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Abstract

Many challenges exist in the precise diagnosis and clinical management of secondary
progressive multiple sclerosis (SPMS) because of the lack of definitive clinical, imaging,
immunologic, or pathologic criteria that demarcate the transition from relapsing-remitting MS
to SPMS. This review provides an overview of the diagnostic criteria/definition and the
heterogeneity associated with different SPMS patient populations; it also emphasizes the
importance of available prospective/retrospective tools to identify patients with SPMS earlier in
the disease course so that approved disease-modifying therapies and nonpharmacological
strategies will translate into better outcomes. Delivery of such interventions necessitates an
evolving patient-clinician dialog within the context of a multidisciplinary team.
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Glossary

ARR = annualized relapse rate; CDW = confirmed disability worsening; DMTs = disease-modifying therapies; DSP = Disease-Specific
Programme; EDSS = Expanded Disability Status Scale; EU = European Union; GFAP = glial fibrillary acidic protein; IFN-p =
interferon-beta; IQR = interquartile range; MS = multiple sclerosis; MSFC = MS functional composite; NA = North American;
OCT = optical coherence tomography; PIRA = progression independent of relapse activity; PRO = patient-reported outcome; RCN =
research collaboration network; RNFL = retinal fiber layer; RRMS = relapsing-remitting MS; SPMS = secondary progressive MS.

Over the past 2 decades, multiple attempts have been made to
reach a consensus on the definition of secondary progressive
multiple sclerosis (SPMS), which is characterized by insidious
worsening of disability over time, independent of relapses."*"**
SPMS is present in a sizeable proportion of the multiple scle-
rosis (MS) population and has a high disease burden. The
prevalence of SPMS varies globally (1-58 per 100,000 general
population).>* In the European Union (EU), SPMS preva-
lence ranges from 3-50 per 100,000 whereas in the United States
(US), the prevalence is estimated at 27-4S per 100,000.

Although the onset of SPMS is identified as a “key turning
point” in the MS disease continuum, SPMS is always di-
agnosed retrospectively by the subjective judgment of the
clinician,®*® i.e., after evidence of irreversible disability ac-
crual on the Expanded Disability Status Scale (EDSS)
becomes noticeably apparent, a process that can take up to 3
or more years. The inherent uncertainty as to whether dis-
ability in patients with relapsing MS is permanent or will
resolve leads to a period of diagnostic uncertainty termed as
the “transition phase” that delays the SPMS diagnosis.”>*%°
In the last years, there is increasing awareness of the fact that
progression independent of relapse activity (PIRA) may occur
from the very beginning in MS and constitutes around half of
the disability worsening experienced in relapsing-remitting
MS (RRMS). In SPMS, the vast majority of disease worsening
is driven by PIRA although a small amount of relapse-related
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worsening is still seen.
diagnosis because of the lack of an generally accepted defi-
nition, heterogeneous manifestation of the disease, indistinct
clinical features of progression, and lack of imaging or bio-
markers that demarcate the relapsing-remitting and secondary
progressive stages."”¥*">*¥¢1% [dentifying the precise timing
of transition across phenotypes can be difficult because of
subjective symptom recall.” Moreover, clinicians tend to be
conservative in establishing a SPMS diagnosis because of the
limited availability of treatment options explicitly approved
for SPMS in most countries and the mental/emotional strain
on the patient of having a confirmed SPMS diagnosis. To
address these issues, disease phenotypes defined by underlying
pathology are needed to identify the patients who are most likely

to benefit from specific therapeutic interventions.'°

Since treatment options for SPMS are emerging with recent
approvals of oral disease-modifying therapies (DMTs) such as
siponimod,ell clinical management of SPMS will require an
improved understanding of the transition phase as well as
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differences in patients’ characteristics. Efforts toward the early
detection of SPMS progression have been made with the use
of modern tools, algorithms, and biomarkers. In this context,
this review article aims to provide an overview of (1) the
characteristics of SPMS cohorts from the phase 3 clinical
trials, registries, and observational evidence; (2) tools and
biomarkers that may help to detect SPMS progression earlier
in the disease course; and (3) available treatments and
symptom management for SPMS.

SPMS Population Heterogeneity
Patients With SPMS From Phase 3 Studies

An overview of the baseline characteristics of patients with
SPMS from the pivotal phase 3 studies (EXPAND, ASCEND,
North American [NA]-SPMS, European Union [EU]-SPMS,
SPECTRIMS, IMPACT, SPI2, and MBP8298) is provided in
Table 1.'''#¢11¢15 A5 evidenced by these characteristics, the
patient populations across the studies were heterogeneous
with between-trial differences identified for age, duration of
MS, relapse history, duration of SPMS, and proportion of
patients with EDSS >6.0.

Multiple randomized studies assessed the efficacy and safety of
interferon-beta-1a (IFN-B-1a) and IFN-B-1b in comparison with
placebo in patients with SPMS."**'**'> Some studies assessed
the efficacy and safety of dirucotide, MD1003 (a biotin), sipo-
nimod, and natalizumab in comparison with place‘bo.n'm‘ell
The inclusion/exclusion criteria of all the studies are outlined in

eTable 1 (http://linksIww.com/NXI/A765).

A post hoc analysis™ investigated and observed differences in
study results between the SPMS study conducted in the EU, in
which IFN-B-1b significantly slowed the disease progression®'®
and the NA-SPMS study conducted in the United States and
Canada, in which this benefit was not observed."* This analysis
highlighted significant differences in the patient characteristics
(ie, the EU-SPMS patient population had early onset and
more active disease than the NA-SPMS population). In the
EU-SPMS study, the progression rate as measured by EDSS was
46% and annualized relapse rate (ARR) was 0.63 in the placebo
group while NA-SPMS study participants had a progression
rate of 34% and ARR of 0.28. The Secondary Progressive
Efhicacy Clinical Trial of Recombinant Interferon beta-1a in MS
(SPECTRIMS) study tested 2 doses of IFN-B-1b in patients
with SPMS. The results showed that with a dose of 44 pg, the
time to confirmed progression in disability was not significantly
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Table 1 Baseline Characteristics of the Patients From the Selected Phase 3 Trials in SPMS

North

European American SPECTRIMS IMPACT  Nordic SPI'?

study®'®  study™ study®'? study®'® study®'* MBP8298'®* EXPAND®'"  ASCEND" (MD-

(IFNB-1b)  (IFNB-1b) (IFNB-1b) (IFNB-1a) IFN B-1a study (siponimod) (natalizumab) 1003)
Characteristic 1998 2004 2001 2002 2004 2011 2018 2018 2020
Age (mean, years [SD]) 41.0(7.2) 46.8 (0.47) 42.6 (7.3) 47.2(8.2) 451 49.5 48.0(7.8) 47.2 (7.3) 52.6
Women (%) 58.1 61 67 64 60 66 61 62 54
Mean EDSS score (SD) 5.2(1.1) 5.1 (0.07) 5.3(1.1) 5.2 4.7 5.6 5.4(1.1) 6.0(5.0-6.5 5.46

(1.02) (0.97)

Proportion of patients 42.5 NR NR 104 (48) NR NR 56.2 62 58
with EDSS score 26.0 (%)
Time since onset of MS NR NR NR NR NR 9.2 17.1 (8.4) 16.6 (7.4) NR
symptoms (mean, years) (5.3)
Duration of MS (mean, 12.8 (6.6) 14.5 (0.49) 12.9 (6.9) 16.2(9.0) 14.2 NR 12.9 (7.9) NR 12.45
years [SD]) (8.72)
Duration of SPMS (mean, 2.2(2.4) 4.0 (0.20) 3.7 (2.7) NR 4.8 NR 3.9 4.8 (2.9) NR
years [SD])
Baseline normalized brain NR NR NR NR NR NR 1,422 (86) 1,425.3 NR
volume (mean, cm3) (80.3)
Proportion of patients NR NR NR NR NR NR 21 26 5
with Gd* T1 lesions (%)
Total volume of T2 lesions NR NR NR NR NR NR 15,632 17,700 NR
(mean, mm?3) (18,500)
Proportion of patients with NR NR NR NR NR NR 22 NR 27
no previous DMT use (%)
Time since most recent NR NR NR 40 (60) NR NR NR NR 109
relapse (mo) (135)
Relapse-free patients in 32 55 NR NR NR NR 64 NR NR
previous 2y (%)
Number of relapses in NR 0.9 (0.09) NR NR NR NR 0.7(1.2) NR NR

previous 2y (mean)

Abbreviations: DMT = disease-modifying treatment; EDSS = Expanded Disability Status Scale; Gd* = gadolinium-enhancing; IFNB = interferon-beta;
IQR = interquartile range; NR = not reported; SPMS = secondary progressive MS.

2These data are presented as median (IQR).

affected by treatment (hazard ratio, 0.83; 95% CI, 0.65;
1.07; p = 0.146 vs placebo). However, the relapse rate was
significantly reduced to 0.50 per year (p < 0.001 for both
doses).®'* In the International MS Secondary Progressive
Avonex Controlled Trial (IMPACT) study, the median MS
Functional Composite (MSFC) Z-score decreased by
40.4% in IFN-B-1a participants (-0.096 vs —0.161 in pla-
cebo participants, p = 0.033), the Nine-Hole Peg Test (9-
HPT), and the Paced Auditory Serial Addition Test being
the key contributors for this change. Furthermore, IFN-
B-1la participants had 33% fewer relapses (p = 0.008), and
IFN-B-1a was shown to reduce new or enlarging T2-
hyperintense brain MRI lesions and gadolinium-enhancing
(Gd") lesions at months 12 and 24 (both p < 0.001).°"
However, no benefit in EDSS score was seen. Another
study examined the benefit of low-dose IFN-B-1a (22 pg);
patients treated with the low dose of IFN-p-1a vs placebo
did not have a beneficial effect on either disability or relapse

el4
outcomes.
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A Clinical Study of the Efficacy of Natalizumab on Reducing
Disability Progression in Participants With Secondary Pro-
gressive Multiple Sclerosis (ASCEND), a phase 3, random-
ized, double-blind, placebo-controlled trial of natalizumab
included a population with advanced disease (EDSS of 6-6.5;
63% requiring walking aid) and was more similar to the NA-
SPMS study than the EU-SPMS study. Patients treated with
natalizumab in the ASCEND study showed a progression rate
of 44% and ARR of 0.08. This study did not meet the primary
end point (disability outcome) at 2 years in the SPMS pop-
ulation."" Furthermore, a phase 3 study of MBP8298 (myelin
basic protein) did not show a clinical benefit compared with
placebo in an SPMS population (n = 612) which expressed
human leukocyte antigen haplotype DR2 or DR4 (progression
rate [31%]; ARR [0.13])."® Other studies that evaluated the
potential of mitoxantrone (NCT00146159), dimethyl fumarate
(NCT02430532), and cyclophosphamide vs methylpredniso-
lone (NCT00241254) in SPMS were terminated early; there-
fore, no data are available for comparison.
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In the EXploring the efficacy and safety of siponimod in
PAtients with secoNDary progressive multiple sclerosis
(EXPAND) phase 3 study, the SPMS population had high
disability with a median EDSS score of 6.0 (range: 3.0-6.5),
56% required a walking aid, 21% had Gd" lesions, and 36%
had relapses in the past 2 years; the progression rate was 26%,
and ARR was 0.07.°"! By contrast, the SPI2 study12 specifi-
cally recruited only participants with nonrelapsing progressive
MS; potential participants with relapses in the prior 2 years
were excluded and as a likely consequence, only 5% of par-
ticipants had Gd" lesions at baseline.

In general, the baseline characteristics from these phase 3
studies underscore the variability in SPMS trial methodol-
ogy16 and highlight the heterogeneity of the enrolled patient
populations such as presence/absence of relapses, age, and

) . el6el7
disease duration.® **

Patients With SPMS From the Registries and
Real-World Evidence

SPMS represents a challenge for current registries and real-
world evidence efforts because patients with SPMS may be
underrepresented due to delayed diagnosis and unrecognized
disease progression. Progression in functional domains, not
captured adequately by EDSS such as visual or cognitive
symptoms, may not affect the total EDSS score in patients
with limited ambulation because the patient will appear as
clinically stable in EDSS terms. Moreover, challenges in the
assessment of other disability functions (e.g., cognition, arm
function, balance, bowel, and bladder function) in patients
with SPMS with EDSS >4 have widely been recognized.'”*'®
Clinicians may want to consider deterioration in any single-
functional domain as an indicator of clinical progression.

Collective efforts from the SPMS research collaboration network
(RCN) of 8 European MS registries are currently generating
data on ~40,000 patients with SPMS to (1) measure variability
in SPMS prevalence as a function of diagnostic criteria and (2)
describe characteristics and treatment patterns of patients with
SPMS in routine clinical practice.”’® According to the latest
results from the RCN group which included 3 registries, appli-
cation of a decision tree classifier (RRMS/SPMS patients
reclassification) increased the SPMS proportion from 16.6% to
26.2% in Germany, from 13.8% to 35.6% in United Kingdom,
and from 24.5% to 25.4% in Sweden compared with clinically
assigned SPMS proportion, indicating that underdiagnosis of
SPMS is a common issue.'®

An ongoing noninterventional real-world evidence study
impAct of Mayzent [siponimod] on secondAry progressive
multiple Sclerosis patients in a long-term non-Interventional
study in GermAny (AMASIA) aims to analyze the effects of
siponimod on SPMS patients with active disease (n = 435
patients enrolled as of July 15, 2021) over a 3-year observa-
tional phase.'”**® Compared with the active SPMS subgroup
population from the EXPAND study, the real-world pop-
ulation of AMASIA is older (55 years) with a longer overall
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disease history (mean 17 years), equally advanced disability
(EDSS 6.0) but a higher rate (50%) of relapse activity within
the past 2 years'® In the PANGAEA 2.0 EVOLUTION
study®***' (n = 658 recruited), the interim analysis (data
cutoff: January 28, 2021) results reported that patients with
SPMS were older (53. 6 vs 49.5 years), had a longer disease
history (17.2 vs 13.8 years), and higher EDSS score (5.1 vs
4.2) compared with those at high risk for SPMS.

A more recent report from the Argentine MS registry (Rel-
evarEM) described clinical and demographic characteristics of
patients with SPMS.>' Registry patients had a median age of
S3 years (interquartile range [IQR; 47-62]), 67% were
women, the median EDSS was 6.5, and disease duration was
19.5 years (IQR 14-26) and with 48% in ongoing treatment.
Furthermore, 86% had a disability certificate (allowing access
to disability benefits), and only 23.7% were actively working.
In addition, 35.6% of patients with SPMS had new MRI
lesions, and 5% had clinical relapses in the last year of the
registry entry.21

A recent real-world study of the Adelphi MS Disease-Specific
Programme (DSP) identified 3580 patients with SPMS from
a cohort of 37,318 patients with MS. Those with SPMS were
further categorized as active SPMS (aSPMS) or nonactive
SPMS (naSPMS) based on the presence or absence of 1 or
more new MRI lesions or relapses in the previous 12 months,
respectively. When comparing the active (n = 1889) and
nonactive (n = 665) SPMS groups, the patients with aSPMS
had a lower mean EDSS score (4.6 vs 5.2), a greater change in
EDSS in the past 12 months (0.43 vs 0.02) and a lower
proportion of moderate-to-severe disease (73.5 vs 87.8).”

The Adelphi DSP study also showed that 45.1% of patients with
naSPMS receive no treatment, compared with 23.4% with
aSPMS. Given the paucity of epidemiologic data exclusively for
SPMS, more data coming from the registries could potentially
provide clinicians with a better understanding of the treatment
patterns/switches and off-label use of drugs along with real-time
observations on the safety and efficacy of treatments."***

According to natural history cohort studies, most of the pa-
tients with RRMS ultimately transition to SPMS over the
course of the disease.”>*>** In a natural history cohort, ap-
proximately 62% of patients with RRMS transitioned to
SPMS by the age of 75 years (average age at onset: 45
years).”® In a cohort study of patients with MS (n = 1,099)
followed for longer than 25 years, >90% had transitioned to
the progressive phase.”* Another study in patients with RRMS
who did not receive any treatment revealed that occurrence of
a second clinical attack is typical within the first 2 years, and it
takes approximately 15 years to convert to SPMS from disease
onset.”** Longitudinal data from the MSBase registry in-
dicated that the median time to SPMS were 32.4 years from
disease onset. This was further confirmed in a subcohort
followed prospectively for <10 years from disease onset (n =
11,926) which revealed that the proportion of patients with
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SPMS at 32.4 years was 60%.°*° In addition, findings in a
DMT-treated cohort of 517 patients suggest that only 18.1%
of patients with RRMS progress to SPMS after a median
duration of 16.8 years from disease onset.”*

Diagnostic Uncertainty, Defining
SPMS and Assessing Disease Activity
and Disability

No “gold standard” definition of SPMS or clear clinical, im-
aging, immunologic, or pathologic criteria exist to confidently
delineate patient progression from RRMS to SPMS.*”**” The
most commonly used definition of SPMS course®' is based on
the subjective judgment of the treating neurologist who ret-
rospectively defines SPMS as a history of gradual progression
after an initial RRMS course. This lack of a precise definition is
largely due to the gradual nature of the transition rather
without an identifiable tipping point. Indeed, the pathologic
processes that result in secondary progression likely begin
early in the relapsing phase of MS as evidenced by recent
articles that describe confirmed and sustained progression
without evidence of temporal relation to relapses in relapsing
MS data sets.”> Many studies have examined the time required
to confirm symptomatic disability progression because dif-
ferent time frames could be more or less successful in
detecting progression. “Confirmed progression” was defined
by an increase in neurologic dysfunction that persisted over a
specified time period (e.g, 3, 6 or 12 months).”" The sensi-
tivity and specificity of various definitions considering con-
firmation time frame of 3, 6, 12, and 24 months were also
evaluated.*® The definition with the best performance in-
volved 3-strata with a minimum EDSS score of 4, a pyramidal
score >2, and a 3-month confirmation period without pre-
ceding relapse.”> This definition could be applied to
strengthen the study design and improve comparability of
clinical trials and observational studies.

Nonetheless, this definition may not capture SPMS early
enough and is more commonly used for clinical trials than in
daily clinical practice. This suggests a need to develop a more
objective and data-driven SPMS definition for better

understanding of the disease course characterization among
. . 8,28
both clinicians and patients.”™*

In Europe and the United States, recent marketing authori-
zations for DMTs (siponimod, ocrelizumab, and cladribine)
used different definitions of activity: EU regulators defined
activity as presence of relapses or imaging features of in-
flammatory activity, whereas US regulators limited the defi-
nition of activity to clinical relapses with no mention of MRI

)

criteria.”®*7**° Discrepancies in the use of clinical descriptors
introduced by the regulatory agencies could potentially lead
to confusion in clinical practice and future clinical trials;
therefore, the clinical definitions for active disease, pro-
gression and worsening of the disease (Table 2), along with
time frames for better clinical decision-making were recently
reiterated.”*® Active inflammation was defined as a clinical
relapse or MRI activity evidenced by new/enlarging T2 le-
sions or Gd+ lesions during the previous $ years.*>**® Clear
criteria to differentiate active vs nonactive forms of SPMS
would be helpful for conducting clinical trials and for in-
cluding patients in registries and observational studies, which
may in turn harmonize regulatory decisions and allow drug
development in the underserved naSPMS cohort. However,
findings from the Adelphi MS DSP suggest that this may be
challenging: When investigating how activity in SPMS was
detected, activity was much more commonly found through
MRI only (59.1%) than by relapse only (12.6%) or by both
relapse and MRI combined (28.3%).>* Given that, in a 12-
month period, patients with naSPMS are less likely to receive
an MRI (58.7%) vs aSPMS (87.7%), the chance to miss ac-
tivity and misclassify patients with SPMS with activity as
nonactive is a real possibility. The results from the EXPAND
trial showed that over half of patients deemed nonactive at
baseline (no relapses in the previous 2 years and no T1 lesions
at baseline) had renewed activity on placebo. Thus, defining
aSPMS and naSPMS reliably is difficult, and more studies are
needed to characterize how SPMS populations evolve over
time.

Recently published observational data from the French
population—based MS registry (Registre Lorrain des Scléroses en
Plaques)®® investigated the frequency of active inflammation

Table 2 Definitions of Active and Progressive Forms of the Disease and Relevant Time Frames for Assessments

Recommended time frame

Term Definition by Lublin et al.** for assessments
Active Clinical parameters: relapses, acute/subacute episodes of new or increasing neurologic dysfunction, Yearly or another time frame (if
disease followed by full or partial recovery in the absence of fever or infection and/or specified)
Imaging parameters: Gd* T1 lesions or new or unequivocally enlarging T2 lesions
Disease Disability accrual independent of relapse activity during progressive phase of MS (PPMS or SPMS) Yearly by clinical assessment or

progression

another time frame (if specified)

Worsening
disease

Any increase in impairment/disability irrespective of resulting from residual deficits postrelapse or
(increasing) progressive disability during the progressive phase of the illness

Not required

Abbreviations: Gd+ = gadolinium-enhancing; PPMS = primary progressive MS; SPMS = secondary progressive MS.
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among 833 patients with SPMS who had at least 1 episode of
clinical and/or radiologic activity during the 15 years after onset
of progression. During the initial S years of the SPMS phase,
approximately 10%-15% of patients experienced a clinical re-
lapse, while the proportion of patients with active inflammation
rose to 12%-24% after applying the clinical and radiologic
assessments.”® Patients were more likely to have “disease activ-
ity” (evidenced by clinical relapse, MRI activity, or both) if
they had experienced either a relapse or MRI activity in the
previous S years. Conversely, the likelihood of disease
activity was inversely related to age, level of disability,
and DMT use.”®**° Such population-based observational
studies provide essential guidance to treating neurologists
to identify any ongoing inflammation in patients with
SPMS and to closely observe the patient characteristics
suggestive of possible inflammation in their patients.®*

Another key aspect is that typically in SPMS trials, disability
progression is measured as a change in an ordinal and pre-
dominantly ambulation-based EDSS (>4), which alone is not
a sufficient measure to precisely detect disability progression
to SPMS.*”*> Furthermore, certain psychometric limitations
of the EDSS (low sensitivity and responsiveness especially
at upper levels) are well described.'” Consequently, as-
sessment of other disability functions (e.g., cognition, arm
function, bowel, and bladder function) may therefore be-
come difficult in patients with EDSS >4.0. These functions
can, at least in part, be measured by tools commonly used in
clinical trials such as the symbol digit modality test that
assesses cognitive processing speed®>” and the 9-HPT that
assesses arm and hand dexterity.*** Notably, well-validated
tools for assessing bowel and bladder dysfunction in MS are
lacking.>

Latest efforts” at defining the clinical predictors of evolution
to SPMS confirmed that disability worsening without a re-
lapse (nr-CDW) poses a greater risk of progression to
SPMS vs disability worsening due to incomplete recovery
after a relapse (r-CDW) in patients with higher EDSS
scores (>3). This highlights involvement of 2 pathologic
processes underpinning the disease course: r-CDW likely
reflects inflammation, whereas nr-CDW captures the
neurodegenerative aspect of the disease.” In this context,
an initial CDW identified as nr-CDW can serve as a proxy
for clinicians, warning them about the patient’s possible
progression to the SPMS phenotype and hints at identi-
fying the “turning point” along the disease continuum.
MS-treating neurologists in the United States who par-
ticipated in a cross-sectional study rated “patient’s clinical
history in the past 1 year,” “neurologic examination” and
“most recent MRI” as important clinical predictors for
detecting progression from RRMS to SPMS during a
clinical encounter.®*® The findings of this survey further
substantiated the results of another global cross-sectional
quantitative study in which patient history and gradual
worsening of symptoms were viewed as predictors of
progression to SPMS.*!
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Opverall, the above factors emphasize the need for continued
education and training of neurologists regarding diagnostic
criteria improvements that may lead to earlier diagnosis in
SPMS e8,e28,e33,e34

Tools to Identify SPMS Earlier or
Predict SPMS Progression

Currently, sensitive measures are required to predict SPMS pro-
gression earlier in the disease course. Different tools are in various
stages of development, with some already being in the clinic.

Prospective Approaches

Considering the heterogeneity of the SPMS clinical course,
the use of multiple clinical markers is crucial for the assess-
ment of disability progression in SPMS.*>* In addition to the
EDSS factors, the neurologic and clinical history of the patient
or an MSFC®* assessment, which characterizes progression
using functional tests, are valuable resources in detecting
impairments during the progressive phase of the disease
course. Ofkey importance in SPMS is an objective assessment
of the disease status involving any chronic or long-standing
changes and the ability to tease apart any direct causality of
such changes with the inflammatory disease activity.'”

Screening tools are being developed to identify patients earlier
in their SPMS transition. These newer tools such as the MS
Prediction Score,ez’7 MS Progression Discussion Tool,32’838 or
the SPMS nomogram*®*® can assess subtle signs of progressive
disease and their influence on daily activities. To collect long-
term monitoring data, these tools can be integrated into
electronic health records and used as part of routine clinical
assessments. This would enable modeling of disease pro-
gression and treatment simulation for individual patients.e40

MRI is an established diagnostic tool for MS.** Quantitative
MRI techniques have improved the data quality, providing
better tissue-specific assessments and more sensitive mea-
surements of gray matter changes. Brain volumes and spinal
cord areas show promise for monitoring neurodegeneration
in patients with SPMS who are characterized by less in-
flammation than patients with RRMS.***>*"*** These tools
could help to distinguish disease-related and treatment-
related brain volume and spinal cord changes as well as mark
the transition from RRMS to SPMS.

Among additional imaging biomarkers, leptomeningeal contrast
enhancement, slowly expanding lesions or T2-lesion volume
have significant associations with clinical and/or MRI measures
of disease progression; however, further characterization of their
histopathologic correlates is warranted to support their use in the
clinical practice.*® In addition, paramagnetic rim+ lesions char-
acterized by accumulation of iron have been reported as prog-
nostic and diagnostic biomarkers in MS for disability prediction
through their disruptions to the structural connectome than
compared with rim lesions. They have been found to be less
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prevalent compared with central veins both at patient-level and
lesion-level; however, they are clinically important owing to their
specificity to MS and association with disease severity. Thus, they
can be combined with other biomarkers to improve their usage
in prognosis and diagnosis of MS.**>***

Other neuroimaging and laboratory biomarkers that identify
progression in MS include normalized magnetization transfer
ratio, cortical gray matter, and positron emission tomography
(translocator protein, myelin tracers), which are described in
detail elsewhere.’

Optical coherence tomography (OCT) of the retina has also
been explored in detecting progression in MS and was tested in
neuroprotective strategies.**** OCT assesses the retinal fiber
layer (RNFL) and macular ganglion cell layer. According to the
clinical trials that tested RNFL thickness and macular volume in
progressive MS, more RNFL thinning was seen in patients with
SPMS and patients with primary progressive MS than in those
with RRMS, particularly within quadrants of the peripapillary
retina.**® OCT was also evaluated as a measure for neuro-
degeneration. OCtiMS, a multicenter, longitudinal, 3-year
study, evaluated changes in RNFL and ganglion cell layer in
332 patients with MS. These OCT measures were highly
reproducible for monitoring disease progression and for quan-
tifying neurodegeneration in the early disease course.”” The
results from the Secondary and Primary Progressive Ibudilast
NeuroNEXT Trial in MS (SPRINT-MS) study suggest that for
a therapy (e.g, ibudilast) which has a large treatment effect,
OCT implementation in progressive MS trials could prove to be
beneficial for a variety of reasons.**’

Among prognostic tools, biomarkers such as neurofilament light
(NfL), glial fibrillary acidic protein (GFAP), or a combination of
both have made considerable progress.*® Serum NfL monitoring
indicates future or ongoing disease activity especially when other
clinical parameters may seem stable.***** A recent systematic
review described the available evidence on NfL as a biomarker of
neuroinflammation, future brain atrophy, and immunosuppres-
sive treatment response at a group level in progressive MS* In
another study, CSF NIL levels were associated with a risk of
conversion from RRMS to SPMS.*° Hence, serum neurofila-
ment could assist in phenotyping progressive disease in the
future.***>" Another possible advancement could be an MS
biosignature that combines serum NfL, serum GFAP, and MRI
markers to monitor disease progression instead of waiting for
clinical worsening.*'

In recent biomarker discovery, metabolomics has evolved as
another measure for prognosis that can be used for identifying
disease pathways underpinning clinical phenotypes such as
RRMS or SPMS.** Metabolomics comprises a detailed study
of the metabolome in a biological sample including all low
molecular weight (<1,500 Da) metabolites. It was developed
as an Absolute IDQ-p400 test kit that could be used for
quantifying targeted metabolites in the CSF. The test is
known to be resistant to sample handling variations. In a
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previous study, an age-matched and sex-matched, cohort of
patients with SPMS and controls were used to explore the
differences in metabolite concentrations.*>>

High-quality, disease-specific patient-reported outcome (PRO)
measures need to be developed that can capture the true concerns
of patients in real time and assess the impact of both clinical and
nonclinical interventions on a variety of outcomes. One way to
initiate this could be by exploring the use of information tech-
nology to collect patient-level data and develop multidisciplinary
care protocols for the collection of PROs.***** In addition, lon-
gitudinal monitoring of PROs and MS performance testing may
also help to identify distinctive evolutionary patterns in the PROs
and Timed-25 Foot Walk Test (T25FW) that may be too subtle
to recognize with serial neurologic examinations in clinic for
patients approaching or in the midst of SPMS progression.**

Disability progression can also have an impact on health eco-
nomic outcomes such as higher utilization of societal resources
and can potentially lead to a significant increase in the societal
costs of MS. In contrast to RRMS, the substantially higher
economic and humanistic burden associated with SPMS can be
attributed to the greater symptomatic burden and higher
disability (EDSS),*>* which culminates in a steady and gradual
decrease in health-related quality of life, as well as higher cost-
5.%55% Pharmacoeconomic tools to identify progression-related
are under way that apply a standardized longitudinal
model to estimate the higher societal economic costs associated
with progression independent of relapse activity or relapse-
associated worsening in SPMS.* Ideally, appropriate and early
treatment would delay the time of conversion to SPMS, limiting
both the human and economic costs of severe disability. The MS
Health Resource Survey™ is an online tool to investigate re-
source utilization both in cross-sectional and longitudinal studies.
This could allow transparent estimation of the health economic
impact of clinical endpoints across multiple regions.

56
costs®

Retrospective Approaches

It was recently reported that a data-driven algorithm identifies
more patients with aggressive and progressive SPMS by starting
at a minimum EDSS of 4.0 at the time of conversion to SPMS,
thus omitting the “progression events” which start at lower
EDSS scores (Table 3).® Machine learning algorithms may
serve as a prognostic tool to predict SPMS disability progression
without significant human intervention or burden.*>’ Identifi-
cation of patients with the highest progression risk has imme-
diate application for inclusion in future SPMS trials and would
reduce exposure of low-risk patients to investigational therapies.
In another study, a support vector machine algorithm was used
for automatic classification of healthy controls, patients with
RRMS, and patients with SPMS by using mass resonance
spectroscopy and machine learning methods. The results
showed classification of RRMS and SPMS with 83.33% accu-
racy, 81.81% sensitivity, and 85.71% specificity.”** An un-
supervised machine learning algorithm—Subtype and Staging
Inference (SuStaln)—was also introduced to detect data-driven
disease subtypes with distinct temporal progression patterns
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Table 3 Algorithms and Digital Tools for MS Disease Monitoring and Assessment

Algorithm/
digital tool Attributes Validation studies Web link Reference
Data-driven e DDA includes criteria that last EDSS score 24.0; last e Accuracy: An accuracy of 87% was reported with  Not available  laffaldano
algorithm based pyramidal FS score >2.0 DDA compared with the consensus diagnosis by etal®
on Italian MS « Defined criteria for SPMS based on DDA are more neurologists®>
registry reliable to identify patients with a more aggressive e User experience: NR
SP course in comparison with traditional methods
based on neurologic examinations
ML-based o Algorithm based on MRS, MRS metabolites, and e Accuracy: This algorithm was able to accurately =~ Not available Ek§i
algorithm using  binary classifications (healthy controls—RRMS and  diagnose RRMS vs SPMS patients with accuracy et al®*®
MR spectroscopy RRMS-SPMS) based on the Support Vector Machine 81.96 + 4.91%, sensitivity: 83.33 + 5.55%, and
algorithm specificity: 80 + 5.15%°°
* MRS and computer-aided diagnosis can be used as e User experience: NA
a complementary imaging technique to determine
MS types
Subtype and o ML tool using MRI data from GENFI to identify e Accuracy: NR Not available  Young
Stage Inference disease phenotypes with distinct temporal o User experience: MRI-based subtypes were more etal,*
(SuStaln) progression patterns strongly associated with the risk of disability Eshaghi
o Algorithm predicts MS disability progression and  progression than the standard clinical phenotypes etal.’®
response to treatment SuStaln subtypes and stages at baseline were
e Can be used to define groups of patients in significantly associated with the time-to 24-wk CDP
interventional trials (subtypes: overall effect, B =0.04, SE=0.01, p=0.02;
stages: 3 = -0.06, SE = 0.02, p < 0.001) vs the
standard clinical phenotypes or baseline EDSS with
the time to 24-week CDP (phenotypes: overall effect
across RRMS, SPMS, and PPMS, B=0.18,SE=0.15,p
=0.22), (EDSS: B = 0.02, SE = 0.03, p = 0.26)"°
FLOODLIGHT * Remote active testing and passive monitoring e Accuracy: NR floodlightopen. Midaglia
using smartphones and smartwatch technology o User experience: Adherence to active tests com/en-US etal®
o Patients with MS were engaged and satisfied with and passive monitoring was 70% (16.68/24 wk) and
the FLOODLIGHT test battery 79% (18.89/24 wk), respectively; satisfaction score
o FLOODLIGHT can be used for continuous was on average 73.7 out of 100
assessment of MS disease in clinical trials and real- Eighty percent (61/72) of plwMS reported test-
world settings battery assessments had at least acceptable impact
on daily living activities*?
dreaMs app e Smartphone and smartwatch-based set of digital e Accuracy: Reliability as measure of features https://healios. Woelfle
biomarkers for disease monitoring in patients with  reflecting key functional domains perceived as io/dreams/ et al®®3
MS meaningful to PWMS shown in short term feasibility
e It can be used for every-day management and study. Study with longer follow-up ongoing to prove
assessment of new therapies validity of these measures as digital biomarkers in
PWMS
MSProDiscuss  Draft scoring algorithm using 2 approaches: e Accuracy: In the algorithm without EDSS, the tool https://www. Ziemssen
quantitative analysis of real-world data and showed high sensitivity and specificity for patients msprodiscuss. et al.,*’
qualitative analysis based on physician interviews  with RRMS (0.83 and 0.82) and for patients with com/ Inojosa
and ranking and weighting exercises SPMS (sensitivity = 0.82; specificity = 0.84). The tool etal®
o Early detection of clinically significant progression showed similar high sensitivity and specificity for
in MS RRMS and SPMS (ranging between 0.76 and 0.86) in
the algorithm without EDSS>2
e User experience: Real-world usability testing
showed that physicians found MSProDiscuss to be
useful in discussing MS symptoms and their impact
on daily activities and cognitive function, as well as
in discussing progression in general®*®
CogEval o PST, a self-administered digital tool to measure e Accuracy: PST showed excellent test-retest cogeval. Rao et al.”’
MS-related deficits in processing speed reliability (CCCvalues inthe range between 0.85and biogenapp.
« The tool had efficient administration, scoring, and 0.88) com/

potential for medical record or research database
integration

PST was slightly more sensitive (61.2 vs 52.7) than
SDMT in differentiating MS (61.1 vs 53.9) from
healthy groups

PST correlated better with cerebral T2 lesion
compared with SDMT (p = 0.02)

e User experience: NR

Abbreviations: CCC = concordance correlation coefficient; CDP = confirmed disability progression; DDA = data-driven algorithm; EDSS = Expanded Disability
Status Scale, Frontotemporal dementia; MR = magnetic resonance; MRS = MR spectroscopy; ML = machine learning; plwMS = people living with MS; NR = not
reported; PST = processing speed test; RRMS = relapsing-remitting MS; SDMT = Symbol Digital Modalities Test; SE = standard error; SP = secondary progressive;
SPMS = secondary progressive MS.
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based on MRI scans.”” SuStaln can be used to disentangle
temporal and phenotypic heterogeneity algorithms. MRI-based
subtypes defined using SuStaln were able to predict MS dis-
ability progression and response to treatment.'’

Recently, a scoring algorithm that integrates data from ranking
and weighting exercises, qualitative interviews, and a real-world
observational study was developed.®> This comprehensive ap-
proach could be applied to capture early signs of progression to
SPMS. Based on this questionnaire, age, MS disease activity, and
EDSS were the most significant physician-reported predictors of
progression to SPMS, while patient-reported strongest predic-
tors of progression to SPMS were age, mobility, and self-care
using multiple logistic regression.

With the advent of new technical advances, digital tools*®%°
may present a convenient method for patients to self-assess
and self-monitor outcomes (Table 3). FLOODLIGHT is a
digital application used in clinical trials that combines active
assessments and passive monitoring of movement to track MS
symptoms. FLOODLIGHT sensor-based measures can be
used in clinical trials and real-world settings to assess feasi-
bility of remote active testing and passive monitoring using
smartphones and smartwatch technology.*” The MSPro-
Discuss digital tool may be useful for early detection of clin-
ically significant progression in MS, after a series of questions
taking approximately 4 minutes to complete, a traffic light
system helps to understand the likelihood of progression to
SPMS.*®" The DreaMS app was developed to assess a
smartphone and smartwatch-based set of digital biomarkers
for disease monitoring in MS.**>**® Before implementation,
validation of these digital concepts will be necessary with
long-term cohort data matched with the clinical opinions of
multidisciplinary teams.

Impairments in cognitive function can be an early identifier of
disease progression because the deficits/worsening may be
present in patients without physical disability.**** In clinical
practice, quantitative cognitive tests are not routinely ad-
ministered by neurologists.“*> However, introduction of dig-
ital tools such as CogEval may aid neurologists in evaluating
cognitive function in patients with MS.>' Cognitive impair-
ment in MS remains therapeutically challenging. Possible
approaches to address this unmet need involve cognitive re-
habilitation and exercise training.so’e66

Treatments and Symptom
Management for SPMS

Ultimately, early identification of SPMS will not be helpful if
it is not linked to treatment with appropriate therapies. A
harmonized definition of SPMS will also help in subsequent
inclusion in SPMS trials. The role of DMTs in slowing
SPMS progression and evolving treatments that exhibit immu-
nomodulatory, neuroprotective/regenerative properties have
been extensively discussed in many recent articles.”>>>*%"<">
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Symptom management, however, also plays a crucial role in
patient care.

Once patients transition to SPMS, mobility, and other phys-
ical aspects are typically more impaired than in RRMS.***
Symptoms including spasticity, pain, fatigue, cognitive im-
pairment, bladder and bowel issues, gait dysfunction, mood
dysregulation, and sleep disturbance require attention.””>
Management of a patient’s specific constellation of symptoms
and complex psychosocial needs by using a combination of
pharmacologic and nonpharmacologic approaches may need
to be considered for improving quality of life.”>*”* A recent
study explored the usability of a mobile app for real-time
assessment of fatigue and associated symptoms in patients
with MS.*”> SPMS is associated with broad and complex
comorbidities and symptoms and an increased likelihood of a
minority patients with SPMS will eventually require palliative
care.”**”” Multidisciplinary teams, therefore, involving a
neurologist; primary care physician; physical, occupational,
and speech therapists; psychologist; urologist; and specialists
in physical medicine and rehabilitation, pain management,
and infectious diseases, can offer comprehensive support for
effective management of SPMS.*”” This multidisciplinary
approach provides a holistic view of factors along the patient
journey (e.g., diagnosis, disease course and evolution over
time, treatment patterns across cohorts, perspectives from the
patients, care providers, and physicians, etc.) to identify
overarching challenges encountered by all stakeholders in-

80 1, . .
Y It is also im-

volved in the management of MS.>%37¢7%
perative for clinicians to improve collaboration and referral

pathways while managing patients with SPMS.**

The Managing the Transition to SPMS (ManTra)® study
from Italy and Germany evaluated the experiences of patients
recently diagnosed with SPMS. According to the report,
>40% of recently diagnosed patients with SPMS were unaware
of their disease, highlighting a gap in the patient-physician
communication and information exchange that needs to be
addressed, despite a period of diagnostic uncertainty. Further-
more, the study also documented certain patient needs such as
access to the “physiotherapy and exercise programs” and more
“patient active involvement in health care.”

Amid the diagnostic uncertainty between the RRMS and SPMS
phenotypes, the perception of MS as “one disease” has un-
dergone a paradigm shift over time. The current emphasis of the
medical and scientific community is, therefore, on the timely
detection of progressive elements within the MS disease con-
tinuum to identify an early window of opportunity for effective
treatment to modify the disease trajectory. Despite challenges in
the clinical management of SPMS, including ambiguities asso-
ciated with the definition of SPMS and active vs nonactive forms
of the disease, a combination of prospective and retrospective
tools/approaches, and enhanced awareness of the heterogeneity
of different patient populations included in registries, real-world
cohorts, randomized controlled trials and their extensions, are
expected to optimize care for patients with SPMS. Such care
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should not be restricted to pharmacologic interventions but
include nonpharmacological strategies based on collaborative
efforts in multidisciplinary teams.
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