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Introduction
Since the publication of the Lublin–Reingold clinical 
course descriptors for multiple sclerosis (MS) in 
1996, and the revised descriptors in 2013, there have 
been calls for the development of course descriptors 
anchored to the biological mechanisms of the 
disease.1

Some conceptual models have been suggested, but as 
yet none have been widely adopted (Antel, Antel and 
Caramanos, 2012).2,3,4 Recently, the International 
Advisory Committee on Clinical Trials in Multiple 
Sclerosis (an international group of experts convened 
under the auspices of the European Committee for 
Treatment and Research in MS and the US National 

Multiple Sclerosis Society) revisited the current clini-
cal course descriptors, beginning with an exploration 
of how recent developments in our understanding of 
disease progression should be integrated to the exist-
ing paradigm. This effort culminated in the publica-
tion of a proposal for a new mechanism-driven 
framework of MS progression. The proposed frame-
work posits that long-term disability progression 
results from a combination of pathological processes, 
which vary between individuals and within individu-
als over time and with ageing.5 Disability progression 
can occur from the early phases of relapsing MS, is 
partially independent of relapse activity, and is associ-
ated with concomitant accelerated brain, spinal cord, 
and retinal atrophy, ultimately leading to worse 
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long-term outcomes.6–11 As such, the challenge is 
using clinician assessed and performance measures, 
patient reported outcomes and biomarkers to identify 
the wide range of MS pathology mechanisms, from 
disease onset and through its course, and related clini-
cal expression.2,5 The emergence of treatment options 
with proven efficacy in progressive disease has fur-
ther highlighted the need to identify and tackle bio-
logic mechanisms of MS progression at the individual 
level.12

The recognition of shared underlying biology between 
relapsing and progressive MS blurs the distinction 
between these forms of the disease as expressed in the 
current clinical course descriptors, raising important 
questions about how the descriptors should evolve or 
whether they should be replaced with a new approach. 
Consequently, a working group convened under the 
auspices of the International Advisory Committee on 
Clinical Trials in MS is building on the proposed pro-
gression framework and developing a new mecha-
nism-driven model – and an associated implementation 
roadmap – for describing MS. Since new descriptors 
of MS can potentially affect a wide range of stake-
holders, including people with MS (i.e. informed 
decision-making), clinicians (i.e. prognosis, treat-
ment), researchers (i.e. link between disease mecha-
nisms and clinical expression), industry (i.e. design 
and conduct of clinical trials), regulators and policy-
makers (i.e. drug approval and access), it is essential 
to understand the implications of their adoption. In 
this paper, we report on a landscape assessment con-
ducted to understand community perspectives on the 
need to change the MS clinical course descriptors and 
expectations for a new approach to describing MS.

Method

Study design
This was a cross-sectional study using a structured 
web-based questionnaire designed and reported fol-
lowing the Consensus-Based Checklist for Reporting 
of Survey Studies (CROSS).13 It was developed by an 
ad hoc working group of the International Advisory 
Committee on Clinical Trials in MS – a global body 
sponsored by the European Committee for Treatments 
and Research in MS (ECTRIMS) and the National 
Multiple Sclerosis Society (USA). The Committee has 
been in existence for over 30 years and is composed of 
experts in clinical trials and clinical research in MS. 
The committee is charged by the sponsoring organiza-
tions with providing perspective and guidance to the 
scientific and clinical community related to planning 
and implementation of clinical trials of MS therapies 

and allied topics. The current membership of the com-
mittee can be accessed here: – https://www.ectrims.eu/
wpcontent/uploads/2023/03/Clinical-Trials-Cmte-
Roster-2023-24.pdf.

The web-based questionnaire was built upon the 
Survey Monkey® software platform (https://www.sur-
veymonkey.com/). A consent statement was provided, 
and completion of the survey was taken to imply con-
sent. All participants consented to the questionnaire 
and the presentation of data at an aggregate level.

Survey design. The survey was designed to gather 
perspectives on current MS clinical course descriptors 
and future frameworks, potentially including labora-
tory and imaging biomarkers of different injury and 
compensatory mechanisms. Overall, the survey con-
sisted of four sections, with 53 close-ended questions, 
and 2 open-ended questions. In section 1 (6 ques-
tions), participants were asked about their level of 
agreement with the statement ‘the current MS clinical 
course descriptors need to change’ (numeric slider 
scale from 0 = disagree completely, 50 = neutral to 
100 = agree completely) and their views on the current 
MS clinical course descriptors (5-point Likert-type 
scale with strongly disagree, disagree, neither agree 
or disagree, agree, strongly agree). Section 2 asked 
participants for their perspectives on a future frame-
work (8 questions) (5-point Likert-type scale with not 
at all important, neutral, somewhat important, very 
important, extremely important), the importance of 
monitoring different injury and compensatory mecha-
nisms in a new MS progression framework (8 ques-
tions) (Likert-type scale with not at all important, 
neutral, somewhat important, very important, 
extremely important), and the readiness of laboratory 
and imaging biomarkers for use in disease manage-
ment at the individual level (20 questions) (4-point 
Likert-type scale: unsure, unlikely to be useful, needs 
additional research, ready for use). In section 3, par-
ticipants rated the importance of different aspects of a 
new framework for MS progression (6 questions) 
(Likert-type scale with not at all important, neutral, 
somewhat important, very important, extremely 
important). Two open-ended questions were also 
made available to discuss implications for patients 
that the working group should consider, along with 
any other perspectives or comments. Finally, section 
4 (5 questions) collected the role in the MS commu-
nity, category of healthcare professional, gender iden-
tity, age range (18–24, 25–34, 35–44, 45–54, 55–64, 
>65) and country of residence (which we grouped 
into main continents: Africa/Middle East, Asia/Ocea-
nia, Europe, South America and North America). The 
survey is presented in the Supplemental Material.
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Survey pretesting and dissemination. The survey 
instrument was developed in English, and iteratively 
tested by a subset of the author group from different 
countries (A.J. Thompson, M. Moccia, P.A. Calabresi, 
F.D. Lublin, R.A. Marrie, M. Panzara, and T. Coe-
tzee). Through two rounds of review the instrument 
was refined to reduce the number of survey questions, 
to favour question formats using Likert-type 
responses, and to limit the number of responses with 
open text.

We sought to obtain input from a broad range of 
stakeholders, including healthcare professionals, 
researchers, people with MS, organization representa-
tives, policymakers and pharmaceutical industry rep-
resentatives from around the world. Therefore, we 
distributed the survey to multiple organizations across 
several continents, including the executive commit-
tees of ECTRIMS, the Americas Committee for 
Treatments and Research in MS (ACTRIMS), the 
Latin American Committee for Treatment and 
Research in MS (LACTRIMS) and the Middle North 
Africa Committee for Treatments and Research in MS 
(MENACTRIMS).

Additional invitations to participate in the survey 
were distributed by email to the Canadian Network of 
MS Clinics, clinics affiliated with the Italian MS 
Register as well as investigators associated with the 
Magnetic Resonance Imaging in MS (MAGNIMS) 
network and the North American Imaging in MS 
Cooperative (NAIMS). In addition, email invitations 
were distributed to the wider MS research and health 
professional community registered with the NMSS, 
the Australian, Italian and UK MS Societies, as well 
as the Consortium of MS Centres (North America). 
To capture individuals who did not identify with any 
specific professional organization or network, the sur-
vey was also distributed via social media (Linkedin, 
Twitter). Specifically, the survey was disseminated 
once via email to the professional organizations and 
posted once on social media. The survey was opened 
on 12 December 2022 and closed on 26 January 2023; 
interim monitoring of respondents was performed to 
evaluate the representativeness of the sample. Owing 
to the descriptive nature of the study, we did not set 
sample size a priori.

Statistical analyses
Data were extracted from Survey Monkey (https://
www.surveymonkey.com/) and processed using 
Microsoft Excel. We planned a priori to exclude indi-
vidual participants with more than 20% missing 
responses to be excluded from the analyses, to avoid 

bias from survey participants with limited/focused 
knowledge on investigated topics or that might have 
mistakenly submitted incomplete questions.14 We 
note that there is no mechanism for assessing the 
response rate, nor for detecting and eliminating dupli-
cate survey submissions.

Descriptive results are presented as mean (standard 
deviation), number (percent) or median (range), as 
appropriate. Based on our aim (having a landscape 
assessment), we specifically decided not to use statis-
tical tests to evaluate associations between the main 
variables of interest (need to change the MS clinical 
course descriptors and expectations for a new 
approach to describing MS) and other variables (e.g. 
demographics) that would have focused the attention 
on the perspectives of a subgroup of the community.

Data availability statement
The datasets generated during and/or analysed during 
the current study are available from the corresponding 
author on reasonable request.

Results

Characteristics of survey participants
Over a 45-day period from December 2022 to January 
2023, we received 502 responses across 49 countries. 
The completeness to individual questions ranged 
from 92.7% in more general questions (e.g. attitudes 
towards the current clinical course descriptors), to 
77.7% in more technical questions (e.g. readiness of 
imaging measures). None of the participants had more 
than 20% responses as missing. Most respondents 
(86.8%) were healthcare professionals and research-
ers. Among the healthcare professionals, most 
respondents were MS neurologists, followed by gen-
eral neurologists and MS nursing professionals. The 
full representation of gender, age, countries and roles 
in the MS community and healthcare services is pre-
sented in Table 1.

Perspectives on the current clinical course 
descriptors
There was overall agreement that the current MS clin-
ical course descriptors need to change (77 ± 22 aver-
age rate of agreement) (Figure 1). Two-thirds 
indicated a level of agreement for change between 71 
and 100.

Respondents expressed varying perspectives on the 
current clinical course descriptors. A total of 53% 

https://journals.sagepub.com/home/msj
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found the current course descriptors useful, while the 
remainder were neutral or disagreed with this state-
ment. A majority (62%) favoured elimination of the 
terms Secondary Progressive MS and Primary 
Progressive MS in favour of a single term – progres-
sive MS. The highest rate of agreement (agree and 
strongly agree) was with the following statements: 
imaging is a useful predictor of disease worsening 
(75.6%) and clinical disease activity is a useful pre-
dictor of disease worsening (75.5%) (Figure 2).

Perspectives on a future framework for describing 
MS
In considering a new framework for describing MS, 
respondents placed the highest importance (very impor-
tant and extremely important) on its role in informing 
treatment decisions (90.4%), guiding the design and 
conduct of clinical trials (87.5%), allowing patients to 
understand their disease and what actions they should 
take (84.7%), and linking disease mechanisms and clin-
ical expression of disease (80.1%) (Figure 3).

Disease mechanisms that were reported as having the 
highest importance (very important and extremely 
important) for measurement in a new disease course 
framework included axonal degeneration (90.9%), 
demyelination (83.6%), non-resolving inflammation 
(83.2%) and remyelination (81.4%). Fewer than 50% 
of respondents considered disease mechanisms of 
oxidative stress and calcium and glutamate excitotox-
icity as having high importance (Figure 4).

In considering the tools and measures that could be 
employed to assess disease mechanisms in a new dis-
ease course framework, respondents considered mag-
netic resonance imaging (MRI) for lesion volume and 
count (83.2%), cerebrospinal fluid (CSF) oligoclonal 
bands (61.9%) and MRI for global and regional brain 
atrophy (61.2%) to have the highest readiness for use. 
A range of other measures and tools (e.g. serum nerve 
fibre layer (NfL), genetic tests, MRI for central vein 
sign, etc.) were not considered ready for use and 
required more research (Table 2).

Respondents were also asked to rate their expectations 
for the performance of a new framework. Highest 
importance (very important and extremely important) 
was placed on the framework’s ability to inform treat-
ment decisions (91%), guide research and clinical tri-
als (91%), and ease of communication to patients 
(81%). Most (81%) expected that a new framework 
should be clinically validated before dissemination 
and also adopted by regulatory authorities (77%) and 
national health systems and payers (77%) (Figure 5).

Table 1. Demographic and other characteristics of survey 
respondents.a

Questions Answers Percent

What is your gender identity?
(N = 383)
 Female 40.2
 Male 55.3
 Other/neither/prefer not to 

say
4.5

What is your age?
(N = 381)
 18–34 7.1
 35–44 24.4
 45–54 28.1
 55–64 24.7
 >65 15.7
In what country do you live?
(N = 334)
 Africa/Middle East 6.5
 Asia/Oceania 6.7
 Europe 24.8
 Latin America 14.7
 North America 47.3
Please indicate your primary role in the MS community.
(N = 386)
 Healthcare professional 67.6
 Researcher 19.2
 Person affected by MS 

(patient, caregiver, family 
member, etc.)

5.2

 Other 3.9
 Patient organization 

representative
2.3

 Pharmaceutical industry 
professional

1.3

 Policymaker (e.g. FDA 
or EMA official, health 
insurance industry 
professional, etc.)

0.5

If ‘Healthcare professional’ was selected, what category 
best describes you as a health professional.
(N = 259)
 MS neurologist 73.7
 General neurologist 13.1
 MS nurse or nurse 

practitioner
4.8

 Other 2.3
 Trainee neurologist 1.6
 Physical therapist 1.3
 Psychologist or psychiatrist 0.8
 Occupational therapist 0.8
 Pharmacist 0.8
 Physiatrist 0.4

aMissingness ranged from 23.1% to 33.5% across the first four 
questions.

https://journals.sagepub.com/home/msj
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Discussion
The emergence of clinical course descriptors for MS 
resulted in a consistent approach to patient selection for 
clinical trials.15 This reduction in patient heterogeneity 
presaged nearly three decades of successful clinical tri-
als and a transformation in the clinical management of 
relapsing MS. Along the way, the course descriptors 
were widely integrated in the MS healthcare ecosystem. 

People living with MS rely on them to understand their 
status in the disease course, and clinicians employ the 
descriptors in the management of the disease. They are 
central to defining the patient populations for contem-
porary clinical trials and clinical studies. Moreover, 
regulatory authorities and health technology assessment 
agencies have incorporated the descriptors in drug 
approvals and reimbursement schemes.5

Figure 1. Agreement for changing the current clinical course descriptors.
Participants expressed their agreement for change in the clinical course descriptors on a scale of 0–100. The average sentiment (left) is 
indicated. The number of responses by 10-point increments and the percentage of the total are shown on the right.

Figure 2. Attitudes towards the current clinical course descriptors.
Participants were offered several statements related to the current clinical course descriptors and related topics. The stacked bars reflect 
the level of agreement or disagreement with the statement.

https://journals.sagepub.com/home/msj
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Yet, despite widespread use, these survey results indi-
cate community support to consider replacement of 
the existing clinical course descriptors with a mecha-
nism-driven framework. The survey results 

also illustrate the complexity that will accompany 
introduction of a new approach to describing MS. 
While most respondents supported changing the cur-
rent clinical course descriptors, the survey results 

Figure 3. Considerations for a new framework for describing MS.
Stacked bars show the percentage of respondents rating the importance of different aspects of a new framework for describing MS.

Figure 4. Perspectives on disease mechanisms to be measured by a new disease course framework.
Stacked bars show the percentage of respondents rating the importance of different disease mechanisms to be measured by a new 
framework for describing MS.

https://journals.sagepub.com/home/msj
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highlight community expectations that a new frame-
work reflects the current understanding of biological 
mechanisms of MS, with domain-based staging (e.g. 
focal inflammatory lesions, degree of axonal injury, 
microglial activation, etc.) that links disease mecha-
nisms to a clinical descriptor. Furthermore, there is 
also an expectation that a new framework has ade-
quate clinical validation before introduction.

While adopting a mechanism-based approach to 
describing MS is attractive, we must also recognize 
some of the limitations with current tools to assess 
disease mechanisms within individual patients. Our 
survey findings demonstrated that participants only 
expressed confidence in MRI for lesion volume and 
count, CSF oligoclonal bands, and MRI for global 
and regional brain atrophy as tools for disease man-
agement. Laboratory and MRI advances might soon 
allow the application in clinical practice of tools in a 
range of areas – serum/CSF NfL, serum/CSF GFAP, 
CSF kappa free light chains, MRI for central vein 

sign, MRI for paramagnetic (iron) rim lesions, MRI 
for intralesional axonal loss, MRI for spinal cord atro-
phy, optical coherence tomography for retinal NFL 
(axons) and ganglion cell layer (neurons) thinning, 
and visual evoked potentials – though these remain in 
development and may not be equally applicable to the 
framework.16–23 Hence, a new framework will need to 
be sufficiently flexible to allow for timely incorpora-
tion of new tools and measures as clinically validated 
tools become available. It is reasonable to consider 
the development of an initial minimum toolkit for 
diagnosis and prognostication, to which new meas-
ures or tools are integrated based on the accumulating 
evidence over time. Concerted effort with multiple 
stakeholders will be required to ensure progress in the 
development and implementation of requisite meas-
urement tools.

The wide use of current clinical course descriptors 
poses considerable challenges to future efforts to 
introduce a new approach to describing MS. Attention 

Table 2. Measures and tools for a new framework for describing MS.a

Which measures and tools are ready 
for use in disease management in an 
individual patient?

Unsure (%) Unlikely to be 
useful (%)

Needs additional 
research (%)

Ready for 
use (%)

Biological measures (N = 413)

Pathological specimens 11.0 23.9 58.0 7.1

Genetic markers of progression 7.3 14.6 74.5 3.6

Serum and CSF biomarkers (N = 394)

Serum neurofilament light chain 5.9 7.6 49.5 37.0

Serum GFAP 9.8 8.5 71.9 9.8

CSF – oligoclonal bands 5.4 20.9 11.8 61.9

CSF – IgG Index 7.0 23.8 17.6 51.6

CSF – Kappa free light chains 12.0 17.9 44.4 25.7

CSF NfL 7.2 16.7 49.9 26.2

CSF GFAP 11.8 17.0 61.4 9.8

Imaging measures (N = 390)

MRI for lesion volume and count 25.6 3.1 11.1 83.2

MRI for central vein sign 6.0 14.0 35.1 44.9

MRI for paramagnetic (iron) rim lesions 6.5 4.6 53.2 35.7

MRI for intralesional axonal loss 9.4 4.9 68.1 17.6

MRI for global and regional brain atrophy 3.7 4.9 30.2 61.2

MRI for spinal cord atrophy 3.1 3.9 41.3 51.7

Magnetic resonance spectroscopy 10.2 23.2 52.6 14.0

PET 12.2 21.5 56.7 9.6

Functional MRI 10.2 25.5 50.5 13.8

Optical coherence tomography 6.0 6.0 30.8 57.2
Visual evoked potentials 5.5 25.0 16.1 53.4

CSF: cerebrospinal fluid; NFL: nerve fibre layer; MRI: magnetic resonance imaging; PET: positron emission tomography.
aThe percentage of respondents rating the readiness of measures and tools for assessing disease mechanisms in a new framework for 
describing MS.

https://journals.sagepub.com/home/msj
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will need to be paid to engaging all the affected stake-
holders in developing and adopting a change process 
following introduction of a new approach to describ-
ing MS. In addition, the stakeholders will need to be 
engaged in the development of strategies to clinically 
validate the proposed framework. Concerted efforts 
by researchers, clinicians, patients and funders will be 
essential to success.

The working group leading this initiative proposes six 
principles to guide the development of a new approach 
for describing MS. First, a new framework should 
reflect the currently understood domains of biological 
mechanisms of disease. Second, it must acknowledge 
that knowledge gaps exist and plan to address them 
over time, as new information emerges.

Third, it should drive and stimulate advances in 
knowledge and therapeutic innovations.

Fourth, it will need to be easily understood and facil-
itate communication with patients. Fifth, the princi-
ples should have equity at the core of their 
development and application so that it will be feasi-
ble to adopt the framework globally. Sixth, the 
framework should be meaningful, useful and appli-
cable to all stakeholders.

A related consideration is the link between diagnosis 
and subsequent disease course. For more than two dec-
ades, the diagnosis of MS has been guided by the 
McDonald diagnostic criteria.24 However, the diagno-
sis of MS has yet to be meaningfully connected to the 
course of the disease. While the 2017 edition of the 
McDonald Criteria took steps in this direction, the 
introduction of a new framework poses opportunities 
to provide a closer interconnection.25 Moreover, the 
expansion of the MS disease course spectrum to include 
Clinically Isolated Syndrome and Radiologically 
Isolated Syndrome emphasizes the need to link diagno-
sis and disease course description – both for patient 
management and for guiding research.25,26 Such an 
effort – while challenging – has the potential to sim-
plify both diagnosis and prognosis.

A shift from strict labels towards characterizing how 
biological disease is connected to clinical presenta-
tion would mark an important advance in current 
practice – and one with precedent in other neurologi-
cal diseases. Mechanism-driven frameworks for dis-
ease staging paradigms are now guiding clinical trials 
in Huntington disease and Alzheimer disease, and, 
soon, neuronal alpha-synuclein diseases.27–29 The 
application of a similar mechanism-driven framework 
to MS could potentially address biologic and 

Figure 5. Expectations of a new disease course framework for MS.
Stacked bars show the percentage of respondents rating the importance of different dimensions of a new framework for describing MS.

https://journals.sagepub.com/home/msj
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pathologic heterogeneity in patients at variable stages 
of disease and ages, and offer promise to treat early 
and ideally ahead of irreversible deficits. It is reason-
able to expect that it would also improve current clini-
cal practice and contribute to development of 
precision medicine approaches to MS.

Limitations
There are several limitations to our study. These include 
the possibility of selection bias, which is likely in 
Internet-based questionnaires. However, in our study, 
we found good completeness of response to questions 
(excluding demographic questions) ranging from 77% 
to 93%. Our population had reasonable representation 
between age ranges and genders. However, looking at 
the worldwide distribution, our sample over-repre-
sented North America, Europe and South America, and 
only included a minority of responses from Africa/
Middle East and Asia/Oceania, potentially limiting 
generalizability. As such, additional efforts will need to 
ensure that perspectives from countries underrepre-
sented in this survey are fully reflected in new MS 
descriptors, including offering the survey in multiple 
languages, distributing the survey multiple times and 
providing longer windows for survey responses. 
Global, representative input is especially important due 
to the different distribution in relapsing and progres-
sive forms of MS (and, possibly, of underlying mecha-
nisms) between different racial and ethnic groups.30,31

Also, the survey population was largely healthcare 
professionals (i.e. MS neurologists) and researchers, 
and only included small numbers of people with MS 
and their organizations’ representatives. While we 
believe our sample is fit for purpose, further efforts 
will be needed to incorporate perspectives and experi-
ences from people with MS. Our survey did not focus 
on clinical measures, which are very likely to miss 
subtle but meaningful clinical events. However, in the 
future, digital biomarkers, wearables and smartphone 
apps might improve the sensitivity to change in clini-
cal practice, and may inform clinical determination of 
the course descriptors.

Conclusion
The findings of this survey support the ongoing inter-
national effort to revisit the current clinical course 
descriptors for MS. It has also provided insights to 
guide an implementation roadmap for a new mecha-
nism-driven framework. Future challenges include 
designing the optimum approach for defining and 
describing MS across the continuum of the disease 
course. Engaging key informants from a range of 

perspectives (e.g. industry, general neurologists, 
patients, policymakers) in future work will ensure 
that we can capture nuanced feedback. Ultimately, a 
robust dissemination and engagement strategy will 
need to be developed to ensure that any proposed 
framework is validated and refined through research 
studies, and widely adopted by affected stakeholders.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of inter-
est with respect to the research, authorship and/or 
publication of this article.

Funding
The author(s) disclosed receipt of the following finan-
cial support for the research, authorship and/or publi-
cation of this article: This work and the International 
Advisory Committee on Clinical Trials in MS are 
funded by the European Committee for Treatment and 
Research in Multiple Sclerosis and the National 
Multiple Sclerosis Society.

ORCID iDs
Alan J Thompson  https://orcid.org/0000-0002- 
4333-8496
Marcello Moccia  https://orcid.org/0000-0003- 
2613-3090
Maria Pia Amato  https://orcid.org/0000-0003- 
3325-3760
Peter A Calabresi  https://orcid.org/0000-0002- 
7776-6472
Marcia Finlayson  https://orcid.org/0000-0002- 
1774-4810
Annie Hawton  https://orcid.org/0000-0002- 
1336-5899
Ruth Ann Marrie  https://orcid.org/0000-0002- 
1855-5595
Maria Pia Sormani  https://orcid.org/0000-0001- 
6892-104X
Timothy Coetzee  https://orcid.org/0000-0002- 
3031-7549

Supplemental Material
Supplemental material for this article is available 
online.

References
 1. Lublin FD, Reingold SC, Cohen JA, et al. Defining 

the clinical course of multiple sclerosis: The 2013 
revisions. Neurology 2014; 83: 278–286.

 2. Giovannoni G, Popescu V, Wuerfel J, et al. 
Smouldering multiple sclerosis: The ‘real MS’. Ther 
Adv Neurol Disord 2022; 15: 1066751.

https://journals.sagepub.com/home/msj
https://orcid.org/0000-0002-4333-8496
https://orcid.org/0000-0002-4333-8496
https://orcid.org/0000-0003-2613-3090
https://orcid.org/0000-0003-2613-3090
https://orcid.org/0000-0003-3325-3760
https://orcid.org/0000-0003-3325-3760
https://orcid.org/0000-0002-7776-6472
https://orcid.org/0000-0002-7776-6472
https://orcid.org/0000-0002-1774-4810
https://orcid.org/0000-0002-1774-4810
https://orcid.org/0000-0002-1336-5899
https://orcid.org/0000-0002-1336-5899
https://orcid.org/0000-0002-1855-5595
https://orcid.org/0000-0002-1855-5595
https://orcid.org/0000-0001-6892-104X
https://orcid.org/0000-0001-6892-104X
https://orcid.org/0000-0002-3031-7549
https://orcid.org/0000-0002-3031-7549


Multiple Sclerosis Journal 00(0)

10 journals.sagepub.com/home/msj

 3. Krieger SC, Cook K, De Nino S, et al. The 
topographical model of multiple sclerosis: A dynamic 
visualization of disease course. Neurol Neuroimmunol 
Neuroinflamm 2016; 3(5): e279.

 4. Antel J, Antel S, Caramanos Z, et al. Primary 
progressive multiple sclerosis: Part of the MS disease 
spectrum or separate disease entity? Acta Neuropathol 
2012; 123: 627–638.

 5. Kuhlmann T, Moccia M, Coetzee T, et al. Multiple 
sclerosis progression: Time for a new mechanism-
driven framework. Lancet Neurol 2023; 22(1): 78–88.

 6. Cree BAC, Hollenbach JA, Bove R, et al. Silent 
progression in disease activity-free relapsing multiple 
sclerosis. Ann Neurol 2019; 85(5): 653–666.

 7. Bischof A, Papinutto N, Keshavan A, et al. Spinal 
cord atrophy predicts progressive disease in relapsing 
multiple sclerosis. Ann Neurol 2022; 91(2): 268–281.

 8. Cagol A, Schaedelin S, Barakovic M, et al. Association 
of brain atrophy with disease progression independent 
of relapse activity in patients with relapsing multiple 
sclerosis. JAMA Neurol 2022; 79: 682–692.

 9. Portaccio E, Bellinvia A, Fonderico M, et al. 
Progression is independent of relapse activity in early 
multiple sclerosis: A real-life cohort study. Brain 
2022; 145: 2796–2805.

 10. Tur C, Carbonell-Mirabent P, Cobo-Calvo A, et al. 
Association of early progression independent of 
relapse activity with long-term disability after a first 
demyelinating event in multiple sclerosis. JAMA 
Neurol 2023; 80: 151–160.

 11. Sotirchos ES, Gonzalez Caldito N, Filippatou A, et al. 
Progressive multiple sclerosis is associated with faster 
and specific retinal layer atrophy. Ann Neurol 2020; 
87(6): 885–896.

 12. Granziera C, Derfuss T and Kappos L. Time to 
change the current clinical classification of multiple 
sclerosis? JAMA Neurol 2023; 80: 128–130.

 13. Sharma A, Minh Duc NT, Luu Lam Thang T, et al. A 
consensus-based checklist for reporting of survey studies 
(CROSS). J Gen Intern Med 2021; 36(10): 3179–3187.

 14. Alshaikh F, Ramzan F, Rawaf S, et al. Social network 
sites as a mode to collect health data: A systematic 
review. J Med Intern Res 2014; 16: e171.

 15. Lublin FD and Reingold SC. Defining the clinical 
course of multiple sclerosis: Results of an international 
survey. Neurology 1996; 46(4): 907–911.

 16. Disanto G, Barro C, Benkert P, et al. Serum 
neurofilament light: A biomarker of neuronal damage 
in multiple sclerosis. Ann Neurol 2017; 81: 857–870.

 17. Tur C, Moccia M, Barkhof F, et al. Assessing treatment 
outcomes in multiple sclerosis trials and in the clinical 
setting. Nat Rev Neurol 2018; 14(2): 75–93.

 18. Filippi M, Bruck W, Chard D, et al. Association 
between pathological and MRI findings in multiple 
sclerosis. Lancet Neurol 2019; 18: 198–210.

 19. Clarke MA, Pareto D, Pessini-Ferreira L, et al. 
Value of 3T susceptibility-weighted imaging in 
the diagnosis of multiple sclerosis. AJNR Am J 
Neuroradiol 2020; 41(6): 1001–1008.

 20. Calvi A, Clarke MA, Prados F, et al. Relationship 
between paramagnetic rim lesions and slowly 
expanding lesions in multiple sclerosis. Mult Scler 
2023; 29(3): 352–362.

 21. Pauwels A, Van Schependom J, Devolder L, et al. 
Plasma glial fibrillary acidic protein and neurofilament 
light chain in relation to disability worsening in multiple 
sclerosis. Mult Scler 2022; 28(11): 1685–1696.

 22. Petzold A, Fraser CL, Abegg M, et al. Diagnosis and 
classification of optic neuritis. Lancet Neurol 2022; 
21: 1120–1134.

 23. Hegen H, Arrambide G, Gnanapavan S, et al. 
Cerebrospinal fluid kappa free light chains for 
the diagnosis of multiple sclerosis: A consensus 
statement. Mult Scler 2023; 29(2): 182–195.

 24. McDonald WI, Compston A, Edan G, et al. 
Recommended diagnostic criteria for multiple sclerosis: 
Guidelines from the International Panel on the diagnosis 
of multiple sclerosis. Ann Neurol 2001; 50(1): 121–127.

 25. Thompson AJ, Banwell BL, Barkhof F, et al. 
Diagnosis of multiple sclerosis: 2017 revisions of the 
McDonald criteria. Lancet Neurol 2018; 17: 162–173.

 26. Lebrun-Frenay C, Okuda DT, Siva A, et al. The 
radiologically isolated syndrome: Revised diagnostic 
criteria. Brain 2023; 146: 3431–3443.

 27. Tabrizi SJ, Schobel S, Gantman EC, et al. A biological 
classification of Huntington’s disease: The Integrated 
Staging System. Lancet Neurol 2022; 21(7): 632–644.

 28. Jack CR, Jr, Bennett DA, Blennow K, et al. NIA-AA 
Research Framework: Toward a biological definition 
of Alzheimer’s disease. Alzheimers Dement 2018; 
14(4): 535–562.

 29. Simuni T, Chahine LM, Poston KM, et al. A biological 
definition and integrated staging system of neuronal 
alpha-synuclein disease, https://www.michaeljfox.
org/sites/default/files/media/document/NSD-ISS%20
Manuscript%20for%20Public%20Comment%20
062123_1_0.pdf (accessed 24 June 2023).

30.  Cree BA, Reich DE, Khan O, et al. Modification of 
Multiple Sclerosis Phenotypes by African Ancestry at 
HLA. Arch Neurol 2009; 66: 226–233. 

31. Romanelli RJ, Huang Q, Lacy J, et al. Multiple 
sclerosis in a multi-ethnic population from Northern 
California: a retrospective analysis, 2010-2016. BMC 
Neurol 2020; 20: 163.

Visit SAGE journals online 
journals.sagepub.com/
home/msj

 journals

https://journals.sagepub.com/home/msj
https://www.michaeljfox.org/sites/default/files/media/document/NSD-ISS%20Manuscript%20for%20Public%20Comment%20062123_1_0.pdf
https://www.michaeljfox.org/sites/default/files/media/document/NSD-ISS%20Manuscript%20for%20Public%20Comment%20062123_1_0.pdf
https://www.michaeljfox.org/sites/default/files/media/document/NSD-ISS%20Manuscript%20for%20Public%20Comment%20062123_1_0.pdf
https://www.michaeljfox.org/sites/default/files/media/document/NSD-ISS%20Manuscript%20for%20Public%20Comment%20062123_1_0.pdf
https://journals.sagepub.com/home/msj
https://journals.sagepub.com/home/msj

