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A B S T R A C T   

Methods: Twenty patients with newly diagnosed neurosarcoidosis were examined for multiple outcomes in an 
observational cohort study with 12-month follow-up. 
Results: The patients’ contrast-enhancing lesions on MRI scans reduced during treatment (p < 0.0001). The mean 
modified Rankin Score improved from 3.0 to 1.8 (p < 0.0001), and 75% of patients experienced clinically 
important improvement. Patients improved on the Symbol Digit Modalities Test (p < 0.0001) and on SF-36 
Physical (p = 0.003) and Mental Component Summary scores (p = 0.03). Proportions of patients with sub-
stantial fatigue (75%) and high depression score (35%) were unchanged. 
Conclusions: 12-month immunosuppression improved several outcomes, and 75% of patients experienced clini-
cally important improvement.   

1. Introduction 

Sarcoidosis is a granulomatous disorder of unknown aetiology. The 
annual incidence in Denmark is 7–15 cases per 105 individuals (Byg 
et al., 2003; Sikjær et al., 2021). The clinical presentation of sarcoidosis 
is heterogeneous, with symptoms related to the affected organs and 
symptoms that are more unspecific and generalized. The lung and the 
lymph nodes are commonly affected. Neurosarcoidosis (NS) occurs in 
5–10% of patients with sarcoidosis (Voortman et al., 2019b). In NS, the 
specific symptoms depend on the location within the nervous system, e. 
g., cranial neuropathy, meningeal infiltration, mass lesion, myelitis, 
aseptic meningitis, or symptoms from the peripheral nervous system 
(Carlson et al., 2015; Kidd, 2018; Stern et al., 1985; Stern et al., 2018; 
Voortman et al., 2019b). Unspecific symptoms are typically cognitive 

failures, fatigue, and depression with decreased quality of life (Cox et al., 
2004; Drent et al., 2012; Drent et al., 1998). 

Expert opinion on treatment of NS (Baughman et al., 2021) is in part 
based on randomized controlled trials of treatment of sarcoidosis and 
cohort studies of NS patients (Bitoun et al., 2016; Fritz et al., 2020; Fritz 
et al., 2016; Joubert et al., 2017; Kidd, 2020a; Lower et al., 1997). In 
sarcoidosis, corticosteroids, chloroquine, and tumor necrosis factor α 
inhibitor infliximab have been shown superior to placebo (Baltzan et al., 
1999; Baughman et al., 2006; Pietinalho et al., 1999; Zaki et al., 1987), 
and methotrexate has been shown corticosteroid sparing (Baughman 
et al., 2000). In NS, treatment efficiency is evaluated by numerous 
methods, e.g., clinical improvement (Gelfand et al., 2017), rate and time 
to relapse (Bitoun et al., 2016), MRI changes in the central nervous 
system (CNS) (Gelfand et al., 2017; Lower et al., 1997), or changes in 
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disability and dependency in daily activities assessed by the modified 
Rankin Scale (Cohen Aubart et al., 2017; Kidd, 2020b). In addition, 
psychological tests and patient-reported outcome measures (PROMs) are 
used to assess global functioning in sarcoidosis (Thunold et al., 2017). 

Despite this, no international guidelines exist regarding treatment or 
follow-up of this disease, and very few studies have focused on the 
outcome of the existing treatment options. We used the Symbol Digit 
Modality Test (SDMT) (Sheridan et al., 2006) to determine cognitive 
function, the Short-Form 36 Health Survey (SF-36) (Bjorner et al., 1997) 
to evaluate the quality of life, the Fatigue Assessment Scale (FAS) 
(Michielsen et al., 2003) to assess fatigue, and the Beck Depression 
Inventory-II (BDI-II) (Beck et al., 1996) to assess depression. SDMT is 
new in the context of sarcoidosis. 

This study describes a real-life cohort of newly diagnosed neuro-
sarcoidosis patients and their clinical course in the first year of treat-
ment. We examined changes in clinical symptoms, lesions on MRI, 
biomarkers in cerebrospinal fluid (CSF), functional and cognitive out-
comes, patient-reported quality of life, fatigue, and depression. 

2. Material and methods 

2.1. Study population 

In this observational cohort study with a one-year follow-up, we 
consecutively recruited patients from the neurology and rheumatology 
departments at Odense University Hospital between January 2016 and 
August 2020. 

The inclusion criteria were patients aged 18 years or older who had 
symptoms and a tissue biopsy consistent with sarcoidosis and fulfilled 
the criteria for “highly probable” NS according to the World Association 
of Sarcoidosis and Other Granulomatous Diseases (Judson et al., 2014). 
Patients with polyneuropathy other than small fiber neuropathy or with 
diseases that could cause similar symptoms to NS were excluded. 

Some of the baseline data from this cohort have been published 
previously (Byg et al., 2021). 

2.2. Data collection 

Patients were examined at baseline (V) and after three months (V3), 
six months (V6), and 12 months (V12). Demographics collected at 
baseline were age, sex, duration of sarcoidosis and biopsy. If performed, 
we registered positron emission tomography-computed tomography 
(PET-CT). At all visits, we recorded symptoms, number of admissions 
due to infections since the last visit, medications, plasma soluble inter-
leukin 2 receptor (sIL2R), plasma angiotensin-converting enzyme (ACE), 
chest x-ray, MRI of the CNS, the disability in daily activities (modified 
Rankin Scale), cognitive function (Symbol Digit Modality Test), and 
patient-reported outcome measures of quality of life (Short Form Health 
Survey 36), fatigue (Fatigue Assessment Scale), and depression (Beck 
Depression Inventory-II). CSF examination was performed at baseline, 
V6, and V12. 

2.3. Clinical symptoms and infections 

Subjective neurological symptoms, i.e., headache, tinnitus, and 
vertigo, were graded present if the symptom appeared more than once a 
week. Objective neurological signs, i.e., cranial nerve involvement, pe-
ripheral motor signs, and peripheral sensory signs, were graded posi-
tively if present at the study visit. Eye symptoms were defined by 
anterior uveitis, posterior uveitis, and optic neuritis. Pulmonary symp-
toms were cough, shortness of breath, and unspecific chest pain. Ar-
thralgias and arthritis were categorized as joint symptoms. Only typical 
sarcoidosis-like rashes and erythema nodosum were classified as skin 
involvement. The number of infections that required hospitalization was 
registered based on patient records. 

2.4. MRI and CSF 

All MRI images were evaluated by the same neuroradiologist. The 
MRI scans were acquired on a 3-Tesla MRI scanner or, rarely, on a 1.5 
Tesla MRI scanner. The MRI scanning protocols included T2-weighted 
turbo spin-echo images, T1-weighted 3-dimensional (3-D) turbo field 
echo images, T2-weighted 3-D FLAIR sequence images, diffusion- 
weighted images, susceptibility weighted imaging sequence, and T1- 
weighted 3-D sequence image after intravenous contrast. 

Inflammation was defined by MRI findings compatible with NS, or 
CSF with leucocytosis over 5 × 106 cells/L, or protein elevation over 0.5 
g/L, or presence of oligoclonal bands (OCB). Hypoglycorrhachia was 
defined as spinal glucose concentration <40 mg/dL. The MRI scans were 
graded to the number of affected anatomical sites visualized by post- 
contrast enhanced lesions to quantify the relative active inflammation 
on MRI. Parenchymal enhancement, supratentorial meningeal 
enhancement, infratentorial meningeal enhancement, and enhancing 
lesions in the cervical spine, thoracic spine, lumbar spine, or cauda 
equina all gave one point each (Moss et al., 2020). Furthermore, the 
score was divided into three groups: a score of 0 points was graded no 
enhancement, 1–2 points was graded mild enhancement, 3–4 points was 
graded moderate enhancement, and a score of 5–6 points was graded 
severe enhancement (Byg et al., 2021; Moss et al., 2020). 

2.5. Observer- and patient-reported variables 

A senior neurologist and a senior rheumatologist jointly scored the 
modified Ranking Scale (mRS) after the patient’s visit. The mRS is an 
observer-reported outcome measure that is commonly used to quantify 
the degree of disability or dependence in daily activities. The mRS scale 
ranges from zero to six: 0 - no symptoms, 1 - no significant disability, 2 - 
slight disability, 3 - moderate disability, 4 - moderate-severe disability, 5 
- severe disability, bedridden, 6 - dead (Banks and Marotta, 2007; Wilson 
et al., 2002). 

The Symbol Digit Modalities Test (SDMT) is a fast, easy to use, 
validated test that assesses neurocognitive functions, including atten-
tion, visual scanning, memory of numbers matched with symbols, and 
processing speed (Sheridan et al., 2006). The patient has 90 s to pair 
numbers with geometric figures that are listed chronologically on an A4 
piece of paper. The score is defined by the number of correct answers 
given (Benedict et al., 2017). 

The Short Form Health Survey 36 (SF-36) is a well-validated, generic 
health status instrument that has 36 items under eight domains: physical 
function (PF), role physical (RP), bodily pain (BP), general health 
perception (GH), vitality (VT), social role functioning (SF), role limita-
tions due to emotional problems (RE), and mental health (MH). Scores 
from each of the eight domains are transformed to a 100-point scale; a 
higher score indicates better function. Additionally, the eight domains 
can be combined into a physical component score (PCS) and a mental 
component score (MCS) (Bjorner et al., 1997). In the Danish population, 
the PCS score is mean (SD) 51 (9) and MCS 54 (8) (Bjorner et al., 1997). 

The 10-item Fatigue Assessment Scale (FAS) is widely used to assess 
fatigue, and each item is scored on a five-point scale. The score ranges 
from 10 to 50, and a high total score indicates fatigue. We considered a 
sum score of 22 or above to indicate substantial fatigue (De Vries et al., 
2004; Michielsen et al., 2003). The normal FAS score is mean (SD) 19.3 
(6.5) (Michielsen et al., 2003). 

The Beck Depression Inventory-II (BDI-II) assesses depression and 
consists of statements arranged in 21 groups. Each group is scored, and 
the summation scores range from 0 to 63; a high score indicates 
depressive symptoms (Beck et al., 1996). Patients with a score of 15 or 
above are considered to have significant depressive symptoms (Drent 
et al., 1998). The normal BDI-II score has been estimated at mean (SD) 
7.2 (6.8) and 10.6 (10.9) (Ociskova et al., 2017; Roelofs et al., 2013). 

The minimum clinically important difference (MCID) is the smallest 
change in the score a patient would identify as important. For cut-off 

K.-E. Byg et al.                                                                                                                                                                                                                                  



Journal of Neuroimmunology 369 (2022) 577913

3

values, we used previously reported changes in MCID levels: in mRS of 
one point or above (Harrison et al., 2013; Nozaki et al., 2012), in SDMT 
of four points or above (Benedict et al., 2017), in SF-36 MCS and PCS of 
five points or above (Strand and Singh, 2008), and in the FAS of four 
points or above (de Kleijn et al., 2011). 

2.6. Treatment regimen 

Patient treatment was determined individually. Initial therapy con-
sisted of glucocorticoids in the form of oral prednisolone up to 75 mg 
daily. A few patients were treated acutely with high-dose intravenous 
methylprednisolone before oral prednisolone. The prednisolone dose 
was gradually reduced. As a supplementary treatment, most patients 
were offered methotrexate (MTX) or azathioprine. Mycophenolate 
mofetil was used in the case of intolerance to both MTX and azathio-
prine. In the case of NS exacerbation during treatment or severe 
mobility-threatening illness, infliximab or cyclophosphamide was used 
based on discussions in a multidisciplinary clinical conference. 

2.7. Statistical analysis 

For the presentation of data, categorical variables are presented as 
counts (n) and proportions (%). Continuous variables are reported as 
means with standard deviation (SD) or medians with interquartile 

ranges (IQR). For statistical analysis, differences in dichotomous cate-
gorical variables were tested by exact McNemar’s test between baseline 
and V12. For continuous variables, multilevel mixed-effects models with 
a random intercept for each patient were used. The baseline value was 
included as a fixed effect, with visits as a fixed nominal covariate. In a 
supplementary analysis, we adjusted the mixed effects models for MRI 
findings. Except for CSF, we used last observation carried forward in 
case of missing data. No correction for multiple testing was performed. 
All analyses were performed in Stata 16.1 (StataCorp LCC, College 
Station, TX, USA). A P-value below 0.05 was considered statistically 
significant. 

2.8. Ethical approval 

The study was approved by the Regional Committee of Health 
Research Ethics for Southern Denmark (ID: S-20140051) and was re-
ported to the Danish Data Protection Agency (ID: 15/3744). 

2.9. Data availability statement 

The data underlying this article will be shared on reasonable request 
to the corresponding author and with approval of the Committee of 
Health Research Ethics, Southern Denmark. 

Possible neurosarcoidosis patients

(n = 38)

Eligible newly diagnosed neurosarcoidosis patients

(n=29)

Included in the study

Newly diagnosed neurosarcoidosis patients

(n=20)

Analysed during one-year follow-up

(n=20)

Excluded

n=2, spontaneous recovery

Not neurosarcoidosis

n=7, no inflammation on MRI and CSF

Excluded

n=3, declined consent (one had hydrocephalus)

n=1, emigrated

n=2, also fulfilled multiple sclerosis criteria

n=1, polyneuropathy

n=2, long time on intensive immunosuppression

Fig. 1. Flow chart of NS patient recruitment.  
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3. Results 

3.1. Patient population 

We evaluated 38 patients with sarcoidosis verified by histology 
(Fig. 1). Two patients recovered spontaneously, and seven patients had 
no inflammation in the CSF or according to MRI. The remaining 29 
patients fulfilled diagnostic criteria for NS. Of these, nine patients were 
excluded: three patients declined consent, where one had hydrocepha-
lus, one emigrated, two also fulfilled the diagnostic criteria for multiple 
sclerosis, one had polyneuropathy, and two had been on high doses of 
immunosuppression for several months before NS diagnosis was estab-
lished. Thus, we included 20 NS patients in the follow-up study. 

3.2. Clinical characteristics 

The median age was 51.6 years (IQR 43.0–56.4), 55% were males, 
and the median duration of sarcoidosis symptoms was 8 months (IQR 
4–16) before inclusion. Seventeen (85%) NS patients had neurological 
symptoms at the onset of sarcoidosis, 18 (90%) had systemic sarcoidosis, 
and 2 (10%) had isolated NS. 

Histological verification was obtained by 14 endobronchial ultra-
sound bronchoscopy biopsies, six lymph node biopsies, two lung bi-
opsies, and two skin biopsies. In addition, the two isolated NS patients 
had biopsy from the CNS. One brain biopsy showed focal small solitary 
non-caseating granulomas of clusters of differentiation 45+ (CD45) and 
ionized calcium-binding adaptor molecule 1 positive histiocytic cells, 
surrounded by CD3+ lymphocytes. There were no neutrophil gran-
ulocytes or fibrosis, and the vessels had no signs of vasculitis. The other 
patients had a biopsy from meninges. The biopsy showed granulomas of 
CD163+ histiocytic cells and significantly fewer CD68+ cells. In addi-
tion, there were many CD138+ plasma cells, significantly more CD4+

than CD8+ lymphocytes, scattered areas of fibrosis, and small necrosis 
with neutrophil granulocytes. The vessels were reactive but without 
vasculitis. 

At baseline, headache was the most frequent symptom (60%) 
(Table 1), followed by vertigo (55%) and tinnitus (50%). Objective 
neurological findings were peripheral sensory signs (50%), peripheral 
motor signs (40%), and cranial nerve involvement (30%). Forty percent 
of patients had chest symptoms. At V12, there were significant im-
provements in vertigo (p = 0.03), cranial nerve involvement (p = 0.03), 
and joint symptoms (p = 0.03). Although headache and tinnitus were 
still present more than one day a week, the patients reported that they 
were considerably less intense and were at a generally acceptable level. 

3.3. Paraclinical, cerebrospinal fluid characteristics 

PET-CT scans were performed in 18 patients: all showed pathologic 
activity, and the activity was exclusively in CNS in the two patients with 
isolated NS. At baseline, 40% NS patients had a normal chest x-ray, 
increasing to 60% at V12 (p = 0.03). Plasma sIL2R level was elevated 
over the reference interval in 45% NS patients, and plasma ACE in 15% 
NS patients (Table 2). 

3.4. CSF and MRI characteristics 

All patients had CSF performed at baseline, but three patients did not 
consent to re-puncture at V6 and V12. The CSF (Table 2) was abnormal 
at baseline in 19 (95%) patients: 16 patients displaying CSF pleocytosis 
and 17 patients spinal protein elevation. At V12, the frequency of pa-
tients with CSF pleocytosis (p = 0.002) and protein elevation (p = 0.03) 
had declined, but the pleocytosis persisted in four NS patients. One 
patient had elevated plasma ACE and spinal pleocytosis at V12. Other-
wise, at V12, there was no overlap between patients with spinal pleo-
cytosis or elevated spinal protein and patients with elevated plasma 
sIL2R or plasma ACE. 

At baseline, 12 (60%) patients had abnormal findings on MRI 
(Table 3): nine had abnormalities in the cerebrum, and ten had abnor-
malities in the spinal cord. In addition, two patients had inflammation in 
the hypophysis without hormone deficiency, two had hydrocephalus, 
and four patients had inflammation in the cauda equina. Among patients 
with contrast-enhancing lesions on MRI (Table 2), five patients had mild 
enhancement, four patients had moderate enhancement, and three pa-
tients had severe enhancement. During the study, the contrast- 
enhancing lesions on MRI decreased significantly (p < 0.0001). At 
V12, all patients had improved their MRI scans compared to baseline: 
58% no longer had contrast enhancement on MRI, and five patients had 
mild enhancement. 

3.5. Observer-reported outcome 

The mRS (Table 4) declined from mean 3.0 (0.8) at baseline to 1.8 
(1.1) at V12 (p < 0.0001). At V12, 15 (75%) patients had an improve-
ment of MCID, and four (20%) patients had a mRS value of zero. 

The SDMT (Table 4) score improved from mean 38 (9) at baseline to 
45 (12) at V12 (p < 0.0001), and 12 (60%) patients demonstrated an 
improvement of MCID. 

In a post hoc test by mixed-effect model at V12, we estimated SDMT 
score lower in NS patients with spinal protein elevation (mean − 4, p =
0.02). In contrast, there was no difference in NS patients with spinal 
pleocytosis. 

3.6. Patient-reported outcome 

The SF-36 (Table 5) component summary PCS and MCS improved 
significantly from baseline to V12: mean PCS 35 (11) improved to 41 
(12) (p = 0.003) and mean MCS 41(9) improved to 48 (10) (p = 0.03). In 
addition, at V12, nine NS patients had an improvement of MCID in PCS 
and 12 patients in MCS. The improvement in PCS was already seen at 
V3, whereas the MCS changes were gradual. Five of the eight SF-36 
domains improved significantly from baseline to V12: RP (p =

0.0002), BP (p < 0.0001), VT (p = 0.0003), SF (p = 0.01), and MH (p =
0.006) (Table 5). 

In a post hoc test by mixed-effect model at V12, we estimated a lower 
PCS score in NS patients with spinal pleocytosis (mean − 4, p = 0.045) 
and CSF protein elevation (mean − 5, p = 0.004). In contrast, the MCS 
score was unaffected. 

The FAS scores (Table 5) changed significantly from baseline score 
30 (8) to 28 (9) at V12 (p = 0.04), but the proportion of patients 
reporting substantial fatigue did not improve during the study (p = 1.0). 
At V12, 16 (80%) patients reported substantial fatigue. In mixed-effect 

Table 1 
Clinical features present in 20 patients with neurosarcoidosis.   

Baseline 3 
months 

6 
months 

12 
months 

p- 
valuec 

Neurological 
symptoms      
Headache 12 (60) 8 (40) 6 (30) 9 (45) 0.5 
Tinnitus 10 (50) 6 (30) 5 (25) 7 (35) 0.4 
Vertigo 11 (55) 2 (10) 3 (15) 5 (25) 0.03 
Cranial nerve 

involvement 
6 (30)a 2 (10) 1 (5) 0 0.03 

Peripheral motor 
signs 

8 (40) 6 (30) 4 (20) 4 (20) 0.1 

Peripheral sensory 
signs 

10 (50) 10 (50) 8 (40) 8 (40) 0.6 

Ocular symptoms 6 (30) 5 (25) 4 (20) 3 (15) 0.3 
Chest symptoms 8 (40) 8 (40) 7 (35) 8 (40) 1 
Joint symptoms 10 (50) 4 (20) 6 (30) 4 (20) 0.03 
Skin rash 7 (35)b 3 (15) 0 1 (5) 0.07 

Values are counts and proportions. a Two patients had more than one cranial 
nerve involved. b One patient had erythema nodosum. c Exact McNemar’s test 
between baseline and 12-month visit. 
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models, the BDI-II score significantly influenced the FAS scores (p =
0.003). 

The BDI-II (Table 5) did not change during the study. The proportion 
of patients with a score indicating considerable depressive symptoms 
remained unchanged during the study (p = 0.6), and at V12, seven 
(35%) patients scored 15 or above. 

In a post hoc test by mixed-effect model at V12, we estimated NS 
patients with spinal pleocytosis had a higher FAS score (mean 3, p =
0.045), and NS patients with CSF protein elevation had a higher BDI 
score (mean 3, p = 0.03). 

3.7. Treatment 

After diagnosis, the prednisolone dose was increased to a median 
37.5 mg daily (IQR 25.0–50.0), which was gradually reduced to 12.5 mg 
(10.0–15.0) at V6 and 7.5 mg (7.5–10.0) at V12. After the baseline visit, 
13 NS patients were on methotrexate or azathioprine as a supplementary 
treatment. At V12, eight patients were on methotrexate mean 18.8 mg 
weekly, and seven were on azathioprine mean 129 mg daily, while one 
was on mycophenolate mofetil 2 g daily due to lack of tolerance to the 
other two treatments. In addition, two patients received three to six 
cyclophosphamide pulse courses: one patient had severe inflammation 
of the entire spinal cord and leptomeningitis; the other patient had a 
severe exacerbation of inflammation in the cervical medulla after three 
months of prednisolone 37.5 mg daily and methotrexate 20 mg weekly. 
Since both patients responded quickly, the cyclophosphamide course 
was continued instead of switching to infliximab. 

Hospitalization-requiring infections were seen in four patients and 
were primarily upper respiratory tract infections or urinary tract in-
fections. One patient had five hospitalization-requiring infections. 

4. Discussion 

This observational, longitudinal cohort study investigated 20 NS 

patients and their disease course during 12 months of follow-up. After 
one year of treatment, CNS inflammation was reduced or had vanished 
on the MRI scans and in the CSF. Most patients showed improvement in 
daily activities evaluated by mRS, cognitive function assessed by SDMT, 
and self-reported health status assessed by SF-36. 

The NS patients in this study were older than in other cohorts 
(Carlson et al., 2015; Fritz et al., 2016; Kidd, 2018; Leonhard et al., 
2016). Most had neurological symptoms at disease onset. Headache was 
the most frequent symptom, and tinnitus was common. In contrast, chest 
symptoms were only present in 40% of patients. 

It was noted that in the diagnosis of NS patients, PET-CT scans were 
always abnormal (Kidd, 2018), even in the case of isolated NS, and 
plasma sIL2R may be useful. In contrast, plasma ACE elevation was rare, 
as also previously reported by others (Zajicek et al., 1999). 

Examining the CSF and MRI with contrast are essential investigations 
in NS patients to establish inflammation and to rule out alternative di-
agnoses. Furthermore, the MRI scans localize inflammation, e.g., 
pachymeningitis, leptomeningitis, parenchymal lesions, or the pituitary 
gland. Some subtypes like leptomeningitis have been associated with 
more severe disease and disability (Kidd, 2020b; Shah et al., 2009), and 
we have shown axonal damage in NS patients correlating to the in-
flammatory activity on MRI (Byg et al., 2021). In this study, the in-
flammatory process, evaluated by MRI and CSF changes, had normalized 
after one year for most patients, and 58% no longer had contrast 
enhancement on MRI. 

For NS patients, most studies report improvement during treatment 
in 60–70% of patients; 15–30% remain stable, and 4–15% worsen (Fritz 
et al., 2016; Leonhard et al., 2016; Scott et al., 2007). In a large cohort of 
NS patients (Kidd, 2020b), treatment over several years reduced mRS 
from median (range) 2 (1–4) to 0 (0–2) in NS patients with pachyme-
ningitis and from median (range) 3 (1–5) to 1 (0–5) in NS patients with 
leptomeningitis. Although mRS may be less responsive to disability 
change than other scales, a single-point change in mRS is always clini-
cally relevant (Harrison et al., 2013). We found a substantial 

Table 2 
Paraclinical and imaging features of 20 patients with neurosarcoidosis.   

Baseline 3 months 6 months 12 months p-value 

Chest x-ray      
Stage 0 8 (40)  10 (50) 12 (60) 0.03e 

Stage 1 9 (45)  7 (35) 5 (25)  
Stage 2 3 (15)  3 (15) 3 (15)  
Stage 3–4 0  0 0  

sIL2R elevated, N 9 (45) 9 (45) 3 (15) 2 (10) 0.02f 

ACE elevated, N 3 (15) 0 1 (5) 2 (10) 0.6f 

Cerebrospinal fluid      
N 20  17 17  
Pleocytosis, N 16 (80)  4 (24) 4 (24) 0.002f 

Cells x 106 /L, median 
IQR 

18.5 
(9.5, 39.0)  

5 
(0, 5) 

0 
(0, 5)  

Cells x 106 /La, median 
IQR 
Range 

22.5 
(18, 40.5) 
(8–140)  

7.5  
(6.5, 15) 

(6–22) 

13 
(11, 16.5) 
(10–19)  

Protein elevation, N 17 (85)  6 (35) 8 (47) 0.03f 

g/L, median 
IQR 

0.57 
(0.52, 0.92)  

0.49 
(0.40, 0.53) 

0.47 
(0.41, 0.62)  

g/Lb, median 
IQR 
Range 

0.59 
(0.55, 0.99) 
(0.51–1.25)  

0.75 
(0.53, 0.91) 
(0.52–1.16) 

0.63 
(0.6, 0.8) 
(0.51–0.84)  

Hypoglycorrhachiac, N 2 (10)  1 (5) 0 1.0f 

Oligoclonal bands, N 6 (30)  2 (12) 2 (12) 0.6f 

Contrast-enhancing lesion on MRId      

0 lesions 8 (40) 10 (50) 13 (65) 15 (75) <0.0001e 

1–2 lesions 5 (25) 9 (45) 7 (35) 5 (25)  
3–4 lesions 4 (20) 1 (5) 0 0  
5–6 lesions 3 (15) 0 0 0  

Values are counts and proportions or median, interquartile range (IQR), and range. sIL2R: Plasma soluble interleukin 2 receptor. ACE: Plasma angiotensin-converting 
enzyme. a Of the patients with pleocytosis. b Of the patients with protein elevation. c Spinal glucose concentration <40 mg/dL.d MRI was graded as: 0 lesions - no 
enhancement; 1–2 lesions - mild enhancement; 3–4 lesions - moderate enhancement; 5–6 lesions - severe enhancement. e From mixed-effects model. f Exact McNemar’s 
test between baseline and 12-month visit. 
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Table 3 
Overview of clinical and MRI findings at baseline in 20 neurosarcoidosis patients, treatment given, and symptoms at 12- months visit.  

Age Baseline Treatmentc 12 months  

Manifestations   MRI Brain MRI Spinal cord  Manifestations     

Patients with abnormal MRI scans   

41 Peri. motor, sensory 
signs  

Gd+ Supratentorial: Left temporal region, plexus 
choroideus, hypophysis, slightly pachymeningitis 
bifrontal. 
Infratentorial: Leptomeningeal and 
pachymeningitis in posterior fossa. 

Cervical cord: Diffuse dural, 
intramedullary C3-C4. 

Pred (base. – 
V12) 
Pred at V12 7.5 
mg daily 
MTX (base. – V3) 
Cyclo (V3 – 
between V6/ 
V12) 
MMF (between 
V6/V12 – V12) 

Improved 
Slightly peri. sensory 
signs    

Other Extensive WM lesion in left temporal region. 
Dirty-appearing WM bilateral in centrum 
semiovale. 

Medullary edema from medulla 
oblongata to Th1.   

58 Headache 
Tinnitus 
Cranial nerve VIII 
Peri. motor signs 
Ocular  

Gd+ Supratentorial: Thalamus, leptomeningeal and 
perivascular. 
Infratentorial: Leptomeningeal and perivascular 
in posterior fossa. 

Cervical cord: Slightly anterior 
leptomeningeal. 
Thoracic cord: Slightly anterior 
leptomeningeal. 

Solu-Me. pulse 
base. 
Pred (base. – 
V12) 
Pred at V12 10 
mg daily 
MTX (base. – 
V12) 

Moderate improved 
Headache 
Tinnitus 
Peri. motor signs    

Other Minor subacute and late subacute lacunary 
infarction in both cerebral hemispheres and right 
cerebellar hemisphere. 
Microbleeds in left corona radiata. 
Dirty-appearing WM in cerebrum; temporal 
region, corona radiata, centrum semiovale, and 
cerebellum. 

Normal   

54 Headache 
Tinnitus 
Vertigo 
Skin rash  

Gd+ Supratentorial: Extensive leptomeningeal and 
perivascular. 
Infratentorial: Extensive leptomeningeal and 
perivascular.  

Pred (base. – 
V12) 
Pred at V12 7.5 
mg daily 
AZA (base. – 
V12) 

Improved 
Chest symptoms    

Other Sequelae after microbleeds supratentorial, in pons 
and cerebellum. 
WM lesion in cerebellum.    

56 Peri. motor, sensory 
signs  

Gd+ Infratentorial: leptomeningeal along medulla 
oblongata. 

Cervical cord: Extensive 
leptomeningeal C1-Th1. 
Thoracic cord: Leptomeningeal 
Th4-Th6 and Th9-Th11. 

Pred (base. – 
V12) 
Pred at V12 10 
mg daily 
MTX (base. – 
V12) 

Improved 
Peri. motor, sensory 
signs    

Other Normal Medullary edema C1-Th1 and 
Th4-Th6.   

49 Headache 
Cranial nerve XIII 
Peri. motor signs 
Joint symptoms 
Skin rash  

Gd+ Supratentorial: diffuse perivascular and slightly 
leptomeningeal. 

Thoracic cord: Dural element. Pred (base. – 
V12) 
Pred at V12 12.5 
mg dailyd 

AZA (base. – V3) 
MMF (V3 – V6) 
AZA (V6 – V12) 

Improved 
Headache 
Chest symptoms    

Other Normal Normal   
59 Headache 

Tinnitus 
Vertigo 
Peri. sensory signs 
Chest symptoms 
Joint symptoms  

Gd+ No enhancement. Cervical cord: Smaller nodular 
leptomeningeal. 

Pred (base. – 
V12) 
Pred at V12 7.5 
mg daily 
AZA (V6 – V12) 

Moderate improved 
Tinnitus 
Vertigo 
Chest symptoms 
Joint symptoms    

Other Normal Normal   
52a Cranial nerve VI, 

VII, VIII, X, XI 
Ocular symptoms  

Gd+ Infratentorial: Pachymeningitis basalt.  Solu-Me. pulse 
base. 
Pred (base. – 
V12) 
Pred at V12 10 
mg daily 
AZA (base. – 
V12) 

Improved 
Tinnitus 
Ocular symptoms    

Other Normal-appearing WM lesion.    
46 Peri. sensory signs  Gd+ No enhancement. Thoracal cord: Extensive dural 

and intramedullary Th3 to Th7. 
Pred (base. – 
V12) 

(continued on next page) 
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Table 3 (continued ) 

Age Baseline Treatmentc 12 months  

Manifestations   MRI Brain MRI Spinal cord  Manifestations 

Pred at V12 7.5 
mg daily 
AZA (base. – 
V12) 

Improved 
Discreet peri. 
sensory signs    

Other Normal Medullary edema Th1-Th8.   
61 Headache 

Tinnitus 
Vertigo 
Peri. motor signs 
Joint symptoms  

Gd+ Infratentorial: pachymeningitis and along the 
brain stem. 

Cervical cord: Diffuse dural. 
Thoracic cord: Diffuse dural. 
Lumbar cord: Conus medullaris 
and cauda equina. 

Pred (base. – 
V12) 
Pred at V12 7.5 
mg daily 
MTX (base. – 
V12) 

Improved 
Headache 
Discreet peri. 
sensory signs 
Chest symptoms    

Other Hydrocephalus 
Normal-appearing WM lesion. 

Normal   

78 Peri. sensory signs  Gd+ No enhancement Cervical cord: Dural lesion. 
Thoracic cord: Multiple dural 
lesions Th1-Th12. 
Lumbar cord: Conus medullaris 
and cauda equina. 

Pred (base. – 
V12) 
Pred at V12 7.5 
mg daily 
MTX (base. – 
V12) 

Improved 
Headache 
Peri. sensory signs 
Chest symptoms    

Other Normal-appearing WM lesion. Medullary edema C7-Th4.   
55 Headache 

Vertigo 
Peri. motor, sensory 
signs 
Joint symptoms  

Gd+ Supratentorial: Basal pachymeningitis, 
hypophysis. 
Infratentorial: Leptomeningeal, along the brain 
stem and right trigeminal nerve. 

Cervical cord: Diffuse 
leptomeningeal. 
Thoracic cord: Diffuse 
leptomeningeal Th9-Th12. 
Lumbar cord: Conus medullaris 
and cauda equina. 

Pred (base. – 
V12) 
Pred at V12 7.5 
mg daily 
MTX (base. – 
V12) 

Improved 
Discreet peri. motor, 
sensory signs 
Joint symptoms    

Other Hydrocephalus 
WM lesion in pons. 

Normal   

57a Headache 
Vertigo 
Peri. motor signs  

Gd+ Supratentorial: Slightly diffuse pachymeningitis 
Infratentorial: Leptomeningeal and 
pachymeningitis along the brain stem and brain 
nerves. 

Cervical cord: Diffuse 
leptomeningeal. 
Thoracic cord: Diffuse 
leptomeningeal. 
Lumbar cord: Leptomeningeal, 
conus medullaris and cauda 
equina. 

Solu-Me. pulse 
base. 
Pred (base. – 
V12) 
Pred at V12 7.5 
mg daily 
Cyclo (V1 – V3) 
MTX (V3 – V12) 

Improved 
Peri. motor signs    

Other Recent infarction in cerebellum. 
Extensive WM lesions. 

Normal      

Patients with normal MRI scans   
32 Headache 

Tinnitus 
Joint symptoms 
Erythema nodosum  

Gd+
Other 

No enhancement 
Normal  

Pred (base. – 
V12) 
Pred at V12 7.5 
mg daily 

Improved 
No symptoms 

30 Tinnitus 
Vertigo 
Cranial nerve VIII 
Ocular symptoms 
Chest symptoms 
Joint symptoms 
Skin rash  

Gd+
Other 

No enhancement 
Normal 

Normal Pred (base. – 
V12) 
Pred at V12 5 mg 
daily 

Improved 
Headache 
Tinnitus 

51 Headache 
Tinnitus 
Ocular symptoms 
Chest symptoms  

Gd+
Other 

No enhancement 
Normal 

Normal Pred (base. – 
V12) 
Pred at V12 12.5 
mg daily 
AZA (base. – 
V12) 

Improved 
Headache 
Tinnitus 
Ocular symptoms 

36 Cranial nerve 
bilateral VII 
Ocular symptoms 
Chest symptoms 
Joint symptoms  

Gd+
Other 

No enhancement 
Normal  

Pred (base. – 
V12) 
Pred at V12 5 mg 
daily 
AZA (base. – 
V12) 

Improved 
Headache 
Skin rash 

45 Headache 
Tinnitus 
Vertigo 
Cranial nerve V 
Peri. sensory signsb 

Chest symptoms 
Joint symptoms 
Skin rash  

Gd+
Other 

No enhancement 
Normal 

Normal Pred (base. – V6) 
MTX (V1 – V6) 

Improved 
Headache 
Tinnitus 
Vertigo 
Peri. sensory signsb 

Chest symptoms 
Joint symptoms 

23 Headache 
Tinnitus 
Vertigo 
Peri. motor, sensory  

Gd+
Other 

No enhancement 
Normal 

No enhancement 
Normal 

Pred (base. – 
V12) 
Pred at V12 10 

Improved 
Headache 
Tinnitus 
Ocular symptoms 

(continued on next page) 
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improvement in mRS after 12 months, where 75% of patients had 
clinically important improvement, and four (20%) patients were in 
remission. 

Cognitive effects are reported in 35% of sarcoidosis patients and 56% 
of NS patients (Elfferich et al., 2010; Voortman et al., 2019a). In the 
current study, we assessed cognitive function using the SDMT. Patients 
improved their SMDT score early in the treatment at V3, but at V12 the 
mean SMDT value was still under 53, which is the typical score in 
healthy middle-aged adults (Sheridan et al., 2006). Frequent testing 
(Roar et al., 2016) is a potential confounder regarding improvement of 
SDMT score. However, current practice in clinical trials is quarterly 
testing. Therefore, we believe that the higher SDMT demonstrated in our 
study is a sign of cognitive stabilization or improvement that is clinically 
relevant and related to the immunotherapy and not only a training 
effect. 

Regarding the SF-36, the MCS baseline score in NS patients was 
slightly lower than that reported in extra-neurological sarcoidosis pa-
tients, and the PCS score was nearly the same (Cox et al., 2004). 
Treatment significantly improved the scores for five of the eight SF-36 
domains (RP, BP, VT, SF, and MH) and the two component sum-
maries, PCS and MCS. However, NS patients still had substantially 
reduced health status after one year of immunosuppression. Compared 
to the Danish population (Bjorner et al., 1997), the SF-36 score was 

reduced by 10–30 points in the eight domains and by 6–10 points in PCS 
and MCS. 

Fatigue and depression are frequent in patients with sarcoidosis or 
NS; in our cohort, 80% of NS patients reported fatigue, nearly similar to 
a previous report (Voortman et al., 2019a). While we found a depression 
prevalence of 45% at baseline, however, other studies using a different 
scale (Center for Epidemiologic Studies Depression Scale) have reported 
a slightly higher prevalence, 60–66% (Chang et al., 2001; Cox et al., 
2004). Although patient-reported fatigue reduced significantly during 
12 months of immunosuppression in our study, the number of NS pa-
tients with substantial fatigue remained high. Likewise, the proportion 
of patients with a high BDI-II score remained unchanged. This is most 
likely due to the multifactorial aetiology of fatigue and depression 
(Chang et al., 2001; de Kleijn et al., 2013; Drent et al., 2012; Hendriks 
et al., 2018) and the difficulty of treating fatigue (Atkins and Wilson, 
2017). 

Recent new guidelines recommend an escalation regime depending 
on the NS severity (Baughman et al., 2021), and glucocorticoids are the 
cornerstone of treatment. If glucocorticoid is not sufficient, additional 
treatment is added. The second-line treatment includes preferably MTX 
or alternatively azathioprine or mycophenolate mofetil; the third-line 
option is the tumor necrosis factor α inhibitor infliximab. Cyclophos-
phamide has found to be beneficial in retrospective series (Doty and 
Judson, 2003; Lower et al., 1997) and has been proposed as fourth-line 
treatment (Voortman et al., 2019b). In a study of patients with extra- 
neurologic sarcoidosis, azathioprine was as effective as MTX but 
caused more adverse events (Vorselaars et al., 2013). In the current 
study, nearly all patients were offered either MTX or azathioprine in 
combination with glucocorticoids from the start of treatment. These 
were well tolerated, and only a few infections were seen. Earlier studies 
that assessed the treatment response to glucocorticoids alone showed 
<40% of the patients improved (Agbogu et al., 1995; Lower et al., 1997; 
Scott et al., 2007; Zajicek et al., 1999). However, in a meta-analysis, 
71% of patients were reported having a favorable outcome on gluco-
corticoids (Fritz et al., 2016). 

The strength of this study is the prospective design, in which patients 
were systematically examined and included in the study when the NS 
diagnosis was established. 

This study also has some limitations, however. First, the number of 
patients was low due to the rarity of NS. Second, mRS and the grading of 
the clinical symptoms do not detect minor degrees of improvement or 
deterioration. Third, several of the scales used, e.g., mRS and SDMT, 
were developed for other neurological diseases. Finally, NS patients are 
treated with immunosuppression for several years, and in this context, a 
year is modest. 

Table 3 (continued ) 

Age Baseline Treatmentc 12 months  

Manifestations   MRI Brain MRI Spinal cord  Manifestations 

signs 
Chest symptoms 
Skin rash 

mg daily 
MTX (V6 – V12) 

56 Headache 
Vertigo 
Peri. sensory signs 
Chest symptoms 
Joint symptoms 
Skin rash  

Gd+
Other 

No enhancement 
Normal  

Pred (base. – 
V12) 
Pred at V12 2.5 
mg daily 

Improved 
Vertigo 
Peri. sensory signs 
Chest symptoms 

47 Headache 
Tinnitus 
Vertigo 
Peri. sensory signs 
Chest symptoms 
Joint symptoms  

Gd+
Other 

No enhancement 
Normal 

No enhancement 
Normal 

Pred (base. – 
V12) 
Pred at V12 7.5 
mg daily 
MTX (base. – 
V12) 

Improved 
Headache 
Vertigo 
Chest symptoms 
Joint symptoms  

Table 4 
Observed Modified Rankin Score and Symbol Digit Modalities Test outcomes in 
20 patients with neurosarcoidosis.   

Baseline 3 months 6 months 12 months p-valueb 

Modified 
Rankin Score 

3.0 
(0.8) 

2.5 (0.8) 2.4 (0.9) 1.8 (1.1) <0.0001 

Change from 
baselinea  

− 0.5  
(− 0.8 - 
− 0.1) 

− 0.6  
(− 0.9 - 
− 0.3) 

− 1.2  
(− 1.5 - 
− 0.9)  

MCID 
improved  

9 (45) 11 (55) 15 (75)  

MCID 
worsened  

0 0 0  

Symbol Digit 
Modalities 
Test 

38 (9) 43 (11) 43 (12) 45 (12) <0.0001 

Change from 
baselinea  

4.7 
(2.1–7.3) 

4.4 
(1.8–6.9) 

6.4 
(3.8–9.0)  

MCID 
improved  

12 (60) 11 (55) 12 (60)  

MCID 
worsened  

2 (10) 2 (10) 2 (10)  

Values are mean and standard deviation (SD) or counts and proportions. MCID: 
minimum clinically important difference; in modified Rankin Score ≥ 1, in 
Symbol Digit Modalities Test ≥4. a Mean difference from baseline with a 95% 
confidence interval. b From mixed-effects model. 
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5. Conclusion 

This study describes the one-year follow-up of a cohort of patients 
with the rare condition of neurosarcoidosis. Most patients had neuro-
logical symptoms at onset, which underlines the importance for clini-
cians to be aware of this differential diagnosis even when sarcoidosis is 
not immediately suspected. The 12-month follow-up period showed that 
immune-suppressive treatment in the form of oral glucocorticoid and 
MTX or azathioprine is not only well tolerated but also effective in 
reducing the contrast-enhancing lesions on MRI scans and improving 
daily physical functioning as assessed by the modified Rankin Scale. 
While cognitive function and quality of life also improved, symptoms of 
depression and the substantial fatigue were unaffected by treatment. 

In conclusion, this study provides vital information about the clinical 
and paraclinical features of neurosarcoidosis and treatment outcome 
during a 12-month follow-up period. 
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Table 5 
Reported Short Form-36, Fatigue Assessment Scale, and Beck Depression 
Inventory-II outcomes in 20 patients with neurosarcoidosis.   

Baseline 3 months 6 months 12 
months 

p-valueb 

Short Form-36      
Physical 
Component  

(PCS) 

35 (11) 40 (11) 40 (11) 41 (12) 0.003 

Change from 
baselinea  

5 (2–7) 4 (1–7) 6 (3–9)  

MCID 
improved  

10 (50) 9 (45) 9 (45)  

MCID 
worsened  

0 1 (5) 1 (5)  

Mental 
Component 

Summary 
(MCS) 

41 (9) 44 (11) 45 (10) 48 (10) 0.03 

Change from 
baselinea  

2 (− 2–6) 3 (− 1–8) 6 (2− 10)  

MCID 
improved  

6 (30) 6 (30) 12 (60)  

MCID 
worsened  

3 (15) 5 (25) 4 (20)  

Physical 
function (PF) 

59 (30) 67 (29) 61 (32) 65 (31) 0.1 

Change from 
baselinea  

8 (1–16) 2 (− 5–10) 7 
(− 1–14)  

Role physical 
(RP) 

19 (32) 28 (40) 40 (42) 54 (48) 0.0002 

Change from 
baselinea  

9 (− 8–25) 21 (5–38) 35 
(18–52)  

Bodily pain 
(BP) 

46 (26) 63 (28) 64 (24) 69 (30) <0.0001 

Change from 
baselinea  

17 (7–27) 18 (8–28) 23 
(13− 33)  

General 
health (GH) 

49 (16) 52 (18) 51 (20) 53 (22) 0.7 

Change from 
baselinea  

3 (− 4–10) 2 (− 5–9) 4 
(− 3− 10)  

Vitality (VT) 35 (21) 48 (22) 45 (23) 50 (24) 0.0003 
Change from 
baselinea  

14 (6–21) 11 (3–18) 16 (8–23)  

Social 
function (SF) 

59 (29) 66 (28) 70 (28) 71 (26) 0.01 

Change from 
baselinea  

6 (− 1–14) 11 (3–18) 11 (4–19)  

Role 
emotional 
(RE) 

42 (46) 47 (46) 48 (41) 60 (47) 0.4 

Change from 
baselinea  

5 
(− 16–26) 

7 
(− 14–28) 

18 
(− 3–39)  

Mental health 
(MH) 

62 (16) 65 (19) 68 (16) 74 (18) 0.006 

Change from 
baselinea  

3 (− 4–11) 6 (− 1− 13) 12 (5–20)  

Fatigue 
Assessment 

Scale (FAS) 

30 (8) 28 (9) 30 (9) 28 (9) 0.04 

Change from 
baseline  

− 2.8  
(− 5.2 - 

-0.4) 

− 0.6 
(− 3.0–1.8) 

− 2.7 
(− 5.1 - 
-0.3)  

Score ≥ 22 16 (80) 15 (75) 16 (80) 15 (75) 1c 

MCID 
improved  

9 (45) 6 (30) 9 (45)  

MCID 
worsened  

1 (5) 5 (25) 4 (20)  

Beck Depression 
Inventory-II 

(BDI-II) 

14 (9) 14 (7) 13 (8) 13 (8) 0.8 

Change from 
baselinea  

0 (− 3–3) − 1 (− 3–2) − 1 
(− 4–1)  

Score ≥ 15 9 (45) 10 (50) 8 (40) 7 (35) 0.6c 

Values are mean and standard deviation (SD) or counts and proportions. MCID: 
minimum clinically important difference; in SF-36 Mental Component ≥5, SF-36 
Physical Component Summary ≥5, Fatigue Assessment Scale ≥4. a Mean 

difference from baseline with a 95% confidence interval. b From mixed-effect 
model. c Exact McNemar’s test between baseline and 12-month visit. 
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