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IMPORTANCE Most people with radiologically isolated syndrome (RIS) have high proportions
of white matter lesions (WMLs) demonstrating the central vein sign (ie, central vein
sign-positive lesion [CVS+L]) and at least 1 paramagnetic rim lesion (PRL), representing
perivenular lesion development and chronic active demyelination, respectively. Whether
these imaging measures predict developing clinical multiple sclerosis (MS) in people with RIS
is not yet known.

OBJECTIVE To determine the prognostic value of various magnetic resonance imaging (MRI)
measures, particularly PRLs and CVS+L, in predicting clinical MS in people with RIS.

DESIGN, SETTING, AND PARTICIPANTS This was a multicenter prospective cohort study
conducted from 2011 and 2024. Participants older than 18 years and fulfilling published RIS
criteria were consecutively recruited from 3 large academic MS centers.

EXPOSURES Participants underwent 3-T MRI including brain and spinal cord (SC) sequences
and longitudinal clinical assessments. MRIs were evaluated for the total WML, PRL, and SC
lesion (SCL) counts as well as the proportion of CVS+L.

MAIN OUTCOMES AND MEASURES The primary outcome was the development of clinical
symptoms of MS. Time-varying Cox regression assessed the association between PRLs and
symptom onset. Elastic net regression identified key predictors, incorporating PRLs, age, sex,
and SCL.

RESULTS A total of 79 eligible people with RIS were included (36 [46%] in the discovery
cohort [DC], 43 [54%] in the validation cohort [VC]). Of the initial 46 DC participants, 10
withdrew or were lost to follow-up, whereas all VC participants completed follow-up. In the
DC (median [IQR] age, 40 [31-51] years; 25 female [70%]; median [IQR] follow-up, 6.4
[5.0-91] years), 9 of 36 people with RIS (25%) developed MS (median [IQR] time, 5.2
[5.0-6.8] years). In the VC (median [IQR] age, 43 [36-51] years; 23 female [53%]; median
[1QR] follow-up, 4.4 [2.5-7.9] years), 9 of 43 people with RIS (21%) developed MS (median
[IQR] time, 4.4 [2.5-4.7] years). Higher PRL count was associated with earlier symptom onset
between 5 and 30 years after initial RIS diagnosis (hazard ratio [HR], 1.15; 95% Cl, 1.05-1.26;
P =.004) in the DC, replicated in the VC (HR, 1.51; 95% Cl, 1.00-2.27; P = .04). In the DC,
having 4 or more PRLs (odds ratio [OR], 14.64; 95% Cl, 2.00-207.23; P = .02) and higher PRL
count (OR, 1.15; 95% Cl, 1.03-1.32; P = .02) predicted clinical MS. In the VC, having any PRL
was significantly associated with developing clinical MS (OR, 20.90; 95% Cl, 2.35-533.30;
P=.02).

CONCLUSIONS AND RELEVANCE Study findings suggest that accrual of nonresolving chronic
inflammation in WML portends development of clinical MS in people with RIS, which may
have clinical utility in guiding treatment decisions across the MS spectrum and strengthens
the case for including asymptomatic MS in the diagnostic criteria. There is growing
recognition that early detection of most chronic neurological diseases is critical to prevent
or diminish future disability, and these findings are a specific example of how this principle
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viduals with brain magnetic resonance imaging (MRI)
lesions suggestive of multiple sclerosis (MS) without

typical symptoms of demyelination. Although rarely detected,!
people with RIS are a valuable population to evaluate as RIS
is likely present in most MS cases before symptom onset, and
growing evidence suggests that earlier disease identification
and timely intervention may prevent disability in MS.? Fur-
thermore, RIS is now considered part of the MS spectrum un-
der the revised 2024 McDonald criteria.® Approximately one-
half of people with RIS develop a first clinical event within 10
years of diagnosis.* Identified risk factors for developing overt
clinical symptoms include younger age, male sex, the pres-
ence of spinal cord lesions (SCLs), cerebrospinal fluid-
specific oligoclonal bands, and new T2- or gadolinium-
enhancing lesions.*®

Emerging MRI biomarkers using susceptibility-sensitive
techniques have shown diagnostic and prognostic value in MS.
Central vein sign-positive lesions (CVS+Ls) are white matter
lesions (WMLs) with visible centrally located veins represent-
ing perivenular inflammation, a histopathologic hallmark of
MS lesions.” A high proportion of CVS+Ls (typically 240%) is
highly sensitive and specific for distinguishing MS from
mimics.”® Paramagnetic rim lesions (PRLs), WMLs exhibit-
ing a paramagnetic rim on susceptibility-sensitive MRI, are
another promising biomarker.® PRLs correspond to chronic
active lesions with a rim of iron-laden microglia and macro-
phages on histopathology and are thought to drive central
nervous system-compartmentalized disease processes in MS,
resulting in clinical progression.'® Although rarely observed
in MS mimics, PRLs are frequent across the spectrum of MS,
including RIS.!12 Additionally, prior studies have consis-
tently shown a positive correlation of PRL burden with the
degree of neurological disability in MS.19:13

We previously found that most people with RIS have greater
than or equal to 40% CVS+Ls'* and at least 1 PRL."? Further-
more, CVS+Ls and PRLs correlated with subclinical cognitive
impairment in people with RIS,'> supporting their potential prog-
nostic utility. However, their predictive value in people with RIS
has not yet been prospectively ascertained. Currently, the op-
timal management of people with RIS also remains unclear. With
recent clinical trials showing efficacy of disease-modifying thera-
pies (DMTs) in preventing a first clinical event in people with
RIS,'®'7 identifying prognostic factors to discern which people
with RIS may benefit from early DMT use becomes increas-
ingly important. We, therefore, aimed to prospectively evalu-
ate the association and predictive potential of PRLs and CVS+Ls
for developing clinical MS in people with RIS.

R adiologically isolated syndrome (RIS) refers to indi-

Methods

Study Design

This multicenter observational cohort study included partici-
pants recruited from 3 academic centers and prospectively
followed up at each site according to local protocols. Partici-
pants were divided into 2 cohorts. The discovery cohort (DC)
consisted of participants from St Michael’s Hospital (Toronto,
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Key Points

Question Are paramagnetic rim lesions (PRLs) and central vein
sign-positive white matter lesions (CVS+L) associated with
developing clinical symptoms of multiple sclerosis (MS) in people
with radiologically isolated syndrome (RIS)?

Findings In this cohort of 36 people with RIS, a higher PRL count
was associated with a shorter time to developing clinical
symptoms of MS and was an independent predictor of symptom
onset; these findings were validated in an independent cohort

of 43 people with RIS.

Meaning Results show that PRLs may have prognostic utility for
risk stratification and help guide treatment decisions in people
with RIS, the earliest detectable stage of MS.

Ontario, Canada) followed up between July 2017 and January
2021. The validation cohort (VC) consisted of participants from
the National Institutes of Health (NIH) Clinical Center in
Bethesda, Maryland, from September 2011 to September 2023
and from the Fleni MS Clinic in Buenos Aires, Argentina, be-
tween June 2016 and January 2024. Data acquisition and analy-
sis were approved by the institutional review boards of all 3
centers and adhere to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guidelines. All participants provided written informed consent.

Clinical Assessment
Study participants underwent neurological examination within
30 days of the initial MRI. No participant experienced symp-
toms suggestive of MS before the first study visit.
Subsequently, participants in the DC underwent yearly
follow-ups, whereas those in the VC were longitudinally fol-
lowed up at periodic intervals (usually biannually at Fleni and
at variable intervals at NIH) for symptoms typical of a demy-
elinating relapse or development of progressive neurological
symptoms. A diagnosis of MS was made if there were clinical
symptoms suggestive of MS and other paraclinical criteria
aligned with the 2017 McDonald criteria.'®

MRI Acquisition and Image Analysis

MRI of the brain and spinal cord were performed using 3-T MRI.
Brain MRI sequences included 3D T2-weighted fluid-
attenuated inversion recovery (FLAIR) and a susceptibility-
sensitive sequence, either a 3D T2*-weighted segmented echo-
planar imaging (T2*-segEPI) or a 3D SWAN-venule sequence
providing magnitude and phase images, as previously
described'®?! (eTable 1 in Supplement 1). SC imaging was
limited to the cervical SC in the DC, whereas the entire SC was
imaged in the VC.

Image Analysis

The total number of WMLs, CVS+Ls, PRLs, and SCLs on the ini-
tial scans was documented. 3D T2-FLAIR and 3D T2*-segEPI/
SWAN-venule sequences with multiplanar reconstructions
were used to identify CVS+Ls and PRLs using previously pub-
lished North American Imaging in Multiple Sclerosis (NAIMS)
Cooperative consensus criteria.”® WMLs were reviewed for
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PRLs on phase images. All WMLs classified as PRLs were either
nonenhancing (when gadolinium was administered) or present
on a prior clinical scan (at least 3-6 months apart), indicating
they were likely chronic PRLs. All raters completed training
before assessment and were blinded to diagnosis.

For the DC, scans were assessed for the presence of CVS+Ls,
PRLs, and SCLs by raters blinded to whether RIS participants
had developed MS. Two independent raters evaluated the ini-
tial scans of 24 participants for the presence of PRLs (S.S., M.A.),
and CVS+Ls (S.S., P.S.). The interrater reliability was substan-
tial (Cohen x = 0.77 and 0.65 for PRLs and CVS+Ls, respec-
tively). Based on favorable interrater reliability analysis,
additional scans from the DC were assessed by fellowship-
trained neuroradiologists (S.S., T.R.L.) with substantial inter-
rater reliability (Cohen = 0.72) for PRLs. Discrepancies were
resolved through consensus.

For the VC, as initial results from the DC did not show sig-
nificant differences between total WML and CVS+L counts and
percentage of CVS+Ls, only the number of PRLs and SCLs were
assessed and documented. Scans from NIH were evaluated by
2 independent raters (S.S., T.R.L.), whereas scans from Fleni
were evaluated by an experienced neurologist (M.L.G.).

Statistical Analysis

All analyses were performed using the R statistical environ-
ment, version 4.4.2 (R Project for Statistical Computing). Fisher
exact and Wilcoxon rank sum tests evaluated group compari-
sons. Our primary interest was how PRL count is associated
with the development of clinical MS (difference between the
date of first clinical symptoms and the date of MRI confirm-
ing RIS diagnosis). In separate Cox regressions for the DC and
VC, we adjusted for the presence of any SCLs, age, sex, and site
(only for the VC). We assessed the proportional hazards as-
sumption for all Cox models using the R cox.zph function and
visual inspection of complementary log-log plots. In both
models, the proportional hazards assumption was not met for
PRLs, meaning the effect of PRLs was not constant over the
follow-up period. Thus, we used time-varying Cox regres-
sions to account for changes in the effect of PRLs over time.
With this approach, we used a step function to split the data
into multiple time intervals. The effect of PRLs on MS conver-
sion was then evaluated at each interval while controlling for
the aforementioned covariates. Intervals were selected to
reflect shorter-term (0-2 years), medium-term (2-5 years), and
longer-term risk (5-30 years).

We then conducted an elastic net regression using the R
glmnet package, version 4.1-8, to determine which subset of
factors most strongly predicts conversion to MS. This regular-
ization method for feature selection combines the L1 and L2
penalties of Lasso and Ridge regression, respectively, allow-
ing coefficients to shrink in a way that reduces overfitting and
addresses multicollinearity among predictors. Features in-
cluded the presence of greater than or equal to 4 PRLs,'> pres-
ence of any PRLs, number of PRLs, presence of any SCLs, as
well as age, sex, and site (only for the VC). Age, sex, and site
were included in the model without penalization. Given the
collinearity between the presence of greater than or equal to
4 or any PRLs and the number of PRLs, the effect of each of
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these on MS conversion was tested in separate logistic regres-
sions while adjusting for the remaining covariates. All
Pvalues were 2-sided, and P <.05 was considered statistically
significant.

. |
Results

A total of 79 eligible people with RIS were included (36 [46%]
in the DC and 43 [54%] in the VC). Of the initial 46 DC partici-
pants, 10 withdrew or were lost to follow-up, whereas all VC
participants completed follow-up. In the VC, 25 participants
were from the NIH Clinical Center in Bethesda, Maryland, and
18 were from the Fleni MS Clinic in Buenos Aires, Argentina.
All individuals met the 2023 revised RIS diagnostic criteria,®
with 72 of 77 (93.5%) meeting the more stringent 2009 Okuda
RIS diagnostic criteria.?? Demographic, clinical and MRI char-
acteristics are summarized in Table 1.

DC

Demographic, Clinical, and MRI Characteristics

The DCincluded 36 people (median [IQR] age, 40 [31-51] years;
25 female [70%]; 15 male [30%]; median [IQR] follow-up, 6.4
[5.0-9.1] years) with RIS. The most common reason for the
index MRI leading to a RIS diagnosis was headaches (16 of 36
participants [44%]) (eTable 2 in Supplement 1). Only 3 indi-
viduals (8.3%) started MS DMT in the absence of any neuro-
logical symptoms consistent with MS.

Clinical MS developed in 9 people (25%) with RIS with a
median (IQR) time to first clinical event of 5.2 (5.0-6.8) years
from RIS diagnosis, of whom 6 of 9 (67%) were diagnosed with
relapsing-remitting MS and 3 of 9 (33%) with primary progres-
sive MS. The proportion of people with RIS who were male or
37 years old or younger was not different between those who
developed MS and those who did not (Table 1).

On first MRI with a T2*-segEPI sequence, 34 of 36 indi-
viduals (95%) had greater than or equal to 40% CVS+L, and 25
of 36 (70%) had greater than or equal to 1 PRL. People with
RIS who developed clinical MS had a higher median (IQR)
number of PRLs (11[4-20] vs 1[0-4]; P = .01) (Figure 1). In con-
trast, the median (IQR) number of WMLs (57 [38-70] vs 32 [20-
66]; P = .33) and SCLs (3[2-4] vs 1[0-3]; P = .11), proportion of
CVS+Ls (89 [85-94] vs 80 [60-91]; P = .09), and proportion of
participants with greater than or equal to 40% CVS+Ls (100%
vs 93%; P >.99) were similar between groups.

PRLs as a Risk Factor for Developing Clinical MS
Cox regression revealed that PRLs had a significant effect on
developing clinical MS from 5 to 30 years after initial RIS di-
agnosis (hazard ratio [HR], 1.15; 95% CI, 1.05-1.26; P = .004)
(Figure 2), with more PRLs being associated with a shorter time
to afirst clinical event. This effect was not evident from O to 2
or 2 to 5 years of follow-up. Age, sex, and presence of SCLs were
also not associated with developing clinical MS (Table 2). The
median time to developing clinical MS was 5.8 years in those
with PRLs vs 8 years in those without PRLs.

Elastic net regression was used to assess the relative im-
portance of several factors including age, sex, total WML count,
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Table 1. Demographic, Clinical, and Magnetic Resonance Imaging Characteristics

of People With Radiologically Isolated Syndrome (RIS)

Group
Demographics, clinical, and magnetic All people
resonance imaging characteristics with RIS RIS-MS RIS-RIS P value
Discovery cohort
Sample, No. (%) 36 (100) 9 (25) 27 (75) NA
Age at RIS diagnosis
Median (IQR), y 40 (31-51) 36 (28-42) 43 (35-52) .14
Age <37y, No. (%) 12 (33) 5(56) 8(30) .24
Sex, No. (%)
Female 25 (70) 5(56) 20 (74) 41
Male 11 (31) 4 (44) 7 (26)
Disease-modifying therapy, No. (%) 3(8.3) 0(0) 3(12) .55
Follow-up time, median (IQR), y 6.4 (5.0-9.1) 6.2 (5.0-7.8) 6.7 (5.1-10.4) 33
Time to development of clinical MS, NA 5.2 (5.0-6.8) NA NA
median (IQR), y
MRI parameters
Time from RIS diagnosis to initial T2* 3.3(1.9-6.1) 3.3(2.4-4.8) 3.2(1.7-7) .85
MRI, median (IQR), y
WML count, median (IQR) 40.5 (22-68) 57 (38-70) 32 (20-66) 33
Proportion of CVS+L, median (IQR), % 85 (68-91) 89 (85-94) 80 (60-91) .09
CVS+L 240%, No. (%) 34 (94) 9 (100) 25(93) >.99
PRL count, median (IQR) 2 (0-8.5) 11 (4-20) 1(0-4) .01°
PRL (+), No. (%) 25 (69) 8(89) 17 (63) 22
PRL 24, No. (%) 15 (42) 7(78) 8 (30) .02b
SCL (+), No. (%) 27 (75) 7(78) 20 (74) >.99
SCL count, median (IQR) 1.5 (0.5-3.5) 3(2-4) 1(0-3) 11
Validation cohort
Sample, No. (%) 43 (100) 9(21) 34 (79) NA
Age at RIS diagnosis
Median (IQR), y 43 (36-51) 41 (28-54) 43 (38-49) .62
Age <37y, No. (%) 12 (28) 4(44) 8(24) .24
Sex, No. (%)
Female 23 (53) 5(56) 18 (53)
Male 20 (47) 4.(44) 16 (47) >99
Disease modifying therapy, No. (%) 14 (33) 4 (44) 10 (29) 44
Follow-up time, median (IQR), y 4.4(2.5-7.9) 4.4 (2.5-7.3) 4.8(2.7-8.8) .98
Time to development of clinical MS, NA 4.4 (2.5-4.7) NA NA
median (IQR), y Abbreviations: CVS+L, central vein
MRI parameters sign-positive white matter lesion;
Time from RIS diagnosis to initial T2* 3.5(2.1-6.2) 3.5(2.1-4.7) 3.6 (2.2-7) 44 MS, multiple sclerosis; NA, not
MRI, median (IQR), y applicable; PRL, paramagnetic rim
PRL count, median (IQR) 1(0-2) 2(1-3) 0(0-2) .02 lesion; SCL, spinal cord lesion;
PRL (+), No. (%) 23(53) 8(89) 15 (44) 02 WML, white matter lesion;
FRLE - () e 20 IE) 23 :'IZ)Fi’:::sI:-el;wodifying therapy use
SCL (+), No. (%) 19 (45) 3(33) 16 (48) 48 before MS diagnosis.
SCL count, median (IQR) 0(0-2) 0(0-3) 0(0-2) .83 bStatistically significant.
proportion of CVS+Ls, presence and number of PRLs, and pres-  VC

ence of SCLs, in predicting the probability of developing a first
clinical demyelinating event. Variables with nonzero coeffi-
cients were subsequently included in a logistic regression (ie,
presence of >4 PRLs, number of PRLs, age, and sex). The pres-
ence of greater than or equal to 4 PRLs and number of PRLs
were tested in separate models, given collinearity, while ad-
justing for age and sex. Both the presence of greater than or
equal to 4 PRLs (odds ratio [OR], 14.64; 95% CI, 2.00-207.23;
P =.02) and number of PRLs (OR, 1.15; 95% CI, 1.03-1.32;
P =.02) were significantly associated with development of
clinical MS, while age and sex were not (Table 3).

jamaneurology.com

Demographic, Clinical, and MRI Characteristics
The VCincluded 43 people (median [IQR] age, 43 [36-51] years;
23 female [53%]; 20 male [47%]; median [IQR] follow-up, 4.4
[2.5-7.9] years) with RIS. The most common reason for the in-
dex MRI leading to a RIS diagnosis was also headaches (14 of
43 participants [33%]) (eTable 2 in Supplement 1). A total of
14 individuals (33%) initiated MS DMT despite having no
neurological symptoms consistent with MS.

Clinical MS developed in 9 people (21%) with RIS with a
median (IQR) time to first clinical event of 4.4 (2.5-4.7) years
from RIS diagnosis, of whom 4 of 9 (44%) were diagnosed with
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Figure 1. Participant With Radiologically Isolated Syndrome (RIS) in His Early 50s Who Eventually Developed
Clinical Multiple Sclerosis (MS) Approximately 5 Years From Initial RIS Diagnosis

[A] 3D T2 FLAIR image 3D T2*-weighted magnitude image

3D T2*-weighted phase image

Representative axial reconstructed
3-dimensional (3D)
T2-fluid-attenuated inversion
recovery (FLAIR) (A), 3D
T2*-weighted segmented
echo-planar magnitude (B), and
phase (C) images with magnified view
(inset) of selected white matter
lesions exhibiting the central vein
sign (yellow arrowheads) and
paramagnetic rims (white
arrowheads), which were numerous
in this individual.

Figure 2. Kaplan-Meier Curves of the Effect of the Number of Paramagnetic Rim Lesions (PRLs) on the Time
to Developing Clinically Definite Multiple Sclerosis (MS) in Radiologically Isolated Syndrome (RIS)

E] Discovery cohort Validation cohort
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5 to 30 years after RIS diagnosis.

Table 2. Multivariable Time-Varying Cox Proportional Hazards Regression Model Adjusting for Age, Male Sex,
Presence of Spinal Cord Lesions (SCLs) on Initial Magnetic Resonance Imaging, and Site in the Validation Cohort

Discovery cohort

Validation cohort

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

Age 0.93(0.85-1.02) .14 1.02 (0.95-1.10) .55

Male sex 3.12(0.707-12.63) 11 0.77 (0.17-3.47) 74

No. of PRLs (0-1.99 y) 0.86 (0.44-1.70) 66 NA NA Abbrewatpns: Fleni, F_Ienl MS Clinic
(Buenos Aires, Argentina);

No. of PRLs (2-4.99 y) 1.08 (0.86-1.35) 52 1.17 (0.91-1.49) 22 HR, hazard ratio; MS, multiple

No. of PRLs (5-30y) 1.15 (1.05-1.26) .004° 1.51 (1.00-2.27) .042 sclerosis; NA, not applicable;

(+) scL 0.57(0.09-3.37) 53 0.22 (0.03-1.48) 12 NIH, National Institutes of Health;
PRL, paramagnetic rim lesion.

Site (NIH vs Fleni) NA NA 1.23(0.11-13.24) .87

2 Statistically significant.

relapsing-remitting MS and 5 of 9 (56%) with primary progres-
sive MS. Similar to the DC, the proportion who were male or
37 years old or younger was not different between those who
developed MS and those who did not.

On first MRI with susceptibility-sensitive sequences, 23 of
43 individuals (53%) had 1 or more PRLs. People with RIS who
developed clinical MS had more PRLs (median [IQR], 2 [1-3]
vs 0 [0-2]; P = .02), but SCL count was similar (O [0-3] vs

JAMA Neurology March2026 Volume 83, Number 3

0 [0-2]; P = .83). A greater proportion of people with RIS de-
veloping clinical MS had 1 or more PRLs (89% vs 44%; P = .02).

PRLs as a Risk Factor for Developing Clinical MS

The association between higher PRL count and shorter time
to developing clinical MS 5 to 30 years after RIS diagnosis
observed in the DC was replicated in the VC (HR, 1.51; 95%
CI, 1.00-2.27; P = .04) (Figure 2). PRL count in O- to 2-year and
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Table 3. Elastic Net Regression Identifying Covariates Predictive of Progression to Clinically Definite Multiple Sclerosis (MS)

in People With Radiologically Isolated Syndrome (RIS)

Discovery cohort

Validation cohort

Features Coefficient® Adjusted OR (95% Cl) P value Coefficient® Adjusted OR (95% Cl) P value
Age -0.09 0.90 (0.79 to 0.99) .06 -0.03 0.97 (0.89 to 1.06) 44
Sex 0.77 1.72 (0.25t0 12.02) .57 -0.81 0.29 (0.03 to 1.83) .21

(+) PRL 0 NA NA 1.49 20.9 (2.35t0 533.30) .02°
24 PRLs 1.02 14.64 (2.00 to 207.23) .02° 0 NA NA
No. of PRLs 0.05 1.15(1.03t01.32) .02° 0.04 1.3(1.01t0 1.81) .06
No. of WMLs 0 NA NA NA NA NA
Proportion of CVS+Ls 0 NA NA NA NA NA

(+) SCL 0 NA NA -0.72 0.18 (0.02to0 1.13) .09
Site (NIH vs Fleni) NA NA NA -1.16 0.33(0.02 t0 2.70) .34

Abbreviations: CVS+L, central vein sign-positive white matter lesion; Fleni, Fleni
MS Clinic (Buenos Aires, Argentina); NA, not applicable; NIH, National Institutes
of Health; OR, odds ratio; PRL, paramagnetic rim lesion; SCL, spinal cord lesion;
WML, white matter lesion.

2 Coefficient reflects log odds in the full elastic net regression. OR and P value
are obtained from subsequent logistic regressions.

b Statistically significant.

2-to 5-year follow-up intervals, age, sex, presence of SCLs, and
site were not associated with developing clinical MS (Table 2).
The median time to developing MS in those with PRLs was 5.1
vs 7.9 years in those without PRLs.

After performing elastic net regression, the presence of
PRLs, PRL count, presence of SCLs, age, sex, and center were
considered in a logistic regression (with presence of any PRL
and PRL count tested separately). Here, the presence of any
PRL had a significant effect on developing clinical MS
(OR, 20.90; 95% CI, 2.35-533.30; P = .02), whereas the num-
ber of PRLs, age, sex, and presence of SCLs were not signifi-
cantly related (Table 3).

|
Discussion

Although RIS is now considered part of the MS spectrum from
a diagnostic viewpoint under the revised 2024 McDonald
criteria,> management guidelines remain limited. Identifying
biomarkers that predict subsequent development of clinical MS
is crucial. Moreover, careful evaluation of people with RIS of-
fers an opportunity to understand pathophysiological pro-
cesses in the earliest stage of MS, and insights obtained have
implications across the MS spectrum. In this prospective mul-
ticenter study, clinical MS developed in 25% of people with RIS
in the DC (median follow-up: 6.4 years) and in 21% of the VC
(median follow-up: 4.4 years). Among several clinical and MRI
measures, a higher PRL count at baseline was associated with
ashorter time to developing clinical MS (5.8 vs 8 years), and this
was replicated in the VC (5.1 vs 7.9 years). When factors most
associated with symptom onset were evaluated, it was evi-
dent that PRL lesion burden was relevant: clinical MS develop-
ment was predicted by greater than or equal to4 PRLs and higher
PRL count in the DC and by having any PRL in the VC.

PRLs have gained attention as a specific MRI biomarker and
imaging measure of progression-related biology in MS.1*?3 The
presence of 1 or more PRL is highly specific for MS, particu-
larly when combined with CVS+Ls.!»24:2> Furthermore, the
presence of greater than or equal to 4 PRLs was associated with

jamaneurology.com

earlier motor and cognitive impairment as well as long-term
disability in people with MS.1>2¢ In clinically isolated syn-
drome, 1 or more PRLs were seen in 53 of 94 patients (56%)
who developed MS over a mean follow-up time of 4.6 years,
whereas PRLs were absent in those who did not develop MS.?”
PRLs were also associated with cognitive impairment in people
with RIS." These findings highlight the relevance of PRLs as
a marker of clinical disease progression across the MS spec-
trum, even at its earliest detectable stages.

In this study, higher PRL counts were associated with a
shorter time to developing symptoms in both cohorts, al-
though defining an optimal threshold remains challenging.
Notably, the PRL burden and the proportion of individuals with
greater than or equal to 4 PRLs differed between cohorts, po-
tentially reflecting a combination of technical factors, biologi-
cal heterogeneity, and potential enrolment bias. These differ-
ences, along with relatively small sample sizes and the fact that
most people with RIS had not yet developed MS in both co-
horts, may explain why different PRL measures predicted MS
across cohorts. Nevertheless, we observed an incremental as-
sociation between PRL count and time to clinical MS develop-
ment, along with prior evidence linking PRL and SC lesion
counts, that supports the relevance of this biomarker. Given re-
cent clinical trials showing that early treatment with dimethyl
fumarate or teriflunomide reduces the risk of developing MS in
people with RIS,'®! reliable prognostic biomarkers such as PRLs
will be of substantial clinical utility in guiding treatment deci-
sions. However, PRL burden should be interpreted as 1 compo-
nent within a broader risk profile alongside other established
risk factors, rather than as a standalone marker.

To our knowledge, this was the first study to prospec-
tively evaluate the association of PRLs with developing clini-
cal MS in people with RIS. Compared with previously identi-
fied risk factors, this MRI biomarker has corresponding
histopathological correlates directly linked to mechanisms of
disease progression in MS. Consistent with findings in people
with MS,!® our findings suggest that PRL accrual in people
with RIS may contribute to clinical progression as they reflect
tissue destruction, chronic active inflammation, remyelination
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failure, and compartmentalized central nervous system dis-
ease processes thought to drive clinical progression.!:>23 PRLs
are also larger and structurally more damaged than non-PRL
lesions?® and have been associated with more frequent re-
lapses in long-term studies.?° Collectively, these findings sug-
gest that PRL burden may be the most prognostically valu-
able MRI measure across the MS spectrum, relevant to both
disease progression and more aggressive relapsing pheno-
types, and even people without overt clinical symptoms. Due
to the high specificity of PRLs for a diagnosis of MS, in the 2024
McDonald criteria, PRLs have been included to facilitate a
diagnosis of MS in people presenting with typical clinical syn-
dromes. Although PRLs are not currently incorporated as a di-
agnostic criterion for RIS being considered as MS in the 2024
McDonald criteria, our findings contribute new evidence sup-
porting their predictive value for developing clinically defi-
nite MS. Taken together with their high specificity and strong
biologicrationale, these data support PRLs as a candidate bio-
marker for inclusion in future diagnostic or classification frame-
works, potentially extending to individuals with preclinical dis-
ease (people with RIS). If validated in larger cohorts, PRLs could
inform diagnostic and treatment decisions in people with RIS
and people with MS in clinical practice. Moreover, PRLs may
also help enrich future clinical trial populations for individu-
als most likely to progress, as shown in a recent subgroup analy-
sis of the phase 3 tolebrutinib clinical trials.3°

PRLs can now be reliably detected at conventional field
strengths (1.5 T and 3 T) using widely available susceptibility-
sensitive sequences, making them an accessible MRI measure
that can be derived from routine clinical scans. Studies show
substantial concordance between the 2 field strengths,?-*? and
recent meta-analyses also show no significant difference
in PRL detection between standard susceptibility-weighted
imaging and T2*-weighted imaging, or between 2D and 3D
acquisitions.?*>* In keeping with the 2024 McDonald criteria
revisions, the Magnetic Resonance Imaging Network in
Multiple Sclerosis-Consortium of Multiple Sclerosis Centers-
North America Imaging in Multiple Sclerosis (MAGNIMS-CMSC-
NAIMS) consensus guidelines now advocate the routine inclu-
sion of susceptibility-sensitive imaging—such as 3D T2* EPI or
optimized susceptibility-weighted imaging with low flip
angle and filtered-phase reconstruction—in the evaluation of
patients with suspected MS or RIS.?* Because these same se-
quences are used for assessing CVS, their inclusion also en-
ables efficient identification of PRLs without added scan time
or cost, making both CVS and PRLs accessible and useful
measures in MS clinical practice.

Previously identified independent predictors such as
younger age, male sex, and presence of SCLs*>3¢ did not dem-
onstrate an increased risk for earlier clinical MS development
in people with RIS in this study, which aligns with findings from
other similar or even larger-sized cohorts.3”4° The inclusion of
PRLs in multivariable models, which was highly predictive of
developing clinical MS, likely made the relative contribution
of other risk factors less significant. It is also possible that the
clinical characteristics of contemporary people with RIS re-
cruited in our study have evolved and more closely resemble
clinical MS compared to historical RIS cohorts.

JAMA Neurology March2026 Volume 83, Number 3

Rim Lesions and Development of MS in Radiologically Isolated Syndrome

We observed a high proportion of people with RIS who de-
veloped primary progressive MS (33% in the DC, 56% in the
VC) compared with prior retrospective cohorts (10%-12%).>*!
This is not surprising considering that most people with RIS,
who by definition should not have any evident symptoms or
signs suggestive of MS, often have subtle clinical deficits when
evaluated with sensitive tools. For instance, a substantial pro-
portion of people with RIS have cognitive deficits when evalu-
ated with appropriate cognitive batteries,'>*? deficits in manual
dexterity,** and fatigue** compared with healthy controls.
Itis, therefore, not unexpected that a good proportion of people
classified as RIS are individuals with subtle, slowly progres-
sive neurological deficits they may not even be aware of. When
these deficits reach clinical detection thresholds on neuro-
logical examination, these individuals receive a primary pro-
gressive MS diagnosis.

Perivenular inflammation and demyelination are long-
known pathologic hallmarks of MS. Several studies*>**° have
demonstrated the high specificity and sensitivity of CVS+Ls
for MS. We have reported that people with RIS have a high pro-
portion of CVS+Ls.* In this study, the proportion of CVS+Ls
in the DC was 85%, comparable with the pooled incidence of
73% to 74% in people with MS in published meta-analyses.®->°
The CVS+L proportions were similar in those who developed
clinical MS and those who remained RIS (89% vs 80%), both
far exceeding the greater than or equal to 40% threshold for
distinguishing MS from other mimics.”#°° This is consistent
with a recent study showing no difference in the proportion
of CVS+Ls between RIS and MS.>! These findings support the
diagnostic value of CVS and inclusion of RIS within the bio-
logic MS spectrum in the updated 2024 McDonald criteria.?
Combining CVS, PRLs, and cortical lesions improved diagnos-
tic accuracy for MS, but only PRLs and cortical lesions corre-
lated with greater disability and disease severity,?* suggest-
ing that baseline CVS+Ls proportion may have limited
prognostic value for RIS developing MS.

Limitations

Our study has several limitations. Many participants had known
RIS for several years when the susceptibility-sensitive MRI
sequence was performed, potentially introducing a selection/
survival bias in our cohort. MRI protocols varied across cen-
ters, and not all include gadolinium-enhanced imaging, limit-
ingidentification of new enhancinglesions, a known risk factor
of developing clinical MS in people with RIS,*3¢ and definite dif-
ferentiation of acute WMLs with transient rims from true chronic
active lesions.® However, we confirmed that lesions exhibiting
paramagnetic rims were present on a scan done 3 to 6 months
prior. SC imaging coverage also varied across cohorts. High-
resolution susceptibility-sensitive sequences proven to be
reliable in detecting CVS+Ls and PRLs'®?1>2 were used in this
study, which likely enabled the detection of a high number of
CVS+Land PRLs, but whether alternate sequences would yield
comparable results is unclear. In addition, interrater agree-
ment of PRL detection was substantial, but not excellent, sug-
gesting that further training and refinement of PRL detection
guidelines may be necessary before widespread clinical appli-
cation. Moreover, the study setting may limit generalizability,
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given potential academic center bias, requirement for special-
ized MRI protocols and expert interpretation, and health care
system differences that may preclude real-world implementa-
tion. Finally, cerebrospinal fluid studies were not routinely ob-
tained. Cerebrospinal fluid-specific oligoclonal bands were
therefore not included as a risk factor in our analyses.

. |
Conclusions

In this prospective multicohort validation study, we found that
a higher PRL count was most associated with development of
clinical MS in people with RIS among other known relevant risk

Original Investigation Research

factors. As PRLs reflect a subset of chronic active lesions, our
findings, together with prior data from people with MS, sup-
port their value as a prognostic biomarker for risk stratifica-
tion and therapeutic decision-making in people with RIS and
across the MS spectrum. Moreover, our findings shed light on
the pathophysiology of MS at one of the earliest detectable
stages, which has broad clinical and scientific implications.
There is growing recognition that detecting chronic neuro-
logical diseases in their early stages is crucial for preventing
future disability, and our findings in RIS exemplify how this
principle can be put into practice. Confirmation in larger co-
horts will be important to establish the clinical predictive value
of PRL in people with RIS and people with MS.
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