast-
enhancing lesions). We also aim to assess if specific 

primary outcomes will be used: (1) evidence of disease activity (EDA3: occurrence of relapses, disability worsening, 
or MRI activity) and (2) quality of life (MQoL-54) using 24-month follow-up. The new treatment strategy with sNfL 
will be considered superior to usual care if either more patients have no EDA3, or their health-related quality of life 
increases. Data collection will be embedded within the SMSC using established trial-level quality procedures.

Discussion  MultiSCRIPT aims to be a platform where research and care are optimally combined to generate evi-
dence to inform personalized decision-making in usual care. This approach aims to foster better personalized treat-
ment and care strategies, at low cost and with rapid translation to clinical practice.

Trial registration  ClinicalTrials.gov NCT06095271. Registered on October 23, 2023
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patient subgroups benefit from 6-monthly sNfL monitor-
ing, i.e., patients at higher risk in comparison to patients 
at lower risk for future disease activity. We further aim to 
evaluate the economic implications of monitoring sNfL 
in terms of direct and indirect RRMS-related costs, qual-
ity-adjusted life-time, and incremental cost-effectiveness.

Methods
MultiSCRIPT-Cycle 1 is a pragmatic multicenter, 1:1 
randomized, trial embedded in the SMSC to compare 
a new treatment strategy including sNfL monitoring in 
addition to SMSC usual care compared with SMSC usual 
care alone. Patients are randomized in a 1:1 ratio to two 
groups with these different treatment strategies, one of 
them new (group A) and one of them usual care (group 
B).

MultiSCRIPT-Cycle 1 is a pragmatic trial that aims to 
provide evidence closely reflecting what happens in rou-
tine care (PRagmatic Explanatory Continuum Indicator 
Summary (PRECIS-2) [23] available in Appendix 1). It is 
patient-centered and clearly focused on real-world deci-
sion-making. It is embedded in the existing SMSC data 
structure and is based on routinely collected data from 
well-established and field-tested processes with central 
quality controls.

Trial Setting
MultiSCRIPT-Cycle 1 is fully embedded in the SMSC, 
leveraging the existing research infrastructure and 
processes. The SMSC (NCT02433028—BASEC ID: 
2023–02367) is a prospective multicenter cohort study 
performed across eight Swiss academic medical centers 
(the University Hospitals of Basel, Berne, Geneva, Laus-
anne, and Zurich, and the Cantonal Hospitals of Aarau, 
Lugano, and St. Gallen).

Usual care within the SMSC consists of 6 or 12-monthly 
clinical visits, including routine assessment of relapses 
and disability status (measured using the EDSS), a blood 
draw (mandatory within SMSC usual care), quality of life 
questionnaires at least once a year and may include MRI 
at the discretion of the treating physician and patient’s 
preferences (facultative but it is routine for persons 
with MS to get yearly MRI to assess new/enlarging T2w 
lesions and/or T1w contrast-enhancing lesions on cranial 
and/or spinal MRIs) [24]. MRI protocols are standardized 
and aligned across centers. The centers scan the patients 
by default always at the same scanner with the same 
scanning parameters (e.g. head position in the scanner) 
to ensure maximum of comparability between the scans.

The SMSC 6 or 12-monthly schedule is at the discre-
tion of the physician and patient’s preferences and may 
vary over time. The SMSC collates routinely collected 
data (i.e., data not collected for the purpose of research) 

into a standardized and unique database and all blood 
samples collected as part of the SMSC usual care are 
biobanked.

Eligibility criteria
We include all patients who have been diagnosed with 
RRMS according to the most recent McDonald criteria 
(2017) [25] for at least a year and have already consented 
to take part in the SMSC. Patients who are included 
(or planned to be included) in another DMT trial are 
excluded as they are (or will) most likely not follow the 
SMSC usual care.

The eligibility criterion that participants must have 
been diagnosed with RRMS for at least a year is used 
because it frequently takes up to a minimum of a year of 
treatment before a DMT adaptation may be considered. 
We are explicitly not excluding pregnant women from 
MultiSCRIPT-Cycle 1, or patients with specific condi-
tions or concomitant diseases. We are aiming to generate 
evidence for all patients, including vulnerable popula-
tions, for which the tested intervention may be used in 
real-world care settings.

Patients who are not participating in MultiSCRIPT 
Cycle 1 but are in the SMSC will serve as external control 
subjects.

Primary outcomes
The two independent primary outcomes are (1) EDA3 
(evidence of disease activity) and (2) quality of life 
using the Multiple Sclerosis Quality of Life (MSQoL)-
54 instrument. Both primary outcomes will be assessed 
using 24  months follow-up data (i.e., 24  months since 
randomization).

EDA3 is defined as the occurrence of a relapse as 
defined in the McDonald criteria [25], confirmed disabil-
ity worsening defined as an EDSS increase of ≥ 1.5 steps 
if baseline EDSS was 0, ≥ 1.0 step if baseline EDSS 1.0 
to 5.5 and 0.5 steps if baseline EDSS > 5.5 [11], or new/
enlarging T2w lesions compared to the last MRI or T1w 
contrast-enhancing lesions based on local MRI readings. 
EDA3 has a better predictive value of disease worsening 
compared to taking its components individually [26] and 
no (N)EDA3 is regarded as the most adequate indicator 
of treatment response [27].

The MSQoL-54 Instrument is an extension of the well-
established Short Form-36 (SF-36) specifically for MS 
patients. It is a validated instrument with an adequate 
test–retest reliability, construct validity, and internal con-
sistency [28, 29]. MSQoL-54 is a structured self-reported 
questionnaire including 54 items generating 12 subscales 
with two summary scores, the physical health compos-
ite summary and the mental health composite summary 
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[28]. For the primary outcome, we will use the sum of 
both composite summaries as a total score [30].

Secondary outcomes
The secondary outcomes include assessments of EDA3 
and MSQoL-54 at 12  months. The individual compo-
nents of EDA3 will also be assessed separately including 
relapses, disability worsening measured by EDSS, and 
new/enlarging T2w lesions and T1w contrast-enhanc-
ing lesions based on local MRI reading and on central-
ized MRI readings. Similarly, the individual summary 
scores of MSQoL-54 will also be assessed separately. The 
amount of immunosuppressive/ immunomodulatory 
drug treatment (or DMTs) will be monitored. Quality of 
life will be further assessed using EQ-5D-5 and SF-36. 
All secondary outcomes will be assessed using 12- and 
24-month follow-up data (i.e., 12 and 24  months since 
randomization).

For the health economical evaluation, we will assess 
health-related quality of life measured with the Euro-
pean Quality of Life 5 Dimension 5 Severity (EQ-5D-5L), 
quality-adjusted life years, professional activity status and 
change, indirect costs, and direct medical costs based on 
healthcare utilization (e.g., hospitalizations).

To better understand treatment pathways and clinical 
decision-making, we will collect information on treat-
ment changes (e.g., how many patients were escalated or 
de-escalated) and the reason for treatment change.

Harm outcomes
Any serious adverse events (SAEs) related to the key 
intervention in the new strategy (i.e., blood draw for sNfL 
measurement) will be monitored and collected until the 
end of the study conduct at 42 months of follow-up.

In addition, the following harm indicators will be 
assessed during the safety interim analysis: mortal-
ity, harms related to immunosuppression (e.g., relevant 
infections), occurrence of relapses, and/or disability 
worsening in patients previously stable.

All follow-up data on SAEs and indicators of harms 
available at the database closure will be used for the 
safety analysis.

New care strategy (group A)
At randomization, patients are allocated to a new treat-
ment strategy (group A) with 6-monthly sNfL monitor-
ing in addition to SMSC usual care or SMSC usual care 
alone (group B).

Patients allocated to the new treatment strategy have 
6-monthly sNfL monitoring including 6-monthly blood 
draws and communication of sNfL values to treating phy-
sicians in addition to their usual care within the SMSC.

The monitoring of sNfL requires a 6-monthly blood 
draw. In practice, for the duration of the trial, patients 
allocated to group A who came to the SMSC every 
12 months are asked to now come in-between their yearly 
visits (i.e., at 6 months) for an additional blood draw to 
monitor sNfL. For patients allocated to group A who 
came to the SMSC every 6  months anyway, the blood 
draw is always performed as part of the SMSC usual care, 
and no additional blood for the purpose of the trial will 
be taken. One serum aliquot per blood draw is used to 
measure sNfL centrally at the Clinical Neuroimmunology 
Laboratory, Department of Biomedicine in Basel, Swit-
zerland. Two sNfL assays are used: single molecule array 
(Simoa, Quanterix, USA) and Cobas (Roche, CH) tech-
nologies. Percentiles and z scores normalized sNfL values 
[14] are reported to the clinicians within 14  days from 
blood sampling.

The SMSC treating physicians receive 6-monthly sNfL 
values for all patients allocated to the intervention arm 
and at a maximum 10 days after the patient’s visit. If and 
how the physician and patient act upon the sNfL value is 
beyond the scope of this trial. To facilitate the implemen-
tation of sNfL in treatment decision-making, we have 
established treatment decision algorithms that integrated 
sNfL in addition to usual care assessments for the most 
common clinical scenarios (Appendix  2). Those algo-
rithms were decided upon by consensus among experts 
in the field and patient consultants using a modified Del-
phi approach [31, 32].

Usual care comparator (group B)
Patients allocated to the usual care comparator (group 
B) continue with their usual care in the SMSC, includ-
ing their usual 6 to 12 monthly visits. As the goal is to 
improve this usual care by a more personalized approach 
to MS treatment and to demonstrate the superiority of 
such approach, this is the most appropriate and prag-
matic control.

Patients who do not consent to be randomly allocated 
and participate in the MultiSCRIPT-Cycle 1 trial will 
continue their SMSC usual care and will not be exposed 
to any influence of the study. This group of patients will 
allow to explore the external validity of the randomized 
trial results using only the SMSC routinely collected data 
(for example by exploring differences of characteristics 
of patients in MultiSCRIPT-Cycle 1 and the other cohort 
patients), but will not be used to determine intervention 
effects [33].

Participant timeline
The recruitment period will last 2 years and the trial con-
duct until the primary analysis will last 3 years, but par-
ticipants will be followed until the end of the close-out 
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phase for an additional 6 months (Fig.  1). The expected 
duration of participants’ follow-up will range from 
1.5  years to 3.5  years depending on their timepoint of 
recruitment. Table  1 illustrates the study assessment 
timeline for individual participants.

Sample size
We plan to recruit all eligible patients from the SMSC 
and aim to recruit 915 patients. This estimation was 
based on a number of eligible persons with RRMS in the 
SMSC across all 8 centers and assuming an 80% accept-
ance rate. We further estimate that the primary analysis 
will include 824 patients with 24-month follow-up data 
available. This was based on the assumption that we will 
recruit 90% of our target sample size in the first year of 
recruitment.

Based on the data of the SMSC (date of last analysis: 15 
October 2021), we assume 52% patients under usual care 
without sNfL biomarker monitoring will have an EDA3 
during 24-month follow-up. We assume a relative risk 
reduction of 25% of EDA3 with sNfL biomarker moni-
toring compared to usual care to be a minimal important 
difference (MID). A sample size of 824 patients would 
have 93% power to detect the MID.

We are not aware of an established MID for MSQoL-
54. We assume a difference of 0.2 (Hedges’ g) as a MID 
for the MSQoL-54, considering current guidelines for 
health-technology assessment and reimbursement 

decisions on quality-of-life assessments [34]. Using 
a systematic search for trials using quality of life out-
comes, we identified two recent trials (SUNBEAM [35] 
and RADIANCE [36]) using the MSQoL-54 instrument 
in a population that had a higher disease activity com-
pared to the SMSC population. We used a conserva-
tive approach assuming a SD = 20 based on the pooled 
standard deviation at baseline in the SUNBEAM [35] 
and RADIANCE [36] trials, an intra-patient correla-
tion (baseline and 24 m follow-up) of 0.8 and a correla-
tion of the composite scores of 0.5 (r = 0.66 reported by 
Vickrey et  al. [28]), which shows that a sample size of 
824 patients in MultiSCRIPT-Cycle 1 would have > 95% 
power to detect the MID of 0.2 or a difference in 4 
points on the MSQoL-54 total score. The power for 
3 points would be 91% in the primary analysis. Given 
the pragmatic approach of MultiSCRIPT-Cycle 1 with 
a probably more heterogeneous study population than 
the more explanatory SUNBEAM and RADIANCE 
patient populations, a larger variability of quality of life 
may be plausible. A recently published survey in MS 
patients from the Netherlands, France, the UK, Spain, 
Germany, and Italy, however, reported SD for the com-
posites of 17.2 (physical) and 21.5 (mental) [29]. How-
ever, even in a scenario with a 25% larger variability (SD 
of 25), the statistical power for detecting a difference of 
4 points would be large with a sample size of 824 (94%).

Fig. 1  MultiSCRIPT Cycle 1 timeline. *Timelines may be adapted depending on recruitment rates
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The power calculations have been adjusted for multiple 
testing of the two primary outcomes.

Recruitment and informed consent
We aim to recruit 915 participants which as of January 
2024 represent 61% of the eligible SMSC participants 
with RRMS (n = 1503). Participants are recruited by 
their SMSC physician during their usual care visit to the 
SMSC.

Making use of the existing SMSC database, eligi-
ble patients are identified ahead of their SMSC visit. 
Depending on the study site, the information sheet 
and consent form for the trial may be sent ahead of 
the patient’s visit. On the day of their SMSC visit, 
patients are invited to take part in MultiSCRIPT Cycle 
1 by their SMSC treating physician. If they accept to 
sign the inform consent, patients are then randomized 

and their allocated group is directly communicated to 
them because patients allocated to the new treatment 
strategy need to know if they have to come back in 
6 months.

We adopted proactive mitigation measures to address 
recruitment risks [37], including (a) a dedicated ‘diag-
nosis’ of factors supporting and hindering recruitment 
informed by QuinteT Recruitment Intervention (QRI) 
methods, with a view to sharing good practice and train-
ing materials on how to recruit patients informed by 
QRI [38–40]; (b) a recruitment log to record reasons for 
declining participation, informed by the SEAR (Screened, 
Eligible, Approached, Randomised) process [41]; (c) a 
quarterly newsletter will be submitted to all recruiting 
centers, reporting the progress and expected recruitment 
in all centers; and (d) online conferences (one per quarter 
in the first year of recruitment) and annual investigator 

Table 1  Study assessment timeline

a Routinely collected data within the SMSC; (X) only when it coincides with a SMSC visi
b Defined as the daily dose following WHO recommendations

Pre-allocation Allocation Post-allocation
Follow-up visits

Post-allocation
Close-out

Visit - V1 V2 V3 V6 V7 V8 V9 V10

Time M0 (− 14d) M0 M6 (± 45d) M12 (± 45d) M18 (± 45d) M 24 (± 45d) M30 (± 45d) M36 (± 45d) M42 (± 45d)

Recruitment
  Eligibility screening X

  Informed consent X

Randomization X
  Baseline 
characteristicsa

X X

Intervention X X X X X X X X
Primary outcomes
  MSQoL-54a X X

  EDA3a X X

Secondary outcomes
  MSQoL-54a X X X

  EDA3a X X X

  Relapsesa X X X

  EDSSa X X X

  Lesionsa X X X

  Amount of DMTab X X

SAE X X X X X X X X

Indicators of harma

- Relapses
- EDSS
- Opportunistic infec-
tions

X
x
x
x

(X)
(x)
(x)
(x)

X
x
x
x

(X)
(x)
(x)
(x

X
x
x
x

(X)
(x)
(x)
(x

X
x
x
x

(X)
(x)
(x)
(x

Other outcomes
EQ-5D-5La X X X

Other PROs:
- Professional activitya

- Healthcare utiliza-
tion—Hospitalizationa

X
X

X
X

X
X
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meetings will be used to evaluate processes and share 
experiences.

Assignment of treatment strategies
Allocation
Participants are randomized in a 1:1 ratio to the trial 
groups stratified by the study site. The randomization will 
be implemented in a centralized manner using the SMSC 
web-based electronic data capture implemented by 
RodanoTech, an electronic data capture (EDC) and data 
management services provider for the SMSC. Allocation 
concealment is ensured by centralized and instant web-
based randomization.

Blinding procedures
MultiSCRIPT-Cycle 1 is a pragmatic trial that aims to 
provide evidence closely reflecting what happens in usual 
care. Therefore, being aware of the treatment and having 
a real-world assessment of treatment outcomes are part 
of the evaluated intervention within this pragmatic trial 
framework.

Data collection and management
Assessment and collection of outcomes
Most data related to outcome measures are routinely col-
lected within the SMSC and at a minimum on a yearly 
basis. For MultiSCRIPT-Cycle 1, the primary outcomes 
will be assessed at 24  months follow-up and secondary 
outcomes at 12 and 24 months follow-up. The additional 
data collected for the purpose of MultiSCRIPT are the 
sNfL measurements and MRI-related data based on radi-
ological reports from the local centers.

Retention and adherence
MultiSCRIPT-Cycle 1 uses a pragmatic approach, and 
therefore no specific steps are taken to maximize adher-
ence for the purpose of the trial as this would create an 
artificial setting and deviate from usual care. Patients 
are followed within the SMSC and the SMSC usual care 
mimics routine care for patients with MS. Concomitant 
care and use of concomitant interventions are at the full 
discretion of the treating physician, as in usual care. No 
concomitant interventions are prohibited for the purpose 
of this trial.

Treatment changes will be recorded but no mitigation 
action will be taken to enforce implementation of the 
treatment decision algorithms. It remains the treating 
physician and the patient’s choice to implement a treat-
ment change based on sNfL as it would occur in usual 
care.

Data management
In the SMSC, individual clinical data is extracted from 
the hospital patient files (source data) by dedicated 
study nurses/coordinators and reported in an SMSC-
specific web-based EDC system developed and oper-
ated by RodanoTech (Geneva) in collaboration with the 
coordinating center (Basel). All quality-of-life question-
naires may either be entered by the study participant 
(with or without the aid of the study personnel) directly 
as a survey online in REDCap or done on pen and 
paper. Questionnaire data is regularly transferred to the 
RodanoTech EDC on completion of the questionnaire.

For MultiSCRIPT-Cycle 1, new study-specific elec-
tronic case report form (eCRFs) will be added to a dedi-
cated area in the EDC for “nested projects” within the 
SMSC. Study-specific data (screening information and 
randomization) will be added to the eCRF by the local 
SMSC personnel. All other data used in MultiSCRIPT-
Cycle 1 (i.e., outcomes and questionnaires) is collected 
in the course of the clinical routine within the SMSC 
and is already captured and entered in the SMSC eCRF.

Data entry and modifications are recorded in an audit 
trail. Password protection and user-right management 
ensure that only authorized study investigators, moni-
tors, and data managers have access to the data. Each 
patient is identified using an SMSC participant number.

Project and participant data will be handled with 
uttermost discretion and are only accessible to author-
ized personnel who require the data to fulfill their 
duties within the scope of the study. Participant contact 
information is available at the centers for (e)mailing 
and follow-up reminders but only local research staff 
involved in this study have access to the participants’ 
contact data and those data are never shared between 
sites. This information will be stored safely by the sites. 
On the eCRFs and other study-specific documents, 
participants are only identified by their unique SMSC 
participant number.

For quality assurance the sponsor, the Ethics Com-
mittee, or an independent trial monitor may visit the 
research sites. Direct access to the source data and 
all study-related files is granted on such occasions. 
All involved parties keep the participant data strictly 
confidential.

Statistical methods
Statistical analysis for primary and secondary outcomes
Superiority of a treatment strategy will be assumed when 
there is an improvement in at least one of the two pri-
mary outcomes, i.e., the strategy either reduces the risk 
of EDA3 or increases the quality of life. Since there are 
two primary outcomes the significance level will be 2.5%.
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Primary analyses
The primary analyses for the two primary outcomes will 
be conducted when 90% of the total number of partici-
pants (i.e., n = 824) have been recruited, randomized, and 
have at least 24  months of follow-up data (expected to 
occur after 3 years of trial conduct). The primary analysis 
will follow the intention to treat (ITT).

To test the between-group difference 24  months after 
randomization regarding the proportion of patients 
experiencing at least one EDA3 event, Pearson’s χ2-test 
will be applied. Odds ratio and 95% confidence intervals 
will be reported. To test the between-group difference in 
the MSQoL-54 scores 24 months after randomization, a 
linear regression model will be used. The model will be 
adjusted on the following covariate: baseline MSQoL-54 
score. The score differences and 95% confidence inter-
vals will be reported. To adjust for multiple testing of the 
two primary outcomes, the Bonferroni correction will be 
applied and the threshold for rejecting null hypotheses 
will be set at α = 2.5%.

Secondary analyses
The analysis of the primary outcomes will be repeated 
with 12-month follow-up data using all patients who 
were randomized and thus have a minimum of 12-month 
follow-up. In addition, each component of the EDA3 pri-
mary outcome (i.e., proportions of patients with at least 
one relapse, EDSS worsening, new/enlarging T2w lesion 
or T1w contrast-enhancing lesion, and proportions of 
patients with at least two criteria of EDA3) and of the 
MSQoL-54 score (i.e., physical health composite sum-
mary and the mental health composite summary) will 
be assessed using Pearson’s χ2-test and linear regression 
models, respectively. Secondary outcomes will also be 
assessed at 24-month follow-up.

The amount of immunosuppressive drug treatment will 
be summarized using the defined daily dose as defined 
by the World Health Organization (WHO) [42], i.e., the 
assumed average maintenance dose per day for a drug 
used for its main indication in adults.

Interim harm analyses
An interim analysis will be conducted when 90% of the 
total number of participants (i.e., n = 824) have been 
recruited, randomized, and have at least 12  months of 
follow-up data (expected to occur after 2  years of trial 
conduct). The rationale being that indicators of harms 
are collected at a minimum on a yearly basis (as some 
participants only come once a year to the SMSC) we 
therefore need a minimum of 1  year follow-up data. 
Using 12-month follow-up data, the interim analyses will 
focus of reviewing any SAEs related to blood draw and 

indicators of harms including mortality, harms related to 
immunosuppression (e.g., relevant infections), and any 
event related to the occurrence of relapses and/or dis-
ability worsening in patients previously stable. The analy-
sis will be conducted and reviewed in a blinded fashion 
by the Data Safety Monitoring Board (DSMB) made of 
study-independent experts, including a statistician and 
experts in trial methodology, ethics, and/or care manage-
ment in MS.

The DSMB will request unblinding of the data if any 
of the aforementioned outcomes exhibit statistically sig-
nificant differences when comparing the two trial groups. 
We will consider that the causal pathway between the 
key intervention (i.e., monitoring and providing the sNfL 
information) and indicators of harms is complex and 
difficult to assess because sNfL is only one parameter 
among many that is considered in shared decision-mak-
ing about treatment adaptation in usual care.

Interim analyses will be considered indicative and will 
not lead to an automatic early stopping of the trial. In 
case of major safety concerns, based on their expertise 
and review of the literature, the DSMB may recommend 
an early termination of the trial. Of note, “efficacy” will 
not be assessed in the interim analysis.

Harm analysis
Incidence rates of SAEs and multiple occurrences of 
SAEs within individual patients will be reported sepa-
rately and summarized and compared between treatment 
arms using Pearson’s χ2-tests. Harm outcomes will be 
assessed until the end of the assessment cycle (i.e., up to 
42-month follow-up).

Additional analyses
Subgroup effects on the primary outcomes will be ana-
lyzed by interaction tests. To this end, EDA3 will be 
assessed in a logistic regression model and MSQoL-54 in 
a linear regression model. All subgroup analyses will be 
pre-specified in the final statistical analyses plan (SAP) 
which will be published before unblinding the data.

The key subgroups of interest are patients with low 
or high baseline risk of further EDA (secondary objec-
tive; Sect. 5). In addition, we plan to analyze the follow-
ing subgroups: age (< 40 years vs. > 40 years); sex (male or 
female); treatment-naive or previously treated for mul-
tiple sclerosis (with any DMT at any time before study 
enrolment); number of relapses in the year before the 
study (≤ 1 relapse or > 1 relapse); Number of relapses in 
the 2 years before the study (≤ 1, 2, or > 2 relapses); Base-
line disability (EDSS score 0–3.5 or > 3.5); number of 
contrast-enhancing lesions at baseline (0 or ≥ 1); number 
of T2w lesions (< 3; 3 to 9; > 9); and T2w lesion volume 
(≤ 3300 µL or > 3300 µL).
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We will consider the criteria as determined by the 
Instrument to assess the Credibility of Effect Modifica-
tion in Analyses (ICEMAN) when interpreting subgroup 
effects and reporting the results [43].

In addition, to better understand the causal pathway 
that leads to the outcomes, we will also explore the out-
comes in patients who have been treated as expected 
according to the treatment guidelines (e.g., patients 
with a relatively clear indication to escalation and subse-
quently escalated). In the same direction, we will explore 
the treatment decision (categorical: no (major) change, 
escalation, or de-escalation) as a mediator in the causal 
pathway from the intervention to the outcomes, as we do 
not expect the intervention to have a direct causal effect 
on the outcomes, but an indirect effect through this 
mediator (complete mediation). For this, we will record 
each treatment change. We will also explore the impact 
of lack of blinding using the centralized reading of MRI 
compared with local MRI reports.

Since such analyses rely on complex assumptions, are 
based on non-randomized comparisons, and are prone 
to time-dependent confounding bias, we will carefully 
prespecify such additional analyses and consider them 
entirely as exploratory [44].

Finally, health economic analyses will be detailed in a 
specific health economic analysis plan that will be final-
ized before the primary analysis starts.

Handling of missing data and drop‑outs
Patients are already participating in the SMSC which 
include at a minimum yearly visit with an assessment 
of their EDA3 status (i.e., EDSS, relapses, and MRI data 
are routinely collected), thus the occurrence of miss-
ing data should be minimal for the EDA3 primary out-
come. MSQoL-54 is also part of the SMSC usual care and 
in addition to careful planning and conduct of the trial 
should also minimize the occurrence of missing data on 
the MSQoL-54 primary outcome.

To test the robustness of our results to missing data, 
various imputation methods will be implemented, and a 
detailed description of imputation methods will be pro-
vided in the SAP. In the unlikely event that missing data 
exceeds 40%, we will only report the complete case analy-
sis [45] and we will interpret it only as exploratory.

Dissemination plans
Statistical code will be made available on GitHub while 
the patient-level data set will be made available upon 
request to the primary investigator. Results will be pub-
lished in an open-access peer-reviewed medical journal. 
Authorship to publications will be granted according to 
the rules of the International Committee of Medical Jour-
nal Editors (ICMJE) [46].

Discussion
MS is the most frequent non-traumatic cause of dis-
ability in young adults and MS patients have a lower 
health-related quality of life compared with the gen-
eral population but also compared with other chronic 
diseases [47, 48]. An estimated 15,000 persons are liv-
ing with MS in Switzerland [49] of whom > 1800 are 
included in the SMSC with a median follow-up of 
6.3 years, as of January 2024. Patient care in the SMSC 
reflects the usual care of MS patients nationwide.

Within the SMSC, almost half of the patients with 
RRMS receive DMTs known for their high efficacy but 
with uncertainties on the long-term exposure to these 
treatments. A significant number (over 200) of patients 
in the SMSC also remain untreated and potentially at 
risk of disease activity. Improvement of patients’ quality 
of life by providing patients and physicians with infor-
mation that may reduce the uncertainty and enable a 
biomarker-guided de-escalation when applicable would 
be highly relevant and a significant step towards a more 
personalized approach to MS treatment and care man-
agement. This may reduce the treatment burden and 
the risk for potential severe side effects associated with 
highly effective DMT. On the other hand, there may be 
a better basis for informed decision-making and bet-
ter informed, earlier, and/or more sensitive biomarker-
guided escalation that may lead to fewer patients with 
evidence of disease activity. Better and adequate moni-
toring of treatment response would also reduce the 
costs generated by over- or under-treating patients. 
Moreover, a continuous sNfL monitoring may improve 
patients’ quality of life by providing an additional sense 
of security in a disease which is largely unpredictable.

The pragmatic attitude of MultiSCRIPT being fully 
embedded in the SMSC usual care with minimal 
disruption to patient care, leveraging routinely col-
lected data and aiming to generate evidence to inform 
decisions lays the foundation for creating a learning 
healthcare system. A learning system whereby accu-
mulating data will enable the continuous generation of 
new hypotheses on how treatment and care strategies 
can be further personalized to treat patients as little 
as possible but as much as necessary at the right time, 
i.e., ensuring no evidence of disease activity (with more 
sensitive biomarkers such as sNfL), while achieving 
better patient-relevant outcomes, and improved care by 
better informing shared decision-making.

Trial status
The current manuscript reflects the Version 2.0 of the 
protocol dated 19 March 2024.
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The recruitment started with the first patient 
included on 5 February 2024. At the submission of this 
manuscript on 9 April 2024, 125 patients have been 
included and randomized. Recruitment is ongoing and 
should be completed by February 2026.
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