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Sarcoidosis is an inflammatory disease characterized by noncaseating granulomatous 
inflammation of various organ systems.1 The first case descriptions of sarcoidosis were of the 
dermatological manifestations. J. Hutchington described the first known case in 1869, followed 
by the first histological description of granulomas by Caesar Boeck in 1897.2,3 The latter coined 
the term ‘sarkoid’ because it resembled sarcoma. In 1946 Sven Löfgren described the 
combination of bilateral hilar lymphadenopathy, erythema nodosum and febrile arthropathy 
and later combined the clinical description with histological proof, termed ‘Löfgren syndrome’.4 
The first neurosarcoidosis patient was described in 1909 by Christian Frederick Heerfordt, a 
Danish ophthalmologist. He described ‘febris uveoparotidea subchronica’, later known as the 
Heerfordt syndrome.5 He described three cases with the combination of cutaneous lesions, 
uveitis, enlargement of the parotid gland and paresis of the cranial nerves (optical nerve, facial 
nerve vagal nerve and glossopharyngeal nerve). Interestingly, the third case consisted of a 
patient with a febrile onset, followed by a parotitis and uveitis, multiple cranial nerve palsy, 
sensory symptoms resembling a spinal cord manifestation and pleiocytosis in the cerebrospinal 
fluid. Over time our understanding of sarcoidosis changed from a solely dermatological 
condition to a multisystem disease, including neurological manifestations.
It is hypothesized that sarcoidosis is caused by an enhanced immune response to so far 
unidentified antigens in genetically predisposed individuals.1 The hallmark of the disease are 
granulomas, and these consist of an accumulation of macrophages, dendrite cells, T cells, B 
cells, and fibroblasts.6 It is thought of as a T cell dominant response with a central role for the 
cytokines interferon-gamma and tumor necrosis factor-alpha, leading to an enhanced activation 
state of these cells. Even though various antigens have been isolated from granulomas, including 
proprioni bacterial and mycobacterial antigens, no single agent was found to be causative.1 A 
role for both the innate and adaptive immune system seems likely with a central role for 
dendritic cells and antigen presentation, which is also highlighted by the frequently found 
associations in recent genome-wide association studies with variants in the human leukocyte 
antigen genes.7 
Sarcoidosis incidence varies around the world, with an estimated incidence between 1 and 35 
per 100.000 per year.1 Northern European and African-American patients are most frequently 
affected with rates of African-Americans being three times higher. The disease affects men and 
women equally and mainly affects patients between 25 and 45 years of age. Sarcoidosis is a 
multisystem disease and multiple organ involvement is seen in about half of the patients.8 The 
lungs are involved in 95% of cases. Sarcoidosis can affect all other organ systems, but frequently 
involve the eyes in 10-30%, liver in 20-30%, peripheral lymph nodes in 10-20%, and skin 
in 15%. Neurosarcoidosis is considered a rare manifestation of sarcoidosis and accounts for 
5-15%.9 It is defined as the presence of granulomas in the nervous system, which can involve 
the peripheral and the central nervous system. Clinical symptoms vary from cranial nerve 
palsy to endocrinopathy, from myopathy to myelopathy. Clinical clues pointing towards the 
diagnosis sarcoidosis can be a concurrent uveitis anterior, erythema nodosum or lupus pernio. 
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Because of the diversity of the presenting symptoms, neurosarcoidosis is a notorious mimicker 
and a thorough work-up is indicated to rule out other diagnoses. Hallmark of the diagnosis 
is a confirmation of noncaseating granulomas in tissue biopsy. However, biopsy confirmation 
of nervous system involvement can be difficult and can have serious consequences. For example, 
brain biopsy is associated with morbidity in 3,5% and mortality in 0,7% of cases.10 To aid the 
clinician in this diagnostic process, various criteria have been established. First, criteria have 
been proposed by Zajicek et al in 1999 and were later modified by Marangoni et al and Tavee 
et al (table 1).9,11 Second, the World Association of Sarcoidosis and Other Granulomatous 
Disorders (WASOG) updated their criteria in 2014 (table 2).12 Both sets of criteria link a 
suggestive clinical presentation and abnormalities of ancillary investigations to histopathological 
proof of noncaseating granulomas obtained outside the nervous system. The diagnostics are 
therefore geared towards determining neurological involvement and disease activity, systemic 
imaging to evaluate for an optimal biopsy location, and ruling out other possible diagnosis. 
However, the exact diagnostic value of these criteria remains unknown. Serological biomarkers 
(mainly angiotensin converting enzyme and soluble interleukin-2 receptor), cerebrospinal 
fluid studies and gadolinium enhanced magnetic resonance imaging are all frequently used 
investigations. Importantly, the yield of these diagnostic tests have not been studied. If the 
diagnosis is made, treatment consist of immunosuppressive therapy. Depending on the extent 
of the disease involvement and patient characteristics, neurosarcoidosis can be treated with 
corticosteroids (first-line), methotrexate or azathioprine (second-line) or tumor necrosis factor-
alpha therapy (third-line). However, relapses frequently occur, often warranting long-term 
treatment.9 In addition to the caveats in diagnostic process, the exact treatment effect, the 
timing and the duration of second- and third-line treatments remains unknown. Furthermore, 
negative effects of mainly third-line treatment choices are unclear. 

Table 1. Zajicek criteria 

A clinical presentation suggestive of neurosarcoidosis in which all other diagnoses have been 
excluded 

‘Definite neurosarcoidosis’ Positive nervous system histology

‘Probable neurosarcoidosis’ 1.  Signs of inflammation in the central nervous system on 
MRI or CSF (elevated protein, cells, immunoglobulin G 
indices, or presence of oligoclonal bands) compatible with 
neurosarcoidosis; and

2.  Positive histology for a systemic lesion or positive results for 
at least two of the following tests: FDG-PET, gallium scan, 
chest HRCT, serum ACE

‘Possible neurosarcoidosis’ Above criteria not met

ACE, angiotensin converting enzyme; FDG-PET, fluorodeoxyglucose positron emission tomography; 
HRCT, high resolution computed tomography, CSF, cerebrospinal fluid, MRI, magnetic resonance 
imaging
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AIM AND OUTLINE OF THIS THESIS

The aim of the present thesis is to gain better insight in the clinical characteristics, the results 
of ancillary investigations, efficacy of immunosuppressant treatment, and the outcome of 
neurosarcoidosis. Furthermore, we try to unravel the genetic predisposition of a family with 
a high prevalence of neurosarcoidosis. 

In chapter 2 we describe a meta-analysis conducted to determine clinical features, treatment, 
and outcome of patients with neurosarcoidosis over the last 35 years. Chapter 3 consist of a 
systematic review with an overview of the most recent advances in our understanding of 
neurosarcoidosis, incorporating the data described in chapter 2. In chapter 4 we give an 
extensive overview of small fiber neuropathy, an often disabling neuropathy involving the thin 
myelinated A∂- and unmyelinated C-fibers that can lead to pain and autonomic symptoms. 
This often disabling manifestation can occur in patients with (neuro)sarcoidosis. In chapter 
5 we describe the clinical presentation, ancillary investigations, treatment, and disease course 
of patients with neurosarcoidosis in a cross-sectional study conducted at our tertiary referral 
center. 
At our clinic, a tertiary referral center for sarcoidosis, a patient with treatment refractory 
neurosarcoidosis died following a relapse of the disease. This patient belonged to a Surinam 
family with an unusual high rate of sarcoidosis. At the request of our patient and her family, 
we tried to unravel genetic risk factors associated with (neuro)sarcoidosis using whole genome 
sequencing. The results of this genetic analysis are described in chapter 6. 
A fluorodeoxyglucose positon emission tomography (18F-FDG PET)-CT scan can aid in the 
diagnostic process to evaluate for systemic disease involvement and to find an optimal biopsy 
location. In chapter 7 we describe the clinical utility of whole body 18F-FDG PET-CT in the 

 Table 2. WASOG criteria

‘Highly probable neurosarcoidosis’ 
At least 90% likelihood

When clinical signs consistent with granulomatous disease 
of the CNS parenchyma or meninges are present alongside 
with imaging characteristics of disease (predominantly MRI 
enhancement of either CNS parenchyma or meninges)

‘Probable neurosarcoidosis’ 
A 50-89% likelihood

Facial palsy with negative MRI-brain or any other clinical 
syndrome suggestive of intra-axial (inclusive of CSF and brain 
vasculature) or extra-axial and peripheral nerve inflammation in 
absence of MRI confirmation

‘Possible neurosarcoidosis’ 
Less than 50% likelihood

Seizure or cognitive decline with negative MRI.

Additional criteria required to fulfill the WASOG criteria: 1) Biopsy of the nervous system demonstrating 
granulomatous inflammation of no alternate cause implies highly probable involvement; 2) another 
organ has demonstrated granulomatous inflammation of no alternate cause; 3) alternative causes for 
the clinical manifestation have been reasonable excluded. 
CNS, central nervous system, MRI, magnetic resonance imaging, CSF, cerebrospinal fluid
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1
diagnostic work-up of patients suspected of neurosarcoidosis. In chapter 8 we describe two 
cases of cryptococcal meningitis complicating sarcoidosis, a rare complication with important 
therapeutic consequences. Treatment with infliximab, a tumor necrosis factor-alpha blocker, 
has emerged as a promising option in the past years in patients with neurosarcoidosis refractory 
to first- and/or second-line therapy. In chapter 9 we evaluate the potential beneficial effect of 
tumor necrosis factor-alpha (TNF-α) blockers in collaboration with the Erasmus Medical 
Center and studied the use of infliximab in biopsy proven neurosarcoidosis patients and 
evaluate the treatment response and safety in a large tertiary center cohort. This thesis concludes 
with a general discussion in chapter 10, in which the implications of the presented studies 
are discussed and suggestions for future research are proposed.
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ABSTRACT

Background
Neurosarcoidosis is a rare variant of sarcoidosis and is only described in small cohort studies. 
We define clinical features, treatment and outcome of patients with neurosarcoidosis over the 
last 35 years.

Methods
We performed a systematic review and meta-analysis of studies on neurosarcoidosis published 
between 1980 and 2016. Studies were included if they reported at least 5 cases. Studies 
describing one specific neurological presentation were excluded. 

Results
We identified 29 articles describing 1088 patients diagnosed between 1965 and 2015. 
Neurosarcoidosis occurred in 5% of patients with systemic sarcoidosis. Mean age at presentation 
was 43 years and neurological symptoms were the first clinical manifestation of sarcoidosis in 
52%. The most commonly reported feature of neurosarcoidosis was cranial neuropathy in 
55%, with the facial and optic nerve most commonly affected, followed by headache in 32%. 
Pleiocytosis and elevated CSF protein were found in 58% and 63%. MRI of the brain showed 
abnormalities in 70%. Chest X-ray, chest CT, or gallium-67-scintigraphy showed findings 
consistent with sarcoidosis in 60%, 70% and 69%, respectively. First-line therapy with 
corticosteroids was initiated in 434 of 539 patients (81%). Second- and third-line therapy 
was started in 27% and 9%. Outcome consisted out of complete remission in 27%, incomplete 
remission in 32%, stable disease in 24%, deterioration in 6% and death in 5%.  

Conclusion
Neurosarcoidosis has a heterogeneous clinical presentation and the diagnosis can be difficult 
because of low sensitivity of ancillary investigations. New treatments have emerged, but 
nevertheless one third of patients do not respond to treatment. Prospective cohort studies and 
RCTs on treatment are urgently needed.
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BACKGROUND

Sarcoidosis is a multisystem granulomatous inflammatory disease of unknown etiology, that 
typically affects young adults.1 The incidence varies throughout the world, but is estimated to 
be between 10 and 20 per 100.000 population.2 It mainly affects lung, skin and eyes, and has 
reported to involve the nervous system in 5-20%.3,4 Neurologic manifestations described are 
cranial nerve palsy, aseptic meningitis, peripheral neuropathy and myopathy.5 Data on 
neurosarcoidosis are mostly derived from single-centre retrospective studies and vary 
considerably between studies.6 Treatment is based on expert opinion, and no randomized 
controlled trial have been done comparing treatment in patients with neurosarcoidosis.7

Diagnostic criteria for neurosarcoidosis have been proposed based on a clinical presentation 
suggestive of neurosarcoidosis, results of ancillary investigations and exclusion of other 
diagnoses.5,8-10 A definite diagnosis of neurosarcoidosis is met in only a minority of patients 
because this needs histologic confirmation of noncaseating granulomas of affected nervous 
system tissue. A probable diagnosis is defined as evidence of nervous system inflammation on 
magnetic resonance imaging (MRI) or cerebrospinal fluid (CSF; elevated protein, cells, 
immunoglobin G indices, or presence of oligoclonal bands) in combination with evidence of 
systemic sarcoidosis with histological confirmation and/or at least two of the indirect indicators 
consisting of fluorodeoxyglucose positron emission tomography (FDG-PET), gallium scan, 
chest imaging, and serum angiotensin converting enzyme (ACE). Possible neurosarcoidosis is 
defined a clinical suspicion and exclusion of other diagnoses, but above mentioned criteria are 
not met. 

We performed a systematic review and meta-analysis to determine clinical features, treatment, 
and outcome of patients with neurosarcoidosis over the last 35 years.

METHODS

PubMed and Embase were searched using the search terms “neurosarcoidosis”, “sarcoidosis” 
and “nervous system”. Studies written in Dutch, English, French, German, or Spanish 
published between 1980 and March 2016 were considered for inclusion. Studies were included 
in the meta-analysis if they reported at least 5 cases of neurosarcoidosis, involving at least 
intracranial manifestations other than isolated hypothalamo-pituitary neurosarcoidosis. Studies 
were excluded if they: 1) reported only on a specific subset of neurosarcoidosis manifestations 
(e.g., neuro-ophthalmic or spinal cord neurosarcoidosis); or 2) were duplicate publications. 
Clinical features described in at least five case studies are reported. Data on study characteristics, 
demographic features, clinical manifestations, ancillary investigations, treatment, and outcome 

Clinical features, treatment and outcome in neurosarcoidosis
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were systematically scored by DF and MB. Therapy was classified as first-line, second-line, or 
third-line therapy. First-line therapy consists of corticosteroid treatment, second-line treatment 
consists of immunosuppressive therapy with methotrexate, azathioprine, mycophenolate 
mofetil, cyclosporine A, or (hydroxyl)chloroquine, and third-line therapy either consists of 
cyclophosphamide or immune-modulating medication (tumor necrosis factor-alpha inhibitors 
(TNF-α) or B cell targeted therapy).3 Remission was defined as complete improvement, 
without residual symptoms. Favourable outcome was defined as remission, either complete 
or incomplete, and no need for alternative immunosuppressants. 
We performed a pooled reanalysis of all published data in the included studies. Because of 
heterogeneity between studies, all data is presented as a number for which a certain characteristic 
is present out of the total number of patients for which it was described (n/N [%]) and a 95% 
confidence interval (95% CI) was used. For continuous data the standard deviation (SD) was 
used. Heterogeneity between studies was calculated for all reported variables using the 
Cochrane Q and I2 statistical tests. 

RESULTS

Our search identified 2994 articles of which 29 studies remained after screening (figure 1), 
including 1088 patients diagnosed from 1965 to 2015.6,8,9,11-36 The number of patients per 
study ranged from 5 to 305 patients (median 27, interquartile range [IQR] 13 - 37, 
supplementary table 1). The individual study periods varied between 3 and 31 years (median 
13 years, IQR 9 - 15). Only one of 29 studies was performed prospectively (3%);6 24 of 29 
(83%) were single-centre studies.6,9,11-19,21-27,29-31,34-36 Inclusion criteria were described in 27 of 
29 studies (93%) and were based on the Zajicek criteria in 11 studies.8,9,25,27-31,33,35,36 Four studies 
included patients with definite or probable neurosarcoidosis according to these criteria, and 
seven included definite, probable, or possible neurosarcoidosis.8,9,25,27-31,33,35,36 Eleven studies 
included biopsy-proven sarcoidosis.6,11,14,16,18,20-23,32,34 Five studies included patients with the 
diagnosis based on either histological evidence of noncaseating granulomas or clinical and 
radiologic findings consistent with the diagnosis sarcoidosis.13,15,17,19,24 Twelve studies considered 
only central nervous system involvement of neurosarcoidosis.8,9,12,17,18,24,26-28,30,33,34 Calculation 
of the heterogeneity of data reported in the pooled study results showed significant heterogeneity 
(I2>50%) occurred for 48 of 110 studied parameters (supplementary table 2A-C).

Patient characteristics
Neurosarcoidosis was diagnosed in 246 cases of 5263 reported cases of systemic sarcoidosis 
(5%, range 2 - 26%).6,13-15,19,22,31 Mean age at presentation was 43 years (range 11 - 84 years, 
SD 11.57, recalculated from 27 studies including 967 patients; table 1). Overall, 602 of 1088 
patients (55%, 95% CI 52 - 58%) were female. Ethnicity was reported in 739 patients of 
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which 461 patients (62%) were Caucasian and 218 patients (29%) were of African descent. 
In total 652 patients were diagnosed according to Zajicek diagnostic criteria:8,9 159 patients 
(25%) were classified as having definite neurosarcoidosis, 371 (59%) as probable 
neurosarcoidosis and 95 (15%) as possible neurosarcoidosis. 

Clinical characteristics
Neurological symptoms were the first clinical manifestation of sarcoidosis in 344 of 662 
patients (52%, 95% CI 48% - 56%). Patients diagnosed with neurosarcoidosis had a known 

Figure 1. Flow chart of inclusion of studies
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diagnosis of sarcoidosis outside the nervous system in 229 of 728 patients (31%, 95% CI 28 
- 35%). Systemic manifestations of sarcoidosis outside the nervous system at any time during 
disease course occurred in 284 of 339 patients (84%, 95% CI 80 - 88%), consisting of 
pulmonary involvement in 338 of 589 patients (57%), ocular sarcoidosis in 117 of 589 patients 
(20%), lymphadenopathy in 105 of 589 patients (18%), dermatological manifestations in 
104 of 589 patients (18%) and rheumatological manifestations in 104 of 589 patients (18%).
The most commonly reported presenting feature of neurosarcoidosis was cranial neuropathy, 
which occurred in 572 of 1047 patients (55%, 95% CI 52 -58%). Of all cranial nerves, the 
facial nerve (24%, 95% CI 21 - 27%) and optic nerve (21%, 95% CI 18 - 24%) were most 
frequently involved. Other common presenting features were headache (32%, 95% CI 28 - 
35%), sensory abnormalities (29%, 95% CI 24 - 33%), and motor symptoms (19%, 95% CI 
15 - 22%) consisting of hemiparesis (9%, 95% CI 6 - 12%) and paraparesis (11%, 95% CI 7 
- 14%). Meningitis was reported in 105 of 648 patients (16%, 95% CI 13 - 19%). Spinal cord 
abnormalities were reported in 18% (95% CI 15 - 21%) and involvement of the peripheral 
nervous system in 17% of patients (95% CI 14 - 21%), mainly consisting of polyneuropathy; 
myopathy was reported in 43 of 288 evaluated patients (15%, 95% CI 11 - 19%). 

Ancillary investigations
Results of CSF analysis were described in 22 studies (table 2); a lumbar puncture was performed 
in the majority of patients (78%). Pleiocytosis was found in 424 of 730 patients (58%, 95% 
CI 54 - 62%), and CSF white cell counts ranged from 5 to 1571 cells per mm3. CSF total 
protein was elevated in 457 of 729 patients (63%, 95% CI 59 - 66%). The IgG-index was 
elevated in 36 of 89 evaluated cases (40%, 95% CI 30 - 51%) with CSF oligoclonal bands 
present in 77 of 184 patients (46%, 95% CI 35 - 49%). CSF ACE levels were elevated in 189 
of 410 patients (46%, 95% CI 41 - 51%). 
Cranial MRI showed abnormalities in 283 of 362 evaluated patients (79%, 95% CI 74 - 83%), 
consisting of parenchymal lesions in 51% (95% CI 45 - 56%), and contrast enhancement of 
the meninges in 46% (95% CI 42 - 50%) and of cranial nerves in 26% (95% CI 22 - 30%). 
Spine MRI showed abnormalities in 89 of 185 evaluated patients (48%, 95% CI 41 - 55%). 
Chest X-ray showed findings consistent with pulmonary or lymph node sarcoidosis in 277 of 
evaluated 461 patients (60%, 95% CI 56 - 65%) and chest CT in 93 of 132 patients (70%, 
95% CI 63 - 78%). Gallium-67-scintigraphy findings were consistent with sarcoidosis in 96 
of 140 patients (69%, 95% CI 61 - 76%). Whole body 18F-FDG-PET CT, reported in only 
one study, was performed in 19 of 52 patients and showed abnormalities consistent with 
sarcoidosis in 15 patients (78%, 95% CI 57 - 93%).
Serum ACE level was elevated in 238 of 674 patients (35%, 95% CI 32 – 39%), erythrocyte 
sedimentation rate was elevated in 64 of 202 patients (32%, 95% CI 25 - 38%), and 
hypercalcemia was present in 19 of 222 evaluated patients (9%, 95% CI 5 - 12%). A Kveim 
test was performed in eight studies, and was reported positive in 93 of 117 patients (79%, 
95% CI 72 - 87%). 
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Table 1. Patient Characteristics

Characteristic n/Na (%) Characteristic n/Na (%)

Age, yr., meanb (SD) 43.1 (11.57) Neurological symptoms

Sex, male 486/1088 (45)  Headache 271/860 (32)

Ethnicity  Sensory abnormalities 138/484 (29)

 Caucasian 461/739 (62)   Hypaesthesia 39/174 (22)

 African 218/739 (29)   Paraesthesia 69/334 (21)

 Other 27/739 (4)   Neuropathic pain 25/216 (12)

 Unknown 33/739 (4)  Gait abnormalities 128/466 (28)

Presentation of disease  Visual impairment 105/450 (23)

 History of sarcoidosis 229/728 (31)  Fatigue 47/202 (23)

 Systemic sarcoidosis at admission 256/440 (58)  Motor abnormalities 103/552 (19)

 Primary neurological presentation 344/662 (52)   Hemiparesis 41/454 (9)

 Isolated neurosarcoidosis 169/770 (22)   Paraparesis 37/348 (11)

Systemic involvement  Ataxia 64/387 (17)

 Pulmonary 316/469 (67)  Vertigo 39/277 (14)

 Eye 117/469 (25)  Hearing impairment 97/716 (14)

 Dermatological 99/469 (21)  Seizures 132/965 (14)

 Rheumatological 99/469 (21)  Nausea 11/84 (13)

 Otorhinolaryngeal 43/469 (9)  Diplopia 41/361 (11)

 Hepatic 37/469 (8)  Micturition abnormalities 23/206 (11)

 Cardial 26/469 (6)  Dysarthria 36/413 (9)

 Constitutional symptoms 106/469 (23)  Dysphagia 44/481 (9)

Cranial nerve palsy 572/1047 (55)  Psychiatric symptoms 30/390 (8)

 n. VII palsy 227/937 (24)  Nystagmus 11/172 (6)

 n. II palsy 190/910 (21)  Papilledema 23/354 (6)

 n. V palsy 111/942 (12) Site of neurological involvement

 n. VIII palsy 102/914 (11)  Spinal cord disease 98/543 (18)

 n. VI palsy 63/906 (7)  Peripheral neuropathy 97/558 (17)

 n. III palsy 46/869 (5)   Polyneuropathy 56/487 (11)

 n. IX-X palsy 32/882 (4)   (mult.) mononeuropathy 16/137 (12)

 n. I palsy 17/889 (2)   Radiculopathy 7/140 (5)

 n. IV palsy 17/869 (2)  Meningitis 105/648 (16)

 n. XI palsy 5/882 (1)  Myopathy 43/288 (15)

 n. XII palsy 12/882 (1)  Neuroendocrinec 90/1034 (9)

 > 1 cranial nerve involved 206/724 (28)  Hydrocephalus 52/570 (9)

a n/N: number for which a certain characteristic is present out of the total number of patients for which 
it was described.
b The mean age was recalculated from averages presented in 27 studies (967 patients) 
c Panhypopituirism (n=34), Diabetes insipidus (n=21), amenorrhea (n=5), hypothermia/hypotension 
(n=1), galactorrhoea (n=1), not further specified (n=28). 
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Treatment
The treatment strategies are reported in table 3. No immunosuppressive treatment was 
indicated in 99 of 655 patients (15%, 95% CI 12 - 18%). First-line therapy, consisting of 
corticosteroids, was initiated in 434 of 539 patients (81%, 95% CI 77 - 84%); subsequently, 
24% of these patients were switched from first-line to second- or third-line therapy.  
Second-line therapy, consisting of methotrexate, azathioprine, (hydroxyl)chloroquine, 
mycophenolate mofetil, and cyclosporine A, was initiated in 144 of 539 patients (27%, 95% 
CI 23 - 31%). Third-line therapy, consisting of cyclophosphamide and TNF-α antagonists, 
was initiated in 49 of 539 patients (9%, 95% CI 7 - 12%). Overall, 546 of 655 patients (83%, 
95% CI 80 - 86%) were treated with corticosteroids, either as monotherapy or combination 
therapy with a second- or third-line agent; methotrexate was administered in 16% (95% CI 
13 - 19%), azathioprine in 8% (95% CI 6 - 10%), cyclophosphamide in 6% (95% CI 4 - 8%), 
and TNF-α antagonists in 4% (95% CI 2 - 5%). The use of TNF-α antagonists increased 

Table 2. Ancillary investigations on presentation

Characteristic n/Na (%) Characteristic n/Na (%) 

Blood chemical tests Abnormal ancillary investigation

 Serum ACE increasedb 238/674 (35)  Chest X-ray 277/461 (60)

 Serum calcium increasedb 19/222 (9)  Chest CT 93/132 (70)

 ESR >20 mm/hr 64/202 (32)  Gallium-67 scintigraphy 81/123 (66)

 Cranial CT 83/168 (49)

Cerebral spinal fluid analysis  Cranial MRI 283/362 (78)

 Lumbar puncture performed 774/988 (78)   Parenchymal lesions 191/378 (51)

 White cell count (cells/mm3) 5 – 1571   Meningeal enhancement 282/610 (46)

  >5 cells/mm3 424/730 (58)   Mass lesions 82/501 (16)

 Protein (g/L) 0.45 – 22.4   Cranial nerve enhancement 123/478 (26)

  >0.45 g/Lc 457/729 (63)  Spinal MRI 89/185 (48)

 Hypoglycorrhachiac 43/312 (14) Diagnosis

 Increased IgG-indexc 36/89 (40)  Histopathological confirmationd 455/550 (81)

 Oligoclonal bands present 77/184 (42)  Definite neurosarcoidosis 159/625 (25)

 Increased CSF ACEc 189/410 (46)  Probable neurosarcoidosis 371/625 (59)

 Normal 90/332 (27)  Possible neurosarcoidosis 95/625 (15)

a n/N: number for which a certain characteristic is present out of the total number of patients for which 
it was described.
b As reported in articles. The normal values of serum calcium were not reported in studies. The normal 
values of serum ACE varied between > 52 IU/L and >100 IU/L. 
c As reported in the articles. The normal values of CSF glucose, CSF IgG index and CSF ACE varied 
between studies (CSF glucose between <35 mg/dL and <0.50 mg/dL, IgG index between >0.6 and >0.7 
and CSF ACE between > 1U/L and 3 U/L).
d Total histopathological confirmation, either in the CNS or systemic disease



Clinical features, treatment and outcome in neurosarcoidosis

25

2

over time (figure 2). Other reported treatments consisted of neurosurgical intervention in 30 
of 230 patients (13%, 95% CI 9 - 17%), hormonal substitution therapy in 18 of 227 patients 
(8%, 95% CI 4 - 12%), and antiepileptic medication in 14 of 99 patients (14%, 95% CI 7 
- 21%). 

Outcome
Treatment response is reported in table 3. The average time of follow-up was 4 years (IQR 2 
- 7, SD 3.15). Mortality was reported in 23 of 29 studies (79%), ranging from 0 to 33%. 
Overall, 42 of 826 patients died (5%, 95% CI 4 - 7%). The temporal trend of patients with 
neurosarcoidosis with reported substantial improvement is noted in figure 3. Total remission 
was achieved in 126 of 465 patients (27%, 95% CI 23 - 31%), incomplete remission in 147 
of 465 (32%, 95% CI 27 - 36%), stable disease in 111 of 465 (24%, 95% CI 20 - 28%), and 
deterioration in 28 of 465 patients (6%, 95% CI 4 - 8%). Favourable outcome was reported 
in 161 out of 227 patients (71%, 95% CI 65 - 77%) who received only first-line treatment. 
Favourable outcome was reported in 47 of 85 patients (55%, 95% CI 45 - 66%) who received 
second-line therapy and were not switched to third-line therapy. Seven out of 18 patients 
(39%, 95% CI 16 - 62%) who received third-line therapy had a favourable outcome. 

Table 3. Treatment and outcome

Characteristic n/Na (%) Characteristic n/Na (%)

No treatment 99/655 (15) Other treatment modalities

First-line therapy 434/539 (81)  Neurosurgical intervention 30/230 (13)

Second-line therapy 144/539 (27)  Antiepileptic medication 14/106 (13)

Third-line therapy 49/539 (9)  Hormonal substitution 18/227 (8)

Overall treatment Follow-up, yr., mean (SD) 4.4 (SD 3.15)

 Corticosteroids 546/655 (83) Outcome

 Methotrexate 105/655 (16)  Remission 126/415 (27)

 Azathioprine 54/655 (8)  Improvement 147/415 (32)

 (Hydroxy)chloroquine 24/655 (4)  Stable disease 100/415 (22)

 Mycophenolate mofetil 12/655 (2)  Deterioration 19/415 (4)

 Cyclosporine A 10/655 (2)  Mortality 42/826 (5)

 Cyclophosphamide 40/655 (6)

 TNF-α inhibitors 24/655 (4) Favourable outcome per treatment group

Treatment switches  First-line therapy 161/227 (71)

 First- to second- or third-line 88/363 (24)  Second-line therapy 47/85 (55)

 Second- to third-line 14/104 (13)  Third-line therapy 7/18 (39)

 Between third-line 7/23 (30)

a n/N: number for which a certain characteristic is present out of the total number of patients for which 
it was described.
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DISCUSSION

Our data show that neurosarcoidosis is a diverse illness, with heterogeneous clinical 
presentation, varying results of ancillary investigations, and considerable inter-individual 
differences in treatment response. Four clinical presentations could be distilled from our meta-

Figure legend 
<10 patients
10-19 patients
20-29 patients
30-39 patients
>39 patients

Figure 2. Proportion of treatment used according to timeframe

Figure 3. Temporal trend of patients with neurosarcoidosis with reported substantial improvement
The size of the dots corresponds to the amount of patients included in the studies as indicated in the 
figure legend.
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analysis: those presenting with cranial neuropathy, spinal cord inflammation, peripheral 
neuropathy or myopathy, or (chronic) meningitis. Neurological symptoms were the first clinical 
manifestation of sarcoidosis in about half of patients, and of those known with sarcoidosis 
about 5% eventually develop neurosarcoidosis. Although new treatments, such as TNF-α 
antagonists, are increasingly used, the mortality rate among patients with neurosarcoidosis 
remains 5% and about one third does not have a substantial clinical improvement on treatment. 
Our systematic review and meta-analysis has limitations. First, all but one study were 
retrospective, introducing selection bias. This limits the external validity of our results and 
may overestimate effect of treatment in this disease. Second, most studies were performed in 
tertiary referral centres in European countries or the USA, which is also reflected in the 
ethnicity of included patients, again introducing selection bias. Tertiary care patients might 
be more severely affected and perhaps less responsive to treatment. Third, studies used 
heterogeneous inclusion criteria and not all items were reported for all patients. Fourth, 
patients were included over a period of 30 years. Within this time period, alternative diagnoses 
mimicking neurosarcoidosis have been described which previously would be classified as 
probably or even definite neurosarcoidosis. Examples of such mimics are IgG4-related disease 
or the POEMS syndrome.37-39 These rare diseases may present with similar clinical features 
and histopathology. It may well be that different etiologies may exist for a disease that we now 
call neurosarcoidosis. Finally, when performing the meta-analyses we found there frequently 
was significant heterogeneity between studies on the reported data. This confirms the influence 
of the abovementioned biases. 
Making a diagnosis of neurosarcoidosis can be difficult. A definite diagnosis was made only 
in one out of four patients. The far majority of patients were classified as probable 
neurosarcoidosis. Diagnostic classification for neurosarcoidosis includes MRI, CSF and serum 
inflammatory markers, 18F-FDG-PET, gallium scan, and chest imaging.10 Our study shows 
that none of these diagnostic markers seems to have a good accuracy for the diagnosis. 
Multicentre prospective diagnostic studies in patients with suspected neurosarcoidosis are 
needed to test diagnostic accuracy of these tests in the diagnostic process. These studies should 
determine the value of markers noted in the diagnostic criteria as well as other promising new 
markers, such as soluble interleukin-2-receptor.35,40

Clear guidance for the treatment of patients with neurosarcoidosis is lacking. Most treatment 
strategies are extrapolated from few studies on pulmonary sarcoidosis. In our meta-analysis 
83% of patients received corticosteroids, which can be considered the mainstay of treatment 
in neurosarcoidosis. However, 24% of the patients initially treated with first-line therapy were 
switched to second or third-line therapy. In addition, corticosteroid-associated side effects 
occur frequently and can be severe.8,20 Over time, second- and third-line therapy emerged into 
the treatment of neurosarcoidosis, most recently TNF-α antagonists. Value of TNF-α 
antagonists has been suggested only in a phase II randomised controlled trial (RCT) in 
pulmonary sarcoidosis.41 This trial including 138 patients showed that infliximab therapy 
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resulted in a statistically significant improvement in percentage of predicted forced vital 
capacity at week 24. The value of TNF-α antagonists in neurosarcoidosis is based on sporadic 
case series, and it is unclear if patients benefit from a combined therapy of TNF-α antagonists 
and first- and second-line therapy. It is also unclear for how long TNF-α antagonists should 
be continued and whether this therapy is associated with side effects. RCTs on treatments or 
treatment strategies in this disease are urgently needed.

CONCLUSIONS

Neurosarcoidosis develops in 5% of the sarcoidosis patients, and in more than half of these 
patients neurological symptoms are the primary presentation of sarcoidosis. The diagnosis is 
difficult due to the heterogeneous clinical presentation and low sensitivity of ancillary 
investigations. Despite the increasing use of second- and third-line medication, still one-third 
of patients do not improve or deteriorate. These data stress the need for prospective cohort 
studies and treatment trials. 
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Supplementary table 2A. Heterogeneity of variables between studies (patient characteristics)

Characteristic Q statistic/I2 Characteristic Q statistic/I2

Sex 38/26 Neurological symptoms

Ethnicity  Headache 63/65

 Caucasian 108/87  Sensory abnormalities 68/73

 African 150/90   Hypaesthesia 10/32

Presentation of disease   Paraesthesia 35/66

 History of sarcoidosis 28/35   Neuropathic pain 18/66

 Systemic sarcoidosis at admission 54/67  Gait abnormalities 17/48

 Primary neurological presentation 98/76  Visual impairment 36/55

 Isolated neurosarcoidosis 70/79  Fatigue 15/46

Systemic involvement  Motor abnormalities 62/66

 Pulmonary 76/74   Hemiparesis 28/42

 Eye 38/47   Paraparesis 25/48

 Dermatological 24/17  Ataxia 31/51

 Rheumatological 46/57  Vertigo 19/52

 Otorhinolaryngeal 32/38  Hearing impairment 25/40

 Hepatic 24/16  Seizures 29/15

 Cardial 12/0  Nausea 4/0

 Constitutional symptoms 81/75  Diplopia 18/32

Cranial nerve palsy  Micturition abnormalities 13/18

 n. VII palsy 75/71  Dysarthria 7/8

 n. II palsy 70/69  Dysphagia 5/0

 n. V palsy 40/43  Psychiatric symptoms 13/26

 n. VIII palsy 34/40  Nystagmus 10/39

 n. VI palsy 22/0  Papilledema 19/43

 n. III palsy 15/0 Site of neurological involvement

 n. IX-X palsy 13/0  Spinal cord disease 40/60

 n. I palsy 19/0  Peripheral neuropathy 70/77

 n. IV palsy 21/14   Polyneuropathy 43/70

 n. XI palsy 13/0   (mult.) mononeuropathy 8/53

 n. XII palsy 13/0   Radiculopathy 5/14

 > 1 cranial nerve involved 71/75  Meningitis 63/67

 Myopathy 15/39

 Neuroendocrine 38/35

 Hydrocephalus 31/35
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Supplementary table 2B. Heterogeneity of variables between studies (ancillary investigations on 
presentation)

Characteristic Q statistic/I2 Characteristic Q statistic/I2

Blood chemical tests Abnormal ancillary investigation

 Serum ACE increased 58/65  Chest X-ray 65/74

 Serum calcium increased 11/45  Chest CT 13/20

 ESR >20 mm/hr 35/80  Gallium-67 scintigraphy 14/44

 Cranial CT 12/0

Cerebral spinal fluid analysis  Cranial MRI 34/42

 Lumbar puncture performed 129/81   Parenchymal lesions 39/51

 White cell count ( > 5cells/mm3) 37/43   Meningeal enhancement 98/85

 Protein (> 0.45 g/L) 32/34   Mass lesions 8/0

   Hypoglycorrhachia 24/41   Cranial nerve enhancement 18/60

   Increased IgG-index 6/0  Spinal MRI 37/68

   Oligoclonal bands present 21/48 Diagnosis

   Increased CSF ACE 26/66  Histopathological confirmation 72/69

   Normal 23/21  Definite neurosarcoidosis 28/64

 Probable neurosarcoidosis 38/74

 Possible neurosarcoidosis 4/0

Supplementary table 2C. Heterogeneity of variables between studies (treatment and outcome)

Characteristic Q statistic/I2 Characteristic Q statistic/I2

No treatment 60/60 Other treatment modalities

First-line therapy 59/65  Neurosurgical intervention 8/2

Second-line therapy 88/76  Antiepileptic medication 3/0

Third-line therapy 58/64  Hormonal substitution 17/53

Overall treatment

 Corticosteroids 60/60 Outcome

 Methotrexate 64/63  Remission 36/52

 Azathioprine 53/55  Improvement 40/58

 (Hydroxy)chloroquine 49/51  Stable disease 33/48

 Mycophenolate mofetil 29/15  Deterioration 13/0

 Cyclosporine A 10/0  Mortality 28/21

 Cyclophosphamide 38/38

TNF-α inhibitors 33/28

Treatment switches Favourable outcome per treatment group

 First- to second- or third-line 57/65  First-line therapy 22/23

 Second- to third-line 23/19  Second-line therapy 9/0

 Between third-line 28/21  Third-line therapy 4/0
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Supplementary table 3. List of scored variables per study

Study characteristics Blood chemistry
 First author  ACE elevated

 Year of publication  Ca elevated

 Start study period  ESR elevated

 End study period Cerebrospinal fluid examination
 Study duration  Performed

 Country  Elevated pressure

 Multicentre/Single centre  Pleiocytosis

 Prospective/Retrospective  Elevated protein level

 Follow-up time  Glucose

 No of included patients  IgG index

 Inclusion criteria  Oligoclonal bands

Age (mean/median)  ACE elevated

Gender  Soluble IL-2 receptor elevated

Ethnicity  Normal CSF

Zajicek criteria Imaging investigations
Disease manifestation  MRI-Brain

 History of sarcoidosis  MRI-spine

 Primary neurological presentation  X-thorax

 Clinically isolated neurosarcoidosis  CT-thorax

 Systemic involvement at presentation  Gallium scan

 Systemic involvement after diagnosis  neurosarcoidosis  PET-CT

 Acute, subacute or chronic presentation Other ancillary investigations
Clinical characteristics  BAL

 Cranial nerve palsy  Kveim test

 Chronic meningitis Outcome/treatment response
 Seizures  Remission

 Impaired consciousness  Incomplete remission

 Headache  Stable disease

 Motor symptoms  Deterioration

 Movement disorders  Death

 Sensory symptoms  Relaps

 Cognitive symptoms Treatment
 Psychiatric symptoms  First-line therapy
 Endocrinopathy  Second-line therapy

 Cerebellar symptoms  Third-line therapy

 Brain stem symptoms  Treatment switches

 Vascular complications  Other treatment modalitiesb

 Peripheral neuropathy  Individual immunosuppressive agentsc

 Myopathy

 Myelopathy  

 Other symptomsa  

a Ataxia, nystagmus, vertigo, diplopia, papilledema, dysarthria, dysphagia, micturition abnormalities, 
Visual impairment, hearing impairment, myalgia, hydrocephalus, muscle spasm, abnormal gait, fatigue, 
nausea, vomiting. 
b Neurosurgical treatment, endocrine treatment, symptomatic treatment, antiepileptic medication, 
radiation therapy.
c Corticosteroids, methotrexate, azathioprine, (hydroxyl)chloroquine, mycophenolate, Cyclosporine A, 
Chloorambucil, Interferon, IvIg, Cyclophosphamide, TNF-α antagonists. 
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ABSTRACT

Purpose of review
Neurosarcoidosis occurs in 5% of patients with sarcoidosis and can be difficult to diagnose. 
In this review we discuss the most recent advances in our understanding of the disease, 
describing clinical characteristics, diagnostic process, treatment, and prognosis. 

Recent findings
Clinical presentation is heterogeneous with most patients presenting with cranial nerve palsy, 
headache or sensory abnormalities. Patients are classified according to probability of the 
diagnosis with the Zajicek criteria. In these criteria histopathological confirmation of 
noncaseating granulomas in affected tissue outside the nervous system is key. Radiological 
abnormalities on neuroimaging are nonspecific. No biomarkers have been described that 
adequately identify patients with sarcoidosis. However, soluble interleukin-2 receptor is a 
relatively novel biomarker and may be useful. In addition to HRCT scan, 18F-FDG PET-CT 
scanning can identify occult locations of disease activity and aid in obtaining pathological 
confirmation. Despite the use of new therapies, still a third of patients remain stable, 
deteriorate, or die. 

Summary
Diagnosing and treating patients with neurosarcoidosis remains a challenge. Long-term 
prospective studies evaluating patients suspected of neurosarcoidosis are needed to assess 
sensitivity and specificity of ancillary investigations and diagnostic criteria. Furthermore, future 
studies are needed to evaluate the prognosis and the optimal treatment strategy. 

Keywords 
Autoimmune disorders, neurosarcoidosis, granulomatous inflammation, clinical neurology
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INTRODUCTION

Sarcoidosis is a multisystem disorder, caused by an exaggerated immune response to an 
unknown antigen in genetic predisposed individuals.1 It is characterized by granulomatous 
inflammation that can affect every organ system. Involvement of the nervous system is called 
neurosarcoidosis. Because of the heterogeneous clinical presentation and low sensitivity of 
ancillary investigations, the diagnosis of neurosarcoidosis can be difficult. 
International literature concerning neurosarcoidosis predominantly consists of retrospective 
studies and no randomized controlled trials have been performed to assess treatment 
strategies.2** In this review we give an overview of the most recent advances in our understanding 
of the disease, clinical characteristics, the diagnostic process, treatment, and prognosis.

EPIDEMIOLOGY AND RISK FACTORS

Sarcoidosis is estimated to occur in 10 – 65 per 100.000 persons, in whom the nervous system 
is involved in approximately 5%.1-3 However, in autopsy studies, granulomatous inflammation 
of the nervous system is seen in up to 25% of patients.4 Neurosarcoidosis affects women slightly 
more frequently than men (55% versus 45%) as was reported in a recent meta-analysis 
including 1088 patients with neurosarcoidosis, with a mean age at presentation of 43 years.2** 

The cause of sarcoidosis has not yet been elucidated. Studies show that sarcoidosis occurs in 
families, with an increased risk of first-degree and second-degree relatives.5 Several alleles in 
the human leukocyte antigen (HLA) region are associated with sarcoidosis, supporting the 
hypothesis that sarcoidosis manifests after exposure to so-far unidentified antigens.6 In addition, 
HLA typing of patients with sarcoidosis may identify patients with an increased risk for extra-
pulmonary manifestations, but the clinical utility remains unknown.7 Only one study reported 
specific genetic risk factors for neurosarcoidosis.8 In this imputation-based fine-mapping study 
of the chromosomal region 15q25 in African-Americans with neurosarcoidosis, the investigators 
found ZNF592 to be highly associated in patients with neurosarcoidosis compared to healthy 
controls. However, when comparing neurosarcoidosis cases against sarcoidosis cases without 
neurological involvement, they found no association.

CLINICAL CHARACTERISTICS

In 69% of patients with neurosarcoidosis, neurological involvement is the first presenting 
symptom. A neurological presentation without systemic involvement is seen in 52% of 
patients.2** During the disease course, systemic involvement consists of pulmonary sarcoidosis 
in 67%, ophthalmological sarcoidosis in 25%, and skin and joint involvement both in 21%.2** 
Sarcoidosis stays confined to the nervous system in 22% of the cases.2** Most patients present 
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with more than one neurological symptom and up to half develop additional neurological 
symptoms during the disease course.9* The clinical presentation is heterogeneous and the three 
most frequently described presenting symptoms in a meta-analysis including 1088 patients 
were cranial nerve palsy (55%), headache (32%), and sensory abnormalities (29%). 
Neurological symptoms consistent with spinal cord involvement were found in 18%, peripheral 
neuropathy in 17%, aseptic meningitis in 16%, myopathy in 15%, and neuroendocrine 
involvement in 9%. 

Cranial neuropathy
Cranial neuropathy can be caused by direct granulomatous infiltration, increased intracranial 
pressure, or basilar aseptic meningitis.10 In one study evaluating cranial nerve involvement in 
305 patients, 44% of patients had involvement of more than one cranial nerve.11* Cranial 
nerve palsy mainly consisted of facial nerve (24%) and optical nerve palsy (21%). It tends to 
be unilateral, but especially optical, vestibulocochlear, facial, and trigeminal nerve palsy can 
manifest bilaterally.11*

Chronic meningitis
Neurosarcoidosis is an important cause of noninfectious meningitis and can manifest with 
subacute or chronic symptoms.10,12 Symptoms include headache, nuchal rigidity, or cranial 
nerve palsy. Hydrocephalus occurs in 9% of patients and is a life-threatening complication.2** 
It can be communicating or noncommunicating, resulting from either abnormal arachnoid 
villi absorption, subependymal inflammation, or granulomatous obstruction.13-15

Cerebral involvement and mass lesions
A variety of cerebral lesions can be observed in patients with neurosarcoidosis, varying from 
dural mass lesions mimicking meningiomas to multiple or singular parenchymal nodular 
lesions.16,17 Symptoms include focal symptoms and seizures. Seizures are described in 14% of 
965 patients.2** Hypothalamic-pituitary involvement was found in 9% of 1034 patients.2** In 
a multicenter study of 24 patients with neurosarcoidosis with pituitary involvement, the most 
common hormonal abnormalities were gonadotropin deficiency (88%), TSH deficiency (63%), 
and hyperprolactinemia (50%).18

Spinal cord involvement
Common presenting symptoms of spinal cord sarcoidosis are paraparesis, paresthesia and 
bowel, bladder, and sexual dysfunction.19,20* The majority of patients with spinal cord 
involvement present with insidious chronic symptoms for more than 2 months.20*

Peripheral neuropathy 
Peripheral nerve involvement in neurosarcoidosis is heterogeneous. It includes mononeuropathy, 
multiple mononeuropathy, and sensory, sensorimotor, or motor polyneuropathies.21,22 In 
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addition, radiculopathy and polyradiculopathy have been described.23 It is hypothesized that 
peripheral neuropathy may occur because of granulomatous involvement of the nerve directly 
or in close proximity of blood vessels, ultimately leading to localized vasculitis and epineurium 
and/or perineurinum involvement.21 Small fiber neuropathy is common in sarcoidosis and is 
considered an epiphenomenon, as there is no direct granulomatous inflammation of the small 
fibers. This syndrome is not specific for sarcoidosis and is observed in multiple disorders.24

DIAGNOSIS

Two sets of diagnostic criteria have been established: the Zajicek criteria and the WASOG 
criteria.17,25-27 The Zajicek criteria were established in 1999 and modified by Marangoni et al, 
and Tavee et al (table 1). The World Association of Sarcoidosis and Other Granulomatous 
Disorders (WASOG) updated their criteria in 2014 (table 2). A certain (or ‘definite’) diagnosis 
can only be established by biopsy of affected nervous system tissue. Frequently, this is either 
not possible or considered too invasive, as stereotactic brain biopsy has been associated with 
morbidity in 3.5% and mortality in 0.7% of patients.17,28,29 Therefore, the diagnostic process 
is commonly steered towards performing biopsy outside the central nervous system.25,26 The 
essence of both sets of criteria is a clinical presentation suggestive for neurosarcoidosis, 
characteristic abnormalities in cerebrospinal fluid (CSF) or on magnetic resonance imaging 
(MRI), evidence of noncaseating granulomas, and no evidence of alternative diagnoses. 
Sensitivity and specificity of both criteria are unknown. Recent published articles mostly use 
the Zajicek criteria.9*,17 The main disadvantage of the WASOG criteria is the exclusion of 
peripheral nerve involvement.

Table 1. Zajicek criteria17,25

A clinical presentation suggestive of neurosarcoidosis in which all other diagnoses have been 
excluded 

‘Definite neurosarcoidosis’ Positive nervous system histology

‘Probable 
neurosarcoidosis’

1.  Signs of inflammation in the central nervous system on MRI or CSF 
(elevated protein, cells, immunoglobulin G indices, or presence of 
oligoclonal bands) compatible with neurosarcoidosis; and

2.  Positive histology for a systemic lesion or positive results for at 
least two of the following tests: FDG-PET, gallium scan, chest HRCT, 
serum ACE

‘Possible neurosarcoidosis’ Above criteria not met

ACE, angiotensin converting enzyme; FDG-PET, fluorodeoxyglucose positron emission tomography; 
HRCT, high resolution computed tomography, CSF, cerebrospinal fluid, MRI, magnetic resonance 
imaging
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Ancillary investigations
Various serological biomarkers, predominantly angiotensin converting enzyme (ACE) and 
soluble interleukin-2 receptor (sIL2r), are associated with sarcoidosis, but none have been 
established to be sufficiently accurate to diagnose patients with neurosarcoidosis, although 
some might have a role in the follow-up of disease activity.1 In the meta-analysis, serum ACE 
was elevated in only 35% of 674 neurosarcoidosis patients.2** The value of genotype-corrected 
ACE has not been evaluated in neurosarcoidosis, but in systemic sarcoidosis it does not improve 
the diagnostic accuracy considerably.1,30 Serum sIL2r has been considered a promising 
biomarker in sarcoidosis.1 Serum sIL2r was more frequently elevated in patients with sarcoidosis 
and extra-pulmonary involvement compared to heathy controls and has been shown to predict 
18F-FDG avidity.31,32 However, a study evaluating serum sIL2r in neurosarcoidosis showed no 
differences between patients with neurosarcoidosis and those with tuberculous, bacterial or 
viral meningitis, multiple sclerosis, cerebral vasculitis, and healthy controls.33  
CSF examination can be useful to exclude infections and carcinomatous meningitis. Pleiocytosis 
was found in 58% of 730, elevated CSF protein in 63% of 729, and normal CSF in 27% of 
332 patients.2** CSF ACE is considered to have a too low sensitivity for the diagnosis of 
neurosarcoidosis and not to be associated with disease activity.17,34* Recently, a study was 
published evaluating the value of CSF sIL2R and showed that levels above 150 pg/ml identified 
patients with untreated neurosarcoidosis with a sensitivity of 63% and a specificity of 93% 
compared to noninfectious neurological diseases.33 However, in another study with patients 
with clinically isolated neurosarcoidosis CSF sIL2r was elevated in only 46%.35

Gadolineum enhanced MRI is the first choice imaging modality to assess central nervous 
system involvement of sarcoidosis and evaluate disease activity.17 Abnormalities suggestive for 
neurosarcoidosis include leptomeningeal enhancement, tumor-like lesions, cranial nerve 
enhancement, and hydrocephalus (figure 1).36* Spinal cord lesions are most frequently localized 

 Table 2. WASOG criteria

‘Highly probable neurosarcoidosis’ 
At least 90% likelihood

When clinical signs consistent with granulomatous disease 
of the CNS parenchyma or meninges are present alongside 
with imaging characteristics of disease (predominantly MRI 
enhancement of either CNS parenchyma or meninges)

‘Probable neurosarcoidosis’ 
A 50-89% likelihood

Facial palsy with negative MRI-brain or any other clinical 
syndrome suggestive of intra-axial (inclusive of CSF and brain 
vasculature) or extra-axial and peripheral nerve inflammation in 
absence of MRI confirmation

‘Possible neurosarcoidosis’ 
Less than 50% likelihood

Seizure or cognitive decline with negative MRI.

Additional criteria required to fulfill the WASOG criteria: 1) Biopsy of the nervous system demonstrating 
granulomatous inflammation of no alternate cause implies highly probable involvement; 2) another 
organ has demonstrated granulomatous inflammation of no alternate cause; 3) alternative causes for 
the clinical manifestation have been reasonable excluded. 
CNS, central nervous system, MRI, magnetic resonance imaging, CSF, cerebrospinal fluid
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intramedullary in 81% of the cases and the majority extends over 3 or more spinal segments.19 
In the meta-analysis, abnormalities suggestive for neurosarcoidosis on cranial MRI were seen 
in 78% of 362 patients and on spinal MRI in 48% of 185 patients.2**

In patients suspected of neurosarcoidosis and no prior history of sarcoidosis, an extensive 
systemic work-up should be performed to obtain a biopsy location outside the nervous system 
to achieve histopathological confirmation (figure 2).17,37 The systemic work-up should include 
a high-resolution CT-scan (HRCT) and if negative or when biopsy is negative, a 18F-FDG 
PET-CT should be considered. 18F-FDG PET-CT can reveal occult sites of disease activity 
outside the central nervous system, even when serological markers are normal or when other 
imaging modalities are normal.38 In our tertiary referral center we have evaluated the clinical 
utility of 18F-FDG PET-CT in patients suspected of neurosarcoidosis and 24 of 110 patients 
(22%) showed abnormalities suggestive for sarcoidosis and this led to a biopsy confirmation 
in 12 of 20 patients (59%).chapter 7 18F-FDG PET-CT should preferably be performed before 
treatment with immunosuppressive therapy, as this can lower the sensitivity.39,40 

Figure 1. Abnormalities suggestive of neurosarcoidosis on neuroimaging
Abnormalities on MRI brain and spinal cord in neurosarcoidosis patients consisting of gadolineum 
enhancement of a spinal cord lesion (A), leptomeningeal enhancement (B), gadolineum enhancement 
of dural lesions (C) and gadolineum enhancement of the right facial nerve (D).



CHAPTER 3

44

Differential diagnosis and mimics
The exclusion of the differential diagnoses is essential. Diagnoses to consider are tuberculosis, 
Behcet’s disease, Sjögren’s disease, granulomatosis with polyangiitis and eosinophilic 
granulomatosis with polyangiitis, central nervous system vasculitis, multiple sclerosis, 
neuromyelitis optica and malignancies, among others.17,37

As patients are being diagnosed according to probability, and confidence of the diagnosis can 
be strengthened over time, they may initially be diagnosed with diseases mimicking 
neurosarcoidosis, which can present with similar histopathological findings.41 Examples include 
IgG4-related disease and a sarcoid-like reaction secondary to malignancies or medication use. 
IgG4-related disease can present with a chronic meningitis, cranial nerve palsy, or pituitary 
involvement.42 In 2012, consensus was reached that granulomatous inflammation excluded 
IgG4-related disease.43,44 However, recently two patients presenting with IgG4-related 
lymphadenopathy together with granulomas were described, underlining that in the appropriate 
clinical context granulomas should not exclude IgG4-related disease.45 Sarcoid-like reactions 
are described as noncaseating granulomatous inflammation, without further evidence for 
sarcoidosis, in association with malignancies – most notably a lymphoma or malignancy of 
the breast - or certain medication.46 Tumor necrosis factor-alpha (TNF-α) antagonists can 
paradoxically cause a sarcoid-like reaction, as well as a variety of neurological symptoms, 
mimicking neurosarcoidosis.47-50

TREATMENT 

Since neurosarcoidosis is a rare disease, no randomized, double-blind, placebo-controlled trials 
have been performed. Treatment options are based on expert opinion and are derived from 
evidence in the treatment of pulmonary sarcoidosis.51-53 Corticosteroids are the mainstay of 

Figure 2. Abnormalities suggestive of neurosarcoidosis on systemic imaging
Abnormalities suggestive of sarcoidosis on systemic imaging consisting of hilair lymphadenopathy on 
chest X-ray (A), hilar and mediastinal lymphadenopathy on chest CT-scan (B) and hilar and mediastinal 
FDG avidity on 18F-FDG PET-CT (C). 
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treatment in neurosarcoidosis. In a meta-analysis 83% of 655 patients were treated with 
corticosteroids during the course of the disease, although spontaneous remissions do occur 
and 15% of 655 patients did not receive any treatment.2** The optimal initial dose of 
corticosteroids in neurosarcoidosis varies and depends on disease severity with more aggressive 
therapy in patients with more severe disease.17,19,54 In patients with diabetes or obesitas, the 
dosage of prednisolone should be low and tapered as soon as possible. In these patients second-
line treatment should be considered early as steroid sparing agents. Prednisolone side effects 
can be significant and are undesirable.55 Corticosteroid tapering is essential, even though 
symptoms may reoccur at lower dosages.25,56,57** Reported treatment response to corticosteroids 
varies widely with progression of disease ranging from 24 to 71%.2** Although the short-term 
effect of corticosteroids has been well established, there are limited data beyond two years to 
indicate whether oral steroids have a disease modifying effect on the long-term.58  
Second-line treatment is recommended in case of severe disease at presentation, refractory or 
relapsing disease during corticosteroid treatment, when prolonged treatment with 
corticosteroids is expected, or a primary contraindication for corticosteroids exists.52,54,59,60 
Most second-line therapies (most importantly methotrexate and azathioprine) need 3-6 months 
before a clinical response might be expected.53 In the meta-analysis, methotrexate was reported 
as the most frequently used second-line treatment (16% of 655 cases), followed by azathioprine 
in 8%.2** Overall, second-line therapy was used in 27% of 539 patients.2** One study reported 
a response rate of 61% in patients treated with methotrexate and corticosteroids, after 
corticosteroids monotherapy failed.59 Moreover, the side effects of methotrexate are less severe 
compared to other second-line treatments.61 In pulmonary sarcoidosis, besides methotrexate, 
azathioprine is commonly used and is reported to have a similar treatment response and adverse 
events, except for a higher rate of infection compared to methotrexate.62 In a recent retrospective 
study comparing the efficacy of methotrexate and mycophenolate mofetil (MMF) in 
neurosarcoidosis, a higher relapse rate was observed in patients receiving MMF (11/14 [79%] 
compared to methotrexate (15/32 [47%]). Furthermore, the authors reported a significantly 
shorter time to relapse in the MMF group (11 months MMF versus 28 months methotrexate 
treatment).57** 
Third-line treatment consists of TNF-α antagonists and cyclophosphamide. In the meta-
analysis, third-line treatment was started in 9% of 539 patients.2** Increasingly, patients are 
being treated with TNF-α antagonists.2** A randomized controlled trial conducted in patients 
with chronic steroid-resistant pulmonary sarcoidosis showed a decrease in extrapulmonary 
involvement after 24 weeks of treatment.63 In a retrospective study 18 patients with biopsy 
proven neurosarcoidosis were treated with infliximab, of whom 16 patients did not respond 
to at least 1 immunosuppressant drug in addition to corticosteroids (including 11 patients 
after cyclophosphamide treatment). At 6 months after initiation of infliximab treatment, 33% 
had a complete remission, 56% a partial remission, and stable disease was observed in 11%.64** 
Other case reports and case series also reported beneficial effects of TNF-α antagonists in 
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refractory neurosarcoidosis, not responding to other agents.65-79 When treating patients with 
long-term infliximab, anti-infliximab antibodies formation can lead to treatment failure.80 
Therefore, concomitant methotrexate treatment is strongly recommended as this has been 
shown to be efficient in reducing immunogenicity in a dose-dependent manner.81,82 Recently, 
responsiveness to TNF-α antagonists has been associated with the TNF-α G-308A 
polymorphism.83 Cyclophosphamide is recommended as a third-line treatment option in severe 
disease, refractory to other cytotoxic agents because of a similar reported treatment response 
and its high toxicity.59,84

“There is widespread recognition that new therapeutic options should be developed for 
sarcoidosis. A better insight into the advantages and disadvantages of second-line and third-
line treatment is important. The long-term effects of immunosuppressive agents, the optimal 
starting and maintenance dosages, and the best interval and discontinuation regimens should 
be elucidated. Identified associations of polymorphisms with treatment response suggest a step 
towards personalized medicine.83 Future research should focus on the role for pharmacogenetics 
and phenotypic predictors of treatment response and toxicity.”85

Neurosurgical intervention may be needed for obstructive hydrocephalus.14,86 In our cohort 
study we described this treatment in 3 of 52 patients (6%).9* Furthermore, especially in 
extramedullary involvement, spinal decompressive surgery can be indicated.87 Cranial mass 
lesions have been described to respond to radiation therapy, although this is not recommended 
as standard treatment.51 Symptomatic treatment consists of antiepileptic medication and 
hormonal substitution.2**

PROGNOSIS

In the meta-analysis, outcome could be assessed in 415 patients and showed complete remission 
in 27%, incomplete remission in 32%, stable disease in 24%, and deterioration in 6%.2** 
Mortality was reported in 42 of 826 patients (5%). Despite the increased usage of second-line 
and third-line therapy, still a third of the patients remain stable, deteriorate, or die.2** Our 
experience suggests that neurosarcoidosis is a chronic disease with 71% of 52 patients having 
residual symptoms at the end of follow-up, leading to functional impairment in 29%.9* 
Neurological involvement in conjunction with lung involvement is associated with an increased 
mortality (hazard ratio = 4.18; 95% CI 1.44-12.1).3 Patients with neurosarcoidosis more often 
have a chronic disease course compared to other forms of sarcoidosis (odds ratio = 19.24).88
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CONCLUSION

Diagnosing and treating patients with neurosarcoidosis remains a challenge. Recent advances 
have mainly been made by combining all the available data to shed light on the prevalence of 
neurosarcoidosis and its manifestations. Currently, a national neurosarcoidosis registry in the 
Netherlands is being conducted to prospectively describe the various manifestations of 
neurosarcoidosis. Furthermore, recent studies have described the use of CSF sIL2r and 
18F-FDG PET-CT, which may be useful in the diagnostic process. Long-term prospective 
studies evaluating patients suspected of neurosarcoidosis are needed to assess sensitivity and 
specificity of ancillary investigations, and the diagnostic criteria. Furthermore, future studies 
are needed to evaluate the prognosis and the optimal treatment strategy. 

Key points

• Neurosarcoidosis is a heterogeneous and often disabling disease. 
• No biomarker can accurately diagnose patients with neurosarcoidosis. 
• 18F-FDG PET-CT may be helpful in identifying other sarcoidosis localizations to confirm 

the diagnosis.
• Neurosarcoidosis mimics include IgG4-related disease and sarcoid-like reaction secondary 

to malignancies or medication.
• Despite the use of new therapies, still a third of the patients remain stable, deteriorate, or 

die. 
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ABSTRACT

Purpose of review
To discuss cause, clinical manifestations, diagnostics, and treatment of small fiber 
neuropathy (SFN). The diagnosis is difficult and can be easily missed.

Recent findings
SFN causes high morbidity with disabling symptoms and impact on quality of life. Patients 
may benefit from being diagnosed with SFN, even if no underlying cause is identified and no 
specific treatment is yet available. Recently, genetic mutations as a possible cause of SFN were 
identified. Clinical diagnostic criteria have been proposed, but no gold standard exists, and 
each test has its limitations. The diagnosis requires a combination of typical symptoms, 
abnormal neurologic findings, and absence of large fiber involvement. Clinicians should be 
aware of overlapping symptoms of SFN and fibromyalgia. Treatment is often difficult, even 
when the underlying cause is identified and appropriately treated. Usually, only symptomatic 
relief of complaints is available.

Summary
Awareness of SFN and related symptoms is of great clinical relevance. Guidelines for 
appropriate diagnostic workup using a stepwise approach involving a combination of tests are 
warranted. Even if no treatment is available, patients may benefit from timely recognition of 
SFN.

Keywords
Autoimmune disorders, autonomic dysfunction, small fiber neuropathy, sarcoidosis. 
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INTRODUCTION

Peripheral neuropathies can be subdivided into large fiber neuropathy and small fiber 
neuropathy (SFN). When large fibers or (more commonly) a combination of large and small 
fibers are involved, the term polyneuropathy is used, whereas isolated involvement of small 
fibers is generally referred to as SFN. SFN is a generalized sensory nerve disorder with structural 
and functional abnormalities of small fibers, characterized histopathologically by degeneration 
of small fiber nerve endings.
Due to lack of awareness among clinical physicians, the diagnosis of SFN is probably highly 
underreported. In the Netherlands, a minimum estimated incidence of 12 per 100 000 
population, and a prevalence of 53 per 100 000 population have been reported, but even this 
systematic assessment might have underestimated the incidence and prevalence.1 The diagnosis 
of SFN may be difficult because a diagnostic gold standard is lacking. The diagnosis is mostly 
made on the basis of the presence of characteristic clinical features in combination with 
abnormalities on neurophysiological tests and/or reduced numbers of small fibers in skin 
biopsy. SFN is often idiopathic or it can be an epiphenomenon in many diseases, 
including sarcoidosis. Treatment is often difficult, even when the underlying cause is identified. 
Symptomatic treatment is available, but its effectiveness is limited to a subgroup of patients 
with SFN. Here, we discuss the cause, clinical manifestations, diagnostics, and treatment of 
SFN, with special emphasis on SFN in patients with sarcoidosis.

PATHOPHYSIOLOGY

The histopathology of SFN is characterized by denervation of the thin myelinated A∂-fibers 
and unmyelinated C-fibers.2 As these fibers perceive thermal and nociceptive sensations 
(somatic) and have autonomic functions, denervation results in symptoms of neuropathic pain 
and autonomic dysfunction.3 Morphologic changes within the axon can also be found.4 The 
exact pathophysiological mechanisms are often unknown and depend on the underlying illnesses 
associated with SFN, such as metabolic, infectious, inflammatory, and genetic diseases (table 
1). More recently, hereditary SFN has been described with pathogenic mutations in sodium 
channels (Nav1.7 (mostly), Nav1.8, and Nav1.9), which lead to hyperexcitability of dorsal root 
ganglions. These gain-of-function mutations result in degeneration of small fibers.5-7*

The pathophysiology depends on the underlying disease. In diabetes and impaired glucose 
tolerance, etiology is multifactorial and include hyperglycaemia, oxidative stress, ischemia, 
and hypoxia.41,42 In addition, direct neurotoxic effects (HIV, chemotherapy, retroviral drugs, 
and alcohol) can lead to axon loss, resulting in SFN.21,26,42 
In other diseases (diabetes, HIV, immune mediated diseases, and sarcoidosis) inflammatory 
mediators such as interleukins (interleukin (IL) 1beta, IL6 and IL8) and tumor necrosis factor-
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alpha (TNF-α) concentrations were elevated in SFN patients, suggesting an important 
role.21,26,41,43 IL1β and TNF-α are known to reduce mechanical nociceptive thresholds and 
were found at higher levels in distal skin biopsies of length-dependent SFN patients.43-45 
Moreover, TNF-α inhibition has been described to reduce SFN symptoms in a patient with 
sarcoidosis.46 TNF-α also plays a role in other immune-mediated neuropathies like acute 
inflammatory demyelinating polyradiculoneuropathy, in which a positive correlation was 
found between serum levels of TNF-α and the severity of neuropathy.47

Table 1 Causes of small fiber neuropathy and associated diseases

Primary Secondary

Idiopathic small fiber neuropathy Metabolic

Diabetes Mellitus9,15,16,17*,18,23,25

Hereditary Impaired glucose tolerance15,16,17*,18,23

Mutations in sodium channels  
(Nav1.7, Nav1.8, Nav1.9)5-7*

Hypothyroidism9,15,16,23

Hereditary sensory neuropathy17*,34 Vitamin B1, B6, and B12 deficiency15,17*,23

Fabry’s disease10,39 Hyperlipidemia28

Familial amyloid polyneuropathy30 Infectious

Wilson’s disease19,38 HIV21,26,33 

Hepatitis C16,18 

Lyme disease15,17*

Toxic

Neurotoxic drugs16,17*,18,33

Alcohol9,18,29

Immune mediated

Rheumatic diseases15,16,18,31,36

Celiac disease13,15,16

Crohn’s disease15,18

Sarcoidosis8,20,23

Vasculitis17*

Acute inflammatory demyelinating 
polyradiculoneuropathy16,27

Chronic inflammatory demyelinating 
polyradiculoneuropathy (CIDP)17*,35

Other

Fibromyalgia11*,24

Amyloidosis17*,37

Monoclonal gammopathy of unknown 
significance16,17*,23, Multiple Myeloma37

Parkinson’s disease22,32

Amyotrophic lateral sclerosis (ALS)14,40 

Ehlers Danlos12

Adapted from ref5-40
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Establishing a cause-based diagnosis is important for patients with SFN, as the underlying 
cause may need additional treatment and can influence prognosis. For example, patients with 
diabetes need to be treated with oral antidiabetics or insulin to alleviate and prevent other 
complications of the disease. However, despite a thorough work-up, the proportion of patients 
with idiopathic SFN remains substantial, ranging from 23% up to 47%.9,16

SYMPTOMS

Symptoms of SFN can vary widely in terms of distribution, severity, and progression. Usually, 
SFN is length-dependent, resulting in loss-of-function starting distally in the lower extremities. 
However, in some cases, it can be non-length-dependent, resulting in a patchy distribution 
across the upper extremities, face, trunk, or other focal areas.3 Non-length dependent SFN 
seems to be more prevalent in autoimmune and inflammatory diseases.23 In addition, recent 
evidence suggests that SFN is a non-length dependent distal axonopathy, even in patients with 
a length dependent clinical presentation.48 When small somatic fibers are affected, patients 
experience neuropathic pain that can be burning, deep, or electric shock-like but can also have 
a pruritic component.49 Pain is usually continuous and stimulus independent. However, some 
patients complain of evoked pain such as allodynia, leading to intolerance of bedsheets and 
clothing, or warm water.50 Paresthesia, hyperesthesia, numbness, and diminished discrimination 
of heat and cold can also occur (table 2). Patients report that symptoms worsen during rest 
and at night, affecting sleep, and sometimes resembling symptoms of Restless Legs Syndrome.2 
The most frequent symptom of autonomic dysfunction is vasomotor dysregulation, presenting 
with fluctuating purple/blue discoloration of hands and feet.36 Other symptoms of autonomic 
dysfunction are gastrointestinal and urinary complaints, abnormal sweating, sicca symptoms 
sexual dysfunction, arrhythmias, and (pre)syncope (table 2). It has previously been identified 
as a strong predictor for morbidity and mortality.51,52 Alternatively, symptoms, such as gait 
instability or weakness, suggest involvement of large fibers. SFN has substantial effects on 
patients’ quality of life (QoL).53

Sarcoidosis patients with muscle and/or joint pain are often referred to a rheumatologist. If 
no underlying rheumatic disorder is found, the symptoms are generally associated with 
fibromyalgia, whereas SFN is not considered. As fibromyalgia symptoms are partially similar 
to those of SFN, a different diagnosis (fibromyalgia or SFN) may be established, depending 
on the consulting clinician (rheumatologist or neurologist). To date, functional deficits of 
small fibers, as commonly found in SFN, have also been detected in patients with 
fibromyalgia.11*,56 Some patients with chronic pain labeled as ‘fibromyalgia’, may in fact have 
unrecognized SFN.55
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DIAGNOSIS OF SMALL FIBER NEUROPATHY

The diagnosis of SFN is complicated by the lack of a gold standard. Diseases that should be 
considered in the differential diagnosis include polyneuropathy (large fiber neuropathy with 
or without SFN) and fibromyalgia (table 2). Nerve conduction studies (NCS) are performed 
as the first diagnostic test to exclude large fiber disorders. If NCS findings are normal, further 
diagnostic work-up is needed, although some argue that a typical clinical picture and a known 
cause of SFN might be sufficient. 

Several diagnostic criteria have been proposed for diagnosing SFN, combining clinical 
symptoms, abnormalities of neurological examinations, and abnormal neurophysiological test 
results (discussed below) or skin biopsy.16,57,58 These criteria enable possible, probable, or 

Table 2. symptoms small fiber neuropathy, fibromyalgia and peripheral large fiber polyneuropathy

Small Fiber 
Neuropathy

Fibromyalgia Large fiber 
polyneuropathya

Neuropathic pain + + +

Paraesthesia + + +

Allodynia (sheet intolerance) + + +

Restless legs + + +

Abnormal warm and cold sensation thresholds + - +

Weakness - - +

Impaired balance - - +

Autonomic dysfunction

Hypo- or hyperhidrosis + - -

Defecation disturbances: diarrhea or 
constipation

+ + -

Gastroparesis + - -

Micturition disturbances + + -

Sicca symptoms (dry eyes and/or dry mouth) + + -

Blurry vision; accommodation problems + - -

Hot flushes + - -

Orthostatic dizziness + + -

Sexual dysfunction + + -

Cardiac palpitations/(pre)syncope + + -

General

Fatigue + + +

Waking up unrefreshed - + -

Cognitive disturbances - + -

Widespread musculoskeletal pain - + -

Headache - +

Temporomandibular disorder - + -

aPolyneuropathy often involves large and small fibers leading to combination of symptoms.
Adopted from ref24,50,54,55



Small fiber neuropathy

59

4

definite SFN to be diagnosed. Nevertheless, further studies are warranted to confirm the 
usefulness of these criteria. Up to date, no definite set of well-defined SFN criteria is available. 
However, patients often benefit from a diagnosis of SFN, even if no underlying cause is 
identified and no specific treatment is available. 
Various diagnostic tests are available for the assessment of SFN, which have mostly been 
validated in patients with diabetes and idiopathic SFN (table 3). 

Small fiber neuropathy screening list (SFNSL)
An SFN screening tool has been developed for patients with sarcoidosis, called the SFN 
screening list (SFNSL), which was intended as a first attempt to achieve early identification 
of patients with symptoms related to SFN.85 The SFNSL consists of 21 questions (total score 
range 0-84). A score of less than 11 is considered indicative of a normal temperature threshold 
testing (TTT), whereas a cutoff of more than 48 is considered indicative of an abnormal TTT, 
indicating SFN. However, a substantial proportion of patients and controls are found to be 
in the intermediate group (11-48).

Skin wrinkling test
Skin wrinkling results from vasoconstriction controlled by the sympathetic nervous 
system.62,85,86* This is a simple test using warm water, a eutectic mixture of local anesthetics or 
Neuropads.59,61

Quantitative sensory testing
Quantitative sensory testing is a frequently used technique involving exposure to different 
types of mechanical and thermal stimuli. It includes TTT, which has the highest sensitivity 
(table 3), but also mechanical detection, thermal and mechanical pain thresholds can be tested 
in SFN.64,69* It is an easy, noninvasive but time-consuming method.

Nociceptive-evoked potentials
Nociceptive-evoked potentials include laser-evoked potential (LEP), contact-heat-evoked 
potential (CHEP), and pain-related evoked potential (PREP). Both LEP and CHEP results 
from selective activation of A∂- and C-fibers, whereas PREP results from activation of only 
A∂-fibers.87 The amplitude potential correlates inversely with the reported pain intensity.68,70

Skin biopsy
A 3-mm punch biopsy is obtained from the distal part of the leg (10 cm above the malleolus). 
This is a minimally invasive technique. Decreased intraepidermal nerve-fiber density (IENFD) 
does not correlate with neuropathic pain.88 In addition to decreased IENFD, axonal swelling 
- an early marker of SFN - or decreased sweat gland innervation can be found in SFN.4,75,89 
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Corneal confocal microscopy
The cornea is innervated by A∂- and C-fibers, originating from the ophthalmic branch of the 
trigeminal nerve. Corneal confocal microscopy is a reproducible, noninvasive clinical technique 
detecting early nerve damage.78,90*,91 Correlation has been established between severity of 
neuropathy and progressive corneal nerve degeneration.78,92

Autonomic function tests
Autonomic dysregulation can contribute to fatal arrhythmias and unexplained sudden death 
and involvement of small autonomic fibers predicts cardiovascular mortality.51,93 Different 
diagnostic modalities can be used, mainly to establish the severity of the complaints. SFN 
involvement may be unrecognized in sarcoidosis patients with cardiac symptoms.
1. Cardiovascular autonomic function test (CAFT): cardiovascular autonomic function can 

be assessed using five tests (Ewing tests), establishing heart rate variability and blood pressure 
in supine position, in upright position, during deep respiration, during Valsalva maneuver, 
and while rapidly changing position from supine to upright. CAFT is considered abnormal 
when at least two of these five tests are abnormal.64 It is easy to perform but has low 
sensitivity in SFN. 64,82 

2. Sudomotor and vasodilator function tests: the most commonly used sudomotor function 
test is quantitative sudomotor axon reflex test (QSART). QSART evaluates the volume and 
rate of sweat production (reflecting small C-fiber function). As it is a time-consuming 
technique, a new device called sudoscan was developed, which is easy to perform and rapid. 
This technique has been used in various studies to detect SFN in patients with diabetes and 
Fabry disease.69*,84,94*,95

3. Sympathetic skin response (SSR), thermoregulatory sweat test (TST), skin vasomotor reflex 
(SVR): these tests are not frequently used, due to difficulties in assessment (TST), poor 
reproducibility (SSR) and low sensitivity and specificity (SSR and SVR).64,69*,96,97

4. Metaiodobenzylguanidine (MIBG)-scintigraphy: this imaging technique may be a promising 
new tool to study the heart’s innervation, currently mainly used in clinical studies. Cardiac 
sympathetic dysfunction and related symptoms have been reported in patients with SFN. 
When cardiac symptoms are present in SFN patients, the myocardial sympathetic nervous 
system, and thus, autonomic function can be assessed by iodine-123 MIBG (I-123 MIBG) 
scintigraphy (figure 1).80 I-123 MIBG is a norepinephrine analogue which has identical 
mechanisms of storage, uptake and release in neurons. MIBG scintigraphy can show reduced 
I-123 MIBG uptake in the myocardium, regional defects, or a higher washout of I-123 
MIBG.80,98,99*,100-102 Cardiac sympathetic dysfunction seems to be heterogeneous and 
dependent on the presence or absence of SFN.80 I-123 MIBG can unravel, so far unknown, 
relationships between innervation, vascularization, and endothelial integrity. Other 
diagnostic tools, such as MRI and CT, do not have this capacity. In some symptomatic cases, 
both FDG PET and MRI can be normal, whereas I-123 MIBG scintigraphy is abnormal.103
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Table 3. Diagnostic tests in SFN 

Diagnostic test Sensitivity Specificity Limitation Sarcoidosis 

SFNSL score < 11
SFNSL score >48

100%
19%

31%
100%

Only validated in sarcoidosis +

Skin wrinkling59-62 66-82% 67-75% Training staff necessary, no 
correlation with IENFD, poor 
NPV

No research 
available

QST (mainly 
TTT)16,63-67

57-93%
TTT: 84%63

37-94% 
TTT:94%63

Requires conscious 
integration of patient, difficult 
to distinguish faked and true 
loss of sensation, central and 
peripheral nervous system 
abnormalities can lead to 
same deficit

Sensitivity 
TTT 69%; 
abnormalities 
feet vs hands 
(54% vs 38%), 
15% both64

LEP/CHEP/PREP68,69*, 

70-73** 
64-94% 69-87% Abnormal test not only 

small fibers (entire 
nociceptive pathway), 
seasonal differences in heat 
conductivity in CHEP (less 
reliable outcome), limited 
availability and need of well-
trained staff

No research 
available

Skin biopsy/
IENFD8,16,74,75 

33-90%
Pure SFN: 
>90%2,74

58-95%
Pure SFN: 
>90%2,74

Requires training, limited 
availability/not well 
distributed (only few 
centres), patchy disease, time 
consuming

Sensitivity of 
32.8% with 
age-dependent 
decrease (men 
< women)8

CCM/CNFD76*,77*-79 50-86% 52-84% Not widely available, 
high acquisition costs, 
uncertainties about age-
related decline and racial 
differences in corneal nerve 
measurements

50% reduction 
in corneal nerve 
fibers in painful 
SFN compared 
to healthy 
controles77*

Autonomic function 

CAFT Low Abnormal in 
only 12.5% of 
SSFN patients80

QSART66,81,82

Sudoscan83,84

59-80%
65-78%

-
80-92%

- No research 
available on 
QSART or 
sudoscan. SSR 
abnormal in 
<10% of SSN64

MIBG-scan - - No standardized 
methodology or normative 
values, discontinuation of 
some drugs is needed 

>50% 
involvement 
cardiac 
autonomic 
dysfunction80

SFNSL = small fiber neuropathy screening list, IENFD = intraepidermal nerve fiber density, NPV = negative 
predictive value, QST = quantitative sensory testing, TTT = temperature threshold test, LEP = laser-
evoked potential, CHEP = contact heat-evoked potential, PREP = pain-related evoked potential, CCM 
= corneal confocal microscopy, CNFD = corneal nerve fiber density, CAFT = cardiovascular autonomic 
testing, QSART = quantitative sudomotor axon reflex test, MIBG-scan= metaiodobenzylguanidine-scan, 
SSFN = sarcoidosis small fiber neuropathy
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TREATMENT

Treatment of SFN depends on the underlying disease, if identified. Symptoms are often 
disabling and difficult to treat, even when the cause is identified and adequately treated, leading 
to high morbidity and decreased QoL.53 Usually, only symptomatic relief of complaints is 
available. Consensus guidelines for neuropathic pain have been adapted for the treatment of 
pain in SFN. 

Neuropathic pain
Symptomatic treatment prescribed for neuropathic pain include antidepressants (tricyclic 
antidepressants (TCA’s) and selective serotonin norepinephrine reuptake inhibitors (SSNRI’s)), 
anticonvulsants, opioids, and topical drugs (table 4). Unfortunately, these drugs often provide 
only partial relief from pain, have no effect on autonomic dysfunction and are associated with 
(sometimes severe ) side effects in a high proportion of patients. Treatment of neuropathic pain 
is mainly based on studies of large fiber neuropathies, only one study having examined SFN.104 
This randomized controlled study with crossover design involving 18 patients showed that 
gabapentin and tramadol significantly reduced pain scores (P = 0.001 and 0.018, respectively). 

Figure 1. Thallium versus MIBG scintigraphy of a sarcoidosis patient with collapses and palpitations 
demonstrating impaired I-123 Metaiodobenzylguanidine (MIBG) uptake without myocardial perfusion 
disturbances assessed by Thallium scintigraphy.

Thallium                         MIBG
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Table 4. Medical treatment for SFN

Drug Dosage 
recommendations

Common side effect

Antidepressants

Amitriptyline (TCA, first-line) 20-150 mg Anticholinergic effects, sedation, 
nausea, weight gain, palpitations 

Nortriptyline (TCA, first-line) 20-150 mg Anticholinergic effects, sedation, 
nausea, weight gain 

Desipramine (TCA, first-line) 20-200 mg Anticholinergic effects, sedation, 
nausea, weight gain

Duloxetine (SSNRI, first-line) 30-120 mg Nausea, sedation, dizziness, headache, 
weight loss

Venlafaxine (SSNRI, first-line) 150-225 mg Dizziness, headache, nausea, 
transpiration

Anticonvulsants

Gabapentin (first-line) 300-3600 mg Somnolence, dizziness, ataxia, edema, 
tremor

Pregabalin (first-line) 150-600 mg Somnolence (less), dizziness, ataxia, 
edema, tremor

Topiramate (third-line) 25-400 mg Weight loss, sedation, diarrhea, nausea, 
dizziness, paresthesias

Lamotrigine (third-line) 25-400 mg Headache, rash, dizziness, nausea, 
sedation, tremor

Carbamazepine (third-line) 200-1200 mg Dizziness, ataxia, nausea, vomiting, 
sedation, rash, liver-enzymes elevation

Opioids

Tramadol (second-line) 50-400 mg Constipation, pruritus, dizziness, 
nausea, vomiting, sedation, impaired 
concentration, ataxia

Oxycodon (third-line) 10-100 mg Constipation, pruritus, dizziness, 
nausea, vomiting, sedation, impaired 
concentration, ataxia, potential 
addiction abuse

Topical

Capsaicin 8% patch (second-line) 3-4 times daily Burning, erythema, local edema

Lidocaine 5% plaster (second-line) 2 times daily Burning, erythema, local edema, rash

Other

Immunoglobulins Loading dose  
2g/kg, 
maintenance 
0.75-1 g/kg every 
3 weeks

Hypertension, headache, nausea, 
vomiting, diarrhea, rash, flu-like disease

Infliximab (TNF-α inhibition) 3 mg/kg every 4-6 
weeks

Infections, fever, headache, dizziness, 
paresthesias, tachycardia, bone marrow 
depression, liver enzymes elevation

ARA290 (preclinical stage) 2 mg 3 times/
week
4 mg daily

Diarrhea

TCA = tricyclic antidepressant, SSNRI = serotonin norepinephrine reuptake inhibitor. 
Adapted from ref105**
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Amitriptyline is a TCA and is the first-line treatment for neuropathic pain, mainly based on 
years of experience. However, unbiased supportive studies evaluating the effect of amitriptyline 
are lacking, and the effect might be overestimated.106 Gabapentin and pregabalin have been 
shown to be effective in painful neuropathies in randomized controlled studies.50,107-109 Overall, 
these drugs are well tolerated. Other anticonvulsant drugs have been found to have little to no 
effect, apart from certain indications (topiramate and lamotrigine) or have low-quality evidence 
with high risk of bias (carbamazepine). 110-112 Of the SSNRIs, duloxetine is found to be the 
more potent inhibitor than venlafaxine and is therefore preferred.42 Selective serotonin reuptake 
inhibitors are not recommended, due to limited data on their efficacy. Tramadol and oxycodone 
can reduce pain in diabetic painful neuropathies and can be used for breakthrough pain.107 
However, they should be avoided due to risk of addiction and tolerance to analgesic effect. 
Topical treatment can be an option in localized neuropathic pain. Two drugs have been 
registered for this indication, namely lidocaine 5% patches and capsaicin 8% patches.113* 
Capsaicin has proven to be effective in diabetic and HIV neuropathy, reducing pain by 22.8-
40%.113* A retrospective study also found 75% reduction of pain intensity.114 It can be a good 
alternative to oral drugs, with lesser side effects. 
Different diseases causing SFN may respond differently to these drugs. In HIV neuropathy, 
amitriptyline, topical lidocaine, and pregabalin failed to relieve pain.115-118 Only lamotrigine 
and capsaicin were found moderately effective.107 In chemotherapy-induced neuropathy, no 
evidence was found for the efficacy of amitriptyline, nortriptyline, or gabapentin.119-121

Immunoglobulins and TNF-α inhibition have been reported to be effective in patients with 
SFN with various causes.46,122-128 Recently, a large retrospective cohort study of sarcoidosis-
associated SFN found that immunoglobulins and TNF-α inhibition caused improvement in 
75 and 67% of cases, respectively.129** Whether these very expensive treatments should be 
initiated as causative treatment for SFN is unclear and currently being investigated. Cibinetide 
(ARA290) seems a promising new drug to relieve pain and increase corneal and skin-nerve-
fiber density in sarcoid and diabetic neuropathy.77*,130,131 Further clinical trials are needed before 
this drug can be registered. 

Autonomic dysfunction
Treatment of autonomic neuropathy depends on the type of symptoms patients report. In 
cardiac autonomic neuropathy (arrhythmias), improvement can be obtained with 
carvedilol.132,133 Treatment of postural orthostatic hypotension should involve stopping or 
modifying medication that can cause or worsen orthostatic hypotension and start 
nonpharmacological measures (increase salt intake, stockings, etc.). Pharmacologic treatment 
can consist of midodrine or droxidopa. 134-137 Hyperhidrosis may respond to clonidine, 
amitriptyline, or botuline toxin.138 
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DISCUSSION

SFN is an underrecognized clinical condition that has been associated with substantial burden 
on individuals’ QoL. Patients often feel misunderstood and are limited in daily activities by 
their complaints. SFN can be caused by multiple underlying diseases, of which diabetes 
mellitus is the most frequent. Studies of the true incidence and systematic reports on underlying 
causes of SFN have been scarce.9,15,16 Extensive screening for underlying disease and the 
detection of heritability as a possible cause of SFN has reduced the proportion of patients with 
idiopathic SFN to approximately half of diagnosed patients. 
A protocolled approach to diagnosing SFN is of great importance to rule out treatable causes 
of SFN and differentiate it from large fiber neuropathy and fibromyalgia (table 2). The 
diagnosis of SFN can be difficult and no gold standard is available. Unlike in large fiber 
neuropathy, nerve conduction studies are generally normal in SFN. 
All diagnostic modalities summarized in this review have their limitations, although skin 
biopsy is considered by some to be the ‘silver standard’. What is important, however, is that 
a normal skin biopsy does not completely exclude SFN, possibly due to its sometimes patchy 
distribution. Moreover, skin biopsy does not always correlates with complaints.75,88 Just as in 
diagnosing idiopathic pulmonary fibrosis, we consider combining multiple diagnostic tests in 
a consecutive order to be the best option, although the best combination and sequence of tests 
remain to be determined. Diagnostic criteria have been suggested, and skin biopsy will not 
always be necessary.57,58,64,72,76*,139

Treatment of SFN depends on the underlying illness and is generally difficult. Responses to 
treatment are poor-to-moderate, and many patients experience side effects. The question 
remains for which patient treatment should be initiated, and at what stage. Most importantly, 
a multidisciplinary approach is recommended and more collaboration between centers of 
excellence is necessary. 

CONCLUSION

SFN is a disabling generalized sensory nerve disorder with a widespread spectrum of symptoms, 
affecting QoL. The disorder can accompany many different diseases. SFN is difficult to 
diagnose, as a gold standard is still lacking. There is a need for additional reliable, valid, and 
responsive tests to diagnose SFN, as well as a clinical diagnostic guideline using a stepwise 
approach and a combination of tests. Treating the underlying disease is only effective in some 
cases. In the majority of cases, the only option is symptomatic treatment, which usually 
produces only partial pain relief. Identifying and understanding the pathological basis of SFN 
will facilitate further studies on diagnostic methods and novel treatment approaches. 
Prospective research is warranted to improve the diagnostic process, treatment, and outcome. 
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Key points

• Apart from idiopathic cases, SFN has been associated with various diseases and conditions.
• There is no diagnostic gold standard for SFN. The combination of typical symptoms and 

the absence of large fiber involvement is required. 
• Patients may benefit from a diagnosis of SFN, even in absence of an underlying cause and 

specific treatment.
• Treatment consist mainly of symptomatic (partial) relief of complaints.
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ABSTRACT

The aim of this study was to evaluate clinical characteristics, diagnostic strategy, and treatment 
in patients with neurosarcoidosis in a tertiary referral center. 
In a cross-sectional study we included all patients with neurosarcoidosis treated at our tertiary 
referral center between September 2014 and April 2015. 
We identified 52 patients, among them 1 patient was categorized as having definite 
neurosarcoidosis, 37 probable neurosarcoidosis, and 14 possible neurosarcoidosis. Neurologic 
symptoms were the first manifestation of sarcoidosis in 37 patients (71%). Chronic aseptic 
meningitis was the most common presentation (19 of 52 patients [37%]), followed by cranial 
neuropathy (16 of 52 patients [31%]). Serum angiotensin converting enzyme and lysozyme 
levels were elevated in 18 of 41 (44%) and 12 of 26 cases (46%). Pulmonary or lymph node 
sarcoidosis was identified by chest X-ray in 21 of 39 cases (54%) and by computed tomography 
of the chest in 25 of 31 cases (81%). 18Fluorodeoxyglucose positron emission tomography 
showed signs of sarcoidosis in 15 of 19 cases (79%). Thirty-one of the 46 cases receiving 
treatment (67%) improved, 13 cases (28%) stabilized, and two cases (4%) deteriorated. First-
line treatment with corticosteroids resulted in satisfactory reduction of symptoms in 21 of 43 
patients (49%). Seventeen patients (33%) needed second-line cytostatic treatment, and 10 
patients (19%) were treated with tumor necrosis factor-alpha inhibitors. 
The majority of patients with neurosarcoidosis present with chronic meningitis without a 
history of systemic sarcoidosis. The diagnosis can be difficult to make, because of the poor 
sensitivity of most diagnostic tests. Half of patients had a satisfactory reduction of symptoms 
on first-line therapy.
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INTRODUCTION

Sarcoidosis is a multisystem granulomatous disorder of unknown etiology, usually diagnosed 
between 20 and 40 years of age.1 It can involve virtually any organ, but has a propensity for 
the lungs, lymph nodes, and skin.1,2 The prevalence of sarcoidosis is estimated at about 5-50 
per 100.000 with the highest prevalence in Northern Europe.3 
Nervous system involvement has been reported in 5 to 15% of patients and can involve any 
part of the nervous system, ranging from brain parenchyma, cranial nerves to peripheral 
nerves.3-5 Previous studies reported neurologic symptoms as the presenting manifestation of 
sarcoidosis in 50 to 70% of neurosarcoidosis patients.1,2,6,7 The most commonly reported 
neurological manifestation is cranial neuropathy with the facial and optic nerve being the most 
frequently affected nerves.1,2,5,7,8 Other described neurological complications include 
parenchymal lesions, hydrocephalus, aseptic meningitis, peripheral neuropathy, and 
myopathy.1-3,7

Diagnosing neurosarcoidosis may be difficult because clinical features can be nonspecific. 
Furthermore, definite neurosarcoidosis requires histological confirmation, which is often not 
performed in patients with isolated central nervous system localization of sarcoidosis. Typically, 
extensive ancillary investigations are performed to exclude other causes and identify granulomas 
outside the central nervous system for histological confirmation of sarcoidosis. Imaging 
techniques include cranial and muscle magnetic resonance imaging (MRI), chest X-ray or 
computed tomography (CT), and positron emission tomography – computed tomography 
(PET-CT). 
If the diagnosis of possible, probable, or definite neurosarcoidosis is made, treatment can 
consist of corticosteroids (first-line), methotrexate or azathioprine (second-line) or monoclonal 
antibodies (third-line).5,9,10 The efficacy of these treatments, however, has not been studied 
systematically. In our hospital, a national neurosarcoidosis referral center has been established 
in 2014. In this study we evaluated the clinical presentation, ancillary investigations, treatment, 
and disease course of patients with neurosarcoidosis in a tertiary referral center.

METHODS

In this cross-sectional study, we included all patients with neurosarcoidosis treated at the 
Academic Medical Center in Amsterdam between September 2014 and April 2015. Ethical 
approval is not required in the Netherlands for a retrospective cross-sectional study with 
anonymized patient data such as our study. Patients were identified by their treating physician 
and data were collected in a database. The diagnosis of neurosarcoidosis was categorized 
according to an acknowledged classification system in the field of neurosarcoidosis, first 
formulated by Zajicek et al,7 later modified by Marangoni et al.8 The classification system we 
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used categorizes patients into 3 groups according to certainty of the diagnosis: possible, 
probable, and definite neurosarcoidosis (supplementary table 1). Definite neurosarcoidosis is 
defined as histological confirmation of neuronal tissue, probable and possible neurosarcoidosis 
are defined as a clinical syndrome suggestive of the disease in combination with histological 
confirmation of systemic sarcoidosis, laboratory, or imaging support. Additionally, the 
exclusion of alternative diagnoses, for example neurological infection or malignancies, is 
essential. In this study, we included cases with both central and peripheral nervous system 
involvement. A positive histology for sarcoidosis was defined as the presence of histological 
features consistent with sarcoidosis, which include noncaseating granulomas with epithelioid 
cells and macrophages surrounded by lymphocytes, plasma cells, and mast cells. In patients 
with muscle manifestation of neurosarcoidosis, histological confirmation can be derived from 
muscle tissue. Although in these cases histological confirmation comes from the tissue that 
established the diagnosis of neurosarcoidosis, we decided not to regard these cases as having 
definite neurosarcoidosis, as according to the criteria, only confirmation with central nervous 
tissue would certify the diagnosis.
For all patients, a case record form was filled in containing baseline demographic features, 
presenting symptoms, presence of systemic disease prior and subsequent to neurologic disease, 
results of ancillary investigations, treatment, length of follow-up, adverse events, and clinical 
outcome. In scoring patients for a history of autoimmune diseases, we excluded diseases that 
were later considered to be, or very likely to be, a manifestation of sarcoidosis, such as anterior 
uveitis. Each case was scored for clinical features and ancillary investigations on presentation 
contributing to the diagnosis. Complications during follow-up were reported if they were 
attributable to sarcoidosis or its treatment. Infections were regarded as a side effect of 
prednisolone or other immunosuppressive therapy if they were opportunistic infections or if 
the relation with the medication was explicitly noted in the patient records. Clinical outcome 
was graded into functional disability at the last recorded presentation in in- or outpatient 
setting. The functional disability in each case was scored as “asymptomatic”, “complaints 
without functional disability”, “complaints with minor functional disability” (e.g. neurological 
deficits mildly interfering in everyday life, such as inability to cycle due to motor dysfunction), 
“complaints with moderate-to-severe functional disability” (e.g. neurological deficits interfering 
everyday life, resulting in failure to return to job or school, requirement of special equipment 
such as crutches or a wheelchair, or assistance with everyday activities), and death. The response 
rate to treatment in each case was scored as “improvement on therapy”, “stable disease” (e.g., 
unchanged compared to clinical situation prior to treatment), “deterioration”, and “spontaneous 
improvement” (e.g., improvement in patients not treated for neurosarcoidosis or improvement 
after ceasing treatment in patients). 
Statistical analysis was performed to compare differences between groups using the Fisher’s 
exact test for dichotomous variables and the Mann-Whitney U test for continuous variables. 
A p-value <0.05 was considered significant.
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RESULTS

We identified a total of 52 patients who met the diagnostic criteria for possible, probable, or 
definite neurosarcoidosis. One patient (2%) was categorized as having definite neurosarcoidosis, 
37 patients (71%) were categorized as having probable, and 14 patients (27%) as having 
possible neurosarcoidosis. The patient with definite neurosarcoidosis had positive histology 
for sarcoidosis following a biopsy of dural tissue. Of the patients with probable neurosarcoidosis, 
35 patients met the criteria based on signs of inflammation of the nervous system alongside 
positive histology for a systemic lesion. Two patients met the criteria based on positive results 
of other ancillary investigations. One of these patients had a high resolution CT (HRCT) scan 
and Gallium-67 scan with abnormalities consistent with the diagnosis, the other patient had 
a positive HRCT scan and broncheal alveolar lavage with a lymphocytosis and raised CD4/
CD8 ratio. Histological confirmation mostly came from lymph nodes (19 of 34 patients, 
56%) and lung tissue (7 of 34 patients, 21%). In 2 patients with muscle manifestation of 
neurosarcoidosis, histological confirmation came from muscle tissue. The 14 patients with 
possible neurosarcoidosis had a clinical syndrome and ancillary investigations suggestive of 
the disease, but did not fulfill the criteria for probable neurosarcoidosis (e.g. no histological 
evidence of sarcoidosis or 2 positive ancillary investigations as described in supplementary 
table 1).
The median age at the time of diagnosis with neurosarcoidosis was 44 years with a range of 
34 - 56 years, and 27 (52%) patients were female (table 1). Classified by ethnicity, 28 (54%) 
patients were white, 16 (31%) were of African descent and 8 (15%) were of Asian descent. 
Three patients had a positive history of autoimmune diseases, and 7 had a positive family 
history of autoimmune disease. A positive family history of sarcoidosis was noted in 3 patients. 
Of the 15 patients with a prior diagnosis of sarcoidosis outside the nervous system, pulmonary 
sarcoidosis was found in 12 cases (80%), ocular sarcoidosis in 2 cases (13%), and liver and 
skin sarcoidosis were previously diagnosed in 1 patient each. Sarcoidosis of others organs 
developed during the course of the disease in 25 of 37 patients (68%) presenting with 
neurosarcoidosis. In 35 patients (67%), lung involvement was reported at any time during 
disease course. Eye involvement was reported in 17 patients (33%) and consisted of uveitis in 
14 cases, sarcoidosis of the skin was reported in 8 cases (15%), and ear, nose, and throat 
pathology was noted in 7 cases (14%). 
Neurologic symptoms were the first clinical manifestation of sarcoidosis in 37 of 52 patients 
(71%). The most common neurological symptom at presentation was limb sensory disturbance 
in 24 cases (46%), followed by headache in 19 cases (37%). All patients except 2 had more 
than one neurological symptom at presentation. Neurologic examination at presentation was 
abnormal in 44 of 52 cases (85%). Frequent findings were cranial nerve pathology (17 cases, 
33%) and sensory abnormalities (20 cases, 39%). During the course of the disease, 24 patients 
(46%) developed additional neurologic symptoms. 
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Table 1. Baseline characteristics

Characteristic n/N (%) Characteristic n/N (%)

Age - yr at baseline assessment 52 (38-59) Signs on neurologic examination

Age at diagnosis neurosarcoidosis 44 (34-56) No abnormalities 8/52 (15)

Age at diagnosis sarcoidosis 43 (31-56) Cranial nerve palsy 17/52 (33)

Male sex 25/52 (48%) Sensory abnormalities 20/52 (39)

Ethnicity Paresis 16/52 (31)

White 28/52 (54) Extensor plantar reflex 10/52 (19)

African descent 16/52 (31) Neurologic pathologyc

Asian descent 8/52 (15) Chronic aseptic meningitis 19/52 (37)

Patient history Cranial nerve palsy 16/52 (31)

Sarcoidosis 15/52 (29) n.VII unilat palsy 6 (12)

Autoimmune diseasea 2/52 (4) n.VII bilat palsy 2 (4)

Sarcoidosis and autoimmune 1/52 (2) n.V palsy 4 (8)

Family history n.VI palsy 4 (8)

Sarcoidosis 3/27 (6) n.III palsy 3 (6)

Autoimmune diseaseb 7/27 (14) n.II palsy 2 (4)

n.XII palsy 1 (2)

Presenting symptoms n.X palsy 1 (2)

Limb sensory disturbance 24/52 (46) Spinal cord 12/52 (23)

Headache 19/52 (37) Brain parenchymal disease 11/52 (21)

Abnormal gait 14/52 (27) Peripheral nervous system 9/52 (17)

Paresis 14/52 (27) Small fiber neuropathy 5/52 (10)

Limb pain 11/52 (21) Hydrocephalus 5/52 (10)

Fatigue 8/52 (15) Muscle 5/52 (10)

Vision loss 8/52 (15) Cerebral infarction 3/52 (6)

Diplopia 8/52 (15) Neuroendocrined 3/52 (6)

Myalgia 8/52 (15) Systemic involvemente 41/52 (79)

Ataxia 4/52 (8) Lungs 35 (67)

Dysphagia 4/52 (8) Eye 17 (33)

Cognitive decline 4/52 (8) Skin 8 (15)

Speech disorder 4/52 (8) ENT 7 (14)

Facial paresis 3/52 (6) Liver 3 (6)

Psychiatric symptoms 3/52 (6) Heart 3 (6)

Facial sensory loss 2/52 (4) Joints 2 (4)

Impaired smell 2/52 (4) Diagnostic classification

Hearing loss 1/52 (2) Definite 1/52 (2)

Probable 37/52 (71)

Possible 14/52 (27)

Data are number/number assessed (%), and median (25th–75th percentile). If the number assessed 
is not noted, all 52 patients were assessed. aMembranous glomerulonephritis and psoriasis (n=1), 
rheumafactor negative rheumatoid arthritis (n=1), primary sclerosing cholangitis (n=1) bRheumatoid 
arthritis (n=5), rheumatoid arthritis and systemic lupus erythematosus (SLE) (n=1) and Crohn’s disease 
(n=1). cBased on both clinical signs and results of ancillary investigation during the complete follow-up 
period. dPanhypopituitarism (n=2), diabetes insipidus (n=1). eSystemic involvement during the complete 
follow-up period: Eye and ENT involvement consisted of uveitis (n=14), papilledema (n=1), macular 
oedema (n=1), keratoconjunctivitis sicca (n=1), inflammation of sinus or nasal mucosa (n=4), parotitis 
(n=1), and vocal cord pathology (n=2).
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During the course of the disease, the most common clinical neurologic pathology, based on 
both clinical signs and results of ancillary investigations, was chronic aseptic meningitis in 19 
patients (37%), followed by cranial nerve palsy in 16 patients (31%). Of those 16 patients, 4 
exclusively had cranial nerve involvement, the other patients also had other nervous system 
involvement including cerebral and meningeal involvement. Facial nerve palsy was the most 
frequently reported cranial nerve palsy, occurring unilateral in 6 and bilateral in 2 cases. 
Peripheral nerve involvement was found in 9 patients (17%), of which 5 had isolated small-
fiber neuropathy and 4 had polyneuropathy. Five patients developed hydrocephalus during 
the course of the disease, which was communicating in 1 and obstructive in 4. Neuroendocrine 
involvement, consisting of hypothalamic-pituitary dysfunction, was seen in 3 patients. 
Neurovascular complications of neurosarcoidosis were seen in 4 cases (8%), and consisted of 
brain infarction in 3 and cerebellar hemorrhage in 1 case.
Ancillary investigations on admission are described in table 2 and supplementary figure 1. The 
results of blood chemical tests were available in 49 of 52 cases (94%). The serum angiotensin 
converting enzyme (ACE) level was tested in 41 and elevated (>70 units/L) in 18 patients 
(44%). Lysozyme levels were elevated (>3.5 mg/L) in 12 of the 26 patients tested (46%). 
Elevated ACE levels were more frequent in patients with pulmonary sarcoidosis than in patients 
without pulmonary involvement (17 of 26 [65%] versus 1 of 15 [1%], P<0.001). Cerebrospinal 
fluid (CSF) analysis was performed in 31 patients and abnormal in 27 (87%). Elevated protein 
levels were found in 15 of 25 (60%) patients tested. Pleiocytosis (>5 leukocytes counted per 
mm3) was found in 18 of the 28 patients tested (64%). Presence of oligoclonal bands was 
tested in 18 and positive in 4 cases (22%), IgG index was tested in 21 patients and elevated 
(>0.62) in 8 (38%). Repeated CSF analysis during follow-up showed new abnormalities in 5 
cases that had normal initial CSF examination. CSF ACE levels were not determined.
Cranial MRI was performed in 37 patients, and in 27 (73%) patients there were abnormalities 
attributed to sarcoidosis (figure 1). These included signs of inflammation of the meninges (12 
cases, 44%), parenchyma (11 cases, 41%) and optic nerve (2 cases, 7%). In 2 of these cases, 
abnormalities consistent with sarcoidosis were only seen in a follow-up cranial MRI. A MRI 
of the spine was performed in 18 patients, and showed abnormalities consistent with sarcoidosis 
in 12 (67%) patients. One of these cases initially had a normal spinal MRI scan on presentation, 
but had spinal cord lesions on a follow-up MRI consistent with sarcoidosis. 
A chest X-ray was carried out in 39 patients (75%), 21 of which (54%) showed abnormalities 
consistent with sarcoidosis (figure 2). A chest CT was done in 31 patients (60%) and consisted 
of a HRCT in 7 and a regular CT in the other cases. Of the patients tested, 25 (81%) showed 
abnormalities consistent with sarcoidosis (hilar lymphadenopathy, parenchymal, and pleural 
abnormalities). In 5 cases with a chest X-ray that was negative or inconclusive for sarcoidosis, 
a later-performed CT-scan was positive for sarcoidosis. 18Fluordeoxyglucose (FDG)-PET CT 
was done in 19 cases. Fifteen of 19 patients with 18F-FDG-PET CT (79%) showed 
abnormalities consistent with sarcoidosis. In 3 of 9 cases with chest X-ray, chest CT and 



CHAPTER 5

82

18F-FDG PET-CT, PET-CT was the only imaging test positive for sarcoidosis. Gallium-67 
scintigraphy was performed in 5 cases and showed uptake of radioisotope characteristic for 
sarcoidosis in 3 cases (60%). In one case both Gallium-67 scintigraphy and 18F-FDG-PET 
CT were done and both showed abnormalities consistent with sarcoidosis. 
All except 6 patients (12%) received treatment (table 3). Of the 46 patients receiving  
treatment, 43 (93%) were treated with corticosteroids (supplementary figure 2). Second-line 
treatment consisted of methotrexate (14 cases), azathioprine (8 cases), cyclophosphamide (1 
case), and cyclosporine (1 case). Third-line treatment consisted of monoclonal antibodies 
against tumor necrosis factor (TNF)-α: infliximab (7 cases), adalimumab (1 case), both 
infliximab and adalimumab (1 case) and infliximab and mycophenolate mofetil (1 case). All 
patients were on corticosteroids when second- and third-line treatment was initiated. 
Corticosteroids could be discontinued in 6 of 17 patients (35%) on second- or third-line 

Figure 1. MRI results of patients with neurosarcoidosis
(A). Hydrocephalus due to an obstructive multicystic mass. (B) Meningeal enhancement and thickening 
of the right cavernous sinus in a patient with a third nerve palsy. (C) Leptomeningeal nodular enhancing 
lesions in a patient with cognitive decline and an abnormal gait. (D) Enhancement and thickening of the 
facial nerve (arrow) in a patient with facial nerve palsy. (E) Leptomeningeal and dural enhancement in 
a patient with chronic meningitis. (F) Enhancing lesions of the spinal cord in a patient with sensory loss 
and paresis of the left arm and leg.
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treatment. Six patients underwent neurosurgery at some point during the course of the disease. 
In 3 patients, the operation served diagnostic purposes (peripheral nerve biopsy, spinal cord 
biopsy, and dural tissue biopsy) and in 3 patients, complications of neurosarcoidosis required 
neurosurgical intervention (obstructive hydrocephalus in all).
The mean length of follow-up was 42 months and 33 of 52 patients (63%) were followed 
longer than 12 months. Complications during follow-up consisted of side effects of 
prednisolone use, including weight gain, steroid-induced diabetes, and infection, which were 
reported in 26 of 30 patients with recorded complications (87%). Other complications during 
follow-up included pulmonary embolism (4 cases), pneumonia (2 cases), cryptococcal 
meningitis (1 case), and side effects of other used medication (3 cases). One patient on 
prednisolone, methotrexate and infliximab developped recurrent urinary tract infections. We 
did not encounter other opportunistic infections that could be attributed to second- or third-
line immunotherapies.
None of the patients died during follow-up. Thirty-one of the 46 cases receiving treatment 
(67%) improved upon therapy, 13 cases (28%) stabilized, and 2 cases (4%) deteriorated. Of 
the 6 patients not receiving therapy, 4 (67%) showed spontaneous improvement. Fourteen of 
46 treated patients (30%) were successfully treated (i.e. no active inflammation and stable 
disease or improvement) and discharged from follow-up consultation. Twenty-one of 43 cases 
(49%) improved after treatment with only corticosteroids. Seventeen of these patients (65%) 
had no complaints or complaints without functional impairment at their last reported 
consultation. None of the patients treated with monoclonal TNF-α antibodies deteriorated 
during therapy. In 4 of the 9 patients (44%) treated with TNF-α inhibitors, improvement 
was seen and in 5 patients (56%) stable disease was established. In 1 case, treatment was 

Figure 2. Systemic imaging in neurosarcoidosis patients
(A) Chest X-ray showing substantial bilateral hilar lymphadenopathy. (B) Chest CT showing mediastinal 
and hilar lymphadenopathy. (C) 18F-FDG PET-CT showing pathological uptake in mediastinal and hilar 
lymph nodes. 
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successful and could be discontinued, in 2 cases treatment was discontinued because it failed 
to establish improvement, the other cases were still receiving treatment at the last follow-up 
consultation. Overall, 15 patients (29%) were asymptomatic at their last recorded doctor 

Table 2. Ancillary investigations on presentation

Characteristic n/N (%) Characteristic n/N (%)

Ancillary investigationsa Imagingc Abnormalities 
consistent 
with 
sarcoidosisd

Normal

Blood chemical tests 49/52 (94)

ACE (units/L) serum 58 (37-90) Chest X-ray 21/39 (54) 15/39 (38)

>70 18/41 (44) Chest CTe 25/31 (81) 6/30 (19)

Lysozyme (mg/L) serum 3.5 (2.8-4.8) Cranial CT 7/11 (64) 2/10 (18)

>3.5 12/26 (46) Cranial MRI 27/37 (73) 6/37 (16)

Calcium (mmol/L) serum 2.39 (2.31-2.47) Spine MRI 12/18 (67) 4/18 (22)

>2.6 2/35 (6) 18F-FDG PET-CT 15/19 (79) 3/19 (16)

ESR serum 16.0 (6.0-40.3) Gallium scintigraphy 3/5 (60) 2/5 (40) 

>20 18/46 (39)

Cerebral spinal fluid analysis 31/52 (60) Location biopsyf

Normal 4/31 (13) Lymph node 19/34 (56)

White cell count (cells/mm3) 153 (29-553) Lung 7/34 (21)

>5 cells/mm3 18/28 (64) Skin 4/34 (12)

Lymphocytosisb 6/18 (33) Muscle 3/34(9)

Protein (g/L) CSF 0,55 (0,41-1,08) Nerve 1/34 (3)

>50 15/25 (60) Liver 1/34(3)

Glucose (mg/dl) 57.7 (50.5-66.7)     

<50 6/27 (22) Tissue analysis

Glucose ratio (CSF/serum) 0.48 (0.39-0.71) Granuloma 34/43 (79)

<0.6 6/10 (60) Other abnormalitiesg 5/43 (12)

IgG-index >0.62 8/21 (38) Not representative 1/43 (2)

Oligoclonal bands present 4/18 (22) No abnormalities 3/43 (7)

Data are number/number assessed (%) and median (25th–75th percentile. aACE levels were evaluated in 
41 cases (79%), lysozyme levels in 26 cases (50%), calcium in 35 cases (67%), erythrocyte sedimentation 
rate (ESR) in 46 cases (89%), CSF white cell count in 28 cases (90%), CSF protein in 25 cases (81%), 
CSF glucose in 27 cases (87%), IgG index in 21 cases (68%), oligoclonal bands in 18 cases (58%) and 
glucose ratio in 10 cases (32%).b>5 lymphocytes/mm3. cImaging and biopsy results presented are results 
during entire follow-up period. dThis included bilateral hilar lymphadenopathy and typical parenchymal 
or pleural abnormalities on chest X-ray or chest CT, signs of inflammation on MRI and isotope uptake 
characteristic for sarcoidosis on FDG-PET or Gallium scan. eIncluding both HRCT and regular CT-
scanning. fLocation of histologically proven sarcoidosis. greactive inflammation in 4 cases, necrotizing 
granulomatous inflammation in 1 case.
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consultation and 22 patients (42%) still experienced complaints without functional impairment 
in everyday life. Six patients (12%) experienced symptoms causing minor functional 
impairment and 9 patients (17%) were moderate –to severely impaired by their symptoms. 

Table 3. Treatment and outcome

Characteristic n/N (%) Characteristic n/N (%)

Treatment 46/52 (88) Complications during follow-up 30/52 (58)

Pharmacological Side effects prednisolone 26/30 (87)

Steroids 43/52 (83) Weight gain 13 (50)

Prednisolone 42/43 (98) Diabetes 10 (38)

Only methylprednisolone 1/43 (2) Infection 3 (12)

Prednisolone and 
methylprednisolonea

30/43 (70) Pyrosis/stomach ulcer 2 (8)

Cytotoxic pharmaceutics 17/46(37) Osteoporosis 2 (8)

Methotrexate 14/17 (82) Psychiatric 1 (4)

Azathioprine 8/17 (47) Avascular necrosis of hip joint 1 (4)

Cyclophosphamide 1/17 (6) Cardiovascular 1 (4)

Cyclosporine 1/17 (6) Other side effects 8 (31)

TNF-α inhibitors 10/46 (22) Otherb 12/30 (43)

Infliximab 7 (70)

Adalimumab 1 (10) Response rate 

Infliximab and Adalimumab 1 (10) Improvement 31/46 (67)

Infliximab and Mycophenolate mofetil 1 (10) Stable disease 13/46 (28)

Deterioration 2/46 (4)

Discharged from follow-up 14/46 (30)

Neurosurgery 6/52 (12)

Outcome 

Follow-up (months) 26 (8-70) Asymptomatic 15/52 (29)

Complaints, no disability 22/52 (42)

Minor disabilityc 6/52 (12)

Moderate-severe disabilityd 9/52 (17)

The study included 52 patients diagnosed with neurosarcoidosis. Data are number/number assessed 
(%) and median (25th–75th percentile). aI.V. pulsed methylprednisolone. bOther complications during 
follow-up included pulmonary embolism (n=4), pneumonia (n=2), cryptococcal meningitis (n=1), 
immunocompromised status contributed to sarcoidosis (n=1), osteomyelitis due to polyneuropathy 
(n=1) and side effects of other used medication (n=3). cNeurological deficits mildly interfering in 
everyday life, such as inability to cycle due to motor dysfunction. dNeurological deficits interfering 
everyday life, resulting in failure to return to job or school, requirement of special equipment such as 
crutches or a wheelchair, or assistance with everyday activities. 
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DISCUSSION

Diagnostic evaluation of patients with suspected neurosarcoidosis is directed towards detecting 
disease outside of the nervous system to facilitate tissue diagnosis. The Zajicek criteria focused 
on central nervous system (CNS) involvement with signs of inflammation on MRI and/or in 
CSF as a major criterion for ‘probable neurosarcoidosis’. In our study we found that limb 
sensory disturbance is a major symptom at clinical presentation in 46% of patients. Other 
studies also reported involvement of the peripheral nervous system, ranging from 6% to 69% 
of reported cases.11-14 ACE and lysozyme analysis were abnormal in about half of our patients, 
indicating low sensitivity of these investigations in compliance with reported literature.15 A 
chest CT-scan showed signs of sarcoidosis and a biopsy location in the majority of patients, 
enabling histological diagnosis. In a minority, 18F-FDG-PET CT or Gallium scintigraphy was 
needed to secure the diagnosis. Gallium scintigraphy is included in the criteria for diagnosis 
of probable sarcoidosis owing to high sensitivity of this test in the study of Marangoni et al.8 
However, Gallium scintigraphy results in CNS uptake in less than 5% of cases.16 A recent 
study suggests that 18F-FDG-PET CT could be used as a valid alternative imaging test, for it 
leads to better uptake in CNS sites.16 Furthermore, 18F-FDG-PET CT is suggested to have a 
higher sensitivity in detecting lymph node inflammation.5,17 
Neurologic symptoms were the first manifestation of neurosarcoidosis in 71% of cases. This 
is in agreement with previous studies which reported rates between 50% and 70%.14 Chronic 
aseptic meningitis was the most frequently found neurologic pathology in 37% of cases. This 
frequency is relatively high compared to previous studies, which reported between 3% and 
40% of cases to present with aseptic meningitis.1,2,7,18-21 This could be because of a referral bias, 
as our center has specific expertise on chronic meningitis.
Forty-four of 46 patients (96%) stabilized or improved upon therapy. Fourteen of 46 patients 
(30%) were treated successfully and could be discharged from follow-up consultation. About 
half of the patients had a satisfactory reduction of symptoms on first-line therapy with 
corticosteroids. Treatment indications of TNF-α inhibitors are not well defined, as available 
literature on neurosarcoidosis patients treated with TNF-α inhibitors is limited to case reports 
and case series of patients refractive to other treatment options.22-29 In all these cases, response 
to treatment with few side effects is reported. However, treatment duration is often long and 
relapse on cessation of the TNF-α inhibitor is reported in several cases.25,29 As these case reports 
have limited follow-up period and are likely to be subject to publication bias, long-term efficacy 
of TNF-α inhibitors has yet to be established. Neurosarcoidosis is a chronic disease, and 71% 
of our patient population had residual symptoms at the end of follow-up, leading to functional 
impairment in 29%.
Our study has several important limitations. First, there are different classification systems for 
neurosarcoidosis, which all include slightly different populations. We chose to use the modified 
Zajicek criteria over other available classification systems, such as the more recent “WASOG 
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sarcoidosis organ assessment instrument”, 30 as it is the most widely used and acknowledged 
classification system for neurosarcoidosis, and most fully encompasses the highly variable 
patient group. For instance, patients with peripheral neuropathy in sarcoidosis are not 
considered to have neurosarcoidosis according to the WASOG classification. Furthermore, 
the selection of patients is biased, as we only analyzed patients treated at a tertiary referral 
center. However, most patients with suspected neurosarcoidosis or a neurological autoimmune 
disorder of unknown cause are referred to specialized centers due to diagnostic difficulties. We 
were limited by the observational nature of our analysis, resulting in heterogeneous diagnostic 
evaluation, no structured follow-up, analysis of cases at different moments of their disease 
course, and missing data. These limitations caused suboptimal comparison of cases, but could 
not be overcome as they are inherent to the study design. However, in most patients a similar 
course of diagnostic evaluation was followed and most patients were evaluated at a similar 
stage in their disease course. To overcome the problem of missing data, we gave an overall of 
n of N (%) in presenting our results. Research of neurosarcoidosis is limited by the observational 
nature of studies available on this topic. Only a few large cohort studies are available in 
literature, which are all no longer up to date regarding diagnostic or therapeutic possibilities. 
Future recommendations therefore include research of large patient groups with protocolled 
ancillary investigations, treatment, and follow up, allowing for a more comprehensive 
comparison between patient groups. Furthermore, trials for second- and third-line therapy 
are warranted to evaluate efficacy of different treatment modalities. 



CHAPTER 5

88

REFERENCES

1. Joseph FG, Scolding NJ. Neurosarcoidosis: a study of 30 new cases. J Neurol Neurosurg Psychiatry 
2009;80:297-304.

2. Stern BJ, Krumholz A, Johns C, Scott P, Nissim J. Sarcoidosis and its neurological manifestations. 
Arch Neurol 1985;42:909-917.

3. Hoitsma E, Faber CG, Drent M, Sharma OP. Neurosarcoidosis: a clinical dilemma. Lancet Neurol 
2004;3:397-407.

4. James DG, Sharma OP. Neurosarcoidosis. Proceedings of the Royal Society of Medicine 
1967;60:1169-1170.

5. Hoitsma E, Drent M, Sharma OP. A pragmatic approach to diagnosing and treating neurosarcoidosis 
in the 21st century. Curr Opin Pulm Med 2010;16:472-479.

6. Shah R, Roberson GH, Cure JK. Correlation of MR imaging findings and clinical manifestations 
in neurosarcoidosis. AJNR Am J Neuroradiol 2009;30:953-961.

7. Zajicek JP, Scolding NJ, Foster O, et al. Central nervous system sarcoidosis--diagnosis and 
management. QJM 1999;92:103-117.

8. Marangoni S, Argentiero V, Tavolato B. Neurosarcoidosis. Clinical description of 7 cases with a 
proposal for a new diagnostic strategy. J Neurol 2006;253:488-495.

9. Dutra LA, Braga-Neto P, Oliveira RA, Pedroso JL, Abrahao A, Barsottini OG. Neurosarcoidosis: 
guidance for the general neurologist. Arq Neuropsiquiatr 2012;70:293-299.

10. Hebel R, Dubaniewicz-Wybieralska M, Dubaniewicz A. Overview of neurosarcoidosis: recent 
advances. J Neurol 2015;262:258-267.

11. Wegener S, Linnebank M, Martin R, Valavanis A, Weller M. Clinically isolated neurosarcoidosis: 
a recommended diagnostic path. European neurology 2015;73:71-77.

12. Nozaki K, Scott TF, Sohn M, Judson MA. Isolated neurosarcoidosis: case series in 2 sarcoidosis 
centers. Neurologist 2012;18:373-377.

13. Pawate S, Moses H, Sriram S. Presentations and outcomes of neurosarcoidosis: a study of 54 cases. 
QJM 2009;102:449-460.

14. Allen RK, Sellars RE, Sandstrom PA. A prospective study of 32 patients with neurosarcoidosis. 
Sarcoidosis Vasc Diffuse Lung Dis 2003;20:118-125.

15. Carlson ML, White JR, Jr., Espahbodi M, et al. Cranial base manifestations of neurosarcoidosis: a 
review of 305 patients. Otol Neurotol 2015;36:156-166.

16. Nishiyama Y, Yamamoto Y, Fukunaga K, et al. Comparative evaluation of 18F-FDG PET and 
67Ga scintigraphy in patients with sarcoidosis. Journal of nuclear medicine : official publication, 
Society of Nuclear Medicine 2006;47:1571-1576.

17. Bolat S, Berding G, Dengler R, Stangel M, Trebst C. Fluorodeoxyglucose positron emission 
tomography (FDG-PET) is useful in the diagnosis of neurosarcoidosis. J Neurol Sci 2009;287:257-
259.

18. Hoyle JC, Jablonski C, Newton HB. Neurosarcoidosis: clinical review of a disorder with challenging 
inpatient presentations and diagnostic considerations. Neurohospitalist 2014;4:94-101.

19. Lower EE, Broderick JP, Brott TG, Baughman RP. Diagnosis and management of neurological 
sarcoidosis. Arch Intern Med 1997;157:1864-1868.

20. Delaney P. Neurologic manifestations in sarcoidosis: review of the literature, with a report of 23 
cases. Annals of internal medicine 1977;87:336-345.

21. Nozaki K, Judson MA. Neurosarcoidosis. Curr Treat Options Neurol 2013;15:492-504.
22. Pettersen JA, Zochodne DW, Bell RB, Martin L, Hill MD. Refractory neurosarcoidosis responding 

to infliximab. Neurology 2002;59:1660-1661.
23. Carter JD, Valeriano J, Vasey FB, Bognar B. Refractory neurosarcoidosis: a dramatic response to 

infliximab. Am J Med 2004;117:277-279.
24. Kobylecki C, Shaunak S. Refractory neurosarcoidosis responsive to infliximab. Pract Neurol 

2007;7:112-115.
25. Moravan M, Segal BM. Treatment of CNS sarcoidosis with infliximab and mycophenolate mofetil. 

Neurology 2009;72:337-340.



Neurosarcoidosis in a tertiary referral center

89

5

26. Sodhi M, Pearson K, White ES, Culver DA. Infliximab therapy rescues cyclophosphamide failure 
in severe central nervous system sarcoidosis. Respir Med 2009;103:268-273.

27. Chintamaneni S, Patel AM, Pegram SB, Patel H, Roppelt H. Dramatic response to infliximab in 
refractory neurosarcoidosis. Ann Indian Acad Neurol 2010;13:207-210.

28. Santos E, Shaunak S, Renowden S, Scolding NJ. Treatment of refractory neurosarcoidosis with 
Infliximab. J Neurol Neurosurg Psychiatry 2010;81:241-246.

29. Riancho-Zarrabeitia L, Delgado-Alvarado M, Riancho J, et al. Anti-TNF-alpha therapy in the 
management of severe neurosarcoidosis: a report of five cases from a single centre and literature 
review. Clin Exp Rheumatol 2014;32:275-284.

30. Judson MA, Costabel U, Drent M, et al. The WASOG Sarcoidosis Organ Assessment Instrument: 
An update of a previous clinical tool. Sarcoidosis, vasculitis, and diffuse lung diseases : official 
journal of WASOG / World Association of Sarcoidosis and Other Granulomatous Disorders 
2014;31:19-27.



CHAPTER 5

90

SUPPLEMENTARY MATERIAL

Supplementary figure 1. Flowchart of multi-step diagnostic strategy used in neurosarcoidosis patients

Supplementary table 1. Diagnostic criteria according to Zajicek, modified by Marangoni 5,8

‘Definite neurosarcoidosis’ Positive nervous system histology

‘Probable neurosarcoidosis’ Signs of inflammation in the central or peripheral nervous system, 
positive histology for a systemic lesion, and/or positive results for 
at least two of the following tests: Gallium scan, chest HRCT, BAL 
with a CD4 : CD8 ratio >3.5 and a CD4 : CD8 ratio >5 in the CSF.

‘Possible neurosarcoidosis’ Above criteria are not met and other pathologies have been ruled 
out

Abbreviations: ACE, angiotensin converting enzyme; BAL, bronchoalveolar lavage; HRCT, high 
resolution computed tomography.
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Supplementary figure 2. Flowchart of treatment in neurosarcoidosis patients
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ABSTRACT

Objective
We studied genetic risk factors associated with sarcoidosis within a family with a high 
prevalence of this disease. 

Methods
We studied 41 members of a family with a high rate of sarcoidosis, including an index patient 
with treatment resistant neurosarcoidosis. Whole genome sequencing was performed for six 
affected family members and variations associated with loss of function were filtered out as 
candidate genes. Findings were validated by using amplicon sequencing within all 41 family 
members with DNA available and candidate genes were screened on absence and presence 
within the sarcoidosis affected and unaffected. 

Results
Family members (n=61) from 5 generations were available for participation including 13 
subjects diagnosed with sarcoidosis (20%). Analyses identified 36 candidate variants within 
34 candidate genes. Variations within three of these genes (JAK2, BACH2 and NCF1) 
previously have been associated with autoimmune diseases. 

Conclusions
We identified 34 genes with a possible role in the etiology of sarcoidosis, including JAK2. Our 
results may suggest evaluation of JAK-inhibitors in treatment resistant sarcoidosis.
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INTRODUCTION

Sarcoidosis is a granulomatous inflammatory disorder that manifests most commonly between 
the age of 20 and 40 years.1 This disease has a prevalence between 5 and 64 per 100.000 with 
highest incidences in the Northern European and African-American populations.1 
Neurosarcoidosis is a severe variant of sarcoidosis, characterized by granulomas involving the 
nervous system, with heterogeneous clinical presentation and a high relapse rate.2

The etiology of sarcoidosis is unknown and it is hypothesized to be caused by an exaggerated 
immune response to unknown antigens in genetically predisposed individuals.1 Granuloma 
formation may be initiated by the innate immune system with a possible role for toll-like 
receptor 2.3 Presentation of antigens through MHC class I or II molecules induce adaptive 
effector T cell responses, mainly a T helper cell 1 (Th1) and T helper cell 17 response via 
interleukin 17 (IL-17) and 23 (IL-23).4 A genetic basis was shown by a twin study, estimating 
a heritability of 66%.5 Genome-wide association studies (GWAS) and candidate gene studies 
have described candidate genes, including Annexin A11 (ANXA11), Butyrophilin-like 2 
(BTNL2), Coiled-coil domain containing 88B (CCDC88B), BCL2-associated agonist of cell 
death (BAD), and associations in the human leukocyte antigen (HLA), most notably HLA-
DRB1 and HLA-DBQ1.4 
At our outpatient clinic, a tertiary referral center for sarcoidosis, we lost a patient with 
treatment refractory neurosarcoidosis due to a relapse of the disease. Our patient belonged to 
a Surinam family with an unusual high rate of sarcoidosis. At the request of our patient and 
her family, we tried to unravel genetic risk factors associated with sarcoidosis using whole 
genome sequencing.

METHODS

We constructed a pedigree based on the clinical information provided by the family. Not all 
information of the fourth and fifth generations could be provided. Diagnosis of sarcoidosis 
was made by the treating physician, according to international guidelines.1 Tissue confirmation 
of noncaseating granulomatous inflammation was preferred but not required for inclusion. 
We collected data on medication use, diagnosis, organ involvement, treatment response, and 
outcome. This study was done at the request of the family. All participants provided written 
informed consent and the study was done according to Dutch legislation. 
Saliva of 40 family members was collected for DNA extraction and isolated using the Oragene 
saliva collection system (OG-500, DNA Genotek) according to manufacturer’s protocol. 
Additionally, blood was withdrawn from one patient in sodium/EDTA tubes for DNA 
extraction. Isolation of DNA was performed with the Gentra Puregene isolation kit (Qiagen) 
according to the manufacturer’s protocol.
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For the whole genome sequencing, DNA concentration was determined by means of 
fluorometric measurement (Qubit, Thermi) and quality was checked by determining the 
absence of degradation and presence of high molecular weight DNA. Whole genome 
sequencing of six sarcoidosis affected family members was done using the Illumina HiSeq X 
platform at the Hartwig Medical Foundation DNA sequencing center. Paired-end reads for 
each individual were merged using Picard (version 1.92) and aligned to the GRch37/HG19 
reference genome using the LifeScope aligner (version 2.5.1, Applied Biosystems). To minimize 
mismatched bases between reads, realignments were performed using the RealignerTargetCreator 
function in GATK (version 2.7-4). Samples were recalibrated with GATK Recalibrate and 
variants were called using GATKs HaplotypeCaller (version 3.3-0) with default settings. 
Variants for analysis were filtered on a minimal read depth of 20 and genotype quality of 99. 
After filtering, all samples were combined and genotyped by using GATK CombineGVCFs 
and GenotypeGVCFs (version 3.3-0). Finally, all chromosomal locations for found variants 
were annotated using SnpEff and the UCSC variant annotation integrator tool (https://
genome.ucsc.edu/).6 We updated all mentioned locations in the manuscript according to the 
GRCh38 using Lift Genome Annotations for the UCSC genome browser. 
For the validation of candidate variants, AmpliSeqTM (Life Technologies, Carlsbad, CA, USA) 
custom panels were developed using Ion AmpliSeqTM designer software capturing 307 candidate 
variants. Libraries were constructed using Ion AmpliSeqTM Library Kit (v2.0, ThermoFisher) 
according to the manufacturer’s instructions. Validation and quantification of enriched targeted 
DNA were performed. Emulsion PCR was performed using the SOLiD EZ Bead Emulsifier 
and Amplifier (Applied Biosystems). Sequencing was performed on the SOLiD 5500xl 
sequencer (Life Technologies) generating paired-end reads (50 bp forward and 35 bp reverse).
In the analysis pipeline, we used the six whole genome sequenced affected family members as 
a template to find variations associated with loss of function of a gene, consisting of variants 
with frameshift, in-frame indel, start/stop codon change, and missense using Ingenuity Variant 
Analysis™ (QIAGEN Redwood City, CA). All exomic variants that had a call quality of more 
than 20 were imported in Ingenuity Variant Analysis™. Filters were set to exclude common 
variants, remove variants in the top 5% most exonically variable, and all variants with a allele 
frequency of ≥ 1% in the 1000 Genomes, ExAC and NHLBI ESP databases. We kept variants 
which were associated with gain of function or which were homozygous, haplo-insufficient, 
or hemizygous.
Using AmpliSeqTM, we verified the Ingenuity Variant Analysis™ results for all six affected family 
members and 35 other family members for whom we were able to collect DNA. Overall, we 
performed amplicon sequencing in 41 individuals, including the six whole genome sequenced 
individuals. Two researchers independently evaluated all AmpliSeqTM results by visually 
inspecting the reads using Integrative Genomics Viewer (IGV, Broad Institute, Cambridge, 
MA, USA). Low quality variants and identical variation between all family members were 
excluded. Protein function and/or allele frequency difference between affected and unaffected 
family members were used to further select variations. An independent in-house reference 
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whole exome sequencing database was used to exclude all variants present with a minor allele 
frequency (MAF) of 0.01. Finally, we manually re-evaluated all population MAF of the 
remaining variations by consulting ExAC. Furthermore, all variants were evaluated using the 
combined annotation-dependent depletion (CADD) score and the variants were cross 
referenced in the ClinVar database.
All remaining genes were thereafter evaluated on function and previously reported roles in 
sarcoidosis, other granulomatous and/or autoimmune disease, or a role in the immune system. 
Furthermore, we performed pathway analysis using the online tool from the STRING database. 
STRING database was used to evaluate if the reported proteins in which our variants were 
found had any similar interaction networks or functional enrichments analysis. 

Data Availability Statement

Anonymized data not published in the article is available on request by any qualified 
investigator.

RESULTS

Family members from 5 generations were available for participation in the study (figure 1), 
consisting of 61 subjects of whom 13 were diagnosed with sarcoidosis (21%). Of these, genetic 
material could be collected from 41 patients (67%). The family was of African Surinamese 
ancestry. 

Characteristics of the 13 affected patients are presented in table 1. The diagnosis of sarcoidosis 
was confirmed by pathological examination in 8 of the 13 patients (62%), based on clinical 
suspicion in combination with imagining in 4 patients (31%) and on clinical suspicion only 
in 1 patient (8%). The latter was a patient with an isolated eye manifestation. Organ system 
involvement consisted of the lungs in 11 patients, eyes in 3, joints in 3, skin in 2, and nervous 
system in 2. Treatment was known for 8 patients and consisted of systemic use of immuno-

X XXXXX

Figure 1. Pedigree of individuals of whom DNA was collected
Pedigree of the family with the 6 individuals who were whole genome sequenced marked by the ‘X’, 
affected individuals in grey and the individuals who had their DNA collected in green. Squares indicate 
males, circles indicate females. The diagonal line indicates that that individual has passed away. 
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suppressive therapy in 5 patient as follows: prednisolone in 5, methotrexate in 2, and infliximab, 
chloroquine, and azathioprine in 1 patient. One patient was treated with prednisolone eye 
drops only. Treatment response was known for 8 of 13 patients and consisted of complete 
remission in 7 (88%) and death due to sepsis in the index patient. 
Whole genome sequencing was done on the 6 patients with sarcoidosis (figure 1). These 
patients had various affected organ systems, including the nervous system (in 2 patients, one 
of which is the index patient), lungs (5 patients), eyes (3 patients), liver (1 patients), and skin 
(2 patients). All but one had pathology confirmed sarcoidosis. Ingenuity Variant Analysis™ 
filtering resulted in 358 candidate variants within 132 different genes in the six affected family 
members with a potential association with development of sarcoidosis. Supplementary figure 
1 shows our step-by-step workflow of selection of candidate genes. We developed primers for 
AmpliSeqTM to sequence and evaluated 294 of the candidate variations leading to 36 variants 
within 34 genes passing the initial filtering (table 2, supplementary figure 1).

Pathway analysis showed no associations of the 34 genes and overrepresentation of a specific 
pathway. This means that no general pathway within the reported relevant variations is detected 
to explain the disease cause. The genes with the highest minor allele frequency (MAF) in 
affected versus unaffected patients were ZFAT (MAF affected/unaffected, 4.57), DNAH9 

Table 1. Clinical information of individuals with sarcoidosis

Characteristic n/N (%) Characteristic n/N (%)

Age at diagnosis known 6/13 (46) Treatment

Age at diagnosis (IQR), years 40 (33 - 43) Corticosteroids 5/8 (63)

Mean current age (IQR), yearsa 61 (50 - 80) Methotrexate 2/8 (25)

Sex (male) 6/13 (46) Infliximab 1/8 (13)

Organ system involvement Azathioprine 1/8 (13)

Lungs 11/13 (85) Chloroquine 1/8 (13)

Eyes 3/13 (23) Corticosteroid containing eye drops 1/8 (13)

Joints 3/13 (23) No treatment 3/8 (38)

Skin 2/13 (12) Unknown 5/13 (38)

Neurological 2/13 (12) Outcome

Diagnosis Remission 7/8 (88)

Biopsy confirmed 8/13 (62) Deterioration 1/8 (13)

Suggestive imagingb 4/13 (31) Unknown 5/13 (38)

Clinical diagnosisc 1/13 (8) Deathd 3/13 (23)

Data are number/number assessed (%) and median (25th – 75th percentile).
a Age on 01-01-2019
b Bilateral hilar lymphadenopathy on chest X-ray in all patients
c Uveitis anterior, diagnosis made by eye doctor. 
d Last time of follow-up 01-01-2017. One patient died of deterioration due to disease progression. 
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(MAF affected/unaffected, 3.43), NCF1 (MAF affected/unaffected, 3.43), and MCM2 (MAF 
affected/unaffected, 3.24). The genes with the highest CADD scores were OTOG (28.5), 
MYF6 (27.7), and NUN6 (26.6). In total 5 genes had a CADD score below 1, consisting of 
SETSIP, EHMT1, MUC5B, CSH1/CSH2 and BIRC5. Furthermore, evaluation with the 
ClinVar database did not result in additional information. 
From the 34 discovered genes, 14 have previously been described to have a role in the immune 
system. A total of 6 genes are involved in the adaptive immune system, including T and B cell 
activation or proliferation (RGS2, AGRN, ETS1, IGF2R, SMO, and ZFAT), and 3 have a 
role in innate immune system, including dendrocyte and/or macrophage activation or 
migration (POLR3A, NR1H3, and FLT1). 7,8 Additionally, BACH2 codes for a transcription 
factor involved in both the macrophage-mediated innate immune response and the adaptive 
immune response.9 Furthermore, 4 genes have various roles directly linked to the immune 
system. CR1L is involved in the complement system (CR1L).10 NCF1 and the X-chromosomal 
CYBB code for a subunit of neutrophil nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase, which is a membrane-bound enzyme complex that generates superoxide.11 
JAK2 codes for a protein tyrosine kinase, which is required for responses to interferon gamma 
(IFNγ), granulocyte macrophage-colony stimulating factor (GM-CSF), and several interleukins 
(IL-3, Il-5, IL-6 and IL-12, among others).12 
Of the remaining 20 genes, 18 genes have functions that have not been associated with the 
immune system and two genes have an unknown function. Six genes are involved in the 
cardiovascular system (SETSIP), respiratory tract (DNAH9), digestive tract (MALRD1), 
ear and nose (OTOG and OR11H12), and musculoskeletal system (MYF6).13-17 Additionally, 
DSP codes for desmoplakin and is involved in cell structure in cardiac tissue and epidermal 
cells and MUC5B encodes for the components of mucus and is mainly expressed in the 
lungs.18,19 Ten genes have various roles in the cell cycle, mainly cell division and proliferation 
(FRY, BIRC5, CHD7, and EHMT1), but also DNA replication, cell cycle regulatory 
proteins, and genomic stability, and repair (CDK12, SPRY4, and MCM2, respectively).20,21 
Also, two genes have roles in RNA modification and translation initiation (NSUN6 and 
PABPC3) and CSH1 codes for a protein that is only secreted during pregnancy and 
stimulates fetal growth.22,23 Of the remaining two genes, the exact function is unknown 
(MYO15B and FAM166A).

DISCUSSION

We identified 36 variants in 34 genes with possible roles associated with sarcoidosis in a large 
family with a high prevalence of the disease. We identified genetic variations in JAK2, BACH2, 
and NCF1 that have been associated with autoimmune diseases such as inflammatory bowel 
disease and chronic granulomatous disease.24,25
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Identification of the JAK/STAT pathway is of special interest because of potential clinical use 
of JAK-specific inhibitors in sarcoidosis.26 JAK2 codes for a protein tyrosine kinase, which is 
required for responses to interferon gamma (IFNγ), granulocyte macrophage-colony 
stimulating factor (GM-CSF), and several interleukins (IL3, Il5, IL6, and IL12, among 
others).12 Both IFNγ and GM-CSF have been associated with sarcoidosis and disease 
activity.27,28 Upon activation, JAK2 phosphorylates signal transducer and activator of 
transcription (STAT) and initiates the JAK/STAT signaling pathway. The JAK/STAT pathway 
have been implicated in both the IL-12 and IL-23 signaling pathways, which leads to Th1 
and Th17 CD4 cell maturation.12 These Th cells are important mediators of immune responses 
and are thought to organize the granulomatous structure, which is in turn highlighted by CD4 
T-cell lymphopenia in sarcoidosis patients.29 In a study evaluating microRNA expression and 
protein-coding gene expression in sarcoidosis patients, they found the JAK/STAT signaling 
pathway to be the most significantly involved pathway.30 A genetic association study involving 
1996 German sarcoidosis patients described an overlap between risk loci in inflammatory 
bowel disease and sarcoidosis, especially in the IL-23 signaling pathway.31 Authors described 
two variants in the JAK2 gene associated with chronic sarcoidosis.31 
JAK is a novel therapeutic target in inflammatory bowel disease. The two major forms of 
inflammatory bowel disease, Crohn’s disease and ulcerative colitis, are also chronic immune-
mediated conditions characterized by an increased production of proinflammatory cytokines 
leading to granuloma formation.26 In line with our findings in sarcoidosis patients, genetic 
association studies have linked inflammatory bowel disease to the JAK/STAT pathway.32 In 
two randomized clinical trials, involving patients with moderately to severely active ulcerative 
colitis, tofacitinib was more effective as induction and maintenance therapy than placebo.26 
Tofacitinib, a pan-JAK inhibitor, has recently been approved for the treatment of moderate-
to-severe ulcerative colitis.33 Furthermore, positive effects of tofacitinib have been described 
in patients with sarcoidosis.34 We previously described that one-third of patients with 
neurosarcoidosis do not respond to treatment.2 Future research might evaluate JAK inhibitors 
in patients with treatment-resistant sarcoidosis.
BACH2 codes for a transcription factor involved in both the macrophage-mediated innate 
immune response and the adaptive immune response. It is expressed in B and T cells, alveolar 
macrophages, and neural cells.9 BACH2 is a broad regulator of immune activation and is 
required for the formation of regulatory T cells. It has an essential role in maintaining immune 
homeostasis.9,35 Furthermore, it limits the Th1 and Th17 differentiation to effector lineages 
CD4+ T cells.35 In mice knocked out for BACH2, investigators found an increase in the 
number of CD4 T cells in the lungs and peripheral lymphoid organs and increased proportions 
of effector cells in the lungs. As described above, these CD4 T cells play an important role in 
granuloma organization. Most notably, variations in the BACH2 gene are associated with 
Crohn’s disease.24 Only one study found a possible role for BACH2 in sarcoidosis patients. 
They found a negative correlation between gene expression of BACH2 and disease severity.30
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Variants in NCF1 were one of the most distinctive variations, which were more frequently 
found in affected family members. NCF1 codes for a 47-kDa cytosolic subunit of neutrophil 
NADPH oxidase. Mutations in this gene lead to a lower level of reactive oxygen species 
leading to decreased intracellular killing in phagocytic cells.11 NCF1 is associated with 
chronic granulomatous disease. Patients with this disease have increased susceptibility to 
recurrent infections and granuloma formation. We have identified an additional candidate 
gene, the X-chromosomal CYBB, with a common pathway, also associated with this disease. 
NCF1 mutations have also been associated with an increased susceptibility for systemic 
lupus erythematosus (SLE), Sjögren’s syndrome, and rheumatoid arthritis.25 Sarcoidosis in 
patients with chronic granulomatous disease has been described, but is rare which might 
be due to underreporting given the difficulty to discriminate between the two diseases.36 
Animal studies have shown that NCF1-mutated mice show an increase of T cell-dependent 
autoimmunity.37 Furthermore, NAHDP deficiency may play a role in decreased antigen 
degradation and increased cross-presentation of antigens via MHC class I or II between 
dendritic cells, possibly enhancing autoimmunity.38 In mice with a loss of NADPH function, 
an increase of noncaseating granuloma formation was observed in response to 
Proprionibacterium acnes.39 Previous studies have demonstrated the occurrence of microbes 
in patients with sarcoidosis leading to the hypothesis that decreased bacterial clearance may 
add to granuloma formation.40 
Sarcoidosis is thought to be a complex disease in which many genetic variations with small 
effect are involved in addition to unknown environmental factors.1 Multiple variants have 
been found in genome-wide association studies and replication of these results proved to be 
difficult, as illustrated by HLA-DR9 which has been associated with disease risk in Japanese 
patients, but with disease protection in Scandinavians.41 It has been suggested that population 
stratification and failure to correct for population-specific or ethnicity-specific traits remain a 
limitation and this might be improved when cohorts are stratified on the basis of genetically 
determined ancestry.42 Family-based studies have the capacity to limit the confounding 
ancestry-specific genetic predisposition. For example, early family linkage studies have linked 
a familial risk to the MHC region, which have further been pinpointed to haplotype variation 
in the region of the BTNL2 gene with the strength of the association depending on ethnicity.43 
The advantage of our approach, which is performed within a family with affected individuals 
with a shared ancestry, is that it can focus on rare genetic triggers with strong effects, keeping 
in mind the polygenetic nature of the disease. Recently, three family studies were published 
evaluating genetic predisposition using a comparable approach.44-46 A whole exome sequencing 
study in 14 affected individuals and 8 unaffected family members in 5 French different families 
used prediction software and a minor allele frequency lower than 0.05 to further select 
candidate genes and found 227 variants in 192 genes. Analysis of the involved pathways 
identified the TOR pathway as a possible association. No information on the ethnic background 
or admixture of the selected families was published. Another whole exome sequencing study 
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in 22 affected German patients from 6 families did not use healthy family members as a control 
group. They looked at shared genetic predisposition between the families and variants were 
filtered if they occurred in less than 50% of each pedigree. They found 40 candidate variants 
involved in Wnt signaling, chemokine- and cytokine-mediated inflammatory responses, and 
cadherin signaling pathways. Interestingly, no commonly shared genomic region or gene was 
identified among the analyzed 6 sarcoidosis pedigrees, highlighting the complex and 
heterogeneous genotype-phenotype relation of sarcoidosis. A third study investigated traits 
associated with disease onset before the age of 15 in 3 patients of 3 different families and used 
their healthy parents as controls. They selected variants that only occurred in affected patients 
or were transmitted as recessive traits from each parent. Ethnic background was not provided. 
They found 37 candidate genes, but none was shared by all patients. Altogether, many genetic 
variations are suggested to be of influence in sarcoidosis, but few are replicated in a population 
with shared ethnic ancestry. Further exploration in multiple families with a shared ancestry 
with high prevalence of sarcoidosis is an important next step in future studies to identify 
candidate variants and genes. 
Our study has several limitations. First, DNA was collected from a large number of family 
members but not all. Second, clinical data could not be collected in all patients especially in 
the first two generations as the diagnosis was made more than 20 years ago, subjects died, or 
were living abroad. In the individuals of whom data could not be collected, clinical information 
was verified by family members, which may be unreliable. However, the diagnosis was 
confirmed by biopsy in 67% of the individuals, that limits the diagnostic uncertainty. Third, 
patients of the fourth and fifth generation may still develop sarcoidosis due to their relatively 
young age. Fourth, we cannot exclude that there is a nongenetic shared exposure to unknown 
antigens in addition to a shared genetic risk leading to a bias in our results. However, this 
cannot be overcome in a family study. The size of the family including different generations 
living in different parts of the Netherlands and Surinam is expected to limit shared exposure 
to unknown antigens. Fifth, the presence of variations within other populations was an 
important filter in our analysis to select candidate variations associated with sarcoidosis. The 
ideal control population for this family of Suriname origin would have been one with African-
Caribbean descent. With the exception of the Barbados 1000 genome project population, 
African-Caribbean’s populations are underrepresented in population genetics, which could 
have affected the selection of associated variations.47 Currently, no other African-Caribbean 
sarcoidosis cohorts or families have been described making validation of our results difficult 
and we could not investigate the role of these variants in the pathogenesis of sarcoidosis. In 
line with autoimmune disease GWAS, we do not find a single causal gene but multiple 
candidate genes within the family for sarcoidosis indicating a multifactorial genetic origin for 
this disease. This indicates the complexity of detecting the involved genetic variability in 
sarcoidosis risk and possible correlation with the highly variable presentation and progression 
of the disease.4 Lastly, IVA does not target certain structural variants and deletions and 
duplications might be missed in our analysis. 
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In this family-based study, we have identified 36 variants in 34 candidate genes with a possible 
role in the etiology of sarcoidosis. Identified variations within three of these genes, namely 
JAK2, BACH2, and NCF1 have previously been associated with multiple autoimmune 
diseases. Of special interest is the role of JAK/STAT pathway in the pathophysiology of 
sarcoidosis. JAK inhibitors have been approved for colitis ulcerosa, a disease with many similar 
aspects in the pathophysiology, so this may be a novel treatment option for treatment-resistant 
sarcoidosis.

Key points

• JAK2 has a potential role in the etiology of sarcoidosis and is a potential therapeutic target. 
• We identified 33 additional candidate genes of which BACH2 and NCF1 have been 

previously associated with autoimmune disease. 
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SUPPLEMENTARY MATERIAL

Called variants

 Variants: 5004017     Genes: 21736

QC confident

Variants: 5002220  Genes: 21957

Common variants

Variants: 4064039   Genes: 20925

Predicted Deleterious

Variants: 6826 Genes: 3840

Targets for fine mapping using amplicon 
sequencing

Variants: 358 Genes: 132

Excluding locations of bad quality, no 
variants and common variants in 

alternative cohort
Variants: 36 Genes: 34

Variants which could be sequenced 
using amplicon technology

Variants: 307 Genes: 114

Whole genome sequencing 
of 6 individuals

Amplicon sequencing 
of 41 individualsa

Supplementary figure 1. Flow chart of variant selection
a The 6 whole genome sequenced individuals are included in the 41 individuals who were amplicon 
sequenced. 
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ABSTRACT

Objective
To evaluate the use of whole body 18F-FDG PET-CT in the diagnosis of neurosarcoidosis. 

Patients and methods
We have performed a retrospective cohort study in consecutive patients with clinically 
suspected neurosarcoidosis who underwent whole body 18F-FDG PET-CT scanning from 
January 2005 through January 2016 in the Academic Medical Center, Amsterdam, the 
Netherlands, a tertiary referral center. We collected clinical characteristics, results of ancillary 
investigations, and final diagnoses. 

Results
A total of 110 patients with suspected neurosarcoidosis, with a mean age of 49 years were 
identified of whom 59 (54%) were male. Neurosarcoidosis was diagnosed in 27 of these 
patients (25%). 18F-FDG avidity suggestive for sarcoidosis was found in 24 of 110 patients 
(22%). Of these patients, 20 underwent biopsy that led to confirmation of the disease in 11 
(55%). 18F-FDG PET-CT led to a biopsy proven diagnosis of sarcoidosis in an additional 2 
patients with normal chest CT-scan. Elevated angiotensin converting enzyme levels was not 
associated with 18F-FDG avidity suggestive of sarcoidosis (5 of 18 [28%] with suggestive 
18F-FDG PET-CT vs 16 of 62 [23%] with not suggestive 18F-FDG PET-CT). 

Conclusions
Whole body 18F-FDG PET-CT should be performed in patients with clinically suspected 
neurosarcoidosis with a prior normal or inconclusive chest CT-scan and serological markers 
to facilitate a ‘probable neurosarcoidosis’ diagnosis.
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INTRODUCTION

Sarcoidosis is a multisystem disorder of the immune system.1 The estimated annual incidence 
of sarcoidosis in the United States of America is 10 per 100.000 and approximately 5% of 
patients have nervous system involvement.1-3 Presenting symptoms of neurosarcoidosis are 
heterogeneous, varying from headache and cranial nerve palsy, to polyneuropathy.2, 4, 5 Despite 
introduction of new therapies one-third of patients does not improve.2 Diagnostic criteria 
have been established by Zajicek et al, later modified by Tavee et al (supplementary table 1).4, 

6 A definite diagnosis of neurosarcoidosis requires histologic confirmation of granulomas in 
affected nervous system tissue which is often not possible or desirable, for instance in spinal 
cord lesions. Therefore, most patients are diagnosed with probable neurosarcoidosis, based on 
clinical signs and detection of granulomas outside the nervous system.2

18F-fluorodeoxyglucose positron emission tomography – computer tomography (18F-FDG 
PET-CT) is an imaging modality that enables visualization and quantification of tissues’ ability 
to metabolize fluorodeoxyglucose labelled glucose, for example granulomatous inflammation.7 
In systemic sarcoidosis whole body 18F-FDG PET-CT was found to correctly identify 78% 
of biopsy proven locations.8 Current guidelines advocate the use of 18F-FDG PET-CT in 
patients with suspected sarcoidosis in which a biopsy localization is sought, in patients with 
persistent symptoms despite low or normal biomarkers, and cardiac sarcoidosis.1, 9, 10 18F-FDG 
PET-CT in neurosarcoidosis has not systematically been studied.11, 12 The aim of our study 
was to assess the clinical utility of whole body 18F-FDG PET-CT in the diagnostic work-up 
of patients suspected of neurosarcoidosis.

MATERIALS AND METHODS

We retrospectively identified all patients with suspected neurosarcoidosis who underwent a 
whole body 18F-FDG PET-CT at the Academic Medical Center in Amsterdam, a tertiary 
referral center, between January 2005 and January 2016. Patients were suspected of 
neurosarcoidosis based on a suggestive clinical presentation and ancillary investigations, such 
as lesions on cranial Magnetic Resonance Imaging (MRI) consistent with inflammation or 
cerebrospinal fluid leukocytosis, pointing towards inflammatory disease of the nervous system. 
A whole body 18F-FDG PET-CT was performed to evaluate for systemic sarcoidosis and 
facilitate biopsy of FDG avid lesions.4, 6, 13 A positive histology for sarcoidosis was defined as 
the presence of histological features consistent with sarcoidosis, which include noncaseating 
granulomas with epithelioid cells and macrophages surrounded by lymphocytes, plasma cells, 
and mast cells.
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Clinical characteristics, results of ancillary investigations, and final diagnoses were collected. 
Whole body 18F-FDG PET-CT scans were evaluated by board certified nuclear medicine 
physicians. All patients fasted for at least 6 hours before infusion of 18F-FDG. The whole body 
18F-FDG PET-CT scans were acquired in a routine clinical setting on a Gemini time-of-flight 
multi-detector helical PET-CT scanner (Philips Medical Systems, Eindhoven, the Netherlands), 
60 minutes after bolus injection of 18F-FDG (dose adjusted for weight), covering in 102 
patients the brain up to the upper legs and in 8 patients the brain up to the toes (acquisition 
time 2 min per bed position). Also a low-dose, non-contrast enhanced, computer tomography 
scan (CT-scan) was acquired for attenuation correction and anatomic coregistration with a 
slice thickness of 3 mm. All images were reconstructed using the Gemini TF’s default 
reconstruction (BLOB-OS-TF, a 3D ordered subset iterative time-of-flight reconstruction 
technique using 3 iterations and 33 subsets with a voxel size of 4x4x4 mm3). No separate bed 
brain bed was acquired and the scan was performed with the arms up.
We defined findings to be consistent with sarcoidosis on chest X-ray, chest CT, and 18F-FDG 
PET-CT, as described in previous articles.1, 14-16 18F-FDG avidity considered suggestive for 
sarcoidosis were thoracic lymph node involvement, involvement of the lung parenchyma, 
diffuse lymph node involvement, and typical organ involvement (salivary gland, liver, spleen, 
and muscle 18F-FDG avidity). As 18F-FDG PET-CT scans were repeated in some patients, we 
only include the results of the first scan and discuss the results of the repeated scan separately. 
Statistical analysis was performed to compare differences between groups using the Fisher’s 
exact test for dichotomous variables and the Mann-Whitney U test for continuous variables. 
A p-value <0.05 was considered significant. For the statistical analysis SPSS 23.0 was used. 
This study complies with the Dutch privacy legislation and no medical ethical commission 
approval is necessary when conducting retrospective research using anonymized data.

RESULTS

Patient Characteristics
Between January 2005 and January 2016, 150 whole body 18F-FDG PET-CT scans were 
performed in patients who were evaluated for an autoimmune disease of the nervous system, of 
which 121 were performed in 110 patients with a clinical suspicion of neurosarcoidosis. Overall, 
these 121 scans were performed in 110 patients. In 11 patients a second 18F-FDG PET-CT scan 
was performed during the study period. The included patients had a mean age of 49 years and 
59 (54%) were male (table 1). Presenting neurological symptoms and ancillary investigations 
were consistent with spinal cord disease in 32 patients (29%), chronic meningitis in 30 (27%), 
peripheral neuropathy in 20 (18%), encephalitis in 8 (7%), isolated cranial nerve palsy in 7 
(6%), and a cerebral mass lesion in 6 (5%). Overall, 10 patients (9%) were on immunosuppressive 
therapy during their first 18F-FDG PET-CT and 8 (72%) patients at their second. 
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Whole body 18F-FDG PET-CT Results
An abnormal 18F-FDG PET-CT scan suggestive for sarcoidosis was found in 24 of 110 patients 
(22%; table 2). 18F-FDG PET-CT abnormalities suggestive for sarcoidosis were localized in 
lymph nodes in 23 patients (96%), lungs in 4 (17%), muscle in 2 (8%), and ear, nose and 
throat and liver both in 1 patient (4%) (figure 1). In 5 patients abnormal 18F-FDG uptake in 
the central nervous system was found. 
Following 18F-FDG PET-CT scanning, 20 of 24 patients with abnormalities suggestive for 
sarcoidosis (83%) underwent lymph node biopsy. Biopsy was performed using endobronchial 
ultrasound (EBUS) in 16 patients (80%), bronchoscopy in 2 patients (10%), and percutaneous 
ultrasound guided puncture in 2 patients (10%). The location of biopsy was a thoracic or 
mediastinal lymph node in all patients. In 11 of 20 patients (55%), biopsy showed 

Table 1. Clinical characteristics at presentation

Characteristic N (%)a Characteristic N (%)a

Age, yr, mean (SD) 49 (13) Neurological symptoms

Sex, male 59 (54) Primary neurological 
presentation

90 (82)

Ethnicity Cranial nerve palsy 28 (26)

White 81 (74) Headache 42 (38)

African descent 13 (12) Impaired gait 33 (30)

Other 10 (9) Motor symptoms 37 (34)

Unknown 6 (5) Sensory symptoms 60 (55)

Medical history Psychiatric symptoms 16 (15)

No medical history 40 (36) Impaired speech 12 (11)

Sarcoidosis 1 (1) Visual symptoms 23 (21)

Autoimmune disease 9 (8)

Malignancy 5 (5) Neurological clinical syndrome

Other 55 (48) Myelopathy 32 (29)

Systemic symptoms Chronic meningitis 30 (27)

Pulmonary 8 (7) Peripheral neuropathy 20 (18)

Eye 3 (3) Encephalopathy/-itis 8 (7)

Dermatological 4 (4) Isolated cranial nerve palsy 7 (6)

Rheumatological 1 (1) Mass lesion 6 (6)

Digestive tract 2 (2) Other 7 (6)

Hepatic 2 (2)

Endocrine symptoms 4 (4)

Constitutional symptoms 25 (23)

No systemic symptoms 59 (54)

a Data are number (%) and mean (standard deviation). These characteristics were available for all 110 
patients. 
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noncaseating granulomatous inflammation (figure 2). Other biopsy results were reactive 
inflammation in 7 (29%) and ‘no representative tissue’ in 2 patients (8%). Of the 9 patients 
with a biopsy result that was not suggestive for sarcoidosis 4 patients were eventually diagnosed 
with neurosarcoidosis (of whom 1 with probable neurosarcoidosis), 1 patient was diagnosed 
with multiple sclerosis, and in 4 patients no diagnosis could be made. Of the 10 patients 
using immunosuppressive therapy at the time of 18F-FDG PET-CT scanning, 3 showed 
abnormalities suggestive for sarcoidosis, all of which could be proven with a biopsy. Additional 

A B

C D

Figure 1. Abnormalities found in the lymph nodes and lungs on 18F-FDG PET-CT found suggestive and 
not suggesitve for sarcoidosis. 
Abnormalities on 18F-FDG PET-CT suggestive for sarcoidosis consisting of hilair lymphadenopathy (A) 
and pumonal nodules (B) and not suggestive for sarcoidosis consisting of axillar lymphadenopathy (C) 
and a pneumonia (D).
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abnormalities identified on the 18F-FDG PET-CT in patients with abnormalities consistent 
with sarcoidosis were FDG avidity in thyroid nodules in 3 patients (13%) and epididymis 
in 1 patient (4%). 
Of the 86 remaining patients with no 18F-FDG avid lesions consistent with sarcoidosis, 
abnormal 18F-FDG avidity was seen in 45 patients (41%) and in 41 patients (37%) no 
abnormalities were seen. Abnormal 18F-FDG uptake was observed in the central nervous 
system of 18 patients (40%), in the lymph nodes of 10 patients (12%), 5 in the urogenital 
and digestive tract (both 6%), 4 in the lungs and ear, nose and throat (both 5%), and 1 in the 
liver, skin, and circulatory tract (each 1%). Lymph node avidity in these 10 patients was not 
considered to be consistent with sarcoidosis because of low FDG avidity or an atypical location. 
Biopsy of the 18F-FDG avid lesions was performed in 9 of 45 patients (20%) and showed 
sarcoidosis of the colon in 1, colon adenoma and reactive lymph nodes each in 2 patients, and 
astrocytoma, meningioma, thyroid and kidney tumor each in 1 patient. 
A second 18F-FDG PET-CT was performed in 11 of 110 patients (10%). This was performed 
for diagnostic purposes in 6 patients, which was suggestive for sarcoidosis in 1 leading to 
biopsy confirmation. In 5 patients it was performed to determine disease activity, which showed 
active sarcoidosis in 4 patients and led to a change in treatment in 3 patients. 

Whole body 18F-FDG PET-CT compared to other ancillary investigations
Serum angiotensin converting enzyme (ACE) was elevated in 19 of 80 (24%) patients and 
lysozyme in 9 of 60 (15%). The proportion of patients with abnormal serum ACE between 

A B

Figure 2. True and false positive 18F-FDG PET-CT avidity in hilar lymph nodes
Abnormalities on 18F-FDG PET-CT suggestive for sarcoidosis consisting of hilair lymphadenopathy, 
biopsy confirmed granulmatous inflammation (A) and primary malignancy of the digestive tract (B).
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those with or without whole body 18F-FDG PET-CT abnormalities suggestive for sarcoidosis 
was similar (5 of 18 (28%) versus 14 of 62 (23%); p=0.65). Seventy of 110 patients (64%) 
underwent a chest X-ray and 43 patients (39%) a chest CT-scan (supplementary figure 1). In 
27 patients (25%), chest X-ray, chest CT-scan, and whole body 18F-FDG PET-CT were 
performed during diagnostic work-up. Chest X-ray showed hilar lymphadenopathy consistent 

Table 2. Ancillary investigations

Characteristic n/N (%)a Characteristic      n/N (%)a 

Blood chemical tests 18F-FDG PET-CT

ACE >70 units/L 19/80 (24) Suggestive for sarcoidosis 24/110 (22)

Lysozyme >3.5 mg/L 9/60 (15) Other abnormalitiesc 49/110 (45)

CRP >5 mg/L 20/66 (30) No abnormalities 41/110 (37)

ESR >20 mm/hr 20/79 (25)

Organ 18F-FDG avidity

Cerebral spinal fluid analysis Lymph node(s) 33/110 (30)

Lumbar puncture done 84/110 (76) Lung 8/110 (7)

White cell count (cells/mm3) 8 (4 – 37) Ear, nose and throat 7/110 (6)

>5 cells/mm3 55/84 (65) Digestive tract 5/110 (5)

Protein (g/L) 0.5 (0.38 – 0.79) Urogenital tract 5/110 (5)

>0·5 g/L 40/84 (48) Muscle 2/110 (2)

Glucose <50mg/dL 5/80 (6) Liver 2/110 (2)

IgG-index >0.62 17/55 (31) Skin 1/110 (1)

Oligoclonal bands present 22/52 (42) Circulatory tract 1/110 (1)

Normal 16/84 (19) Nervous system 23/110 (21)

Imaging studies suggestive for sarcoidosisb

Chest X-ray 3/70 (4) Biopsy results PET posd PET negd

Chest CT 7/42 (17) Noncaseating granulomas 11/20 (55) 1/9 (11)

Cranial CT 4/18 (22) Reactive inflammation 7/20 (35) 3/9 (33)

Cranial MRI 30/89 (34) Other abnormalities 0/20 (0) 5/9 (56)

Spinal MRI 30/58 (52) No representative tissue 2/20 (10) 0/9 (0)

a Data are number/number assessed (%) and median (25th – 75th percentile).
b This included bilateral hilar lymphadenopathy and typical parenchymal or pleural abnormalities 
on chest X-ray or chest CT. Signs of inflammation (e.g. leptomeningeal enhancement, cranial nerve 
enhancement) or mass lesions on MRI of the brain and either leptomeningeal enhancement or 
enhancing myelopathy on the spinal MRI. 
c Other abnormalities: neurological (n=18), reactive lymphadenopathy (n=10), thyroid nodule (n=4), 
pulmonary nodule (n=3), reactive esophageal inflammation (n=2), colon adenoma (n=2), uterus 
myomatosus (n=2), benign kidney tumor, epididymitis, prostatitis, focal FDG uptake vocal cord of 
unknown etiology, skin infection, bladder leiomyoma, inflammation surrounding tracheal cannula, 
pneumonia, aortic aneurysm, liver hemangioma.
d PET pos: 18F-FDG PET-CT suggestive for sarcoidosis. PET neg: 18F-FDG PET-CT not suggestive for 
sarcoidosis
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with sarcoidosis in 3 of 70 patients (4%). Either ACE, lysozyme, or chest X-ray was suggestive 
for sarcoidosis in 25 of 98 (26%) patients, which was similar in patients with and without a 
final diagnosis of neurosarcoidosis (6 of 27 (22%) vs. 19 of 71 (27%); p=0.65). Chest CT-scan 
showed abnormalities suggestive for sarcoidosis in 7 of 43 patients (16%). In patients who 
underwent both chest CT and whole body 18F-FDG PET-CT, the 18F-FDG PET-CT led to 
identification of abnormalities suggestive of sarcoidosis in 3 additional patients of whom 2 
patients had granulomatous inflammation in the biopsy. In these patients chest CT-scan 
showed no abnormalities in 2 patients and was inconclusive in 1 patient. 
 
Final diagnosis
The final diagnosis (supplementary table 2) during follow-up was neurosarcoidosis in 27 of 
110 patients (25%), of which 1 patient was diagnosed with definite, 16 patients (59%) with 
probable, and 10 patients (37%) with possible neurosarcoidosis. Of the patients with 
probable neurosarcoidosis, 14 patients (88%) were biopsy confirmed and of the patients 
with possible neurosarcoidosis, 4 patients (40%) had suggestive 18F-FDG avidity. Overall, 
19 of 27 neurosarcoidosis patients (70%) had 18F-FDG avidity supportive for sarcoidosis 
(supplementary table 3). Lesions previously identified on imaging of the nervous system 
showed 18F-FDG avidity in 10 of 27 patients (37%; figure 3). In 10 patients (37%), disease 
activity was present on MRI imaging of the muscles, spinal cord or brain, but there was no 
corresponding 18F-FDG avidity on the 18F-FDG PET-CT scan. One patient with a spinal 
cord syndrome had abnormal 18F-FDG uptake in the spinal cord but a normal MRI of the 
spinal cord. In the remaining 6 patients (22%) both MRI and the whole body 18F-FDG 
PET-CT showed no signs of disease activity in the nervous system.

Figure 3. 18F-FDG avidity of the spinal cord, optical nerve and muscles in in biopsy proven neuro-
sarcoidosis patients
Abnormalities on 18F-FDG PET-CT in biopsy proven neurosarcoidosis patients consisting of FDG avidity 
of the spinal cord (A), the left optical nerve (B) and the muscles (C)



CHAPTER 7

120

Other final diagnoses were multiple sclerosis in 14 (13%), other neurologic diagnoses in 26 
(24%) patients, and in 43 patients (39%) a syndromic diagnosis was made with unknown 
underlying disease (e.g. idiopathic chronic meningitis or myelopathy).

 
DISCUSSION

Our study shows that 22% of the performed whole body 18F-FDG PET-CT scans in patients 
suspected of neurosarcoidosis showed characteristic abnormalities for sarcoidosis, which led to 
histopathological confirmation in 55%. Whole body 18F-FDG PET-CT enabled identification 
of potential biopsy sites in a substantial proportion of patients with neurosarcoidosis. This also 
applied to patients with neurological disease and no symptoms and signs of other organ 
involvement. Prior studies reported 18F-FDG PET-CT to be valuable in revealing occult sites 
of disease activity in patients with sarcoidosis outside the central nervous system.17, 18

18F-FDG PET-CT imaging can reveal sarcoidosis activity irrespective of serological biomarkers 
and prior inconclusive chest X-ray and/or chest CT scan. Clinical manifestations of 
neurosarcoidosis are diverse including myelopathy, chronic meningitis, cranial nerve palsy, 
hydrocephalus, and cerebral mass lesions.5, 19 Conversely, neurosarcoidosis is therefore included 
in the differential diagnosis of many neurological syndromes. Commonly, ACE, lysozyme, 
and chest X-ray are advised to rule out sarcoidosis in the work-up of patients with chronic 
meningitis, myelopathy and polyneuropathy. In our study, ACE, lysozyme, or chest X-ray are 
suggestive for sarcoidosis in only a minority of the patients (26%). This is concordant with 
data from previously published studies confirming that this cannot be used to rule out 
sarcoidosis in this population. In a prospective study including 90 patients with pathology 
confirmed sarcoidosis with persistent symptoms, 18F-FDG PET-CT enabled detection of 
disease activity in 75% of patients with normal ACE levels.18 In another retrospective study 
including 158 patients with pathology confirmed sarcoidosis who underwent whole body 
18F-FDG PET-CT for unexplained persistent disabling symptoms with inconclusive serological 
test and conventional radiography, showed signs of active disease in 75% on the 18F-FDG 
PET-CT.20 Our study suggests that whole body the 18F-FDG PET-CT should be performed 
when neurosarcoidosis is suspected and serological markers, chest X-ray, and chest CT-scan 
are normal or inconclusive.
Pathological confirmation of sarcoidosis was obtained in 55% of the patients with characteristic 
findings for sarcoidosis on whole body 18F-FDG PET-CT. This diagnostic yield of 18F-FDG 
PET-CT for sarcoidosis is in line with previous studies.21, 22 Biopsy was performed by using 
an EBUS or bronchoscopy, which has a diagnostic yield of 80% and 53%, respectively.23 
Therefore, granulomatous inflammation might have been missed. However, EBUS is currently 
the most sensitive method for biopsy and the majority of the patients were examined using 
this technique. Biopsy should be performed whenever possible, preferably before the start of 
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immunosuppressive therapy. Treatment has been described to lower the sensitivity of the 
18F-FDG PET-CT by reducing FDG uptake in patients with sarcoidosis and other diagnoses, 
thereby obscuring the diagnostic process.10, 24

18F-FDG PET-CT can be useful to exclude a differential diagnosis. The differential diagnosis 
of patients suspected of neurosarcoidosis include a wide array of infectious diseases, 
malignancies, inflammatory disorders and other mimickers, which can all lead to 18F-FDG 
uptake.16, 25 In our study, 18F-FDG PET-CT led to a biopsy confirmation of astrocytoma, 
meningioma, thyroid and kidney tumor, among others. Of interest is the potential role of 
18F-FDG PET-CT in the work-up of sarcoid-like reactions. These are noncaseating 
granulomatous inflammations, without further evidence for sarcoidosis, in association with 
malignancies – most notably a lymphoma or malignancy of the breast.26 In these cases 18F-FDG 
PET-CT may be able to simultaneously diagnose the primary malignancy. 
In our cohort 93% of the patients were scanned from the brain to the upper legs. In the 8 
patients who were scanned from the brain to the toes, no abnormalities were found under the 
groin region. This is in line with other studies.10, 17 
Our study has several limitations. First, we have studied a population of suspected 
neurosarcoidosis receiving 18F-FDG PET-CT patients referred to our tertiary referral center, 
which is a highly selected population. Our population may include relatively difficult cases. 
Second, we were limited by the retrospective design of our study which resulted in the 
description of a heterogeneous diagnostic evaluation and missing data. The rationale for chest 
X-ray, chest CT, or 18F-FDG PET-CT could not be determined in all patients. The majority 
of patients followed the diagnostic guideline used in our department. However, chest CT was 
performed in only 39% of the patients. Finally, 39% of our patient population remains 
undiagnosed. Prospective cohort studies studying the yield of these imaging modalities in the 
diagnostic work-up in neurosarcoidosis should be performed. In part, to investigate the 
sensitivity and specificity of the imaging modalities and diagnostic criteria, but also to evaluate 
for potential neurosarcoidosis mimics that can present with similar symptoms and abnormalities 
on ancillary investigations.27

Our study shows that whole body 18F-FDG PET-CT has added value in the diagnosis of 
sarcoidosis in patients who are clinically suspected of neurosarcoidosis, even in those with 
prior normal chest CT or normal serological markers. The diagnostic work-up of patients 
suspected of neurosarcoidosis should include whole body 18F-FDG PET-CT if the initial chest 
CT-scan is negative or inconclusive, preferably before treatment with immunosuppressive 
drugs is initiated. When no biopsy site outside the nervous system can be identified on whole 
body 18F-FDG PET-CT, the pros and cons of central nervous system biopsy should be 
considered in comparison to starting immunosuppressive treatment without histological 
diagnosis.
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SUPPLEMENTARY MATERIAL

Supplementary table 1. Zajicek criteria, modified by Tavee et al

Diagnostic criteria for patients with a clinical presentation suggestive of neurosarcoidosis in 
which all other diagnoses have been excludeda

‘Definite neurosarcoidosis’ Histologic confirmation of affected tissue

‘Probable neurosarcoidosis’ 1. Evidence of CNS inflammation on MRI or CSF (elevated 
protein, cells, immunoglobin G indices, or presence of 
oligoclonal bands) compatible with neurosarcoidosis; and 
2. Evidence of systemic sarcoidosis with histological 
confirmation and/or at least two of the following indirect 
indicators: fluorodeoxyglucose positron emission tomography 
(FDG-PET), gallium scan, chest imaging, serum angiotensin 
converting enzyme (ACE)

‘Possible neurosarcoidosis’ Above criteria are not met

a Diagnostic criteria according to Zajicek et al, modified by Marangoni et al and Tavee et al4,6,13

Abbreviations: CNS , central nervous system; MRI, magnetic resonance imaging; CSF, cerebrospinal fluid.

Supplementary table 2. Final diagnosis

Diagnosis n/N (%)a Diagnosis n/N (%)a 

Neurosarcoidosis 27 (25) Other diagnoses 22 (21)

Definite 1/27 (4) Sjögren syndrome 2 (2)

Probable 16/27 (59) Medication induced chronic meningitis 2 (2)

Possible 10/27 (37) Functional neurological symptoms 2 ( 2)

Multiple sclerosis 14 (13) Zinc intoxication and copper deficiency 1 (1)

Neurological tumors 4 (3) SREATb 1 (1)

Not otherwise classifiable 43 (39) Lymphocytic hypophysitis 1 (1)

Polyneuropathy 15 (14) Intracranial hypotension syndrome 1 (1)

Myelopathy 9 (8) Neuro-axonal leukodystrophia 1 (1)

Encephalopathy/-itis 6 (6) CIDPc 1 (1)

Chronic meningitis 7 (6) Tardive dyskinesia 1 (1)

Cerebellar syndrome 3 (3) Dural arteriovenous fistula 1 (1)

Polyradiculitis/plexopathy 3 (3) Anti-NMDA receptor encephalitis 1 (1)

Merkelsson-Rosenthal syndrome 1 (1)

Myelopathy due to spinal canal stenosis 1 (1)

Ophthalmoplegic migraine 1 (1)

Tolosa-Hunt syndrome 1 (1)

Multiple system atrophy 1 (1)

Amyloid neuropathy 1 (1)

Neuroborreliosis 1 (1)

a Data are number/number assessed (%) or number (%). 
b SREAT: Steroid responsive encephalopathy associated with autoimmune thyreoiditis.
c CIDP: Chronic inflammatory demyelinating polyneuropathy.
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Supplementary table 3. 18F-FDG avidity in patients with a final diagnosis of neurosarcoidosis

Characteristics Neurosarcoidosisa Other diagnosisa

Lymph node(s) 18/27 (67) 15/83 (18)

Lung 4/27 (15) 5/83 (6)

Ear, nose and throat 5/27 (19) 3/83 (4)

Digestive tract 2/27 (7) 3/83 (4)

Urogenital tract 1/27 (4) 5/83 (6)

Muscle 2/27 (7) 0/83 (0)

Liver 1/27 (4) 1/83 (1)

Skin 0/27 (0) 1/83 (1)

Circulatory tract 0/27 (0) 1/83 (1)

Nervous system 7/27 (26) 16/83 (19)

a Data are number/number assessed (%)

Supplementary figure 1. Flow chart of systemic imaging
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ABSTRACT

Background
Cryptococcal meningitis is an uncommon, but severe complication of sarcoidosis. 

Methods
We present 2 patients with cryptococcal meningitis complicating sarcoidosis and compared 
findings with 38 cases reported in the literature.

Results
When analysing our patients and 38 cases reported in the literature, we found that median 
age of sarcoidosis patients with cryptococcal meningitis was 39 years (range 30 - 48); 27 of 
33 reported cases (82%) had a history of sarcoidosis. Only 16 of 40 patients (40%) received 
immunomodulatory therapy at the time of diagnosis of cryptococcal meningitis. The diagnosis 
of cryptococcal meningitis was delayed in 17 of 40 patients (43%), mainly because of the 
initial suspicion of neurosarcoidosis. Cerebrospinal fluid (CSF) examination showed mildly 
elevated white blood cell counts (range 23 - 129/mm3). Twenty-nine of 32 cases (91%) had 
a positive CSF culture for Cryptococcus neoformans and 25 of 27 cases (93%) had a positive 
CSF C. neoformans antigen test. CD4 counts were low in all patients in whom counts were 
performed (84 - 228/ml). Thirteen patients had an unfavorable outcome (35%), of which 7 
died (19%), and 24 patients (65%) had a favorable outcome. The rate of unfavorable outcome 
in patients with a delayed diagnosis was 7 of 17 (41%) compared to 5 of 28 (21%) in patients 
in whom diagnosis was not delayed. 

Conclusion
Cryptococcal meningitis is a rare but life-threatening complication of sarcoidosis. Patients 
were often initially misdiagnosed as neurosarcoidosis, which resulted in considerable treatment 
delay and worse outcome. CSF cryptococcal antigen tests are advised in patients with 
sarcoidosis and meningitis.

Keywords
autoimmune disease, cryptococcal meningitis, Cryptococcus neoformans, fungal infections, 
sarcoidosis
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INTRODUCTION

Cryptococcal meningitis is an opportunistic infection caused by the encapsulated yeast 
Cryptococcus neoformans. T cell immunity is the predominant pathway for protection against 
cryptococcal infection,1,2 and a high incidence of cryptococcal infection is reported in HIV 
infected patients.3 A minority of cryptococcal meningitis cases occur in HIV-negative patients 
and half of these patients have a coexisting immunocompromised state, for instance, due to 
glucocorticoid treatment, hematologic malignancy, or organ transplantation.4-6 Cryptococcal 
meningitis is an uncommon complication of sarcoidosis.4,6-20 In patients with sarcoidosis, T 
cell mediated immunity has been shown to be impaired, which might be explained by 
combination of sequestering of CD4 T cells in granulomas and suppression of T cell 
proliferation by regulatory CD4 T cells causing anergy.21-23 We present 2 patients with 
cryptococcal meningitis complicating sarcoidosis, and performed a meta-analysis of our cases 
and those identified in the literature.

CASE REPORTS

Case 1
A 32 year old previously healthy white male presented with a 6 month history of headache, 
which worsened 3 weeks before presentation. Furthermore, he suffered from malaise and 
weight loss. Over the last 2 weeks, he noticed weakness of the lower limbs and in the last 2 
days diplopia, dysphagia, and paresthesia of the hands. He had no specific occupational 
exposure to toxins. Neurologic examination showed neck stiffness, right-sided third and sixth 
cranial nerve palsy, and absent tendon reflexes. Lumbar puncture revealed an elevated opening 
pressure and CSF analysis showed 15 leukocytes per mm³, CSF glucose concentration of 0.8 
mmol/L, and CSF protein concentration of 0.59 g/L. Cranial MRI showed no abnormalities. 
Tuberculous meningitis was suspected and tuberculostatic drugs were initiated. Two days after 
admission, the culture and antigen test of the CSF were found positive for C. neoformans. HIV 
serology was negative. The patient was started on amphocytericine B and flucytosine. After 3 
days, he developed vision loss and a unilateral fixed pupil, followed by a respiratory arrest. He 
was intubated and cranial CT was normal. Subsequently, a lumbar puncture was performed 
showing an opening pressure above 50 cm water. After withdrawal of 80 ml CSF, pupillary 
reaction and cranial nerve palsies improved, and he was transferred to our tertiary referral 
center. In our center, an external lumbar drain was placed, which was followed by a sudden 
decline of consciousness (E3M3Vtube). Cranial CT showed a cerebellar hemorrhage with 
compression on the fourth ventricle and hydrocephalus (figure 1). 
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Figure 1. Cranial CT of case 1 showing cerebellar hemorrhage (A) and hydrocephalus (B). 
A permanent external ventricular catheter was placed and his neurological condition improved. 

Figure 2. 18F-FDG PET-CT of case 1 showed hilar and 
mediastinal lymphadenopathy  and biopsy of a subcarinal 
lymph node showed granulomatous inflammation 
consistent with sarcoidosis.
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Laboratory investigations showed a CD4-count of 130/mm³, a CD8 count of 200/mm and 
an ACE concentration of 17 U/L (normal 20 – 70 U/L). The patient was treated with 
methylprednisolone (1000 mg during 3 days) followed by prednisolone (60 mg daily). 
Amphocytericine B (0.7 mg/kg daily) and flucytosine (100 mg/kg daily) were continued for 
6 weeks after admission, followed by fluconazole (200 mg daily). At discharge, the patient had 
a severely impaired vision, a diffuse mild paresis of the limbs and ataxia of the lower limbs. 

Case 2
A 49 year old white woman presented with a 1 week history of headache, nausea, and anorexia. 
Her medical history revealed pulmonary sarcoidosis, for which she received no medication at 
presentation. She had no specific occupational exposure to toxins. Neurological examination 
was normal. Because of severe persistent headache and fever, a lumbar puncture was performed 
showing an opening pressure of 30 cm water, 117 leukocytes/mm³, glucose concentration of 
3.3 mmol/L, and protein concentration of 0.36 g/L; blood and CSF culture showed C. 
neoformans. HIV serology was negative and cranial MRI was normal. CD4 count was 200 
cells/mm³ and CD8-count was 290/mm. Amphotericine B and flucytosine were initiated and 
a monthly lumbar puncture was performed to monitor the presence of the cryptococcal 
antigen. She made a full recovery and required no treatment for sarcoidosis as she had few 
symptoms. 

LITERATURE REVIEW

In a PubMed search using the Mesh terms “Meningitis, Cryptococcal” and “Sarcoidosis”, as 
well as synonyms of these terms, and Embase search using the terms “Sarcoidosis” and 
“Cryptococcal meningitis”, 26 of 176 identified articles met our inclusion criteria (figure 3 
and supplementary table 1).4,7-14,16-20,23-34 Cases were excluded if they had a positive HIV status 
or immunocompromised status of other cause. Patients treated for sarcoidosis with 
immunomodulatory therapy were included. Articles with neither access to the abstract or full 
text were excluded. Studies written in English, German, French, and Dutch were included. 
In a meta-analysis of clinical data, we systematically scored baseline and presenting 
characteristics, clinical course, and outcome. Outcome was categorized in “favorable” (e.g., no 
or mild functional disability or complaints) and “unfavorable” (e.g., moderate to severe 
functional disability or complaints and death). The 2 patients described in the case reports 
have given informed consent. Because this article includes only case reports, approval from 
our ethics committee was not necessary. All studies were single case reports, except for 1 study 
reporting 13 cases. Studies were performed in Europe (12), the USA (9), Canada (1), Iran (1), 
Australia (1), Japan (1), and South Africa (1). 
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Combining these data with our 2 patients, we found that the median age of cryptococcal 
meningitis patients with sarcoidosis was 39 years (range 30 - 48) and 28 of 38 cases (74%) in 
whom sex was reported were male (table 1). Twenty-seven of 33 cases (82%) had a medical 
history of sarcoidosis before presenting with symptoms of cryptococcal meningitis. In the 
remaining 6 cases, sarcoidosis and cryptococcal meningitis were diagnosed simultaneously. In 
16 of 40 patients (40%) immunomodulatory therapy at the time of diagnosis was reported, 
consisting of prednisolone in 15 cases, hydrocortisone in 1 case, methotrexate in 1 case, and 

Figure 3. Flowchart of reviewed articles for cryptococcal meningitis in sarcoidosis patients
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cyclophosphamide in 1 case. None of the patients using prednisolone were using dosages 
exceeding 50 mg daily, and the mean dosage was 20 mg per day. Frequently involved organs 
in sarcoidosis were the lungs in 31 of 38 cases (82%), the skin in 5 cases (13%), and the central 
nervous system in 5 cases (13%).
Presenting features were reported in 35 cases, and included headache in 16 cases (46%), fever 
in 22 cases (63%), neck stiffness in 20 cases (57%), and altered consciousness in 12 cases 
(34%). Other frequently reported features were weight loss and nausea in 9 cases (26%), focal 
neurologic deficits in 8 cases (23%), and fatigue in 7 cases (20%). 
White blood cell count (WBC) in the CSF was reported in 12 cases and showed a median of 
63 cells per mm³ (range 23 - 129), CSF protein level was reported in 14 cases and showed a 
median of 1.5 g/L (range 0.6 - 3.1), and the median glucose level was 2.2 mmol/L (range 1.3 
- 2.8, reported in 10 cases). Lumbar puncture opening pressure was reported in 8 cases and 
was raised in 7 of them (88%). 
Twenty-nine of 32 cases with available CSF culture results were positive for C. neoformans 
(91%), 25 of 27 cases had a positive C. neoformans antigen test (93%), and India ink staining 
of the CSF was positive for C. neoformans in 14 of 23 reported cases (61%). In 1 case both 
antigen and culture were negative for C. neoformans and India ink staining was the only positive 
test. In all cases with available test results, 1 of the 3 tests (antigen, culture, or India ink 
staining) was positive for C. neoformans. In 5 patients culture or antigen of C. neoformans was 
only positive in a repeated sample, or became positive after more than 1 week. 
Results of blood culture of C. neoformans were reported in 8 cases and positive in 4 (50%) 
and serum antigen was reported in 20 and positive in 15 cases (75%). In 5 cases antigen for 
C. neoformans was negative in the serum and positive in the cerebral spinal fluid (CSF). In 20 
cases the CD4 count was reported, and had a median of 137/mm³ (range 84 - 228), 13 of 
these patients (65%) had a CD4 count below 200/mm3. 
Cranial magnetic resonance imaging (MRI) was reported in 13 cases and showed meningeal 
enhancement in 5 cases (33%), focal abnormalities in 6 cases (33%) – consisting of ring-
enhancing nodules or masses in 4 and parenchymal lesions or masses not further specified in 
2 cases – hydrocephalus in 3 cases (23%), and no abnormalities in 6 cases (46%). Cranial 
computed tomography (CT) was reported in 11 cases and abnormalities consisted of 
leptomeningeal inflammation typical for neurosarcoidosis in 1 case (9%), a calcified lesion in 
the cerebellum in 1 case (9%), hydrocephalus in 2 cases (8%), and in 8 cases (73%) no 
abnormalities were reported. 
Pulmonary or lymph node sarcoidosis was detected by chest X-ray (22 of 26 [85%]), chest 
CT (8 of 9 [89%]), or 18F-fluordeoxyglucose positron emission tomography (18F-FDG PET)-
CT (1 of 2 [50%]). Sarcoidosis was histopathologically confirmed in 15 of 18 cases (83%) 
during life and in 3 cases at autopsy. 
The diagnosis of cryptococcal meningitis was not recognized at initial presentation in 17 of 
40 cases (43%). Initial diagnoses in these cases consisted of neurosarcoidosis in 7 cases and 



CHAPTER 8

134

side effects of steroids, migraine, ocular toxoplasmosis, tuberculous meningitis, cerebellar 
metastasis, and an undefined psychiatric diagnosis all in 1 case. Three cases were diagnosed 
after more than 2 weeks after presentation, and in 1 case a definite diagnosis could only be 
made during autopsy.
Treatment was reported in 36 cases, which consisted of amphotericin in 31 cases (86%), 
flucytosine in 23 cases (64%), and fluconazole in 21 cases (58%). Fifteen cases were treated 
with amphotericin and flucytosine as induction therapy in the acute phase and received 
fluconazole as consolidation therapy. Of the 16 cases receiving immunomodulatory therapy 
at presentation, prednisolone was discontinued in 2 cases (13%), tapered in 2 cases, continued 

Table 1. Presenting features, ancillary investigations and clinical course in both our patients and 
patients described in the literature

Characteristic n/N (%) Characteristic n/N (%)

Agea 39 (30-48) Laboratory investigations

Male sex 28/38 (74) Serology

History of sarcoidosis at presentation 27/33 (82) CD4-count (cells/mm3)c 137 (84-228)

Affected organ in sarcoidosis Positive culture C.neoformans 4/8 (50)

Lung 31/38 (82) Positive antigen C.neoformans 15/20 (75)

Skin 5/38 (13) Cerebral spinal fluid (CSF)

Neuronal tissue 5/38 (13) Positive culture C.neoformans 29/32 (91)

Eye 4/38 (11) Positive antigen C.neoformans 25/27 (93)

Liver 5/38 (13) Positive India Ink staining 14/23 (61)

Joints 3/38 (8) Cranial MRI 

Parotitis 4/38 (11) Meningeal enhancement 7/17 (41)

Heart 2/38 (5) Focal abnormalities d 6/17 (35)

Kidney 3/38 (5) No abnormalities 6/17 (35)

Immunomodulatory medication 16/40 (40) Treatment

Presenting features Amphotericin 31/36 (86)

Fever 22/35 (63) Flucytosine 23/36 (64)

Neck stiffness 20/35 (57) Fluconazole 21/36 (58)

Headache 16/35 (46) Othere 1/36 (3)

Altered mental status 12/35 (34) Diagnostic delay 17/40 (43)

Weight loss 9/35 (26) Misdiagnosed neurosarcoidosis 7/17 (41)

Nausea 9/35 (26) Outcome

Focal neurological deficitsb 8/35 (23) Favorable 24/37 (65)

Fatigue and general malaise 7/35 (20) Unfavorable 13/37 (35)

Death 7/37 (19)

Data are number/number assessed (%) and median (25th–75th percentile). 
aReported in 38 cases. bCranial nerve palsy (n=4), ataxia (n=1), vision loss (n=1).
cReported in 20 cases. dParenchymal lesions or mass not otherwise specified (n=2), ring enhancing 
lesions (n=4). ePolymyxin B sulphate and nystatine (n=1). 
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in 1 case (6%), and in the remaining cases treatment for sarcoidosis was not reported. Five 
cases developed hydrocephalus of which 3 required a ventricular drain.
Seven of 40 patients (18%) died due to cryptococcal meningitis. Four of these cases received 
adequate antifungal treatment, in 1 case the diagnosis was made post-mortem, 1 case died 
due to a subsequent Staphylococcus aureus infection, and 1 case was reported in 1957, prior to 
availability of adequate antifungal treatment.7,18 Outcome was reported in 37 patients and 
consisted of a favorable outcome in 24 patients (65%) and an unfavorable outcome in 13 
patients (35%). Unfavorable outcome occurred in 7 of the 17 patients (41%) in whom the 
diagnosis of cryptococcal meningitis was missed, versus 5 of 23 (21%) in whom the diagnosis 
was made shortly after admission (Fisher’s exact test p=0.29). 

DISCUSSION

Cryptococcal meningitis is a rare complication of sarcoidosis. We found that 18% of reported 
cases died as a consequence of the disease and in 43% of cases diagnosis was delayed. It is 
important to recognize cryptococcal meningitis in sarcoidosis patients in an early stage of the 
disease so adequate treatment can be started timely. 
Diagnosis of cryptococcal meningitis complicating sarcoidosis is often difficult, as clinical and 
diagnostic features can be nonspecific. In 18% of cases, cryptococcal meningitis was the initial 
presentation of sarcoidosis. India ink staining of the CSF was negative in 39% of patients, C. 
neoformans serum antigen was negative in 25% of cases, and in 5 patients culture or antigen 
of C.neoformans in the CSF was positive only in a repeated sample, or became positive after 
more than one week. This often resulted in initial misdiagnosis and delay of treatment.
As demonstrated in our first case, differentiation between cryptococcal meningitis and 
neurosarcoidosis can be challenging as both diseases can present simultaneously. They both 
often present with symptoms of chronic meningitis, and can be complicated by 
hydrocephalus.35,36 CSF abnormalities can be similar, with a mild pleiocytosis and elevated 
protein.36-38 We also found that in patients previously diagnosed with neurosarcoidosis, 
symptoms of cryptococcal meningitis were mistakenly attributed to a relapse of neurosarcoidosis. 
Presenting symptoms of fever and neck stiffness were more common in cases with cryptococcal 
meningitis than in reported neurosarcoidosis cases in literature, and focal neurological deficits 
are more frequently reported in neurosarcoidosis.39,40 Clinical characteristics and findings on 
physical examination such as absence of fever or neck stiffness, however, do not exclude 
cryptococcal meningitis, and CSF culture or antigen of C. neoformans remains the only decisive 
differentiation between the two diseases. Repeated CSF analysis may be needed to confirm 
the diagnosis of cryptococcal meningitis and when clinical suspicion is high, treatment for 
cryptococcal meningitis should be considered pending microbiological examination.
Only 40% of patients were using immunomodulatory drugs at presentation, suggesting that 
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sarcoidosis is a risk factor for contracting cryptococcal meningitis independent of the use of 
these drugs. CD4 T cell counts were low, ranging from 84 to 228/mm³, which is the most 
likely cause of developing cryptococcal meningitis. CD4 lymphocytopenia is relatively common 
in sarcoidosis patients, but only a small percentage of these patients have a CD4 count below 
200/mm³,which is reported to correlate with disease severity and not with immunomodulatory 
therapy.41 Especially in sarcoidosis patients with severe disease, determining a CD4 count 
should be considered to identify patients at risk for opportunistic infections such as cryptococcal 
meningitis. Prophylactic antibiotic treatment in patients with CD4 lymphocytopenia should 
be considered until CD4 counts are back to normal.
This study has several limitations. Most notably, we are limited by publication bias of cases 
with cryptococcal meningitis in sarcoidosis patients, as for example uncomplicated cases or 
cases with good outcome may have been underreported. Furthermore, we are limited in our 
analysis by missing data of the reported cases and heterogeneous diagnostic evaluation, year 
of publication, and treatment. This caused a suboptimal comparison of cases. Importantly, 
the presented outcome could have been influenced by cases reported before availability of 
adequate diagnostic modalities and antifungal medication. However, these limitations could 
not be overcome, as they are inherent to the study design. To overcome the problem of missing 
data, we gave an overall of n of N (%) in presenting our results. A better overview of clinical 
features and course of cryptococcal meningitis in sarcoidosis would require a prospective 
protocolled analysis of a large cohort of patients. However, the low incidence of this rare 
complication hinders the feasibility of such an approach.
We conclude that cryptococcal meningitis is a rare complication of sarcoidosis associated with 
CD4 lymphocytopenia, which is often delayed or missed. Many patients were initially 
misdiagnosed as neurosarcoidosis, which caused considerable treatment delay. Therefore, CSF 
antigen testing for C. neoformans is indicated in patients with sarcoidosis presenting with signs 
of (sub)acute meningitis. 
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ABSTRACT

Objective
To assess the efficacy and risks of treatment with infliximab (anti-tumor necrosis factor-alpha) 
in pathology-confirmed neurosarcoidosis. 

Methods
In a retrospective study in 2 tertiary referral centers in the Netherlands, we analyzed clinical 
characteristics, complications, and outcome of patients with neurosarcoidosis treated with 
infliximab. 

Results
Twenty-eight patients were identified with a mean age of 42 years. Neurosarcoidosis presented 
with a cerebral parenchymal localization in 16 (59%), pituitary gland/hypothalamic sarcoidosis 
in 15 (54%), peripheral nerve involvement in 12 (43%), and chronic meningitis in 11 patients 
(41%). Initial treatment response after the start of infliximab was complete remission in 6 
(21%) and improvement in 14 (50%), whereas 7 patients had stable disease (25%), and 1 
(4%) deteriorated and died. At the end of follow-up, with a median of 32 months, 5 patients 
(18%) had died, and 2 of these 5 patients (40%) were using infliximab at the time of death. 
Tapering or discontinuation of corticosteroids without a relapse was achieved in 19 of 28 
patients (68%). In patients with decreasing dosing or discontinuation of infliximab, a relapse 
occurred in 5 of 19 patients (26%). Complications of infliximab were reported in 10 of 28 
patients (36%) and mainly consisted of infections in 8 (29%).

Conclusion
Infliximab is an effective treatment in neurosarcoidosis leading to remission or improvement 
in 70%. The mortality rate in infliximab-treated patients was substantial, indicating severity 
of disease and treatment-associated complications.

Classification of Evidence
This study provides Class IV evidence that in people with pathology-confirmed neurosarcoidosis, 
infliximab is beneficial. 
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INTRODUCTION

Sarcoidosis is a multisystem disorder and is characterized by the presence of granulomas that 
can affect every organ system.1 The prevalence of sarcoidosis in the population is estimated to 
be between 5 and 50 per 100.000, with the highest prevalence in Northern Europe.1 
Approximately 5% of patients with sarcoidosis have neurosarcoidosis, in which granulomas 
involve the nervous system.2 Neurosarcoidosis is a severe form of sarcoidosis in which one-third 
of patients either remain stable, deteriorate, or die despite immunosuppressive treatment.2 No 
clinical trials have been performed in patients with neurosarcoidosis, and treatment choices 
are mainly based on evidence from nonneurological sarcoidosis.
Treatment with infliximab, a tumor necrosis factor-alpha (TNF-α) blocker, has emerged as a 
promising option in the past years in patients with neurosarcoidosis refractory to first- or 
second-line therapy.3 TNF-α is a pivotal proinflammatory cytokine and plays a central role 
in the formation and maintenance of granulomas.4-6 Hence, therapeutic efficacy of TNF-α 
antagonists has recently been reported in refractory systemic and neurosarcoidosis.3,7-18 To 
substantiate this potential beneficial effect of TNF- α blockers we analyzed the use of infliximab 
in patients with biopsy-proven neurosarcoidosis and evaluated the treatment response and 
safety in a large multicenter tertiary center cohort. 

METHODS

A retrospective study was performed with inclusion of all patients with biopsy-proven 
sarcoidosis and neurologic involvement who were treated with infliximab before the June 1, 
2017, at the Academic Medical Center (AMC) in Amsterdam and the Erasmus MC (EMC) 
in Rotterdam, two tertiary referral centers for (neuro)sarcoidosis in the Netherlands. Ethical 
approval is not required in the Netherlands for a retrospective study with anonymized patient 
data such as our study. Patients were identified by their treating physician, and data were 
collected in a database. The diagnosis of neurosarcoidosis was based on the Zajicek et al. criteria, 
later modified by Tavee and Stern.19,20 A positive histology for sarcoidosis was defined as the 
presence of histological features consistent with sarcoidosis defined as noncaseating granulomas 
with epithelioid cells and macrophages.6

For all patients, a case record form was created containing baseline characteristics, disease 
course, and immunomodulatory medication used at baseline, clinical characteristics and results 
of ancillary investigations at baseline, infliximab treatment and treatment response, disease 
course and clinical outcome up to the last time of follow-up, and adverse events. Baseline was 
defined as the initiation of infliximab treatment. First-line therapy consisted of corticosteroid 
therapy and second-line therapy consisted of methotrexate, azathioprine, mycophenolate 
mofetil, hydroxychloroquine, and cyclosporine.3 All patients were treated with an infliximab 
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dosage of 5mg/kg. In the EMC, patients were treated at weeks 0, 2, and 6 during the induction 
phase, followed by an infusion once every 4 to 8 weeks based on the clinical features and 
seriousness by their treating physician. In the AMC, patients did not undergo an induction 
phase and immediately received infusions once every 4 to 8 weeks based on the clinical features 
and seriousness. All patients were initially treated with Remicade® and were switched in 2016 
to the biosimilar Remsima®. All infections, infusion reactions, and laboratory abnormalities 
that occurred during the use of infliximab were reported. The response to treatment in each 
case was scored as “remission” or “improvement on therapy” (a favorable treatment response), 
“stable disease” (e.g., unchanged compared to clinical situation prior to treatment), and 
“deterioration”. The response rate was assessed about 3 months after the start of infliximab 
depending on time of follow-up. Clinical outcome was graded into functional disability at 
the last recorded hospital contact. The functional disability in each case was scored, using the 
modified Rankin Scale (mRS), as “asymptomatic”, “complaints without functional disability”, 
“complaints with slight functional disability” (e.g. able to look after own affairs, but unable 
to carry out all previous activities), “complaints with moderate disability (e.g. neurological 
deficits mildly interfering in everyday life, such as inability to cycle due to motor dysfunction, 
but able to walk unassisted), “complaints with moderate-to-severe functional disability” (e.g. 
neurological deficits interfering everyday life, resulting in failure to return to job or school, 
requirement of special equipment such as crutches or a wheelchair, or assistance with everyday 
activities), “complaints with severe disability” (e.g. requires constant nursing care and attention, 
bedridden, and/or incontinent), and death. An mRS score of “asymptomatic” or “complaints 
without functional disability” was considered a favorable outcome. 
Statistical analysis was performed to compare differences between groups using the Fisher exact 
test for dichotomous variables and the Mann-Whitney U test for ordinal and continuous 
variables. A p-value <0.05 was considered significant. 
This study was designed to assess the efficacy and risks of treatment with infliximab (anti-
TNF-α) in pathology-confirmed neurosarcoidosis. This study provides Class IV evidence. 

Data availability statement
Anonymized data not published in the article is available on request by any qualified 
investigator.

RESULTS

Clinical characteristics
A total of 28 patients were included, 11 in the AMC and 17 in the EMC. Baseline 
characteristics, clinical manifestations, and ancillary investigations at the start of infliximab 
are described in table 1 and were comparable in both centers. The median time of follow-up 
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was 32 months (interquartile range [IQR] 17 – 54 months). The included patients had a mean 
age at baseline of 42 years (SD 10.3) and 16 (57%) were male. Of these patients, 16 (57%) 
were Caucasian, 6 (21%) of African descent, and 6 (21%) had other ethnic backgrounds. 
Neurologic involvement at the start of infliximab consisted of parenchymal involvement in 
16 patients (59%), pituitary/hypothalamic involvement in 15 (54%), peripheral nerve 
involvement in 12 (43%), chronic meningitis in 11 (41%), cranial nerve palsy in 7 (25%), 
hydrocephalus in 6 (22%), spinal cord involvement in 5 (18%), and muscle involvement in 
1 patient (4%). The main neurologic symptoms were paresis in 12 of 28 patients (43%), 
sensory symptoms in 12 (43%), impaired gait in 11 (39%), and headache in 10 (35%). 
Overall, 27 of 28 patients (96%) had multiple symptoms. The majority of patients had 
systemic involvement including lymph node (72%), intrapulmonary (27%), and 
ophthalmologic (22%) localizations of sarcoidosis. The median mRS at baseline was 3 (range 
0 - 5). According to the Zajicek et al. criteria 2 patients were diagnosed with definite and 26 
patients with probable neurosarcoidosis, all with pathology confirmation of noncaseating 
granulomas. Treatment used at the start of infliximab consisted of corticosteroids in 11 patients 
(39%), prednisolone and methotrexate in 6 (21%), prednisolone and azathioprine in 4 (14%), 
methotrexate and prednisolone with mycophenolate mofetil in 2 (7%), and prednisolone with 
hydroxychloroquine in 1 patient (4%). Three patients were not receiving immunosuppressive 
medication at the start of infliximab, but had received this previously. Before the start of 
infliximab, all patients had been treated with corticosteroids, 14 (50%) with methotrexate, 
13 (46%) with azathioprine, 5 (18%) with mycophenolate mofetil, 2 (7%) with 
cyclophosphamide, and 1 (4%) with hydroxychloroquine or cyclosporine. Overall, 24 of 28 
patients (86%) had previously been treated with a second-line treatment (table 1). The reasons 
to start infliximab were a relapse when tapering corticosteroids despite second-line treatment 
in 16 of 28 patients (57%), serious side effects of first- and/or second-line treatment in 8 
(29%), chronic progression despite first- and/or second-line treatment in 3 (11%), and a 
relapse after tapering corticosteroids in 1 patient (4%).

Therapeutic outcome
The starting dose of infliximab of 5 mg/kg was given once every 4 weeks in 5 patients (18%), 
once every 6 weeks in 12 patients (43%), and once every 8 weeks in 11 patients (39%). The 
median total number of infusions was 17 (range 5 - 50) and infliximab treatment had a median 
duration of 23 months (IQR 12 – 38 months). The initial treatment response consisted of 
remission in 6 patients (21%), improvement in 14 (50%), stable disease in 7 (25%), and death 
in 1 patient (4%) (table 2). Treatment responses were comparable in both centers. The sIL2R 
values returned to normal levels in 9 (64%) and improved in 2 of 14 patients (14%), although 
the change was not statistically significant (figure 1). 
MRI of the brain and/or spinal cord was repeated in 21 patients at follow-up and radiological 
abnormalities attributed to neurosarcoidosis decreased in 15 (71%), remained stable in 4 
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Table 1. Baseline characteristics and disease course at baseline

Characteristic n/N (%) Characteristic n/N (%)

Age at baseline (IQR), yearsa 42 (33 - 49) Zajicek criteria

Male sex 16 (57) Definite neurosarcoidosis 2/28 (7)

Ethnicity Probable neurosarcoidosis 26/28 (93)

Caucasian 16 (57) MRS at baseline 3 (0-5)c

African descent 6 (21) Asymptomatic 1/28 (4)

Otherb 6 (21) No significant disability 4/28 (14)

Neurologic involvement Slight disability 6/28 (21)

Parenchymal 16/27 (59) Moderate disability 6/28 (21)

Neuroendocrine 15/27 (56) Moderate- severe disability 5/28 (18)

Peripheral nerve 11/27 (41) Severe disability 6/28 (21)

Polyneuropathy 8/11 (73) Ancillary investigations

Radiculopathy 2/11 (18) Serum ACE > 70 u/L 3/17 (18)

Plexopathy 1/11 (9) Serum sIL2r > 3000 u/mL 11/15 (73)

Chronic aseptic meningitis 11/27 (41) Serum CRP > 10 mg/L 7/21 (33)

Cranial nerve palsy 7/27 (26) Serum ESR > 20 mm/hour 8/19 (42)

Hydrocephalus 6/27 (22) CSF leukocytes > 5 x 106 cells/L 6/6 (100)

Spinal cord 5/27 (19) CSF protein > 0.6 g/L 6/6 (100)

Muscle 1/27 (4) Chest CT suggestive 3/4 (75)

Neurologic symptoms 18F-FDG PET-CT suggestive 1/6 (16)

Paresis 12/28 (43) MRI brain suggestive 21/22 (95)

Sensory symptoms 12/28 (43) MRI spinal cord suggestive 2/7 (29)

Impaired gait 11/28 (39) Immunosuppressant use at baseline

Headache 10/28 (35) Corticosteroids 11/28 (39)

Cognitive/psychiatric 8/28 (29) Corticosteroids + methotrexate 6/28 (21)

Visual symptoms 7/28 (25) Corticosteroids + azathioprine 4/28 (14)

Impaired coordination 5/28 (18) Methotrexate 2/28 (7)

Speech impairment 4/28 (15) Corticosteroids + 
hydrochloroquine

1/28 (4)

Facial palsy 4/28 (15) Corticosteroids + MMF 2/28 (7)

Vertigo 3/28 (11) None 3/28 (11)

Seizure 2/28 (7) Prior immunosuppressant use 

Hearing loss 1/28 (4) Corticosteroids 28/28 (100)

Multiple symptoms 27/28 (96) Methotrexate 14/28 (50)

Systemic involvement Azathioprine 13/28 (46)

Lymph node 18/25 (72) Mycophenolate Mofetil 5/28 (18)

Lungs 7/26 (27) Cyclophosphamide 2/28 (7)

Eye 6/27 (22) Hydroxychloroquine 1/28 (4)

ENT 3/28 (11) Cyclosporine 1/28 (4)

Skin 2/27 (7) Number of prior 
immunosuppressants 

Joints 1/28 (4) One type 4/28 (14)

Endocrinological 5/28 (18) Two types 16/28 (57)

Three types 6/28 (21)

Five types 2/28 (7)

a Median (IQR) 
b Other ethnicities: 2 (7%) North-African, 2 (7%) Hindustan, 1 (4%) Asian and 1 (4%) Hispanic
c Median (range) 
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patients (19%), and increased in 1 patient (7%). When looking at a favorable treatment 
response, we did not find an association of time between the diagnosis neurosarcoidosis and 
the start of infliximab (p = 0.165). Also, a favorable outcome of 0 or 1 on the mRS was not 
associated (p = 0.80). Furthermore, the use of second-line therapy at the start of infliximab 
was not associated with a favorable treatment response (13/15 [87%] with second-line 
treatment versus 7/13 [54%] without second-line treatment, p = 0.10). The use of second-line 
therapy is not associated with a favorable outcome on the mRS (7/15 [47%] with second-line 
treatment versus 5/13 [38%] without second-line treatment, p = 0.72). 
In patients with a favorable treatment response, the infliximab dosage was decreased in 2 of 
20 patients (10%) and was stopped in 11 (55%), which led to a relapse in 4 of 13 patients 
(31%). In patients with an unfavorable treatment response, infliximab was stopped in 4 of 8 
patients (50%) and led to a relapse in 1 of 4 patients (25%). In patients in whom treatment 
regimen was not altered, a relapse occurred in 1 of 11 patients (9%), which was attributed to 
the stop of methotrexate because of liver toxicity. 
Overall, a relapse was not associated with the length of infliximab use before discontinuation 
(p = 0.31). In patients with a relapse after the treatment regimen was altered, infliximab was 
restarted or dosage was increased in all, leading to a favorable treatment response in 4 patients 
and stable disease in 1 patient. Autoantibodies against infliximab were tested in 5 patients 
who experienced a relapse and were positive in 1 patient. This patient was switched to 
adalimumab, which led to improvement. At the last time of follow-up, 6 of 28 patients (21%) 
were asymptomatic, 6 (21%) had no significant disability, 5 (18%) had slight disability, 3 
(11%) had moderate disability, 3 patient (11%) had moderately severe disability, and 5 (18%) 
died (figure 2). Overall, the change in mRS was not significant (p = 0.12). 

Figure 1. serum soluble interleukin-2 receptor and angiotensin converting enzyme vales before and 
after infliximab
The dotted line indicates the upper limit of the normal value. P-values were calculated using the Mann-
Whitney U test. sIL2r: soluble interleukin 2 receptor, ACE: angiotensin converting enzyme.
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Of the patients who died, cause of death was sepsis in 2 patients, and brain stem hemorrhage, 
malignancy, and an unknown cause of death each occurred in 1 patient. Of these patients, 
only the 2 patients with infectious complications used infliximab at the time of death and 
both were on concomitant corticosteroid therapy. Complications attributed to infliximab 
treatment occurred in 10 of 28 patients (36%) and consisted of infections in 8 patients (29%) 
and elevated liver tests and an allergic reaction both in 1 patient (4%). No adverse effects could 
be contributed to the switch to a biosimilar. Two patients reported an increase of pain and 
sensory symptoms without any signs of a relapse or disease activity. 

DISCUSSION

We report a favorable long-term outcome in patients with pathology-confirmed neurosarcoidosis 
treated with infliximab. However, we observe a relative high mortality at follow-up and a high 
occurrence of infectious complications. This further establishes TNF-α antagonists as a suitable 
third-line agent in patients with insufficient response to first- and second-line treatment, but 
follow-up remains essential to taper when possible and evaluate for infectious complications.
In our cohort, remission or clinical improvement was achieved in 71% of patients, which is 
in line with 2 previously published studies. To date, the evidence for the use of infliximab in 
neurosarcoidosis consists of case reports and series and 2 retrospective multicenter cohort 

MRS at follow-up

MRS at baseline

Patients (%)

Asymptomatic Death

1414 2121 2121 1818 2121

2121 2121 1818 1111 18181111

Figure 2. Modified rankin scale score change of follow-up compared to baseline 
0: “asymptomatic”, 1: “complaints without functional disability”, 2: “complaints with slight functional 
disability”, 3: “complaints with moderate disability”, 4: “complaints with moderate-to-severe functional 
disability”, 5: “complaints with severe disability” and 6: “death”. MRS: Modified Rankin Scale. 
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studies.10-18 A summary of published articles describing 4 or more patients treated with 
infliximab can be found in supplementary table 1. The 2 retrospective multicenter cohort 
studies describe 18 and 66 patients with probable or definite neurosarcoidosis, respectively, 
describing improvement or remission in 89% and 77% of patients.13,14 Of interest, despite a 
shorter median time of follow-up of 20 and 18 months, respectively, these articles describe 
higher relapse rates of 50% and 56% compared with the overall relapse rate of 21% in our 
cohort. A correlation between the duration of neurosarcoidosis and a favorable treatment 
response was previously described, but this finding could not be reproduced in our cohort.14 
However, given the severity of the neurologic manifestations, it seems reasonable to start 
infliximab when first-line treatment fails and a quick treatment response is required, or when 
second-line treatment fails.

Table 2. Treatment and outcome

Characteristic n/N (%) Characteristic n/N (%)

Months between sarcoidosis and IFXa 27 (18-42) Result of change/stop IFX

Months between neurosarcoidosis and IFXa 19 (9-41) None 9/17 (53)

Months between IFX en last follow-upa 32 (17-54) Relapse 5/17 (29)

Infliximab duration in monthsa 23 (12-38) Unknown 3/17 (18)

Total number of infusionsb 17 (5-50) 1st or 2nd line treatment change

Treatment response Taper of 1st line treatment 10/23 (43)

Remission 6/28 (21) Stop of 1st line treatment 13/23 (57)

Improvement 14/28 (50) Stop of 2nd line treatment 5/14 (36)

Stable disease 7/28 (25) Complications of IFX treatment 10/28 (36)

Deterioration 1/28 (4) Infectionsd 8/28 (29)

Change of neurologic imaging Elevated liver tests 1/28 (4)

Improvement 15/21 (71) Allergic reaction 1/28 (4)

Stable 4/21 (19) Modified rankin score 2 (0-6)

Other abnormalities 2/21 (10) Asymptomatic 6/28 (21)

IFX dosage decrease or stop 17/28 (61) No significant disability 6/28 (21)

Good treatment response 8/17 (47) Slight disability 5/28 (18)

Insufficient treatment response 1/17 (6) Moderate disability 3/28 (11)

Major side effects 4/17 (24) Moderate- severe disability 3/28 (11)

Stable symptoms, no disease activity 2/17 (12) Severe disability 0/28 (0)

Otherc 2/17 (12) Death 5/28 (18)

Auto-antibodies 1/5 (20)

a Median (IQR) 
b Median (range)
c other: one patient developed auto-antibodies against infliximab and one patient decided to stop
d Infections consisted of pneumonia in 4 patients, urinary tract infection in combination with pneumonia 
in 1 patient and urinary tract infection in 1 patient, all necessitating hospital admission.
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Importantly, we report a mortality rate of 18%, which is higher compared with previously 
published meta-analysis of patients with neurosarcoidosis (5%) and the aforementioned 
retrospective studies on TNF-α antagonists in neurosarcoidosis (5% and 0%, respectively).2,13,14 
In a large retrospective study evaluating prognostic factors in neurosarcoidosis with a median 
follow-up of 8 years, 21 of 234 patients (9%) died, 3 of which due to sepsis.21 Our high 
mortality rate may be explained by the severely affected population, which is selected for 
infliximab treatment. Of the patients who died, 2 of 5 patients were using infliximab infusions 
combined with first- and second-line immunosuppressants at the time of death, and both died 
due to infectious complications due to their severely immunocompromised state. The 
occurrence of infections is an important adverse effect, occurring in 29% of the patients. The 
infection rate is comparable to other studies describing infliximab use in neurosarcoidosis, 
which varied between 10 and 39%, although in these studies none of the patients died due 
to infectious complications.13,14 The risk of infectious complications is considered to be higher 
when patients are treated in combination with corticosteroids or other immunosuppressive 
drugs.23,24 Of interest, as shown by figure 2, the high mortality rate is flanked by an increase 
of favorable outcome as measured by the mRS at baseline compared with follow-up. The 
combined data suggest that infliximab should be reserved to patients with severe disease and 
that tapering corticosteroids remains essential when signs of disease activity have diminished. 
In our cohort, starting infliximab was followed by tapering of concomitant first-line treatment 
in 43% of patients and eventually complete discontinuation of corticosteroids in 57% of 
patients. This is in line with another study describing discontinuation of steroids after the start 
of infliximab in 40% of the patients and maintenance of prednisolone on 5 mg per day or less 
in 27% of the patients.14 Prompt tapering of steroids is essential to prevent adverse effects and 
reduce the risk of infections in severely immunocompromised patients.25 Furthermore, 
combination therapy with another steroid-sparing agent may be associated with a favorable 
treatment response to infliximab.14 This could not be reproduced in our cohort, but considering 
the small sample size, a possible association might be missed. 
Currently, no international guidelines exist on how to proceed after a favorable treatment 
response following infliximab treatment. In patients in whom infliximab treatment was stopped 
or dosage was decreased in our cohort, 26% had a relapse of disease activity compared with 
56% in an earlier published study.14 Relapse can occur after long-term infliximab treatment 
in patients with clinical and radiological remission.14 It remains unknown at what moment 
in the disease course infliximab should be tapered and stopped. In case of a relapse, dosage 
can be increased and/or intervals between infusions can be shortened quickly. In our cohort, 
when patients were reintroduced to infliximab, they were likely to show a good treatment 
response again, similar to what have been reported in inflammatory bowel disease.26 Although 
rare, when a relapse occurs during infliximab treatment or when reintroduction fails, it is 
important that this can be due to autoantibody formation.27,28 In a study assessing the safety 
and efficacy of TNF-α antagonists in refractory sarcoidosis, 3 of 132 (2%) developed 
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autoantibodies.29 In other inflammatory disorders including Crohn disease, concomitant 
methotrexate is advised as this has been shown to be efficient in reducing immunogenicity, 
although evidence in sarcoidosis patients is lacking.30

Our study has several limitations. First, both the retrospective and multicenter approach of 
our study resulted in heterogeneous assessment of disease activity, treatment strategies, and 
outcome, as well as missing data in some patients. Furthermore, treatment strategies differed 
between the 2 centers. In the EMC, an induction phase was used when they started patients 
on infliximab, whereas the AMC initiates treatment once every 4 to 8 weeks without an initial 
induction phase. Despite these differences, baseline characteristics and treatment response did 
not differ between the 2 centers. However, sIL2R measurements were only performed in the 
EMC cohort. These limitations are inherent to the study design. In addition, a majority of 
patients were treated with first – and/or second-line therapy possibly contributing to treatment 
responses and the occurrence of side effects. Last, we included only patients treated in our 
tertiary referral centers, introducing a selection bias. We feel that patients with neurosarcoidosis 
treated with infliximab must be treated at specialized centers, which is the norm in the 
Netherlands. Furthermore, both tertiary referral centers are specialized centers in neuromuscular 
diseases, which may add to the relative high proportions of patients with peripheral nerve 
involvement. However, in none of the patients, peripheral nerve involvement was the primary 
indication for infliximab start. 
In conclusion, TNF-α antagonists can be effective in neurosarcoidosis; however physicians 
should be aware of possible side effects as seen in about one-third of patients in our cohort, 
with a risk of serious infectious complications. Future randomized controlled trials and 
prospective cohort studies to assess the safety of infliximab are warranted and should shed 
light over whether mono- or combination therapy is preferred and when and how to taper 
and stop infliximab during follow-up.
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SUPPLEMENTARY MATERIAL

Supplementary table 1. Summary of literature 

Reference No. Of 
Patients

Favorable 
treatment 
responsea

Relapse Adverse effects and 
mortality

Follow-up 
(months)

Sodhi, 
200815

4 4/4 (100%) 0/4 (0%) None N/Ab

Panselinas, 
200916

6 5/6 (83%) 6/6 (100%) N/A 5 - 25

Moravan, 
200917

7 7/7 (100%) 2/7 (29%)c 1/7 (14%), no mortality 24-39

Santos, 
201011

4 2/4 (50%) 0/4 (0%) None N/A

Hostettler, 
201210

6 5/6 (83%) 0/6 (0%) 0/6 (0%), no mortality 13-59

Russell, 
201318

8 5/8 (63%) N/A N/A N/A

Riancho-
Zarrabeitia, 201412

5 2/5 (40%) 3/5 (60%) 2/5 (40%), no mortality 2-24

Aubart, 
201613

18 16/18 (89%) 9/18 (50%) 8/18 (44%), no mortality 6-93

Gelfand, 
201714

66 51/66 (77%) 9/16 (56%)c 8/66 (12%), no mortality N/Ad

Only case series describing 4 or more patients were included in the table. N/A is not available. 
a Defined as improvement or clinical remission. 
b No time of follow-up was mentioned. 13-16 infusions were administered and clinical change was 
monitored. 
c When infliximab was discontinued. 
d IFX exposure with a median of 1,5 years with an interquartile range of 0.8-2.6.
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Neurosarcoidosis is a rare manifestation of sarcoidosis. The clinical presentation is variable, 
the diagnosis difficult, and the clinical course and the treatment response are unpredictable. 
Furthermore, because of its multisystem involvement multiple medical specialists are involved 
in the treatment, in which coordination of care may not always be optimal or straightforward. 
For rare manifestations such as neurosarcoidosis, specific expertise can be difficult to attain. 
In 2015 we have established a tertiary referral center for sarcoidosis at the Academic Medical 
Center in Amsterdam and established a center of excellence. This tertiary referral center 
includes an outpatient clinic, improved patient information (including a website), patient 
association involvement (Sarcoïdose Belangenvereniging Nederland), and scientific research. 
The combination of specialized tertiary care and a rare disease led to an unique opportunity 
to study clinical characteristics, results of ancillary investigations, and treatment response, 
thereby improving our understanding of the disease through scientific research. This thesis is 
the result of gained insights in treating this chronic, complex, and challenging disease. 
Ultimately, the aim of the thesis was to provide a more uniform approach to diagnosing and 
treating neurosarcoidosis patients. 

GENETIC PREDISPOSITION

Sarcoidosis is a complex disease with a multifactorial etiology, as is highlighted by the multitude 
of described genetic associations and environmental factors that attribute to a predisposition 
for the disease. In chapter 6 we identified 36 variants in 34 genes associated with sarcoidosis 
in a large family with a high prevalence of the disease. Of these, we have identified genetic 
variations in JAK2, BACH2 and NCF1 with a possible role in the etiology of sarcoidosis in 
this family.chapter 6 Identification of the JAK2 is of special interest because of potential clinical 
use of JAK specific inhibitors in sarcoidosis. The identified variants were not shared by all 
family members, which could mean that the prevalence of sarcoidosis in the studied family is 
a reflection of the shared tendency towards an enhanced inflammatory response and not a 
monogenetic predisposition. Also, this might reflect the clinical heterogeneity of the disease. 
Whether we can select patients with a predicted complicated course based on a genetic profile 
with a selection of variants associated with a worse clinical outcome, for example to select 
patients for a longer duration of second- and third-line treatment, remains to be seen. 
Currently, only pharmacogenetics play a minor role in daily clinical practice. For example, 
increased toxicity of methotrexate is seen in patients with variants in the 
methylenetetrahydrofolate reductase gene and can be tested in patients who experience serious 
side effects.1 Additionally, genetic studies may unravel new cascades central to the development 
of the disease. Hopefully, this may lead to new insights on etiology and may also lead to new 
biomarkers and treatment targets. 
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DIAGNOSTIC WORK-UP

Neurosarcoidosis can be considered in the differential diagnosis of a wide array of neurological 
diseases due to its diverse clinical presentation. The ‘classic’ clinical presentation, already 
described by Heerfordt in 1909, is considered a combination of a chronic aseptic meningitis 
and cranial nerve palsy.2 In chapter 5 we have described that 37% and 31% of patients present 
with a chronic aseptic meningitis and cranial nerve palsy, respectively.chapter 5 However, presenting 
symptoms vary from systemic symptoms of weight loss or malaise to endocrinological 
symptoms, seizures, or psychiatric symptoms. Systemic symptoms can be a clue, but for the 
clinician it is important to realize that 52-71% of neurosarcoidosis patients present primarily 
with neurological symptoms.chapter 2 and 5 It is important to remain vigilant for systemic symptoms 
like lupus pernio, arthritis or anterior uveitis and the threshold to refer to other specialists 
should be low.3 and chapter 2 and 6 To diagnose a patient with sarcoidosis it is important to link a 
suggestive clinical presentation and abnormalities of ancillary investigations to histopathological 
proof of noncaseating granulomas and rule out other possible causes. This is defined in the 
Zajicek and the WASOG criteria (table 1 and 2 of the introduction of this thesis). Both criteria 
have caveats, most importantly that mimickers might initially be diagnosed as probable (or 
highly probable) or possible neurosarcoidosis. Examples include intracranial manifestations 
of a diffuse B cell lymphoma and sarcoid-like reactions due to malignancies or medication.4,5 
In accordance with these criteria, we propose a standardized work-up of a neurosarcoidosis 
patient with four main components: 1) obtaining histological evidence of noncaseating 
granulomas, 2) obtaining evidence of neurosarcoidosis disease activity, 3) ruling out the 
differential diagnosis and 4) evaluating treatment effect. 

Obtaining histopathological evidence of sarcoidosis

The hallmark of sarcoidosis is a noncaseating granuloma with a core that includes macrophages, 
epithelioid cells and multinucleated giant cells, with Th cells, dendritic cells and, less frequently, 
B cells surrounding the core.6 However, granulomatous inflammation is a nonspecific 
inflammatory response and is not pathognomonic. In addition, caseating granulomatous 
inflammation does not exclude sarcoidosis.7,8 Many infectious and noninfectious diseases can 
trigger granuloma formation which can result in either caseating or noncaseating granulomas 
with or without fibrosis and/or abscess formation (table 1, which is derived from reference 6).6 

In patients suspected of neurosarcoidosis and no prior history of sarcoidosis, an extensive 
systemic work-up should be performed.chapter 3 This should include a high-resolution CT-scan 
(HRCT) and if negative or when biopsy is negative, a 18F-FDG PET-CT should be considered. 
18F-FDG PET-CT can reveal occult sites of disease activity outside the central nervous system, 
even when serological markers are normal or when other imaging modalities are normal.9 and 

chapter 7 18F-FDG PET-CT should preferably be performed before the start of immunosuppressive 
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therapy as this can lower the sensitivity. 10,11 Isolated neurosarcoidosis is seen in up to 
approximately a quarter of patients.chapter 2 Whether or not to consider central nervous system 
biopsy depends on the right balance between biopsy risks, patient characteristics, the alternative 
diagnosis that need to be excluded, and the risks associated with an empiric treatment start. 
Additionally, it may be necessary to perform biopsy when patients do not respond to or 
deteriorate on immunosuppressive therapy. The two main categories to exclude are malignancies 
and infections.12,13 Preferably, biopsy is taken extra axial and when performing meningeal or 
cortical biopsy it should be obtained from lesions with gadolinium enhancement on MRI.14 
When no histopathological evidence can be obtained, it is important to remain vigilant and 
to timely repeat investigations when new symptoms arise or symptoms are progressive despite 
adequate immunosuppressant treatment.

Obtaining evidence of neurosarcoidosis disease activity

Gathering objective markers of disease activity remains essential for diagnostic purposes, 
evaluating treatment effect, and during follow-up. The main serological markers are ACE 
and soluble interleukin-2 receptor (sIL2r), but both have been established to be insufficiently 
accurate to diagnose patients with neurosarcoidosis.chapter 3 In chapter 2 we found that serum 
ACE is elevated in only 35%, with a possible role in follow-up disease activity.chapter 2 Serum 

Table 1. Diseases associated with granuloma formation6

Category Disease Type of granuloma

Infectious

Bacterial Tuberculosis Caseating necrosis

Bartonellosis Necrotizing

Fungus Cryptococcal disease Fibrotic with abscesses

Parasitic Schistosomiasis Noncaseating

Viral CMV, EBV Unspecified

Noninfectious with known cause

Malignancy Lymphoma Noncaseating

Mammacarcinoma Noncaseating

Langerhanscel histiocytosis Eosinophilic

Medication/toxic TNF-α antagonists (infliximab) Noncaseating

Berylliosis Noncaseating

Noninfectious with unknown cause

Chronic inflammatory disease GPA Necrotizing

Sarcoidosis Noncaseating

IgG4-related disease Noncaseating

NB: This overview is aimed at the differential of neurosarcoidosis.
CMV: cytomegalovirus, EBV: Epstein-Barr virus, TNF-α: tumor necrosis factor-alpha, GPA: granulomatosis 
with polyangiitis
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sIL2r has been considered a more promising biomarker in sarcoidosis with a sensitivity and 
specificity of 88% and 85% respectively, compared to 62% and 76% for ACE.15 A study 
evaluating serum sIL2r in neurosarcoidosis however showed no differences between patients 
with neurosarcoidosis and those with tuberculous, bacterial or viral meningitis, multiple 
sclerosis, cerebral vasculitis, and healthy controls.16 CSF examination can be useful to exclude 
infections and carcinomatous meningitis. Pleiocytosis was found in 58% of 730, elevated 
CSF protein in 63% of 729 and normal CSF in 27% of 332 patients.chapter 2 CSF ACE is 
considered to have a too low sensitivity for the diagnosis of neurosarcoidosis and not to be 
associated with disease activity.17,18 In a recent study evaluating the value of sIL2r in the CSF 
of neurosarcoidosis patients to patients with other inflammatory and noninflammatory 
neurologic diseases found that sIL2r was elevated in 50% of neurosarcoidosis patients, but 
did not differ between neurosarcoidosis and patients with other inflammatory diseases.19 
However, they did find that sIl2r is not elevated in patients with multiple sclerosis. Currently, 
there is insufficient evidence that CSF ACE and sIL2r make a useful contribution to the 
diagnosis of neurosarcoidosis. Gadolineum enhanced MRI is the first choice imaging modality 
to assess central nervous system involvement of sarcoidosis and evaluate disease activity. 17 
The most described abnormalities suggestive for neurosarcoidosis were seen in 78% of 362 
patients and consisted of parenchymal lesions in 51%, meningeal enhancement in 46%, and 
cranial nerves enhancement in 26%.chapter 2 Spine MRI showed abnormalities in 48%. 
Parenchymal lesions can exhibit mass effect, typically enhance, and most often directly border 
enhancing meninges.20 Meningeal enhancement can be pachymeningeal or leptomeningeal. 
On MRI pachymeningeal involvement is described as ‘en plaque’ homogenous enhancement 
of the dura and is sometimes associated with local masses, while leptomeningeal involvement 
can be a more widespread, nodular enhancement and can follow perforating vessels of the 
brain.21 Furthermore, nodular enhancement of the infundibulum of the pituitary stalk can 
occur, and when found it is important to screen for endocrinopathy as this can present 
subclinically.22 If indicated electrophysiological investigations, an MRI and/or biopsy of the 
muscles can be performed.chapter 3 

Ruling out differential diagnosis and evaluating treatment response
As there is no golden standard to diagnose a patient with neurosarcoidosis, it is important to 
exclude other diseases in the differential diagnosis and evaluate the treatment response when 
this is done. The first step should be to rule out other granulomatous diseases (table 1). 
Secondly, depending on the individual patient characteristics (including comorbidity, travel 
history, and other environmental factors) and depending on the clinical syndrome, other 
possible diagnosis must be excluded both by systemic and neurological investigations (table 
2). The main aim is to exclude infectious and neoplastic disease, as the effect of 
immunosuppressive therapy can be detrimental or cause treatment delay. During follow-up, 
an insufficient treatment response can point towards another diagnosis, keeping in mind that 
not all neurosarcoidosis patients respond well to treatment. 
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TREATMENT STRATEGY

Treatment aims at reducing disease activity before damage to the nervous system occurs that 
leads to neurological sequelae. Unfortunately, not all patients with a favorable treatment 
response, also have a favorable outcome.chapter 5 Treatment choice in neurosarcoidosis is based 
on clinical trials in sarcoidosis and retrospective studies and case series in patients with 
neurosarcoidosis.chapter 3 It is frequently classified as first-line treatment consisting of 
corticosteroids, second-line treatment consisting of methotrexate and azathioprine and third-
line treatment consisting of TNF-α inhibitors.chapters 2 and 3 However, these lines of treatment 
are arbitrary and first choice treatment depends on individual patient characteristics. Other 
treatment options consist of mycophenolate mofetil, hydroxychloroquine, cyclosporine and 
cyclophosphamide.chapter 2 Cyclophosphamide is mainly reserved for treatment resistant cases, 

Table 2. differential diagnosis of neurosarcoidosisa

Category Disease

Infectious

Bacterial Tuberculosis, Bartenellosis, Borreliosis, Lues, Whipple’s 
disease, Leptospirosis, Brucellosis

Fungus Cryptococcal disease, Histoplasmosis, Aspergillosis, 
Blastomycosis

Parasitic Schistosomiasis, Toxoplasmosis, neurocysticercosis

Viral HIV, CMV, EBV, HSV, VZV, JC, WNV, Japanese encephalitis, 
Saint Louis encephalitis, Lymphocytic choriomeningitis virus, 
HTLV-1

Noninfectious with known cause

Neoplasma Lymphoma, metastasis, Glioblastoma, Meningeoma, 
Langerhanscels histiocytosis, Erdheim Chester disease, 

Medication/toxic TNF-α antagonists (infliximab)

Metabolic Vitamine B12 deficiency, Copper deficiency (with/without 
zinc intoxication), Vitamine B1, B6 or E deficiency

Other CSF hypotension syndrome

Noninfectious with unknown cause

Chronic inflammatory disease GPA, EGPA, Sjögren, Behcet, SLE, Reumatoid arthritis, 
Polyartritis nodosa, Giant cell artritis, Takayasu, Multiple 
sclerosis, Neuromyelitis optica spectrum disease, PACNS, 
CLIPPERS, Lymphocytic hypophysitis, Tolosa Hunt, Susac’s 
syndrome

a This list does not include the differential diagnoses that can present with movement disorders, 
peripheral nerve disorders and muscle diseases 
HIV: human immunodeficiency virus, CMV: cytomegalovirus, EBV: Epstein-Barr virus, HSV: herpes 
simplex virus, VZV: varicella zoster virus, JC: John Cunningham virus, WNV: West-Nile virus, HTLV-
1: human T-lymphotropic virus type 1, TNF-α: tumor necrosis factor-alpha, GPA: granulomatosis with 
polyangiitis, EGPA: Eosinophilic granulomatosis with polyangiitis, SLE: systemic lupus erythematosus, 
PACNS: primary angiitis of the central nervous system, CLIPPERS: chronic lymphocytic inflammation 
with pontine perivascular enhancement responsive to steroids. 
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as this is associated with a higher risk for adverse events.23,24 In a recent study on prognostic 
factors in neurosarcoidosis, methotrexate, anti-TNF-α and cyclophosphamide were associated 
with lower relapse rates.24 In figure 1 we propose a possible treatment flowchart to be used in 
a treatment naive neurosarcoidosis patient. When to start immunosuppressive treatment of a 
patient with neurosarcoidosis depends on both systemic and neurological involvement, and 
whether the symptoms cause disability.23 We found that 12-15% did not receive 
immunosuppressive therapy and 67% improved spontaneously.chapters 2 and 5 These are mainly 
patients without progressive disease and signs of disease activity on MRI or, if indicated, CSF 
investigations, not leading to disability in daily life.23, chapter 5 Leptomeningeal disease 
manifestations, optic neuritis and spinal cord manifestations are advised to be treated with 
immunosuppressive therapy as these are frequently associated with unfavorable outcome.23,25,26 
The mainstay of immunosuppressant therapy in neurosarcoidosis is corticosteroids and it can 
be given orally or via intravenous pulse therapy.chapter 2 Low dose daily oral prednisolone can 
be considered in patients with symptoms not leading to disability in daily life with signs of 
disease activity in ancillary investigations.23 However, when relapses occur or when disease is 
progressive, methylprednisolone pulse therapy followed by low dose oral maintenance therapy 
is preferred. As prolonged prednisolone use is associated with significant side effects, tapering 
remains essential.27 However, relapses in neurosarcoidosis occur frequently and the estimated 
10 year relapse free survival rate is 28%.24 In neurosarcoidosis markers of disease activity can 
aid whether tapering can be performed, however routine imaging to assess for remaining 
disease activity is not recommended in patients with a favorable treatment response.chapter 2 
Correlation between enhancement and clinical symptoms remains unpredictable, and 
enhancement can even persist despite a favorable treatment response.28,29 In patients with 
stable disease but persistent disease activity, progressive disease, or a relapse when tapering, 
second- or third-line therapy can be considered. Whether to choose for second- or third-line 
therapy depends on the need for a quick treatment response, the initial response to 
methylprednisolone pulse therapy and possible contraindications for medication. Methotrexate 
and azathioprine are mainly steroid sparing agents, and it takes 3-6 months before a treatment 
effect can be expected.chapter 3 Therefore, for example when treating a relapse, the start of second-
line treatment is often combined with corticosteroid treatment to achieve a short-term 
treatment response. The first choice second-line therapy is methotrexate, followed by 
azathioprine. Methotrexate is associated with a lower relapse rate in one study (hazard ratio 
0.48; 95%CI 0.29-1.79) and is associated with a longer relapse free survival rate than 
mycophenolate mofetil.24,30 No data for azathioprine in neurosarcoidosis is available, but in 
chronic pulmonary sarcoidosis a comparable effect of azathioprine was seen compared to 
methotrexate, except for a higher infection rate for azathioprine.31 When relapses occur when 
tapering corticosteroids in a patient with second-line therapy, consider switching methotrexate 
to azathioprine as both have a different mode of action.32 Third-line treatment is increasingly 
being used in neurosarcoidosis and we have observed a favorable treatment response in 71%, 
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Figure 1. proposed treatment strategy in a treatment naïve neurosarcoidosis patient
a When there is insufficient treatment response or a relapse when tapering corticosteroids, methylpre-
dnisolone pulse therapy can be considered. 
CSF: cerebrospinal fluid, MP: methylprednisolone pulse therapy (1000 milligrams once a day during 
3 days and repeat 2 additional times with one month interval), MTX: methotrexate (25 milligrams per 
week), AZA: Azathioprine (2 milligrams per kilogram body weight per day), TNF: tumor necrosis factor. 
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however mortality was relatively high and treatment complications were observed in 36%.
chapter 9 This was partly explained by the relative treatment refractory cases included in our study, 
but it was higher than reported in two comparable studies. This stresses the need for a vigilant 
follow-up and the need for new trials whether this line of treatment can be used earlier in the 
disease course, especially in patients with contraindications for prednisolone use. Overall, 
complete remission or incomplete improvement is reported in 27% and 32% respectively.chapter 

2 However, about one-thirds of patients either do not respond favorable to treatment or have 
significant functional impairment in daily activities.chapter 5

FUTURE PERSPECTIVES

Neurosarcoidosis patients are mainly treated in tertiary referral centers, three of which exist 
in the Netherlands. In rare diseases, collaborations are essential. Both in the hospital between 
specialists, and between hospitals exchanging clinical experience and expertise. An essential 
step in understanding the clinical course of neurosarcoidosis and the yield of our ancillary 
investigations is a prospective cohort study. In the Amsterdam UMC we are currently 
prospectively collecting data including presenting symptoms, results of ancillary investigations, 
treatment responses, and outcome. Furthermore, we are collecting blood and leftover 
cerebrospinal fluid in a biobank. Preferably, this study is expanded to two other tertiary referral 
centers to create a nationwide prospective study for neurosarcoidosis. An essential question 
to be answered in this study is to establish the sensitivity and the specificity of the diagnostic 
criteria by conducting a long-term follow-up of these patients. Furthermore, diagnostic markers 
and markers of disease activity are needed to optimize the diagnostic process, treatment 
initiation, and the timing of tapering of treatment. Ultimately, this may lead to a more 
individualized treatment and follow-up. 
Currently, treatment trials in patients with neurosarcoidosis are lacking. Experience in 
nonneurological sarcoidosis is extrapolated to neurosarcoidosis, and treatment strategies are 
mainly backed by retrospective case series. A more aggressive treatment strategy is advised in 
neurosarcoidosis compared to nonneurological sarcoidosis. However, given the long term need 
for treatment in these patients and the fact that neurosarcoidosis remains a rare disease, 
financing a trial in neurosarcoidosis remains difficult. Additionally, the fact that it is a rare 
disease with multiple neurological involvement with varying outcomes adds to the level of 
difficulty. To tackle these potential caveats, national and international collaborations are 
urgently needed. Recently, symptom based stratification in patients with primary Sjögren’s 
syndrome led to new insights in treating these patients which is important to include in future 
neurosarcoidosis trials.33 Essential questions to be answered are the timing of tapering 
corticosteroids or stopping second- and third-line therapy, the efficacy of anti-TNF-α treatment 
and its safety profile and its potential role as second-line treatment. A first step would be a 
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phase 3 randomized controlled trial with anti-TNF-α treatment as second-line treatment as 
opposed to standard care. Patients with progressive disease during treatment with 
methylprednisolone pulse therapy and maintenance or that have a relapse while tapering 
corticosteroids should be included. Primary outcome measurements should be disability on 
the modified Rankin Scale, with secondary outcome measurements being side effects of 
immunosuppressant therapy, clinical and radiological response after 1 year, total relapse rate 
and total corticosteroids use. As mentioned before, stratification according to presenting 
neurological manifestation must be performed, as treatment responses differ between the 
various neurological manifestations. In chapter 6 we have suggested the potential role of the 
JAK-STAT pathway in the etiology of sarcoidosis and the fact that it is a possible treatment 
target. Tofacitinib, a pan-JAK inhibitor, has recently been approved for the treatment of 
moderate-to-severe ulcerative colitis.33 The overall safety profile is considered to be in line with 
other monoclonal antibodies, including anti-TNF-α treatment.34 As of December 2020 
Tofacitinib has been described in two case reports, describing a patient with mainly cutaneous 
involvement and a patient with pulmonary, bone and cutaneous involvement with insufficient 
response to third-line treatments.35,36 Both patients responded well to Tofacitinib, without 
significant side effects. Currently, a pilot study is being conducted in the United States of 
America in corticosteroid dependent pulmonary sarcoidosis. To investigate a possible role in 
neurosarcoidosis, a phase 2a trial might be conducted in patients with refractory disease to 
anti-TNF-α treatment. Other new treatment agents are Tocilizumab, an IL-6 inhibitor, or 
mTOR inhibitors.37,38 Of these, Tocilizumab have been described in a patient with 
neurosarcoidosis with refractory disease to third-line treatment and a favorable treatment 
response was reported. 
Most importantly, to improve care for the individual patients, centralization in specialized 
centers remains essential. In the 3 years since we have become a center of excellence, we have 
managed to improve the multidisciplinary approach to our patients, improve patient 
information (via a website and specific information pamphlets) and to create uniform and 
multidisciplinary diagnostic and treatment protocols. Furthermore, we have started 
collaborations with the other Dutch centers of excellence for sarcoidosis. All this creates a new 
starting point to develop new scientific studies and to use our clinical experience to create new 
perspectives in this diverse and challenging disease.
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ENGLISH SUMMARY

Sarcoidosis is an inflammatory disease of unknown etiology, characterized by noncaseating 
granulomatous inflammation of various organ systems. The lungs, lymph nodes, eyes, and 
skin are most frequently involved. It is hypothesized that these granulomas arise from an 
enhanced immune response to so far unidentified antigens in individuals with a genetic 
predisposition. In about 5% of sarcoidosis patients it affects the nervous system and then it 
is called neurosarcoidosis. It can affect both the central and the peripheral nervous system. In 
this thesis we investigate genetic predisposition and describe clinical characteristics, results of 
ancillary investigations, efficacy of immunosuppressant treatment, and the outcome of 
neurosarcoidosis.

In chapter 2 we have conducted a meta-analysis of all published studies on neurosarcoidosis 
describing at least 5 cases between 1980 and 2016. We identified 29 articles describing 1088 
patients. Four clinical presentations could be distilled from our meta-analysis: those presenting 
with cranial neuropathy, spinal cord inflammation, peripheral neuropathy or myopathy, or 
(chronic) meningitis. Ancillary investigations are often negative, with a pleiocytosis being 
reported in 58% and abnormalities on MRI of the brain in 70%. Although new treatments, 
such as TNF-α antagonists, are increasingly used, the mortality rate among patients with 
neurosarcoidosis remains 5% and about one-third does not have a substantial clinical 
improvement on treatment. In chapter 3 we conducted a systematic review on the recent 
developments in neurosarcoidosis incorporating these data. 

In chapter 4 we describe small fiber neuropathy, which can be a manifestation of sarcoidosis. 
It is caused by denervation of the thin myelinated A∂- and unmyelinated C-fibers and in 
sarcoidosis it is not caused by direct granulomatous inflammation of these fibers. Symptoms 
include pain, changes in temperature threshold, and autonomic dysfunction. The diagnosis 
requires a combination of typical symptoms and signs in neurological examination and the 
absence of large fiber involvement, but a gold standard is still lacking. Treating the underlying 
disease is only effective in some cases, and instead treatment focusses on symptomatic treatment. 

In chapter 5 we have conducted a retrospective cohort study in our tertiary referral center, 
describing 52 patients. We found that 71% primarily presented with neurological symptoms. 
The main clinical syndromes at presentation were chronic meningitis in approximately one-
third of patients, cranial neuropathy in approximately one-third of patients, and myelopathy 
in about one-fifth of patients. However, more than halve of patients present with multiple 
manifestations. Ancillary investigations performed in the diagnostic process include serum 
ACE, MRI of the brain and spinal cord, CSF investigations, CT of the chest and an 18F-FDG 
PET CT scan. These often do not provide conclusive evidence for sarcoidosis. For example 
serum ACE is elevated in 44% of patients and abnormalities suggestive for sarcoidosis are 
found on the MRI of the brain in 73%. Overall, about 90% of patients received treatment. 



English summary

173

A

Of these, 83% receive corticosteroids and in about halve of patients second- or third-line 
treatment is required. However, 71% had residual symptoms at the end of follow-up, leading 
to functional impairment in 29%.

In chapter 6 we conducted whole genome sequencing to identify variants associated with 
sarcoidosis in a family with a high prevalence of sarcoidosis. We studied 41 family members 
with DNA available, including an index patient with treatment resistant neurosarcoidosis. 
Whole genome sequencing was performed for six affected family members and findings were 
validated by using amplicon sequencing within all 41 family members. Our analysis identified 
36 candidate variants within 34 candidate genes. Variations within the genes JAK2, BACH2 
and NCF1 have previously been associated with autoimmune diseases. Of interest is the 
association with the JAK-STAT pathway, as this is a possible treatment target. 

In chapter 7 we have described the clinical utility of 18F-FDG PET-CT in the diagnostic 
work-up of neurosarcoidosis. We included 110 patients who underwent a whole body 18F-FDG 
PET-CT scan for suspected neurosarcoidosis, of whom 27 were diagnosed with neurosarcoidosis 
at the end of follow-up. 18F-FDG avidity suggestive for sarcoidosis was found in 22% of 
patients. Of these patients 20 underwent biopsy that led to confirmation of the disease in 11 
(55%). 18F-FDG PET-CT led to a biopsy proven diagnosis of sarcoidosis in 2 patients with a 
normal chest CT-scan. 

In chapter 8 we have described a rare but life-threatening complication of sarcoidosis: 
cryptococcal meningitis. We described two cases and conducted a meta-analysis of studies. 
Patients were often initially misdiagnosed as neurosarcoidosis, which resulted in considerable 
treatment delay and worse outcome. 

In chapter 9 we describe the efficacy and the safety of Infliximab therapy, a TNF-α antagonist, 
in neurosarcoidosis, in collaboration with the Erasmus Medical Centre. We included 28 
patients with pathology-confirmed neurosarcoidosis. Initial treatment response was complete 
remission in 21% and improvement in 50%, while 25% had stable disease and 4% deteriorated 
and died. In patients with a decreased dose or discontinuation of infliximab, a relapse occurred 
in 26%. Furthermore, complications of infliximab were reported in 36% and we found a 
relatively high mortality rate. This mortality rate partly reflects severity of disease in infliximab 
treated patients, but also treatment associated complications.

In chapter 10 we provide an extensive discussion on genetic predisposition, clinical 
presentation, the diagnostic work-up and treatment in neurosarcoidosis. We give an insight 
in the steps we take in diagnosing neurosarcoidosis, the possible treatment options and when 
to consider these. Furthermore, we describe future perspectives in neurosarcoidosis and possible 
studies to be conducted in the nearby future
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DUTCH SUMMARY (NEDERLANDSE SAMENVATTING)

Sarcoïdose is een ontstekingsziekte met een onbekende oorzaak, die wordt gekarakteriseerd 
door een niet-verkazende granulomateuze ontsteking van verschillende organen, waarvan de 
longen, de lymfeklieren, de ogen en de huid het meest frequent zijn aangedaan. Er wordt 
gedacht dat deze granulomateuze ontsteking wordt veroorzaakt door een overmatige 
afweerreactie op tot zover onbekende antigenen in individuen met een genetische predispositie. 
In ongeveer 5% van de mensen met sarcoidose komt de ontsteking voor in het zenuwstelsel 
en heet het neurosarcoïdose. Het kan zowel het perifere als het centrale zenuwstelsel aantasten. 
In dit proefschrift onderzoeken we de genetische aanleg en beschrijven we de klinische 
karakteristieken, de resultaten van het aanvullend onderzoek, de effectiviteit van 
immunosuppressieve behandeling en de uitkomst van neurosarcoïdose. 

In hoofdstuk 2 hebben we een meta-analyse verricht van alle gepubliceerde studies tussen 
1980 en 2016 over neurosarcoidosis die 5 of meer patiënten hebben beschreven. We hebben 
29 artikelen gevonden die in totaal 1088 patiënten hebben beschreven. Vier klinische 
presentaties kunnen worden gedestilleerd uit onze meta-analyse: de patiënten die zich 
presenteerden met hersenzenuwuitval, ontsteking van het ruggenmerg, perifere neuropathie 
of myopathie, of een chronische hersenvliesontsteking. Aanvullend onderzoek was helaas 
vaak niet conclusief. Slechts in 58% van de gevallen werd er een ontstekingsreactie in de 
liquor gezien en bij 70% van de gevallen werden er afwijkingen op een MRI van de hersenen 
gezien. Hoewel er veel nieuwe medicijnen worden gebruikt, zoals TNF-α remmers, blijft de 
mortaliteit van neurosarcoïdose 5% en ervoer ongeveer een-derde van de patiënten geen 
substantiële verbetering ondanks adequate behandeling. In hoofdstuk 3 hebben we een 
systematische review verricht over de meest recente ontwikkelingen in het veld van 
neurosarcoïdose, waarin we de bevindingen uit hoofdstuk 2 hebben meegenomen.

In hoofdstuk 4 hebben we dunne vezel neuropathie beschreven, wat een manifestatie van 
sarcoïdose kan zijn. Het wordt veroorzaakt door denervatie van de dunne gemyeliniseerde 
A∂- en ongemyeliniseerde C-vezels en in de context van sarcoidose wordt het niet veroorzaakt 
door een directe granulomateuze ontsteking van deze vezels. Symptomen bestaan uit pijn, 
veranderingen in de temperatuurgewaarwording en autonome dysfunctie. Het stellen van de 
diagnose hangt af van een combinatie van typische symptomen en afwijkingen bij het 
neurologisch onderzoek en het uitsluiten van dikke vezel betrokkenheid. Helaas hebben we 
nog niet de beschikking over een gouden standaard. Het behandelen van de onderliggende 
ziekte is slechts beperkt effectief en veelal hebben de patiënten het meeste baat bij een 
symptomatische behandeling.
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In hoofdstuk 5 hebben we een retrospectieve cohort studie beschreven die wij hebben 
uitgevoerd in ons eigen verwijzingsscentrum en waarin we 52 patiënten hebben beschreven. 
We vonden dat 71% zich primair met neurologische verschijnselen presenteerde. De 
voornaamste klinische syndromen bij presentatie waren een chronische meningitis in ongeveer 
een-derde van de patiënten, hersenzenuwuitval in ongeveer een-derde van de patiënten en een 
myelopathie in ongeveer een-vijfde van de patiënten. De helft van de mensen presenteerde 
zich echter met multipele manifestaties. Aanvullend onderzoek kan bestaan uit serum ACE, 
MRI-scan van de hersenen, onderzoek van het hersenvloeistof, CT-scan van de thorax en een 
18F-FDG PET CT scan. Deze onderzoeken passen niet altijd bij sarcoïdose. Serum ACE was 
bijvoorbeeld slechts bij 44% verhoogd en een MRI hersenen paste bij 73% bij sarcoïdose. 
Ongeveer 90% werd met medicijnen behandeld. In 83% van de gevallen betrof dat 
corticosteroïden en bij ongeveer de helft van de patiënten werd tweede of derde lijn therapie 
gestart. Helaas had 71% van de mensen restverschijnselen en dit leidde bij 29% tot functionele 
beperkingen.

In hoofdstuk 6 hebben we een genoomwijde sequencing analyse gedaan in een familie met 
een hoge prevalentie van sarcoïdose, met als doel om nieuwe varianten te ontdekken die iemand 
kwetsbaar maken voor sarcoïdose. We hebben 41 familieleden onderzocht waarvan DNA 
beschikbaar was, waaronder de indexpatiënt met neurosarcoïdose, refractair voor de 
behandeling. We hebben een genoom brede sequentie analyse verricht bij 6 familieleden met 
sarcoïdose en hebben deze bevindingen gevalideerd in alle 41 familieleden. In totaal konden 
we 36 varianten in 34 kandidaatgenen vinden. Varianten in de genen JAK2, BACH2 en NCF1 
zijn eerder beschreven in ontstekingsziektes en vooral de JAK-STAT pathway is interessant 
omdat er een medicament beschikbaar is die deze pathway beïnvloedt. Dat is dus een potentiële 
toekomstige behandeloptie. 

In hoofdstuk 7 hebben we de klinische bruikbaarheid van een 18F-FDG PET-CT scan 
onderzocht in het diagnostische proces van neurosarcoïdose. We hebben 110 patiënten 
geïncludeerd die vanwege een verdenking op neurosarcoïdose een 18F-FDG PET-CT 
ondergingen van het hele lichaam, van wie er 27 daadwerkelijk zijn gediagnosticeerd met 
neurosarcoïdose aan het einde van de follow-up. 18F-FDG aviditeit suggestief voor sarcoïdose 
werd gevonden bij 22% van de patiënten. Van deze patiënten ondergingen er 20 een biopt, 
wat bij 11 leidde tot de diagnose (55%). 18F-FDG PET-CT leidde tot een middels biopt 
bewezen diagnose bij twee mensen met vooraf een normale CT-scan van de thorax.

In hoofdstuk 8 hebben we een zeldzame, maar levensbedreigende complicatie van sarcoïdose 
beschreven: cryptococcen meningitis. We hebben twee casussen beschreven en hebben een 
meta-analyse van de bestaande literatuur verricht. Patiënten werden veelal initieel foutief 
gediagnosticeerd als neurosarcoïdose, wat leidde tot een aanzienlijke vertraging van de 
behandeling en een slechtere uitkomst.



APPENDICES

176

In hoofdstuk 9 hebben we de effectiviteit en de veiligheid van Infliximab behandeling, een 
TNF-alpha antagonist, in neurosarcoïdose beschreven, in samenwerking met het Erasmus 
Medisch Centrum. We hebben 28 patiënten geïncludeerd met middels biopt bewezen 
neurosarcoïdose. De initiële response op de behandeling was een complete remissie bij 21% 
en een verbetering bij 50% van de patiënten, terwijl 25% stabiele ziekte had en 4% achteruit 
ging en uiteindelijk overleed. Bij patiënten bij wie de dosis werd verlaagd of de Infliximab 
werd gestopt, had 26% een relapse. Daarnaast ontwikkelde 36% complicaties en vonden we 
een relatieve hoge mortaliteit. Deze relatief hoge mortaliteit komt deels door de ernstige ziekte 
manifestatie bij patiënten die worden behandeld met Infliximab, maar deels ook door 
complicaties gerelateerd aan de behandeling. 

Hoofdstuk 10 bestaat uit een discussie over de genetische predispositie, de klinische presentatie, 
het diagnostische proces en de behandeling van neurosarcoïdose. We beschrijven de stappen 
die wij nemen om de diagnose neurosarcoïdose te stellen en geven de mogelijke behandelopties 
weer en wanneer deze te overwegen. Daarnaast beschrijven we toekomstige perspectieven en 
geven we een voorzet op mogelijke studies die in de nabije toekomst kunnen worden verricht.
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LIST OF ABBREVIATIONS

18F-FDG PET Fluorodeoxyglucose (18F) positon emission tomography
ACE Angiotensin converting enzyme
AGRN Agrin
AMC Academic Medical Center Amsterdam (Amsterdam UMC)
BAL Bronchoalveolar lavage
BACH2 BTB domain and CNC homolog 2
BIRC5 Baculoviral IAP repeat containing 5
CAFT Cardiovascular autonomic function test
CDK12 Cyclin dependent kinase 12
CHD7 Chromodomain helicase DNA binding protein 7
CHEP Contact heat evoked potential
CI Confidence interval
CNS Central nervous system
CR1L Complement C3b/C4b receptor 1 like
CRP C-reactive protein
CSF Cerebrospinal fluid
CSH1/CSH2 Chorionic somatomammotropin hormone 1/2
CT Computer tomography
CYBB Cytochrome B-245 beta chain
DNA Deoxyribonucleic acid
DNAH9 Dynein axonemal heavy chain 9
DSP Desmoplakin
EBUS Endobronchial ultrasound
EHMT1 Euchromatic histone lysine methyltransferase 1
EMC Erasmus Medical Center Rotterdam
ENT Ear, nose and throat
ESR Erythrocyte sedimentation rate
ETS1 ETS proto-oncogene 1, transcription factor
FAM166A Family with sequence similarity 166 Member A
FLT1 Fms related receptor tyrosine kinase 1
FRY FRY microtubule binding protein
GWAS Genome-wide association studies
HIV Human immunodeficiency virus
HLA Human leukocyte antigen
HRCT High resolution computer tomography
IENFD Intraepidermal nerve fiber density
IFX Infliximab (anti-TNF-α)
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IGF2R Insulin like growth factor 2 receptor
IgG Immunoglobin G
IL Interleukin
IQR Interquartile range
JAK Janus kinases 
LEP Laser evoked potential 
MAF Minor allele frequency
MALRD1 MAM and LDL receptor class A domain containing 1
MCM2 Minichromosome maintenance 2
MHC Major histocompatibility complex
MIBG Metaiodobenzylguanidine
MMF Mycophenolate mofetil
MRI Magnetic resonance imaging
mRS Modified rankin scale
MTX Methotrexate
MUC5B Mucin 5B, oligomeric mucus/gel-forming
MYF6 Myogenic factor 6
MYO15B Myosin 15B
NCF1 Neutrophil cytosolic factor 1
NCS Nerve conduction studies
NR1H3 Nuclear receptor subfamily 1 group H member 3
NSUN6 NOP2/Sun RNA methyltransferase 6
OR11H12 Olfactory receptor family 11 subfamily H member 12
OTOG Otogelin
PABPC3 Poly(A) binding protein cytoplasmic 3
PCR Polymerase chain reaction
POEMS Polyneuropathy, organomegaly, endocrinopathy, monoclonal protein and 
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POLR3A RNA polymerase III subunit A
PREP Pain related evoked potential
QoL Quality of life
QSART Quantitative sudomotor axon reflex test
QST Quantitative sensory testing
RCT Randomized controlled trial
RGS2 Regulator of G protein signaling 2
SD Standard deviation
SETSIP SET like protein
SFN Small fiber neuropathy
SFNSL Small fiber neuropathy screening list
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SMO Smoothened, fizzled class receptor
SPRY4 Sprouty RTK signaling antagonist 4
SSR Sympathetic skin response
sIL2r Soluble interleukin-2 receptor (anti-CD25)
SSNRI Selective serotonin norepinephrine reuptake inhibitors
SVR Skin vasomotor reflex
TCA Tricyclic antidepressants
TNF-α Tumor necrosis factor-alpha
TSH Thyroid stimulating hormone
TST Thermoregulatory sweat test
TTT Temperature threshold test
WASOG World association of sarcoidosis and other granulomatous disorders
WBC White blood cell count
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