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Key statement  

Research question 

The objective of this investigation is to 

- comparatively assess the benefits of the drugs alemtuzumab, cladribine, dimethyl fumarate, 
fingolimod, natalizumab, ocrelizumab, ofatumumab, ozanimod, ponesimod, and 
teriflunomide with each other 

in the treatment of adult patients with highly active relapsing-remitting multiple sclerosis 
despite complete and adequate treatment with at least 1 disease-modifying therapy. The 
assessment was conducted based on patient-relevant outcomes. 

Due to the highly variable clinical courses of multiple sclerosis (MS) as discussed in Section 1 
of the report, different treatment strategies are conceivable in the comparison of benefit: 

- escalation from basic therapy (e.g. interferons or glatiramer acetate) to high-efficacy therapy 
(e.g. fingolimod, ocrelizumab) 

- deescalation, i.e. treatment pause or switch to a basic therapy in the absence of disease 
activity or in case of intolerable side effects, planned pregnancy, or advanced age 

- switch to another basic or escalation therapy 

This results in the following research questions: 

Table 1: Research questions of the benefit assessment 
Research 
question 

Comparison 

1 Escalation therapy versus basic therapy 

2 Escalation therapy with the possibility of deescalation vs. basic therapy 

3 Escalation therapy versus escalation therapy with the possibility of deescalation 

4 Comparison of different drugs within the same treatment strategy 

 

Conclusion 

Comparison of the treatment strategies of escalation therapy versus basic therapy 
(research question 1) 

For research question 1, meaningful data are available from only 1 study which compares 
escalation therapy with alemtuzumab versus interferon-beta 1a. The results for patients who 
switched from another basic therapy to interferon-beta 1a at the start of the study are 
decisive for answering the research question. The overall analysis of all outcomes for which 
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results are available shows superiority of escalation to alemtuzumab versus switching to the 
basic therapy of IFN-β 1a. On the basis of the available data, no conclusions can be drawn for 
other escalation therapeutics. 

Research questions on escalation therapies with the possibility of deescalation (questions 
2 and 3) 

No relevant studies were identified for the following research questions of the present benefit 
assessment: 

- Research question 2: escalation therapy with the possibility of deescalation versus basic 
therapy 

- Research question 3: escalation therapy versus escalation therapy with the possibility of 
deescalation 

For these 2 care-relevant research questions, it therefore remains unclear whether there is an 
advantage for one of the treatment strategies mentioned or, within one of the treatment 
strategies, for one of the drugs investigated. 

Comparison of different drugs within a treatment strategy (research question 4) 

Based on the available data, a comparison of different drugs within a treatment strategy was 
possible only for escalation therapy. Within escalation therapy, study data were available on 
the drugs alemtuzumab, cladribine, fingolimod, ofatumumab, ozanimod, ponesimod, and 
teriflunomide. For the drugs dimethyl fumarate and ocrelizumab, the manufacturers 
submitted no data for the present assessment. No relevant studies were identified for the 
drug natalizumab.  

Direct comparative studies were available for the drugs ofatumumab and ponesimod, each in 
comparison with teriflunomide. Based on the available data, greater or lesser benefit or harm 
can be derived only from the direct comparisons of the escalation therapies. For the majority 
of the other comparisons, data are either completely missing or were not provided by the 
responsible manufacturers. In some cases, relevant outcomes were not recorded in individual 
studies, or no advantages or disadvantages were found between the investigated drugs. 

For the comparison of ofatumumab versus teriflunomide, there are only indications in favour 
of ofatumumab, namely in the outcomes of confirmed relapses (annual relapse rate, patients 
with confirmed relapse), confirmed disability progression, and discontinuation due to adverse 
events. Altogether, this results in an indication of greater harm from ofatumumab in 
comparison with teriflunomide. 
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For the comparison of ponesimod versus teriflunomide, this results in (1) a hint of greater 
benefit for the outcome of confirmed relapses (annual relapse rate) and (2) a hint of a greater 
harm from ponesimod for the outcome of discontinuation due to adverse events. However, 
only a few events occurred overall for the outcome of discontinuation due to adverse events. 
All things considered, this results in a hint of greater benefit of ponesimod in comparison with 
teriflunomide. 
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1 Background 

Epidemiology and course of multiple sclerosis 

At a prevalence of over 200,000 patients in Germany, multiple sclerosis (MS) is one of the 
most common neuroinflammatory neurodegenerative disorders [1]. For those affected, MS is 
often associated with lifelong and far-reaching consequences in daily life because, in addition 
to causing acute symptoms (e.g. motor disorders, visual disturbances, pain, incontinence), MS 
can frequently lead to progressive disability and even the need for long-term care [2-4]. 
Furthermore, "invisible" but burdensome symptoms such as fatigue, depression, or cognitive 
impairments, which considerably restrict activities of daily life, are common. The disease onset 
is typically between the ages of 20 and 40 years, although, in recent years, there has been an 
increasing number of first-time MS diagnoses in people over the age of 40. Women are 2 to 3 
times more likely to be affected by MS than men [5]. 

MS essentially occurs in 3 forms. Alongside primary progressive MS (PPMS), which is rare 
overall (< 10%) and characterized by disability progression from the onset of disease, relapsing 
remitting multiple sclerosis (RRMS) affects the vast majority of MS patients [2]. RRMS is 
characterized by recurrent relapses. These involve episodes with clinical symptoms typical of 
MS which last for at least 24 hours and are due to focal or multifocal inflammatory 
demyelinating events in the central nervous system (CNS) which are not caused by an increase 
in body temperature (Uhthoff phenomenon) or infections [6]. Symptom intensity, time of 
onset, duration, and type vary from person to person. When a relapse ends, the impairments 
caused by the relapse often subside. In some cases, however, relapses leave residual effects 
which may lead to permanent disability or worsening of existing disabilities. In addition, RRMS 
sometimes leads to disability progression independently from relapse activity [7]. In at least 
50% of people with RRMS, the disease eventually progresses to a secondary progressive form 
of MS (SPMS). Similar to PPMS, this involves steady disability progression during which further 
relapses may occur [8]. In addition, active and inactive courses are distinguished in both RRMS 
and the progressive forms, with activity being characterized by the occurrence of relapses 
and/or lesions on magnetic resonance imaging (MRI) [9]. 

The symptoms are varied and may include movement disorders (ataxia, tremor, spasticity), 
bladder and bowel disorders, visual disorders, sexual disorders, and pain, but also 
neuropsychological symptoms such as fatigue, sleep disorders, cognitive impairment, and 
depression [2]. In addition to neurological disabilities, fatigue is a particularly common cause 
of restricted activities of daily living, incapacity for work, and early retirement [10]. 
Depression, for example, occurs more frequently among people with MS than in the general 
population, and its pathophysiology is presumed to originate from MS [11,12]. It is primarily 
these neuropsychiatric and neuropsychological symptoms which reduce psychosocial well-
being as well as the functions and activities of patients’ everyday and professional lives. In 
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addition to the common symptom of fatigue, MS patients often mention visual disturbances, 
cognitive impairments, and motor disorders as being particularly relevant symptoms [13]. 

The progressive forms of MS and non-highly active RRMS are not discussed further below 
because, as commissioned, the present benefit assessment covers exclusively highly active 
RRMS. 

Definition of highly active RRMS 

No generally recognized definition of highly active RRMS has been established yet. In addition, 
other different terms, e.g. aggressive and malignant MS, are also vaguely defined, each 
representing a subset of RRMS [14-16]. The current S2 guideline issued by the German 
Neurological Society likewise defines highly active RRMS only for treatment-naïve patients [5]. 

In the approval studies for the drugs investigated herein, the definition of highly active RRMS 
is essentially based on the relapse rate and/or the number of new lesions found in MRI. The 
patient populations in these studies are often not limited to the highly active form of MS (e.g. 
natalizumab, cladribine, alemtuzumab). In some cases, however, the authorities have 
restricted the marketing authorization due to safety concerns and/or reduced effectiveness 
in patients without active disease. The use of these medicinal products was therefore 
restricted to patients with (highly) active disease. However, the definition of activity in clinical 
trials varies [17]. As a rule, it involves at least 1 or 2 relapses in the previous year plus several 
T2 lesions and/or at least 1 gadolinium-enhancing (Gd+) T1 lesion despite appropriate disease-
modifying therapy. Other definitions of high disease activity are based on disability 
progression or the degree of disability at diagnosis, usually determined using the Extended 
Disability Status Scale (EDSS) [14,16]. Where a restriction to highly active RRMS exists, the 
SPCs of the individual drugs do not explicitly define the therapeutic indication [18-28]. 

For the present assessment, a definition of disease activity based on patient-relevant 
characteristics is preferred [29]. The occurrence of relapses is one such characteristic. The 
literature contains examples of high disease activity being characterized solely on the basis of 
relapse rates [30-32]. Spelman 2020 has shown that a definition of high activity based on 
relapse rates exhibits a higher association with disability progression than an MRI-based 
definition [31]. 

Several studies demonstrate that under treatment with beta-interferons or glatiramer 
acetate, the formation of several new T2 lesions (≥ 3) is prognostic for an unfavourable course 
of disease [33-35]. To assess disease activity, MRI activity is therefore taken into account 
alongside the occurrence of relapses. New lesions are about 5 to 10 times more common than 
clinically apparent relapses [36]. However, the detection of newly occurring lesions is subject 
to relevant uncertainties, as the informative value of MRI diagnostics depends, among other 
things, on the protocol used, the standardization of the MRI sequences in follow-up 
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examinations, and the handling of contrast agents as well as whether all affected CNS regions 
are shown in the imaging [33]. Gd+ lesions can be visualised only for a short period of time (as 
a rule, a lesion accumulates gadolinium for a maximum of 4 to 6 weeks [37]) and are therefore 
not sufficiently sensitive to assess the inflammatory process over a longer period of time. MRI 
scans using gadolinium as a contrast agent may be associated with a higher risk for patients 
than scans without additional contrast agent [38,39]. It appears to be unclear to what extent 
a short-term worsening of the EDSS score under therapy is predictive of long-term, irreversible 
disability progression; at least it is discussed but used inconsistently for scoring systems such 
as the modified Rio or the Magnetic Resonance Imaging in MS (MAGNIMS) [40,41]. 

Despite the described uncertainties, in the presence of very high MRI activity, it can be 
assumed that at least hidden clinical symptoms have developed but may not have been 
documented or diagnosed. For studies with enrolled patients in whom relapse events were 
not recorded during prior therapy, the comparability of the investigated populations must be 
ensured. To this end, MRI acquisition must be reported adequately and in a comparable 
manner, i.e. performed according to recognized standards and protocols [33,42]. Within the 
same study, all MRI scans must have been performed longitudinally with the same sequences 
and sequence parameters and on scanners of the same field strength to ensure intra-
individual comparability of the scans in individual patients. Under these conditions, defining 
highly active disease based exclusively on high MRI activity is also conceivable. 

There is currently no generally recognized definition based solely on MRI activity which is 
suitable for defining highly active disease. A threshold of 9 T2 lesions was investigated more 
closely as part of the marketing authorization procedure for natalizumab [43]. In addition, the 
SPCs of other drugs include the presence of ≥ 9 T2 lesions in their definition of highly active 
disease [20,22]. This threshold can therefore serve as a guideline for a purely MRI-based 
definition of highly active RRMS for the purpose of the benefit assessment. In the benefit 
assessment, no distinction is made between T1-Gd+ and T2 lesions (as in combined unique 
active lesions), and only new or enlarged lesions are taken into account. The current 
MAGNIMS recommendations [44], deem the inclusion of T1-Gd+ lesions to determine disease 
activity to be optional. Furthermore, the use of gadolinium as a contrast agent is 
recommended only under certain conditions, e.g. if the detection of T2 lesions alone is 
insufficient. 

In summary, various definitions of highly active RRMS based on the occurrence of relapses 
and/or MRI activity are taken into account in the present assessment. Applicable definitions 
include either only clinical, only MRI-based, or combined definitions: 

 Based exclusively on clinical parameters, the disease can be assumed to be highly active 
if ≥ 1 relapse has occurred in the past 12 months or ≥ 2 relapses in the past 24 months, 
each associated with significant functional impairment (e.g. deterioration of visual 
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acuity, deterioration of individual EDSS components). Due to the clinical relevance of the 
relapse, additional imaging is not necessary. 

 Where relapses do not lead to marked functional impairment, the development of new 
or enlarged lesions may be used as a supporting criterion. The occurrence of ≥ 1 relapse 
in the past 12 months and additionally ≥ 3 new or enlarged T2 lesions or ≥ 1 new T1 Gd+ 
lesion in a follow-up MRI may serve as an approximate guideline. 

 A purely MRI-based definition without regard to clinical manifestations may be based on 
a benchmark of ≥ 9 new or enlarged lesions within the past 12 months. 

In all definitions, disease activity should always be assessed via the occurrence of relapses or 
MRI activity but not until full effectiveness of sufficient and appropriate prior therapy has been 
reached. Complete and appropriate prior treatment is defined as a disease-modifying therapy 
under full effectiveness of the respective drug. The latency periods of the administered drugs 
must be taken into account. Interferon beta, glatiramer acetate, teriflunomide, and dimethyl 
fumarate are particularly suitable prior therapies. Interferon beta, teriflunomide, and 
dimethyl fumarate reach their full effectiveness after approximately 3 months of continuous 
therapy, while glatiramer acetate reaches it after approximately 6 months [33,45]. Provided 
that the drugs have been administered at a sufficient and stable dosage, this results in a 
therapy duration of approximately 3 to 6 months for complete and appropriate prior therapy. 
Relapse events or newly occurring lesions which fall within this latency period are of limited 
value for the evaluation of effectiveness, and the assessment of relapse activity and MRI-
detected changes should therefore be based on the period after full effectiveness has been 
achieved. For the assessment of MRI activity, it is therefore necessary to re-record the lesion 
status after full effectiveness has been achieved (re-baselining) [44]. Highly active RRMS is 
then diagnosed after immunomodulatory therapy has been completed. 

The above-described definitions of highly active RRMS must be generally distinguished from 
merely active disease in the absence of a response to appropriate and sufficient prior therapy. 
Active disease may already be present when 1 new T2 or T1 Gd+ lesion develops or when a 
relapse occurs within a certain period of time [46]. 

Highly active RRMS is a separate entity from SPMS, which may occur with or without 
superimposed relapses. It is difficult to make an exact distinction between them because there 
are no clear boundaries and no validated biomarkers exist. The diagnosis of SPMS is mainly 
based on the duration of disease. Therefore, it can be reliably diagnosed only retrospectively 
on the basis of the clinical course [9]. Forms of SPMS with superimposed relapses were 
previously categorised as relapsing forms of multiple sclerosis (RMS) because it was assumed 
that the increase in disability may be linked to incompletely remitted relapses [47]. However, 
it has recently been shown that even in patients with RRMS, a marked proportion of disability 
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progression can occur independently of relapse events (known as progression independent of 
relapse activity [PIRA]) [7,48].  

Goals of treatment 

MS treatment essentially comprises therapy of acute relapses, treatment of disease 
symptoms, and modification of the course of the disease, i.e. disability progression and 
relapse rate. Glucocorticoids, especially methylprednisolone, are generally used for relapse 
therapy to alleviate symptoms and shorten relapse duration. In parallel, permanent disease-
modifying or progression-modifying therapy is implemented independently of relapses with 
the aim of reducing the frequency of relapses and preventing or delaying disability 
progression. Immunomodulatory agents are used for this purpose [2,49-51]. 

Since the 1990s, interferon beta-1a and -1b and glatiramer acetate have been used as 
immunomodulatory therapies [52]. With the approval of alemtuzumab, cladribine, dimethyl 
fumarate, fingolimod, natalizumab, ocrelizumab, ofatumumab, ozanimod, ponesimod, and 
teriflunomide in 2005, further immunomodulatory agents have become available. These drugs 
are not the subject of the present assessment. 

MS was originally treated using an incremental strategy which differentiated between basic 
therapies and escalation therapies used in the event of insufficient response or severe courses 
of disease [53]. The basic therapeutic agents included beta-interferons and glatiramer acetate 
in particular, but also teriflunomide and dimethyl fumarate. The current S2 guideline issued 
by the Association of the Scientific Medical Societies in Germany (AWMF) now places the 
available drugs into effectiveness categories. For disease courses which are not highly active, 
it recommends beta-interferons, glatiramer acetate, dimethyl fumarate, and teriflunomide, 
among others, which are now in effectiveness category 1 [5]. In addition to beta interferons 
and glatiramer acetate, the Disease-Oriented Competence Network Multiple Sclerosis 
(KKNMS) recommends the use of dimethyl fumarate and teriflunomide for mild and moderate 
courses, although both are also suitable for highly active MS or as escalation therapy 
[20,26,53]. According to the incremental therapy strategy, the new drugs investigated here 
are hence predominantly escalation therapies, which are used when prior treatment has failed 
and the disease is persistently (highly) active. Their authorizations are not identical and cover 
the therapeutic indication in question either in full or in part. 

The present assessment compares the drugs alemtuzumab, cladribine, dimethyl fumarate, 
fingolimod, natalizumab, ocrelizumab, ofatumumab, ozanimod, ponesimod, and 
teriflunomide. The current guideline categorizes these drugs, which the incremental therapy 
strategy predominantly classified as escalation therapies, into 3 effectiveness categories, with 
the drugs of the different categories being recommended in different therapeutic scenarios 
[5]. The concept of basic and escalation therapy has largely been replaced by an "early 
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intensive" treatment strategy. This is due to the fact that in recent years, the primary use of 
highly active substances has been increasingly discussed as the standard of treatment for all 
patients in the early stages of disease (induction therapy, hit hard and early) [5]. As per current 
guideline, this idea is based on several large cohort studies from recent years, which are, 
however, the subject of debate, particularly due to their retrospective (non-randomized) 
design [5]. Two large prospective randomized studies (DELIVER-MS [54], TREAT-MS [55]) are 
currently ongoing to investigate the different approaches. 

Since at the time the commission for the present assessment was received (16 July 2020), 
treatment was typically categorized into basic and escalation therapy as per the incremental 
therapy strategy, these categories were chosen for the research questions in the report. The 
drugs alemtuzumab, cladribine, dimethyl fumarate, fingolimod, natalizumab, ocrelizumab, 
ofatumumab, ozanimod, ponesimod, and teriflunomide are deemed escalation therapies. For 
the present assessment, other drugs such as beta-interferons or glatiramer acetate serve only 
as common comparators in indirect comparisons or networks. Although switching within the 
basic therapeutic agents of effectiveness category 1 (e.g. from dimethyl fumarate to 
teriflunomide) is no longer recommended by the current AWMF guideline [5], it may be a 
treatment option depending on the individual course of the disease and patient preference 
and is covered by the authorizations of the respective drugs. Irrespective of whether such a 
switch is common in clinical practice, its potential advantages or disadvantages for patients 
remain unclear and are therefore analysed in this assessment. 

Requirements for studies in the therapeutic indication of RRMS 

In recent years, the need for individualized MS therapy has been increasingly discussed 
[5,56,57]. Alongside relapse reduction, the severity of relapses, disability progression, side 
effects, and patient-reported outcomes regarding MS symptoms and health-related quality of 
life should be taken into account because these factors may also independently influence 
treatment decisions [45]. 

Treatment decisions to be made by patients and treating physicians depend on a variety of 
factors which include the effectiveness and safety of individual drugs as well as the patient's 
life circumstances and personal preferences [57]. Studies on patient preferences have also 
shown that it is by no means only the reduction in relapse rate and disability progression which 
are important for those affected, but also side effects, symptoms of disease, and health-
related quality of life [58-62]. 

The spectrum of clinical studies should reflect the aforementioned requirements in order to 
allow drawing patient-relevant conclusions for routine care. Different treatment strategies 
must be taken into account [63]. Randomized controlled trials (RCTs) which compare 
escalation therapy (e.g. fingolimod, ocrelizumab) versus basic therapy (e.g. interferon, 
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glatiramer acetate) with a fixed treatment regimen do not meet this requirement on their own 
[64]. Instead, the relapse rate, severity of relapses, general symptoms, health-related quality 
of life, and side effects should be used to assess whether long-term escalation therapy is 
appropriate for individual patients. In the absence of disease activity, the current AWMF 
guideline on MS likewise recommends, for various drugs, to consider a treatment pause, 
suspend therapy, and inform patients about the benefits and risks of various strategies 
(continuation, suspension, de-escalation) [5]. This results in the need for study designs which 
enable the comparison not only of individual drugs, but also of entire treatment strategies 
(see Section 2). 

Patient-reported outcomes (PROs) are of particular importance in the benefit assessment due 
to the variety of symptoms and their impact on patients’ daily lives. Health-related quality of 
life and symptom burden must be analysed together in order to draw conclusions about the 
benefits of MS therapies. The severity of relapses in terms of (permanent) functional 
impairment, which is not depicted by simply surveying the relapse rate, is additionally 
relevant. 

As RRMS is a lifelong disease which sometimes leads to significant disability only after years, 
observations for several years are necessary. This particularly applies to the survey of the 
progression of disability. Although "confirmed" progression is often detected after 12 to 
24 weeks, very short observation periods can lead to an overestimation of the treatment 
effect because relapse-related and progression-related increases in disability cannot be 
reliably differentiated [5,65]. 

A network metaanalysis (NMA) which includes all 10 commissioned drugs for highly active 
RRMS does not yet exist. Previous publications cover only parts of the drug spectrum or do 
not investigate highly active RRMS [66-71]. 
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2 Research question 

The objective of this investigation is to 

 comparatively assess the benefits of the drugs alemtuzumab, cladribine, dimethyl 
fumarate, fingolimod, natalizumab, ocrelizumab, ofatumumab, ozanimod, ponesimod, 
and teriflunomide with each other 

in the treatment of adult patients with highly active relapsing-remitting multiple sclerosis 
despite complete and adequate treatment with at least 1 disease-modifying therapy. The 
assessment was conducted based on patient-relevant outcomes. 

Due to the highly variable clinical courses of MS as discussed in Section 1, different treatment 
strategies are conceivable in the comparison of benefit: 

 escalation from basic therapy (e.g. interferons or glatiramer acetate) to high-efficacy 
therapy (e.g. fingolimod, ocrelizumab) 

 deescalation, i.e. treatment pause or switch to a basic therapy in the absence of disease 
activity or in case of intolerable side effects, planned pregnancy, or advanced age 

 switch to another basic or escalation therapy 

This results in the following research questions: 

Table 2: Research questions of the benefit assessment 
Research 
question 

Comparison 

1 Escalation therapy versus basic therapy 

2 Escalation therapy with the possibility of deescalation vs. basic therapy 

3 Escalation therapy versus escalation therapy with the possibility of deescalation 

4 Comparison of different drugs within the same treatment strategy 
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3 Methods 

The target population of the benefit assessment consisted of adult patients with highly active 
RRMS who had received complete and adequate prior treatment with at least 1 disease-
modifying therapy.  

Highly active RRMS was defined as follows:  

1) Exclusively clinically: severe relapses with substantial functional impairment, irrespective 
of lesions 

2) Clinically in conjunction with MRI activity: relapses without substantial functional 
impairment in conjunction with the development of new or enlarged lesions 

3) Exclusively MRI-based: based on the development of numerous new or enlarged lesions 

despite complete and appropriate prior treatment. For a more detailed specification of the 
possible definitions, see Chapter 1. 

Alemtuzumab, cladribine, dimethyl fumarate, fingolimod, natalizumab, ocrelizumab, 
ofatumumab, ozanimod, ponesimod, or teriflunomide were to be compared with each other 
in the treatment of this patient group and were therefore deemed both investigational and 
comparator interventions. In order to allow an indirect comparison of the drugs within a joint 
analysis, the benefit assessment includes not only studies which directly compare 2 of the 
identified drugs with each other, but also studies which compare at least 1 of these drugs 
versus 1 possible common comparator.  

The following patient-relevant outcomes were taken into account in the assessment: 

 All-cause mortality 

 Confirmed relapses 

 annualized relapse rate 

 patients with confirmed relapse 

 Disability 

 confirmed disability progression (confirmed after at least 24 weeks) using the EDSS2 

 disability severity (Multiple Sclerosis Functional Composite [MSFC]) 

 walking ability, e.g. via the 6-minute walk test 

 
2 Results for the EDSS should be supplemented with data from other instruments such as the MSFC to obtain a 

complete picture of disability progression. 
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 Fatigue 

 Vision disorders 

 Health-related quality of life 

 Overall rate of serious adverse events (SAEs) 

 Overall rate of discontinuations due to adverse events (AEs) 

 Progressive multifocal leukoencephalopathy (PML) 

 Serious infections 

 Serious neoplasms 

 Serious secondary autoimmune diseases 

Subjective outcomes (e.g. HrQoL) were taken into account only if they had been recorded 
using valid measurement instruments (e.g. validated scales). 

The benefit assessment was to include only RCTs and routine practice randomised trials from 
registries. In addition, at least part of the study population had to be observed for at least 
24 months. 

The information retrieval is largely based on manufacturer queries on the drugs alemtuzumab, 
cladribine, dimethyl fumarate, fingolimod, natalizumab, ocrelizumab, ofatumumab, 
ozanimod, ponesimod, and teriflunomide. Searches in study registers and a focussed search 
in MEDLINE were used to check the information provided by the manufacturers for 
completeness and to identify relevant studies conducted by third parties. In addition, the 
website of the Federal Joint Committee (G-BA) and the Institute for Quality and Efficiency in 
Health Care (IQWiG) as well as documents provided as comments to the report plan and the 
preliminary report were taken into account as sources of information. Where necessary, direct 
enquiries were also made with study authors. 

Relevant studies were selected by 2 persons independently from one another. Any 
discrepancies were resolved by discussion between them. Data were extracted into 
standardized tables. To assess the qualitative certainty of results, outcome-specific and study-
level criteria for the risk of bias were assessed, and the risk of bias was rated as high or low in 
each case. For studies whose control intervention was included only as a common comparator 
in a network metaanalysis (NMA), the risk of bias at outcome level was assessed only if a 
comparison of at least 2 of the drugs to be assessed was possible for the outcome when taking 
the study into account. The results of the individual studies were described, organized by 
outcomes. 
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In addition to the comparison of the individual studies’ results, metaanalyses and sensitivity 
analyses were to be conducted and effect modifiers investigated, provided that the 
methodological prerequisites had been met. For each outcome, a conclusion was to be drawn 
regarding the evidence for (greater) benefit and (greater) harm, with 4 levels of certainty of 
conclusions: proof (highest certainty of conclusions), indication (moderate certainty of 
conclusions), hint (lowest certainty of conclusions), or neither of the above 3. The latter was 
to be the case if no data were available, or the available data did not allow any of the other 
3 conclusions to be drawn. In that case, the conclusion “There is no hint of (greater) benefit 
or (greater) harm” was to be drawn. 

Subsequently, an assessment of benefit and harm was carried out across outcomes. 

In order to be able to compare the experimental interventions within a joint analysis, NMAs 
were carried out where possible. This also enabled comparisons to be made for which no 
direct comparative evidence was available. Where conducting an NMA was impossible, the 
analysis is based exclusively, if available, on direct comparisons of 2 of the aforementioned 
experimental interventions or pairwise adjusted indirect comparisons according to Bucher. 
Sufficient structural quality is a prerequisite for conducting and interpreting an NMA or 
indirect comparisons. This quality is present if the assumption of similarity, homogeneity, and 
consistency was either met or not obviously violated in each case.  

If individual aspects of structural quality cannot be assessed, the certainty of the results of an 
indirect comparison is low at best. Furthermore, where an indirect comparison is conducted 
based on only 1 study for at least 1 of the 2 compared drugs, no hint can be derived if this 
1 study is subject to a high risk of bias. 
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4 Results 

4.1 Results of the information retrieval 

Initially, potentially relevant studies which meet the inclusion criteria of the present 
assessment were identified for the information retrieval. These studies comprise potentially, 
but not exclusively, a subpopulation relevant for the present assessment as per G-BA 
commission (patients with highly active RRMS despite complete and adequate treatment with 
at least 1 disease-modifying therapy). Studies with a relevant subpopulation were therefore 
subsequently identified via a data request on additional analyses. Furthermore, not all 
potentially relevant studies contained a direct comparison of drugs to be assessed or a suitable 
common comparator, i.e. not all potentially relevant studies were suitable for inclusion in the 
analyses.   

The information retrieval revealed a total of 29 RCTs potentially relevant for the present 
benefit assessment, including 22 main studies and 7 associated extension studies. In addition, 
11 RCTs without reported results were identified. These are exclusively studies that had not 
yet been completed at the time of the last search. Moreover, the majority of these studies 
(6 out of 11) investigated new drugs exclusively in comparison with teriflunomide and 
consequently contained neither a direct comparison of drugs as commissioned by the G-BA 
nor a suitable common comparator.  

The search strategies for bibliographic databases and trial registries are found in the appendix. 
The last search in study registries and bibliographic databases was conducted on 2 November 
2021. In addition, studies without reported results were reviewed to determine whether there 
were any changes in the registry entry or whether results are now available. The review was 
conducted on 22 July 2023.  

The potentially relevant studies investigate the drugs alemtuzumab, cladribine, dimethyl 
fumarate, fingolimod, natalizumab, ocrelizumab, ofatumumab, ozanimod, ponesimod, and 
teriflunomide. Pharmaceutical companies sponsored 27 of 29 potentially relevant studies.  

Of the 29 potentially relevant studies, 15 were excluded from the assessment because their 
respective control intervention was not a suitable common comparator, and they did not 
implement a direct comparison of drugs investigated in this assessment. These 15 studies, 
which also include the 7 extension studies, were therefore disregarded in the further steps of 
the assessment.  

The remaining 14 relevant studies each investigated the drugs of the present assessment 
(except natalizumab) as escalation therapy in comparison with each other (3 studies) or in 
comparison with placebo (7 studies) or interferon beta (IFN-β) 1a (4 studies). These studies 
are therefore relevant for research question 4 comparing the different drugs within escalation 
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therapy, with placebo and IFN-β 1a representing suitable common comparators within the 
study pool for research question 4. The studies using IFN-β 1a as a comparator intervention 
are furthermore relevant for investigations comparing the treatment strategies of escalation 
therapy versus basic therapy under research question 1.  

The 3 studies with a direct comparison of drugs as per G-BA commission versus teriflunomide 
can be taken into account both for the comparison of drugs within escalation therapy 
(research question 4) and for the comparison of the treatment strategies escalation therapy 
versus basic therapy (research question 1). In the present assessment, these studies are used 
to answer research question 4 because in line with its authorization, teriflunomide is viewed 
as an escalation therapy for the population as commissioned by the G-BA. 

No relevant studies are available for the drug natalizumab because the only potentially 
relevant study on this drug had no suitable common comparator. The approval studies for this 
drug, AFFIRM and SENTINEL, are irrelevant because they deviate from the inclusion criteria of 
the present assessment with regard to either the investigated population or the intervention. 
The AFFIRM study is irrelevant for the present assessment because it included only patients 
who were either treatment-naïve or had been untreated for at least 6 to 12 months prior to 
enrolment [72]. Consequently, this study does not include a subpopulation of patients with 
highly active disease despite complete and appropriate prior treatment. The SENTINEL study 
investigated only treatment with natalizumab in combination with IFN-β 1a [73]. However, 
natalizumab is explicitly not approved in combination with IFN-β 1a [18,19].  

No relevant studies were identified for research questions 2 and 3, which investigate 
escalation therapy with the possibility of deescalation in comparison with basic therapy 
(research question 2) or escalation therapy without the possibility of deescalation (research 
question 3). 

Since for research question 1, in contrast to research question 4, only a small proportion of 
the included studies are relevant, research question 4 on the comparison of different drugs 
within escalation therapy is discussed first, followed by research question 1 on the comparison 
of the treatment strategies of escalation therapy versus basic therapy. 

All 14 relevant studies were conducted as part of the authorization procedure for the 
respective drugs and were identified accordingly via manufacturer enquiries. No relevant 
investigator-initiated studies were identified for the present assessment. 
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Table 3: Overview of studies potentially relevant for the benefit assessment from all search 
steps (multipage table) 
Drug 
Study 

Available documents 

Full publication (in 
scientific journals) 

Registry entry / result 
report from trial registries 

Clinical study report 
from manufacturer 
documents (not 
publicly available) 

Other 
documents 

Alemtuzumab     

CARE-MS II Yes [74-78] Yes [79,80] / yes [79,80] Yes [81] No 

Cladribine     

CLARITY Yes [82-95] Yes [96,97] / yes [96,97] Yes [98] Yes [99] 

Dimethyl fumarate     

CONFIRM  Yes [100-105] Yes [106-108] / yes 
[106,107] 

Yes [109] Yes [110] 

DEFINE  Yes [104,105,111-
115] 

Yes [116-119] / yes 
[116,117] 

Yes [120] Yes [110] 

Extension study for 
CONFIRM and 
DEFINE: ENDORSEa 

Yes [121-123] Yes [124-126] / yes 
[124,125] 

Yes [127] Yes [110] 

RIFUND-MSa Nob Yes [128,129] / no No No 

Fingolimod     

CFTY720D1201a No Yes [130] / yes [130] Yes [131] Yes [132,133] 

Extension study: 
CFTY720D1201E1a 

No Yes [134] / yes [134] Yes [135] Yes [132,133] 

FREEDOMS Yes [105,136-148] Yes [149,150] / yes 
[149,150] 

Yes [151] Yes [132,133] 

Extension study: 
CFTY720D2301E1a 

Yes [147,152] Yes [153] / yes [153] Yes [154] Yes [132,133] 

FREEDOMS II  Yes 
[144,145,148,155,15
6] 

Yes [157,158] / yes 
[157,158] 

Yes [159] Yes [132,133] 

Extension study: 
CFTY720D2309E1a 

No Yes [157] / yes [157] Yes [160] Yes [132,133] 

TRANSFORMSa  Yes [145,146,161-
167] 

Yes [168,169] / yes 
[168,169] 

Yes [170] Yes [132,133] 

Extension study: 
CFTY720D2302E1a 

Yes [166,171-173] Yes [168,169] / yes 
[168,169] 

Yes [174] Yes [132,133] 

Natalizumab     

IQUALYSEPa No Yes [175] / no No No 

Ocrelizumab     

OPERA I  Yes [7,176-180] Yes [181-184] / yes 
[183,184] 

Yes [185] Yes [186] 

OPERA II  Yes [7,176-180,187] Yes [188,189] / yes 
[188,189] 

Yes [190] Yes [186] 
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Table 3: Overview of studies potentially relevant for the benefit assessment from all search 
steps (multipage table) 
Drug 
Study 

Available documents 

Full publication (in 
scientific journals) 

Registry entry / result 
report from trial registries 

Clinical study report 
from manufacturer 
documents (not 
publicly available) 

Other 
documents 

Ocrelizumab     

WA21493a No Yes [191,192] / yes 
[191,192] 

Yes [193] Yes [186] 

Ofatumumab     

ASCLEPIOS I Yes [194] Yes [195-197] / yes 
[195,196] 

Yes [198] No 

ASCLEPIOS II Yes [194] Yes [199-202] / yes 
[199,200] 

Yes [203] No 

Ozanimod     

RADIANCE B Yes [204,205] Yes [206,207] / yes 
[206,207] 

Yes [208] Yes [209] 

Ponesimod     

OPTIMUM Yes [210] Yes [211,212] / yes 
[211,212] 

Yes [213] Yes [214] 
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Table 3: Overview of studies potentially relevant for the benefit assessment from all search 
steps (multipage table) 
Drug 
Study 

Available documents 

Full publication (in 
scientific journals) 

Registry entry / result 
report from trial registries 

Clinical study report 
from manufacturer 
documents (not 
publicly available) 

Other 
documents 

Teriflunomide     

HMR1726D/2001a Yes [215] Yes [216] / no Yes [217] Yes [218] 

Extension study: 
LTS6048a 

Yes [215] Yes [219] / no Yes [220] Yes [218] 

TEMSO  Yes [221-225] Yes [226,227] / yes 
[226,227] 

Yes [228] Yes [218] 

Extension study: 
LTS6050a 

Yes [229] Yes [230] / yes [230] Yes [231] Yes [218] 

TOWER  Yes [105,232-235] Yes [236-238] / yes 
[236,237] 

Yes [239] Yes [218] 

ULTIMATE 1a  Noc Yes [240,241] / yes 
[240,241] 

No No 

ULTIMATE 2a  Noc Yes [242,243] / yes 
[242,243] 

No No 

a. These studies are disregarded from the benefit assessment because they do not include a direct 
comparison of the drugs to be assessed, and the respective control intervention of these studies does not 
represent a suitable common comparator. (No other study analyses a sufficiently similar comparator 
intervention.) 

b. After the last search in bibliographic databases, a full paper [244] was published on the RIFUND-MS study 
identified via the search in study registers. As there is neither a direct comparison of the drugs to be 
assessed nor a suitable common comparator, no author enquiry was made for this study. 

c. After the last search in bibliographic databases, a full paper [245] was published on the ULTIMATE 1 and 
ULTIMATE 2 studies identified via the search in study registers. As there is neither a direct comparison of 
the drugs to be assessed nor a suitable common comparator, no manufacturer enquiries were made for 
these studies. 

 

Additional analyses of relevant subpopulations 

The populations of the 14 relevant studies were not limited to the population of the present 
assessment as commissioned by the G-BA. Additional analyses for the relevant subpopulations 
were therefore requested from the manufacturers. The manufacturers provided them for the 
majority of the 14 relevant studies. However, no additional analyses were submitted by the 
manufacturers for the relevant studies on dimethyl fumarate and ocrelizumab (2 studies 
each). Due to these reporting gaps, it is impossible to include these studies in the analyses for 
the present assessment. In total, results from 10 studies on 7 drugs are therefore available for 
the present assessment.  
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4.2 Comparison of different drugs within a treatment strategy (research question 4) 

4.2.1 Characteristics of the studies included in the assessment 

Based on the available data, a comparison of different drugs within a treatment strategy was 
possible only for escalation therapy. In the context of this research question, therefore, 
different drugs are compared only within escalation therapy. 

The 14 studies listed in the following table are relevant for the comparison of different drugs 
within escalation therapy, with no additional analyses of the relevant subpopulation having 
been submitted by the manufacturers for 4 studies on dimethyl fumarate and ocrelizumab. 

Table 4: Study pool comparing different drugs within escalation therapy (research 
question 4) 
Comparison 

Drugsa 
Study (study start) Transmission of 

additional 
analyses 

Primary publication 

Studies with IFN-β 1a in the comparator arm 

Alemtuzumab vs. IFN-β 1a CARE-MS II (2007) Yes [77] 

Ocrelizumab vs. IFN-β 1a OPERA I (2011) No [177] 

Ocrelizumab vs. IFN-β 1a OPERA II (2011) No [177] 

Ozanimod vs. IFN-β1a RADIANCE B (2013) Yes [204] 

Placebo-controlled studies 

Cladribine vs. placebo CLARITY (2005) Yes [87] 

Dimethyl fumarate vs. placebo  CONFIRM (2007) No [100] 

Dimethyl fumarate vs. placebo DEFINE (2007) No [114] 

Fingolimod vs. placebo FREEDOMS (2006) Yes [138] 

Fingolimod vs. placebo FREEDOMS II (2006) Yes [155] 

Teriflunomide vs. placebo TEMSO (2004) Yes [222] 

Teriflunomide vs. placebo TOWER (2008) Yes [234] 

Direct comparisons 

Ofatumumab vs. teriflunomide ASCLEPIOS I (2016) Yes [194] 

Ofatumumab vs. teriflunomide ASCLEPIOS II (2016) Yes [194] 

Ponesimod vs. teriflunomide OPTIMUM (2015) Yes [210] 

a. No studies relevant for the benefit assessment were identified for natalizumab. 

IFN: interferon; vs: versus 

 

Based on this study pool, the comparisons shown in Figure 1 would be possible if the 
requirements for a joint analysis of all studies were met and data on an outcome were 
available from all studies. To illustrate the reporting gaps, the studies for which the 
manufacturers did not provide any analyses for the present assessment’s relevant 
subpopulation are shown as well. 
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Dotted lines show comparisons for which no data were provided by the manufacturer. Numbers in parentheses 

indicate the number of relevant studies for these comparisons. 
IFN: interferon 

Figure 1: Possible comparisons taking into account all relevant studies  

In the present study pool, it is possible to conduct an NMA taking into account the direct 
comparative and placebo-controlled studies as well as an indirect comparison on the studies 
with IFN-β 1a in the comparator arm. Even when taking into account the studies for which no 
analyses were submitted for the relevant subpopulations, a joint NMA considering all 
escalation therapies would be impossible on the basis of the available comparisons. This is 
due to the fact that (a) no multi-arm studies were identified which conducted comparisons 
with both placebo and IFN-β 1a, and (b) only a few direct comparisons of escalation therapies 
are available. 

Study design and study populations 

The included studies comparing different drugs within escalation therapy were reviewed for 
similarity. This resulted in a sufficiently similar study pool, taking into account all 10 studies 
for which analyses of the relevant subpopulation were submitted as commissioned by the G-
BA. A central aspect of the review was the definition of the relevant subpopulation, i.e. which 
criteria were to be met by patients with highly active RRMS who had received complete and 
appropriate prior treatment with at least 1 disease-modifying therapy. The definitions used 
by the manufacturers for high disease activity or complete and appropriate prior treatment 
only in part corresponded to the criteria specified in the data request. This is mainly due to 
the fact that the studies provide neither information on functional impairment due to relapses 
nor information on lesion status over the course of disease. In addition, some of the studies 
disallowed prior therapies for a certain period of time prior to study inclusion. 

Teriflunomide

Ofatumumab

Ponesimod Placebo
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Definition of the relevant subpopulation 

For the majority of the studies, the manufacturers provided analyses of patients in whom 
highly active disease was defined by a combination of clinical criteria and the presence of Gd+ 
lesions at baseline. Some of them also included patients for whom a purely clinical definition 
was applied without taking into account functional impairment caused by relapses. In addition 
to using the combined definition, one of the manufacturers also included patients who had 
only a high number of Gd+ lesions at baseline. 

Most manufacturers included patients with prior therapies which ended within 12 months 
prior to the start of the study. This is partly due to the fact that in some studies, patients were 
not allowed treatment with beta-interferon or glatiramer acetate for 3 to 4 months before 
the start of the study. Only for the OPTIMUM study’s subpopulation were patients included 
who had been treated continuously for at least 2 months prior to study inclusion. However, 
the proportion of patients with longer treatment-free intervals before study start is 
presumably not high enough to limit the analyses’ certainty of results. According to the 
manufacturers, it was ensured for all relevant subpopulations that highly active disease was 
detected after complete and appropriate prior treatment, taking into account the drug-
specific latency period. 

Overall, the subpopulations submitted represent a sufficient approximation of the target 
population for this assessment. They are also deemed sufficiently similar for conducting a joint 
analysis. 

Study design and characteristics of the relevant subpopulations 

In 3 of the 10 relevant studies for which data on the relevant subpopulation were submitted, 
direct comparisons between escalation therapies were conducted (ofatumumab versus 
teriflunomide or ponesimod versus teriflunomide). The other studies investigated the 
comparison of drugs in the present assessment versus the common comparators of placebo 
(5 studies) and IFN-β 1a (2 studies). According to the study protocols, the included studies’ 
treatment durations were predominantly around 2 years.  

In the relevant subpopulations, the mean patient age was between 32 and 42 years. In most 
subpopulations, 65% to 75% of participants were female. The majority of patients (mostly over 
70%) came from OECD countries. 

According to the criteria from the data request, all patients in the relevant subpopulations had 
received prior treatment. In the majority of studies, prior treatment involved predominantly 
IFN-β 1a, IFN-β 1b, and/or glatiramer acetate. The proportions of the various drugs fluctuate. 
In addition, some studies exhibit differences between study arms due to the small size of the 
subpopulations. However, these are not deemed essential for the interpretability of results. 
In addition, the differences do not violate the assumption of similarity. For 1 study comparing 
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ponesimod directly with teriflunomide (OPTIMUM), no information was provided on prior 
treatment. 

With regard to disease-specific characteristics at baseline, the analysed subpopulations are 
largely comparable. Although the mean time since the first diagnosis of MS varies from around 
4 to just over 9 years, this does not per se indicate anything about the current state of the 
disease. Based on the criterion of highly active disease despite prior therapy, the 
subpopulations are presumably comparable in terms of current disease status, regardless of 
the duration of the disease. The mean EDSS scores at baseline in all studies were around 
2.5 to 3 out of a maximum of 10 possible points, with higher scores indicating greater severity 
of disability. Most patients therefore had at most moderate disability. Relapse activity was 
very uniform across all subpopulations, with a median of 1 relapse in the last year before study 
inclusion and a median of 2 relapses within the last 2 years. Not all studies supply information 
on lesion occurrence. The median number of Gd+ lesions at baseline for the studies with 
available data was 0 to 2 at baseline, in some cases with large ranges within the individual 
populations. This is likely due to (a) different definitions used by the manufacturers to form 
the subpopulations, and (b) the heterogeneity of disease progression. 

Overall, despite individual missing data or observed differences, the relevant subpopulations 
are presumably sufficiently similar since the submission of the additional analyses by the 
manufacturers suggests that all patients have highly active disease despite complete and 
appropriate prior treatment with at least 1 disease-modifying therapy. The review of the 
similarity assumption did not identify any differences between the relevant subpopulations 
which lead to the exclusion of individual studies from the analysis or call into question the 
interpretability of the results. 

4.2.2 Overview of patient-relevant outcomes 

In principle, data on patient-relevant outcomes were available from 10 studies on 7 drugs for 
the relevant subpopulation of the present assessment. Table 5 shows an overview of the 
patient-relevant outcomes for which data on the respective drugs are included in the analyses.  

Data on all-cause mortality were reported for all 7 drugs but were not used for comparisons 
between escalation therapies because only very few events occurred in the studies. Data on 
confirmed relapses (annual relapse rate and patients with confirmed relapse) are available for 
all 7 drugs. Data on confirmed disability progression based on EDSS were also reported for all 
7 drugs, but 1 drug (cladribine) was impossible to include in the analyses because the available 
data did not allow calculating a hazard ratio (HR) (no events in the intervention arm and few 
events in the placebo arm). Calculating the NMA using relative risk (RR) as an approximation 
would be subject to additional uncertainty in this data scenario. Results on the severity of 
disability based on the MSFC from placebo-controlled studies were not included in the 
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analyses because analyses of placebo-controlled studies were submitted for only 1 drug 
(fingolimod). Thus, placebo was not a suitable common comparator for this outcome. The 
same applies to the walking ability outcome using the timed 25-foot walk test (T25FW), one 
of the components of the MSFC.  

Data on the outcome of visual disturbances were provided only for isolated comparisons, 
leaving no suitable common comparator for a comparison of escalation therapies. No usable 
data on the outcome of fatigue were available for any drug because either no analyses were 
submitted for the relevant subpopulation or the analyses submitted were unusable. For the 
outcome of health-related quality of life, usable data were available for only 1 direct 
comparison because for other comparisons, either (a) no analyses were submitted for the 
relevant subpopulation, (b) the submitted analyses were unusable, or (c) no comparable 
analyses were available.  

For the outcomes of SAEs and discontinuations due to AEs, data were reported on all 7 drugs. 
Due to a lack of events in the studies, no adjusted indirect comparison of alemtuzumab versus 
ozanimod were possible for the outcome of SAEs. For the outcome of discontinuation due to 
AEs, studies on the 2 drugs alemtuzumab and cladribine were disregarded for comparability 
reasons because in contrast to the other drugs in studies comparing them with IFN-β 1a or 
placebo, these are so-called interval therapies which are administered only during short 
treatment phases at intervals of approximately 1 year. Due to substantial heterogeneity for 
the comparison of teriflunomide versus placebo and very imprecise estimates in the NMAs, it 
was likewise impossible to draw any conclusions regarding this outcome on the basis of the 
available data for drugs for which only placebo-controlled studies are available. Overall, 
therefore, only the direct comparisons were usable for analysing this outcome.  

For specific AEs (PML, serious infections, serious neoplasms, serious secondary autoimmune 
diseases), only sporadic data were submitted, or no events occurred, so that comparisons 
between the escalation therapies for these outcomes were possible only in isolated cases. 
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Table 5: Matrix of patient-relevant outcomes available for comparisons per drug (multipage table) 
Comparisons Outcomes 

Drug Mortali
ty 

Morbidity QoL Side effects 
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Comparisons with IFN-β 1a 

Alemtuzumab  (●) ● ● ● ● ● x – (●) (●) (●)b x x x x 

Ocrelizumab x x x x x x x x x x x x x x x 

Ozanimod (●) ● ● ● ● ● (●) – (●) (●) (●) (●) (●) (●) – 

Comparisons with placebo 

Cladribine (●) ● ● (●) – – – – x ● (●)b (●) (●) (●) (●) 

Dimethyl fumarate  x x x x x x x – x x x x x x x 

Fingolimod (●) ● ● ● (●) (●) (●) – x ● (●)c (●) x x x 

Teriflunomide  (●) ● ● ● x x – ○ ○ ● (●)c x x x x 

Direct comparisons 

Ofatumumab vs. 
teriflunomide  

(●) ● ● ● ● ● – – – ● ● ● x x x 

Ponesimod vs. 
teriflunomide  

(●) ● ● ● ● ● – ○ ● ● ● ● ● ● x 
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Table 5: Matrix of patient-relevant outcomes available for comparisons per drug (multipage table) 
Comparisons Outcomes 

Drug Mortali
ty 

Morbidity QoL Side effects 
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Natalizumab No studies relevant for the benefit assessment were identified. 

●: Data were sent and are usable. 
(●): Data were submitted and are generally usable but cannot be taken into account in the analyses of the present assessment because (a) no comparison of 

2 drugs is possible, (b) the homogeneity assumption has been violated, or (c) only few events in 1 arm or no events at all on the outcome were present.  
○: Data were submitted but are unusable for the benefit assessment. 
x: No data on the drug were submitted by the manufacturer for the relevant subpopulation. 
–: The outcome was not surveyed. 
a. Surveyed using the T25FW of the MSFC. 
b. Comparison with other drugs not meaningful due to the treatment regime.  
c. Due to very imprecise estimates when considering the placebo-controlled studies in NMAs, the evidence base for the outcome is derived exclusively from the 

results of the direct comparisons. 

AE: adverse event; EDSS: Expanded Disability Status Scale; IFN: interferon; MSFC: Multiple Sclerosis Functional Composite; MSIS: Multiple Sclerosis Impact Scale; 
NMA: network metaanalysis; PML: progressive multifocal leukoencephalopathy; QoL: health-related quality of life; SAE: serious adverse event; T25FW: timed 25-
foot walk 
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4.2.3 Assessment of the risk of bias of the results 

The risk of bias was classified as low across all outcomes for all 10 studies for which additional 
analyses of the relevant subpopulation were submitted. 

The outcome-specific risk of bias was assessed only if a comparison of at least 2 of the drugs 
to be assessed was possible on the basis of the study for 1 outcome. In these cases, the 
outcome-specific risk of bias was assessed for all studies with available results on this 
outcome, irrespective of whether it was decisive for the derivation of the evidence base. 
However, if no comparison with other escalation therapies was possible on the basis of a 
study, the outcome-specific risk of bias was not assessed.  

Based on the data for the relevant subpopulations, the outcome-specific risk of bias of the 
results was assessed as high for the majority of studies and outcomes for which the 
assessment was not foregone. An outcome-specific low risk of bias was found only for the 
results of the studies RADIANCE B (for almost all outcomes except severity of disability and 
walking ability) and OPTIMUM (only for the outcomes of severity of disability and walking 
ability). In all cases, the risk of bias of the results was high because (a) the proportions of 
patients who were excluded from the analyses were high and possibly differential or (b) it 
remains unclear how many patients were included in the analyses over the course of the 
study.  

4.2.4 Results on patient-relevant outcomes 

Results of the tests of homogeneity and consistency assumption 

A test of the homogeneity assumption was possible only for the comparisons for which more 
than 1 study was available. In the present study pool, this was true for the following 
comparisons of different drugs within escalation therapy: fingolimod and teriflunomide (each 
versus placebo) as well as ofatumumab versus teriflunomide. For other comparisons, the 
homogeneity assumption was not tested because only 1 study was available in each case.  

The test of the homogeneity assumption for the preliminary analysis showed substantial 
heterogeneity only for the comparison of teriflunomide versus placebo in pairwise 
metaanalyses, in each case for the outcomes of confirmed relapses (annual relapse rate) and 
discontinuation due to AEs. The possible reasons for heterogeneity were analysed separately 
for each outcome. For both outcomes, the TEMSO study’s placebo arm showed significantly 
higher event rates and frequencies than all other studies in the study pool. Against this 
background, the TEMSO study presumably deviates from the other studies in the study pool 
regarding these outcomes in a manner which cannot be identified on the basis of the available 
characteristics of the relevant subpopulations. For both outcomes, 1 NMA was conducted 
excluding the TEMSO study and 1 NMA excluding the TOWER study. The results of both NMAs 
were then checked for consistency. In the case of qualitatively different results, the NMA 
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excluding the TEMSO study was deemed decisive for the derivation of the evidence base. For 
the outcome of discontinuation due to AEs, however, both NMAs exhibited several very 
imprecise estimates, and therefore, only the results of the direct comparative studies were 
used for this outcome.  

It is impossible to test the consistency assumption in this study pool because there are no 
closed loops. This means that for none of the comparisons of 2 escalation therapies are any 
studies available which simultaneously enable a direct and an indirect comparison of the same 
drugs with each other, or studies which independently enable 2 indirect comparisons of the 
same drugs via different common comparators. 

Potential strength of evidence given the available data 

Direct comparison available 

On the basis of the available data, at most proof of greater or lesser benefit or harm can be 
derived for the direct comparison of 2 drugs. In order to derive proof, the following 
requirements must generally be met: the existence of a metaanalysis of studies of high 
qualitative certainty of results which shows a corresponding statistically significant effect or, 
if a metaanalysis is not feasible, the existence of at least 2 independently conducted studies 
of high qualitative certainty of results which exhibit a statistically significant effect and the 
result of which is not called into question by other studies of comparable certainty of results. 
Accordingly, despite statistically significant effects, a metaanalysis of studies of moderate 
qualitative certainty of results or a single study of high qualitative certainty of results can 
generally provide only an indication [29]. 

No direct comparison available 

If no direct comparison of escalation therapies is available, at most hints of greater or lesser 
benefit or harm can be derived on the basis of the available data. This is because in the 
absence of direct comparisons, it is generally not possible to check the consistency 
assumption. Furthermore, where an indirect comparison is conducted based on only 1 study 
for at least 1 of the 2 compared drugs, no hint can be derived if this 1 study is subject to a high 
risk of bias. 

Time points taken into account 

For the 10 studies for which additional analyses of the relevant subpopulation are available, 
results were reported at Week 96, Week 108, and Month 24. The time periods are deemed 
sufficiently similar to be analysed together.  

Subgroup characteristics and other effect modifiers 

In addition to the results for the relevant subpopulations, subgroup analyses on the 
characteristics of age, sex, severity of disease, definition of highly active disease, and 
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geographical region were also requested from the manufacturers for these populations. For 
studies with IFN-β 1a treatment in the comparator arm, subgroup analyses of prior treatment 
with IFN-β 1a versus other prior therapies were additionally requested. 

Subgroup analyses were submitted by the respective manufacturers for all studies for which 
basic data on the relevant subpopulation were provided. For the characteristics analysed, 
6 interactions were found across all studies and outcomes based on the results of the 
individual studies. These interactions are also evident in the individual studies across different 
characteristics (prior treatment, age, severity as per EDSS, geographical region). Against this 
background, comparative analyses of the outcomes at subgroup level are not meaningful. The 
evidence base is therefore derived at the level of the relevant subpopulations, without taking 
into account subgroup characteristics. 

Summary presentation of the results 

Table 6 shows an overview of the available data for the comparisons of different drugs within 
escalation therapy. A distinction is made between comparisons which are possible on the basis 
of the available study pool and those which are not possible because the available studies do 
not allow a comparison. For comparisons which are possible in principle, it is also stated 
whether data were submitted for the drugs in the comparison or whether results with 
sufficient certainty of results are available for at least 1 of the outcomes in the indirect 
comparison. 
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Table 6: Overview of the available data for the comparisons of different drugs within 
escalation therapy 

Comparison: 
Drug 1 

vs. 
Drug 2 
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Alemtuzumab           

Cladribine –          

Dimethyl 
fumarate 

– x         

Fingolimod – ○ x        

Natalizumab – – – –       

Ocrelizumab x – – – –      

Ofatumumab – ○ x ● – –     

Ozanimod  ○ – – – – x –    

Ponesimod – ○ x ○ – – ● –   

Teriflunomide – ○ x ● – – ●a – ●a  

See Figure 1 for a visual representation of the possible comparisons.  
●: Analyses for comparative purposes are possible on the basis of the available studies; results with sufficient 

certainty are available for at least 1 of the outcomes. 
○: Analyses for comparative purposes are possible on the basis of the available studies; no results of sufficient 

certainty are available for any of the outcomes investigated. 
–: Comparison impossible on the basis of the available studies. 
x: Comparison would be possible on the basis of the available studies but cannot be carried out because no 

data for the relevant subpopulation were provided by the manufacturer for at least 1 drug. 
a. The comparative analyses show favourable or unfavourable effects for 1 of the drugs for at least 

1 outcome. 

 

Table 7 summarizes the results of patient-relevant outcomes for the comparisons which are 
generally possible on the basis of the study pool. The available results of sufficient certainty 
are presented. 
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Table 7: Overview of the results of the patient-relevant outcomes for the comparison of 
different drugs within escalation therapy based on the relevant studies (multipage table) 
Comparisonsa 

Drug 
Outcome, effect measure: effect estimate [95% CI] (first-named vs. second-named 

drug) 

 Direct comparison NMA 

Alemtuzumab vs. 

ocrelizumab –b x 

ozanimod –b –c 

Cladribine vs. 

dimethyl fumarate –b x 

fingolimod –b –c 

ofatumumab –b –c 

ponesimod –b –c 

teriflunomide –b –c 

Dimethyl fumarate vs. 

cladribine –b x 

fingolimod –b x 

ofatumumab –b x 

ponesimod –b x 

teriflunomide –b x 

Fingolimod vs. 

cladribine –b –c 

dimethyl fumarate –b x 

ofatumumab  All-cause mortality 

 –b –d 

  Confirmed relapses (annual relapse rate); rate ratio: 

 –b 1.03 [0.45; 2.39]e / 
2.41 [0.98; 5.93]f 

  Confirmed relapses (patients with confirmed relapse); RR: 

 –b 1.08 [0.55; 2.12] 

  Confirmed disability progression based on the EDSS, confirmed after 24 weeks; HR: 

 –b 2.09 [0.44; 10.00] 

  Severity of disability based on the MSFC, walking ability 

 –b x 

  Visual disturbances, fatigue, health-related quality of life 

 –b –g 

  SAEs, RR: 

 –b 1.83 [0.60; 5.60] 
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Table 7: Overview of the results of the patient-relevant outcomes for the comparison of 
different drugs within escalation therapy based on the relevant studies (multipage table) 
Comparisonsa 

Drug 
Outcome, effect measure: effect estimate [95% CI] (first-named vs. second-named 

drug) 

 Direct comparison NMA 

Fingolimod vs. 

ofatumumab  Discontinuation due to AEs 

 –b –h 

  PML, serious infections, serious neoplasms, serious secondary autoimmune 
diseases 

 –b x 

ponesimod –b –c 

teriflunomide  All-cause mortality 

 –b –d 

  Confirmed relapses (annual relapse rate): 

 –b –i 

  Confirmed relapses (patients with confirmed relapse); RR: 

 –b 0.65 [0.37; 1.17] 

  Confirmed disability progression based on the EDSS, confirmed after 24 weeks; HR: 

 –b 0.98 [0.25; 3.88] 

  Severity of disability based on the MSFC, walking ability 

 –b x 

  Visual disturbances, fatigue, health-related quality of life 

 –b –g 

  SAEs, RR: 

 –b 1.61 [0.60; 4.29] 

  Discontinuation due to AEs 

 –b –h 

  PML, serious infections, serious neoplasms, serious secondary autoimmune 
diseases 

 –b x 

Ocrelizumab vs.  

alemtuzumab –b x 

ozanimod –b x 

Ofatumumab vs. 

cladribine –b –c 

dimethyl fumarate –b x 
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Table 7: Overview of the results of the patient-relevant outcomes for the comparison of 
different drugs within escalation therapy based on the relevant studies (multipage table) 
Comparisonsa 

Drug 
Outcome, effect measure: effect estimate [95% CI] (first-named vs. second-named 

drug) 

 Direct comparison NMA 

Ofatumumab vs. 

fingolimod  All-cause mortality 

 –b –d 

  Confirmed relapses (annual relapse rate); rate ratio: 

 –b 0.97 [0.42; 2.24]e / 
0.41 [0.17; 1.02]f 

  Confirmed relapses (patients with confirmed relapse); RR: 

 –b 0.92 [0.47; 1.81] 

  Confirmed disability progression based on the EDSS, confirmed after 24 weeks; HR: 

 –b 0.48 [0.10; 2.28] 

  Severity of disability based on the MSFC, walking ability 

 –b x 

  Visual disturbances, fatigue, health-related quality of life 

 –b –g 

  SAEs, RR: 

 –b 0.55 [0.18; 1.68] 

  Discontinuation due to AEs 

 –b –h 

  PML, serious infections, serious neoplasms, serious secondary autoimmune 
diseases 

 –b x 

ponesimod  All-cause mortality 

 –b –d 

  Confirmed relapses (annual relapse rate / patients with confirmed relapse), 
confirmed disability progression based on EDSS, confirmed after 24 weeks 

 –b –i 

  Severity of disability based on the MSFC (MSFC z-score), MD 

 –b -0.13 [-0.29; 0.03] 

  Walking ability (T25FW of the MSFC); MD: 

 –b 1.03 [-0.22; 2.28] 

  Visual disturbances, fatigue, health-related quality of life 

 –b –g 

  SAEs, discontinuation due to AEs 

 –b –i 
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Table 7: Overview of the results of the patient-relevant outcomes for the comparison of 
different drugs within escalation therapy based on the relevant studies (multipage table) 
Comparisonsa 

Drug 
Outcome, effect measure: effect estimate [95% CI] (first-named vs. second-named 

drug) 

 Direct comparison NMA 

Ofatumumab vs. 

ponesimod  PML 

 –b –d 

  Serious infections, serious neoplasms, serious secondary autoimmune diseases 

 –b x 

teriflunomide  All-cause mortality 

 –d –d 

  Confirmed relapses (annual relapse rate); rate ratio: 

 0.46 [0.33; 0.64] 0.46 [0.31; 0.68] 

  Confirmed relapses (patients with confirmed relapse); RR: 

 0.61 [0.46; 0.80] 0.60 [0.43; 0.86] 

  Confirmed disability progression based on the EDSS, confirmed after 24 weeks; HR: 

 0.48 [0.27; 0.84] 0.47 [0.22; 0.98] 

  Severity of disability based on the MSFC (MSFC z-score), MD 

 -0.01 [-0.10; 0.07] –j 

  Walking ability (T25FW of the MSFC); MD: 

 0.57 [-0.35; 1.48] –j 

  Visual disturbances, fatigue, health-related quality of life 

 –g –g 

  SAEs, RR: 

 0.88 [0.51; 1.51] 0.88 [0.51; 1.51] 

  Discontinuation due to AEs, RR: 

 0.32 [0.13; 0.78] –k 

  PML 

 –d –d 

  Serious infections, serious neoplasms, serious secondary autoimmune diseases 

 x x 

Ozanimod vs.  

alemtuzumab –b –c 

ocrelizumab –b x 
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Table 7: Overview of the results of the patient-relevant outcomes for the comparison of 
different drugs within escalation therapy based on the relevant studies (multipage table) 
Comparisonsa 

Drug 
Outcome, effect measure: effect estimate [95% CI] (first-named vs. second-named 

drug) 

 Direct comparison NMA 

Ponesimod vs. 

cladribine –b –c 

dimethyl fumarate –b x 

fingolimod –b –c 

ofatumumab  All-cause mortality 

 –b –d 

  Confirmed relapses (annual relapse rate / patients with confirmed relapse), 
confirmed disability progression based on EDSS, confirmed after 24 weeks 

 –b –i 

  Severity of disability based on the MSFC (MSFC z-score), MD 

 –b 0.13 [-0.03; 0.29] 

  Walking ability (T25FW of the MSFC), MD: 

 –b -1.03 [-2.28; 0.22] 

  Visual disturbances, fatigue, health-related quality of life 

 –b –g 

  SAEs, discontinuation due to AEs 

 –b –i 

  PML 

 –b –d 

  Serious infections, serious neoplasms, serious secondary autoimmune diseases 

 –b x 

teriflunomide  All-cause mortality 

 –d –d 

  Confirmed relapses (annual relapse rate); rate ratio: 

 0.45 [0.22; 0.92] 0.45 [0.21; 0.97] 

  Confirmed relapses (patients with confirmed relapse); RR: 

 0.61 [0.35; 1.09] 0.61 [0.32; 1.17] 

  Confirmed disability progression based on the EDSS, confirmed after 24 weeks; HR: 

 0.17 [0.02; 1.34] 0.17 [0.02; 1.47] 

  Severity of disability based on the MSFC (MSFC z-score), MD 

 0.12 [-0.02; 0.25] –j 
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Table 7: Overview of the results of the patient-relevant outcomes for the comparison of 
different drugs within escalation therapy based on the relevant studies (multipage table) 
Comparisonsa 

Drug 
Outcome, effect measure: effect estimate [95% CI] (first-named vs. second-named 

drug) 

 Direct comparison NMA 

Ponesimod vs. 

teriflunomide  Walking ability (T25FW of the MSFC); MD: 

 -0.46 [-1.31; 0.40] –j 

  Vision disorders 

 –g –g 

  Fatigue 

 x –j 

  Health-related quality of life (recorded with the SF-36v2); RR:  

  MCS, improvement by ≥ 10.8 points: 1.58 [0.69; 3.65] 
 PCS, improvement by ≥ 10.05 points: 1.93 [0.40; 9.19] 
 MCS, worsening by ≥ 10.8 points: 0.66 [0.23; 1.94] 
 PCS, worsening by ≥ 10.05 points: 0.30 [0.06; 1.41] 

–j 

  SAEs, RR: 

 1.63 [0.41; 6.44] 1.36 [0.43; 4.33] 

  Discontinuation due to AEs, RR: 

 4.77 [1.06; 21.52] –k 

  PML, serious infections, serious neoplasms 

 –d –d 

  Serious secondary autoimmune diseases 

 x x 

Teriflunomide vs.  

cladribine –b –c 

dimethyl fumarate –b x 

fingolimod  All-cause mortality 

 –b –d 

  Confirmed relapses (annual relapse rate): 

 –b –i 

  Confirmed relapses (patients with confirmed relapse); RR: 

 –b 1.53 [0.86; 2.72] 

  Confirmed disability progression based on the EDSS, confirmed after 24 weeks; HR: 

 –b 1.02 [0.26; 4.06] 

  Severity of the disability based on the MSFC, walking ability 

 –b x 
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Table 7: Overview of the results of the patient-relevant outcomes for the comparison of 
different drugs within escalation therapy based on the relevant studies (multipage table) 
Comparisonsa 

Drug 
Outcome, effect measure: effect estimate [95% CI] (first-named vs. second-named 

drug) 

 Direct comparison NMA 

Teriflunomide vs.  

fingolimod  Visual disturbances, fatigue, health-related quality of life 

 –b –g 

  SAEs, RR: 

 –b 0.62 [0.23; 1.66] 

  Discontinuation due to AEs 

 –b –h 

  PML, serious infections, serious neoplasms, serious secondary autoimmune 
diseases 

 –b x 

ofatumumab  All-cause mortality 

 –d –d 

  Confirmed relapses (annual relapse rate); rate ratio: 

 2.18 [1.57; 3.02] 2.18 [1.48; 3.21] 

  Confirmed relapses (patients with confirmed relapse); RR: 

 1.65 [1.25; 2.18] 1.65 [1.17; 2.34] 

  Confirmed disability progression based on the EDSS, confirmed after 24 weeks; HR: 

 2.08 [1.18; 3.64] 2.14 [1.02; 4.49] 

  Severity of disability based on the MSFC (MSFC z-score), MD 

 0.01 [-0.07; 0.10] –j 

  Walking ability (T25FW of the MSFC); MD: 

 -0.57 [-1.48; 0.35] –j 

  Visual disturbances, fatigue, health-related quality of life 

 –g –g 

  SAEs, RR: 

 1.13 [0.66; 1.94] 1.14 [0.66; 1.95] 

  Discontinuation due to AEs, RR: 

 3.14 [1.29; 7.64] –k 

  PML 

 –d –d 

  Serious infections, serious neoplasms, serious secondary autoimmune diseases 

 x x 
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Table 7: Overview of the results of the patient-relevant outcomes for the comparison of 
different drugs within escalation therapy based on the relevant studies (multipage table) 
Comparisonsa 

Drug 
Outcome, effect measure: effect estimate [95% CI] (first-named vs. second-named 

drug) 

 Direct comparison NMA 

Teriflunomide vs.  

ponesimod  All-cause mortality 

 –d –d 

  Confirmed relapses (annual relapse rate); rate ratio: 

 2.22 [1.09; 4.55] 2.22 [1.03; 4.81] 

  Confirmed relapses (patients with confirmed relapse); RR: 

 1.64 [0.92; 2.86] 1.63 [0.86; 3.11] 

  Confirmed disability progression based on the EDSS, confirmed after 24 weeks; HR: 

 6.02 [0.75; 47.62] 6.02 [0.68; 53.39] 

  Severity of disability based on the MSFC (MSFC z-score), MD 

 -0.12 [-0.25; 0.02] –j 

  Walking ability (T25FW of the MSFC), MD: 

 0.46 [-0.40; 1.31] –j 

  Vision disorders 

 –g –g 

  Fatigue 

 x –j 

  Health-related quality of life (recorded with the SF-36v2); RR:  

  MCS, improvement by ≥ 10.8 points: 0.63 [0.27; 1.45] 
 PCS, improvement by ≥ 10.05 points: 0.52 [0.11; 2.50] 
 MCS, worsening by ≥ 10.8 points: 1.52 [0.52; 4.35] 
 PCS, worsening by ≥ 10.05 points: 3.33 [0.71; 16.67] 

–j 

  SAEs, RR: 

 0.61 [0.16; 2.44] 0.73 [0.23; 2.33] 

  Discontinuation due to AEs, RR: 

 0.21 [0.05; 0.94] –k 

  PML, serious infections, serious neoplasms 

 –d –d 

  Serious secondary autoimmune diseases 

 x x 

Statistically significant differences are shown in bold . 
–: No hint of greater or lesser benefit or harm 
x: A comparison of the drugs is impossible because for at least 1 drug, no data for the relevant subpopulation 

were provided by the manufacturer. 
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Table 7: Overview of the results of the patient-relevant outcomes for the comparison of 
different drugs within escalation therapy based on the relevant studies (multipage table) 
Comparisonsa 

Drug 
Outcome, effect measure: effect estimate [95% CI] (first-named vs. second-named 

drug) 

 Direct comparison NMA 

a. Effects are specified for both directions and are therefore listed twice. 
b. No directly comparative studies were identified. 
c. In the indirect comparison, sufficient certainty of results is not available for any of the analysed outcomes. 

Therefore, the results for the individual outcomes are not summarized for the comparison (see Table 9 for 
detailed information on the outcomes for which data were available for the comparison). 

d. A comparison is not possible or cannot be meaningfully interpreted because events for this outcome 
occurred only sporadically in the studies or only in 1 study arm.  

e. Results of the NMA excluding the TEMSO study. 
f. Results of the NMA excluding the TOWER study. 
g. No data on the outcome were collected or no usable data on the outcome are available for at least 1 of the 

drugs in the comparison. 
h. No valid conclusions on the comparison of escalation therapies can be drawn on the basis of the NMAs. 
i. There is insufficient certainty of results in the indirect comparison. Therefore, the results for the outcome(s) 

are not presented. 
j. No NMA was possible for the outcome based on the available data.  
k. Due to very imprecise estimates when taking into account the placebo-controlled studies in NMAs, the 

evidence base for the outcome is derived exclusively from the results of the direct comparisons. 

AE: adverse event; CI: confidence interval; EDSS: Expanded Disability Status Scale; HR: hazard ratio; MCS: 
Mental Component Summary; MD: mean difference; MSFC: Multiple Sclerosis Functional Composite; NMA: 
network metaanalysis; PCS: Physical Component Summary; PML: progressive multifocal 
leukoencephalopathy; RR: relative risk; SAE: serious adverse event; SF-36v2: Short Form 36 Health Survey, 
version 2; T25FW: timed 25-foot walk 

 

Favourable and unfavourable effects for the comparison of different drugs within 
escalation therapy (research question 4)  

For the comparison of different drugs within escalation therapy, Table 8 shows for which 
outcomes favourable or unfavourable effects were present on the basis of which conclusions 
were derived for greater or lesser benefit or harm. 
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Table 8: Comparison of different drugs within escalation therapy, favourable and 
unfavourable effects related to patient-relevant outcomes (multipage table) 
Comparisonsa 

Drug 
Outcome, effect measure: effect estimate [95% CI] (drug listed first vs. drug listed 

second) 

In favour of the drug listed first To the disadvantage of the drug listed 
first 

Direct comparison NMA Direct comparison NMA 

Alemtuzumab vs. 

cladribine – – 

dimethyl fumarate – – 

fingolimod – – 

natalizumab – – 

ocrelizumab x x 

ofatumumab – – 

ozanimod –b –b 

ponesimod – – 

teriflunomide – – 

Cladribine vs. 

alemtuzumab – – 

dimethyl fumarate x x 

fingolimod –b –b 

natalizumab – – 

ocrelizumab – – 

ofatumumab –b –b 

ozanimod – – 

ponesimod –b –b 

teriflunomide –b –b 

Dimethyl fumarate vs. 

alemtuzumab – – 

cladribine x x 

fingolimod x x 

natalizumab – – 

ocrelizumab – – 

ofatumumab x x 

ozanimod – – 

ponesimod x x 

teriflunomide x x 
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Table 8: Comparison of different drugs within escalation therapy, favourable and 
unfavourable effects related to patient-relevant outcomes (multipage table) 
Comparisonsa 

Drug 
Outcome, effect measure: effect estimate [95% CI] (drug listed first vs. drug listed 

second) 

In favour of the drug listed first To the disadvantage of the drug listed 
first 

Direct comparison NMA Direct comparison NMA 

Fingolimod vs. 

alemtuzumab – – 

cladribine –b –b 

dimethyl fumarate x x 

natalizumab – – 

ocrelizumab – – 

ofatumumabc –b –b 

ozanimod – – 

ponesimod –b –b 

teriflunomidec –b –b 

Natalizumab vs.   

alemtuzumab – – 

cladribine – – 

dimethyl fumarate – – 

fingolimod – – 

ocrelizumab – – 

ofatumumab – – 

ozanimod – – 

ponesimod – – 

teriflunomide – – 

Ocrelizumab vs.   

alemtuzumab x x 

cladribine – – 

dimethyl fumarate – – 

fingolimod – – 

natalizumab – – 

ofatumumab – – 

ozanimod x x 

ponesimod – – 

teriflunomide – – 



Extract of final report A20-60 Version 1.0 
Multiple sclerosis 30 August 2023 

Institute for Quality and Efficiency in Health Care (IQWiG) - 39 - 

Table 8: Comparison of different drugs within escalation therapy, favourable and 
unfavourable effects related to patient-relevant outcomes (multipage table) 
Comparisonsa 

Drug 
Outcome, effect measure: effect estimate [95% CI] (drug listed first vs. drug listed 

second) 

In favour of the drug listed first To the disadvantage of the drug listed 
first 

Direct comparison NMA Direct comparison NMA 

Ofatumumab vs. 

alemtuzumab – – 

cladribine –b –b 

dimethyl fumarate x x 

fingolimodc –b –b 

natalizumab – – 

ocrelizumab – – 

ozanimod – – 

ponesimodc –b –b 

teriflunomided  Confirmed relapses (annual relapse 
rate); rate ratio: 

–f 

 0.46 [0.33; 0.64] 0.46 [0.31; 0.68]   

  Confirmed relapses (patients with 
confirmed relapse); RR: 

  

 0.61 [0.46; 0.80] 0.60 [0.43; 0.86]   

  Confirmed disability progression based 
on the EDSS, confirmed after 24 weeks; 
HR: 

  

 0.48 [0.27; 0.84] 0.47 [0.22; 0.98]   

  Discontinuation due to AEs, RR:   

 0.32 [0.13; 0.78] –e   

Ozanimod vs.   

alemtuzumab –b –b 

cladribine – – 

dimethyl fumarate – – 

fingolimod – – 

natalizumab – – 

ocrelizumab x x 

ofatumumab – – 

ponesimod – – 

teriflunomide – – 
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Table 8: Comparison of different drugs within escalation therapy, favourable and 
unfavourable effects related to patient-relevant outcomes (multipage table) 
Comparisonsa 

Drug 
Outcome, effect measure: effect estimate [95% CI] (drug listed first vs. drug listed 

second) 

In favour of the drug listed first To the disadvantage of the drug listed 
first 

Direct comparison NMA Direct comparison NMA 

Ponesimod vs. 

alemtuzumab – – 

cladribine –b –b 

dimethyl fumarate x x 

fingolimod –b –b 

natalizumab – – 

ocrelizumab – – 

ofatumumabc –b –b 

ozanimod – – 

teriflunomided  Confirmed relapses (annual relapse 
rate); rate ratio: 

 Discontinuation due to AEs, RR: 

 0.45 [0.22; 0.92] 0.45 [0.21; 0.97] 4.77 [1.06; 21.52] –e 

Teriflunomide vs.  

alemtuzumab – – 

cladribine –b –b 

dimethyl fumarate x x 

fingolimodc –b –b 

natalizumab – – 

ocrelizumab – – 

ofatumumabd –g  Confirmed relapses (annual relapse 
rate); rate ratio: 

   2.18 [1.57; 3.02] 2.18 [1.48; 3.21] 

    Confirmed relapses (patients with 
confirmed relapse); RR: 

   1.65 [1.25; 2.18] 1.65 [1.17; 2.34] 

    Confirmed disability progression based 
on the EDSS, confirmed after 24 weeks; 
HR: 

   2.08 [1.18; 3.64] 2.14 [1.02; 4.49] 

    Discontinuation due to AEs, RR:  

   3.14 [1.29; 7.64] –f 

ozanimod – – 

ponesimodd  Discontinuation due to AEs, RR:  Confirmed relapses (annual relapse 
rate); rate ratio: 

 0.21 [0.05; 0.94] –e 2.22 [1.09; 4.55] 2.22 [1.03; 4.81] 
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Table 8: Comparison of different drugs within escalation therapy, favourable and 
unfavourable effects related to patient-relevant outcomes (multipage table) 
Comparisonsa 

Drug 
Outcome, effect measure: effect estimate [95% CI] (drug listed first vs. drug listed 

second) 

In favour of the drug listed first To the disadvantage of the drug listed 
first 

Direct comparison NMA Direct comparison NMA 

-: No hint of greater or lesser benefit or harm; unless otherwise stated, this is due to the fact that a 
comparison between the drugs is impossible because no relevant study was identified for at least 1 drug 
or no common comparator is available for an indirect comparison. 

x: A comparison of the drugs is impossible because for at least 1 drug, no data for the relevant subpopulation 
were provided by the manufacturer. 

a. Effects are specified for both directions and are therefore listed twice. 
b. A comparison of the drugs is possible for individual outcomes because data on both drugs are available for 

1 or more outcomes; however, based on the available data, there is no hint of greater or lesser benefit or 
harm from 1 of the drugs (Table 9 shows the outcomes for which data are available). 

c. For this drug comparison, data were available for some outcomes and there was sufficient certainty of 
results in the indirect comparison. There were no statistically significant differences in favour or to the 
disadvantage of any of the drugs (for detailed results, see Table 7).  

d. For this drug comparison, data from the direct comparison were available on other outcomes. There were 
no further statistically significant differences in favour or to the disadvantage of 1 of the drugs (for 
detailed results, see Table 7). 

e. Due to very imprecise estimates when taking into account the placebo-controlled studies in NMAs, the 
evidence base for the outcome is derived exclusively from the results of the direct comparisons. 

f. Based on the available data comparing the drugs, there are no differences in favour of the first-mentioned 
drug. 

g. Based on the available data comparing the drugs, there are no differences in favour of the first-mentioned 
drug. 

AE: adverse event; CI: confidence interval; EDSS: Expanded Disability Status Scale; HR: hazard ratio; NMA: 
network metaanalysis; RR: relative risk 

 

For the comparison within escalation therapy, the available data allow deriving favourable and 
unfavourable effects only for direct comparisons between the different drugs. Favourable 
effects were found for ofatumumab versus teriflunomide for the outcomes of confirmed 
relapses (annual relapse rate and patients with confirmed relapse), confirmed disability 
progression based on the EDSS, and discontinuation due to AEs, for ponesimod versus 
teriflunomide for the outcome of confirmed relapses (annual relapse rate), and for 
teriflunomide versus ponesimod for the outcome of discontinuation due to AEs. For all other 
outcomes, the direct comparisons showed neither favourable nor unfavourable effects 
between the escalation therapies. 

Based on the available data, greater benefit of a drug compared to other escalation therapies 
cannot be proven from indirect comparisons. However, this is not proof of equivalence of the 
compared therapies. The available data from indirect comparisons are unsuitable for ruling 
out an advantage or disadvantage of individual therapies. This is due in particular to the 
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insufficient data available for the indirect comparisons in the present study pool. In addition, 
the effect estimates are imprecise in many cases. In indirect comparisons, the drugs and 
common comparators are furthermore not always linked via at least 2 studies, but in some 
cases only via 1 study with a high risk of bias. The certainty of results for these indirect 
comparisons is therefore insufficient, so that no hint, e.g. of a higher benefit, can be derived 
from the available data. 

4.2.5 Overall evaluation of results 

Evidence map 

The following Table 9 shows the evidence map regarding patient-relevant outcomes. 



Extract of final report A20-60 Version 1.0 
Multiple sclerosis 30 August 2023 

Institute for Quality and Efficiency in Health Care (IQWiG) - 43 - 

Table 9: Evidence map regarding patient-relevant outcomes (multipage table) 
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Alemtuzumab vs.  

cladribine – – – – – – – – – – – – – – – 

dimethyl 
fumarate 

– – – – – – – – – – – – – – – 

fingolimod – – – – – – – – – – – – – – – 

natalizumab – – – – – – – – – – – – – – – 

ocrelizumab x x x x x x x – x x x x x x x 

ofatumumab – – – – – – – – – – – – – – – 

ozanimod –a –b –b –b –b –b x – –c –a –c x x x – 

ponesimod – – – – – – – – – – – – – – – 

teriflunomide – – – – – – – – – – – – – – – 
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Table 9: Evidence map regarding patient-relevant outcomes (multipage table) 
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Cladribine vs.  

alemtuzumab – – – – – – – – – – – – – – – 

dimethyl 
fumarate 

x x x x – – – – x x x x x x x 

fingolimod –a –b –b –a – – – – x –b –c –a x x x 

natalizumab – – – – – – – – – – – – – – – 

ocrelizumab – – – – – – – – – – – – – – – 

ofatumumab –a –b –b –a – – – – – –b –c x x x x 

ozanimod – – – – – – – – – – – – – – – 

ponesimod –a –b –b –a – – – – – –b –c x x x x 

teriflunomide –a –b –b –a – – – – – –b –c x x x x 
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Table 9: Evidence map regarding patient-relevant outcomes (multipage table) 
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Dimethyl fumarate vs. 

alemtuzumab – – – – – – – – – – – – – – – 

cladribine x x x x – – – – x x x x x x x 

fingolimod x x x x x x x – x x x x x x x 

natalizumab – – – – – – – – – – – – – – – 

ocrelizumab – – – – – – – – – – – – – – – 

ofatumumab x x x x x x – – – x x x x x x 

ozanimod – – – – – – – – – – – – – – – 

ponesimod x x x x x x – – x x x x x x x 

teriflunomide x x x x x x – – x x x x x x x 
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Table 9: Evidence map regarding patient-relevant outcomes (multipage table) 
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Fingolimod vs.  

alemtuzumab – – – – – – – – – – – – – – – 

cladribine –a –b –b –a – – – – x –b –c –a x x x 

dimethyl 
fumarate 

x x x x x x x – x x x x x x x 

natalizumab – – – – – – – – – – – – – – – 

ocrelizumab – – – – – – – – – – – – – – – 

ofatumumab –a (⇔) ⇔ (⇔) x x – – – ⇔ –d x x x x 

ozanimod – – – – – – – – – – – – – – – 

ponesimod –a –b –b –b x x – – – –b –d x x x x 

teriflunomide –a –b ⇔ (⇔) x x – – – ⇔ –d x x x x 
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Table 9: Evidence map regarding patient-relevant outcomes (multipage table) 
 Outcomes 

 Mortali
ty 

Morbidity QoL Side effects 

Comparison Al
l-c

au
se

 m
or

ta
lit

y 

Co
nf

irm
ed

 re
la

ps
es

 (a
nn

ua
l r

el
ap

se
 

ra
te

) 

Co
nf

irm
ed

 re
la

ps
es

 (p
at

ie
nt

s w
ith

 
co

nf
irm

ed
 re

la
ps

e)
 

Co
nf

irm
ed

 d
is

ab
ili

ty
 p

ro
gr

es
si

on
 

ba
se

d 
on

 th
e 

ED
SS

, c
on

fir
m

ed
 a

ft
er

 
24

 w
ee

ks
 

Se
ve

rit
y 

of
 th

e 
di

sa
bi

lit
y 

ba
se

d 
on

 
th

e 
M

SF
C 

W
al

ki
ng

 a
bi

lit
y 

 

Vi
si

on
 d

is
or

de
rs

 

Fa
tig

ue
 

He
al

th
-r

el
at

ed
 q

ua
lit

y 
of

 li
fe

 

SA
Es

 

Di
sc

on
tin

ua
tio

n 
du

e 
to

 A
Es

 

PM
L 

Se
rio

us
 in

fe
ct

io
ns

  

Se
rio

us
 n

eo
pl

as
m

s  

Se
rio

us
 se

co
nd

ar
y 

au
to

im
m

un
e 

di
se

as
es

  

Natalizumab vs.  

alemtuzumab – – – – – – – – – – – – – – – 

cladribine – – – – – – – – – – – – – – – 

dimethyl 
fumarate 

– – – – – – – – – – – – – – – 

fingolimod – – – – – – – – – – – – – – – 

ocrelizumab – – – – – – – – – – – – – – – 

ofatumumab – – – – – – – – – – – – – – – 

ozanimod – – – – – – – – – – – – – – – 

ponesimod – – – – – – – – – – – – – – – 

teriflunomide – – – – – – – – – – – – – – – 
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Table 9: Evidence map regarding patient-relevant outcomes (multipage table) 
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Ocrelizumab vs.  

alemtuzumab x x x x x x x – x x x x x x x 

cladribine – – – – – – – – – – – – – – – 

dimethyl 
fumarate 

– – – – – – – – – – – – – – – 

fingolimod – – – – – – – – – – – – – – – 

natalizumab – – – – – – – – – – – – – – – 

ofatumumab – – – – – – – – – – – – – – – 

ozanimod x x x x x x x – x x x x x x – 

ponesimod – – – – – – – – – – – – – – – 

teriflunomide – – – – – – – – – – – – – – – 
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Table 9: Evidence map regarding patient-relevant outcomes (multipage table) 
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Ofatumumab vs.  

alemtuzumab – – – – – – – – – – – – – – – 

cladribine –a –b –b –a – – – – – –b –c x x x x 

dimethyl 
fumarate 

x x x x x x – – – x x x x x x 

fingolimod –a (⇔) ⇔ (⇔) x x – – – ⇔ –d x x x x 

natalizumab – – – – – – – – – – – – – – – 

ocrelizumab – – – – – – – – – – – – – – – 

ozanimod – – – – – – – – – – – – – – – 

ponesimod –a –b –b –b ⇔ ⇔ – – – –b –b –a x x x 

teriflunomide –a ⇑ ⇑ ⇑ ⇔ ⇔ – – – ⇔ ⇑ –a x x x 
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Table 9: Evidence map regarding patient-relevant outcomes (multipage table) 
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Ozanimod vs.  

alemtuzumab –a –b –b –b –b –b x – –c –a –c x x x – 

cladribine – – – – – – – – – – – – – – – 

dimethyl 
fumarate 

– – – – – – – – – – – – – – – 

fingolimod – – – – – – – – – – – – – – – 

natalizumab – – – – – – – – – – – – – – – 

ocrelizumab x x x x x x x – x x x x x x – 

ofatumumab – – – – – – – – – – – – – – – 

ponesimod – – – – – – – – – – – – – – – 

teriflunomide – – – – – – – – – – – – – – – 
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Table 9: Evidence map regarding patient-relevant outcomes (multipage table) 
 Outcomes 

 Mortali
ty 

Morbidity QoL Side effects 

Comparison Al
l-c

au
se

 m
or

ta
lit

y 

Co
nf

irm
ed

 re
la

ps
es

 (a
nn

ua
l r

el
ap

se
 

ra
te

) 

Co
nf

irm
ed

 re
la

ps
es

 (p
at

ie
nt

s w
ith

 
co

nf
irm

ed
 re

la
ps

e)
 

Co
nf

irm
ed

 d
is

ab
ili

ty
 p

ro
gr

es
si

on
 

ba
se

d 
on

 th
e 

ED
SS

, c
on

fir
m

ed
 a

ft
er

 
24

 w
ee

ks
 

Se
ve

rit
y 

of
 th

e 
di

sa
bi

lit
y 

ba
se

d 
on

 
th

e 
M

SF
C 

W
al

ki
ng

 a
bi

lit
y 

 

Vi
si

on
 d

is
or

de
rs

 

Fa
tig

ue
 

He
al

th
-r

el
at

ed
 q

ua
lit

y 
of

 li
fe

 

SA
Es

 

Di
sc

on
tin

ua
tio

n 
du

e 
to

 A
Es

 

PM
L 

Se
rio

us
 in

fe
ct

io
ns

  

Se
rio

us
 n

eo
pl

as
m

s  

Se
rio

us
 se

co
nd

ar
y 

au
to

im
m

un
e 

di
se

as
es

  

Ponesimod vs.  

alemtuzumab – – – – – – – – – – – – – – – 

cladribine –a –b –b –a – – – – – –b –c x x x x 

dimethyl 
fumarate 

x x x x x x – – x x x x x x x 

fingolimod –a –b –b –b x x – – – –b –d x x x x 

natalizumab – – – – – – – – – – – – – – – 

ocrelizumab – – – – – – – – – – – – – – – 

ofatumumab –a –b –b –b ⇔ ⇔ – – – –b –b –a x x x 

ozanimod – – – – – – – – – – – – – – – 

teriflunomide –a ⇗ ⇔ ⇔ ⇔ ⇔ – x ⇔ (⇔) ⇘ –a –a –a x 
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Table 9: Evidence map regarding patient-relevant outcomes (multipage table) 
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Teriflunomide vs.  

alemtuzumab – – – – – – – – – – – – – – – 

cladribine –a –b –b –a – – – – – –b –c x x x x 

dimethyl 
fumarate 

x x x x x x – – x x x x x x x 

fingolimod –a –b ⇔ (⇔) x x – – – ⇔ –d x x x x 

natalizumab – – – – – – – – – – – – – – – 

ocrelizumab – – – – – – – – – – – – – – – 

ofatumumab –a ⇓ ⇓ ⇓ ⇔ ⇔ – – – ⇔ ⇓ –a x x x 

ozanimod – – – – – – – – – – – – – – – 

ponesimod –a ⇘ ⇔ ⇔ ⇔ ⇔ – x ⇔ (⇔) ⇗ –a –a –a x 
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Table 9: Evidence map regarding patient-relevant outcomes (multipage table) 
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⇧: Indication of (greater) benefit or indication of lesser harm 
⇓: Indication of lesser benefit or indication of (greater) harm 
⇗: Hint of (greater) benefit or hint of lesser harm 
⇘: Hint of lesser benefit or hint of (greater) harm 
⇔: No hint, indication, or proof 
(⇔): No hint, indication, or proof; the 95% confidence interval for the relative effect is so imprecise that neither halving nor doubling of the effect can be ruled out 
–: A comparison of the drugs is impossible because the available studies do not allow a comparison of the drugs or no outcome was recorded or no usable data are 

available for at least 1 drug. There is no hint, indication, or proof of (greater) benefit or lesser harm. 
x: In principle, a comparison of the drugs would be possible on the basis of the available data, but it cannot be carried out because regarding this outcome, no data 

for the relevant subpopulation were provided by the manufacturer for at least 1 drug. 
a. A comparison is not possible or cannot be meaningfully interpreted because in the studies, events for this outcome occurred only sporadically or only in 1 study 

arm.  
b. The certainty of results is insufficient for the indirect comparison, so that no hint, e.g. of greater benefit, can be derived from the available data. 
c. The available analyses are not deemed to be comparable. 
d. No valid conclusions on the comparison of escalation therapies can be derived on the basis of the NMAs. 
AE: adverse event; EDSS: Expanded Disability Status Scale; MSFC: Multiple Sclerosis Functional Composite; NMA: network metaanalysis; PML: progressive multifocal 
leukoencephalopathy; QoL: health-related quality of life; SAE: serious adverse event; T25FW: timed 25-foot walk 
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Assessment of the volume of unpublished data 

The present report is based mainly on unpublished data because an assessment of the benefits 
and harms of the various escalation therapies for the population of the present assessment as 
commissioned by the G-BA (patients with highly active RRMS who have received complete 
and adequate prior treatment with at least 1 disease-modifying therapy) was possible only on 
the basis of additional analyses. Since the relevant studies identified for the present 
assessment were all sponsored by pharmaceutical companies, manufacturers were asked for 
additional analyses. The manufacturers provided them for the majority of the 14 relevant 
studies.  

No additional analyses were submitted by the manufacturers for the relevant studies on 
dimethyl fumarate and ocrelizumab (2 studies each). For these 2 drugs, the present 
assessment can therefore draw no conclusions on greater benefit or harm from the analyses 
conducted. Overall, this means that previously unpublished results from manufacturer queries 
are available for the present assessment from 10 studies on 7 drugs. In addition to these 
studies, studies without reported results were identified for individual drugs. These are all 
ongoing studies for which no results have yet been reported. It is unclear to what extent these 
studies enrolled patients who correspond to the population of the present assessment as 
commissioned by the G-BA. Further, the majority of these studies investigate only new drugs 
for the treatment of MS in comparison with teriflunomide. The study arms investigating the 
new drugs, however, do not represent a suitable common comparator in the present study 
pool. 

Weighing of benefits versus harms 

Based on the available data, greater or lesser benefit or harm can be derived only from the 
direct comparisons of the escalation therapies. For the majority of the other comparisons, 
data are either completely missing or were not provided by the responsible manufacturers. In 
some cases, relevant outcomes were not recorded in individual studies, or no advantages or 
disadvantages were found between the investigated drugs. 

The available direct comparative studies on the basis of which greater or lesser benefit or 
harm can be derived include the comparisons of ofatumumab and ponesimod, each versus 
teriflunomide. This results in greater benefit or lesser harm for each of the following 
outcomes: 

 Indication of greater benefit or lesser harm from ofatumumab compared to 
teriflunomide: 

 confirmed relapses (annual relapse rate / patients with confirmed relapse) 

 confirmed disability progression surveyed by the EDSS 
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 discontinuation due to AEs 

 Hint of greater benefit of ponesimod in comparison with teriflunomide: 

 confirmed relapses (annual relapse rate): 

 Hint of lesser harm from teriflunomide compared to ponesimod: 

 discontinuation due to AEs 

For the comparison of ofatumumab versus teriflunomide, there are indications of greater 
benefit for the outcomes of confirmed relapses and confirmed disability progression based on 
the EDSS. In contrast, there was no statistically significant difference for the outcome of 
severity of disability based on the MSFC or the components included in the MSFC. The greater 
benefit of ofatumumab with regard to this outcome is therefore based exclusively on aspects 
of disability, surveyed with the EDSS. No additional analyses were submitted for the 
comparison of ofatumumab versus teriflunomide regarding the outcomes of serious 
infections, serious neoplasms, or serious secondary autoimmune diseases. However, based 
on the data on the total populations of the ASCLEPIOS I and II studies and the analyses 
submitted on AEs overall (i.e. serious and non-serious), only isolated events presumably 
occurred for these outcomes. It is therefore not plausible for differences to exist to the 
disadvantage of ofatumumab compared to teriflunomide which would call into question the 
observed advantages. Altogether, this results in an indication of greater benefit of 
ofatumumab in comparison with teriflunomide in escalation therapy. 

For the comparison of ponesimod versus teriflunomide, there is both a hint of greater benefit 
of ponesimod and a hint of greater harm from ponesimod. Ponesimod showed greater benefit 
for the operationalization of annual relapse rate in the outcome of confirmed relapses. In the 
operationalization of patients with confirmed relapse, the effect estimate pointed in the same 
direction, although no hint of greater benefit resulted there. For the outcome of 
discontinuation due to AEs, there was a disadvantage of ponesimod compared to 
teriflunomide, but few events occurred for this outcome. The results for this outcome do not 
call into question the benefit of ponesimod for the outcome of confirmed relapses (annual 
relapse rate). Unlike in the comparison of ofatumumab versus teriflunomide, in the 
comparison of ponesimod versus teriflunomide, data are also available for the majority of 
specific serious AEs, although only isolated events occurred. Overall, this results in a hint of 
greater benefit of ponesimod in comparison with teriflunomide in escalation therapy. 

4.3 Comparison of the treatment strategies of escalation therapy versus basic therapy 
(research question 1) 

For research question 1, 4 studies are available in which escalation therapy is compared with 
IFN-β 1a: CARE-MS II (alemtuzumab versus IFN-β 1a), RADIANCE B (ozanimod versus IFN-
β 1a), and OPERA I and OPERA II (each ocrelizumab versus IFN-β 1a). As described in 
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Section 4.1, no analyses of the relevant subpopulations of the OPERA I and II studies were 
submitted by the manufacturer of ocrelizumab. Thus, only analyses of the CARE-MS II and 
RADIANCE B studies are available for research question 1. Furthermore, the studies 
comparing ofatumumab or ponesimod versus teriflunomide can also be taken into account as 
a comparison of escalation therapy versus basic therapy. In the present assessment, these 
studies are included as direct comparisons of escalation therapies because their application in 
this therapeutic situation is covered by the approval of teriflunomide. 

In order to investigate the benefit of escalation therapy compared to the continuation of 
treatment with basic therapeutics, subgroup analyses were requested from the 
manufacturers for the studies comparing IFN-β 1a regarding the characteristic of prior 
treatment with IFN-β 1a versus other prior therapies. Decisive for research question 1 are the 
results for the subgroup in which a switch to a different basic therapy took place at the start 
of the study, in this case a switch from another prior therapy to IFN-β 1a.  

The relevant subpopulation in the study comparing ozanimod versus IFN-β 1a (RADIANCE B) 
is of much smaller size than in the study comparing alemtuzumab versus IFN-β 1a (CARE-
MS II). Meaningful data on research question 1 are therefore available only from the CARE-
MS II study. For this study, only 1 outcome showed an effect modification by the characteristic 
of prior therapy. The results for the subgroup "prior therapies other than IFN-β 1a" are 
therefore not presented. The overall picture of all outcomes for which results are available 
shows superiority of escalation to alemtuzumab compared to switching to the basic therapy 
IFN-β 1a, despite an observed effect modification for 1 outcome. On the basis of the available 
analyses, no conclusions can be drawn for other escalation therapeutics. 

4.4 Research questions on escalation therapies with the possibility of deescalation 
(questions 2 and 3) 

No relevant studies were identified for the following research questions of the present benefit 
assessment: 

 Research question 2: escalation therapy with the possibility of deescalation versus basic 
therapy 

 Research question 3: escalation therapy versus escalation therapy with the possibility of 
deescalation 

For these two care-relevant questions, it therefore remains unclear whether there is an 
advantage for one of the treatment strategies mentioned or, within one of the treatment 
strategies, for one of the drugs investigated. 
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5 Classification of the assessment result 

This benefit assessment is the first investigation comparing the drugs approved until 2021 
within escalation therapy in patients with highly active RRMS who have received complete 
and adequate prior treatment with at least 1 disease-modifying therapy. A central result of 
this investigation is that there is a substantial lack of study data for the research questions of 
this benefit assessment. This is due to the fact that (a) only a few direct comparative studies 
are available and indirect comparisons are possible only to a limited extent based on the 
available studies, and (b) no studies at all were carried out on individual care-related research 
questions.  

All studies relevant for the present report also included other patient groups (in particular 
patients who had not received prior treatment). In each case, it was therefore necessary to 
analyse a subpopulation via additional analyses. These analyses were requested from the 
respective responsible manufacturers, and most, but not all, were provided. 

The present assessment had the most comprehensive data available for the comparison of 
the drugs with each other within escalation therapy (research question 4), although the 
amount of available data for the individual drugs differed to a relevant extent. For the drug 
natalizumab, no relevant studies were found which investigated the patient population of the 
present assessment and thus that of the main therapeutic indication of natalizumab. For the 
relevant studies on the drugs dimethyl fumarate and ocrelizumab, the manufacturers did not 
submit any analyses of the relevant subpopulations for the present assessment. 
Consequently, results comparing the escalation therapies with each other are generally 
available for only 7 of the 10 drugs in this assessment.  

In addition, the studies for which analyses were generally submitted suffered from data 
collection gaps in that some patient-relevant outcomes were not in all cases included in the 
study design. This applies in particular to the patient-reported outcomes of visual impairment, 
fatigue, and health-related quality of life. For these outcomes, only limited comparisons of 
individual drugs were possible on the basis of the study pool. In view of the high patient 
relevance of investigations on these outcomes, which also became evident during the hearing 
on the preliminary report, patient-reported outcomes on symptoms and health-related 
quality of life must in future be included in the study protocol in this therapeutic indication. 

For the majority of the studies, the relevant subpopulations furthermore comprise between 
4% and 30% of the individual study arms’ original total population. These studies investigated 
a broad range of patients: patients with or without prior treatment as well as patients with or 
without highly active disease. In about half of the studies analysed, the present research 
question is therefore informed by less than 10% of the study population.  
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The results of the information retrieval for the present benefit assessment show that virtually 
no directly comparative studies on the various escalation therapeutics are available, and after 
marketing authorization has been granted, they are apparently not to be expected either from 
the manufacturers. This applies, firstly, in general to the present population of patients with 
high disease activity despite receiving prior treatment. Secondly, no studies at all are available 
on the research questions of targeted deescalation of treatment after initial escalation, which 
are important for patients. The fact that studies on this are of particular patient relevance to 
also became clear during the hearing on the preliminary report. From the patient perspective, 
relevant research gaps identified through the present benefit assessment exist not only for 
patient-reported outcomes, but also for research questions related to targeted deescalation. 
In addition, long-term observations from the patient perspective would be necessary. 

The present assessment emphasizes the need for comparative studies with high certainty of 
results to inform the care of the patient population investigated in this assessment. One way 
of generating the evidence required for healthcare provision is through pragmatic, particularly 
registry-based RCTs, which can be used to address both proximity to care and certainty of 
results. It therefore seems crucial to improve the necessary framework conditions for 
conducting such register-based RCTs in Germany. The hearing on the preliminary report 
revealed that there are currently various obstacles to conducting such studies in Germany, 
not only regarding the financing of the often expensive study medication. In view of the needs 
of those affected, the deliberations on a Registry Act which are ongoing at the time of this 
assessment should be viewed favourably. As a further approach to addressing the research 
gaps, the idea of implementing a pragmatic RCT on deescalation in the MS registry of the 
German Multiple Sclerosis Society (DMSG) with the help of joint pool funding from the 
industry was formulated as part of the scientific discussion on the preliminary report. In view 
of the research gaps identified for the investigation of the research questions at hand and the 
particular importance of studies on research questions regarding deescalation, this approach 
as well should be further pursued. 
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6 Conclusion 

Comparison of the treatment strategies of escalation therapy versus basic therapy 
(research question 1) 

For research question 1, meaningful data are available from only 1 study which compares 
escalation therapy with alemtuzumab versus interferon-beta 1a. The results for patients who 
switched from another basic therapy to interferon-beta 1a at the start of the study are 
decisive for answering the research question. The overall analysis of all outcomes for which 
results are available shows superiority of escalation to alemtuzumab versus switching to the 
basic therapy of IFN-β 1a. On the basis of the available data, no conclusions can be drawn for 
other escalation therapeutics. 

Research questions on escalation therapies with the possibility of deescalation (questions 
2 and 3) 

No relevant studies were identified for the following research questions of the present benefit 
assessment: 

 Research question 2: escalation therapy with the possibility of deescalation versus basic 
therapy 

 Research question 3: escalation therapy versus escalation therapy with the possibility of 
deescalation 

For these 2 care-relevant research questions, it therefore remains unclear whether there is an 
advantage for one of the treatment strategies mentioned or, within one of the treatment 
strategies, for one of the drugs investigated. 

Comparison of different drugs within a treatment strategy (research question 4) 

Based on the available data, a comparison of different drugs within a treatment strategy was 
possible only for escalation therapy. Within escalation therapy, study data were available on 
the drugs alemtuzumab, cladribine, fingolimod, ofatumumab, ozanimod, ponesimod, and 
teriflunomide. For the drugs dimethyl fumarate and ocrelizumab, the manufacturers 
submitted no data for the present assessment. No relevant studies were identified for the 
drug natalizumab.  

Direct comparative studies were available for the drugs ofatumumab and ponesimod, each in 
comparison with teriflunomide. Based on the available data, greater or lesser benefit or harm 
can be derived only from the direct comparisons of the escalation therapies. For the majority 
of the other comparisons, data are either completely missing or were not provided by the 
responsible manufacturers. In some cases, relevant outcomes were not recorded in individual 
studies, or no advantages or disadvantages were found between the investigated drugs. 
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For the comparison of ofatumumab versus teriflunomide, there are only indications in favour 
of ofatumumab, namely in the outcomes of confirmed relapses (annual relapse rate, patients 
with confirmed relapse), confirmed disability progression, and discontinuation due to adverse 
events. Altogether, this results in an indication of greater harm from ofatumumab in 
comparison with teriflunomide. 

For the comparison of ponesimod versus teriflunomide, this results in (1) a hint of greater 
benefit for the outcome of confirmed relapses (annual relapse rate) and (2) a hint of a greater 
harm from ponesimod for the outcome of discontinuation due to adverse events. However, 
only a few events occurred overall for the outcome of discontinuation due to adverse events. 
All things considered, this results in a hint of greater benefit of ponesimod in comparison with 
teriflunomide. 
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Appendix A Search strategies 

A.1 Searches in bibliographic databases 

Search for primary studies in MEDLINE 

Search interface: Ovid 

 Ovid MEDLINE(R) ALL 1946 to November 01, 2021 

The following filter was adopted: 

 RCT: Lefebvre [246] – Cochrane Highly Sensitive Search Strategy for identifying 
randomized trials in MEDLINE: sensitivity- and precision-maximizing version (2008 
revision) 

# Searches 

1 Multiple Sclerosis, Relapsing-Remitting/ 

2 (multiple sclerosis and (relapse or relapsing)).ti,ab. 

3 or/1-2 

4 (alemtuzumab or dimethyl fumarate or cladribine or fingolimod or natalizumab or ocrelizumab or 
teriflunomide or BG-12 or ofatumumab or ozanimod or ponesimod).mp. 

5 randomized controlled trial.pt. 

6 controlled clinical trial.pt. 

7 (randomized or placebo or randomly).ab. 

8 clinical trials as topic.sh. 

9 trial.ti. 

10 or/5-9 

11 10 not (exp animals/ not humans.sh.) 

12 and/3-4,11 

13 (animals/ not humans/) or comment/ or editorial/ or exp review/ or meta analysis/ or consensus/ or 
exp guideline/ 

14 hi.fs. or case report.mp. 

15 or/13-14 

16 12 not 15 

17 16 and (english or german or multilingual or undetermined).lg. 
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A.2 Searches in study registries 

1. ClinicalTrials.gov 

Provider: U.S. National Institutes of Health 

 URL: http://www.clinicaltrials.gov 

 Type of search: Expert Search 

Search strategy 

multiple sclerosis AND (alemtuzumab OR LDP-03 OR GZ-402673 OR dimethyl fumarate OR FAG-201 OR BG-
00012 OR BG-12 OR cladribine OR RWJ-26251 OR fingolimod OR FTY-720 OR natalizumab OR BG-00002 OR 
ocrelizumab OR PRO-70769 OR rhuMAb-2H7 OR teriflunomide OR HMR-1726 OR ofatumumab OR HUMAX-
CD20 OR GSK-1841157 OR ozanimod OR RPC-1063 OR ponesimod OR ACT-128800) 

 

2. EU Clinical Trials Register 

Provider: European Medicines Agency 

 URL: https://www.clinicaltrialsregister.eu/ctr-search/search 

 Type of search: Basic Search 

Search strategy 

(multiple sclerosis*) AND (alemtuzumab* OR LDP03 OR LDP-03 OR GZ402673 OR GZ-402673 OR campath OR 
lemtrada OR "dimethyl fumarate" OR FAG201 OR FAG-201 OR BG00012 OR BG-00012 OR BG12 OR BG-12 OR 
cladribin* OR RWJ26251 OR RWJ-26251 OR fingolimod* OR FTY720 OR FTY-720 OR natalizumab* OR BG00002 
OR BG-00002 OR tysabri OR ocrelizumab* OR PRO70769 OR PRO-70769 OR rhuMAb2H7 OR rhuMAb-2H7 OR 
Teriflunomid* OR HMR1726 OR HMR-1726 OR ofatumumab* OR HUMAX-CD20 OR HUMAXCD20 OR GSK-
1841157 OR GSK1841157 OR ozanimod* OR RPC-1063 OR RPC1063 OR ponesimod* OR ACT-128800 OR 
ACT128800) 

 

3. International Clinical Trials Registry Platform Search Portal 

Provider: World Health Organization 

 URL: https://trialsearch.who.int 

 Type of search: Standard Search 

Search strategy 

multiple sclerosis AND (alemtuzumab OR LDP03 OR LDP-03 OR GZ402673 OR GZ-402673 OR campath OR 
lemtrada OR dimethyl fumarate OR FAG201 OR FAG-201 OR BG00012 OR BG-00012 OR BG12 OR BG-12 OR 
cladribine OR RWJ26251 OR RWJ-26251 OR fingolimod OR FTY720 OR FTY-720 OR natalizumab OR BG00002 
OR BG-00002 OR tysabri OR ocrelizumab OR PRO70769 OR PRO-70769 OR rhuMAb2H7 OR rhuMAb-2H7 OR 
teriflunomide OR HMR1726 OR HMR-1726 OR ofatumumab OR HUMAX-CD20 OR HUMAXCD20 OR GSK-
1841157 OR GSK1841157 OR ozanimod OR RPC-1063 OR RPC1063 OR ponesimod OR ACT-128800 OR 
ACT128800) 

 

http://www.clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
https://trialsearch.who.int/
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A.3 Further information sources and search techniques 

G-BA website and IQWiG website 

G-BA 

URL: https://www.g-ba.de/bewertungsverfahren/nutzenbewertung/ 

Search terms 

Alemtuzumab, Dimethylfumarat, Cladribin, Fingolimod, Natalizumab, Ocrelizumab, Ofatumumab, Ozanimod, 
Ponesimod, Teriflunomid 

 

IQWiG 

URL: https://www.iqwig.de/projekte/projekte-und-ergebnisse/ 

Search terms 

Alemtuzumab, Dimethylfumarat, Cladribin, Fingolimod, Natalizumab, Ocrelizumab, Ofatumumab, Ozanimod, 
Ponesimod, Teriflunomid 

 

 

 

https://www.g-ba.de/bewertungsverfahren/nutzenbewertung/
https://www.iqwig.de/projekte/projekte-und-ergebnisse/
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