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Abstract

Background—~Paramagnetic rim lesions (PRL) may be linked to relapse risk of people with
relapsing-remitting multiple sclerosis (pPwRRMS).

Methods—PRL load was compared between acutely relapsing pwRRMS and matched stable
pwRRMS controls (each group n=21). Additionally, cognitive recovery was compared between
acutely relapsing pwRRMS with at least one PRL (PRL+) and those without any PRL (PRL-).

Results—Acutely-relapsing pwRRMS had significantly greater prevalence and number of
PRL (p=0.004 and p=0.003) compared to stable controls. These findings remained significant
after adjusting for global neuroinflammatory burden (enhancing and non-enhancing lesions).
Additionally, acutely-relapsing PRL+ pwRRMS (n=10) had worse recovery of verbal memory
following relapse compared to acutely-relapsing PRL- pwRRMS (n=7; p=0.027).

Discussion—These findings may partially explain previously suggested associations between

presence of PRL with more severe disease course.
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Introduction

Methods

Relapsing-remitting multiple sclerosis (RRMS) is characterized by acute inflammatory
demyelinating relapse that results in new or worsening symptoms or neurological signs
lasting at least 24 hours and occur in absence of fever or infection.! Acute inflammatory
activity of contrast-enhancing lesions is a characteristic radiological sign of relapse and
can be visualized through magnetic resonance imaging (MRI). Recovery of function varies
widely and permanent deficits contribute to progressive disability.

Preliminary evidence suggests chronic inflammatory activity, in the form of paramagnetic
rim lesions (PRL), may contribute to greater risk of MS relapse.2 However, it is unknown
whether PRL allow for stratification of people with RRMS (pwRRMS) into high and

low risk groups. Additionally, it is unknown if PRL influence functional recovery. We
explored differences in PRL prevalence and number between acutely-relapsing pwRRMS
and propensity-matched stable controls.

Study design:

Data were obtained from a prospective study of cognitive change around MS relapse.3

A group of relapsing (neurologist- and/ or MRI-defined) participants was identified from

a baseline cohort of 592 pwRRMS followed for 5 years at three North American MS

care centers. A second group of matched, clinically- and MRI-stable participants were
subsequently recruited from the same cohort on a case-by-case basis as per a case-control
design. For this retrospective analysis, all participants were studied at the Jacobs School

of Medicine in Buffalo, New York. Alternate forms of the Symbol Digit Modalities Test
(SDMT), Brief Visuospatial Memory Test — Revised (BVMT-R), and California Verbal
Learning Test (CVLT) were assessed at clinically stable baseline, during an index timepoint
(at relapse, or a stable point for controls), and at 3-month follow-up.

MRI Acquisition and Analysis:

As main outcome sequence, GRE was acquired from 21 acutely relapsing pwRRMS and
40 clinically stable pwRRMS controls on a 3T Signa Excite scanner (GE, Milwaukee, WI)
during the index (relapse) timepoint. The MRI acquisition also included T2-FLAIR, pre-
and post-contrast T1-weighted images, dual fast spin-echo proton density-weighted images,
and high-resolution 3D T1-weighted sequences. The detailed MRI acquisition is described
elsewhere.4

T2-FLAIR lesion volume (T2LV) and gadolinium-enhancing LV (GdLV) were quantified
using a semi-automated contouring technique.® Quantitative susceptibility mapping (QSM)
was as previously described.® PRL were identified on QSM using the proposed criteria
determined during the 2022 NAIMS Consensus Statement on Imaging Chronic Active
Lesions. 1) a paramagnetic rim continuous with at least 2/3 outer lesion edge that is
discernable on at least two image slices; 2) a diamagnetic core relative to surrounding
extra-lesional white matter; and 3) non-enhancement on post-contrast T1 sequence.” PRL in
pwRRMS without available T1-weighted post-contrast images were confirmed as chronic by
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identifying an existing T2 lesion at the same location in a previous FLAIR image acquired
>6 months prior.

Statistical analyses and propensity matching:

Results

Because GRE images were only obtained from one of three study sites, and some
participants were lost to follow-up, the original case-control study design could not be
maintained for this analysis. Therefore, stable pwRRMS were propensity matched to

the 21 relapsing pwRRMS using the “Matchit” R libraries, with optimal Mahalanobis
distance matching. Matching used relapse cohort as the outcome variable and covariates of
baseline age, sex, disease duration, baseline Expanded Disability Status Scale (EDSS), years
of education, and time from baseline clinical exam to the index timepoint. Independent-
samples T-tests and Mann-Whitney U-test were used to compare parametric and non-
parametric measures between the relapsing and stable groups, whereas chi-squared tests
were used to compare categorical variables. Additional T2-LV and Gd-LV-adjusted binary
logistic regression analyses were used to assess the differences in presence and number

of PRL between relapsing and stable pwRRMS groups. Kaplan-Meier survival curves
determining the time to relapse in PRL+ and PRL- pwRRMS were then compared using

a log-rank test, as well as with Cox regression accounting for baseline age, sex, disease
duration, and treatment category (i.e. none, low/moderate efficacy, and high efficacy).8
Last, cognitive changes across the baseline-to-relapse and relapse-to-recovery intervals

in relapsing pwRRMS were assessed for the PRL+ and PRL- subgroups using repeated-
measures ANCOVA tests which controlled for the same variables as the Cox regression as
well as time between the relapse and recovery timepoints. For all analyses, p-values lower
than 0.05 were considered statistically significant.

Baseline demographic, clinical and MRI-based information for both the relapsing and

stable groups are shown in Table 1. Table 2 shows demographic, clinical, and MRI-based
information for the relapsing PRL+ and PRL— groups. As per the propensity matching, the
relapsing and stable groups were similar in baseline age, sex, disease duration, years of
education, EDSS, SDMT, BVMTR, and CVLT (maximum standard mean difference < 0.69).
At the index timepoint, relapsing pwRRMS had greater T2LV (10.0mL vs. 6.1mL, p=0.039),
Gad-LV (0.35mL vs. 0.03mL p=0.006), PRL prevalence (57.1% vs. 14.3%, p=0.004), and
median PRL number (1 vs. 0, p=0.003) when compared to the stable group. The positive
association between the presence or number of PRL and MS relapse remained significant
after adjusting for T2LV and Gad-LV (PRL presence exp(f)=6.88, p=0.017; PRL number
exp(B)=1.64, p=0.049), while the positive association between PRL volume and MS relapse
became marginally non-significant when accounting for these factors (exp(p)=1.003, p =
0.059).

Figure 1A shows Kaplan-Meier survival curves for PRL+ and PRL- pwRRMS, and their
time to relapse. PRL+ pwRRMS had greater and faster occurrence of relapse compared
to the PRL~- group (p=0.029). This difference became marginally non-significant when
accounting for baseline age, sex, disease duration, and medication (p=0.055). Figure 1B
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shows the time-course of SDMT and CVLT scores within the relapsing pwRRMS, stratified
into PRL+ and PRL- subgroups. The presence of at least one PRL significantly impacted
CVLT recovery (p=0.027). Specifically, immediate recall CVLT scores in PRL+ cases
continued to decline after relapse (mean 49.6 to 47.5; 7/10 (70%) decreased in score)
whereas PRL- acutely relapsing pwRRMS evidenced numerical improvement (mean 58.7 to
66.4; 5/7 (71.4%) increased in score) over the same time period. This difference remained
significant when accounting for baseline age, sex, disease duration, treatment, and time
between relapse and recovery timepoints (p=0.012). No such changes were observed in the
stable control group. Similarly, presence of PRL did not affect the SDMT recovery in either
the relapsing and stable groups.

Discussion

The findings of this study expand on previous results by showing that PRL are positively
associated with relapse occurrence /ndependently of overall lesion burden and acute
inflammatory activity. Additionally, we found that relapsing patients with at least one PRL
had significantly worse recovery in verbal memory scores when compared to PRL- acutely
relapsing pwRRMS. These findings may partially explain previously suggested associations
between presence of PRL with more severe disease course, higher disability and higher rate
of conversion from clinically isolated syndrome to MS.9: 10

Interestingly, the CVLT performance of the PRL- group, but not the PRL+ group nor the
propensity-matched control group, recovered after the relapse and exceeded baseline levels.
An increase relative to baseline can be attributed to a practice effect across the relatively
brief follow-up periods.1! The continued worsening of their PRL+ peers further suggests
that presence of PRL can interfere with the extent of cognitive recovery after acute relapse
as well as limit the anticipated learning processes (lack of practice effect).

One limitation is the relatively small sample size, particularly when comparing cognitive
changes between PRL+ and PRL- relapsing pwRRMS. Moreover, MRI scans were only
available for the relapse timepoint, not for a baseline timepoint, and only at one center.
Future prospective studies on a larger cohort comparing relapsing risk in PRL+ and PRL-
patients are needed to confirm our results.
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Baseline Relapse

Baseline Relapse

Survival curves for PRL+ and PRL- pwRRMS (1A) and cognitive trajectories in acutely-

relapsing pwRRMS (1B).

CVLT - California Verbal Learning Test, PRL — paramagnetic rim lesion, PRL+/— —
presence or absence of at least one PRL, pwRRMS — people with relapsing-remitting
multiple sclerosis, SDMT — Symbol Digit Modalities Test. An asterisk (*) indicates an
ANOVA time (relapse or recovery timepoint) by PRL presence (+/-) interaction effect with

p-value lower than 0.05.
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Table 1.

Demographic and clinical characteristics of the study population.

Demographic and clinical characteristics  Relapsing pwRRMS (n=21) Stable pwRRMS (n=21) p-value
At baseline timepoint
Age, mean + SD 39.4+£8.0 39.9+6.5 0.8334
Sex 15 female, 6 male 17 female, 4 male 0.4690
Disease Duration in years, mean + SD 9.0£6.0 87149 0.8684
Years of Education, mean = SD 152+19 146+24 0.2494
EDSS, median (IQR) 2.7[1.0-6.5] 25[1.0-6.5] 0.750¢
SDMT score, mean £ SD 53.8+£12.2 56.7£15.4 0.5014
Short-delay BVMT score, mean + SD 245+5.7 248+7.8 0.4904
Immediate recall CVLT score, mean + SD 52.0+12.0 546+ 11.2 0.5184
Medication 0568 4
High efficacy 19.0% (4/21) 23.8% (5/21)
Low/moderate efficacy 52.4% (11/21) 61.9%0 (13/21)
None 28.6% (6/21) 14.3% (3/21)
At the relapse timepoint
Time to relapse in days, mean + SD 671 + 327 869 + 315 0.0534
T2 LV, mean = SD 100+74 6.1+6.6 0.039 4
Gad LV, mean = SD 0.35+£0.54 0.03+£0.12 0.006 4
Presence of PRL % (n/n) 57.1% (12/21) 14.3% (3/21) 0.004 0
PRL Number, median (IQR) 1[0-9] 0[0-5] 0.003 ¢
PRL Volume, mean + SD 1.04+£1.89 0.03+0.13 0.025 4

Page 7

pPWRRMS — people with relapsing-remitting multiple sclerosis, EDSS — Expanded Disability Status Scale, SDMT — Symbol Digit Modalities Score,
BVMT - Brief Visuospatial Memory Test, CVLT — California Verbal Learning Test, LV — lesion volume, Gad — gadolinium, PRL — paramagnetic
rim lesion, SD - standard deviation, IQR — interquartile range.

P-values lower than 0.05 were considered statistically significant and shown in bold. T2 and Gad LV are shown in milliliters (mL). In all cognitive
tests, higher scores indicate better cognitive performance. “Low/moderate” efficacy medications included dimethyl fumerate, glatiramer
acetate, interferon beta-1a, peginterferon beta-1a, and teriflunomide. “High” efficacy medications included natalizumab and fingolimod.

a
Independent-samples t-test

bChi—square test, and
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C .
Mann-Whitney U test.
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Table 2.

Demographic and clinical characteristics of the PRL+ and PRL- relapsing pwRRMS.

Demographic and clinical characteristics PRL+ (n=12) PRL- (n=9) p-value
At baseline timepoint
Age, mean = SD 39.2+6.8 39.8+9.8 0.8744

Sex

7 female, 5 male

8 female, 1 male  (.178%

Disease Duration in years, mean + SD 83+5.6 9.8+6.9 0.6134
Years of Education, mean + SD 149+21 156 +1.7 0.6394
EDSS, median (IQR) 25[1-6.5] 1.5[1.0-6.5] 0.537¢

Medication, % (n/n) 0.126%
High efficacy 25.0% (3/12) 15.8% (1/9)
Low/moderate efficacy 33.3% (4/12) 11.1% (7/9)
None 41.7% (5/12) 11.1% (1/9)
At the relapse timepoint
T2 LV, mean = SD 124+74 6.8+6.5 0.0824

pwRRMS - people with relapsing-remitting multiple sclerosis, EDSS — Expanded Disability Status Scale, LV — lesion volume, PRL —
paramagnetic rim lesion, SD — standard deviation, IQR — interquartile range.

P-values lower than 0.05 were considered statistically significant and shown in bold. T2 is shown in milliliters (mL). “Low/moderate” efficacy
medications included dimethyl fumerate, glatiramer acetate, and interferon beta-1a. “High” efficacy medications included natalizumab

and fingolimod.
alndependent-samples t-test
b .

Chi-square test, and

cMann-Whitney U test.
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