Adding the optic nerve in multiple sclerosis diagnostic criteria: a longitudinal, prospective,

multicenter study

Abstract

Background: The optic nerve cannot be incorporated for demonstrating dissemination in space

(DIS) within the current McDonald diagnostic criteria.

Objectives: (i) to assess the ability of optic nerve-MRI (ON-MRI), optical coherence
tomography (OCT), and visual evoked potentials (VEP) to detect optic nerve involvement in
clinically isolated syndrome (CIS); and (ii) to evaluate the contribution of the optic nerve

topography to the current diagnostic criteria in a prospective multicenter cohort.

Methods: 157 patients with CIS from five MAGNIMS sites were included. Coronal fat-
suppressed T2-weighted or STIR sequences were used to detect the presence of optic nerve
signal abnormalities. OCT was defined as abnormal if an inter-eye asymmetry (IEA) of the
retinal nerve fibre layer (pRNFL) or the ganglion cell inner plexiform layer (GCIPL) was
detected. VEPs were considered abnormal based on the normative dataset of each center.
Modified DIS criteria were constructed by adding the optic nerve topography, defined by each
test separately and any combination of them, to the current DIS topographies and using two
out of five as a cut-off. A risk assessment analysis as well as diagnostic properties of the
different DIS criteria were analyzed using fulfilment of McDonald 2017 criteria as the primary

outcome, and new T2 lesions and/or second relapse as secondary outcome.

Results: 60 patients (38.2%) presented with optic neuritis. Mean follow-up was 27.9 months
(SD 14.5). Optic nerve involvement was found in up to 40.2% patients, being more frequent in
optic neuritis CIS (up to 75.0%). Using McDonald 2017 as the outcome, the modified DIS
criteria improved the sensitivity of the current criteria (88.2 for 2017 DIS, and up to 92.5 for
DIS adding ON-MRI), and lowered the specificity (82.2 for 2017 DIS; ranging between 71.1
to 80.0 when adding any test results or GCIPL IEA>=4um respectively for modified DIS).

Similar results were found for secondary outcomes.

Conclusion: In CIS patients, the presence of an optic nerve lesion defined by MRI, OCT, or
VEP is frequently detected, especially when presenting with an optic neuritis. Our study

supports the addition of the optic nerve as a fifth topography to fulfill DIS criteria.



Introduction

Optic neuritis is the first manifestation of multiple sclerosis in 25 - 35% of clinically isolated
syndrome (CIS) patients and will occur during the disease course in about 70% of patients.t
Despite the frequent involvement of the optic nerve, according to the last revision of the
McDonald diagnostic criteria, the presence of an optic nerve lesion is not taken into account
when evaluating dissemination in space (DIS) or time (DIT) criteria.? The decision for not
including the optic nerve as one of the characteristic topographies to demonstrate DIS was
mainly driven by the lack of convincing evidence to support this modification, and the
international panel emphasized the need of further research in this area. Since then, two studies
have evaluated the diagnostic performance of adding the optic nerve as a new region to fulfil
DIS criteria.>* Both studies found that the addition of the optic nerve, evaluated either mainly
by clinical grounds® or by visual evoked potentials (VEP),* would slightly improve the

diagnostic performance of the current McDonald criteria.

The involvement of the optic nerve in multiple sclerosis patients can also be established by
using dedicated optic nerve MRI (ON-MRI) sequences,® and optical coherence tomography
(OCT).® These two tests have been recently evaluated in CIS cohorts,”® demonstrating their
ability to detect clinical and subclinical optic nerve damage even in the earliest phases of the
disease. However, none of these studies have evaluated the impact of adding the results of these

tests to the current DIS criteria.

In this setting, the objectives of our work are: (i) to assess the ability of ON-MRI, OCT, and
VEP to detect optic nerve involvement in patients presenting with a CIS, and (ii) to evaluate
the impact of adding the optic nerve as a fifth topography to fulfil DIS criteria (and
independently of CIS topography) by using the different tests in a prospective multicenter
cohort.

Materials and methods
Study design and population

International, observational, prospective study of five MAGNIMS centers including CIS
patients, presenting with typical symptoms of CNS demyelination not attributable to other

disease, that underwent a visual pathway assessment within 6 months of symptoms onset, with



at least two of these tests: ON-MRI, OCT or VEP. These tests were only assessed at baseline
and were not used to define DIT. Demographic data, CIS topography, and presence of
oligoclonal bands (OB) at baseline were recorded together with the occurrence of a second
relapse during the follow-up. Clinical criteria for optic neuritis were defined as the new
proposed diagnostic criteria®, but not all the criteria were mandatory and we cannot guarantee
that all patients fulfilled them. Brain and ON-MRI were obtained at baseline (within 6 months
from symptoms onset), together with a spinal cord MRI, and a new brain MRI was done at one
year. MRI scans were obtained at 1.5 T and 3.0 T scanners and included the sequences
recommended by the international guidelines for the diagnosis of multiple sclerosis.® Brain and
spinal cord MRI analysis was conducted in a centralized reading center by WC and AR. Lesion
topographies, number of gadolinium (Gd)-enhancing lesions, and presence of new T2 lesions
(in the follow-up brain MRI only) were collected in order to establish the fulfilment of DIS and
DIT criteria.

Visual pathway assessment and optic nerve lesion definitions.
Dedicated optic nerve MRI sequences

A coronal 2D, fat suppressed T2-weighted spin-echo or STIR sequences was performed to
visualize the optic nerve and chiasm following international guidelines®. An optic nerve lesion
was defined by the presence of an increased signal intensity using these dedicated ON-MRI
sequences within the optic nerve, compared with the contralateral optic nerve or the normal
frontal white matter signal intensity. A centralized ON-MRI reading was also performed by
WC and AR, who were blinded to clinical and OCT/VEP data.

Optical coherence tomography

OCT images were acquired by a trained technician using either Spectralis OCT (Heidelberg
Engineering, Heidelberg, Germany) or Cirrus OCT (Carl Zeiss Meditect, Dublin, CA) on both
eyes and without pupil dilatation. On Spectralis OCT, peripapillary retinal nerve fiber layer
(PRNFL) thickness was obtained from a 3.4-mm diameter circle scan centered on the optic
disk, and ganglion cell and inner plexiform layer (GCIPL) thickness was calculated from a
macular volume scan covering a 6 x 6 mm area around the fovea. On Cirrus OCT, pRNFL was
obtained from a the ONH cube 200 x 200 protocol, and GCIPL thickness was calculated from

an automated macular volume scan covering a 4 x 5 mm area around the fovea. Segmentation



of the different retinal layers was performed at each center using the automated segmentation
protocols of both machines. Following international guidelines, GCIPL was obtained by
summing the ganglion cell layer and the inner plexiform layer thickness.'® Only scans meeting
the international OSCAR-IB criteria,'® and performed at least 3 months after optic neuritis in
case of optic neuritis CIS were included in the analysis. Patients with pre-existing eye
conditions, severe refractive errors as well as history of diabetes mellitus were excluded from
the OCT analysis. An optic nerve lesion was defined by the presence of an inter-eye thickness
asymmetry (IEA) > 5 microns for pRNFL and > 4 microns for GCIPL.® Additionally, other
thresholds of IEA pRNFL or GCIPL thickness recently published in a cohort of CIS patients

were also explored.’
Visual evoked potentials

Pattern reversal VEPs were performed at each center by expert neurophysiologists following
international guidelines.'? Pre-existing eye conditions were taken into account when
interpreting VEP results, and patients presenting with any ocular pathology that may affect
VEP were excluded. The classification for normal / abnormal VEPs was provided by each
center, based on the normative data of each neurophysiology lab. An optic nerve lesion was
defined by the presence of prolonged P100 wave latency, presence of a significant inter-eye

P100 wave latency asymmetry, and / or absence of the P100 wave.
Statistical analysis

Statistical tests were performed on the 0.05 level of significance using the IBM SPSS Statistics
(SPSS Inc., Chicago IL, USA), version 26.0 and table visualizations with R Core team v4.2.0,

R Foundation Statistical Computing.

Descriptive statistics were performed on the baseline and follow-up variables. Normally
distributed continuous variables were summarized using means and standard deviations.
Otherwise, continuous variables were summarized using medians and ranges, and categorical
variables as percentages. Descriptive analysis of optic nerve lesion detection by test and lesion
detection by CIS topography were also reported.

Construction of modified DIS criteria

The modified DIS criteria were constructed by adding the optic nerve region to the current DIS
topographies and using a cut-off value of two out of five. Optic nerve involvement could be

defined by each of the visual tests separately and thus, different modified DIS criteria were
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constructed: DIS modified 1 including ON-MRI information, DIS modified 2 including OCT
information by using an IEA pRNFL > 5 microns, DIS modified 3 including OCT information
IEA GCIPL > 4 microns, DIS modified 4 including VEP information, and DIS modified 5
including the presence of an optic nerve lesion measured by any test. Additionally, other
modified DIS criteria using the thresholds of IEA pRNFL and GCIPL thickness described in a

CIS cohort’ were also explored.
Outcomes definition

The modified DIS criteria were evaluated using fulfilment of McDonald 2017 criteria as the
primary outcome, and new T2 lesions and/or second relapse as secondary outcome. McDonald
2017 diagnosis was established if the patient fulfilled at least one of these: (1) DIS and DIT at
baseline MRI, (2) DIS at baseline MRI and presence of OB, (3) DIS (at baseline or follow-up)
and presence of new T2 lesions in the follow-up MRI, and (4) occurrence of a second relapse
(defined as new neurological symptoms suggestive of a relapse after an interval of at least one
month since the CIS and in the absence of fever or concurrent diseases). In case that more than
one condition was met, the date of the first event was established as the date of McDonald 2017
diagnosis (primary outcome), or the date for new T2 lesions and/or second attack occurrence

(secondary outcome).

Risk assessment and diagnostic performance analysis of modified DIS criteria

To evaluate the effect of adding the optic nerve as a new region to fulfil DIS, we first performed
a risk assessment analysis using univariable and multivariable Cox proportional hazard
regression analysis for both outcomes. Multivariable models were adjusted for age (as a
categorical variable), sex, and treatment onset before reaching the outcome as a time-dependent
variable in the multivariable models. The results are expressed as the hazard ratios (HRs) with

95% confidence intervals (CI).

To evaluate the diagnostic performance we evaluated the sensitivity, specificity, accuracy,
positive predictive value, and negative predictive value with 95% confidence interval each DIS
criteria and each outcome. Very few patients were treated after reaching the secondary outcome
(new T2 lesions and/or second attack during the follow-up). Thus, we were not able to perform

sensitivity analysis excluding patients treated before the outcome as we had previously done*.



Standard protocol approval, registration, and patient consent

Databases have been developed according to national and international standards on ethical
aspects (Declaration of Helsinki and Tokyo), and these data may be used in accordance with
the regulations in force regarding the protection of personal data (EU) 2016/679; April 27 of
2016 (GDPR). The study received approval from the Clinical Research Ethics Committee of
each participating centers, and Data Transfer Agreements forms were properly signed before
sharing data and all patients signed written informed consents. None of the included patients

have been previously reported.
Data availability

Anonymized data that support the findings of this study are available on reasonable request

from the corresponding author to qualified investigators.

Results

Population characteristics

From January 2017 to December 2021, 157 CIS patients were included from five different
MAGNIMS centers (Barcelona n= 114, London n=16, Basel n=12, Rome n=9, and Naples
n=6). Baseline characteristics of the cohort are detailed in table 1 and supplementary table 1.
Most of the patients were female (69.4%) and 60 patients (38.2%) presented with an optic
neuritis. Mean time of follow-up was 27.9 months (SD 14.5 months). Treatment was started in
99 patients (63.1%) with a mean time since CIS of 9.5 months (SD 16.3 months). McDonald
2017 multiple sclerosis diagnosis was established in 111 out of 157 patients (70.7%) (mean
time to diagnosis: 7.6 months, SD 6.7 months), and 74 patients (47.1%) presented either new
T2 or a second relapse during the follow-up (mean time to reach the secondary outcome: 11.5
months, SD 8.9 months).

Optic nerve lesion detection

The visual pathway was assessed by ON-MRI in 112 patients (mean time since CIS to MRI:
3.0 months, SD 2.3 months), by OCT in 126 patients for [IEA RNFL > 5 microns and in 114
patients for IEA GCIPL > 4 microns (mean time since CIS to OCT: 2.0 months, SD 2.9
months), and by VEP in 132 patients (mean time since CIS to VEP: 3.0 months, SD 1.9

months).



In CIS patients with optic nerve evaluation information, rates of optic nerve lesion detection
differed depending on the test used, ranging from 18.4% for IEA GCIPL > 4 microns to 40.2%
for ON-MRI (Table 2). All three tests performed better for detecting optic nerve lesions in the
optic neuritis CIS group as compared to non-optic neuritis CIS, with rates of optic nerve lesion
detection ranging from 64.3% for IEA GCIPL > 4 microns to 76.7% for VEP in optic neuritis
CIS patients. In fact, when comparing to other CIS topographies, rates of optic nerve lesion
detection in optic neuritis CIS were similar to lesion detection by MRI in other CIS
topographies such as brainstem and spinal cord syndromes (Table 2). Detection of optic nerve
lesions in non-optic neuritis CIS was rare and less frequent that lesion detection in the other
two CIS topographies (brainstem and spinal cord). VEP and IEA RNFL > 5 microns had the
higher rates of optic nerve lesion detection in non-optic neuritis CIS (19.1% for both tests)
(Table 2). As expected, using a less restrictive IEA cut-off values (such as 4 microns for pPRNFL
and 2.8 / 1.4 microns for GCIPL), optic nerve lesion were more frequently detected both in

optic neuritis and non-optic neuritis CIS patients (Supplementary Table 2).
Risk analysis assessment

After presenting a CIS, fulfilling either 2017 DIS or any modified DIS criteria (including the
optic nerve as a fifth DIS topography measured by each test separately or in combination)
conferred a higher risk for reaching McDonald 2017 diagnosis (primary outcome) or presenting
new T2 lesions or a second relapse during the follow-up (secondary outcome) both in the
univariable and in the multivariable analysis adjusting for age, sex, and treatment status (Table

3 and Supplementary figure 1).
Diagnostic performance assessment

Compared to the current DIS criteria, and using fulfilment of McDonald 2017 diagnosis as the
outcome, the addition of the optic nerve as a new topography, led to different degrees of
improved sensitivity and decreased specificity, with an overall similar accuracy (Figure 1A).
When evaluating DIS criteria that included other IEA pRNFL and GCIPL thresholds the drop
in specificity was more pronounced (specially for IEA pRNFL thickness > 4 microns and IEA
GCIPL thickness >1.4 um) without observing a clear improvement in sensitivity, as compared
to the other modified DIS criteria 2 and 3 that included other OCT parameters (Supplementary
Table 3).



When evaluating the secondary outcome, presenting new T2 lesions and / or a second relapse
during the follow-up, again the addition of the optic nerve as a new topography, led to different
degrees of improved sensitivity and decreased specificity, with an overall similar accuracy as
compared to the current DIS criteria (Figure 1B). Similar as described above, the exploratory
analysis using DIS criteria that included other IEA pRNFL and GCIPL thresholds did not

clearly improved the diagnostic performance (Supplementary Table 3).

Discussion

In CIS patients, optic nerve involvement (demonstrated by either an ON-MRI, OCT or VEP)
is frequently detected, particularly in patients presenting with an optic neuritis. The addition of
the optic nerve as a fifth topography for DIS fulfilment increases sensitivity with a mild

decrease in specificity.

Over the last years the improvement of the diagnostic criteria has led to an earlier multiple
sclerosis diagnosis,>'* and since 2010 the diagnosis of multiple sclerosis can be made
immediately after presenting a typical CIS by means of MRI.2'®> However, with the exclusion
of the optic nerve as part of the DIS topographies, the diagnosis of multiple sclerosis might be
still delayed in some patients as those presenting with an optic neuritis are required to fulfil
two additional topographies (instead of one as for other presenting symptoms) in order to be
diagnosed. Since the publication of the 2017 McDonald criteria, two retrospective single center
studies have assessed the added value of the optic nerve topography to the current criteria
assessed either mainly by clinical grounds® or with VEP.* Both studies found that the addition
of the optic nerve would slightly improve the diagnostic performance of the current 2017
McDonald criteria. In this work we aimed to confirm the current knowledge of the optic nerve
assessment in CIS patients by conducting a multicenter, longitudinal, prospective study, and
using all the currently available tests to evaluate the anterior visual pathway.

In our work, the frequency of optic nerve lesion detection in the whole cohort ranged from
18.4% to 40.2% depending on the test used, and, as expected, was always more frequently
detected in optic neuritis CIS patients. A dedicated ON-MRI sequence was able to detect an
optic nerve lesion in about 40% of our cohort, mainly driven by symptomatic lesions (>70%
lesion detection). Similar to our results, two prior studies evaluating the first acute optic neuritis
episode (excluding patients with multiple sclerosis diagnosis) and using the same MRI

protocol, reported similar rates of optic nerve lesion detection (around 80% for both



studies).*®1” However, the rates of optic nerve lesion detection by MRI in our cohort (specially
for the non-optic neuritis CIS group), are clearly below the ones reported in two recent studies
in CIS patients, using a 3D double inversion recovery (DIR) MRI sequence.”® This might be
partly explained either by the different baseline characteristics of the two cohorts (with the Lyle
cohort having more severe disease features at study inclusion - i.e. 66.9% vs 90% of patients
fulfilling 2017 DIS criteria at baseline MRI-),” or by the different MRI sequences used to detect
optic nerve lesions, with a higher sensitivity of DIR sequences as compared to the dedicated
ON-MRI sequences used in our work. In this sense, in a multiple sclerosis cohort of 37 patients,
3D-DIR sequence has been demonstrated to have a greater sensitivity for detecting optic nerve
lesions than the 2D coronal STIR sequence.’® However, this superiority has not been
demonstrated in the earliest phases of the disease, and although the presence of an
asymptomatic optic nerve lesion detected by 3D-DIR in CIS patients is related to some degree
of retinal damage,*® another study using the same sequence in a similar cohort was not able to

detect any optic nerve lesion in asymptomatic eyes.?°

By using the inter-eye thickness asymmetry, OCT has also proved to be able to capture prior
damage in the optic nerve due to an optic neuritis in multiple sclerosis patients, provided it is
performed at least three months after symptom onset. Although less restrictive cut-off values
have been recently proposed for CIS patients,” IEA thickness > 5 pm for pRNFL and / or > 4
um for GCIPL are the most accepted cut-off values.?! These cut-off values have been validated
in a large international cohort,® and has also proved to be able to differentiate multiple sclerosis
from non-multiple sclerosis patients in a large national community biobank.?? Applying the
IEA pRNFL thickness cut-off value of 5 um we were able to detect the presence of an optic
nerve lesion, both in symptomatic and asymptomatic patients, with a similar rate to what has
been previously described, both in patients with an stablished multiple sclerosis diagnosis but
also in CIS cohorts.>® When using the IEA GCIPL thickness cut-off value of 4 um, the rate of
symptomatic optic nerve lesion detection in our cohort was similar to the ones reported
previously,®’ but the ability of this test to detect an asymptomatic optic nerve lesion was
somewhat discordant. While Pisa et al.8 reported similar rates of asymptomatic lesion detection
when using IEA GCIPL thickness > 4 um (6.8%), rates of lesion detection by other groups
were much higher than ours (12% to 25%).%" These differences are most probably due to the
different disease characteristics of the four cohorts, being the Italian CIS cohort more similar
to ours,® and the other two cohorts representing patients with a more evolved disease.®’ As
expected, the ability of OCT to detect an optic nerve lesion increased when using less restrictive
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IEA thickness cut-off values.” However, these cut-off values have not been validated in
external cohorts, and most importantly some of them may not clearly differentiate between CIS

patients and healthy controls.®

Before the wide use of MRI for multiple sclerosis diagnosis, evoked potentials have been
classically used to demonstrate the presence of multiple sclerosis lesions in different pathways
of the central nervous system. In this sense, VEPS are able to capture a conduction delay in the
visual pathway, especially if they are performed in the acute phase of an optic neuritis, but also
in asymptomatic eyes.?®?* Using VEPSs, we have demonstrated the presence of an optic nerve
lesion in more than 75% of the CIS patients presenting with an optic neuritis, which is in line
with what has been described previously,?2>2% and a little bit higher than what was recently
reported in a retrospective study (67%).* This small difference could be probably explained by
a lower time to VEPs in this longitudinal cohort, as after an acute damage VEPs might
normalize with time.?>?* As for asymptomatic lesions, we and others have detected the
presence of an abnormal VEP in about 14% to 20% of the non-optic neuritis CIS patients,*8
which is a little bit lower that the ones reported in a classic study that most probably included

a more severe “suspected multiple sclerosis” patients.?®

In our cohort, the proportion of optic nerve lesion detection by the different tests in patients
presenting with optic neuritis was similar to the proportion of brainstem and spinal cord lesions
in patients presenting with this CIS syndromes, which reinforces the need to include this
topography in the diagnostic process. Although classical pathological studies have described a
high proportion of optic nerve lesions even in the absence of a prior optic neuritis history,?” an
asymptomatic lesion seems to produce a lower damage in the optic nerve,”'® and therefore
might be more difficult to detect with the current tests. Thus, it is not surprising to find a lower
proportion of asymptomatic optic nerve lesion detection when evaluating optic neuritis patients
as compared to brainstem and spinal cord CIS. It is worth noting that the two tests capturing
the highest rates of asymptomatic optic nerve lesions are IEA pRNFL thickness as well as
VEPs. The results of both tests (OCT and VEP) have been reported to be influenced by lesions
in the posterior optic radiations,?%292030-32.18 g4 jt may be the case that part of the abnormal test
results reported in our study are not truly reflecting an anterior optic pathway lesion but a
damage along the whole visual pathway. Having said that, lesions in the optic radiations should
distribute symmetrically in both hemispheres and therefore affect VEP and OCT measures of

both eyes equally. Moreover, the use of IEA instead of individual OCT values should also
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minimize the effect of the posterior visual pathway damage on the anterior visual pathway

measures.®

From the previous lines, it can be guessed that over the last years the evidence demonstrating
the presence of damage in the visual pathway in multiple sclerosis and CIS patients has
increased significantly. However, very few studies have addressed how the addition of the optic
nerve topography would impact the current diagnostic criteria.®>* Our study provides
convincing evidence to justify the addition of the optic nerve as a fifth topography to fulfill
DIS criteria regardless of clinical presentation. More specifically, all the modified DIS criteria
(adding optic nerve assessed by each of the tests separately or in combination) showed different
degrees of improved sensitivity with a slight decrease in specificity. We believe that this small
drop in specificity is most probably due to the relative short follow-up of our cohort (about 3
years) as well as a non-negligible proportion of patients that started treatment during the
follow-up. These two situations might have prevented some patients to reach the outcome by
the end of the study period and would in the end have had an impact in the specificity. Also,
we have demonstrated that the tests perform better for detecting symptomatic lesions, thus, the
modified DIS criteria might have increased the proportion of patients with optic neuritis CIS
which has been described to have a better prognosis, and might therefore need additional time
to reach both outcomes.3*3* That being said, a prior study, with longer follow-up time and using
VEP to evaluate optic nerve, demonstrated that the addition of the optic nerve as a new
topography into the current DIS criteria would have minor (if any) impact on specificity.* The
present study uses three different tests to evaluate the optic nerve. Thus, the results of our study
not only support the inclusion of the optic nerve in the next revision of the diagnostic criteria,
but also suggests that the evaluation of the optic nerve can be done by either a dedicated ON-
MRI sequence, OCT, and / or VEP. It is important to remark that, in order to be valid, all three
tests should be performed meeting the international guidelines and quality standards,>!*? and
should be interpreted by experienced readers. The test to be used should be selected based on
the availability and experience of each center, as well as the time that has elapsed since the
CIS, especially in the case of optic neuritis, as some tests will perform better in the acute phase
(i.e VEP) and others will be only useful if they are done at least three months after the acute
phase (i.e OCT). It is worth mentioning that current McDonald criteria? allow objective clinical
evidence to be used to demonstrate damage in one of the typical topographies (and thus,
account for DIS). Prior work using clinical confirmation of optic nerve involvement found

difficult to demonstrate asymptomatic lesions in this topography?®. Thus, we decided to evaluate
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the inclusion of the optic nerve by using paraclinical tests in order to evaluate asymptomatic
lesions in a similar way as it is performed for other topographies. Having said that, and in view
of the low proportion of asymptomatic optic nerve lesions paraclinical evaluation might not be
mandatory for all patients provided that patients present with typical CIS symptoms and in the
absence of alternative diagnosis. It should be underlined, that with the proposed modified DIS
criteria the number of topographies needed to fulfil DIS remains the same (two out of five
instead of two out of four). As a consequence, optic nerve evaluation might not be necessary
for all patients presenting with a CIS (if fulfillment of DIS based on brain/spinal cord MRI is

achieved), and can be used instead based on baseline MRI findings.

There are some concerns that should be taken into account when interpreting our work. As it
has already been mentioned above, the relative short follow-up of the cohort is one of the main
limitations of the study mainly due to the potential impact on the evaluation of specificity.
Specificity is the ability of a test to designate an individual who does not have a disease as
negative, and implies a low rate of false positive results. In this sense, none of the included
patients were diagnosed with other disorder than MS during the follow-up, but it is plausible
that patients that were added to the modified DIS criteria would reach both outcomes with a
longer follow-up, lowering the false positive results and improving the specificity. To the best
of our knowledge our study is the first one evaluating the performance of three different visual
tests (ON-MRI, OCT, and VEP) in a CIS cohort and assessing their impact if they are used in
the diagnostic process, but we acknowledge that very few patients undergo all three tests at the
same time which difficult test comparisons. Nonetheless, the objective of our work was not to
demonstrate that a given test performs better than another one (which implies having a gold
standard better than standard clinical practice),*® but to demonstrate the ability of each test to
detect symptomatic and asymptomatic optic nerve lesions, and to evaluate how each test
separately would add to the current diagnostic criteria so that they can be indistinctly used

when needed.

In conclusion, in CIS patients, the presence of an optic nerve lesion is frequently detected,
especially when presenting with an optic neuritis, by either a dedicated ON-MRI, OCT, and /
or VEP. Our work supports the addition of the optic nerve as a fifth topography to fulfil DIS
in the next revision of the McDonald diagnostic criteria, and is the first study evaluating the
modified DIS criteria using all the tests currently available to search for an optic nerve lesion
(MRI, OCT, and VEP). Whenever they are performed within the highest quality standards and

evaluated by experienced readers, any of the proposed tests could be used to evaluate the optic
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nerve, leaving the decision of test selection based on availability, center experience and, in case
of optic neuritis presentation, time elapsed since CIS. Lastly, as the inclusion of the optic nerve
does not imply a change in the number of topographies needed to fulfil DIS, the evaluation of
the optic nerve is not mandatory for all patients and may be used only in those who will benefit

the most.
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Table 1. Baseline characteristics

n=157
Age at CIS (years) (mean; SD) 33.5(8.0)
Sex (female) 109 (69.4)
CIS topography
Optic nerve 60 (38.2)
Brainstem 24 (15.3)
Spinal cord 48 (30.7)
Other 25 (15.9)
Baseline EDSS (median, IQR) 1.5(1.0)
Abnormal brain MRI 125 (80.6)
Positive oligoclonal bands 73/118 (61.8)

All values are expressed as n (%) except if otherwise specified.

Abbreviations: CIS: clinically isolated syndrome, EDSS: expanded disability status scale, 1QR:
interquartile range; MRI: magnetic resonance imaging, SD: standard deviation
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Table 2. Lesion detection based on CIS topography.

CIS patients with Optic neuritis Non-optic neuritis
optic nerve evaluation CIS patients CIS patients
Optic nerve lesion (MRI) 457112 (40.2) 40/55 (72.7) 5/57 (8.8)
IEA pRNFL > 5 um (OCT) 42 /126 (33.3) 24/ 32 (75.0) 18/94 (19.1)
IEA GCIPL >4 um (OCT) 21/114 (18.4) 18/ 28 (64.3) 3/86(3.5)
Abnormal VEP 50/ 132 (37.9) 33/43(76.7) 17789 (19.1)
CIS patients with Brainstem Non-brainstem
brainstem evaluation CIS patients CIS patients
Infratentorial lesion 741155 (47.7) 18 /24 (75.0) 56 /131 (42.7)
CIS patients with Spinal cord Non-spinal cord
spinal cord evaluation CIS patients CIS patients
Spinal cord lesion 771149 (51.6) 35/46 (76.1) 427103 (40.8)

Abbreviations: CIS: clinically isolated syndrome; MRI: magnetic resonance imaging; OCT: optical

coherence tomography; VEP: visual evoked potentials.
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Table 3. Risk assessment analysis

n / total (%) HR (95% CI) aHR (95% CI) @

Primary outcome: Mc Donald 2017

DIS 2017 105 / 157 (66.9) 7.88 (4.35-14.27) 6.89 (3.61-13.18)
DIS mod 1 (MRI) 83/112 (74.1)  8.52(3.67-19.76) 8.45 (3.27-21.99)
DIS mod 2 (IEA pRNFL >5um)  90/124 (72.6)  7.64 (3.66-15.92) 6.92 (3.02-15.84)
DIS mod 3 (IEA GCIPL >4um) 80/111(72.1)  8.31(3.79-18.19) 7.94 (3.25-19.37)
DIS mod 4 (VEP) 89/130 (68.5)  8.34 (4.15-16.79) 7.09 (3.22-15.56)
DIS mod 5 (any test) 110/157 (70.1)  8.17 (4.10-16.31) 7.22 (3.35-15.55)
Secondary outcome: new T2 lesions and / or second relapse

DIS 2017 105/157 (66.9)  2.43 (1.35-4.35) 3.49 (1.73-7.04)
DIS mod 1 (MRI) 83/112 (74.1) 2.81 (1.27-6.22) 4.87 (1.89-12.52)
DIS mod 2 (IEA pRNFL >5um) 90/ 124 (72.6) 2.74 (1.30-5.78) 4.38 (1.77-10.81)
DIS mod 3 (IEA GCIPL >4um) 80/ 111 (72.1) 2.86 (1.29-6.36) 5.47 (2.06-14.55)
DIS mod 4 (VEP) 89 / 130 (68.5) 2.99 (1.47-6.10) 3.83 (1.59-9.21)
DIS mod 5 (any test) 110/157 (70.1)  3.25 (1.62-6.55) 5.13 (2.24-11.76)
Table legend:

DIS 2017 criteria as defined in Thompson et al: at least 1 lesion in at least 2 out of 4 areas of the CNS

(periventricular, cortico-juxtacortical, infratentorial, spinal cord).

DIS mod, modified DIS adding optic nerve assessed by each of the tests (mod 1: MRI, mod 2: OCT
pRNFL IEA >5 um, mod 3: OCT GCIPL IEA >4 um, mod 4: VEP, and mod 5: any test positive): at
least 1 lesion in at least 2 out of 5 areas of the CNS (periventricular, cortico-juxtacortical, infratentorial,

spinal cord, optic nerve).

Abbreviations: aHR: adjusted hazard ration; CI: confidence interval; DIS: dissemination in space;
GCIPL: ganglion cell innter plexiform layer; HR: hazard ratio; IEA: inter-eye asymmetry; MRI:
magnetic resonance imaging; mod: modified; OCT: optical coherence tomography; pRNFL: peripapilar

retinal nerve fiber layer; VEP: visual evoked potentials.

2 Cox regression analysis adjusted for age (categorical), gender, and treatment onset before reaching the
outcome as a time-dependent variable.
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Figure legends

Figure 1. Diagnostic performance analysis of DIS and modified DIS criteria.

Figure shows the diagnostic performance properties of each DIS criteria for (A) Mc Donald
2017 fulfilment (primary outcome), and (B) presence of new T2 lesions and / or second relapse

during the follow-up (secondary outcome).
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