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Abstract

Although often regarded as a protean illness with myriad clinical and imaging manifestations,
neurosarcoidosis typically presents as recognizable syndromes that can be approached in a
rational, systematic fashion. Understanding of neurosarcoidosis has progressed significantly in
recent years, including updated diagnostic criteria and advances in treatment. The diagnosis of
neurosarcoidosis is established by the clinical syndrome, imaging and histopathological find-
ings, and exclusion of other causes. Mounting evidence supports the use of tumor necrosis
factor inhibitors as an important addition to the therapeutic armamentarium, along with glu-
cocorticoids and steroid-sparing cytotoxic immunosuppressants. In this narrative review, we
summarize recent advances in the diagnosis and treatment of neurosarcoidosis.
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Glossary

ACE = angiotensin-converting enzyme; FDG = fluorodeoxyglucose; IgG = immunoglobulin G; LETM = longitudinally
extensive myelitis; PNS = peripheral nervous system; TNF = tumor necrosis factor.

Sarcoidosis is an immune-mediated disorder characterized by
granulomatous inflammation of affected organs." Compact,
well-formed, coalescent non- or minimally necrotizing epithe-
lioid granulomas with scattered lymphocytes are pathologic
hallmarks of the disease.” Common organs affected include the
lungs (90%), skin (~15%), eye (10-30%), liver (20-30%),
and lymph nodes (10%-20%)."

Neurologic involvement of sarcoidosis (neurosarcoidosis, NS)
can involve the CNS or peripheral nervous system (PNS) or
both and can cause substantial morbidity. NS was historically
reported to occur in 5%-10% of all patients with sarcoidosis,
although this number could reflect sampling bias from pul-
monary sarcoidosis-focused cohorts. Clinically occult NS is
identified at autopsy in 15%-25% of patients, and a 2017 study
identified NS in 234/290 (34%) of patients with systemic
sarcoidosis.* Neurologic manifestations are the presenting
syndrome in 50%-70% of patients with NS, and a meta-analysis
of 1,088 patients with NS found that only 31% had systemic
disease at presentation, whereas 84% eventually developed
systemic manifestations.” Although sarcoidosis is classically
considered a multisystem disease, including by American
Thoracic Society sarcoidosis diagnostic criteria,” approximately
10%-20% of patients with NS do not have identifiable systemic
sarcoidosis (termed isolated NS).”” Over the last several years,
there have been important advances in diagnosis and treatment
for sarcoidosis and NS. In this review, we discuss the patho-
physiology, diagnosis, and treatment of NS, emphasizing clin-
ically relevant updates.

Epidemiology

Sarcoidosis occurs globally, with the highest incidence in
populations of northern European and recent African descent.
In the United States, sarcoidosis incidence ranges from 35 to
80/100,000 among African Americans to 3-10/100,000
among Caucasians; some studies report a slight female
predominance.*'® In southwest England and south Wales be-
tween 1990 and 2002, NS incidence was estimated to be 1/
100,000."* Neurologic involvement is one of several factors
associated with increased mortality in sarcoidosis.®

Pathogenesis

Sarcoidosis is an inflammatory condition characterized by a
heightened cell-mediated, granulomatous response to as-yet
unidentified antigens."> Although there is no consensus about
whether sarcoidosis represents an autoimmune disease,"
evidence is accumulating that there may be a role for
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autoimmunity in some forms of sarcoidosis, such as the self-
limiting form of Lofgren syndrome associated with individuals
who carry the HLA-DRBI*03 allele."*"> The current un-
derstanding of sarcoidosis pathogenesis is primarily derived
from studies of pulmonary sarcoidosis. To what extent these
observations translate to NS and whether the immunology of
NS differs from sarcoidosis in other organ systems are areas of
active investigation.9

Genetics

Complex genetic patterns of inheritance contribute to sar-
coidosis risk, and nearly all associated susceptibility genes
identified to date are important in immune function.'®"”
The risk of sarcoidosis is 80 times higher for monozygotic
twins, 7 times higher in dizygotic twins, and 2-5 times
higher for nontwin siblings of a person with sarcoidosis, and
there is variability of risk for sarcoidosis susceptibility by
race and ethnicity.'” Organ system-specific studies are
scarce and limited by small sample size; however, there
appear to be haplotypes that increase the risk of specific
sarcoidosis phenotypes, such as Lofgren syndrome.'” In
contrast, there appears to be little to no concordance be-
tween affected siblings with sarcoidosis in phenotypic pat-
terns or outcomes.'®

Environmental Factors

Environmental antigens, both infectious and noninfectious,
have been postulated to influence the development of sar-
coidosis by directly inducing a granulomatous inflammatory
response or by indirectly effecting epigenetic and immu-
nologic changes associated with sarcoidosis.'> Similar to
emerging models with other autoimmune diseases, it is
likely that a combination of environmental exposures in
genetically susceptible individuals contributes to risk of
sarcoidosis. Nondegradable antigens can become a nidus for
granuloma formation,'? and accumulation of serum amyloid
A has also been observed as a possible biomarker of systemic
sarcoidosis."”

Mechanisms of Inflammation and

Granuloma Formation

The accumulation of granulomas that disrupt normal tissue
microarchitecture and cause organ dysfunction is a central
feature of sarcoidosis.”® Granulomas are composed of epithe-
lioid macrophages and CD4" T helper cells surrounded by a
ring of fibroblasts with scattered B cells and CD8" cytotoxic
T cells at the periphery. Along with other inflammatory cyto-
kines, activated macrophages avidly express tumor necrosis
factor (TNF)-a, which, through stimulating naive CD4"
T cells, appears critical for the formation and maintenance
of sarcoid granulomas.*' T helper cells produce IL-2 and
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Table 1 Select Diagnostic Considerations of Neurosarcoidosis by Phenotypic Manifestation

Approximate

Clinical/radiologic manifestation frequency in NS

Select differential diagnosis

Cranial neuropathy 50%-75%

MS, NMOSD, SS, SLE, Lyme, syphilis, HIV, VZV, HSV, glioma/meningioma, infiltrative

malignancy (including lymphoma), histiocytosis, and Bell palsy (commonly known
as Bell's palsy)

Optic nerve 7%-35%
Facial nerve 11%-25%
Vestibulocochlear nerve 3%-17%

Leptomeningitis 10%-20%

Fungal, tuberculous, neoplastic meningitides, Brucella, Lyme, infiltrative histiocytosis, and

GFAP antibody-associated syndromes

Pachymeningitis Rare

1gG4-RD, AAV, infiltrative histiocytosis, meningioma, and intracranial hypotension

Myelopathy 5%-26%

and HSV)

Myelitis: MS, NMOSD, GFAP antibody-associated syndromes, SLE, and infectious (TB, VZV,

Noninflammatory: nutritional, spondylotic myelopathy, genetic/neurodegenerative, and
spinal dural AV fistula

Parenchymal disease Up to 50% MS, NMOSD, anti-MOG disease, GFAP antibody-associated syndromes, neoplasm
(including lymphoma), histiocytosis, Behcet disease, AAV, vasculitis, nonvasculitic vascular
disease, and CLIPPERS (if brainstem)

Seizure 15%
Mass lesions 5%-10%
Encephalopathy 5%-10%

Hydrocephalus 10% As per leptomeningitis or mass lesion as appropriate

Hypothalamic/pituitary axis 2%-8% 1gG4-RD, lymphocytic hypophysitis, nonsarcoidosis granulomatous hypophysitis,
xanthomatous hypophysitis, syphilis, TB, GPA, adenoma, germinoma, craniopharyngioma,
Rathke cleft cyst, and infiltrative histiocytosis

Vascular disease Rare Small vessel ischemic disease, atherosclerosis, embolism, vasculitis, and angioinvasive
lymphoma (rare)

Ischemic stroke
Hemorrhagic stroke
Peripheral neuropathy 2%-86% Large or mixed: AIDP, CIDP, AAV, and infectious neuronopathy
Small: diabetes, B12 deficiency, and SS
Large fiber or mixed large/small fiber
Small fiber
Myopathy 10% Inflammatory myositis (polymyositis/dermatomyositis, SS, RA, SLE, inclusion body

myositis, and vasculitis), infectious myositis, and myopathy (endocrine, toxic/metabolic,

and genetic)

Abbreviations: AAV = ANCA-associated vasculitis; AIDP = acute inflammatory demyelinating polyradiculoneuropathy; CIDP = chronic inflammatory de-
myelinating polyradiculoneuropathy; GPA = granulomatosis with polyangiitis; HSV = herpes simplex virus; IgG4-RD = immunoglobulin 4-related disease;
MS = multiple sclerosis; NMOSD = neuromyelitis optica spectrum disorders; NPH = normal pressure hydrocephalus; NS = neurosarcoidosis; RA = rheumatoid
arthritis; SLE = systemic lupus erythematosus; SS = Sjogren syndrome; TB = tuberculosis; VZV = varicella zoster virus.

interferon gamma, which increase immune cell proliferation
and cytotoxicity, respectively. Th17-polarized effector T cells
have been detected in sarcoidosis granulomas, blood, and
bronchoalveolar lavage fluids from patients with pulmonary
sarcoidosis, and the Th17 effector response (including the
production of interferon-y) may influence the course and se-
verity of sarcoidosis.”>*> Whole-blood gene expression pro-
filing from patients with sarcoidosis demonstrates shared gene
pathways with inflammatory responses to active tuberculosis,**
which may indicate that there is harnessing of similar
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inflammatory pathways in sarcoidosis and TB and explain in
part why there can be some overlap in clinical phenotype.25

Clinical Manifestations and
Physical Examination

Approximately 75% of patients with systemic sarcoidosis who
develop NS will do so within 2 years of sarcoidosis di-
agnosis.26 In clinical practice, NS is often the presenting
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clinical syndrome, and sarcoidosis is first considered and di-
agnosed as part of the neurologic evaluation. Although the
spectrum of neurologic manifestations of sarcoidosis is broad,
these can be systematically organized into recognizable pat-
terns with more common phenotypes (Table 1). Patterns of
referral and care delivery among subspecialists likely also in-
fluence patterns of disease manifestations reported in the
literature and observed in clinical practice. For example, a high
incidence of optic neuritis was observed in a series of patients

.. 27
from an MS clinic.

CNS Neurosarcoidosis

Meningitis

When NS affects the pachy- or leptomeninges, a subacute
meningitis syndrome may develop that can persist to become
chronic meningitis. Sarcoidosis leptomeningitis has a pre-
dilection for the base of the skull (basilar meningitis) and may
extend to the spinal cord meninges. Leptomeningeal en-
hancement in sarcoidosis, often with a nodular component,
may appear disproportionately worse on MRI than clinical
symptoms might suggest. Leptomeningeal disease typically
responds well to immunosuppressive treatment but may be
complicated by cranial nerve dysfunction or seizures; com-
municating hydrocephalus is also characteristic, usually oc-
curring secondary to chronic meningitis. Sarcoidosis less
often causes pachymeningitis that must be distinguished from
other causes of hypertrophic pachymeningitis.*®

Cranial Neuropathy

Granulomatous infiltration of cranial nerve nuclei, fascicles, or
nerves can produce cranial neuropathy, which is among the
most commonly reported manifestations of NS. Multiple
concurrent or serial cranial neuropathies should raise suspi-
cion for NS. A subacute, progressive course is typical. Most
patients (>80%) with cranial neuropathy from NS will have
additional neurologic manifestations, and MRI often reveals
gadolinium enhancement of the nearby leptomeninges.® The
reported frequency of individual cranial neuropathies varies
form series to series, but the most commonly affected are the
optic, facial, and vestibulocochlear nerves.>?°

NS can cause optic neuritis or perineuritis, which may involve
the optic chiasm, or can produce compressive optic neurop-
athy from an infiltrating or mass-like lesion. Chiasmal in-
volvement is often associated with sellar involvement given
anatomic proximity.”” Optic neuritis is slightly more likely to
be bilateral than unilateral in NS and visual recovery even with
treatment can be poor.”” Facial nerve palsy that is recurrent,
bilateral (simultaneous or sequential in 30%-40% in NS), or
accompanied by other nearby cranial neuropathies should
raise suspicion for NS as should leptomeningeal contrast
enhancement and/or additional neurologic findings.® Heer-
fordt syndrome (parotitis, facial nerve palsy, anterior uveitis,
and low-grade fever) is a rare manifestation of facial nerve
palsy in NS. Vestibulocochlear nerve involvement with
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vestibular dysfunction and/or hearing loss typically develops
from leptomeningitis about the base of the brain. Other cra-
nial neuropathies from NS occur less commonly.

Myelopathy

Sarcoidosis can affect the spinal cord via several mechanisms,
including infiltration of the spinal cord parenchyma, lep-
tomeninges, extradural space, or extraspinal tissues with
compression of the spinal cord. Although historically reported
as rare, contemporary studies have documented myelopathy
in some 19%-26% of patients with NS, making it one of the
more common neurologic manifestations.”?” Characteristic
imaging findings include nodular and linear leptomeningeal
contrast enhancement associated with intraparenchymal T2
hyperintensity.***' Longitudinally extensive myelitis (LETM;
>3 vertebral segments) from sarcoidosis is relatively common
(75% of NS myelitis in 1 series)** and must be distinguished
from other causes of LETM. MRI clues that favor a diagnosis
of sarcoidosis myelitis include a dorsal cord subpial pattern of
gadolinium enhancement >2 spinal segments and persistence
of enhancement for >2 months despite treatment.>* Central
canal and dorsal subpial enhancement resembling a trident on
axial MRI of the spinal cord also increases suspicion for NS
diagnosis in patients with subacute myelitis.33 In a 2020 series,
4 main patterns of sarcoidosis myelitis were identified on
MRI: longitudinally extensive myelitis (45%), short tume-
factive myelitis (23%), meningitis/meningoradiculitis (23%),
and anterior myelitis adjacent to disc degeneration (10%).3*
Abnormal enhancement on MRI following the administration
of gadolinium was observed in all but 1 patient in that series.
As in the brain, mass-like spinal dural lesions can occur. Al-
though cervical and thoracic cord pathologies are commonly
discussed as usual sites of NS involvement in the literature,
involvement of the conus medullaris and/or cauda equina also
occurs.

Sellar Disease

Hypothalamic/pituitary involvement with consequent neuro-
endocrine dysfunction occurs in 10%-25% of cases. Endocrine
dysfunction most often includes anterior hypopituitarism
(LH/FSH 89%; TSH 67%; GH 50%; and ACTH 49%),
hyperprolactinemia (49%), and diabetes insipidus (65%) and
may be the presenting sign of NS in roughly half of patients
with sellar disease.*> MRI findings include thickening and
contrast enhancement of the pituitary gland or stalk some-

times with extension into the hypothalamus and often
multifocal >

Parenchymal Disease

Brain parenchymal NS may arise as a consequence of men-
ingeal spread or vascular disease. Intraparenchymal mass-like
lesions develop in roughly 15% of cases and can produce
seizures and focal deficits. Characteristic MRI findings include
contrast-enhancing lesions or T2 hyperintense and T1 iso-
intense lesions that may or may not enhance (6%-37%).
Cerebrovascular disease directly related to NS can also occur,
including small, medium, or large vessel vasculitis or venulitis,
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Table 2 Clinical Criteria for a Diagnosis of Neurosarcoidosis (2018 Neurosarcoidosis Consortium Consensus*")

Definite

1. The clinical presentation and diagnostic evaluation suggest neurosarcoidosis, as defined by the clinical manifestations and MRI, CSF, and/or

EMG/NCS findings typical of granulomatous inflammation of the nervous system after rigorous exclusion of other causes.
2. The nervous system pathology is consistent with neurosarcoidosis.

Type a. Extraneural sarcoidosis is evident.

Type b. No extraneural sarcoidosis is evident (isolated CNS sarcoidosis).

Probable 1. The clinical presentation and diagnostic evaluation suggest neurosarcoidosis, as defined by the clinical manifestations and MRI, CSF, and/or
EMG/NCS findings typical of granulomatous inflammation of the nervous system after rigorous exclusion of other causes.
2. There is pathologic confirmation of systemic granulomatous disease consistent with sarcoidosis.

Possible

1. The clinical presentation and diagnostic evaluation suggest neurosarcoidosis, as defined by the clinical manifestations and MRI, CSF, and/or

EMG/NCS findings typical of granulomatous inflammation of the nervous system and after rigorous exclusion of other causes.

2. No pathologic confirmation of granulomatous disease.

Abbreviation: NCS = nerve conduction study.
Reproduced with permission from JAMA Neurol. 2018;75(12):1546-1553.%'

vascular compression from granulomatous inflammation or
mass lesion, or venous sinus thrombosis,®” but typical ische-
mic or hemorrhagic stroke in patients with known sarcoidosis
can have many potential causes and may not be directly at-
tributable to NS.

Encephalopathy

Subcortical encephalopathy including dementia may be seen in
patients with NS. Nonspecific white matter T2/FLAIR hy-
perintense lesions without gadolinium enhancement are com-
mon and may be small and focal or larger, more diffuse lesions
that resemble chronic vascular disease; their relationship to NS
is uncertain as they are common even in the absence of NS, do
not correlate with clinical disability in NS, nor do they abate
with immunosuppressive treatment. In the absence of gadoli-
nium enhancement, such lesions are unlikely to represent active
NS and may sometimes reflect comorbid pathology, such as
small vessel ischemic disease.

Neuropsychiatric lliness

Depression and other neuropsychiatric manifestations are
nonspecific and may or may not be directly related to NS.
Depression is reported in 60%-66% of patients with NS, and
other neuropsychiatric manifestations including psychosis
develop in up to 20%.>° Causes may include parenchymal N,
living with chronic illness, treatment complications (e.g,
glucocorticoids), or other comorbidities.

PNS Sarcoidosis

The spectrum of PNS sarcoidosis includes both large and small
fiber polyneuropathies or polyradiculoneuropathy with pure
motor, sensory, or mixed sensorimotor features, including a
Guillain-Barre-like syndrome. Peripheral neuropathy is
reported in some 15%-20% of patients, although the true in-
cidence may be higher. Peripheral nerve vasculitis may produce
mononeuritis multiplex with axonal features. Symmetric
chronic sensorimotor neuropathy with axonal features on
EMG is reported to be the most common noncranial nerve
peripheral neuropathy. The association of neuropathy with
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sarcoidosis is best supported with biopsy confirmation, whereas
causation is less clear with mild axonal polyneuropathies given
the myriad potential causes. When biopsy is performed, both
the muscle and nerve should be sampled when feasible as this
allows examination of both tissues and likely improves the
diagnostic yield, as there can be subclinical muscle involvement
in up to 90% of nerve biopsies®® (and this can also help to
distinguish sarcoidosis from leprosy, as the latter only involves
peripheral nerves and not muscle).*

Small Fiber Neuropathy

Small fiber neuropathy is common in systemic sarcoidosis,
although the pathogenesis is unclear.*® For this reason,
current consensus diagnostic criteria for NS conceptualize
small fiber neuropathy as a paraneurosarcoidosis mani-
festation that occurs in association with sarcoidosis but
may not necessarily result from direct granulomatous in-
filtration.*" Other etiologies of small fiber neuropathy
should also be considered before concluding that small
fiber neuropathy in individuals with sarcoidosis is neces-
sarily sarcoidosis related.*” A large 2017 study found that
some 25% of patients with sarcoidosis with confirmed
small fiber had an alternative or additional possible etiol-
ogy.*® EMG with nerve conduction studies is generally
normal in small fiber neuropathy unless there is also a
concurrent large fiber neuropathy; quantitative sudomotor
axon testing or skin biopsy with decreased nerve fiber layer
density can provide objective evidence of small fiber nerve
pathology, but such testing is not specific for sarcoidosis or
other causes.*

Muscle Disease

A 2018 study of 48 patients with symptomatic muscle
sarcoidosis identified 4 patterns based on clinical pre-
sentation, EMG, and pathology. These include nodular
(27%); smoldering (29%); acute, subacute, or progressive
myopathic (35%); and combined myopathic and neuro-
genic pattern (10%). The clinical course differed depending
on phenotype—the nodular pattern was relapsing and re-
mitting, whereas the myopathic pattern may have a pro-
gressive course.
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Table 3 Diagnostic Considerations When Evaluating for
Suspected Neurosarcoidosis®

Modality Specific considerations

CBC and CMP

ESR and CRP

ANA and SSA

ANCA (MPO and PR3)
AQP4-1gG

MOG-IgG

HIV serologies
Syphilis serologies
Tuberculosis testing
1,25-Vitamin D

25-0H Vitamin D
Calcium

24-hour urine calcium
Fungal and bacterial serologies as indicated clinically

Serum
studies

CSF Opening pressure

analysis Cell count/differential
Protein
Glucose (with corresponding serum glucose)
IgG index (with corresponding serum)
Oligoclonal bands (with corresponding serum)
Gram stain/bacterial culture
Fungal culture
Mycobacterial culture
Cytology/flow cytometry
Metagenomic sequencing for pathogen detection
Molecular diagnostics as indicated clinically, e.g., VZV PCR and
I1gM, Whipple PCR, histoplasmosis serologies, Coccidioides
serologies, galactomannan, beta-p-glucan, Lyme, VDRL, etc.
GFAP antibody

Imaging MRI of the brain, orbit, and/or spine w/wo contrast
CXR

CT of the chest with IV contrast

CT of the abdomen/pelvis with IV contrast

PET/CT

Biopsy Include acid-fast stain and fungal staining

Other EEG
EMG/NCS
EKG
Skin examination
Dilated eye examination with slit lamp

Abbreviations: ANA = antinuclear antibody; ANCA = antineutrophil cyto-
plasmic antibody; AQP4-1gG = aquaporin-4 immunoglobulin G; CBC = com-
plete blood count; CMP = complete metabolic panel; CRP = C-reactive
protein; CXR = chest x-ray; EEG = electroencephalography; NCS = nerve
conduction study; ESR = erythrocyte sedimentation rate; HSV = herpes
simplex virus; 1gG = immunoglobulin G; MOG = myelin oligodendrocyte
glycoprotein; SSA = anti-Sjogren syndrome-related antigen A; SSB = anti-
Sjogren syndrome-related antigen B; VZV = varicella zoster virus.

@ Diagnostic evaluation should be tailored to the specific presentation.

Diagnosis and Differential Diagnosis

Differential Diagnosis

The differential diagnosis of NS is summarized in Table 1 and is
heavily influenced by the presenting neurologic syndrome.
Sarcoidosis is fundamentally a pathologic diagnosis, and biopsy
from affected tissue is strongly recommended to support a final
diagnosis. Rigorous exclusion of mimics is particularly impor-
tant, and even with pathologic confirmation of granulomatous
inflammation consistent with sarcoidosis, there is also a histo-
logic differential diagnosis to consider. Granulomatous infec-
tions and, rarely, granulomatous reactions associated with
lymphoma can have histopathologic findings similar to those
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seen in sarcoidosis. A multisystem granulomatous syndrome
phenotypically similar to sarcoidosis (and sometimes NS) has
been observed to develop in 8%-22% of patients with common
variable immunodeficiency, a heterogenous group of antibody
deficiencies characterized by hypogammaglobulinemia and
symptoms of immunodeficiency including infection and
autoimmunity.*** Rigorous clinical-radiologic phenotyping
and follow-up remain critical even with biopsy confirmation.
Clear worsening or lack of a partial response to immunosup-
pressive treatment in patients with probable or possible NS
warrants diagnostic reconsideration.

Neurosarcoidosis Diagnostic Criteria

Updated consensus NS diagnostic criteria were published in
2018 and categorize patients based on diagnostic certainty
into definite, probable, and possible NS based on pathologic
and clinical features, emphasizing clinical phenotype and bi-
opsy confirmation (Table 2).*!

Serum Testing

Because neither sensitive nor specific serum tests for sarcoidosis
diagnosis exist to date, the primary value of serum testing is to
evaluate for alternative etiologies and for markers of other organ
system manifestations of sarcoidosis (Table 3). Acute-phase
reactants may be elevated but are non specific. Hypervitaminosis
D and hypercalcemia are occasionally present and should
prompt evaluation for hyperparathyroidism. Serum angjotensin-
converting enzyme (ACE) levels are elevated in up to 60% of
patients with pulmonary sarcoidosis, but are insensitive and
nonspecific.”” A 2019 study identified serum soluble IL-2 re-
ceptor levels to be 88% sensitive and 85% specific for sarcoidosis
compared with 62% and 76%, respectively, for ACE.*®

CSF Analysis

CSF analysis should be considered in the diagnostic evaluation
of patients with CNS NS to evaluate for evidence of intrathecal
inflammation and exclude alternative etiologies (Table 3),
particularly when leptomeningitis is identified on MRI. Many
patients with CNS sarcoidosis have abnormal CSF examina-
tions, but no test is specific for NS. A mild to moderate pleo-
cytosis (usually <100 cells/pL), with lymphocyte predominance
and elevated protein, is typical; there may also be neutrophils
present, particularly acutely; CSF eosinophils are rare. Isolated
CSF protein elevation can be a marker of inflammation but is
nonspecific, especially in the absence of MRI evidence of CNS
sarcoidosis. NS is one of the few noninfectious etiologies that
can cause hypoglycorrhachia, particularly in the context of
leptomeningitis, but levels below 20 mg/dL should raise con-
cern for an undiagnosed fungal, mycobacterial, or malignant
etiology.*” Oligoclonal bands and elevated immunoglobulin G
(IgG) index may be seen in ~20%-40% of NS cases but are
nonspecific””*® CSF ACE levels have poor sensitivity and
specificity for NS.>' One series of patients with LETM from
NMO, MS, or NS found that CSF hypoglycorrhachia and ele-
vated CSE ACE levels were uncommon but exclusive to NS.*
One study including 43 patients with NS, 14 with multiple
sclerosis, and 48 with other inflammatory disorders found that
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Figure 1 Brain MRI Manifestations of Neurosarcoidosis

Typical patterns of NS observed on brain MRl including leptomeningeal and pachymeningeal disease, perivascular infiltration, MS-like lesions, which
may represent coexistent disease, mass-like lesions, cranial nerve infiltration, and pituitary/meningeal disease. (A.a-A.b) Post-gadolinium T1 MRI
from a patient with probable NS demonstrating leptomeningeal enhancement predominantly affecting the base of the brain (arrows). (B.a) T2/FLAIR
MRI of definite NS demonstrates T2 hyperintensity in the occipital lobe (arrow) adjacent to an area of (B.b) dural thickening and enhancement (arrow)
on post-gadolinium T1 MRI. (C) Post-gadolinium T1 MRI demonstrating multifocal perivascular meningeal enhancement in the subcortical white
matter (arrows) and cortex (arrowhead) in definite NS. (D) Sagittal FLAIR MRI of the same patient from B, exhibited T2 hyperintense lesions in the
cerebellum (not shown) as well as the periventricular and juxtacortical white matter (arrows). Atrophy associated with the occipital lobe T2 hyper-
intense lesion can be appreciated (arrowhead). This patient was diagnosed with multiple sclerosis and later developed pachymeningeal thickening
biopsy proven to be sarcoidosis. (E.a) Post-gadolinium T1 MRI demonstrating a focal area of contrast enhancement in the left insula (arrow) with (E.b)
parenchymal T2 hyperintensity on FLAIR in a patient with probable neurosarcoidosis. (F.a) Mass-like lesion in the right mesial temporal lobe with
enhancement (arrow) on post-gadolinium T1 MRI with corresponding (F.b) swelling and T2 hyperintensity on FLAIR (arrow) in definite NS. Note that
most mass-like lesions in NS have some meningeal component as seenin E and F. (G) Coronal post-gadolinium T1 MRI demonstrating left optic nerve
enhancement (arrow) in a patient with probable NS who presented with left optic neuritis. (H) Axial post-gadolinium T1 MRI with contrast en-
hancement and swelling in Meckel cave about the left trigeminal nerve (arrow) in a patient with probable NS who developed left trigeminal neu-
ropathy (pain and decreased sensation). (I) Axial post-gadolinium T1 MRl demonstrating contrast enhancement in both internal auditory meatuses
(arrows) in a patient with probable NS and bilateral facial nerve palsy. (J) Sagittal post-gadolinium T1 MRl in a patient with definite NS who presented
with hypopituitarism demonstrates abnormal contrast enhancement and swelling of the pituitary gland (arrowhead) and stalk (arrow).

compared with MS and other inflammatory disorders, the CSF
CD4/CDS8 ratio and IL-6 concentration were elevated in neu-
rosarcoidosis.”> CSF IL-6 concentration >50 pg/mL was also
associated with progression or relapse of N'S.>* Next-generation
metagenomic deep sequencing of the CSF for pathogen de-
tection may be helpful to evaluate for infection in addition to
culture and more targeted molecular studies.’*** CSF cytology
and flow cytometry should be considered to evaluate for ma-
lignancy. CSF studies can also be helpful to monitor for NS
disease activity over time, such as in response to treatment,
particularly opening pressure, cell count, total protein, glucose,
IgG index, and oligoclonal bands.

Neuroimaging
When evaluating a patient for suspected CNS NS, MRI with

and without gadolinium is the most appropriate imaging
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modality (Figures 1 and 2). Gadolinium enhancement lacks
specificity, but is a helpful marker of active CNS sarcoidosis,
and failure to include contrast-enhanced sequences is a com-
mon diagnostic and monitoring pitfall for CNS sarcoidosis. In
addition to MRI patterns illustrated in Figures 1 and 2, deep
medullary vein engorgement and radial perivenular enhance-
ment have also been described in NS.>> MRI has value as a
biomarker for response to therapy and critically informs clinical

decision making.

Systemic Evaluation

Part of the early diagnostic strategy to support a diagnosis of NS
is to search for evidence of systemic sarcoidosis, with a goal of
establishing histopathologic confirmation of the underlying
illness. This includes a comprehensive physical examination. A
dilated eye examination can also identify evidence of ocular
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Figure 2 Spinal Cord MRI Manifestations of Neurosarcoidosis

Typical patterns of spinal cord involvement in NS including longitudinally extensive myelitis, short segment myelitis, perivascular and leptomeningeal
lesions, mas-like dural and leptomeningeal lesions, and lumbosacral radiculitis. (A.a) Sagittal T2 MRI of the cervical spine demonstrating longitudinally
extensive transverse myelitis (between arrowheads) in a patient with probable NS and (A.b) extensive contrast enhancement on post-gadolinium T1 MRI
(arrow). (B.a) Sagittal T2 MRI of the thoracic spine demonstrating a short segment myelitis (arrow) in a patient with probable NS with (B.b) contrast
enhancement on post-gadolinium T1 MRI (arrow). (C) Sagittal post-gadolinium T1 MRI of the cervical spine from the same patient in Figure 1C demon-
strating multifocal areas of contrast enhancement (arrowheads) in an unusual pattern suggesting leptomeningeal and perivascular infiltration. (D.a)
Sagittal T2 MRI of the cervical spine with longitudinally extensive T2 hyperintensity and cord deformity in a patient with definite NS. (D.b) Sagittal post-
gadolinium T1 MRI from the same patient in (D.a) demonstrating multiple mass-like enhancing lesions surrounding and compressing the spinal cord
(arrowheads) well as leptomeningeal enhancement about the medulla (arrow). (E) Sagittal post-gadolinium T1 MRI of the lumbar spine demonstrating
nodular leptomeningeal enhancement about the cauda equina (arrowhead) and enhancement within the conus medullaris (arrow) in a patient with
definite NS who presented with lumbosacral radiculomyelitis (Elsberg syndrome).

Table 4 Medications Commonly Used in the Treatment of Neurosarcoidosis

Medication Dose Adverse effects Monitoring Comments References
Glucocorticoids Numerous including psychosis, Blood Give with calcium, gastric protection 5,7,26,27
osteoporosis, Cushing syndrome, pressure and consider PCP prophylaxis for
hypertension, diabetes mellitus, gastric and blood  doses =20 mg/d prednisone for >3 mo;
ulcers, glaucoma, and cataracts glucose monitor BP and lipids
Prednisone 0.25-1 mg/kg/d PO
Methylprednisolone 1,000 mg/d x 3-5
dv
Immunosuppressant 4,61
agent
Azathioprine Up to 2-2.5 mg/kg  Anemia, neutropenia, hepatitis, and CBC and TPMT activity/genotype; close safety
PO daily rarely lymphoma LFTs laboratory monitoring
Methotrexate 10-25 mg weekly  Cytopenias, hepatitis, pneumonitis, CBC, LFTs,  Methotrexate dosing in this context is
PO or SQ mucositis, teratogenicity, and Gl upset  and weekly and not daily. Give with folic
creatinine  acid 1 mg PO daily
Mycophenolate 1-1.5g PO BID Anemia, Gl upset, hepatitis, and colitis ~ CBC and Teratogenicity warning; skin checks for
mofetil LFTs malignancy
Tumor necrosis CBC 9,68,69
factor inhibitors
Infliximab 3-7 mg/kg IV at Infusion reactions, antidrug antibodies, Contraindicated in heart failure and
weeks 0, 2,and 6  malignancy, demyelination, hepatitis, multiple sclerosis; test for TB and HBV
and then 3-7mg/  and drug-induced lupus before treatment.
kg IV q4-8 wk
Adalimumab 40 mg SQ g2wk Infliximab is often dosed with an oral
immunosuppressant as above to
reduce the risk of neutralizing
antibodies and for synergy.
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sarcoidosis that may support the diagnosis. Roughly half of
patients with CNS-predominant sarcoidosis have an abnormal
chest x-ray at the time of neurologic presentation.""*” Chest,
abdominal, and pelvic CT with IV contrast can be valuable for
identifying sarcoidosis when chest x-ray is normal and clinical
suspicion for sarcoidosis is high. When structural imaging does
not reveal a biopsy target, combined fluorodeoxyglucose PET
(FDG-PET)/CT can reveal metabolically active lymph nodes
or otherwise occult lesions that may appear normal on CT.*
Combined whole-body FDG-PET/CT scan documented ab-
normalities consistent with sarcoidosis in 15/19 (78%) patients
in 1 series® and 22% of patients with suspected sarcoidosis in
another.”” FDG-PET may also show metabolically active le-
sions in the brain or spinal cord, but these are almost always
better seen on MRL

Biopsy

Diagnostic confidence of NS is greatest when there is biopsy
confirmation of sarcoidosis in the nervous system (what is
termed definite neurosarcoidosis in the 2018 consensus di-
agnostic criteria); however, in some cases, the neuroanatomic
localization may preclude biopsy due to concerns about
morbidity or opportunity to secure a diagnosis by less invasive
means. In such cases, it may be preferable to establish the
diagnosis of systemic sarcoidosis in the context of a neurologic
syndrome consistent with NS (probable neurosarcoidosis).
When there is evidence of concurrent pulmonary sarcoidosis,
a tissue sample can usually be acquired by endobronchial
ultrasound-guided transbronchial biopsy of mediastinal or
hilar lymphadenopathy with a high diagnostic yield; media-
stinoscopy may be required in some cases depending on the
affected anatomy.>® Comprehensive skin and eye examination
should be pursued as either may reveal systemic evidence of
sarcoidosis via relatively noninvasive biopsy. There should be
caution when relying on skin biopsy as the only pathologic
foundation to support the sarcoidosis diagnosis given the
broad differential diagnosis of cutaneous granulomas and
granulomatous dermatitis, as well as caution relying solely on
superficial lymph node biopsy. In cases in which body imaging
is unrevealing, biopsy of a neurologic target may be necessary
to exclude malignancy or other etiologies.

Although sarcoidosis granulomas are generally non-necrotizing
and any necrotizing granulomas or poorly formed granulomas
should raise caution about sarcoidosis as the final diagnosis, in
bona fide sarcoidosis, there can sometimes be rare areas of ne-
crosis on biopsy, particularly in larger samples.*® Sarcoidosis
granulomas are not histologically distinct from other granulo-
matous conditions, and special staining for acid-fast bacilli, fungj,
and cultures is important for excluding infectious etiologies.2

Treatment

The goal of disease-modifying NS treatment is to reduce or
prevent organ system damage from harmful effects of gran-
ulomatous inflammation (Table 4). In some circumstances,
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such as mild or transient disease, immunosuppression may
not be necessary, but for most patients with CNS sarcoidosis
and for many with large-fiber peripheral nervous system NS
involvement, immunosuppression is indicated early to mini-
mize neurologic injury and disability. Treatments focused on
symptom management and rehabilitation are also important in
the comprehensive care of patients with NS. When there is
multisystem involvement, an interdisciplinary approach can be
helpful to coordinate what is often complex care and decision
making. No randomized trials exist yet to guide the treatment
of NS; therefore, treatment is based on expert opinion and
observations from case series and single reports.

Treatment in NS should be individualized, weighing risks to
benefit, with appropriate counseling to guide shared decision
making about disease-modifying treatment, while also in-
corporating treatment considerations for sarcoidosis in-
volving other organ systems as applicable. In general,
glucocorticoids are standard first-line treatment. For more
severely affected patients, consideration of initial IV or PO
bioequivalent pulse dosing (e.g, 1 g IV methylprednisolone
for 3-5 days) followed by a few month oral glucocorticoid
taper (e.g, prednisone 1 mg/kg/d and tapering lower) would
be typical, adjusting speed and taper duration based on severity,
risk, tolerability, clinical, and imaging response. For patients
with less severe disease, a moderate, shorter course of gluco-
corticoids may be sufficient with close monitoring. Given
concerns about safety and toxicity associated with glucocorti-
coid exposure, early steroid-sparing therapy with methotrexate
or azathioprine should be considered (typically reserving
mycophenolate mofetil given data about comparative lesser
efficacy in retrospective studies), although these can take sev-
eral months to achieve clinical efficacy. In severer cases, when
there is an incomplete response to glucocorticoids, or when
there is particular concern about glucocorticoid toxicity risk,
earlier use of TNF inhibitors is increasingly considered.

Acute Treatment

Glucocorticoids are widely considered to be first-line therapy
for NS and work rapidly in most patients.”***” Patients with
severe presentations may require pulse-dose IV methylpred-
nisolone, 1 g daily for 3-5 days followed by a prolonged oral
glucocorticoid taper. For less severe presentations, predni-
sone 0.5-1 mg/kg/d or bioequivalent doses in other gluco-
corticoid formulations may be effective. For patients with mild
or moderate presentations, monotherapy with prednisone
may be sufficient and when the clinical and imaging response
is adequate, prednisone can be tapered gradually over several
months. Care should be taken to consider and evaluate for
recurrence or worsening when tapering glucocorticoids in NS.

A meta-analysis from 2016 noted a favorable outcome with
glucocorticoids in 71% of patients with NS.> However, a
significant portion of patients with NS will be refractory to
glucocorticoids or will experience recurrence of disease ac-
tivity when attempting to taper to more tolerable or safer
doses.””” Glucocorticoid doses required to achieve and
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maintain remission can also sometimes be prohibitive due to
steroid toxicity.” Therefore, steroid-sparing agents should
generally be given to patients with NS with moderate to se-
vere presentations or in patients who are unable to achieve
treatment goals balanced against risks with oral steroids.

Steroid-Sparing Agents

A number of steroid-sparing agents have been used in the
treatment of NS, including azathioprine, methotrexate,
mycophenolate mofetil, hydroxychloroquine, cyclophospha-
mide, and TNF inhibitors. Choosing among these options is
based on clinical judgment, comorbidities, and the available
literature, including observations from treatment of systemic
sarcoidosis. A 2016 retrospective study of 40 patients with NS
suggested greater efficacy of methotrexate over mycophe-
nolate.®" Another retrospective study of 234 patients with NS
in 2017 noted lower risk for relapse among patients treated
with methotrexate, cyclophosphamide, or infliximab and
greater relapse risk with mycophenolate.* Agents like azathi-
oprine, methotrexate, and mycophenolate mofetil can take
several months to achieve full immunosuppressive effects
clinically, during which time it may be helpful to continue oral
glucocorticoids. Close clinical and radiologic follow-up is
important when tapering glucocorticoids given frequent re-
currence of disease activity on steroid withdrawal.

TNF Inhibitors

TNF-alpha has been targeted in the treatment of sarcoidosis®>
and NS.” The best-studied TNF-alpha antagonist in NS is
infliximab, a chimeric monoclonal antibody to TNF-alpha,
which appears capable of inhibiting the formation of granulo-
mas in sarcoidosis and inducing apoptosis via complement-
dependent and antibody-dependent cytotoxicity.">*> Case
reports and small series have suggested eflicacy of infliximab for
NS.”*%*7 In 2017, a multi-institutional study reported benefit
with infliximab for CNS sarcoidosis.” A favorable clinical re-
sponse was seen in 77% (29% of whom achieved complete
remission) and a favorable MRI response in 82% (complete
remission in 44%). Favorable outcomes with infliximab were
reported in other series, including 87% with clinical stability or
improvement in a series from Utah®® and clinical stability or
improvement in 96% (remission in 219%, improvement in 50%,
and stability in 25%) in a series from the Netherlands.*

Treatment is generally targeted to remission and often con-
tinued for a few to several years in patients with a history of
severe disease. When discontinuing a TNF inhibitor in NS, it
is important to monitor the patient clinically and by MRI for
recurrence, which can occur as early as 3-6 months after
stopping. In our multi-institutional study, disease recurred in
56% of patients who discontinued therapy after achieving
remission, typically in the same neuroanatomic location.”
Similar recurrence rates on infliximab discontinuation in NS
were reported in a French series,'® whereas 31% of patients
relapsed on tapering or discontinuing infliximab in a cohort
from the Netherlands.”® Other TNF antagonists, such as
adalimumab, may also be effective in neurosarcoidosis.*"!
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Adverse effects of TNF-alpha inhibition include leukope-
nia, elevated liver enzymes, infusion-related reactions, in-
fection (including reactivation of herpes zoster and latent
tuberculosis as well as new infection with fungi such as
histoplasmosis),*'> hypersensitivity reactions, malignancy,
CNS inflammatory demyelination,el:”e14 and rarely pro-
gressive multifocal leukoencephalopathy. There are also
rare reports of paradoxical granulomatous reactions asso-
ciated with TNF antagonists, particularly etanercept.®'®
Immunogenicity from neutralizing antibodies to infliximab
occurs in a minority of patients and is associated with in-
fusion reactions and reduced eflicacy related to increased
clearance or infliximab neutralization.*®*'” It is common
in NS to continue a lower-dose cytotoxic immunosup-
pressant such as methotrexate or azathioprine concurrently
with infliximab to attenuate the formation of infliximab
antibodies in addition to potential synergistic immuno-
suppressive benefits, although there are also emerging data
that suggest favorable outcomes with TNF inhibitor mon-
otherapy in NS.*'®

B Cell-Targeted Therapy

Rituximab has been reported to have some efficacy in sys-
temic sarcoidosis®’® and in probable NS.°*° However, the
role of anti-CD20 B cell-depleting therapy in neuro-
sarcoidosis and sarcoidosis more broadly is unclear,*>"***
and there may exist a publication bias. Two patients included
in a 2017 multicenter study progressed despite rituximab but
responded to subsequent infliximab,” and rituximab was
observed to be one of the least effective treatments in a 2020
series from Utah.®®

Emerging Immunosuppressive Approaches
Tofacitinib (a JAK inhibitor) has been observed to be fa-
vorable for treatment refractory cutaneous sarcoidosis, with
molecular analysis of skin lesions pre- and post-treatment
suggesting a role for JAK-STAT signaling,*** and this ap-
proach has also led to improvement in multiorgan system
sarcoidosis.”** There are also emerging reports of benefit in
multiorgan system sarcoidosis with baricitinib.>* Clinical
improvement with tocilizumab (an anti-IL-6 therapy) has
also been observed in treatment refractory sarcoidosis with
pulmonary, sinus, and cutaneous involvement.®*® Whether
such strategies will prove to have a role in neurosarcoidosis
remains to be determined.

Monitoring Response to Treatment

The goal of immunosuppression in NS is to minimize the risk
of neurologic injury from granulomatous inflammation. In
many patients, the goal may be complete remission of the
neuroinflammatory response. In others, suppressing the in-
flammatory response, even if not achieving complete re-
mission, may be the appropriate balance of therapeutic risk.
Monitoring of treatment response includes history, physical
examination, and typically MRI with and without contrast,
which may be able to detect worsening or recurrent disease
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before new or recurrent clinical symptoms develop. In a pa-
tient with abnormal MRI findings attributable to NS who is
doing well clinically, repeat imaging 2—4 months after treat-
ment initiation is one reasonable approach. MRI monitoring
frequency can then be gradually spaced out over time based
on treatment response. When there are no abnormal findings
on MRI, changes on MRI of uncertain etiology, or when there
is incongruence between clinical symptoms and MRI findings
(particularly when the CSF examination demonstrated in-
trathecal inflammation previously in the disease course), re-
peat CSF examination can be helpful clinically to monitor
disease activity and confirm remission. Clinical response may
lag behind MRI response—if there was underlying injury
from the inflammatory process, neurologic impairment may
not necessarily improve, but it should not worsen. Althogh the
disease may remit and some patients can discontinue therapy,
there is risk of recurrence with treatment discontinuation.
When there is apparent worsening of NS, it is also important
to avoid premature diagnostic closure, and clinicians should
consider infectious complications (such as VZV infection or
fungal infection) in the differential diagnosis even in patients
with known NS.°'2

Qutcomes

Clinical outcome varies substantially among patients with
neurosarcoidosis depending on the severity, extent, and
neuroanatomic localization of the underlying disease. For
example, patients with facial nerve palsy related to NS have
historically been reported to regain facial movements in 80%
of cases.”” In contemporary studies, complete neurologic
recovery was noted in only 29-33% of patients in patients
with severe, treatment refractory NS that ultimately led to
treatment with TNF inhibitors.*'%**® A 2021 study of NS
optic neuropathy found that only 24% of patients had a
visual acuity less than 20/200 in the affected eye at last
follow-up.®*® A 2020 study of sarcoid myelopathy found that
52% of patients had a modified Rankin Scale score of 3 or
greater (indicating moderate level of disability), and about
30% used a cane or walker or more for ambulatory support
on follow-up 1 year later.>*

Conclusions

Recent advances in the diagnosis and treatment of NS include
updated diagnostic criteria and mounting evidence supporting
a role of TNF-alpha inhibition for aggressive and/or refractory
cases. Randomized clinical trials are needed to determine op-
timal treatment strategies.
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