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Abstract

Background Measures to define treatment response, such as no evidence of disease activity (NEDA), are routinely used in
multiple sclerosis (MS) clinical practice. Although spinal cord involvement is a frequent feature of MS, its magnetic reso-
nance imaging (MRI) monitoring is not routinely performed.

Objective To assess the impact of spinal cord MRI in the definition of NEDA in a cohort of people with MS (pwMS) with
available spinal cord imaging performed as for routine monitoring.

Methods We included 115 pwMS undergoing treatment with first-line disease-modifying therapies (DMTs) and retrospec-
tively analyzed the presence of NEDA in the whole cohort, either considering or not spinal cord imaging.

Results When considering only clinical and brain MRI measures, 97 out of 115 pwMS (84.3%) satisfied the criteria for
NEDA. In the same cohort, the number of pwMS with NEDA significantly decreased to 88 (76.5%) (p <0.01) when con-
sidering also spinal cord imaging.

Conclusion These findings suggest that, in routine clinical practice, spinal cord MRI monitoring in pwMS under first-line
DMTs leads to a slight but significant change in the proportion of subjects classified as clinically and radiologically stable
according to the NEDA definition.

Keywords Multiple sclerosis - Spinal cord - Magnetic resonance imaging - NEDA - No evidence of disease activity -
Disease activity - Monitoring
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Multiple sclerosis (MS) is a chronic inflammatory and

degenerative disease of the central nervous system (CNS)
that typically affects young adults, causing irreversible phys-
ical and cognitive disability. Disease-modifying therapies
(DMTs) can influence the disease course by reducing disease
activity and slowing down the accumulation of disability.
The growing availability of effective treatments led to an
increasing interest in the issue of treatment algorithms. Early
diagnosis and intervention are crucial, as well as a rapid
switching to other therapies if lack of response or a subop-
timal response is detected by clinical and magnetic reso-
nance imaging (MRI) measures [1-4]. Currently, an ideal
therapeutic goal to achieve in clinical practice is thought
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and no MRI disease activity [5]. However, in monitoring
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treatment response with MRI measures, NEDA definition
does not take into account lesions topography (i.e., infraten-
torial and/or spinal cord lesions), which could be more
related to disability accrual over time than the overall lesion
count [2, 6]. Evidence suggests that spinal cord lesions are
present in up to 90% of all people with MS (pwMS), and
spinal involvement is strongly correlated with future dis-
ability accrual [7-9]. While the role of spinal cord MRI in
the diagnosis of subjects with suspected MS is consolidated
[10], the opportunity of its use in the monitoring of pwMS
and in the assessment of treatment response is debated [11,
12]. Spinal cord MRI is technically more demanding and it
requires considerable expertise compared to brain imaging
because of the small size of the spinal cord and artifacts
due to vessels and cerebrospinal fluid (CSF) pulsation [12].
Moreover, spinal lesions are believed to be mostly symp-
tomatic, likely because of the tightly packed white matter
tracts within the spinal cord. Accordingly, the 2021 Mag-
netic Resonance Imaging in MS (MAGNIMS)—Consortium
of MS Centers (CMSC)—North American Imaging in MS
Cooperative (NAIMS) consensus recommendations on the
use of MRI in pwMS established that, in monitoring MS,
regular brain MRI scans are essential, while spinal imaging
is still not routinely recommended except for specific clinical
situations [12].

It is, however, recognized that asymptomatic spinal cord
lesions (a-SLs) may occur [12—-17], even alone, i.e., with-
out associated subclinical brain MRI activity. Currently, the
impact of missing a-SLs on the overall definition of disease
activity and treatment response needs to be clarified. For
this reason, we analyzed data from a retrospective cohort of
pwMS treated with first-line DMTs to explore the role and
the impact of including spinal cord MRI data in the routine
monitoring of treatment response and, specifically, in the
definition of the NEDA status.

Methods
Study design and participants

We performed a retrospective study based on data col-
lected in the real-world setting. We analyzed data of people
with relapsing MS diagnosed according to the 2017 revi-
sion of the McDonald criteria [18], regularly attending the
MS Center at the S. Maria Misericordia Hospital, Section
of Neurology, University of Perugia, Perugia (IT). Eligi-
ble subjects were identified within the MS registry of the
Center according to the following inclusion criteria: (1)
age > 18 years old; (2) treatment with first-line agents,
specifically interferons (INF-beta, all formulations), glati-
ramer acetate (GA), dimethyl fumarate (DMF), or teriflu-
nomide (TF); (3) having performed spinal cord imaging for
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the routine monitoring of the disease. Only pwMS with an
outpatient visit performed in the period between January
2018 and December 2018 were selected from the Center
database; the first visit in this period has been defined as
the timepoint 1 visit (V1), and the previous reference visit
performed between 6 and 12 months before as the time-
point 0 visit (V0). With reference to the V1 visit, a recent
brain + spinal cord (cervical + thoracolumbar regions) MRI
with post-contrast sequences (V1-MRI), performed at the
same clinical site and with the same MRI scanner of a pre-
vious MRI (VO-MRI) extended to the same anatomical dis-
tricts should have been available.

MRI protocol

For this study, we analyzed MRI scans performed in the
context of the routine clinical monitoring of pwMS. MRIs
were performed according to the guidelines from the Ital-
ian Neurological and Neuroradiological Societies [19].
MRIs were performed on a 1.5 T magnet (GE Optima 360
Advance, General Electric Healthcare Systems, Chicago,
Illinois, USA) or a 3 T magnet (Philips Achieva, Philips,
Amsterdam, NL). For all the scans, 3-mm thick contiguous
slices were obtained. As per study definition, the V1-MRI
and VO-MRI were performed in the same clinical site with
the same MRI scanner. The definition of focal brain MRI
activity on VI-MRI included the presence of new or une-
quivocally enlarged lesions on T2 and on fluid attenuated
inversion recovery (FLAIR) sequences and/or contrast-
enhancing lesions (CELs) when compared with VO-MRI.
Focal spinal cord MRI activity on VI-MRI was defined by
the presence of new or unequivocally enlarged lesions on T2
and on short tau inversion recovery (STIR) sequences and/
or CELs, when compared with VO-MRI. Presence of CELs
was detected on T1-weighted images of the brain and spinal
cord after gadolinium administration.

Definition of the NEDA status and impact of spinal
cord imaging

We defined the NEDA status between V1 and VO. For this
study, we used the definition of NEDA-3 [2, 20]. Specifi-
cally, pwMS were classified as satisfying NEDA if all of
the following criteria were met: (1) absence of relapses,
i.e., newly developed neurological symptoms or reactiva-
tion of pre-existing neurological deficits lasting for at least
24 h in the absence of an increase in body temperature or
infections [21]; (2) absence of clinical progression, defined
as a 6 months-confirmed increase in the Expanded Dis-
ability Status Scale (EDSS) score by > 1.5 point if base-
line EDSS 0, by 1 point if baseline EDSS 1-5, and by 0.5
points if baseline EDSS > 5.5 [22]; (3) absence, in the period
between V1-MRI and VO-MRI, of focal MRI activity. For
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each individual, we calculated the impact of including spinal
cord MRI data (new/enlarged lesions in the spinal cord or
enhancing lesions) in the proportion of pwMS satisfying the
NEDA definition.

Statistical analysis

Continuous variables have been reported as mean =+ standard
deviation if normally distributed; median and interquartile
range (IQR) were also reported if not normally distributed.
Categorical variables have been reported as number and
percentage. Chi-squared test was used to test the difference
between frequencies. A p value <0.05 was considered to
define the statistical significance.

Results
Demographical and clinical characteristics

According to the inclusion criteria, we recruited in the study
115 people with relapsing MS (F: 84; M: 31; F/M ratio
2.7/1; mean age at V1 41.5 +11.2 years). The mean disease
duration, calculated from the diagnosis, was 7.3 +5.5 years
(median 6.5, IQR 10.9). At V1, 42 patients (36.5%) were
under treatment with DMF, 40 (34.8%) with GA, 25 (21.7%)
with IFN-beta, and 8 (7%) with TF. The mean duration of
the first-line treatment was 35.5 +39.7 months (median
24 months, IQR 38.5) in the whole cohort. The mean dis-
tance between V1 and VO was 11.7 £4.3 months (median
11.4, IQR 4.7) while the mean time between V1-MRI and
VO-MRI was 11.2 +3.9 months (median 11.1, IQR 4).
Demographical and clinical characteristics at V1 are shown
in detail in Table 1. All the 115 pwMS underwent a brain
and cervical spinal cord MRI and in 42 patients (36.5%)
V1-MRI was also extended to the thoracolumbar region.

Clinical and MRI activity

In the period between V1 and VO, 3 out of 115 pwMS (2.6%)
experienced clinical relapses, namely, optic neuritis, and
hemispheric syndromes (right leg dysesthesia, and right leg
hypoesthesia and weakness, with concomitant brain MRI
activity consistent with the described symptoms ). No spinal
cord relapses were recorded in the whole cohort. None of the
pwMS showed progression in the absence of relapses. Signs
of brain MRI activity were detected in 17 (14.8%) out of
115 pwMS. Specifically, 17 pwMS out of 115 (14.8%) had
at least one new T2/FLAIR brain lesion while 1 subject out
of 115 (0.9%) had an enlarged T2/FLAIR brain lesion. Five
subjects out of 115 (4.3%) had at least one brain CEL. Signs
of spinal MRI activity were detected in 15 (13%) out of 115
pwMS. In particular, 12 pwMS out of 115 (10.4%) had at

Table 1 Main clinical characteristics of included pwMS at baseline
(i.e.,at V1)

Clinical and demographics characteristics

N 115
Female sex (n; %—M: F) 84 (73%) — (2.7:1)
Age at V1, years (mean + SD) 41.5+11.2
Disease duration, years (mean = sd) 73+£55
Ongoing treatment (r; %)
Dimethyl fumarate 42 (36.5%)
Glatiramer acetate 40 (34.8%)
Interferons beta 25 (21.7%)
Teriflunomide 8 (7%)
Treatment duration, months (mean + SD) 35.5+39.7
Distance V1-V0, months (mean + SD) 11.7+4.3
Distance V1-MRI—V0-MRI, months 11.2+3.9

(mean + SD)

least one new T2/STIR spinal cord lesion, while 3 pwMS
out of 115 (2.6%) had enlarged T2/STIR spinal cord lesions.
Of note, all the 3 pwMS with enlarged T2/STIR lesions also
showed brain MRI activity. One subject out of 115 (0.9%)
had at least one contrast-enhancing spinal cord lesion. Nine
out of 115 pwMS (7.8%) presented only a-SLs without con-
comitant brain MRI activity. All of the 9 pwMS showed
a-SLs in the thoracolumbar region, and only 1 (11.1%) both
in the cervical and thoracolumbar regions. Of interest, most
of the subjects with a-SLs previously experienced a myelitis
(6 out of 9, 66.7%). Treatment type and duration, as well as
disease duration did not differ between the nine subjects with
a-SLs if compared with the rest of the cohort.

Changes in NEDA status if considering spinal cord
MRI data

If considering clinical and brain MRI activity, the status
of NEDA was achieved in 97 out of 115 pwMS (84.3%),
while it was not in 18 out of 115 subjects (15.7%). Among
pwMS not classified as NEDA, most of the subjects (15/18,
83.3%) had subclinical brain MRI activity, while a minority
experienced relapses (3/18, 16.7%) with (2/18, 11.1%) or
without (1/18, 5.6%) concomitant detectable MRI activity.
When spinal cord data were taken into account, 88 out of
115 pwMS (76.5%) satisfied NEDA criteria, and the remain-
ing 27 (23.5%) did not (Fig. 1). Among pwMS not achieving
NEDA when spinal cord data were considered, 24 out of
27 (88.9%) experienced subclinical brain and/or spinal cord
MRI activity. Of these latter, 9 out of 24 (37.5%) showed
signs of brain MRI activity only, 6 (25%) of concomitant
brain and spinal cord MRI activity, and 9 (37.5%) presented
with isolated spinal cord MRI activity. In the cohort of 27
pwMS not achieving NEDA when considering spinal cord
imaging data, 3 (11.1%) experienced relapses with (2/27,
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Fig. 1 Change in the percent-
age of pwMS satisfying NEDA \

definition when extending MRI 100%
monitoring to the spinal cord. A% i
The percentage of pwMS with 80%
NEDA decreases significantly 70%

from 84.3 to 76.5% if spinal
cord MRI is considered (right
bar) in addition to brain MRI
data only (left bar). NEDA no
evidence of disease activ-

ity, MRI magnetic resonance
imaging

60%

pwMS %

50%
40% 84,3%
30%
20%

10%

0%
USE OF BRAIN MRI DATA ONLY

7.4%) or without (1/27, 3.7%) concomitant detectable brain
MRI activity (Fig. 2). The difference in the proportion of
pwMS satisfying NEDA changed significantly when spinal
cord data were included (p <0.01).

Discussion

Despite the relevance of spinal cord pathology in MS, spinal
imaging is not routinely recommended in the longitudinal
monitoring of pwMS apart from specific clinical situations
[12], and its role in assessing the response to MS treatments
has not been clarified so far. The total number of new spinal
cord lesions occurring over a period of 1 year was previ-
ously found to be lower than that in the brain (new brain
lesions/new spinal cord lesions ratio around 8:1), and up
to two-thirds of spinal cord lesions have been found to be
asymptomatic [13, 23]. In our cohort of pwMS undergoing
regular outpatient clinical follow-up and MRI monitoring,

100% E—

90%

70%

60%

50%

pwMS %

40%

30%

20%

10%

0%
USE OF BRAIN MRI DATA ONLY

*p<0,01

23,5%

76,5%

USE OF BRAIN + SPINAL CORD MRI
DATA
CONEDA @not NEDA

15 out of 115 subjects (13%) showed MRI signs of disease
activity in the spinal cord. All the subjects were asympto-
matic for spinal cord relapses. Thus, all the observed spinal
lesions were asymptomatic in our cohort. Interestingly, 9 out
of 15 subjects (60%) did not show, in the same time window,
brain MRI activity. Therefore, 7.8% subjects of the entire
cohort (9 out of 115) presented only with a-SLs that would
have not been detected in the absence of spinal cord imag-
ing. We found that, in this subgroup of 9 pwMS with spinal
cord MRI activity only, thoracolumbar region was the most
involved region by new a-SLs, while most of the subjects
with new and/or enlarged a-SLs in the cervical region had
concomitant subclinical brain MRI activity.

The presence of a-SLs has an important role in predict-
ing clinical outcomes even in the very early phases of the
disease. For instance, it was previously found that a-SLs
in subjects with radiologically isolated syndrome (RIS)
are associated with the risk of subsequent development of
a relapsing or progressive form of MS, independently of

USE OF BRAIN + SPINAL CORD
MRI DATA

ONEDA @ EDACLIN-/MRI+ MEDA CLIN+

Fig.2 Reasons for the change in the proportion of pwMS not satisfy-
ing NEDA definition when extending MRI monitoring to the spinal
cord. PWMS shifted from NEDA to EDA exclusively for the evidence
of subclinical MRI activity in the spinal cord. EDA evidence of dis-
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brain lesion load [14]. Furthermore, spinal cord lesions are
robust predictors of long-term disease outcomes in relapse-
onset MS [24] and early spinal cord lesions (both at time of
presentation and over the first three years) are independently
associated with physical disability and with development of
secondary progressive MS at 15 years [25].

Previous works found an even higher frequency of a-SLs
compared to our study. For instance, Zecca et al. found that
25.2% of 103 clinically stable pwMS developed at least one
new a-SL over a median follow-up of 17 months, and more
than one-third of them were free from asymptomatic brain
lesions in the same time window [16]. Recently, a study ret-
rospectively evaluated the frequency of asymptomatic spinal
cord combined unique activity (CUA, i.e., new/enlarging T2
lesions or CELs ) on MRI in a cohort of 230 subjects diag-
nosed with clinically isolated syndrome (CIS) or relapsing-
remitting MS (RRMS). The authors found that out of 340
spinal cord MRI scans with spinal cord CUA, 31.2% were
from clinically asymptomatic pwMS, and 12.1% were from
asymptomatic pwMS without concomitant brain MRI activ-
ity, i.e., pwMS with only spinal cord MRI activity [17]. In
another retrospective study focused on the occurrence of
spinal cord CELs, it was found that 25.2% out of 1180 MRI
scans with contrast-enhancing lesions showed CELs in the
spinal cord only, in 58% of cases being asymptomatic [26].
These data suggest that asymptomatic spinal cord activity
can be found in up to 25% of the subjects undergoing spi-
nal cord MRI monitoring. However, the impact of this evi-
dence on combined measures of disease activity still needs
to be defined. For this reason, the main aim of our work
was to define if spinal cord imaging significantly influences
NEDA definition in pwMS. NEDA is a composite outcome
to monitor the disease status and the effectiveness of DMTs
in pwMS, and it represents the most stringent standard of
therapeutic efficacy in clinical practice [27-29]. Whereas
brain MRI monitoring in MS is universally accepted, the
role of spinal cord monitoring for NEDA definition is
debated. Previously, a 7-year longitudinal study evaluating
NEDA in a real-world cohort showed that the inclusion of
spinal cord imaging to the assessment of MRI activity led to
annual variations in the percentage of subjects free of MRI
disease activity ranging from 7% to 12% [29]. Recently, a
study investigated the role of 3 T spinal cord MRI in the
1-year evaluation of NEDA in a cohort of 61 subjects with
CIS, RRMS or secondary progressive MS, among whom 56
received first- or second-line DMTs. This study showed that
spinal cord MRI had a low value in addition to brain MRI
in the definition NEDA. Indeed, out of 39 pwMS achieving
NEDA based on brain imaging, only one subject had activ-
ity on spinal cord imaging while showing NEDA on brain
imaging [30].

Our study showed that extending MRI to spinal cord
in monitoring pwMS under a first-line DMT slightly but

significantly influences the definition of the NEDA status.
The percentage of pwMS classified as NEDA decreased
indeed from 84.3 to 76.5% if the MRI study was extended
to the spinal cord. Our findings, thus, demonstrate that spinal
cord MRI monitoring has a significant impact in definition
of NEDA, reducing by 7.8% the proportion of pwMS satisfy-
ing this criterion under first-line DMTs. Whether spinal cord
MRI monitoring has practical consequences on therapeutic
decisions and long-term outcomes still needs to be demon-
strated. Nevertheless, if we consider NEDA as the outcome
to be reached in clinical practice, spinal cord MRI could
increase the proportion of pwMS that would be considered
suboptimal or non-responders to treatments.

Since NEDA is a stringent treatment goal to achieve [20],
tolerance of a minimal evidence of disease activity (MEDA)
has been claimed as a more realistic goal to strive for [2].
Notably, Prosperini et al. demonstrated that in the first few
years of treatment, a marginal MRI activity of one to two
new T2 lesions, in the absence of both relapses and CELs,
could be tolerated without exposing pwMS at risk of future
disability [31]. In this scenario, it would be interesting to
test whether spinal cord monitoring also influences MEDA
status and/or shifts from NEDA to MEDA.

Our study has several limitations, mostly due to its ret-
rospective design. A selection bias could have been present
since inclusion criteria only allowed to recruit subgroup of
subjects with first-line DMTs undergoing routine clinical
follow-up and MRI monitoring extended to the spinal cord
with MRIs always performed in the same scanner. Addition-
ally, for quantitative assessment of brain and spinal lesions
we used the inspection-based method. In this context, it is
worth noting that enlarged MS lesions lack a universal defi-
nition and their detection is subjective and strongly limited
by operator-dependent variability [2]. However, only 3 out of
115 subjects (2.6%) in our cohort were classified as having
enlarged T2/STIR spinal lesions and all of them also had
new T2/FLAIR brain lesions. Thus, neither NEDA definition
nor the study results would have been modified by excluding
spinal cord lesions classified as enlarged in the follow-up
MRI. Interestingly, we detected a low overall clinical dis-
ease activity in the cohort (3 out of 115 subjects, 2.6%). A
possible explanation deals with the fact that all the subjects
were under first-line treatment and that most of them were
on such established therapy since a long time (mean treat-
ment duration 35 months). Thus, such selection bias could
have led to recruit first-line responder patients with low dis-
ease activity. Future prospective studies including subjects
under high-efficacy treatments and with longer follow-up
times would be useful.

Despite these limitations, our findings are derived by a
relatively large sample and by a ‘real-world’ clinical and
MRI routine setting, which makes them appliable to the
clinical practice of MS monitoring. Further efforts are now
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warranted to replicate these findings in other independent
cohorts, even with a prospective design, and to evaluate if
adding spinal cord MRI to brain MRI in MS monitoring in
asymptomatic subjects could eventually impact on prognos-
tic evaluation and therapeutic decisions in clinical practice.
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