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Abstract

Background: Neurosarcoidosis is a rare manifestation of sarcoidosis with heterogeneous
presentations. Patient management is challenging due to the current lack of knowledge about
the long-term disease course.

Objective: To identify specific disease courses of neurosarcoidosis according to the clinical
and paraclinical presentations at onset.

Methods: We conducted an observational multicenter cohort study by retrospectively
collecting data from the medical records of 84 patients diagnosed with definite, probable, or
possible neurosarcoidosis in three tertiary referral centers in France (Nancy, Strasbourg, and
Bordeaux). We collected demographic characteristics, clinical and paraclinical data at the
beginning of patient management, and during follow-up under the different treatment lines.
Two expert neurologists determined disease course profiles.

Results: The mean follow-up was 6.6years. Almost every patient (96.4%) received steroids

at some point of their follow-up. Tumor Necrosis Factor-alpha blockers were given in

10.7% as first-line treatment and in 33.3% during follow-up. Every patient presented with a
relapsing disease, often monophasic (75%) and sometimes polyphasic with the recurrence

of identical manifestations (11.9%). Patients developing new neurological symptoms during
follow-up were a minority (13.1%). No patients exhibited a progressive course. Patients with
isolated cranial nerves injury or aseptic meningitis always exhibited a monophasic course,
and 62.5-75% of them had a full recovery after first-line treatments. This proportion was
15.6% in other forms of the disease. Those with peripheral presentations were more likely to
present a polyphasic course than patients with other forms of neurosarcoidosis. Spinal cord
presentations were monophasic, but resulted in sequelae and exhibited poor response to first-
line treatments despite frequent use of TNF-alpha blockers.

Conclusion: Identification of these disease course profiles, based on the initial clinical and
paraclinical presentation, could guide the clinician to select the optimal therapeutic approach
and follow-up modalities for their patients with neurosarcoidosis.
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Introduction

Sarcoidosis is a multi-systemic granulomatous
inflammatory disease with an estimated preva-
lence of between 10 and 20 per 100,000.-3

Neurosarcoidosis (NS) is one of the many forms
of the disease and occurs in 5-20% of patients
with sarcoidosis.* Diagnostic criteria were
described by Zajicek et al. in 1998 and have been

Ther Adv Neurol Disord
2023, Vol. 16:1-13

DOI: 10.1177/
17562864231205954

© The Authorl(s), 2023.
Article reuse guidelines:
sagepub.com/journals-
permissions

Correspondence to:
Guillaume Mathey
Service de Neurologie,
Hopital Central, CHRU
de Nancy, 1 Avenue du
Maréchal de Lattre de
Tassigny, Nancy 54000,
France

Department of Neurology,
Nancy University Hospital,
Nancy, France
CIC-Epidémiologie
Clinique, Nancy University
Hospital, INSERM,
Université de Lorraine,
Nancy, France
g.matheyfdchru-nancy.fr

Inés Bekkour
Department of Neurology,
Nancy University Hospital,
Nancy, France

Edouard Courtin

Cécile Dulau-Metras
Department of Neurology,
Bordeaux University
Hospital, Bordeaux,
France

Pierre Duffau
Department of Internal
Medicine and Clinical
Immunology, Bordeaux
University Hospital,
Bordeaux, France

CNRS, ImmunoConcEpT,
UMR 5164, University

of Bordeaux, Bordeaux,
France

Laurent Kremer
Department of Neurology,
Strasbourg University
Hospital, Strasbourg,
France

INSERM U1119,
Strasbourg, France

journals.sagepub.com/home/tan

@ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
@ (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the Sage and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://journals.sagepub.com/home/tan
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:g.mathey@chru-nancy.fr

THERAPEUTIC ADVANCES in
Neurological Disorders

Volume 16

modified since then. The current version from the
Neurosarcoidosis Consortium Consensus Group?®
classifies the diagnosis as ‘definite’ when con-
firmed by a nervous system biopsy, ‘probable’
when granulomas are present in extraneural tis-
sue, or ‘possible’ in the absence of histological evi-
dence but with a presentation consistent with NS.

Many empirical cohort studies and reviews have
addressed the question of the different clinico-radi-
ological patterns of NS, mainly based on the ana-
tomic location of the lesions. Magnetic resonance
imaging (MRI) and cerebrospinal fluid (CSF) anal-
ysis illustrate central nervous system (CNS) injury
which consists of meningeal involvement, cranial
neuropathies, brain parenchymal disease, or spinal
cord involvement in more than 30% of cases. Other
injuries may involve the peripheral nervous system
(PNS), the hypothalamic/pituitary axis, and the
ventricles (hydrocephaly).

However, these descriptions are based on cross-sec-
tional data, that is, representative of symptoms at a
single time-point of a patient’s disease, and few pub-
lications describe the longitudinal course of NS.
Furthermore, different terms have been used to
characterize the patterns of the course of NS, such as
‘improvement/stable disease/progression’,® ‘mono-
focal/relapsing/progressive disease’,’ or a mix of
these different terms.8-19 Finally, these classifications
are mainly subjective, often based on short follow-up
durations, and in specific subgroups of patients (e.g.
patients with spinal cord involvement).

Another important issue is that epidemiological
studies must consider the patients’ treatment.
Corticosteroids are usually used as first-line treat-
ment for NS,%11 and unselective immunosuppres-
sive treatments such as methotrexate, azathioprine,
or mycophenolate mofetil are used as steroid-
sparing treatment or for second-line treat-
ment.»12:13 However, treatment strategies vary
from one region of the world to another, and from
one treating physician to another as no official
guidelines exist. The earliest publications of NS
were small series of cases.!415 Following articles
addressed cohorts of patients mainly receiving
steroids or immunosuppressant drugs.10,16-20
More recently, a number of studies have reported
the effectiveness of tumor necrosis factor-alpha
(TNF-alpha) blockers, mainly infliximab,18.21-24

The objective of our study was to identify specific
disease courses of NS using the longitudinal data

of patients from three French tertiary centers for
inflammatory diseases of the nervous system. We
describe these patterns according to the clinical
and paraclinical presentations at onset, and took
into consideration the use of different lines of
treatment during follow-up.

Methods

Patients

We retrospectively studied the medical records of
84 patients from three tertiary neurological cent-
ers in France: the University Hospitals of Nancy
(North-Eastern France), Strasbourg (North-
Eastern France), and Bordeaux (South-Western
France). All the patients were identified from
databases updated by the treating neurologists
and had been diagnosed with definite, probable,
or possible NS according to the Neurosarcoidosis
Consortium Consensus Group.? We included
every patient seen at least once between 1 January
2000 and 31 December 2019.

Patients with missing data in their medical
records, and those who had not authorized the
use of their medical data for research purposes,
were not included.

We collected data concerning demographics,
clinical presentation, and especially neurological
examination at onset and throughout available
follow-up. Laboratory results were also collected,
when available, as were data about patients’ dis-
ease modifying treatments (DMTs). Data collec-
tion was continued up to January 2021 from the
patients’ records on site by a single person.

We present the data as descriptive statistics.
Results are expressed as percentages (qualitative
data) or mean * standard deviation (quantitative).

Definitions

We defined seven patterns of onset based on the
initial presentation, that is, at the time of the
very first symptoms of NS. These patterns were
based on data from interrogatory, clinical exami-
nation by the neurologist, and CSF and imaging
findings. One neurologist (IB) grouped symp-
toms and findings to define the patterns based
on their own choice and knowledge. In case
of uncertainty, a second neurologist (GM)
adjudicated.
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The seven patterns are as follows:

‘Encephalic’: Patients presenting with symp-
toms and imaging findings compatible with
involvement of the encephalon, without
involvement of spinal cord or PNS. Cranial
nerves could be involved.

‘Spinal cord’: Patients presenting with symp-
toms and imaging findings compatible with
involvement of the spinal cord (intramedullary
or leptomeningeal lesions on MRI), without
encephalic or PNS involvement.

‘Encephalic and spinal cord’: Patients present-
ing with symptoms and imaging findings com-
patible with involvement of both the brain and
the spinal cord, as previously described, with-
out involvement of the PNS.

‘Cranial nerves (isolated)’: Patients presenting
with involvement of one or several cranial nerves,
with no other symptoms, and without ence-
phalic or spinal cord lesions, or PNS involve-
ment. Brain MRI is normal or reveals cranial
nerve or leptomeningeal enhancement.
‘Peripheral nervous system’: Patients present-
ing with symptoms and electroneuromyogra-
phy compatible with involvement of the PNS
(peripheral nerves and/or muscles), isolated:
without involvement of encephalon or spinal
cord. Patients with cranial nerve involvement
were included in this group.

‘Central and peripheral nervous system’:
Patients with both PNS (peripheral nerve and/
or muscle) and CNS (encephalon or spinal
cord) involvement, as previously described.
‘Aseptic meningitis’: Patients in whom a cel-
lular reaction is detected on analysis of the
CSF, without an identified germ, and with
normal imaging (or isolated leptomeningeal
enhancement).

DMTSs were categorized as follows:

‘First-line treatment’ corresponds to the first
treatment introduced, regardless of its type. It
could be corticosteroids alone or corticoster-
oids in combination with an immunosuppres-
sant treatment started at the same time mainly
as a steroid-sparing therapy.

Further lines (‘second-line’, ‘third-line’, etc.)
were either add-on therapies or were used after a
switch from the previous DMT. In some cases,
these treatments could be used as a steroid-spar-
ing strategy when the previous line consisted of

corticosteroids alone, but they were generally
introduced to escalate efficacy.

After the initial presentation and the introduction
of the first-line DMT, the NS course was evalu-
ated by changes in clinical and paraclinical data
by one experienced neurologist (IB) who carefully
reviewed all the files and took into account all
available clinical and imaging data. A second neu-
rologist (GM) adjudicated in case of uncertainty.
The choice of tests and the time they were sched-
uled were not standardized. According to the
evaluation scheduling, three different compo-
nents of the disease course were identified.

1. The short-term course corresponded to the
initial response to treatment, and was cate-
gorized as: ‘full recovery, partial improve-
ment, stabilization (no improvement)’, and
immediate worsening. These categories
were determined a priori. They correspond
to the whole spectrum of response to treat-
ment of any medical condition.

2. After the initial response, the occurrence of
a new event months or years after the initial
presentation corresponded to the ‘disease
course’, that is, mid-/long-term course.
This component of the NS course consti-
tutes the most original aspect of our study.
The categories were established prospec-
tively according to each patient’s history,
without any preconceived ideas. We used
all clinical and paraclinical data at our dis-
posal, including imaging data, to classify
the patients.

3. Finally, at the end of follow-up, persistence
of neurological symptoms was considered
as ‘sequelae’ (classified as ‘present/absent’).
This last category was totally based on clin-
ical data.

Results

The patients’ characteristics are provided in
Table 1. Of the 84 patients, 46 (55%) were male.
The mean follow-up from the onset of neurologi-
cal symptoms was 6.6years, with 81% of the
patients followed for more than 2 years, and 63%
for more than 4years. Numerous tests were per-
formed to confirm the diagnosis of NS. Chest
computed tomography was performed in almost
all the patients, and was positive in over three
quarters of them. A biopsy of neural tissue was
performed in 26 patients, and was contributive
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Table 1. Patient characteristics. Table 2. Initial type of presentation, n (%).
Characteristics N=84 Initial presentation N=84
Sex, N (% men) 46 (55%) Encephalic 27 (32.1%)
Age at onset, years, mean = SD 47.8+15.0 Spinal cord 5 (6%)
Time between first symptoms and diagnosis, years, 1.8+4.2 Encephalic and spinal cord 11(13.1%)
mean = SD ) )
Cranial nerves [isolated) 16 (19%)
Diagnostic criteria (at end of follow-up), N (%) _
Peripheral nervous system 17 (20.3%)
Definite 22 (26.5%)
Nerves 13 (15.5%)
Probable 56 (66.3%)
Muscles 4 (4.8%)
Possible 6(7.2%) )
Central and peripheral nervous system 4 (4.8%)
: : : o 0 0
Previous diagnosis of sarcoidosis, N (%) 15 (17.9%) Aseptic meningitis 4 (4.8%)
Duration of follow-up, months, mean = SD 6.6£5.6
Patients with salivary gland biopsy, N 50
Granulomas, n positive (%) 6 (12.0%) patients died of unknown reasons, one while on

infliximab for 6 months, one on methotrexate for
Patients with lymph node biopsy, N 46 36 months, and the last one without precision
about his treatment at the time of his death.

Granulomas, n positive (%) 37 (80.4%)
Patients with biopsy of the central or peripheral neural 26
tissue, N Presentation at onset
- As shown in Table 2, the most common presenta-
Granulomas, n positive (%) 22 (84.6%) tion at onset in this cohort was represented by the
Patients with cerebrospinal fluid analysis, N 61 ‘encephalic’ group with the most common symp-
tom being encephalopathy (55.6%), followed by
Elevated white cell count (>5 /mm?3), n (%) 31(50.8%) focal or generalized epileptic seizures (51.9%).
Other symptoms — focal deficit, cerebellar syn-
Elevated protein level (>0.40g/L), n (%) 44 (72.1%] drome, cranial nerve palsy — were less frequent.
Analysis of immunoglobulin G oligoclonal bands, n 46 (75.4%) None of the patients had any isolated dural
involvement, nor hydrocephalus. Brain MRI
Presence of immunoglobulin G oligoclonal bands, 12 (26.1%) showed abnormalities in all the patients.
n (% out of patients with analysis) Parenchymal T2 hyperintensities were found in

88.9% of the patients with gadolinium enhance-
ment in 55.6%. Leptomeningeal enhancement
Lymphadenopathy, n positive (%) 60 (73.2%) was found in 48.2% and a pachymeningitis in two
patients (7.4%).

Chest computed tomography, N 82

Lung lesions, n positive (%) 32 (39.0%)
Patients with whole body 18-fluorodesoxyglucose 4é Isolated spinal cord involvement was found in
positron emission tomography, N five patients (60%) Symptoms included sensory
disorders in all of these patients, motor deficit in
Hypermetabolism of lymphadenopathy, n positive (%) 32 (69.6%) four, and sphincter impairment in three. In the
Hypermetabolism of lung lesions, n positive (%) 14 (30.4%) whole cohort, when not isolated, the spinal cord

was involved in 17 patients (20.2%).

Overall, 33.3% of the patients presented with cra-
for 22. Overall, the mortality rate was 4.8% (4/84 nial nerve palsy, and this syndrome was clinically
patients). One patient died because of sepsis isolated in 19.0%. The facial nerve (VII) was the
(while on infliximab for 5months). Three other most frequently involved nerve in the ‘cranial
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Temozolomide and
radiotherapy; 1; 1%

Mycophenolate mofetil;

2;2%
Polyvalent immunoglobulins;
3; 4%
Methotrexate;
5; 6%

Cyclophosphamide;
8;10%

TNF-alpha blockers;
9; 11%

No treatment; 2; 2%

Corticosteroids alone;
54; 64%

Figure 1. Repartition of first-line disease modifying treatments used in the cohort of 84 patients with

neurosarcoidosis.

nerve’ group (observed in 56.3% of the patients).
The optic nerve (II) was affected in only two
patients (6.3%).

Four patients belonged to the ‘CNS and PNS’
group. CNS damage consisted of a spinal cord
lesion for one patient, and encephalic involve-
ment for the three others. PNS involvement was
highlighted by electroneuromyography and con-
sisted of sensory-motor polyneuropathy in two
patients: mononeuritis multiplex in one, and pol-
yradiculitis in the other.

Isolated aseptic meningitis was found in four patients
(4.8%), with lumbar puncture showing elevated
white cell counts in 100% (mean 122/mm?), and
elevated protein levels in 60.0% (mean 0.86g/L).

The presence or absence of extra-neurological
symptoms was indicated in the medical file for 72
patients. Twenty-five had such symptoms
(34.7%). Asthenia was found in 14 (19.4%),
weight loss in 9 (12.5%), dyspnea in 7 (9.7%),
dry eyes and/or mouth in 4 (5.6%), lymphade-
nopathies in 3 (4.2%), uveitis in 3 (4.2%), arthral-
gia in 2 (2.8%), cutaneous nodules in 2 (2.8%),
and parotiditis in 1 (1.4%).

Treatments

All the patients except two received at least one
line of treatment. As shown in Figure 1, the most
used first-line treatment was oral corticosteroids,
sometimes after intravenous bolus, and used alone
in 54 patients (64.3%). Nonetheless, 96.4% of
our patients received corticosteroids at some point
in their treatment, either alone or combined with
other therapies, and in particular when a steroid-
sparing strategy was needed. Corticosteroids
were usually tapered off gradually, with the
maintenance dose determined on a case-by-case
basis, and often maintained for months or even
years, sometimes for the whole care period.
Subsequent dose increase alone was not consid-
ered as a new line of treatment. Other types of
treatments were possible, even as first-line
DMTs, but often combined with corticoster-
oids. Table 3 presents the type of first-line
DMT according to the initial presentation.
Corticosteroids alone were used in the majority
of cases for any presentation, but the use of
immunosuppressant drugs, even TNF-alpha
blockers as a first-line treatment was not uncom-
mon: used in nine patients (10.7%). In contrast,
all the patients with aseptic meningitis received
corticosteroids alone as first-line treatment.
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Thirty-two patients (38.1%) received a second-line
treatment. These patients had a mean duration of
follow-up of 6.1years. Twelve patients (14.3%)
also had a third-line treatment (mean duration of
follow-up of 7.4years), seven (8.3%) a fourth-line
treatment (mean duration of follow-up of 6.2 years),
and three (3.6%) a fifth-line treatment (mean dura-
tion of follow-up of 10.2years). Finally, one patient
(1.2%), with a follow-up of 27.5 years, required six
lines of treatment. Patients who received only one
= = o o o o line of treatment had a mean duration of follow-up
of 5.6years. At the end of follow-up: 57 patients
(67.9%) were still on-treatment.

No treatment

(N

2)
1(3.7%)
1(6.3%)

1)

Temozolomide and
1(3.7%)

radiotherapy (N

=3)

The drugs most frequently used after first-line
treatment were TNF-alpha blockers (usually
combined with corticosteroids) administered to
33.3% of the patients. Methotrexate was admin-
istered to 25% of the patients and mycophenolate
mofetil to 23.8%. Cyclophosphamide was used in
9.5% of the cases, and corticosteroids, which was
by far the most prescribed treatment in first line,
was only given alone in 4.6% of the patients on
subsequent lines of treatment. One patient
received immunoglobulins, one hydroxychloro-
quine, and one rituximab.

immunoglobulins (N

2(11.8%)

Polyvalent
1(6.3%)

=9]

TNF-alpha
blockers (N
1(3.7%)

2 (40%)
3(27.3%)
1(6.3%)
1(5.9%)

1 (25%)

Disease course

Initial response. After the first clinical event, the
early course of the disease was considered as the
initial response to first-line DMTs, as 82 patients
of the 84 were treated. Twenty-three patients
(27.4%) presented full neurological recovery, 24
(28.6%) partial improvement, 13 (15.5%) pre-
sented stabilization of their clinic-radiological
state, and 24 (28.6%) worsened. Table 4 summa-
rizes these responses according to each disease
course. An initial presentation limited to the cra-
nial nerves or aseptic meningitis had the highest
proportions of patients with full recovery (62.5%
and 75.0%, respectively), while patients with
encephalic and/or spinal cord injury had a lower
rate of full or partial recovery in comparison with
stabilization or worsening after the first treatment.
After the exclusion of patients with these two
favorable forms of NS, 10 patients out of 64
(15.6%) benefited from full neurological recovery,
22 (34.4%) had partial improvement, 12 (18.8%)
stabilization, and 20 (31.3%) worsening.

5)
1(7.4%)
1(20%)
2(12.5%)

1(5.9%)

(N

8)

Cyclophosphamide Methotrexate

3(11.1%)
1(9.1%)
3(17.6%)
1(25%)

(N

=2]

Mycophenolate
mofetil (N
1(3.7%)
1(5.9%)

Corticosteroids
alone (N=54)
19 (70.4%)

11 (68.8%)

2 (40%)
7 (63.6%)
9 (52.9%)
2 (50%)
4 (100%)

=5)
16)
=4)

Disease course. As illustrated in Figure 2, we
identified three different courses during follow-
up: monophasic, polyphasic with recurrence of

nervous system
4)

(N
nervous system

Encephalic and
spinal cord

11)
Cranial nerves
(isolated) (N
(N

Spinal cord (N
(N

presentation
17)

Central and

meningitis (N

Encephalic
(N=27)

Peripheral
peripheral

Initial
Aseptic

Table 3. First-line treatment according to initial presentation, n (%).
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Table 4. Response to first-line treatment according to initial presentation, n (%).

Initial Full regression Partial Stabilization Worsening (N=24)
presentation (N=23) improvement (N=13)

(N=24)
Encephalic (N=27) 7 (25.9%) 10 (37%) 4 (14.8%) 6 (22.2%)
Spinal cord (N=5] 0 2 (40%) 2 (40%) 1 (20%)
Encephalic and 2 (18.2%) 4 (36.4%) 2(18.2%) 3(27.3%)
spinal cord (N=11)
Cranial nerves 10 (62.5%) 1(6.3%) 1(6.3%) 4 (25%])
(isolated) (N=16)
Peripheral 1 (5.9%) 5 (29.4%) 4 (23.5%) 7 (41.2%)
nervous system
(N=17)
Central and 0 1(25.0%) 0 3 (75.0%])
peripheral nervous
system (N=4)
Aseptic meningitis 3 (75.0%]) 1(25.0%) 0 0
(N=4)

the same symptoms, and polyphasic with differ-
ent neurological symptoms.

Patients were considered as presenting with a
‘monophasic’ course when they did not present
any other symptoms than the initial ones, either
with sequelae or not, but without acute recur-
rence of these symptoms. This pattern of NS
might therefore be seen as a single relapse with
resolution of the symptoms after a highly variable
interval, or without resolution. Most of the
patients were in this group (63, 75%), with a
duration of follow-up of 5.9 years (SD 5.0).

In contrast, the ‘polyphasic with the same symp-
toms’ group consisted of patients whose initial
symptoms may have improved, totally or par-
tially, but who had further episodes of sustained
worsening of these same symptoms, without the
appearance of other types of symptoms. Patients
improving after treatment initiation and who fur-
ther worsened during tapering belonged to this
group. Ten patients (11.9%) were in this group,
with a mean follow-up of 7.4 years (SD 3.8).

Finally, the third group was ‘polyphasic with dif-
ferent neurological symptoms’, consisting of

— =

Monophasic

Polyphasic with /\ AJ—
same symptoms

Polyphasic with Ao e
different symptoms

Figure 2. Description of different types of
disease courses in the cohort of 84 patients with
neurosarcoidosis.

patients who presented with episodes of worsen-
ing, either with initial improvement or not, and
new neurological symptoms which were different
from the initial presentation. These new
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Table 5. Disease course according to initial presentation, n (%).

Initial presentation Monophasic Polyphasic with the Polyphasic with different
(N=63) same symptoms (N=10) symptoms (N=11)
Encephalic (N=27) 21 (77.8%) 2 (7.4%) 4 (14.8%)
Spinal cord (N=5) 5(100%) 0 (0%) 0 (0%)
Encephalic and spinal cord (N=11]) 8 (72.7%]) 1(9.1%) 2 (18.2%])
Cranial nerves (isolated) (N=16) 12 (75%) 2 (12.5%) 2 (12.5%)
Peripheral nervous system (N=17) 11 (64.7%) 4 (23.5%) 2 (11.8%])
Nerves (N=13) 10 (76.9%) 2 (15.4%) 1(7.7%)
Muscles (N=4) 1 (25%]) 2 (50%) 1 (25%)
Central and peripheral nervous 2 (50%) 1 (25%) 1 (25%)
system (N=4)
Aseptic meningitis (N=4) 4 (100%) 0 (0%) 0 (0%)

symptoms may or may not improve afterwards.
The 11 patients (13.1%) of this group had a fol-
low-up of 10.5years (SD 7.0).

We studied the proportions of these three specific
disease courses according to the type of initial
presentation (Table 5).

Overall, there was a fairly homogenous clinical
and paraclinical course (mainly imaging findings)
in our patients. A clinical worsening was almost
systematically correlated with a paraclinical wors-
ening. However, some patients presented a wors-
ening on imaging findings without clinical impact.
In these cases, the course was considered as poly-
phasic even if the clinical findings were stable.

Sequelae. As shown in Table 6, at the end of fol-
low-up, more than half of the patients (59.5%)
presented sequelae. All the patients in the ‘iso-
lated spinal cord’ group and the ‘PNS with mus-
cle involvement’ group, had sequelae. The ‘cranial
nerve’ and ‘aseptic meningitis’ groups had the
fewest sequelae with 13% and 25%, respectively.

Discussion

Our analysis of the medical records of 84 patients
presenting with NS with a mean follow-up of
6.6years, identified specific disease courses accord-
ing to clinical and paraclinical presentation at onset
and DMTs. This is one of the biggest cohorts of
patients with NS and one of the longest follow-up

Table 6. Sequelae according to type of initial
presentation, n (%).

Initial presentation Sequelae: yes

(N=50)

Encephalic (N=27) 16 (59%)
Spinal cord (N=5) 5 (100%)
Encephalic and spinal cord (N=11] 8 (73%)
Cranial nerves (isolated) (N=16) 2 (13%)
Peripheral nervous system (N=17) 15 (88.2%])

Nerves (N=13) 11 (85%])

Muscles (N=4) 4 (100%)
Central and peripheral nervous 3(75%)
system (N=4)
Aseptic meningitis (N=4) 1 (25%)

to be described.510:16,25-28 \Y/e identified three major
points: (1) NS is clearly a relapsing disease. No
patient presented with a progressive disease, even
after many years of follow-up. (2) Patients had
mostly a single episode or a recurrence of episodes
with the same symptomatology. Patients develop-
ing new symptoms during disease course were a
minority. (3) We confirm that patients with aseptic
meningitis or isolated cranial nerves involvement
not only had a good short-term prognosis
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with 62-75% of full recovery after the first-line
treatments, but also had more frequently a mono-
phasic course and had less sequelae at the end of
follow-up in comparison with other forms of NS.

We identified three disease courses: monophasic,
polyphasic with recurrence of the same symptoms,
and polyphasic with the occurrence of different
neurological symptoms. While the definition of
these categories might appear subjective, we used
terms and definitions widely used in chronic dis-
eases. For example, the multiple sclerosis spec-
trum contains clinically isolated syndromes
(equivalent to monophasic) and relapsing-remit-
ting forms (polyphasic). These categories have
also been used to describe acute demyelinating
encephalomyelitis and neuromyelitis optica spec-
trum disorders.?® We did not identify ‘progres-
sive’ or ‘secondary progressive’ forms in the
course of NS in our cohort, even though these
terms have been used in other studies, drawing
once again an analogy with multiple sclerosis.5?
In this pathology, progression is defined as a
steadily and definitive worsening of disability,
independent of attacks, and basically viewed as
the consequence of neurodegeneration and
chronic demyelination.3%-31 We did not observe
this pattern in our patients. However, our study
did not include cognitive tests, which could have
identified progressive cognitive deterioration, as
described in multiple sclerosis.?2-33 It should be
noted that we defined these disease courses exclu-
sively according to neurological symptoms and
complementary exams: extra-neurological mani-
festations and their own course were not taken
into account, as it was not part of our objective.

In addition, the definition of the disease courses is
not independent of other confounding factors
such as DMTs. For example: a patient improving
after a full dose of corticosteroids could then
worsen when the steroids where tapered. This
patient would then be classified in the ‘polyphasic
with recurrence of the same symptoms’ profile.
The same patient, without treatment could have
had a monophasic course, with the same lesion
and same symptoms remaining stable over time.
We adjudicated this way, because DMTSs are sup-
posed to modify the disease course at the physio-
pathological level. Thus, a recurrence of the initial
symptoms after an improvement probably means
an immunological flare-up in the nervous system,
that is, a new relapse of NS. On the contrary, the
onset of new neurological symptoms over

follow-up is proof of an expansion of the original
lesions, that is, a worsening disease. This was the
case for 11 of our 84 patients, a relatively low pro-
portion (13.1%). All the other patients presented
with the same symptom during their follow-up,
either remitting (monophasic, 63 patients), or
with recurrences (polyphasic with the same symp-
toms, 10 patients). Moreover, we advise caution
when drawing conclusions about the proportions
of patients with monophasic or polyphasic courses
as the mean duration of follow-up was higher for
the patients classified as polyphasic (especially in
the polyphasic group with different symptoms). It
is possible that the follow-up duration of the
patients identified as having a monophasic profile
was insufficient to identify the polyphasic course
(even though these patients were already followed
for an average of 5.9 years). On the contrary, this
difference could be explained by the fact that
patients with a monophasic course of the disease
are followed for a shorter period of time because
of a more favorable development, therefore not
requiring such long follow-up.

While isolated cranial nerve injury and aseptic
meningitis responded well to first-line treatment
and were more likely presenting a monophasic
course and fewer sequelae at the end of follow-up
— other presentations, such as encephalic and
peripheral presentations, were more often associ-
ated with worse prognosis. The latter were more
often polyphasic, and often had sequelae at the
end of follow-up. Their response to the first-line
treatment was also quite heterogeneous, possibly
reflecting the variety of types and locations of
lesions in these systems, or the wide range of first-
line treatments used. This was quite different
from spinal presentations. These ones had a poor
prognosis in terms of response to treatment and
sequelae, but were always monophasic. This
homogenous pattern might come from a more
aggressive therapeutic strategy with more fre-
quent use of TNF-alpha blockers as first-line
treatments. This strategy might induce early dis-
ease remission — namely, a monophasic course —
but fail to limit sequelae.

Our series was comparable to other published
cohorts in terms of demographics. The mean age
at onset was 47.8, 55% of the patients were males,
which is consistent with previous studies,*10:34-36
as was the proportion of patients with ‘probable
NS’ (66.3%). We decided to categorize patients
according to their initial presentation and to use
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our own definitions of these presentations.
Patients with lepto- or pachymeninges involve-
ment were included in the ‘encephalic’ and ‘spinal
cord’ groups as it is often difficult to differentiate
involvement of the meninges from the spinal or
brain parenchyma in real-life conditions. Patients
with cranial nerve injury and encephalic lesions
were classified in the ‘encephalic’ group rather
than in the ‘cranial nerves’ group, as it would seem
that their prognosis is more dependent on the
parenchymal lesions than on the nerve injury.
Patients with hypothalamic and pituitary axis
injury were placed in the ‘encephalic’ group for
the same reason: we were not able to individualize
such patients without encephalic involvement.

Most of the patients (64%) received corticoster-
oids alone in first-line treatment. To this day,
steroids are considered as the cornerstone treat-
ment of NS.410,16,28,36-38 Most published works
define ‘first line’ as the very first drug adminis-
tered, regardless of the early use of steroid-spar-
ing DMTs such as methotrexate or azathioprine.
Thus, corticosteroids are often described as the
initial therapy in almost all patients in these stud-
ies. In contrast, we focused on the add-on ster-
oid-sparing DMT in the first-line therapy in our
study if initiated at the same time as corticoster-
oids. Previous studies report that second-line
therapy usually consists of methotrexate, followed
by mycophenolate mofetil, and azathioprine.!®

TNF-alpha blockers were used at some point in
the therapeutic strategy in 33.3% of our patients.
This is a higher rate of use compared to other
studies, although they are being increasingly used
in the management of NS over the past 15years.
Several case reports describe their effectiveness,
usually in patients with refractory NS.421,22,36,39,40
Infliximab was used in first-line treatment in nine
of our patients (10.7%) presenting with severe
disease from onset, such as patients with spinal
cord involvement, as this type of lesion is known
for being aggressive and treatment refractory.?-37-41
The initial response to the first-line DMT is dif-
ficult to compare with the literature as the evalu-
ation of the response is highly subjective.
Moreover, the first-line treatments used are very
different from one study to another, and the vari-
able rate of patients with favorable and more
severe forms of the disease deeply influence the
outcomes. Fritz er al.* reported a review and
meta-analysis of 29 articles and 1088 patients
with NS, 465 of them having been assessed after

DMTs.4 A total remission was achieved in 27%, a
partial remission in 32%, a stabilization in 24%,
and a deterioration in 6%. These proportions
were of 27%, 29%, 16%, and 29% respectively in
our cohort, indicating a more pronounced ten-
dency to worsen in our patients. The reason
might be that the assessment of response to treat-
ment in our cohort was limited to first-line
DMTs. The only prospective cohort of 32 patients
with NS was described in 2003 by Allen er al.#?
Only 59% were treated, all by corticosteroids,
and 19% had a full recovery of symptoms, 44% a
partial recovery, and 34% a stabilization of symp-
toms. The remaining 3% (one patient) died from
cardiac complications. Of note, 59% of the
patients had cranial nerves involvement (isolated
or not), which probably indicates a higher pro-
portion of patients with less severe forms of NS.
There is no clear consensus to date about what
constitutes initial recovery in terms of clinical
scales or paraclinical results. We decided to pre-
sent the initial response according to the initial
presentation rather than according to the first-
line DMT, because the use of treatments is not
independent of the initial prognosis. Thus, low-
dose corticosteroids used to treat a favorable form
of the disease (e.g. aseptic meningitis) could be
viewed as an effective treatment as this form is
known to have a good prognosis. On the contrary,
TNF-alpha blockers are used for forms of NS
with a poor prognosis, such as those with dissemi-
nation in the whole CNS. These treatments
would therefore be associated with a higher prob-
ability of poor response despite a known high effi-
cacy in NS.16:19,20

Our cohort study has some limitations. First, its
retrospective design could be responsible for
measurement bias and missing data. We mini-
mized measurement bias by limiting the period of
inclusion (from 2000 to 2020), as this bias tends
to increase with the length of the data collection
period. Information bias was limited by systemati-
cally referring to medical records, and in case of
contentious interpretation of these data, a second
neurologist was consulted. As this was a retrospec-
tive ‘real-life study’, the initial entry of data into
the medical records, patient follow-up, additional
examinations, treatment initiation, and follow-up,
were not standardized. Obviously, this influences
the evaluation of clinical and paraclinical courses.
A higher frequency of MRI might have detected
more new lesions, thereby reclassifying a disease
course as polyphasic. These categories should
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thus be viewed as mainly clinical, as patients’
complaints and symptoms were more consistently
reported. However, any evidence of a new lesion
despite stable or improving clinical signs reclassi-
fied the patient as polyphasic. Another limitation
is that we only included patients who consulted in
a neurology department, which could have led to
selection bias as patients with NS can also be
treated in pulmonology or internal medicine
departments, for instance. Furthermore, patients
who are treated in tertiary referral centers, as ours,
are more likely to present with more severe
disease.

Finally, the assessment of the disease courses and
the sequelae can be considered as subjective, as it
is not based on an overall handicap score.
However, to date, no such score has been vali-
dated for NS. Although some authors have used
the Expanded Disability Status Scale, this tool
has not been validated for NS, and does not con-
sider imaging findings and other paraclinical
results.

Conclusion

We identified three main specific courses of NS in
our patients: monophasic, polyphasic with recur-
rence of the same symptoms, and polyphasic with
expression of different neurological symptoms,
this last category being less common. These
courses would seem to reflect disease prognosis as
evidenced by the response to first-line treatments
or in terms of sequalae at the end of follow-up.
Patients with isolated injury of the cranial nerves
or aseptic meningitis have a better prognosis than
other forms of NS involving the parenchyma of
the CNS or the PNS. Our study shows that pres-
entation at onset can be a useful tool to help guide
the therapeutic strategy and patient management.
The disease patterns that we describe here, in one
of the largest cohorts reported to date, should be
confirmed in further prospective studies.
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