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single-center case series on the
clinical phenotype
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Objective: The study aimed to assess the prevalence, clinical characteristics, and
therapeutic outcomes of the central nervous system (CNS) demyelinating disease in
a large cohort of primary Sjégren’s syndrome (pSS).

Methods: This is an explorative cross-sectional study of patients with pSS seen in
the departments of rheumatology, otorhinolaryngology, or neurology of a tertiary
university center between January 2015 and September 2021.

Results: In a cohort of 194 pSS patients, 22 patients had a CNS manifestation. In
this CNS group, 19 patients had a lesion pattern suggestive of demyelination. While
there were no obvious differences in the patients’ epidemiological disposition or rate
of other extraglandular manifestations, the CNS group differed from the remaining
patients with pSS by having less glandular manifestations but a higher seroprevalence
for anti-SSA/Ro antibodies. Notably, patients with CNS manifestations were often
diagnosed with multiple sclerosis (MS) and treated as such, although age and disease
course were atypical of MS. Many first-line MS agents were ineffective in these "MS
look-alikes”; however, the disease course was benign with B-cell-depleting agents.

Conclusion: Neurological symptoms of pSS are common and clinically manifest
mainly as myelitis or optic neuritis. Notably, in the CNS, the pSS phenotype can
overlap with MS. The prevailing disease is crucial since it has a major impact on the
long-term clinical outcome and the choice of disease-modifying agents. Although
our observations neither confirm pSS as a more appropriate diagnosis nor rule
out simple comorbidity, physicians should consider pSS in the extended diagnostic
workup of CNS autoimmune diseases.

KEYWORDS

primary Sjogren’s syndrome, sicca, anti-SSA/Ro antibody, anti-SSB/La antibody, salivary gland
biopsy, MS, NMOSD

Introduction

Primary Sjogren’s syndrome (pSS) is an autoimmune disease of the exocrine glands
characterized by sicca syndrome and a corresponding chronic lymphocytic infiltration. In the
course of the initial diagnostic workup, staging of further organ manifestations is of great
importance since it has prognostic relevance and thus influences the choice of disease-modifying
agents. In pSS, extraglandular manifestation is a common phenomenon and a risk factor for
increased mortality (1-4).
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Although extraglandular symptoms of pSS are well described
(5-9), pSS is seldom considered an important differential diagnosis
of autoimmune demyelinating disorders. This may be particularly
relevant for multiple sclerosis (MS), where the McDonald diagnostic
criteria allow a definite diagnosis only if there is no better explanation
(10). Due to overlapping autoantibody patterns, pSS may also obscure
the proper diagnosis of neuromyelitis optica spectrum disease
(NMOSD) (11).

Establishing an appropriate diagnosis early on is also
relevant when it comes to immunotherapy and the prediction
clinical outcomes (12, 13).

of long-term Unfortunately,

there are no prospective intervention studies in pSS with
extraglandular symptoms from which evidence-based treatment
recommendations can be derived. Only retrospective analyses
indicate a benefit of B-cell depletion (14, 15). Among other
extraglandular symptoms, broader vigilance and appreciation
identify
patients at earlier stages of their disease and guide putative

of neurological manifestations of pSS may help

therapeutic regimens.

Thus, we aimed at investigating the prevalence and

characteristics of neurological manifestations of pSS in

a single-center cross-sectional approach. In the present

study, we retrospectively analyzed all pSS cases seen
in our university hospital between

September 2021.

January 2015 and

Materials and methods

Patient cohort

We conducted this observational cross-sectional monocentric
study at the University Hospital “Klinikum rechts der Isar” of
the Technical University, Munich, Germany, a tertiary center
for neurological, rheumatologic, and otorhinolaryngology (ENT)
diseases. We identified all patients with pSS seen between January
2015 and September 2021 in the departments of rheumatology, ENT,
or neurology. Electronic files were screened for the corresponding
code of Sjogren’s syndrome (M35.0-) according to the 10th revision
of the International Classification of Diseases (ICD-10). Part of the
data obtained from this cohort was also integrated into the Big Data
Sjogren Consortium (16).

Primary Sjogren’s syndrome was
to the classification criteria proposed by the International
Sjogren’s syndrome Criteria Working Group and approved by
the American College of Rheumatology (ACR) and the European
League Against Rheumatism (EULAR) (7). We excluded patients
with a competing classifiable rheumatic disease in terms of an

diagnosed according

overlap syndrome.

We assessed systemic disease activity with the EULAR Sjogren’s
syndrome disease activity index (ESSDAI) (5, 17). This index
comprises 12 domains and is regarded as the gold standard for
scientific studies on pSS. However, due to the retrospective nature
of our study, data sets on ESSDAI domains in our patients were
often incomplete. Therefore, we narrowed the clinical domains to
dichotomous variables (absent vs. present). CNS manifestations were
classified based on further clinical and paraclinical data [evoked
potentials/nerve conduction studies, magnetic resonance imaging
(MRI), and CSF (cerebrospinal fluid) analysis].
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Serum analyses

We analyzed anti-SSA/Ro and anti-SSB/La antibodies with an
enzyme-linked immunosorbent assay (ELISA, Orgentec Diagnostika,
Mainz, Germany). Anti-aquaporin-4 IgG antibodies (AQP4-Ab)
were determined by a commercially available cell-based assay
(Euroimmun Perkin Elmer, Luebeck, Germany) and anti-myelin
oligodendrocyte glycoprotein (MOG) antibody (MOG-Ab) with an
in-house cell-based assay, as described previously (18).

MRI analyses

The T2-weighted whole brain and spinal MRI scans of individual
patients were evaluated in a blinded manner. The distribution of T2
hyperintensities was analyzed manually in a pattern-based approach.
The spinal cord was analyzed in total and divided into cervical and
thoracolumbar regions according to the anatomical nomenclature.

Statistical analysis

We used Fisher’s test for nominal variables, Students f-test
for age/time comparisons, and Mann-Whitney U-test for ESSDAI

Identification of 861 cases
with ICD-10 M35.0-
between 2015 and 2021

Exclusion of 639 cases due to

- duplicates

- secondary Sjogren‘s syndrome
- wrong ICD-10

Identification of

222 patients with pSS
) Exclusion of 28 patients due to
insufficient data for ESSDAI
v

194 pSS patients eligible for
further analysis

v

Identification of 21 pSS patients
with CNS manifestation

173 pSS patients
without CNS manifestation

FIGURE 1

PRISMA flow diagram. PRISMA flow diagram showing the different
steps of the systematic review of patients’ electronic files. CNS, central
nervous system; ESSDAI, EULAR Sjogren’s syndrome disease activity
index; ICD-10, 10th revision of the International Classification of
Disease; pSS, primary Sjégren’s syndrome.
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parameters. We did not adjust for multiple testing due to the
exploratory retrospective study design. We performed all statistical
tests by using IBM SPSS Statistics for Windows (version 23.0,
Armonk, NY, IBM Corp).

Results

We identified 861 cases with a diagnosis of M35.0- (ICD-10), of
which 639 cases were excluded because they were duplicates, had
secondary Sjogren’s syndrome, or their ICD codes were incorrect.
Altogether, 222 patients with pSS were treated in our facilities
between January 2015 and September 2021. Due to insufficient data
for our modified ESSDAI, only 194 patients were available for further
analysis (see Figure 1). Epidemiological data and serological and
clinical parameters are presented in Table 1.

Patient’s characteristics—pSS patients with
neurological manifestations have less
frequent signs of glandular disease and are
more often seropositive for anti-SSA/Ro
antibodies

The involvement of the CNS was defined by the presence of focal
neurological deficits indicative of CNS disorder and/or supported
by morphological alterations of the brain and/or the spinal cord on
MRI. Twenty-one patients had CNS involvement (21/194, 10.8%)
and of these, 19 patients presented with a CNS lesion pattern
compatible with demyelination based on radiological findings and/or
CSF parameters (referred to as the “CNS group”). A total of 173 pSS
patients without CNS manifestations were available for comparison
(the “control group”; Table 1).

In the CNS group, 14 patients were female (14/19, 73.7%).
The median age [interquartile range (IQR)] at symptom onset and
diagnosis was 45 years (31-56) and 51 years (46.5-60), respectively.
The median time of diagnosis was 2 years longer in the CNS group
than in the control group (p = 0.009). In the CNS group, neurological
deficits were the first manifestation of pSS in 16 patients (16/19;
84.2%), and in 14 patients (14/19, 73.7%), they were the primary
reasons to consult a physician.

Only 2 of 19 CNS patients (2/19, 10.5%) reported sicca
symptoms [xerostomia and/or keratoconjunctivitis sicca (KCS)]
at first encounter, with one of them already having a history
of known pSS. Eight patients (8/17, 47.0%) developed sicca
symptoms in the course of the disease. Sicca symptoms occurred
more frequently in the control group [control vs. CNS group;
xerostomia 155/173 (89.6%) vs. 8/19 (42.1%) with p < 0.00001;
KCS 147/173 (84.9%) vs. 8/19 (42.1%) with p = 0.0001)]. Regarding
other signs of systemic pSS, only hematological alterations mainly
comprising anemia were more present in the CNS group (p = 0.01;
Table 1).

In the CNS group, seroprevalence for anti-SSA/Ro was higher
leading to a definitive diagnosis of pSS [85/173 (49.1%) vs. 15/19
(78.9%), p = 0.016], while the control group had more seronegative
patients requiring a salivary gland biopsy (SGB) for their pSS
diagnosis [73/159 (45.9%) vs. 3/19 (15.8%), p = 0.014].
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Central nervous system
manifestations—Myelitis and optic neuritis
predominate

Central nervous system (CNS) symptoms consisted mainly of
sensorimotor syndromes due to myelitis or visual impairment due to
optic neuritis—both accompanied or not by active/non-active brain
lesions in the MRI.

We analyzed the clinical phenotypes, serological profiles, and
lesion patterns on whole brain and spinal MRI. Myelitis was the index
event in 13 patients (13/19; 68.4%; Table 2A, Figure 2), optic neuritis
occurred in five patients (5/19; 26.3%; Table 2A, Figure 3), and four
patients had both in the further course of the disease (4/19; 21.1%;
Table 2A). MRI scans at the index event revealed corresponding
T2 hyperintensities in all patients with myelitis (13/13, 100%) and
three patients with optic neuritis (3/5, 60%). Of patients with a
history of optic neuritis, MRI revealed T2 hyperintensities in six
patients (6/8, 75%), three extended throughout the optic nerve (3/8,
37.5%), two were located in the anterior part of the optic nerve
(2/8, 25%), and two affecting both optic nerves simultaneously (2/8,
25%). Notably, 13 patients had signs of T2 hyperintensities on index
brain MRI consistent with demyelination (13/19, 68.4%). In total,
14 out of 19 patients with CNS manifestation reported sensory
deficits (14/19, 73.7%), five patients each had visual disturbances
or bladder dysfunction (5/19, 26.3% each), and seven patients had
motor deficits (7/19, 36.8%). Most patients accrued some degree of
neurological disability. Eleven patients were presented to us initially
during a clinical attack. Of these, eight patients were treated with
steroids with four being responsive (4/8, 50%). Only one patient had
recovered entirely from her symptoms (1/19, 5.3%); in all others,
residual deficits remained. In three patients, the disease course was
progressive (3/19, 15.8%).

We observed isolated myelitis or optic neuritis without further
morphological correlation of demyelination on whole brain and
whole spine MRI in five patients (5/19, 26.3%). Of these, one patient
had already been diagnosed with pSS, and in the remaining four
patients, initial diagnostic workup led to the detection of anti-SSA/Ro
and/or anti-SSB/La and consequently to the diagnosis of pSS. Thus,
isolated myelitis or optic neuritis was classified as a demyelinating
event associated with pSS. This association turned out to be less
straightforward in all other patients whose MRI scans revealed
additional asymptomatic lesions that were disseminated in space and
thus suggestive of chronic inflammatory CNS diseases such as MS
or NMOSD.

Primary Sjégren’s syndrome (pSS) patients
with MS or NMOSD

A total of eight patients had been diagnosed with MS and were
treated as such, and three more patients fulfilled the McDonald’s
criteria of 2017 (10). Notably, only 8 of these 11 patients (8/11, 72.7%)
were positive for CSF-specific oligoclonal bands (OCB) with 13 of
the total CNS group being OCB positive (13/18; 72.2%). Two patients
were positive for anti-AQP4 antibodies (2/13, 15.4%) and diagnosed
with NMOSD according to the IPND criteria of 2015 (11). Of 14
tested patients, none were positive for anti-MOG antibodies (0/14).
Another three patients fulfilled the diagnostic criteria for AQP4
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TABLE 1 Demographic data and baseline clinical characteristics of pSS patients with and without CNS manifestation.

Control group CNS group p-Value (CNS vs. total)

Sex female, 1 (%) 152/173 (87.9) 14/19 (73.7) 0.147
Age at diagnosis, years; median [IQR] 55.5 [43-68] 51 [46.5-60] 0.374
Age at symptom onset, years; median [IQR] 54 [37.75-65] 45 [31-56] 0.084
Time to pSS diagnosis, years; median [IQR] 1[0-3] 3[1.3-15.5] 0.009
Positive ESSDALI items; median [IQR] 3 [2-4] 3 [3-4] 0.201
Constitutional symptoms; 7 (%) 26/173 (15.0) 5/19 (26.3) 0.200
Lymphadenopathy; n (%) 26/173 (15.0) 1/19 (5.3) 0.483
Salivary gland swelling; (%) 52/173 (30.0) 2/19 (10.5) 0.105
Xerostomia; 1 (%) 155/173 (89.6) 8/19 (42.1) <0.00001
Keratoconjunctivitis sicca; 1 (%) 147/173 (84.9) 8/19 (42.1) 0.0001
Arthralgia/arthritis; n (%) 45/173 (26.0) 6/19 (31.6) 0.592
Skin; 1 (%) 22/173 (12.7) 2/19 (10.5) >0.999
Lung; 7 (%) 8/173 (4.6) 0/19 (0) >0.999
Kidney; 1 (%) 11/173 (6.4) 2/19 (10.5) 0.622
Myositis; n (%) 9/173 (5.2) 0/19 (0) 0.603
PNS; 1 (%) 12/173 (6.9) 3/19 (15.8) 0.173
Hematological; n (%)* 24/173 (13.9) 8/19 (42.1) 0.01
C3 low; 1 (%)® 18/117 (15.4) 5/15 (33.3) 0.147
C4 low; n (%)® 11/117 (9.4) 3/15 (20.0) 0.199
1gG altered, n (%) 6/36 (16.7) 4/18 (22.2) 0.715
ANA TIF positive; n (%)° 156/170 (91.7) 18/19 (94.7) >0.999
Anti-SSA/Ro positive; 1 (%)° 85/173 (49.1) 15/19 (78.9) 0.016
Anti-SSB/La positive; n (%)° 48/169 (28.4) 7/19 (36.8) 0.436
Salivary gland biopsy performed; n 117/173 (67.6) 16/19 (80.0) 0.191
Biopsy positive; 1 (%)¢ 112/117 (95.7) 14/16 (87.5) 0.199
Seronegative & biopsy positive; 1 (%) 73/159 (45.9) 3/19 (15.8) 0.014

Differences were assessed with Fisher’s test for nominal variables, Student’s t-test for age/time comparisons, and Mann-Whitney U-tests for ESSDAI parameters.

#Anemia and/or abnormal leukocyte counts.
bC3 < 90 mg/dl, C4 < 10 mg/dl.

€ANA immunofluorescence (IF) positive >1:120, anti-SSA/Ro >25 U/ml, and anti-SSB/La >25 U/ml.

dSalivary gland biopsy positive with a Chisholm-Mason focus score of >1.

CNS, central nervous system; IgG, Immunoglobulin G; IQR, interquartile range; na, not available; PNS, peripheral nervous system; pSS, primary Sjogren’s syndrome. P values below the significance

level of < 0.05 are marked in bold.

antibody-negative NMOSD. Both patients with anti-AQP4-antibody-
positive NMO presented with an initial demyelinating event that
left debilitating residual deficits. After initiating disease-modifying
therapy based on CD20 depletion, further relapses could be prevented
(Figure 4). The three other patients had a history of both myelitis
and optic neuritis, which was rather mild compared with prognostic
outcomes from observational NMOSD studies.

In all these cases, the diagnosis of pSS was finally made in the
course of the disease either when the disease remained active under
therapy (e.g., recurring optic neuritis) or when the diagnosis was
facilitated by signs of systemic disease or elevated ANA titers. In
10 patients (10/19; 52.6%), symptoms suggestive of sicca syndrome
did not occur until a median of 5.5 years (2.25-17) after the
onset of neurological symptoms. Two patients reported Raynaud’s
phenomenon (2/19, 10.5%), and six patients had arthralgia (6/19,
31.6%). Five patients from the CNS group without subjective signs

Frontiersin Neurology

of sicca syndrome had a positive Schirmer’s test (5/9, 55.6%), and
in four of these five patients, salivary gland biopsy (SGB) disclosed
pathognomonic lymphocytic infiltrates with a median Chisholm-
Mason focus score of 4 (3, 4). Similar histological results after SGB
could be obtained in the remaining CNS group (14/16, 87.5%).

Immunotherapy

A total of eight patients were started on disease-modifying
antirheumatic drugs (DMARD) after pSS diagnosis, and ongoing
immunomodulatory treatment was adjusted in three patients with
prior MS diagnosis. Of note, five patients receiving first-line agents
approved for MS had ongoing disease activity (Figure 4). Most
successful was B-cell depletion with rituximab with a positive
response (stable disease or improvement) in eight out of nine
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TABLE 2 Clinical characteristics of pSS patients with CNS manifestations.

Gender Age at diagnosis Age at symptom Sicca Time to Known pSS Myelitis/ Attacks/ Last No. of
(F/M) (year) onset (year) sicca (y) diagnosis ON year EDSS ESSDAI items

ID-1 F 46 30 + 14 - Myelitis 0.5 2.0 3
ID-2 F 49 48 - - - ON 0.2 2.0 2
ID-3 F 43 39 + 6 - Both 03 25 4
ID-4 F 31 29 - - + Both 1 attack 1.0 6
1D-5 M 58 57 - - - Myelitis 1 attack 7.0 5
1D-6 F 62 45 + 18 - Myelitis Progressive 35 2
ID-7 F 57 55 3 - Myelitis 25 35 4
ID-8 F 51 30 + 0 - Myelitis 0.05 3.0 3
1D-9 F 55 53 - - - Myelitis 0.25 2.0 1
ID-10 F 51 20 + 31 - Both 0.33 2.0 8
ID-11 F 50 32 - - - ON 3.0 3.0 3
ID-12 F 64 59 + 5 - ON 0.25 0 5
1D-13 M 63 63 - - - Myelitis Progressive 5.0 3
ID-14 F 70 69 - - - Myelitis 1.0 7.0 3
ID-15 M 28 28 - na - Myelitis 0.25 2.0 1
ID-16 F 54 37 + 18 - Both 1.0 45 3
1D-17 M 46 45 - - - ON 1 attack 2.0 1
ID-18 M 66 62 + 0 - Myelitis progressive 2.0 5
ID-19 F 47 45 + 2 - Myelitis 0.75 2.0 4

% 73.7 (14/19) 526 5.3 (1/19)

(10/19)
Median [IQR] 51 [46.5-60] 45 [31-56) 5.5 [2.25-17] 0.33 [0.25-1] 2.0 [2.0-3.5] 3[3-4]

(Continued)
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TABLE 2 (Continued)
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Anti- Schirmer’s Chisholm CSF-specific T2+ optic T2+ brain  MS NMOSD
SSA/SSB test Mason score  OCB? nerve criteria criteria
ID-1 +/+ na na + na na na + + -
ID-2 +/- + 4 + - - + + - - -
1D-3 -/- + 4° + - - na + + + -
ID-4 +/+ + 4 + - - + - + - -
ID-5 +/- + 4° + - - na + - - -
1D-6 +/- - 3-4° + na - na + + + -
1ID-7 +/- na 3° + - - na + + + -
1D-8 +/+ + na - - - na + + + -
1D-9 +/- - 4° + na - na + + + -
ID-10 -/- + 3° - - na na + + + -
ID-11 +1- + I8 + - - + + + + -
ID-12 /- na 3° - na - - - + + _
ID-13 +/- + 0 - - na na + - - -
ID-14 +/+ na 4° - - - na + + + -
ID-15 +/- na na na na na + + + -
ID-16 +/+ + 4° + + - na + + - +
ID-17 ~I+ - 3° na - - - - + - -
ID-18 +/- na 0 + na - na + - - -
ID-19 +/+ na 4° + + na na + + - +
% 84.2 (16/19) 75 (9/12) 3.75 [3-4] 722 (13/18) 15.4 (2/13) 0(0/14) 60 (3/5) 84.2 (16/19) 78.9 (15/19) 57.9 (11/19) 10.5 (2/19)

Demographic, clinical (both A), and diagnostic parameters (B) of the CNS group. Data are shown as either proportion with absolute numbers or median with interquartile range (IQR).

2> two oligoclonal bands (OCB) in the cerebrospinal fluid (CSF).

b AQP4-Ab positive >1:10.
CNS, central nervous system; CSE, cerebrospinal fluid; EDSS, Expanded disability status scale; IQR, interquartile range; MS, multiple sclerosis; na, not available; NMOSD, neuromyelitis optica spectrum disease; OCB, oligoclonal bands; ON, optic neuritis; pSS, primary
Sjogren’s syndrome; T2+, T2 hyperintensities in MRI scans.
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Case ID-11. A 50-year-old woman with relapsing-
remitting multiple sclerosis presented to our MS
outpatient clinic for visual impairment of her right
eye. For a few days, she was suffering from ‘foggy*
vision and painful eye movements. The vision in
her right eye was 0.1. RRMS was diagnosed at the
age of 32 when she experienced her first attack
with left-side hypesthesia. Cerebrospinal fluid was
positive for oligoclonal bands. Since then, she had
had four relapses with no residual deficit, the last
almost 15 years ago. No disease-modifying therapy
had been administered.

Cranial magnetic resonance imaging (MRI)
disclosed an extended T2-hyperintensity of the right
optic nerve compatible with neuritis and multiple T2
hyperintensities fulfilling MS criteria for dissemi-
nation in space. Optic neuritis was treated with
high-dose intravenous glucocorticosteroids for five

Representative sagittal FLAIR brain MR image

days, with no improvement. Plasmapheresis as a
rescue therapy as well had only little effect.

On repeating the diagnostic workup, the
patient was negative for anti-aquaporin-4- and
anti-MOG-antibodies, but positive for antinuclear
antibodies (ANA, 1:1600, normal < 1:100) as well
as anti-SSA/Ro antibodies (97 U/ml, normal < 15
U/ml). She negated any symptoms suggestive of
pSS. However, Schirmer‘s test was positive, and

labial salivary gland biopsy revealed mild focal

1).
According to ACR/EULAR classification
criteria, we established the diagnosis of primary

depleting therapy with rituximab. Over the next
year, the patient was stable without any further
relapse.

lymphocytic sialoadenitis (Chisholm Mason score

Sjégren‘s syndrome (pSS). We initiated a B-cell-

Representative axial FLAIR brain MR image

FIGURE 2
Representative clinical case vignette of patient ID-11.

patients (8/9, 88.9%). Three patients (3/19, 15.8%) refused long-
term immunosuppression, and two patients (2/19, 10.5%) did not
require immunomodulatory therapy due to stable disease. Four
patients required more than three drugs (4/19, 21%), and six patients
deteriorated at least once in the course of the disease (6/19, 31.6%),
requiring apheresis therapy as an acute rescue intervention. The
median EDSS (extended disability status scale) was 2.0 (IQR 2.0-3.5)
with a disease duration of 9 years (6-21.5) and a yearly attack rate of
0.33 (0.25-1.0; Table 2) indicating an overall disabling disease course
with permanent deficits in our pSS patients with CNS manifestations.

Lesion pattern along with the spinal cord
suggests other differential diagnoses than
MS

While spinal cord lesions in MS are supposed to occur in the
periphery of the spinal cord and usually extend over less than
three vertebral segments, lesions in NMOSD and other systemic
autoimmune may preferentially affect the center of the spinal cord
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and may exceed more than three vertebral segments (19). We
took a pattern-based approach identifying the localization of T2-
hyperintense lesions within the spinal cord of all patients from the
CNS group and identified a similar pattern distribution as proposed
by Goh et al. (19).

A total of three patients were devoid of T2 hyperintensities
along with the spinal cord (3/19, 15.8%). Of the remaining patients
with spinal cord lesions, eight had at least two or even more T2
hyperintensities (8/16, 50%), and we could identify five patients
with T2 hyperintensities that exceeded more than three vertebral
segments (5/16, 31.25%) fulfilling the criteria for longitudinal
extensive transverse myelitis (LETM) (20). On sagittal images, lesions
were distributed over the entire spinal cord without a distinct site of
predilection. On axial images, T2 hyperintensities were distributed
mainly in three patterns. We observed that lesions were localized at
the periphery affecting the ascending and descending tracts, central
lesions covering the gray matter and its surroundings, and lesions
at the dorsal region involving the lemniscal tracts. Most lesions
were localized in the central region (12 out of 27 lesions in total,
44.4%), followed by lesions in the periphery (10/27, 37%) and the
dorsal region (5/27, 18.5%). The relative distribution of lesions in the
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FIGURE 3

Case ID-14. A 70-years-old woman reported
sensorimotor deficits of her legs and a micturition
disorder that had developed within two days. She
was unable to walk or stand up on her own. Her
general practitioner immediately referred her to the
emergency room of our University Hospital. Spinal
magnetic resonance imaging (MRI) disclosed
longitudinal T2 hyperintensities, among others a
longitudinal extensive lesion in the thoracolumbar
spinal cord extending several segments ( > 3) and
encompassing almost the entire grey and surroun-
ding white matter (lower image). Analysis of cere-
brospinal fluid showed moderate pleocytosis (71
cells/pl) with normal blood-brain barrier function
and no CSF oligoclonal bands. Intravenous gluco-
corticosteroids for five days barely improved motor
deficits.

Further diagnostic work-up showed negative
anti-aquaporin-4 and anti-MOG- antibodies, but
positive ANA (1:3200), anti-SSA/Ro (200 U/ml) and
anti-SSB/La-antibodies (130 U/ml). Decreased
levels of complement factors C3 and C4 reflected
an active inflammatory process. MRI of the brain
showed no pathology. Since no symptoms sugge-
stive of pSS were reported, we performed a sali-
vary gland biopsy which disclosed > 1 lymphocytic
focus (Chisholm Mason score 4). We diagnosed
primary Sjégren‘s syndrome (pSS) with longitudinal
extensive transverse myelitis (LETM) as a neurolo-
gical manifestation.

After plasmapheresis, the patient was able to
walk approximately 100 m without help or assistive
devices. To prevent further relapses, we started the
patient on a B-cell-depleting therapy with
rituximab.

Representative sagittal and axial T2 weighted
cervical MR image

Representative sagittal and axial T2 weighted

spinal MR image

Representative clinical case vignette of patient ID-14.

cervical and thoracolumbar regions of the spinal cord is presented in
Figure 5.

Discussion

Rheumatological diseases are challenging in the differential
diagnosis and therapy of autoimmune diseases of the central
nervous system. It becomes even more puzzling when the diagnostic
criteria of chronic inflammatory CNS diseases such as MS or
NMOSD are fulfilled, but systemic autoimmune diseases such as pSS
coincide. For this reason, we set out to retrospectively summarize
all pSS cases with neurological deficits that could be attributed
to CNS lesions and compare them with pSS patients without
neurological deficits.

Extraglandular manifestations of pSS are a well-known
phenomenon (5, 7), and neurological symptoms are quite common
in patients with pSS (21-27). In our study, almost every eighth
patient was affected. In patients with an established diagnosis of
pSS, staging for neurological symptoms is a part of the routine
examination, and neurological symptoms are rapidly recognized
as a systemic manifestation of the disease. However, the final
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diagnosis of pSS in patients with an initial demyelinating event takes
quite a long time. In our cohort, the final diagnosis took almost
2 years longer.

Some of these patients were provisionally diagnosed with MS
and eventually diagnostic uncertainty led to further investigation
and thus the diagnosis of pSS. Older age than usual for MS
might have raised concerns, and either persistent symptoms or
deterioration under therapy have led to more targeted investigations.
Finally, signs of systemic disease, elevated ANA levels, and/or
a positive Schirmer’s test have prompted SGB in our patients.
Admittedly, high ANA levels are rather unspecific and also
common in MS (28, 29). Therefore, the serological, clinical,
and paraclinical overlap hampers a straightforward and reliable
differentiation of these two disease entities. While pSS has received
considerable attention in the differential diagnosis of isolated
optic neuritis and myelitis (20, 30, 31), it is less consistently
considered in chronic inflammatory disorders that primarily involve
the CNS.

Still, the question remains unresolved whether MS or its
phenotype and pSS or its serology simply coincided in our CNS
cohort. In this respect, it is interesting to note that despite sicca
symptoms being rare at the beginning, almost all of our CNS
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FIGURE 4

as indicated. In the medical records of two patients, treatment history was

NMOSD, neuromyelitis optica spectrum disease; RTX, rituximab.
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FIGURE 5

Thoracolumbar region

Pattern-based visualization of axial T2 hyperintensities distributed along with the spinal cord in the CNS group. The pattern-based approach of visualizing
the distribution of axial T2 hyperintensities analyzed on axial T2-weighted magnetic resonance imaging (MRI) along with the spinal cord. The spinal cord
was divided into a cervical and thoracolumbar regions as to neuroanatomical nomenclature. Within a schematic drawing of an axial slice of the spinal
cord, three types of lesion patterns are shown: peripheral lesion (orange color), central lesion (red color), and dorsal lesion (green color). Numbers within

colored drawings indicate the frequency among all lesions counted.

patients had serological and histological evidence of an inflammatory
affection of salivary glands typical of pSS. Therefore, at least an
accompanying pSS is to be assumed, and data from genome-wide
association studies suggest at least a genetic overlap (32). Given
that the diagnosis of MS can only be made when there is no
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better explanation (10), there were also hints calling even the
diagnosis of MS into question. CSF findings were not decisive with
only 13 out of 18 patients (13/18, 72.7%) being positive for OCB.
While the MRI pattern of cerebral lesions was compatible with
MS, spinal lesion patterns were rather atypical for MS, and finally,
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standard MS modifying drugs were partially ineffective in our group
of patients.

Although out of reach, an unequivocal attribution of the
inflammatory CNS lesions’ etiology would impact choosing
the appropriate therapy. Insufficient disease control can have a
reciprocal influence on coinciding autoimmune diseases (33-35),
and published data suggest that extraglandular manifestation
14). For
guidelines

of pSS is associated with increased mortality (4,
of pSS,
recommend cyclophosphamide or rituximab in combination

extraglandular manifestations treatment
with corticosteroids (1, 6, 12, 13). In line with previously published
data (14, 15), B-cell depletion proved effective in our patients
when MS agents such as ocrelizumab or ofatumumab were not
yet available.

However, selection bias is a relevant matter in our cohort,
which was rather different compared with typical MS patients with
respect to age and onset. This precludes the suggestion that SGB
should be a part of the standard MS workup. Instead, our data
indicate that in patients with a phenotype compatible with both
disease or refractory to MS disease-modifying drugs, a SGB is
advisable — as long as there is no other separating biomarker,
especially in patients who develop sicca symptoms or signs of
systemic disease. Accordingly, SGB is recommended broadly in

clinical practice (7, 36). It does not only help to confirm a
diagnosis, especially in seronegative patients but also has prognostic
relevance (36, 37).

There are further restrictions on our data that we have to
mention. As a tertiary center, selection bias needs to be considered
so that we attract more severely affected patients. Due to the limited
cohort size and the exploratory study design, the statistical analysis
has not been adjusted for multiple testing. Diagnostic tests to detect
sicca symptoms were not performed routinely, as every patient
with pSS did not receive an MRI scan or an electrophysiological
workup. Morreale et al. proposed an association of pSS with headache
syndromes and neurocognitive/psychological disorders (38), and a
recent study has focused on cognitive dysfunction and dementia in
PSS (39, 40), which we did not address either. Moreover, we were not
able to recapitulate each individual treatment decision hindering a
more systematic analysis.

Taken together, we observed a considerably high rate of
neurological manifestations in our highly selected cohort of
consecutive patients with pSS. Cases are segregated into distinct CNS
phenotypes, which can be relevant to the extended differential
diagnosis of neurological autoimmune diseases. Second, a
thorough evaluation of applied diagnostic criteria such as the
McDonald’s criteria may be necessary for the individual to
avoid misdiagnosis. Thus, further studies and insights into the
pathophysiology are required to overcome the stated obstacles
and pave the way for refined diagnostic procedures and new

therapeutic approaches.
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