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ABSTRACT

BACKGROUND: Neurosarcoidosis is an inflammatory granulomatous disease. Up to 25% of occult sarcoidosis affecting the nervous system are
only detected by autopsy. In addition, in recent years the suspicion arose that the soluble Interleukin-2 Receptor (sIL-2R) might be useful in
differentiating between neurosarcoidosis and neurosarcoidosis-like diseases such as neurotuberculosis, multiple sclerosis, or cerebral lymphoma.

OBJECTIVES: Therefore, we aimed to systematically review randomized controlled trials (RCT), observational studies, and case-control studies
evaluating sIL-2R levels in neurosarcoidosis patients.

DESIGN: For this systematic review, a comprehensive literature search of electronic databases including EMBASE, The Web Of Science, The
Cochrane Library, MEDLINE, and Google Scholar was conducted. The search was limited to the English language and publication date up to
January 08th, 2024.

DATA SOURCES AND METHODS: As part of the search strategy conducted, 6 articles met the inclusion criteria. Two independent reviewers
extracted the relevant data from each article. In addition, 2 independent reviewers assessed the quality of each study using the Newcastle-Ottawa
Scale (NOS).

RESULTS:We included 6 studies comprising 98 patients suffering from neurosarcoidosis, 525 non-sarcoidosis patients, and 118 healthy controls.
Included studies were published between 2010 and 2023. Cerebrospinal fluid (CSF) sIL-2R levels differed significantly between neurosarcoidosis
patients and multiple sclerosis, vasculitis, and healthy controls whereas serum sIL-2R levels did not reveal sufficient discriminative power. sIL-2R
index was able to discriminate neurosarcoidosis from neurotuberculosis, bacterial/viral meningitis, and healthy controls.

CONCLUSIONS: In this systematic review, we found indications that sIL-2R may be a useful biomarker for the diagnosis of neurosarcoidosis. To
determine an additional diagnostic value of sIL-2R, large prospective studies are needed that not only examine absolute sIL-2R levels in serum or
CSF but also the dynamic changes as well as the implications of renal function on sIL-2R levels.
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Introduction
Sarcoidosis (Besnier-Boeck-Schaumann disease) is an inflam-

matory, granulomatous multisystem disease of unknown eti-

ology, which affects the lungs in over 95% and can be associated

with involvement of the peripheral or central nervous system or

muscles in up to 5–13% of patients.1–3 Among sarcoidosis

patients, an incidence of 1% is estimated for isolated neuro-

sarcoidosis, however, there is evidence that occult neuro-

sarcoidosis is identified by autopsy in up to 15–25% of patients

with generalized sarcoidosis.4–6 Furthermore, since the therapy

of sarcoidosis varies depending on the organ manifestation, it is

important not only to differentiate isolated neurosarcoidosis

from mimics such as meningitis, multiple sclerosis, seizures,

astrocytomas, metastases, or tuberculosis but also to correctly

and quickly diagnose neurosarcoidosis in patients with other

organ manifestations of sarcoidosis.7–10 For instance, non-

steroidal anti-inflammatory drugs such as ibuprofen are pri-

marily used in patients with acute sarcoidosis for symptom
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control without signs of neurosarcoidosis, as spontaneous re-

mission is very likely (≈85%).7,11 In contrast, medications such

as glucocorticoids, azathioprine, mycophenolate mofetil, and

methotrexate are used when disease progression is observed.7,11

However, regardless of whether isolated neurosarcoidosis is

present, or the nervous system is affected as an additional organ

manifestation, glucocorticoids (e.g. prednisone) should be ad-

ministered from the first day onwards, whereby compared to

progressive sarcoidosis other than neurosarcoidosis higher doses

are required to overcome the blood-brain barrier (BBB).12–14

The basis for the diagnosis of sarcoidosis is the clinical ex-

amination, followed by serological examinations and specific

organ-related examinations of the suspected organ systems,

such as an X-ray of the lungs and the taking of a biopsy and its

histological processing.6,15 In neurosarcoidosis affecting the

brain or myelon, cerebrospinal fluid (CSF) analysis and imaging

are essential, while confirmation by biopsy is rather secondary,

as tissue sampling is often not possible.16–18 In recent years,

several attempts have been made to define diagnostic criteria for

the diagnosis of neurosarcoidosis. However, as most of the

studies examined were retrospective and as neurosarcoidosis can

be a chameleon, the diagnostic criteria were categorized as

“definite”, “probable” and “possible”.13,19 However, more and

more attempts have been made to find a suitable biomarker for

the diagnosis of sarcoidosis/neurosarcoidosis.3,20–24 Biomarkers

such as angiotensin-converting enzyme (ACE), lysozyme, and

neopterin have been shown to correlate with disease progression

and are therefore rather predictive of progression than diagnosis,

as these biomarkers are both non-sensitive and non-specific.25–

31 Another frequently investigated biomarker is the soluble

interleukin-2 receptor (sIL-2R), which has been studied in

sarcoidosis patients since the 1983s.32

Interleukin-2 (IL-2) is a key cytokine within the immune

system with a critical influence on both protective immunity and

the maintenance of immune tolerance achieved through the

action of CD4+ regulatory T lymphocytes (Tregs).33–35 IL-2

exerts its effects on cells that possess either high-affinity or low-

affinity IL-2 receptors (IL-2R).35,36 The IL-2R complex,

consists of IL-2Rα, IL-2Rβ, and IL-2Rγ.37,38 High-affinity

IL-2 Rs include IL-2Rα, which enhances the binding of IL-2 to
the receptor.35,36 Tregs express IL-2R with high affinity and

utilize low physiological IL-2 levels continuously.35 In contrast,

activated CD4+ and CD8+ T cells express IL-2 only transiently.

It has been demonstrated that activated T lymphocytes secrete

soluble sIL-2R, which is generated by enzymatic cleavage of

membrane-bound IL-2Rα, which is a transmembrane glyco-

protein receptor.39–41 Soluble IL-2 Rs are regarded as a marker

for T cell activation, although they are also produced by other

immune cells, including dendritic cells, B lymphocytes, and

monocytes.37,39,42,43 In the context of inflammatory processes

observed in conditions such as sarcoidosis, Th1 cells are acti-

vated, resulting in an increase in the expression of IL-2R on the

cell surface. Over time, IL-2 Rs are removed from the cell

membrane and released into the bloodstream, where they

modulate the immune system.40,41 Elevated levels of sIL-2R in

serum as well as CSF have been associated with several path-

ological conditions, including autoimmune diseases, infections,

transplant rejection, and cancers.21,25,40,44,45 In recent years, it

has been suggested that sIL-2R could be a useful additional tool

for the diagnosis of sarcoidosis. In a retrospective cohort study

investigating 189 patients with suspected sarcoidosis sensitivity

and specificity of serum sIL-2R for the detection of sarcoidosis

were 88% and 85%, respectively, which was found to be superior

to ACE (62% and 88%).24 In addition, a meta-analysis showed

a sensitivity of 0.88 (95% confidence interval (CI): 0.75–0.95)

and a specificity of 0.87 (95% CI 0.73-0.94) for the differen-

tiation between 592 sarcoidosis patients and 885 non-

sarcoidosis patients.46 However, there has been no systematic

review of sIL-2R values in patients with neurosarcoidosis.

Therefore, this study aimed to systematically search the liter-

ature for evidence of a possible benefit of sIL-2R for the di-

agnosis of neurosarcoidosis in blood and CSF.

Materials and methods
Study criteria

For this review, we implemented the PICOS question, and the

following eligibility criteria were set. I) Population: age ≥18
years; II) Intervention: patients suffering isolated neuro-

sarcoidosis or neurosarcoidosis as an additional organ mani-

festation, III) Control: neurosarcoidosis-like syndromes such as

multiple sclerosis, bacterial or viral meningitis, neuro-

tuberculosis, vasculitis, healthy controls, Guillain-Barré Syn-

drome, cerebral lymphoma, non-inflammatory neurological

deficits (headache, seizures, polyneuropathy, psychiatric dis-

orders, etc.), patients suffering sarcoidosis without neurological

affection, IV) Outcome: clinically confirmed neurosarcoidosis;

V) Studies: randomized controlled trial (RCT), observational

study, case-control study; VI) English language. VII) Studies

reporting on sIL-2R levels of neurosarcoidosis patients without

including a control group.

Exclusion criteria were set as follows: I) published whole text

language other than English; II) animal studies; and III) case

reports, reviews, and letters to the editor IV) studies providing

insufficient data about sIL-2R levels.

Data sources and search strategy

This systematic review followed the “Preferred Reporting Items

for Systematic Reviews and Meta-Analyses” (PRISMA)

guidelines.47 The literature search was performed by 2 inde-

pendent investigators (JR, TL) using EMBASE, The Web Of

Science, The Cochrane Library, MEDLINE, and Google

Scholar up to January 08th, 2024. Disagreements were resolved

by consensus. Used combinations of search strings were

“neurosarcoidosis”, “soluble interleukin 2 receptor 2”, “sIL-2R”,

“sIL2R”, “sIL-2”, “sIL2R”, “IL-2R”, “IL2R” with the Boolean

operators “AND” and “OR”.48 Reference lists of identified
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articles were screened for additional sources. Furthermore,

relevant meta-analyses and systematic reviews were screened

manually to ensure a comprehensive literature review. The

complete search strategy can be found in the “Supplemental_

Literature_Search_Strategy”. Zotero was used to screen the

obtained literature search results and to remove duplicates.49

Data extraction

The following data was extracted by 2 independent reviewers and

entered into anExcel spreadsheet (Microsoft, Redmond,WA): (1)

Study characteristics (type of study, study year, number of patients

suffering neurosarcoidosis, number of control patients); (2)

Country of study investigation (3) Participants’ baseline charac-

teristics (age, gender); (4) Risk factors (hypertension, diabetes

mellitus, renal insufficiency, history of pulmonary disorders); (5)

sIL-2R measurement method (6) Blood collecting time (7) Blood

sIL-2R levels, CSF sIL-2R levels. Disagreements were resolved by

consensus. In the systematic review, we focused on the critical

discussion of the included studies and refrained from extensive

statistical comparisons due to the limited number of studies and

persistent heterogeneity. Risk of bias assessment of all included

studies, reflected by the “Newcastle-Ottawa Scale” (NOS) was

calculated as mean and standard deviation (SD).

Methodological quality assessment - risk of bias

Case-control studies and cohort studies were evaluated ac-

cording to the NOS to assess the quality of the studies. Studies

were rated in the categories “Selection, Comparability, and

Exposure/Outcome”.50 A maximum of 9 points could be

achieved. As the literature suggests we classified the studies as

follows: ≥ 7 stars were considered as “good-quality”, 2 to 6 stars

were considered “fair-quality”, and ≤ 1 star was considered

“poor-quality”.51–53 Quality assessment was done by 2 inde-

pendent authors (AC, JR).

Results
Searching EMBASE, The Web of Science, The Cochrane Li-

brary, Medline, and Google Scholar resulted in 100 publications.

After removing duplicates, 88 articles were eligible for the first

screening phase, where titles and abstracts were searched, resulting

in the exclusion of 51 articles by not meeting the inclusion criteria.

In the second screening phase, 37 studies were found to be suitable

for a full-text search. Of those, 4 studies could not be retrieved, 4

did not provide sufficient data on sIL-2R levels, 3 were written in a

language other than English, 4 were reviews/systematic reviews, 8

studies did not deal with neurosarcoidosis, 1 was not peer-

reviewed, 1 was only a published protocol, 1 study only pro-

vided an abstract and 5 were case reports. (Figure 1).

All included studies were carried out retrospectively and pub-

lished between 2010 and 2023. Used measurement methods were

Enzyme-linked Immunosorbent Assay (ELISA, 66.7%),

semiautomated chemiluminescent immunoassay technology, IM-

MULITE (16.7%), and no descriptionwas provided in 16.7% of all

cases. Most of the studies were carried out in Germany (2/6) and

Japan (2/6) followed by Netherlands (1/6) and Switzerland (1/6).

(Table 1).

Overall, the NOS bias assessment showed that all the studies

evidenced a fair quality. On average, a value of 4.5 (SD: 0.84)

stars was observed (Supplemental Table S1).

Serum sIL-2R

Five of the 6 studies reported on the likelihood of underlying

neurosarcoidosis using the Zajicek criteria.8,20–24 In all of these

studies, the majority of patients were classified as having definite or

probable neurosarcoidosis. In 82% of cases, neurological deficits

were observed as the initial manifestation of sarcoidosis, whereas

only 18% presented with uveitis.3 Highest median serum sIL-2R

levels were observed in patients suffering neurological affection

such as hearing loss, facial nerve palsy, or epilepsy compared to

lung, skin, and ocular affection (16851pg/mL, interquartile range,

(IQR): 5027-11020 vs 7300pg/mL, IQR: 4793-11175; 6050pg/

mL, IQR: 4975-8750; 6150pg/mL, IQR: 4866-7900, respec-

tively).24However, no difference between neurosarcoidosis sIL-2R

levels and sarcoidosis other than neurosarcoidosis sIL-2R levels

were observed (P > 0.05).24 There was no relevant increase in sIL-

2R levels in some neurosarcoidosis patients.3,21 1 study did not

observe differences in serum sIL-2R levels in neurosarcoidosis

patients compared to neurotuberculosis, bacterial meningitis di-

agnosed on average on day 2.5, viral meningitis, vasculitis, and

multiple sclerosis as well as healthy controls (P > 0.05).22 In

contrast, another study detected significant differences between

neurosarcoidosis and multiple sclerosis in serum sIL-2R levels

(253pg/mL, SD: 83.2 vs 11.3pg/mL, SD: 12.8, P = 0.0016).20 No

differences in sIL-2R levels between neurosarcoidosis and non-

inflammatory neurological diseases (NINDS) such as headache,

cranial nerve disorders, encephalopathy, spinal stenosis, poly-

neuropathy, psychiatric disorders, dementia, encephalopathy,

movement disorders, seizures, sleep disorders, motor neuron

disease, ataxia, transient global amnesia, cerebrovascular disease

and adenocarcinoma of the lung with brain metastasis was ob-

served (466U/ml, IQR: 201-1034 vs 402U/ml, SD: 155-4334,P =

0.076).21 The sIL-2R levels found in the serum of healthy patients

were comparable to those of patients with existing multiple

sclerosis (MS).22

CSF sIL-2R

Five of the 6 studies examined the levels of sIL-2R in CSF.

Higher CSF sIL-2R levels in neurosarcoidosis patients com-

pared to healthy controls were observed (2871pg/mL, Standard

Error (SE): 1077.5 vs 34pg/mL, SE: 0.0, P < 0.001).22 Ad-

ditionally, significantly higher CSF sIL-2R concentrations were

observed in neurosarcoidosis patients compared to patients

suffering vasculitis or multiple sclerosis.20–22 Interestingly,
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66.67% of the multiple sclerosis patients had sIL-2R levels

below the detection limit of 34 ppm/ml.3 CSF sIL-2R did not

differ significantly between neurosarcoidosis and infectious

meningitis whereas significantly higher sIL-2R levels were

detected in neurotuberculosis patients (2871pg/mL, SE: 1077.5

vs 10343pg/mL, SE: 4593.5, P = 0.002).22 Interestingly, 1

study reported that in more than 50% of samples from patients

with neurosarcoidosis CSF, sIL-2R levels were elevated.21

sIL-2 concentrations in CSF vs blood

Five studies investigated the sIL-2R concentration of neuro-

sarcoidosis patients in serum andCSF, all of which reported higher

serum sIL-2R levels.3,20–23 2 studies revealed higher sIL-2R

concentrations in the condition of neurotuberculosis in both

CSF and serum compared to patients suffering

neurosarcoidosis.21,22 2 studies were conducted to examine patients

with neurotuberculosis. One study observed higher sIL-2R levels

in serum compared to CSF, while contrast results were found in

another study.21,22 In patients with acute bacterial meningitis and

in patients with bacterial meningitis in whom the sample was taken

on a median of day 2.5, higher sIL-2R values were found in the

serum compared to the CSF. Similar results were seen in patients

suffering from vasculitis, Guillain-Barré syndrome, cerebral lym-

phoma, or NINDS.21,22

sIL-2R index

In neurological diseases like MS neurotuberculosis, and sar-

coidosis, increased sIL-2R levels are found in the CSF, unlike in

Figure 1. PRISM flow diagram.
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healthy individuals which is based on the integrity of the

BBB.21,22 The blood and the CSF compartments are separated

by a barrier that can be regarded as a semi-permeable mem-

brane.54 This barrier ensures selective permeability of only

certain substances such as small lipophilic molecules, ions, or

glucose.54 In physiological conditions, sIL-2R is present in the

CSF in only small quantities. Consequently, elevated levels

indicate a disruption of the BBB, which can be a consequence of

inflammatory processes within the brain. It has been demon-

strated that an increase in T-cell activation and immune re-

sponse can result in an enhanced permeability of the BBB,

thereby facilitating the penetration of substances such as cy-

tokines into the brain and spinal cord.55,56 Therefore, the use of

the IL-2R index, which represents a ratio between sIL-2R levels

in CSF and serum, could provide additional insight into the

underlying disease.21,22 The index is calculated according to the

following formula: (CSFsIL-2R/SerumsIL-2R)/(CSFalbumin/

Serumalbumin).
21,22

Different sIL-2R indices between neurosarcoidosis patients

and multiple sclerosis, cerebral vasculitis, and healthy controls

were observed (P = 0.005; P < 0.001; P = 0.002, respectively).22

In addition, the sIL-2R index differentiated between neuro-

sarcoidosis and bacterial meningitis diagnosed on day 2.5 in

comparison to the absolute serum/CSF sIL-2R values (16.8,

SD: 3.14 vs 3.4, SD: 1.02, P < 0.001).22

Interestingly, the sIL-2R index was higher in active neu-

rosarcoidosis than in patients with clinical remission (32.45,

IQR: 15.33-40.94 vs 7.18, IQR: 2.89-17.01, P = 0.0016).

Furthermore, sIL-2R indices were more elevated in patients

with neurosarcoidosis with diffuse leptomeningeal enhance-

ment than in patients without diffuse leptomeningeal en-

hancement (37.56, IQR: 30.67-42.04 vs 8.30, IQR: 2.70-

15.83, P = 0.022).21

Discriminative value of sIL-2 R for diagnosis of
neurosarcoidosis

Two of the studies reviewed included information on the ability

of sIL-2R levels to differentiate between neurosarcoidosis and

other neurological conditions (MS, bacterial meningitis, viral

meningitis, neurotuberculosis, vasculitis).20,22 1 study revealed a

sensitivity of 61% and a specificity of 93% in detecting neu-

rosarcoidosis when applying a cut-off of 150pg/mL for CSF

compared to patients suffering chronic inflammatory disorders

other than neurosarcoidosis (vasculitis, multiple sclerosis) or

healthy controls (overall accuracy = 0.83).22 Comparable results

were obtained in another study, which showed a sensitivity of

40.0 % (95% CI, 20.8–59.2%) and a specificity of 95.0% (95%

CI, 85.4–100.0%) in the serum, while the sensitivity of dis-

crimination by using the CSF was 38.1 % (95% CI, 17.3–

58.9%) and the specificity 100%.20 A calculated area under curve

of 0.724 by using the sIL-2R index for differentiation neuro-

sarcoidosis and multiple sclerosis was observed.21 However,

sIL-2R levels in neurosarcoidosis and infectious meningitis did

not reveal a good discriminative power (sensitivity 61%,

specificity 13%, overall accuracy = 0.3).22

Discussion
Sarcoidosis is a systemic inflammatory disease that affects the

lungs in ≈95% of cases.1,2 Central nervous system involvement

has been shown to occur in up to 13% of patients, although it

has also been noted that 25% of patients with sarcoidosis were

not diagnosed with central involvement until autopsy.15,57,58 It

is important to diagnose neurosarcoidosis quickly, as appropriate

treatment and patient outcome depends on it.59 Biomarkers such

as ACE, neopterin, lysozyme, chitinase-like protein YKL40,

sCD163, C-C motive chemokine ligand 18 (CCL18), serum

amyloid A and chitotriosidase did not show an additional benefit

in the diagnosis of sarcoidosis. However, several recently pub-

lished studies suggested a benefit of sIL-2R in the diagnosis of

sarcoidosis; therefore, we systematically summarized the current

literature on sIL-2R in neurosarcoidosis.31,60–64

We identified 6 studies investigating sIL-2R in patients

suffering neurosarcoidosis showing elevated sIL-2R levels in

neurosarcoidosis patients as well as in several other neuro-

inflammatory diseases (multiple sclerosis, neurotuberculosis,

bacterial meningitis, viral meningitis, Guillain-Barré-Syn-

drome, cerebral lymphoma) but also in patients suffering

noninflammatory neurological deficits (headache, cranial nerve

disorders, encephalopathy, spinal stenosis, polyneuropathy,

psychiatric disorders etc.).3,20–24 As part of immune activation,

T-lymphocytes cleave sIL-2R from membrane-bound IL-2R,

thus elevated sIL-2R levels in serum can be detected in various

diseases.33–35,65 For instance, diseases such as malignancies,

transplant rejection, and autoimmune diseases can show ele-

vated sIL-2R levels, indicating that sIL-2R does not appear to

be specific enough for the diagnosis of neurosarcoidosis.66–68

However, the combined use of a comprehensive medical history,

in combination with sIL-2R could be useful in the discrimi-

nation of certain differential diagnoses. For example, in all of

our included studies patients with neurosarcoidosis showed

higher CSF sIL-2R values than multiple sclerosis patients.20–22

Furthermore, the highest sIL-2R measurements were found in

sarcoidosis patients with neurological involvement (hearing loss,

facial nerve paralysis, epilepsy, etc.), which could represent an

important additional benefit for the diagnostics.24 Nevertheless,

some neurosarcoidosis patients did not show elevated sIL-2R

levels.3 Notably, it has been shown not only in some patients

with neurosarcoidosis but also in isolated cardiac sarcoidosis,

patients can have normal sIL-2R levels.3,69 Possible explana-

tions are, firstly, that the specific role of sIL-2R in the immune

response has not yet been fully described, so there may be

differences in the release of sIL-2R in different organ mani-

festations. Furthermore, it has been described that certain

underlying genetic variations in human leukocyte antigen alleles

may influence sIL-2R levels.24,70,71 Secondly, the sIL-2R level

is dependent on renal elimination, so increased levels could be
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conceivable in the context of impaired elimination in the

presence of renal insufficiency.72 A significant difference be-

tween sIL-2R and an estimated glomerular filtration rate

(eGFR) of <60 compared to a high eGFR of >90 mL/min�1 per

1.73 m2 was detected.73 Therefore, the assessment of renal

function is essential. However, none of the included studies

reported on kidney function, which could have led to a dis-

tortion of sIL-2R values. Irrespectively, several studies inves-

tigated CSF sIL-2R. Interestingly, CSF sIL-2R concentrations

of neurosarcoidosis patients were significantly lower than in

serum, indicating that a possible influence of renal function as

well as a crossing of sIL-2R from the blood into the CSF due to

a disturbed blood-brain barrier seemed unlikely.20–22 To further

address this hypothesis, 2 of the included studies investigated

the sIL-2R index of neurosarcoidosis patients as well as non-

neurosarcoidosis patients. In both studies, suspicion arose that

CSF sIL-2R in neurosarcoidosis is mainly formed in the brain.

Therefore, 1 hypothesis might be that sIL-2R levels in CSF may

be more reliable than sIL-2R levels in serum, as CSF sIL-2R is

mostly eliminated by the arachnoid cells and therefore kidney-

independent.74,75 However, it must be considered that arachnoid

cell dysfunction may be present in neurosarcoidosis patients.

Further prospective studies may help address these questions.

Interestingly, high sIL-2R concentrations in CSF and a low sIL-

2R index have been observed in acute bacterial meningitis, as well

as those diagnosed on day 2.5, suggesting that they originate from

the serum and pass the severely impaired blood-brain barrier.21,22

The sIL-2R index for distinguishing between neurosarcoidosis

and inflammatory/non-inflammatory neurological diseases

demonstrated an association indicating potential utility in cases of

neurotuberculosis and infectious meningitis in the studies we

included. However, due to the limited number of included pa-

tients, the interpretation of the potential utility of the sIL-2R

index should be approached with caution. One potential expla-

nation for the observed differences is that the blood-brain barrier is

less damaged in patients with mild neurosarcoidosis than in

patients with a more severe course of the disease. However, this

hypothesis requires further investigation in future studies.22

However, another approach for an additional potential

benefit of sIL-2R for the differentiation of neurosarcoidosis and

other diseases could be the repeated measurement of sIL-2R

levels, since sIL-2R is increasingly released as the inflammatory

process progresses.28,76 Therefore, dynamic changes in sIL-2R

levels could provide an additional benefit. In addition, a possible

influence on kidney function could be minimized, since not the

total amount of sIL-2R concentration is solely taken into ac-

count for interpretation, but its development over time.28,77–79

All in all, the findings of this systematic review should be

interpreted with caution for several reasons. Firstly, all the included

studies were retrospective, and thus biases such as selection bias or

information bias are likely. Secondly, none of the included studies

reported on the time of the blood draw which might had a great

impact on measured sIL-2R levels. Thirdly, there is only limited

data on neurosarcoidosis which is reflected by the limited number

of studies included in this systematic review. Given the paucity of

available literature, we have included a study that did not report a

measurement method for determining sIL-2R which should be

considered when interpreting the results of this review. Fourthly,

not only renal function might had an influence on sIL-2R

concentrations but also gender and age which were not ac-

counted for.80 To the best of the author’s knowledge, this is the

first analysis summarizing the existing literature on sIL-2R levels

in patients suffering neurosarcoidosis. Our findings indicate that

sIL-2R concentrations in CSF may be useful in differentiating

between Neurosarcoidosis and multiple sclerosis, though this

distinction may not be as clinically significant given the ability to

clinically differentiate between these conditions in most cases.

Nevertheless, the insights gained could potentially inform further

hypotheses and subsequent investigations aimed at elucidating

the underlying immunopathological mechanisms. Especially, 1

study showed that implementing clinical features in combination

with the consideration of sIL-2R levels and the underlying

disease could increase the accuracy of the correct diagnosis.21

Therefore, the construction of a panel composed of clinical

characteristics could be an approach for future studies.

Conclusion

In summary, sIL-2R is present in diseases that are associated

with immune activation, such as multiple sclerosis, meningitis,

or autoimmune diseases, and therefore a reliable differentiation

from neurosarcoidosis by using total serum sIL-2R concen-

tration is not possible. However, CSF sIL-2R levels may be

useful in differentiating neurosarcoidosis from multiple scle-

rosis. Further prospective studies should be conducted to in-

vestigate the kinetics of sIL-2R, the influence of renal function

on sIL-2R levels, as well as the production/elimination of sIL-

2R in CSF compared to serum to test the potential utility of

sIL-2R in the diagnosis of neurosarcoidosis.
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