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Abstract

IMPORTANCE Younger age, oligoclonal bands, and infratentorial and spinal cord lesions are factors
associated with an increased 10-year risk of clinical conversion from radiologically isolated syndrome
(RIS) to multiple sclerosis (MS). Whether disease-modifying therapy is beneficial for individuals with
RIS is currently unknown.

OBJECTIVES To evaluate the 2-year risk of a clinical event (onset of clinical symptoms of MS)
prospectively, identify factors associated with developing an early clinical event, and simulate the
sample size needed for a phase III clinical trial of individuals with RIS meeting 2009 RIS criteria.

DESIGN, SETTING, AND PARTICIPANTS This cohort study used data on prospectively followed-up
individuals with RIS identified at 1 of 26 tertiary centers for MS care in France that collect data for the
Observatoire Français de la Sclérose en Plaques database. Participants were aged 10 to 80 years with
2 or more magnetic resonance imaging (MRI) scans after study entry and an index scan after 2000.
All diagnoses were validated by an expert group, whose review included a double centralized MRI
reading. Data were analyzed from July 2020 to January 2021.

EXPOSURE Diagnosis of RIS.

MAIN OUTCOMES AND MEASURES Risk of clinical event and associated covariates at index scan
were analyzed among all individuals with RIS. Time to the first clinical event was compared by
covariates, and sample size estimates were modeled based on identified risk factors.

RESULTS Among 372 individuals with RIS (mean [SD] age at index MRI scan, 38.6 [12.1] years), 354
individuals were included in the analysis (264 [74.6%] women). A clinical event was identified among
49 patients (13.8%) within 2 years, which was associated with an estimated risk of conversion of
19.2% (95% CI, 14.1%-24.0%). In multivariate analysis, age younger than 37 years (hazard ratio [HR],
4.04 [95% CI, 2.00-8.15]; P < .001), spinal cord lesions (HR, 5.11 [95% CI, 1.99-13.13]; P = .001), and
gadolinium-enhancing lesions on index scan (HR, 2.09 [95% CI, 1.13-3.87]; P = .02) were
independently associated with an increased risk of conversion to MS. Having 2 factors at the time of
the index MRI scan was associated with a risk of 27.9% (95% CI, 13.5%-39.9%) of a seminal event
within 2 years, increasing to 90.9% (95% CI, 41.1%-98.6%) for individuals with all 3 factors (3 risk
factors vs none: HR, 23.34 [95% CI, 9.08-59.96]; P < .001). Overall, with 80% power to detect an
effect size of 60% within 24 months, a total of 160 individuals with RIS were needed assuming an
event rate of 20%.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE This study found that age younger than age 37 years, spinal cord
involvement, and gadolinium-enhancing lesions on index MRI scan were associated with earlier
clinical disease and relevant to the number of enrolled patients needed to detect a potential
treatment effect.

JAMA Network Open. 2021;4(10):e2128271. doi:10.1001/jamanetworkopen.2021.28271

Introduction

Since the 1980s, preclinical multiple sclerosis (MS) was identified as brain magnetic resonance
imaging (MRI) findings consistent with central nervous system (CNS) demyelination incidentally
discovered among individuals without symptoms.1-5 In 2009, criteria for radiologically isolated
syndrome (RIS) were defined to enhance the characterization of patients.3 Demographics of
individuals with RIS later evolved to include relapsing or progressive subtypes of MS mirroring the
different clinical forms of MS6-9 among adults and children.10

An analysis of sizeable multicenter retrospective data collected by the RIS Consortium (RISC)
found that younger age, male sex, and the presence of spinal cord lesions were associated with
5-year-risk of conversion to a first clinical demyelinating event, suggesting the importance of
intramedullary lesions on clinical evolution.11,12 After 10 years, age and spinal cord lesions were still
associated with increased risk, as were oligoclonal bands (OCBs) in cerebrospinal fluid (CSF) and
infratentorial lesions on the index scan13 and occurrences of gadolinium-enhancing lesions on follow-
up MRIs.

Despite this homology with MS, the association of early treatment with decreased conversion
to MS is unknown. Two multicenter, randomized, double-blinded clinical trials evaluated the efficacy
of dimethyl fumarate (NCT02739542)14 and teriflunomide (NCT03122652)15 vs placebo in delaying
time to the first clinical event. In this study, we evaluated the 2-year risk of a first clinical event
suggestive of MS and estimated sample sizes needed for 24-month prospective clinical trials based
on the primary outcome of a first clinical event and critical risk factors that may enrich
cohorts studied.

Methods

Ethics Statement
The French MS Registry (Observatoire Français de la Sclérose En Plaques [OFSEP]) was approved by
the French regulatory authorities (Commission Nationale Informatique et Libertés) and ethics
committee (Comité de Protection des Personnes). Patients enrolled in OFSEP provide written
consent for their participation.16 This cohort study used OFSEP data and is compliant with French
regulatory and General Data Protection Regulation requirements, including informed consent. This
study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.

Study Design and Participants
We conducted a French multicenter study with 26 tertiary centers for MS care collecting data for the
OFSEP registry.16 Individuals fulfilling 2009 criteria for RIS3 were enrolled prospectively (eTable 1 in
Supplement 1). Diagnoses of RIS were validated by an expert group (C.L.F., L.M., O.K., A.S., C.A., D.P.,
and D.O.), including performance of a centralized MRI reading. After the adjudication of clinical and
radiological criteria, the diagnosis of RIS was validated.

Inclusion criteria were age 10 to 80 years, adjudicated diagnosis of RIS, availability of 2 or more
MRI scans after study entry, and index MRI scan after 2000. Exclusion criteria were history of
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neurological symptoms suggestive of CNS demyelination, incomplete MRI sequences, and absence
of follow-up. All MRI scans fulfilling 2005 MS dissemination in space criteria17 were centralized for
documentation.

Demographics, family history of MS, detailed historical and current clinical data, comprehensive
neurological examination results, index brain and spinal cord MRI findings, and CSF analysis were
collected at study entry. Data were recorded using standardized case report forms provided to
neurologists to record the onset and characteristics of any relapsing or progressive neurologic
symptoms and the presence and location of new MRI lesions during follow-up. Data were digitized
using the European Database for Multiple Sclerosis (EDMUS) software version 5.7.1 (EDMUS).18

Procedures
At baseline and at 1 or more follow-up visits for each patient, the individual’s characteristics and
neurological examinations were collected. Variables recorded included demographic characteristics
(eg, age at the time of RIS diagnosis and sex), clinical data (ie, MS family history, reason for index MRI
scan, and use of disease-modifying treatments [DMTs] during RIS phase), and imaging data (ie,
number of lesions �3mm2 on T2-weighted axial sequences and presence of gadolinium-enhancing
lesions in the brain and spinal cord).

Positive CSF was defined as an IgG index of 0.7 or greater or as the presence of 2 or more
oligoclonal bands in the CSF that were not present in a corresponding serum sample. A seminal
clinical event was defined as developing (1) a subacute neurological episode lasting more than 24
hours in the absence of fever or acute illness or (2) the onset of a clinical symptom with temporal
profile revealing at least a 12-month progression of neurological deficits.

Neuroimaging Studies
All individuals had an initial brain MRI scan that revealed incidental anomalies suggestive of a
demyelinating disease and fulfilled 2009 criteria for RIS.3 Follow-up brain and spinal cord MRI scans
were acquired following the OFSEP MRI protocol19 on 1.5 or 3 Tesla machines. Abnormalities within
the brain or spinal cord were initially identified by a local neurologist or radiologist (C.L.F., H.Z., C.L.,
E.L.P., F.DD., P.L., C.B., E.T., D.L., J.D.S., J.C., B.B., P.C., O.C., A.R., G.M., E.B., T.M., A.A.K., N.D., P.C.,
A.M.G., A.C., J.P.N., A.T., J.P.C., A.M., P.V., M.C., and S.V.) and then centralized and independently
reviewed by2 MS specialists (C.L.F. and L.M.) to ensure MRI criteria for RIS were met.3

Statistical Analysis
When appropriate, means with SDs were calculated to summarize demographic, clinical, and
radiological data. The association of each covariate at index scan with time to the first clinical
symptom was quantified by hazard ratios (HRs) with 95% CIs using standard survival analysis
methods in unadjusted and adjusted Cox proportional hazards models. Proportionality assumption
was tested by a global test based on Schoenfeld residuals analysis20 and the graphical and numerical
methods of Lin et al.21 First, covariates with a P value < .20 in univariate analyzes were included in
the multivariate modeling strategy. A backward and stepwise variable selection procedure by P value
and Akaike information criteria was used to select final multivariate models. Time to first clinical
event was estimated with Kaplan-Meier curves. A DMT forced in the final model was considered a
time-varying covariate to limit the bias associated with treatment indication. All analyses were
censored at 2 years from the index scan.

We estimated the number of individuals needed using a Cox regression to achieve a power of
80%, assuming a 5% type 1 error rate. We simulated scenarios with several assumptions on the event
rate based on our results on actual data (ie, event rates of 15%, 20%, 30%, and 90%) and the effect
size of a binary covariate (such as the treatment effect) ranging from a decrease of 40% to a decrease
of 70%.

Statistical analyses were performed using SAS statistical software version 9.4 (SAS Institute)
and R statistical software version 3.5.0 (R Project for Statistical Computing). PASS software version
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2008 (NCSS) was used to estimate the number of individuals needed. A 2-sided P value < .05 was
considered statistically significant. Data were analyzed from July 2020 to January 2021.

Results

Clinical Characteristics
Among 372 individuals fulfilling 2009 RIS criteria,3 the mean (SD) age at RIS diagnosis was 38.6 (12.1)
years and the mean (SD) clinical follow-up time overall was 3.8 (3.6) years. Among all patients, 48
individuals (12.9%) had a familial history of MS and 15 individuals (4.2%) were diagnosed with RIS
before age 18 years. We excluded 18 individuals because they had no follow-up after index scan, and
57 patients (16.1%) from the remaining population were considered lost to follow-up (ie, patients
without conversion and not followed 2 years and thus censored at the last clinical visit). However,
when comparing patients lost to follow-up with others, there were no significant differences in terms
of patient characteristics, which made it possible to limit the bias associated with the informative
censoring. Among 354 individuals in the final cohort, there were 264 (74.6%) women.

Among 38 individuals (1.1%), MRI was performed because of a familial history of MS. We
performed CSF analysis among 202 individuals, and results were abnormal (ie, OCBs and or high
index) in 88 of 202 available results (43.6%).

A DMT was prescribed before the first clinical episode for 61 patients (17.2%), corresponding to
75 DMTs, using 8 different European Medicines Agency–approved treatments for relapsing forms of
MS (eTable 2 in Supplement 1). Treatment decisions were made on an individual basis at the
discretion of the referring physician. Among all DMTs, 26 treatments (34.7%) were first-line
injectable medications (ie, interferon beta or glatiramer acetate), 22 treatments (29.3%) were first-
line oral drugs (ie, teriflunomide or dimethyl fumarate), 9 treatments (12.0%) were second line
immunosuppressors (ie, fingolimod or natalizumab), and 5 treatments (6.7%) were other
nonapproved drugs (ie, azathioprine, mycophenolate mofetil, methotrexate, mitoxantrone, or
rituximab). The mean (SD; range) cumulative treatment duration was 10.07 (6.88; 0.03-
24.79) months.

Clinical Event
A first clinical event suggestive of CNS demyelination at 2 years was identified among 49 patients
(13.8%). Among these individuals, there were 35 (71.4%) women, 38 individuals (77.6%) aged
younger than 37 years, and 9 individuals (18.4%) who were polysymptomatic. The first clinical event
was myelitis for 29 individuals (46.9%), optic neuritis for 9 individuals (18.4%), long tracts for 8
individuals (16.3%), brainstem syndrome for 5 individuals (10.2%), and unknown for 3 individuals
(6.1%). The mean (SD; range) Expanded Disability Status Scale (EDSS) score at the clinical event was
1.71 (1.94; 0-8.00); data were missing for 16 (32.7%) individuals. Among all 49 individuals with
events, 23 individuals (46.9%) had been treated with at least 1 DMT and 5 individuals (10.2%) fulfilled
the criteria for primary progressive MS.

Reasons for MRI Index Scan
Reasons for the brain MRI index scan were diverse, with headache (101 individuals [28.5%]) being the
most common, followed by ears, nose, and throat concerns (53 individuals [15.0%]), witness in
clinical trial participation (39 individuals [11.0%]), ophthalmological disease not related to MS (ie,
macular edema, ocular trauma, or infection; 18 individuals [5.1%]), and cranial trauma (16 individuals
[4.5%]). Headache was not associated with a clinical event at 2 years (HR = 0.64 [95% CI, 0.32-1.28];
P = .20) (eFigure 1 in Supplement 1).

2-Year Risk of Clinical Event Suggestive of MS
The estimated cumulative probability of a clinical event within 2 years was 19.2% (95% CI,
14.1%-24.0%) (Figure 1A). In univariate analysis, factors at index MRI scan associated with an
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increased risk of a first clinical event were age younger than 37 years (HR, 3.52 [95% CI, 1.80-6.88];
P < .001), spinal cord lesions (HR, 3.82 [95% CI, 1.50-9.70]; P = .005), and gadolinium-enhancing
lesions (HR, 2.11 [95% CI, 1.16-3.83]; P = .01) (Table 1). The use of a DMT during follow-up without
adjustment was associated with an increased risk of a first clinical event (HR, 7.49 [95% CI,
4.24-13.24]; P < .001). Other covariates of interest were not associated with risk of a clinical event
(eFigure 1 in Supplement 1). MRI motive was not associated with a clinical event (Table 1), and T2
lesion locations were not associated with DMT use (Table 2). A statistically significantly increased
percentage of patients receiving a DMT had more than 1 gadolinium lesion compared with patients
without more than 1 such lesion (23 patients [37.7%] vs 60 patients [20.5%]; P = .004). Other
demographic factors were not associated with differences in the percentage of patients receiving
DMTs (Table 2).

In multivariable analysis, age younger than 37 years (HR, 4.04 [95% CI, 2.00-8.15]; P = <.001),
spinal cord lesions (HR, 5.11 [95% CI, 1.99-13.13]; P = .001), and gadolinium-enhancing lesions on
index scan (HR, 2.09 [95% CI, 1.13-3.87]; P = .02) were identified as independently associated with
an early clinical event (Figure 1). At 2 years, the cumulative probability for a clinical event was 53.8%
(95% CI, 37.2%-66.0%) among patients receiving a DMT and 10.6% (95% CI, 6.2%-14.9%) among

Figure 1. Kaplan-Meier Survival Analysis With the End Point of Time to First Acute or Progressive Event Suggestive of Multiple Sclerosis at 2 Years
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patients who were not treated (P < .001). When considering DMTs as a time-varying covariate to
reduce bias, there was no statistically significant change in risk (HR, 0.85 [95% CI,
0.26-2.81]; P = .79).

MRI Characteristics
Baseline spinal cord imaging was performed at each study site at the treating physician's discretion
and was available for 173 patients (48.9%) (eTable 3 in Supplement 1). Among these individuals, at
least 1 spinal cord lesion was observed among 80 patients (46.2%). In univariate analysis, the
presence of spinal cord lesions (HR, 3.82 [95% CI, 1.50-9.70]; P = .005) was a risk factor associated
with conversion, whereas the presence of at least 3 periventricular lesions (HR, 0.63 [95% CI,
0.23-1.77]; P = .38) and any infratentorial lesions (HR, 1.76 [95% CI, 0.98-3.15]; P = .06) were not.

Data on the presence or absence of gadolinium enhancement on index MRI scan were available
for 331 patients (93.5%), and contrast enhancement was observed among 83 patients (23.4%). The
presence of contrast enhancement at baseline was associated with increased risk of conversion to a
first clinical event within 2 years (HR, 2.11 [95% CI, 1.16-3.83]; P = .01). A clinical event's cumulative
probability at 2 years if there was at least a gadolinium-enhancing lesion on the index scan was 27.6%
(95% CI, 15.7%-37.8%). Among 354 patients, 262 individuals had another MRI scan during 2 years of
follow-up; 79 of these individuals (30.2%) had a at least 1 gadolinium-enhancing lesion, and 169
individuals (64.5%) did not have gadolinium-enhancing lesions. Among these 262 patients, 33
patients developed a first clinical demyelinating event, and 18 of these individuals (54.6%) had
gadolinium-enhancing lesions on follow-up, while 229 individuals did not convert within 2 years, and
61 of these individuals (26.6%) had these lesions on follow-up. Among 181 patients with MRI during
follow-up and without gadolinium-enhancing lesions on index scan, 36 individuals (19.9%) had
gadolinium-enhancing lesions during follow-up, including 7 patients who developed a first clinical
event (eTable 4 in Supplement 1).

Among patients with gadolinium-enhancing lesions on index scan, 13 individuals developed a
first clinical event within 2 years and 10 of these individuals (76.9%) had gadolinium-enhancing
lesions remaining during follow-up, while 55 individuals did not convert, among whom 28 individuals
(50.9%) had these lesions remaining during follow-up (eTable 4 in Supplement 1). Using a purely
descriptive approach, these figures suggest that the presence of gadolinium-enhancing lesions is a
factor associated with developing a clinical event at baseline and during follow-up. Multivariate
analysis found that the presence of spinal cord lesions (HR, 5.11 [95% CI, 1.99-13.13]; P = .001) and
contrast enhancement on index MRI scan (HR, 2.09 [95% CI, 1.33-3.87]; P = .02) were associated
with the occurrence of a clinical event at 2 years.

Table 1. Univariate and Multivariate Analysis for First Clinical Demyelinating Event

Variable

Patient
population,
No.

Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age <37 y 354 3.52 (1.80-6.88) <.001 4.04 (2.00-8.15) <.001

Women 354 1.27 (0.68-2.36) .45 NA NA

Positive family MS history 354 0.86 (0.36-1.81) .73 NA NA

MRI motive (headache) 354 0.64 (0.32-1.28) .21 NA NA

Positive CSF IgG index >0.7l or
presence of >2 unique OCBs

354 1.26 (0.51-3.09) .61 NA NA

Not >3 periventricular lesions 349 1.59 (0.57-4.45) .38 NA NA

Infratentorial lesion presence 349 1.76 (0.98-3.15) .06 NA NA

Juxtacortical lesion presence 349 NAa NA NA NA

Spinal cord lesion presence 173 3.82 (1.50-9.70) .005 5.11 (1.99-13.13) .001

Gadolinium-enhancing lesions
on index MRI

354 2.11 (1.16-3.83) .01 2.09 (1.33-3.87) .02

Disease modifying treatment) 61 7.49 (4.24-13.24) <.001 0.85 (0.26-2.81) .79

Abbreviations: CSF, cerebrospinal fluid; HR, hazard
ratio; MRI, magnetic resonance imaging; MS, multiple
sclerosis; NA, not applicable; OCB, oligoclonal band.
a This result was not estimable given that no clinical

conversion was observed for patients with
juxtacortical lesions.
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Risk Stratification
Considering 3 independent risk factors associated with an early clinical event emerging from
multivariable analysis (Table 1), the probability of an early conversion was 11.3% (95% CI,
3.5%-18.5%) when no risk factor was present, 14.5% (95% CI, 8.0%-20.5%) with 1 risk factor, and
27.9% (95% CI, 13.5%-39.9%) with 2 risk factors. The probability was 90.9% (95% CI, 41.1%-98.6%)
for a clinical event at 2 years among individuals with 3 risk factors at baseline (3 risk factors vs none:
HR, 23.34 [95% CI, 9.08%-59.96%]; P < .001) (Figure 2).

Sample Size Calculations
The number of individuals with RIS needed per arm to detect a given decrease in risk for a seminal
event based on the number of identified risk factors and magnitude of decreased risk within a
24-month clinical trial is shown in Figure 3. We performed sample size calculations using a 1-sided α
of .05%, beginning with a 20% event rate at 2 years (with SD, 0.6). The obtained results were based
on HR models (ie, treatment effects) ranging from 40% to 70%. For example, assuming a 60%
treatment effect size (HR, 0.40), a total of 160 individuals with RIS and 2 years of follow-up would be
needed to obtain 80% power to detect a decreased in the risk of a clinical event in a 2-arm clinical
trial (Figure 3). Suppose the estimation was enriched for risk factors. In that case, the total sample
size changed as follows: the number of patients needed for 1 risk factor was 200 individuals assuming

Table 2. Demographic Characteristics of Patients With RIS Receiving Treatment vs No Treatment

Characteristic

Patients with RIS, No. (%)

P value
Receiving DMT
(n = 61 [17.2%])

Not receiving DMT
(n = 311 [82.8%])

Sex

Men 19 (31.2) 71 (24.2)
.26

Women 42 (68.8) 222 (75.8)

Age, y

<37 36 (59.0) 136 (46.4)
.07

>37 25 (41.0) 157 (53.6)

MS family history

Yes 10 (16.4) 36 (12.3)

.66No 39 (63.9) 201 (68.6)

Unknown 12 (19.7) 56 (19.1)

CSF IgG index >0.7 or presence of >2
unique OCBs

Positive 31 (50.8) 121 (41.3)

.24Negative 5 (8.2) 44 (15.0)

Unknown 25 (41.0) 128 (43.7)

>3 periventricular T2 lesionsa

Yes 46 (92.0) 247 (94.6)

.46No 4 (8.0) 14 (5.4)

Unknown 11 32

>1 infratentorial T2 lesiona

Yes 29 (52.7) 112 (40.1)

.08No 26 (47.3) 167 (59.9)

Unknown 6 14

>1 spinal cord T2 lesion (n = 173)a

Yes 20 (54.1) 60 (45.1)

.33No 17 (45.9) 73 (54.9)

Unknown 1 2

>1 gadolinium lesion

Yes 23 (37.7) 60 (20.5)

.004No 32 (52.5) 216 (73.7)

Unknown 6 (9.8) 17 (5.8)

Abbreviations: CSF, cerebrospinal fluid; DMT, disease-
modifying therapy; MS, multiple sclerosis; OCB,
oligoclonal band.
a Statistical analysis was performed using yes vs no, so

the analysis did not include unknown and
percentages not included for unknown.
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an event rate of 15%, 90 individuals for 2 risk factors assuming an event rate of 30%, and 30
individuals for 3 risk factors assuming an event rate of 90%. Multiple scenarios can be visualized from
the figure.

Discussion

In this large prospective cohort study of individuals with RIS from French tertiary MS centers, we
investigated the association of demographic characteristics, MRI features, and paraclinical markers
with disease evolution, as measured by the occurrence of a first clinical event consistent with CNS
demyelination at 2 years. Age younger than 37 years and the presence of spinal cord lesions and
gadolinium-enhancing lesions at RIS diagnosis were associated with increased risk of a seminal
clinical event, findings similar to those of our previous retrospective studies.11-13 Given that the field
is transitioning the focus of study to earlier demyelinating disease detection, the determination of
sample size estimates was performed such that these data may be applied in the development of
efficient clinical trial designs aimed at studying the impact of immunomodulatory or
immunosuppressant therapy in the prevention of a clinical event. We found that in the RISC and
OFSEP cohorts, patients with RIS had a mean age of approximately 39 years, 8 years older than the
mean age of MS onset in previous exhaustive published cohorts.16,22,23 An earlier study24 found that
individuals with RIS were older than patients with clinically isolated syndrome (CIS) at diagnosis and
developed their first clinical event at an older age. They also had a slower rate of developing a second
clinical event compared with individuals who presented with CIS. One explanation may be that they
have compensatory mechanisms associated with a silent disease.24

RIS was defined more than 10 years ago, with diagnostic criteria validated within a worldwide
cohort.3,11 The search for practical and reliable clinical and radiological markers associated with risk
for disease progression and, more precisely, the occurrence of clinical symptoms has been ongoing
for more than a decade. In the most extended available follow-up of individuals with RIS, younger
age, the presence of oligoclonal bands on the CSF profile, and the presence of infratentorial or spinal
cord lesions were associated with increased risk, with an estimated 10-year risk of 51% for an acute
or progressive demyelinating event.13 Gadolinium-enhancing lesions on follow-up scans were
associated with the occurrence of a first clinical symptom, suggesting the importance of routine MRI
surveillance. Although these identified risk factors appeared biologically plausible and somewhat
consistent with risks in symptomatic groups, confirmation within a prospective RIS cohort was not
yet available until now.

Figure 2. Stratification for a Clinical Event Suggestive of Multiple Sclerosis by Number of Risk Factors
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Among patients with 3 factors, 90.9% (95% CI, 41.1%-
98.6%) had a clinical event at 2 years.
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An association between the reasons for undergoing MRI and the outcome of a seminal event
was also explored. In our cohort, 101 individuals (28.5%) had index MRI scans to investigate
headaches. Although an association between deep periaqueductal gray matter and superficial
cortical involvement with headache may exist with frequencies observed in MS cohorts ranging from
1.6% to 28.5%, we did not identify this symptom as a predictive factor associated with a clinical event
within 2 years.22,25

Two multicenter, randomized, double-blinded clinical trials are ongoing, studying the impact of
approved MS treatments in delaying the time to MS diagnosis. Based on our sample size estimates
in this study and the infrequent identification of individuals who fulfill 2009 RIS criteria, the number
of included patients may be scaled based on the number of selected risk factors. However, attempts
to enrich a RIS cohort for clinical events may impose strict inclusion criteria. Therefore, it may not be
generalizable to commonly encountered experiences in routine practice, which may be associated
with in delays in effective study recruitment.

Although some informative clinical markers of disease course are available, the individual
prognosis in RIS remains uncertain, leading to difficulties in counseling newly diagnosed patients. We
have found that spinal cord, infratentorial, and gadolinium-enhancing lesions on index scan are
associated with the occurrence of a clinical event. A 2019 study23 on a large CIS cohort aimed to

Figure 3. Sample Size Calculation for a 2-Year Radiologically Isolated Syndrome (RIS) Study Using 2009 RIS Criteria
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determine which early MRI features best predict future physical and cognitive disability, including
conversion to secondary progressive MS at 15 years. Early MRI lesions were positively associated with
EDSS score at 15 years, including gadolinium-enhancing and spinal cord lesions at baseline and
enhancing lesions at 1 and 3 years. Given that the search for novel biomarkers associated with future
disease activity remains highly active, readily available data appear meaningful in predicting
outcomes at an early phase of demyelinating disease.

Strengths and Limitations
One major strength of our study is its prospective structure. To our knowledge, it provides the first
evidence of risk from a large cohort of patients with RIS obtained through MS tertiary centers.
Consistent medical follow-up was accomplished, with a low number of patients lost to follow-up. We
used standardized definitions and a uniform MRI protocol with dual reading centers to apply the
validated 2009 RIS criteria.

This study also has several limitations. Data reported here were limited to a 2-year period.
Nevertheless, we found risk factors previously identified in retrospective studies and performed
sample size calculations for potential future 24-month phase III trials. Additionally, not all patients
underwent baseline spinal cord MRI scans and CSF analyses owing to differences in regional practice
patterns. To avoid selection bias, we did not exclude patients who did not have CSF or spinal cord
MRI data available, but this may explain why we did not find that positive CSF was associated with
the early occurrence of MS. Our findings may also not be generalizable to the experience of other
centers with patient populations with varying races and ethnicities.

Conclusions

In this first prospective study of individuals with RIS, to our knowledge, we found that MS occurred
in more than 90% of individuals within 2 years of index scan among young patients with spinal cord
and gadolinium-enhancing lesions. With the widespread use of MRI technology and expansion of
access throughout the world, an increase in the recognition of individuals with abnormal MRI results
suggesting incidental nonspecific white matter findings is anticipated, along with an increase in the
recognition of those with results highly supportive of CNS demyelination. The timing of the release of
our data may be essential in guiding future study designs. The expansion of therapeutic trials in RIS
in the upcoming years is needed given that the disease's earlier recognition is targeted. Our findings
also suggest the need for worldwide collaboration to advance knowledge in the preclinical space's
early mechanisms. New strategies for effective management and surveillance may be developed.

Our findings are time relevant given the new era of MS focused on understanding not only the
very early preclinical mechanisms associated with demyelinating injury along with prodromal
experiences,26 but also the prevention of clinical manifestations with subsequent freedom from risk
of neurological disability. Historically, the focus was centered on evaluating risk factors associated
with the conversion from CIS to MS. Given recent scientific advancements, RIS may be well-
positioned to serve as a new focal point in our scientific efforts to more accurately and at an earlier
stage recognize, guide, and possibly treat to optimize care.

ARTICLE INFORMATION
Accepted for Publication: July 16, 2021.

Published: October 11, 2021. doi:10.1001/jamanetworkopen.2021.28271

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2021
Lebrun-Frénay C et al. JAMA Network Open.

Corresponding Author: Christine Lebrun-Frénay, MD, PhD, Centre de Resssource et Competence Sclérose En
Plaques Nice, Unité Recherche Clinique Cote d'Azur Unité de Recherche sur le Syndrome Radiologique Isolé,

JAMA Network Open | Neurology Risk Factors and Time to Multiple Sclerosis Symptoms in Patients With Radiologically Isolated Syndrome

JAMA Network Open. 2021;4(10):e2128271. doi:10.1001/jamanetworkopen.2021.28271 (Reprinted) October 11, 2021 10/14

Downloaded From: https://jamanetwork.com/ on 11/04/2021

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.28271&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.28271
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.28271


Université Nice Cote d’Azur, Neurologie Centre Hospitalier Universitaire Pasteur 2 Hospital, 30 voie Romaine,
06002 Nice, France (lebrun-frenay.c@chu-nice.fr).

Author Affiliations: Centre de Resssource et Competence Sclérose En Plaques Nice, Unité Recherche Clinique
Cote d'Azur Unité de Recherche sur le Syndrome Radiologique Isolé, Université Nice Côte d’Azur, Neurologie
Centre Hospitalier Universitaire Pasteur 2, Nice, France (Lebrun-Frénay, Mondot, Callier, Cohen); Centre des
Neurosciences de Lyon, Observatoire Français de la Sclérose en Plaques, Institut National de la Santé et de la
Recherche Médicale 1028 et Centre National de Recherche Scientifique Unité Mixte de Recherche 5292, Lyon,
France Université Claude Bernard Lyon 1, Lyon, France (Rollot); European Database for Multiple Sclerosis
Foundation, Lyon, France (Rollot); Université Claude Bernard Lyon 1, Faculté de Médecine Lyon Est, Lyon, France
(Rollot, Vukusic); Université de Lille, Inserm Unité Mixte de Recherche-S 1172 LilNcog, Centre Hospitalier
Universitaire Lille, Fédération Hospitalo-Universitaire Precise, Lille, France (Zephir, Vermersch); Sorbonne
University, Department of Neurology, Assistance Publique des Hôpitaux de Paris, Pitié-Salpêtrière Hospital, Paris,
France (Louapre); Centre Hospitalier Universitaire Pontchaillou, Centre d'Investigation Clinique 1414 Institut
National de la Santé et de la Recherche Médicale, Rennes, France (Le Page); Service de Neurologie, Sclérose en
Plaques, Pathologies de la Myéline et Neuro-Inflammation, Hôpital Neurologique Pierre Wertheimer, Hospices
Civils de Lyon, Lyon, France (Durand-Dubief, Vukusic); Centre de Ressources et Competences Sclerose En Plaques,
Centre Hospitalier Universitaire de Montpellier, Montpellier, France (Labauge); University of Montpellier,
Montpellier, France (Labauge); Department of Neurology, Fondation Rothschild, Paris, France (Bensa);
Department of Neurology, Centre Hospitalier Universitaire de Nîmes, Nîmes, France; Institut de Génomique
Fonctionnelle, Université de Montpellier, Centre National de Recherche Scientifique, Institut National de la Santé
et de la Recherche Médicale, Montpellier, France (Thouvenot); Service de Neurologie, Centre d'Investigation
Clinique 015 Institut National de la Santé et de la Recherche Médicale, Nantes, France; Institut National de la Santé
et de la Recherche Médicale 1064, Nantes, France (Laplaud); Department Clinical Investigation Center,
Department of Neurology, Centre Hospitalier Universitaire de Strasbourg, Institut National de la Santé et de la
Recherche Médicale 1434, Strasbourg, France (de Seze); Department of Neurology, Centre de Resssource et
Competence Sclérose En Plaques, Centre Hospitalier Universitaire de Toulouse; Institut Toulousain des Maladies
Infectieuses et Inflammatoires (Infinity), Institut National de la Santé et de la Recherche Médicale Unité Mixte de
Recherche1291, Centre National de Recherche Scientifique Unité Mixte de Recherche 5051, Université Toulouse III
Toulouse, France (Ciron); Department of Neurology, Centre Hospitalier Universitaire de Rouen, Rouen, France
(Bourre); Department of Neurology, Centre Hospitalier Universitaire de la Martinique, Fort-de-France, France
(Cabre); Department of Neurology, Centre Hospitalier Universitaire Grenoble Alpes, Grenoble, France (Casez);
Centre de Resssource et Competence Sclérose En Plaques, Neurology Department, Centre Hospitalier
Universitaire of Bordeaux, Bordeaux, France; Université Bordeaux, Institut National de la Santé et de la Recherche
Médicale, Neurocentre Magendie, U1215, Bordeaux, France (Ruet); Department of Neurology, Nancy University
Hospital, Nancy, France; Université de Lorraine, Equipe Avenir 4360 Adaptation, Mesure et Evaluation en Sante
Approches Interdisciplinaires, Vandoeuvre-Lès-Nancy, Nancy, France (Mathey); Department of Neurology, Centre
Hospitalier Universitaire de Besançon, Besançon, France (Berger); Department of Neurology, Centre Hospitalier
Universitaire de Dijon, EA4184, Dijon, France (Moreau); Department of Neurology, Centre Hospitalier Universitaire
d’Amiens, Amiens, France (Al Khedr); Department of Neurology, Centre Hospitalier Universitaire de Caen
Normandie, Caen, France (Derache); Department of Neurology, Neuro-Dol, Centre Hospitalier Universitaire
Clermont-Ferrand, Université Clermont Auvergne, Institut National de la Santé et de la Recherche Médicale U1107,
Clermont-Ferrand, France (Clavelou); Department of Neurology, Centre Hospitalier Universitaire de Tours, Hôpital
Bretonneau, Centre de Resssource et Competence Sclérose En Plaques, Tours, France (Guennoc); Department of
Neurology, Assistance Publique des Hôpitaux de Paris, Hôpital Henri Mondor, Université Paris Est, Créteil, France
(Créange); Department of Neurology, Centre Hospitalier Universitaire de Poitiers, Poitiers, France (Neau);
Department of Neurology, Hôpital Raymond Poincaré, Garches, Unité de Formation de Recherche Simone Veil,
Institut National de la Santé et de la Recherche Médicale U1195, Assistance Publique Hopitaux de Paris, Université
Paris Saclay, France (Tourbah); Department of Neurology, Centre Hospitalier Universitaire de Saint-Étienne,
Hôpital Nord, Saint-Étienne, France (Camdessanché); Department of Neurology, Centre Hospitalier Universitaire
Timone, Marseille, France (Maarouf); Mayo Clinic, Rochester, Minnesota (Kantarci); Department of Neurology,
Istanbul University Cerrahpasa School of Medicine, Turkey (Siva); University of Southern California, Los Angeles
(Azevedo, Pelletier); Departments of Pediatrics and Neurology, Yale School of Medicine, New Haven, Connecticut
(Makhani); University of Texas Southwestern Medical Center, Dallas (Okuda).

Author Contributions: Dr Lebrun-Frénay had full access to all of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data analysis. Drs Okuda and Vukusic collaborated equally.

Concept and design: Lebrun-Frénay, Rollot, de Seze, Kantarci, Pelletier, Okuda.

Acquisition, analysis, or interpretation of data: Lebrun-Frénay, Rollot, Mondot, Zephir, Louapre, Le Page, Durand-
Dubief, Labauge, Bensa, Thouvenot, Laplaud, de Seze, Ciron, Bourre, Cabre, Casez, Ruet, Mathey, Berger, Moreau,

JAMA Network Open | Neurology Risk Factors and Time to Multiple Sclerosis Symptoms in Patients With Radiologically Isolated Syndrome

JAMA Network Open. 2021;4(10):e2128271. doi:10.1001/jamanetworkopen.2021.28271 (Reprinted) October 11, 2021 11/14

Downloaded From: https://jamanetwork.com/ on 11/04/2021

mailto:lebrun-frenay.c@chu-nice.fr


Al Khedr, Derache, Clavelou, Guennoc, Créange, Neau, Tourbah, Camdessanché, Callier, Maarouf, Vermersch, Siva,
Azevedo, Makhani, Cohen, Okuda, Vukusic.

Drafting of the manuscript: Lebrun-Frénay, Rollot, Durand-Dubief, de Seze, Callier, Kantarci, Okuda, Vukusic.

Critical revision of the manuscript for important intellectual content: Lebrun-Frénay, Rollot, Mondot, Zephir,
Louapre, Le Page, Durand-Dubief, Labauge, Bensa, Thouvenot, Laplaud, de Seze, Ciron, Bourre, Cabre, Casez,
Ruet, Mathey, Berger, Moreau, Al Khedr, Derache, Clavelou, Guennoc, Créange, Neau, Tourbah, Camdessanché,
Maarouf, Vermersch, Siva, Azevedo, Makhani, Cohen, Pelletier, Okuda, Vukusic.

Statistical analysis: Rollot, Kantarci, Okuda.

Administrative, technical, or material support: Lebrun-Frénay, Mondot, de Seze, Al Khedr, Guennoc, Callier,
Maarouf, Okuda, Vukusic.

Supervision: Lebrun-Frénay, Labauge, Bensa, Laplaud, de Seze, Ciron, Moreau, Neau, Vermersch, Siva, Pelletier,
Okuda, Vukusic.

Conflict of Interest Disclosures: Dr Lebrun-Frénay reported serving as principal investigator of the Teriflunomide
in Radiologically Isolated Syndrome (TERIS) study, on the steering committee for the Arise study, and as
co–president of the Observatoire Français de la Sclérose En Plaques (OFSEP) scientific committee. Dr Zephir
reported serving as co–president of the OFSEP scientific committee and receiving personal fees from Biogen,
Merck, Novartis, Alexion, and Edimark and grants from Roche outside the submitted work. Dr Louapre reported
receiving personal fees from Biogen, Roche, Novartis, Teva, Sanofi, and Merck, and grants from Biogen outside the
submitted work. Dr Le Page reported receiving personal fees from Biogen, Merck Serono, Teva, Roche, Sanofi,
Novartis, and Bristol Myers Squibb outside the submitted work. Dr Laplaud reported receiving personal fees from
Biogen, Novartis, Merck, MSD, Bristol Myers Squibb, Sanofi and grants from the Agence Nationale de la Recherche,
Aide pour la Recherche sur la Sclérose En Plaques Foundation and European Database for Multiple Sclerosis
Foundation outside the submitted work. Dr de Seze reported receiving personal fees from Biogen, Roche, Sanofi,
Alexion, Bristol Myers Squibb, Actelion, and Teva outside the submitted work. Dr Ciron reported receiving personal
fees from Biogen, Novartis, Merck, Sanofi Genzyme, Roche, Bristol Myers Squibb, and Alexion outside the
submitted work. Dr Casez reported receiving personal fees from Biogen, Novartis, Roche, and Sanofi Genzyme and
meeting invitations from Merck, Biogen, Novartis, and Roche outside the submitted work. Dr Ruet reported
receiving grants from Novartis, Sanofi Genzyme, Roche and personal fees from Novartis, Biogen, Merck, and
Roche outside the submitted work. Dr Derache reported receiving personal fees from Biogen, Novartis, Merck, and
Roche outside the submitted work. Dr Clavelou reported receiving personal fees from Roche, Merck, Sanofi, and
Novartis outside the submitted work. Dr Créange reported receiving travel expenses from MedDay
Pharmaceuticals and personal fees from Merck, Novartis, Roche, and Biogen outside the submitted work. Dr
Tourbah reported receiving personal fees from MedDay Pharmaceuticals, Novartis, and Hikma Pharmaceuticals
and consulting fees from Roche outside the submitted work. Dr Vermersch reported receiving personal fees from
Biogen, Novartis, Teva, Imcyse, AB Science, and Bristol Myers Squibb Celgene and grants from Sanofi Genzyme,
Roche, and Merck outside the submitted work. Drs Kantarci, Siva, Azevedo, and Pelletier reported serving on the
steering committee for the Arise and TERIS studies. Dr Makhani reported receiving a grant from the National
Institutes of Health (NIH) National Institute of Neurological Disorders and Stroke (NINDS). Dr Siva reported
receiving personal fees from Novartis, Sanofi Genzyme, Roche, and Merck Serono and grants from Istanbul
University and the Scientific and Technological Research Council of Turkey outside the submitted work. Dr
Azevedo reported receiving personal fees from Biogen, Genentech, Sanofi Genzyme, Novartis, Alexion, and EMD
Serono outside the submitted work. Dr Makhani reported receiving grants from the NIH NINDS during the conduct
of the study and grants from Charles H Hood Foundation outside the submitted work. Dr Cohen reported receiving
personal fees from Biogen, Merck, Novartis, Roche, Alexion, Ad Scientiam, Teva, and Sanofi outside the submitted
work. Dr Pelletier reported receiving personal fees from Roche, Novartis, and Sanofi Genzyme outside the
submitted work. Dr Okuda reported serving as the principal investigator of the Arise study and on the steering
committee for the TERIS study; receiving grants from Biogen; and receiving personal fees from Bristol Myers
Squibb Celgene, EMD Serono, Sanofi Genzyme, Novartis, Osmotica Pharmaceuticals, and Viela Bio outside the
submitted work. Dr Vukusic reported serving as the scientific coordinator of OFSEP; receiving grants from Biogen,
Merck, Novartis, Roche, and Sanofi; receiving personal fees from Biogen, Bristol Myers Squibb Celgene, Merck,
Novartis, Roche, and Sanofi; and receiving nonfinancial support from Biogen, Merck, Novartis, Roche, and Sanofi
outside the submitted work. No other disclosures were reported.

Funding/Support: This study was funded through the Observatoire Français de la Sclérose En Plaques, which is
supported by grant ANR-10-COHO-002 provided by the French State and handled by the Agence Nationale de la
Recherche within the framework of the Investments for the Future program by the Eugène Devic European
Database for Multiple Sclerosis Foundation against multiple sclerosis and by the Aide pour la Recherche sur la
Sclérose En Plaques Foundation.

JAMA Network Open | Neurology Risk Factors and Time to Multiple Sclerosis Symptoms in Patients With Radiologically Isolated Syndrome

JAMA Network Open. 2021;4(10):e2128271. doi:10.1001/jamanetworkopen.2021.28271 (Reprinted) October 11, 2021 12/14

Downloaded From: https://jamanetwork.com/ on 11/04/2021



Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication. The study protocol was elaborated by Dr Lebrun-Frénay in
collaboration with the Observatoire Français de la Sclérose En Plaques (OFSEP) National Coordinating Center and
the Radiologically Isolated Syndrome Consortium (RISC) members and reviewed by the OFSEP Scientific
Committee.

Group Members: The Observatoire Français de la Sclérose En Plaques (OFSEP), Société Francophone de la
Sclérose En Plaques (SFSEP), and Radiologically Isolated Syndrome Consortium (RISC) Investigators are listed in
Supplement 2.

Additional Contributions: Irena Vukusic, RN, and Dr Romain Casey, PhD, assisted in project management as
academic project coordinators for Observatoire Français de la Sclérose En Plaques (OFSEP), working as employees
of OFSEP. Dr Marc Frenay, MD, reviewed the manuscript and was not compensated for this work.

REFERENCES
1. Lebrun C, Bensa C, Debouverie M, et al; CFSEP. Unexpected multiple sclerosis: follow-up of 30 patients with
magnetic resonance imaging and clinical conversion profile. J Neurol Neurosurg Psychiatry. 2008;79(2):195-198.
doi:10.1136/jnnp.2006.108274

2. Castaigne P, Lhermitte F, Escourolle R, Hauw JJ, Gray F, Lyon-Caen O. Asymptomatic multiple sclerosis—3 cases
(author’s transl). Les scléroses en plaques asymptomatiques. Rev Neurol (Paris). 1981;137(12):729-739.

3. Okuda DT, Mowry EM, Beheshtian A, et al. Incidental MRI anomalies suggestive of multiple sclerosis: the
radiologically isolated syndrome. Neurology. 2009;72(9):800-805. doi:10.1212/01.wnl.0000335764.14513.1a

4. Lebrun C, Bensa C, Debouverie M, et al; Club Francophone de la Sclérose en Plaques. Association between
clinical conversion to multiple sclerosis in radiologically isolated syndrome and magnetic resonance imaging,
cerebrospinal fluid, and visual evoked potential: follow-up of 70 patients. Arch Neurol. 2009;66(7):841-846. doi:
10.1001/archneurol.2009.119

5. Granberg T, Martola J, Kristoffersen-Wiberg M, Aspelin P, Fredrikson S. Radiologically isolated syndrome—
incidental magnetic resonance imaging findings suggestive of multiple sclerosis, a systematic review. Mult Scler.
2013;19(3):271-280. doi:10.1177/1352458512451943

6. Siva A, Saip S, Altintas A, Jacob A, Keegan BM, Kantarci OH. Multiple sclerosis risk in radiologically uncovered
asymptomatic possible inflammatory-demyelinating disease. Mult Scler. 2009;15(8):918-927. doi:10.1177/
1352458509106214

7. Kantarci OH, Lebrun C, Siva A, et al. Primary progressive multiple sclerosis evolving from radiologically isolated
syndrome. Ann Neurol. 2016;79(2):288-294. doi:10.1002/ana.24564

8. Lebrun C, Blanc F, Brassat D, Zephir H, de Seze J; CFSEP. Cognitive function in radiologically isolated syndrome.
Mult Scler. 2010;16(8):919-925. doi:10.1177/1352458510375707

9. Lebrun C, Cohen M, Clavelou P; SFSEP. Evaluation of quality of life and fatigue in radiologically isolated
syndrome. Rev Neurol (Paris). 2016;172(6-7):392-395. doi:10.1016/j.neurol.2016.04.004

10. Makhani N, Lebrun C, Siva A, et al. Radiologically isolated syndrome in children: clinical and radiologic
outcomes. Neurol Neuroimmunol Neuroinflamm. 2017;4(6):e395. doi:10.1212/NXI.0000000000000395

11. Okuda DT, Siva A, Kantarci O, et al; Radiologically Isolated Syndrome Consortium (RISC); Club Francophone de
la Sclérose en Plaques (CFSEP). Radiologically isolated syndrome: 5-year risk for an initial clinical event. PLoS One.
2014;9(3):e90509. doi:10.1371/journal.pone.0090509

12. Okuda DT, Mowry EM, Cree BA, et al. Asymptomatic spinal cord lesions predict disease progression in
radiologically isolated syndrome. Neurology. 2011;76(8):686-692. doi:10.1212/WNL.0b013e31820d8b1d

13. Lebrun-Frenay C, Kantarci O, Siva A, Sormani MP, Pelletier D, Okuda DT; 10-year RISC study group on behalf of
SFSEP, OFSEP. Radiologically isolated syndrome: 10-year risk estimate of a clinical event. Ann Neurol. 2020;88(2):
407-417. doi:10.1002/ana.25799

14. Okuda D, Lebrun Frenay C, Siva A, et al. Multi-center, randomized, double-blinded assessment of dimethyl
fumarate in extending the time to a first attack in radiologically isolated syndrome (RIS) (Arise Trial). Neurology.
2015;84(14 Supplement):7.207.

15. Lebrun-Frenay C, Siva A, Kantarci O, et al Multicenter, randomized, double-blinded assessment of
teriflunomide in extending the time to a first clinical event in radiologically isolated syndrome (RIS): the TERIS
study. Neurology. 2017;88(16 Supplement):6.359.

16. Vukusic S, Casey R, Rollot F, et al. Observatoire Français de la Sclérose en Plaques (OFSEP): a unique
multimodal nationwide MS registry in France. Mult Scler. 2020;26(1):118-122. doi:10.1177/1352458518815602

JAMA Network Open | Neurology Risk Factors and Time to Multiple Sclerosis Symptoms in Patients With Radiologically Isolated Syndrome

JAMA Network Open. 2021;4(10):e2128271. doi:10.1001/jamanetworkopen.2021.28271 (Reprinted) October 11, 2021 13/14

Downloaded From: https://jamanetwork.com/ on 11/04/2021

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.28271&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.28271
https://dx.doi.org/10.1136/jnnp.2006.108274
https://www.ncbi.nlm.nih.gov/pubmed/7339773
https://dx.doi.org/10.1212/01.wnl.0000335764.14513.1a
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archneurol.2009.119&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.28271
https://dx.doi.org/10.1177/1352458512451943
https://dx.doi.org/10.1177/1352458509106214
https://dx.doi.org/10.1177/1352458509106214
https://dx.doi.org/10.1002/ana.24564
https://dx.doi.org/10.1177/1352458510375707
https://dx.doi.org/10.1016/j.neurol.2016.04.004
https://dx.doi.org/10.1212/NXI.0000000000000395
https://dx.doi.org/10.1371/journal.pone.0090509
https://dx.doi.org/10.1212/WNL.0b013e31820d8b1d
https://dx.doi.org/10.1002/ana.25799
https://www.ncbi.nlm.nih.gov/pubmed/28011929
https://dx.doi.org/10.1177/1352458518815602


17. Polman CH, Reingold SC, Edan G, et al. Diagnostic criteria for multiple sclerosis: 2005 revisions to the
“McDonald criteria”. Ann Neurol. 2005;58(6):840-846. doi:10.1002/ana.20703

18. Confavreux C, Compston DA, Hommes OR, McDonald WI, Thompson AJ. EDMUS, a European database for
multiple sclerosis. J Neurol Neurosurg Psychiatry. 1992;55(8):671-676. doi:10.1136/jnnp.55.8.671

19. Cotton F, Kremer S, Hannoun S, Vukusic S, Dousset V; Imaging Working Group of the Observatoire Français de
la Sclérose en Plaques. OFSEP, a nationwide cohort of people with multiple sclerosis: consensus minimal MRI
protocol. J Neuroradiol. 2015;42(3):133-140. doi:10.1016/j.neurad.2014.12.001

20. Schoenfeld D. Partial Residuals for The Proportional Hazards Regression Model. Biometrika. 1982;69(1):
239-241. doi:10.1093/biomet/69.1.239

21. Lin DY, Wei LJ, Ying Z. Checking the Cox model with cumulative sums of Martingale-based residuals.
Biometrika 1993;80(3):557–572. doi:10.1093/biomet/80.3.557

22. Kurtzke JF, Beebe GW, Nagler B, Auth TL, Kurland LT, Nefzger MD. Studies on natural history of multiple
sclerosis. 4. clinical features of the onset bout. Acta Neurol Scand. 1968;44(4):467-494. doi:10.1111/j.1600-0404.
1968.tb05587.x

23. Brownlee WJ, Altmann DR, Prados F, et al. Early imaging predictors of long-term outcomes in relapse-onset
multiple sclerosis. Brain. 2019;142(8):2276-2287. doi:10.1093/brain/awz156

24. Siva A, Tutuncu M, Kantarci O, et al. Are individuals with radiologically isolated syndrome have a different
clinical outcome once they convert to clinically isolated syndrome? Neurology. 2015; 84(14 Supplement):5.193.

25. Putzki N, Pfriem A, Limmroth V, et al. Prevalence of migraine, tension-type headache and trigeminal neuralgia
in multiple sclerosis. Eur J Neurol. 2009;16(2):262-267. doi:10.1111/j.1468-1331.2008.02406.x

26. Tremlett H, Marrie RA. The multiple sclerosis prodrome: emerging evidence, challenges, and opportunities.
Mult Scler. 2021;27(1):6-12. doi:10.1177/1352458520914844

SUPPLEMENT 1.
eTable 1. Participating Centers and Investigators
eTable 2. Disease-Modifying Treatments Prescribed to Patients with Radiologically Isolated Syndrome
eTable 3. Magnetic Resonance Imaging Scan Characteristics
eTable 4. Association of Gadolinium-Enhancing Lesions at Index Scan or Follow-up With Clinical Event Outcome
eFigure 1. Demographic Factors Not Associated With an Early Clinical Event

SUPPLEMENT 2.
Nonauthor Collaborators. RISC, SFSEP, and OFSEP Investigators

JAMA Network Open | Neurology Risk Factors and Time to Multiple Sclerosis Symptoms in Patients With Radiologically Isolated Syndrome

JAMA Network Open. 2021;4(10):e2128271. doi:10.1001/jamanetworkopen.2021.28271 (Reprinted) October 11, 2021 14/14

Downloaded From: https://jamanetwork.com/ on 11/04/2021

https://dx.doi.org/10.1002/ana.20703
https://dx.doi.org/10.1136/jnnp.55.8.671
https://dx.doi.org/10.1016/j.neurad.2014.12.001
https://dx.doi.org/10.1093/biomet/69.1.239
https://dx.doi.org/10.1093/biomet/80.3.557
https://dx.doi.org/10.1111/j.1600-0404.1968.tb05587.x
https://dx.doi.org/10.1111/j.1600-0404.1968.tb05587.x
https://dx.doi.org/10.1093/brain/awz156
https://dx.doi.org/10.1111/j.1468-1331.2008.02406.x
https://dx.doi.org/10.1177/1352458520914844

