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Abstract
Multiple sclerosis (MS) is a chronic autoimmune demyelinating and neurodegenerative disease of the central nervous system 
with a wide variety of clinical phenotypes. In spite of the phenotypic classification of MS patients, current data provide 
evidence that diffuse neuroinflammation and neurodegeneration coexist in all MS forms, the latter gaining increasing clinical 
relevance in progressive phases. Given that the transition phase of relapsing-remitting MS (RRMS) to secondary progressive 
MS (SPMS) is not well defined, and widely accepted criteria for SPMS are lacking, randomised controlled trials (RCTs) 
specifically designed for the transition phase have not been conducted. This review summarizes primary and secondary 
analyses and reports derived from phase III prospective clinical RCTs listed in PubMed of compounds authorised through 
the European Medicines Agency (EMA) and the US Food and Drug Administration (FDA) for the treatment of MS. The 
best data are available for interferon beta-1a (IFNb-1a) subcutaneous (s.c.), IFNb-1b s.c., mitoxantrone and siponimod, the 
latter being the most modern compound with likely the best risk-to-effect ratio. Moreover, there is a labels discrepancy for 
many disease-modifying treatments (DMTs) between the FDA and EMA, which have to be taken into consideration when 
opting for a specific DMT.

Key Points 

The transition phase of relapsing-remitting MS (RRMS) 
to secondary progressive MS (SPMS) is not well 
defined. Clinical trials have thus not been conducted in 
these patients.

None of the currently available disease-modifying treat-
ments is specifically approved for this phenotype.

Potential efficacy may be deduced from pivotal phase III 
trials and respective post hoc analysis.

The best data are available for siponimod, interferon 
beta-1a subcutaneous, and historically mitoxantrone.

1 � Clinical Phenotypes of Multiple Sclerosis 
(MS)

Multiple sclerosis (MS) is the most prevalent chronic 
inflammatory, degenerative and demyelinating disease of 

the central nervous system (CNS), and manifests itself 
with a wide spectrum of clinical phenotypes. Accord-
ing to the classification proposal of Lublin et al. [1], the 
core MS phenotypes are relapsing-remitting (RR) disease 
along with progressive disease (PMS). Relapsing remitting 
multiple sclerosis (RRMS) is characterised by a clinical 
course with defined recurrent attacks of new or exacerbated 
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neurological dysfunction. Clinically isolated syndrome 
(CIS) is defined as the first episode of neurological symp-
toms caused by inflammation or demyelination and is now 
considered as a component of the RR phenotype provided 
that the criteria of dissemination in time are fulfilled [2]. 
PMS consists of two subtypes: primary progressive (PPMS) 
and secondary progressive (SPMS). SPMS is marked by 
gradual accumulation of disability following an initially RR 
course of disease, whereas PPMS is characterized by insidi-
ous progression without relapses. Despite the phenotypic 
categorization of MS, these forms share common modifiers 
of the disease status. Focal inflammatory disease activity 
distinguished by clinical relapses and magnetic resonance 
imaging (MRI) criteria (gadolinium-enhancing lesions or 
new or enlarging T2 lesions) and disease progression deriv-
ing from clinical assessment are useful descriptors for both 
relapsing-remitting and progressive forms. In this context, 
current data suggest that neurodegeneration and diffuse neu-
roinflammation already occurs early on in RRMS as well, 
and that MS may be observed as a spectrum of coexist-
ing neuroinflammation and neurodegeneration in spite of 
the terminology [3]. A recent publication spearheaded the 
concept of progressive disability accumulation occurring 
independently of relapse activity [4]. This proportion of dis-
ability is likely to be driven by a smouldering pathological 
process that may affect the entire CNS [4].

2 � Progression Independent of Relapse 
Activity (PIRA)

The arising question is whether all patients with MS at 
some point present signs of a progressive course. A new 
term that was recently introduced is progression independent 
of relapse activity (PIRA), emerging from a data-analysis 
of the Tysabri Observational Program (TOP), a prospective 
open-label study in RRMS patients receiving intravenous 
natalizumab for a median of 108.3 weeks [5]. It refers to 
the amount of accumulated neurological disability occurring 
independent of relapse activity, a feature that characterizes 
PMS that is believed to be linked to neurodegeneration and/
or diffuse inflammatory processes involving innate immu-
nity. The Swiss Multiple Sclerosis Cohort study (n = 1335) 
used a roving Expanded Disability Status Scale (EDSS) to 
evaluate MS patients over a median of 4 years of follow-up 
[6]. A relevant proportion of patients (15%) with CIS/RRMS 
experienced PIRA within 6 years, and PIRA accounted for 
62% of confirmed disability progression (CDP) events in 
these patients. In the SPMS/PPMS group, 93–95% of CDP 
events were attributed to PIRA. Another Swiss PIRA-anal-
ysis (n = 1640) aimed to compare fingolimod with plat-
form injectables [7]. Overall, PIRA was observed in 3.1% 
of the patients under treatment with interferon-beta (IFNb)/

glatiramer acetate and 4.1% of the patients on fingolimod. 
CDP was observed in 137 patients (8.4%): 92 patients (8.8%) 
in the IFNb/glatiramer acetate and 45 (7.6%) in the fingoli-
mod group, of which 32 (34.8%) and 24 (53.3%) were PIRA, 
respectively. A retrospective, cross-sectional study of clini-
cal data from two German MS tertiary referral centres dem-
onstrated that patients who are initiated on natalizumab early 
during disease course, usually in order to treat an aggressive 
clinical phenotype, have a higher risk of early PIRA proba-
bly as a result of an indication bias [8]. Recent clinical study 
data further suggest that PIRA already starts in early RRMS 
and becomes the main driver of disability accumulation as 
the disease progresses [9, 10]. In the pooled analysis of the 
two OPERA trials both the IFNb-1a and ocrelizumab groups 
demonstrated a high proportion of 24-week confirmed wors-
ening or progression (CDP) after 96 weeks (78 and 87%, 
respectively), which was associated with neurological wors-
ening independent of overt relapses [11].

The above-mentioned study data provide clinical evi-
dence of an underlying progressive course in all MS patients 
independently of the disease classification. However, as the 
PIRA concept is only based on clinical criteria, disability 
accrual may also result from focal inflammatory activity 
associated with MRI lesions. Therefore, the EMA guide-
line for SPMS suggests that in order to evaluate the efficacy 
of a product against disability progression in SPMS, it is 
recommended to target only SPMS patients without a recent 
relapse and no MRI activity suggestive of active inflamma-
tion, and with evidence of recent progression independent 
of relapses [12].

3 � Defining the Transition Phase 
to Secondary Progressive MS (SPMS)

The majority of MS patients (∼ 85%) are diagnosed with 
RRMS, and approximately 50–60% of them transition to 
SPMS between 5 and 30 years [13, 14], highlighting the 
heterogeneity of the time between disease onset and transi-
tion to SPMS due to the high interindividual variability in 
the disease course. According to the revised Lublin crite-
ria, SPMS is diagnosed retrospectively based on a course 
of confirmed progression over the last 3–12 months with or 
without acute exacerbations during the progressive course 
after an initial relapsing disease course [1]. The high vari-
ability in the disease course, the overlap in pathophysiologi-
cal mechanisms between relapsing and progressive MS [3, 
15, 16], together with clinical difficulties in the detection of 
progression, render the identification of transition of RRMS 
to SPMS a major diagnostic challenge. To date, consented 
criteria defining SPMS do not exist. Based on data analysis 
from a multinational MS registry [17], Lorscheider et al. 
proposed an objective definition of SPMS with the best 
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performance from a pool of 576 candidate definitions. This 
definition consists of:

(1)	 A disability progression by 1 EDSS step in patients 
with EDSS < 6 or 0.5 EDSS steps in patients with 
EDSS ≥ 6 in the absence of a relapse;

(2)	 A minimum EDSS score of 4 including a pyramidal 
functional system (FS) score of at least 2; and

(3)	 Confirmed progression over 3 months, including con-
firmation within the leading FS [18].

In the clinical study of Kopp et al. [19], slightly modi-
fied inclusion criteria from the EXPAND trial were applied 
on the Danish nationwide MS population with a diagno-
sis of clinical SPMS assigned by an MS-neurologist and 
RRMS patients fulfilling the MSBase diagnostic definition 
for conversion to SPMS. The m-EXPAND criteria identify 
patients with recent worsening on the EDSS score likely not 
explained by a recent relapse:

(1)	 An EDSS from 3.0 to 6.5 (both inclusive) (at index date 
+/− 6 months); and

(2)	 EDSS progression within the last 2 years before data 
extraction, defined as EDSS progression of 1 point or 
more in patients with an EDSS score of less than 6.0 or 
≥ 0.5 point in patients with EDSS score ≥ 6.0, in the 
absence of relapses 6 months prior to progression and 
EDSS ≥ 3.0 at time of progression.

(3)	 Disability progression as described above confirmed 
over ≥ 6 months.

The MSBase SPMS definition captured ~ 20% of Danish 
RRMS patients at putative high risk of converting to SPMS 
or who may already have converted to SPMS.

From a regulatory perspective, different proposals for 
SPMS definitions may impair the comparability of results 
from different trials investigating the effect of medical prod-
ucts on SPMS.

Due to the aforementioned factors, a consequent diag-
nostic uncertainty, which translates into a significant delay 
in the diagnosis of SPMS, is observed [18, 20, 21]. Accord-
ing to a retrospective cohort study, which reviewed 123 MS 
patients with a long-term clinical follow-up of ≥ 8 years, 
described a period of diagnostic uncertainty regarding the 
transition from RRMS to SPMS in a significant patient pro-
portion with a mean duration of 2.9 ± 0.8 years [21]. A 
further retrospective multicentre cohort study in Argentina 
(n = 170) aiming to describe the length of time required to 
reclassify RRMS patients who have clinically transitioned 
to SPMS demonstrated a period of diagnostic uncertainty 
regarding the transition from RRMS to SPMS of 3.3 years 
[22]. Although progression is driven mostly through neuro-
degenerative changes, inflammation-associated neuroaxonal 

loss along with new or enlarging T2/FLAIR lesions in the 
MRI are also present in progressive MS forms [23, 24].

Furthermore, the overlap in pathophysiological mecha-
nisms between relapsing and progressive MS [3, 15, 16] 
hampers the identification and validation of specific and sen-
sitive imaging and/or biological markers for monitoring pro-
gression and identifying the transition of RRMS to SPMS. 
The associations of serum neurofilament light chain (sNfL) 
with current or future disability appear to be inconsistent, as 
recently reviewed [25]. Multiple studies have demonstrated 
a significant association between the disease progression 
of MS patients and evoked potentials [26–29] or peripapil-
lary retinal nerve fibre layer (pRNFL) thickness assessed by 
optical coherence tomography (OCT) [30–32]. Additionally, 
MRI cerebral and spinal cord atrophy have been correlated 
with neurodegeneration in progressive MS [33, 34].

Further, due to the gradual progression of disease, there 
is an overlap of symptoms and MRI features between RRMS 
and SPMS that renders the clinical detection of the onset of 
progression difficult. Therefore, it often remains unnoticed 
by patients as wells as physicians. Furthermore, recent clini-
cal study data suggest that insidious disability attributable 
to silent progression may be present in the early stages of 
MS [35, 36]. The EDSS has long been viewed as the gold-
standard tool for evaluation of disability and clinical disease 
progression in MS [37].

However, EDSS focuses on ambulatory disability in the 
middle and upper end of the scale (scores >3.0), and is less 
sensitive to other aspects of impairment in MS such as cog-
nitive function. Cognitive impairment can emerge at differ-
ent stages of MS. It is associated with a worse prognosis 
in the early RRMS disease phases and CIS patients with 
cognitive impairment are at higher risk to develop clini-
cally defined MS [38, 39]. Therefore, cognitive assessment 
using a screening test, such as symbol digit modalities test 
(SDMT), can be of great importance in the clinical follow-up 
of MS patients and the early detection of disease progres-
sion. However, the SDMT can be considered a useful test to 
evaluate mental processing speed but not a validated meas-
ure for cognitive function [40]. A further quantitative instru-
ment that enables measurement of arm/hand dexterity and 
cognitive function in MS patients is the Multiple Sclerosis 
Functional Composite (MSFC) [41]. In more recent studies, 
composite scores integrating several established tests like 
EDSS, timed 25-foot walk (T25FW), SDMT and 9-hole peg 
test (9HPT) have been increasingly implemented as clinical 
outcome measures to increase the sensitivity for disability 
change [11, 42]. However, concerning the design of ran-
domised controlled trials (RCTs) focussed on the transition 
phase, SMDT, T25FW and 9HPT have not been established 
as primary endpoints but as secondary endpoints. Further, 
T25FW and 9HPT could be included in a composite primary 
endpoint combined with EDSS, and have to be correlated to 
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the clinical relevance of the observed effects. For this rea-
son, it is recommended to include additional functional end-
points in order to relate the effect size of composite scores 
to a clinical relevance (e.g., patient reported outcomes) 
[40]. The MSProDiscuss is an additional exploratory clini-
cal tool designed to detect signs of secondary progressive 
disease through a structured interaction between physicians 
and patients raising awareness of the risk of transition from 
RRMS to SPMS [43].

Taken together, current data provide evidence that PIRA 
is a significant indicative component of the transition phase 
of MS. However, recent clinical study findings indicate that 
insidious disability progression appears even in the earliest 
phases of the disease [9, 10]. Therefore, PIRA represents a 
negative prognostic factor for further disability accumulation 
in the disease course.

4 � Treatment Options for the Transition 
Phase of MS

Given that the transition phase is not well defined and widely 
accepted criteria for SPMS are lacking, RCTs specifically 
designed for the transition phase have not been conducted. 
The compounds that met their primary endpoints in RCTs 
for this specific condition are IFNb, i.e. IFNb-1a subcuta-
neous (s.c). and IFNb-1b s.c., the S1P receptor modulator 
siponimod, and mitoxantrone (Fig. 1). IFNb-1a s.c. under-
went two phase III RCTs, PRISMS [44] and SPECTRIMS 
[45]; while PRISMS only enrolled RRMS patients, SPEC-
TRIMS focussed on SPMS patients. While PRISMS met 
its primary endpoint [44], SPECTRIMS did not [45]. How-
ever, in a recent post hoc analysis, Freedman et al. identified 
an effect on clinical and MRI parameters in those patients 
deemed to transition between RRMS and SPMS [46]. IFNb-
1b s.c. has also been evaluated in RRMS patients as well as 
in SPMS patients [47]. However, only the European SPMS 
trial met its primary endpoint of confirmed disability pro-
gression [48]. There was no significant difference for this 
primary endpoint in a similar trial conducted by the North 
American Study Group when compared to placebo-treated 
SPMS patients [49]. A post hoc analysis adressing the puta-
tive transition phase has not been conducted. Consequently, 
IFNb-1a s.c. is licensed for RRMS and SPMS under the US 
Food and Drug Administration (FDA) label, and for RMS 
under the European Medicines Agency (EMA) label, with 
a specific mention that efficacy has not been demonstrated 
in patients with SPMS without ongoing relapse activity. In 
contrast, IFNb-1b s.c. was granted approval for the treat-
ment of CIS, RRMS and active SPMS evidenced by relapse 
activity by the EMA and for the treatment of RMS by the 
FDA (Table 1).

Siponimod’s safety and efficacy were initially addressed 
in RRMS patients in the phase II study BOLD [50, 51]. 
However, the phase III RCT EXPAND only included SPMS 
patients, both with and without superimposed relapses. 
While BOLD was not designed and thus underpowered 
to detect an effect on annualized relapse rate reduction or 
EDSS progression, EXPAND met its primary endpoint, i.e. 
3-month confirmed disability progression. At the time of 
the evaluation, the indication applied was the treatment of 
SPMS patients. However, from the EMA’s perspective, it 
was challenging to disentangle the effect of siponimod on 
disability progression driven by the effect on relapses, and 
based on provided results, the effect of siponimod on disabil-
ity progression was judged to be small in patients without 
relapses and without focal MRI activity. Consequently, this 
has resulted in an EMA approval for active SPMS as defined 
by the Lublin criteria [1], rather than the entire SPMS spec-
trum [12]. In contrast, the FDA granted approval for RMS, 
which includes CIS, RRMS as well as SPMS with ongoing 
disease activity. Patients transitioning from relapsing to pro-
gressive MS may, thus, effectively be treated with siponimod 
under both the EMA and the FDA labels.

Another highly active DMT with positive phase III data 
in a cohort of MS patients specifically including SPMS is 
mitoxantrone, which was tested in the MIMS trial involving 
both progessing relapsing MS but also SPMS patients [52]. 
In this study, mitoxantrone demonstrated substantial effects 
on disability progression, which was reduced by more than 
half as compared to with placebo (8 vs. 22%). Mitoxantrone 
has been approved as a generic medication for SPMS, pro-
gressive RMS and worsening RRMS by the FDA and for 
highly active RMS by the EMA. The less favourable safety 
profile in comparison to other MS DMTs, namely the cardiac 
side effects and secondary malignancies, have increasingly 
limited the use of mitoxantrone in Europe and it is hardly 
ever used in the USA.

In spite of minute proportions of SPMS patients enrolled 
in RCTs and thus a paucity of high-level scientific evi-
dence gathered specifially on SPMS patients, a number of 
compounds have been approved for the treatment of RMS 
patients including active SPMS. Under the assumption that 
relapses in RRMS and SPMS are likely to have the same 
underlying inflammatory pathophysiology, it is reason-
ably justified to extrapolate efficacy on relapses in RRMS 
patients to the efficacy on relapses in SPMS, even though 
the proportions of SPMS patients were small in phase III 
RCTs focused on RMS. This extrapolation, however, can-
not be considered appropriate for the effects on disability 
accumulation as pathophysiology is different in RRMS and 
PMS [12].

Ocrelizumab was successfully tested in RMS (OPERA I 
and II) as well as PPMS (ORATORIO) [53, 54]. The end-
points of reducing the risk for 3-month CDP and 6-month 
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CDP were met in OPERA I/II as well as in ORATORIO. In a 
post hoc efficacy analysis, disability outcomes were assessed 
in those patients who had a baseline EDSS ≥ 4.0 [55]. From 
OPERA I and II 375 RMS patients were included, and n 
= 507 PPMS patients from the ORATORIO trial. These 
patients were on average 40.2–44.9 years of age with a 
mean time since MS symptom onset of 6.73–10.25 years. 
There was a significant relative risk reduction in 3-month 
and 6-month CDP for ocrelizumab-treated versus IFNb-1a-
treated RMS patients [56]. This patient cohort, i.e. age > 
40 years and EDSS > 3.5, arguably resembles the condi-
tions of patients transitioning from RRMS to SPMS, utilized 
by Freedman et al. [46]. Ocrelizumab was not specifically 
investigated in SPMS. In the ORATORIO PPMS trial a 
hazard ratio (HR) = 0.71 in favour of ocrelizumab-treated 
PPMS patients compared to placebo-treated patients was 
observed [55].

Ofatumumab was successfully tested over teriflunomide 
in RRMS as well as SPMS (ASCLEPIOS I and II) [57]. 
The endpoints of reducing the risk for 3-month CDP and 
6-month CDP were met in ASCLEPIOS I/II. In a post hoc 
efficacy analysis, ofatumumab treatment of RMS patients 
older than 40 years or affected by a baseline EDSS > 3.5 
was effective with regards to annualized relapse rate reduc-
tion [58].

The Clarity phase III RCT testing cladribine versus pla-
cebo enrolled participants with RRMS only [59]. Clarity 
met its primary endpoint, i.e., ARR reduction, as well as 
the secondary endpoint of 3-month CDP risk reduction. In 
addition, in a post hoc subgroup analysis cladribine treat-
ment of RRMS patients older than 40 years or affected by a 
baseline EDSS ≥ 3.5 was effective with regards to relapse 
rate reduction [60]. RCTs testing cladribine in progressive 
MS have not been conducted.

For fumarate treatment, i.e., first-generation dimethyl 
fumarate and second-generation diroximel fumarate, the 
FDA granted a broad RMS label. In contrast, the EMA label 
for dimethyl fumarate is RRMS, and considering that the 
evidence on efficacy for diroximel fumarate fully relies on 
the evidence from pivotal trials for dimethyl fumarate, the 
same label was applied and granted for diroximel fumarate. 
In fact, DEFINE and CONFIRM enrolled RRMS patients 
only. DEFINE, but not CONFIRM, met its secondary end-
point of CDP risk reduction over placebo treatment [61, 
62]. In a post hoc analysis, dimethyl fumarate treatment of 
RRMS patients older than 40 years or affected by a baseline 
EDSS ≥ 2.0 was effective with regards to relapse rate reduc-
tion [63]. An additional analysis was performed for 3-month 
CDP; however, dimethyl fumarate treatment was not favour-
able over placebo treatment for either patients > 40 years of 
age or with a baseline EDSS ≥ 2.0 [63].

The TEMSO and TOWER phase III RCTs demonstrated 
that teriflunomide significantly reduced the relapse rate and 

MRI activity in RMS patients compared to placebo, while 
effects on CDP were significant in the TEMSO study with 
teriflunomide at 14 mg as well as in the TOWER study 
[64]. The TENERE phase III RCT reported better adher-
ence and tolerability of teriflunomide compared to IFNb-1a 
in RMS patients, while no significant differences in relapse 
rate reduction were observed [90]. A post hoc analysis of 
the TEMSO data revealed that teriflunomide versus placebo 
effects on the ARR were consistent in patients older than 38 
years, but lost significance for patients classified as SPMS 
and for patients with EDSS > 3.5 at baseline. Notably, only 
60 patients with SPMS were analysed. There was no sig-
nificantly different effect revealed for 3-month CDP in any 
of these subgroups [65]. Teriflunomide was not specifically 
investigated in SPMS.

In contrast to siponimod, the other S1P modulators fin-
golimod, ozanimod and ponesimod have not been evaluated 
in trials including only a SPMS population. All have dem-
onstrated efficacy on relapse rates and have been licensed for 
the treatment of RMS by the FDA and for the treatment of 
RRMS by EMA, except for ponesimod for which the indi-
cation included RMS with active disease as applied by the 
applicant. Significant effects on CDP were only observed in 
comparison to placebo and only in one of the two FREE-
DOMS trials, while FREEDOMS II and the active com-
parator controlled trials of fingolimod, ozanimod and pone-
simod failed to reach significance regarding this outcome. 
The largest body of post hoc analyses of phase III data for 
different subgroups is available for fingolimod and revealed 
that the effects on annulised relapse rate (ARR) reduction 
are retained in patients older than 40 years, those with a 
baseline EDSS > 3.0, and those with a disease duration of at 
least 3 years [66]. Fingolimod was additionally investigated 
in PPMS; however, the INFORMS RCT failed to meet its 
primary endpoint of 3-month CDP in patients treated for 
at least 3 years with fingolimod [67]. In a recent subgroup 
analysis of the OPTIMUM trial, ponesimod was shown to 
be superior in early MS patients, as defined as those with 
EDSS < 3.5 or DMT-naive patients; the treatment effect 
in those patients with EDSS of 3.5 or above was below the 
entire ponesimod group [68].

Natalizumab is arguably one of the most effective DMTs 
in reducing relapse rates and has also demonstrated strong 
effects on CDP in RMS patients, which was documented 
in the AFFIRM trial [69]. At the same time, it is one of 
the few highly effective MS DMTs, which was additionally 
investigated in a designated phase III SPMS RCT, ASCEND 
[70]. However, the ASCEND trial did not meet its primary 
outcome of reducing confirmed EDSS progression and was 
also negative for the T25FW. Conversly, it did reveal positive 
effects on disability progression of the upper limb assessed 
by the 9HPT. In a subgroup analysis of the AFFIRM trial 
when looking at ARR, natalizumab was significantly more 
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effective in patients older than 40 years compared to pla-
cebo, but not in patients with a baseline EDSS > 3.5 [71]. 
A subgroup analysis was also conducted concering effects 
on CDP; however, neither patients older than 40 years nor 
those with a baseline EDSS > 3.5 benefited more than from 
placebo treatment [71].

Alemtuzumab has been investigated in cohorts of RRMS 
patients in the phase III RCTs CARE-MS I and II [72, 73], 
demonstrating significant effects on ARR and MRI meas-
ures compared to IFNb1a but significant effects on CDP 
only in CARE-MS II, which included patients with insuffi-
cient response to prior therapies. Notably, CARE-MS I only 
enrolled DMT-naïve patients with a baseline EDSS ≤ 3.0, 
resembling early RRMS patients [72]. Both the FDA and 
the EMA have approved alemtuzumab for RRMS and rec-
ommend the use only for patients with insufficient response 
to other DMTs as a result of safety concerns linked to auto-
immunity. A formal subgroup analysis of the CARE-MS 
study populations has not been conducted. However, a post 
hoc analysis of the clinically centered 3-year, rater-blinded 
phase II study CAMMS223 showed treatment effects for 
patients older than 31 years and with a baseline EDSS > 2.0 

with respect to the ARR and 6-month CDP [74]. In an open-
label extension of both CARE-MS trials, 80% of patients 
remained free of CDP and 40% showed confirmed disability 
improvement during 6 years of observation [75]. A post hoc 
analysis of 811 patients included in the CARE-MS trials 
revealed that, at 6.2 years of follow-up, only 20 converted 
to SPMS (Kaplan–Meier estimate, 2.7%; 95% confidence 
interval (CI), 1.8–4.2). [76] However, alemtuzumab was not 
investigated in SPMS.

Glatiramer acetate was issued an RMS label from the 
FDA and the European regulatory authorities based on the 
results of a phase III RCT demonstrating significant effects 
on ARR reduction; disability progression, i.e., 3-month 
CDP, was not significantly reduced compared to placebo 
[77]. In a small post hoc analysis patients with a baseline 
EDSS > 3.5 did not benefit from glatiramer acetate treat-
ment with respect to halting disease progression [78]. Nota-
bly, this subgroup consisted of only 52 patients. Glatiramer 
acetate was not investigated in SPMS.

RIS CIS RRMS SPMS-R PPMSSPMS+R

SIPO

CLAD

SIPO 

PON

RMS

MITOX

OCR 
OCR

IFN-b1a, IFN-b1b

GLAT
TER 

DMF, DRF, MMF 

FTY, PON, OZA

NAT 

OFA

TER 

DMF, DRF 

FTY, OZA

ALEM

OCR

OFA
MITOX

NAT

ALEM

Transi�on phase

peg IFN-b1a
peg IFN-b1a

*

Fig. 1   Overview of disease-modifying agents for multiple sclerosis 
(MS). Flag of the European Union: authorisation through EMA, Flag 
of the United States of America: authorisation through FDA. *Not 
authorised under centralized EMA procedure. Indication granted by 
decentralized approval. ALEM alemtuzumab, CIS clinically isolated 
syndrome, CLAD cladribine, DMF dimethyl fumarate, DRF diroxi-
mel fumarate, EMA European Medicines Agency, FDA US Food 
and Drug Administration, FTY fingolimod, GLAT glatiramer acetate, 
IFNb-1a interferon beta-1a, IFNb-1b interferon beta-1b, MITOX 

mitoxantrone, MMF monomethyl fumarate, NAT natalizumab, OCR 
ocrelizumab, OFA ofatumumab, OZA ozanimod, PbO placebo, peg 
IFNb-1a pegylated interferon beta-1a, PON ponesimod, PPMS pri-
mary progressive multiple sclerosis, RIS radiologically isolated syn-
drome, RMS relapsing multiple sclerosis, RRMS relapsing-remitting 
multiple sclerosis, SIPO siponimod, SPMS secondary progressive 
multiple sclerosis (+R with relapses, −R without relapses), TER teri-
flunomide
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5 � Differences Between European Medicines 
Agency (EMA) and US Food and Drug 
Administration (FDA) Labels

Both the FDA and the EMA base the approval of new DMTs 
on the seminal phase III RCT data submitted. However, the 
final label granted for the different DMTs does not always 
reflect the profile of the cohorts enrolled in these phase III 
trials. A particular difference between the FDA and EMA 
labels is the approval for RMS, which includes the spectrum 
all the way from CIS to SPMS with superimposed relapses. 
This RMS label was more often granted by the FDA than 
by the EMA. As apparent from Table 1, 18 compounds 
have received the RMS label by the FDA, and six under the 
current EMA label, namely IFNb-1a, ocrelizumab, ofatu-
mumab, cladribine, ponesimod and mitoxantrone (IFNb-1b 
approved for CIS, RRMS and active SPMS). Interestingly, 
only the trials for natalizumab, ofatumumab, ocrelizumab, 
ponesimod, ozanimod and teriflunomide had the definition 
of RMS listed in their inclusion criteria.

6 � Concluding Remarks

As criteria for SPMS are not standardized and have only 
recently been proposed on scientific grounds [18], it is quite 
conceivable that the transition phase of MS is even less well 
defined [46]. Most likely these are patients with reduced but 
ongoing relapse, and focal inflammatory activity and insidi-
ous disability accumulation. Since the latter is not always 
readily detectable in the standard neurological examination, 
it is advisable to rely on quantifiable functional scores, such 
as EDSS, MSFC and its composites 9-HPT, T25FW and 
SDMT. However, it appears that there is a window of uncer-
tainty that on average lasts for 3 years until a patient is diag-
nosed with SPMS. Better and standarized criteria may thus 
help to shorten this latent peroid, for example, the proposed 
Lorscheider-criteria [18] or tools such as MSProDiscuss. It 
remains to be shown whether our current understanding of 
a tipping point event between reduced neuroinflammation 
and increasing neurodegeneration defining the transition 
phase is accurate. The concept of PIRA is tempting with 
regards to measurable disability progression even early in 
the disease course. However, it does not take into account 
the potential effects of focal inflammatory activity, for exam-
ple, new or enlarging lesions on MRI imaging, on disability 
accumulation.

Scientific evidence for treatment options for the transi-
tion phase of MS are sparse; in particular, no trial has yet 
been conducted to specifically address treatment efficacy 
in transitioning MS. And even in SPMS only few com-
pounds have been successfully tested in trials specifically 

designed for SPMS, namely IFNb, mitoxantrone and, most 
recently, siponimod [45, 48, 52, 79]. However, given the 
low potency of IFNb and the increased risk for cumulative 
dose-dependent severe adverse effects for mitoxantrone, 
these compounds may not be the first options for treating 
the transition phase of MS. In phase III RCTs for RRMS 
the proportion of SPMS patients enrolled is small, if not 
neglectable. Nonetheless, for the FDA the majority of 
compounds are approved for RMS. Notably, RMS covers 
“relapsing-remitting disease (RRMS) and active secondary 
progressive disease”, hence includes the transition period. 
As per the EMA’s perspective, at the time of the submis-
sion of the dossier, the applicant has to apply for a given 
indication (i.e., RMS, RRMS or SPMS), the acceptability 
of which is evaluated based on the provided quality, effi-
cacy and safety data package provided by the applicant. 
For example, siponimod was tested in RRMS patients in its 
phase II trial BOLD – albeit with MRI surrogate markers as 
the primary endpoint – and in SPMS patients in its phase 
III RCT EXPAND [51, 79]. At the time of the submission 
of the marketing authorisation application, the pharmaceu-
tical company applied for the following indication: treat-
ment of adult patients with secondary progressive multiple 
sclerosis [80]. Following the evaluation, the indication was 
restricted for the treatment of adult patients with secondary 
progressive multiple sclerosis (SPMS) with active disease 
evidenced by relapses or imaging features of inflammatory 
activity [81], as explained above. Approval was granted by 
the FDA for the common RMS label (Table 1). Hence, under 
the FDA label, patients in the transition phase may be read-
ily treated with siponimod; in contrast, however, according 
to the EMA label, patients diagnosed with RRMS are not 
included in the indication for siponimod. Thus, the treat-
ing neurologists have to recognize the insididous transition 
phase in their patients and may have to actively change the 
diagnosis from RRMS to active SPMS, which may pose an 
obstactle to some physicians.

While scientific evidence remains sparse for many other 
DMTs, the majority of these may be used to treat MS 
patients in the transition phase, at least under the RMS 
label issued by the FDA (Table 1). In the absence of reliable 
Class I evidence, those DMTs should be preferred that have 
shown an effect of disability progression in the respective 
RCTs and for which post hoc data point towards efficacy in 
older (> 40 years) and more disabled patients (increased 
baseline EDSS). Table 2 semi-systematically compiled these 
data in order to visualize the different strata of scientific 
rigor available for the approved DMTs. Ocrelizumab, clad-
ribine, fingolimod, ponesimod and ofatumumab may satisfy 
these criteria; while alemtuzumab does not provide a formal 
subgroup analysis, it has demonstrated impressive rates of 
confirmed disability improvement as well as low conversion 
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rates to SPMS during follow-up [76, 82]. Data are equivo-
cal for dimethyl fumarate, teriflunomide, glatiramer acetate 
and natalizumab, and not sufficient for the remaining IFNb 
products, diroximel fumarate, and ozanimod.

Interestingly, a recent study, however, did not show evi-
dence that any of the treatment options were able to address 
disability progression in early SPMS patients [83]. This 
may be due to the fact that mainly adaptative-mediated 
focal inflammation is addressed by these treatments, while 
disease progression in SPMS may be driven by comparti-
mentalized (leptomeningeal or resident) inflammation and 
non-inflammatory neurodegeneration. Along these lines, a 
recent meta-analysis demonstrated the role of age as effect 
modifier for the treatment response and that the efficacy 
of immunomodulatory DMTs on MS disability strongly 
decreased with advancing age; in fact this study suggested 
that beyond the age of 53, DMTs may no longer be effica-
cious with respect to disability progression [84]. Moreo-
ver, DMTs with higher efficacy outperform those with 
lower efficacy in inhibiting MS disability only for patients 
younger than 40.5 years in the same study. In this respect, 
the mean age of MS patients at the transition to SPMS was 
44.8 ± 2.2 years [21].

In analogy to the current treatment guidelines for early 
RRMS it may, therefore, be advisable to readily and actively 
escalate to a higher DMT in patients deemed to enter the 
transition phase of MS even in the absence of relapses.

In summary, the insidious transition phase of RRMS to 
SPMS is not well defined, and RCTs have not been con-
ducted for this condition. As relapse activity in RRMS and 

SPMS probably share the underlying pathophysiology, the 
relapse rate reductions in RRMS can be extrapolated on 
SPMS; extrapolation of the effects of DMT on chronic dis-
ability accumulation in RRMS on SPMS is not appropiate 
because the underlying pathophysiology is likely to differ 
in these clinical phenotypes. Unequivocal and scientifically 
sound recommendations are thus not possible. The best data 
are available for IFNb-1a s.c, IFNb-1b s.c., mitoxantrone and 
siponimod, the latter being the most modern compound with 
probably the best risk-to-benefit ratio. All further recommen-
dations can only be derived indirectly from available data 
from RRMS RCTs. Notably, there are label discrepancies for 
some DMTs between FDA and EMA (particularly related 
to the use in SPMS+R as part of the RMS phenotype) that 
have to be taken into consideration when opting for a spe-
cific DMT.
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