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Abstract
Spinal cord sarcoidosis (SCS) is rare, and its diagnosis is challenging. We examined clinical, laboratory, and imaging 
features in patients with SCS to obtain useful clues for diagnosis and prognosis. Eleven consecutive patients (four males, 
seven females) at a single Japanese institution were investigated. Median age at onset was 66 years old. The most frequent 
site affected, other than the nervous system, was the respiratory system. While histological confirmation of non-caseating 
granulomas was often found there, no patient had respiratory symptoms. Peripheral nerve involvement was detected in 
64% of patients. Soluble IL-2 receptor (sIL-2R) levels in serum and cerebrospinal fluid (CSF) were elevated in 64% and 
45% of patients, respectively, and this finding was more common than elevation of angiotensin-converting enzyme (ACE). 
18F-fluorodeoxyglucose (FDG) positron emission tomography showed abnormally high uptake in spinal lesions of all exam-
ined patients. Although corticosteroids were administrated to all patients, and immuno-suppressants were prescribed to six 
(55%), the modified Rankin Scale was unchanged or worsened in four (36%) patients during the follow-up period. Neurologi-
cal exacerbation of myelopathy was seen in four (36%) patients. Complete response rate was only seen in 9%. High levels 
of cell count, protein, ACE, and sIL-2R in CSF were significantly more frequent in patients with a marked improvement 
after immunotherapy than in the other patients. These results suggest that high serum and CSF sIL-2R, high uptake of FDG, 
and peripheral nerve involvement are indicative of SCS. Given that SCS is commonly intractable, CSF abnormalities may 
predict efficacy of immunotherapies.
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Introduction

Sarcoidosis, a granulomatous multi-organ disease of 
unknown etiology, commonly affects the respiratory system, 
eyes, and skin, and less commonly the nervous system [1, 
2]. Sarcoidosis of the nervous system makes up  ~ 3–15% of 
all sarcoidosis [2–8]. Frequently affected lesions in the nerv-
ous system are brain parenchyma, meninges, and peripheral 
nerves [3, 4], and the involvement of spinal cord is extremely 
rare: spinal cord sarcoidosis (SCS) is reported to account 
for either 0.29% [4] or 0.43% [9] of all cases of sarcoidosis. 

Definite diagnosis of sarcoidosis requires histological con-
firmation of a non-caseating epithelioid granuloma, but it 
is usually difficult to obtain such direct evidence in the spi-
nal cord because an invasive biopsy procedure is required. 
Therefore, to diagnose SCS, indirect evidences must be eval-
uated, including neurological findings and pathologic con-
firmation of sarcoid granulomas outside of the spinal cord.

It is well known that epidemiological features of sar-
coidosis differ considerably across geographical and ethnic 
groups. The incidence of sarcoidosis in Asian patients is 
lower than in African American, or Caucasian patients [5, 
10]. Moreover, patients with sarcoidosis in Asian countries 
are older at the time of disease onset and are more likely to 
be female than those in Western countries. Clinical char-
acteristics of sarcoidosis also differ between patients from 
Asian and Western countries: Asian patients show more 
frequent ocular involvement and hypercalcemia, and less 
frequent nervous system involvement [10–12]. For SCS 
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specifically, there are several case series from Western coun-
tries that have revealed the demographic and clinical features 
of SCS in these countries [13–19], but only few papers have 
been published regarding SCS in Asian patients [20–24].

We conducted a single-center, retrospective study of 11 
consecutive Japanese patients presenting with SCS. The 
aims of this study were to describe the clinical, laboratory, 
and imaging features; to identify which features, other than 
biopsy, can be used to predict SCS diagnosis and outcomes; 
and to find prognostic factors.

Methods

This was a retrospective, single-center observational study 
including 11 consecutive Japanese patients (seven women, 
four men) with SCS, all of whom had been admitted to the 
Department of Neurology, Yamaguchi University Hospital 
(Ube, Japan) between January 2011 and June 2018. All the 
patients met our diagnostic criteria for SCS (Supplemental 
Information 1), which had been developed for the current 
study by modifying the criteria for sarcoidosis proposed by 
the Japan Society of Sarcoidosis and other Granulomatous 
Disorders [25, 26] (Supplemental Information 2). Informa-
tion concerning clinical course and outcomes after discharge 
from our institute was collected by asking the patient’s 
current physician. Degree of neurological disability was 
evaluated using the modified Rankin Scale (mRS) [27]. All 
data were collected by one of the authors (M.F.). Written 
informed consent was obtained from all patients prior to 
performing any invasive analysis, including trans-bron-
chial lung biopsy. Differences between group means were 

examined by the Mann–Whitney U test. Correlation was 
analyzed by the Pearson product-moment correlation coef-
ficient. Differences were considered significant if P < 0.05 
based on a two-sided test.

Results

Characteristics of patients with SCS

Clinical demographics of the 11 patients are shown in 
Table 1. Eight were classified as the histological diagnosis 
group (73%, Patient 1–8) and three were classified as the 
clinical diagnosis group (27%, Patient 9–11). Age at onset 
of any sarcoidosis ranged from 28 to 77 years old (median, 
66) and age at diagnosis of SCS ranged from 41 to 77 years 
old (median 68). Median duration from the onset to the diag-
nosis of SCS was five months (range 2–540). The initial 
manifestation of the sarcoidosis was a neurological deficit in 
nine (82%) patients, and an extra-neurological manifestation 
in only two (18%)—and these two patients had a history of 
uveitis before the onset of myelopathy.

On the patient’s first admission to our institute, the most 
commonly affected site, other than the nervous system, was 
the respiratory system (in 10 patients: 91%). Nine patients 
showed abnormalities including lung and mediastinal lym-
phadenopathy, and one exhibited nodule lesions in the lung. 
However, these abnormalities were all radiological and 
none of the patients reported respiratory symptoms. Ocu-
lar (n = 2), skin (n = 1), and cardiac (n = 2) involvement was 
also evident. Histological confirmation of sarcoidosis was 
obtained in the eight patients of the histological diagnosis 

Table 1  Characteristics of patients with spinal cord sarcoidosis

TBLB trans-bronchial lung biopsy

Patient Age/gender Duration from onset to 
diagnosis (months)

Initial symptoms Other affected 
major organs

Site of sarcoidosis identified 
by histology

1 41/male 5 Blurred vision Eye Skin
2 51/male 6 Weakness of lower limbs Respiratory Ileocecum
3 51/female 12 Paresthesia of lower limbs Respiratory Mediastinal lymph node
4 60/female 2 Paresthesia of trunk Respiratory Mediastinal lymph node
5 66/female 4 Paresthesia of lower limbs Respiratory Mediastinal lymph node
6 73/female 540 Weakness of left lower limb Respiratory Anterior scalene lymph node
7 76/female 9 Paresthesia of right hand Respiratory TBLB
8 77/male 5 Paresthesia and weakness of 

upper limbs
Respiratory TBLB

9 68/female 16 Blurred vision Respiratory
Eye

10 73/female 2 Facial nerve palsy Respiratory
Heart

11 77/male 3 Diplopia Respiratory
Heart
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group by lymph node biopsy (n = 4), trans-bronchial lung 
biopsy (TBLB; n = 2), skin biopsy (n = 1), or endoscopic 
ileocecal biopsy (n = 1).

Neurological evaluation on admission revealed sen-
sory disturbance in ten patients, motor weakness in eight, 
sphincter disturbances in four, sensory ataxia in three, and 
cranial neuropathy in one. Objective sensory deficits often 
indicated a clear upper level of spinal cord lesion in six 
patients; two patients (Patient 6 and 8) showed a multiple 
mono-neuropathy presentation. The distribution of motor 
weakness reflected the lesion site of the myelopathy [para-
paresis (n = 2), quadriparesis (n = 2), monoparesis (n = 1), 
bilateral paresis (n = 1), hemiparesis (n = 1), and tripare-
sis (n = 1)]. Pyramidal signs (hyperactive tendon reflexes, 
Babinski/Chaddock signs, and/or spasticity) were seen in six 
patients, although tendon reflexes were hypoactive in all four 

extremities of five patients. The median mRS score before 
treatment was 4 (range 2–5).

Laboratory, electrophysiological, and imaging 
evaluations

In serum analyses, soluble interleukin 2 receptor (sIL-2R) 
level was increased in 64% of patients, whereas angiotensin-
converting enzyme (ACE) and calcium levels were rarely 
elevated (in 18% and 9.1% of patients, respectively; Table 2). 
Bronchoalveolar lavage fluid (BALF) analysis was done in 
six patients, four of whom (67%) showed a high CD4/8 ratio 
(> 3.5). Three of the four patients with a high CD4/8 ratio 
also had high serum sIL-2R. The most common abnormal-
ity in cerebrospinal fluid (CSF) was elevated protein level 
in nine patients (82%), followed by pleocytosis in seven 

Table 2  Laboratory, electrophysiological, and imaging findings

Normal values for ACE, Ca, sIL-2R in serum are 8.3–21.4 U/L, 8.8–10.1 mg/dL, 122–496 U/mL, respectively. Normal values for ACE and sIL-
2R in CSF are < 0.3 U/L and 28.2 ± 3.2 U/mL, respectively
Case numbers are in accordance with those in Table 2
ACE angiotensin-converting enzyme, BALF bronchoalveolar lavage fluid, C cervical cord, Ca calcium, CSF cerebrospinal fluid, FDG fluorode-
oxyglucose, sIL-2R soluble interleukin 2 receptor, L lumbar cord, MRI magnetic resonance imaging, NA not analyzed, NCS nerve conduction 
study, PET positron emission tomography, SUVmax maximum standardized uptake value, T thoracic cord
a Only the abnormal values are shown

Patient Seruma CSFa BALF
CD4/CD8

NCS MRI lesion(s) SUVmax
in FDG-PET

1 Not remarkable Cells 16/μL
Protein 61 mg/dL

NA Abnormal L1 4.0

2 sIL-2R 1017 U/mL Cells 23/μL
Protein 66 mg/dL
sIL-2R 134 U/mL

0.9 Normal T10 3.0

3 sIL-2R 557 U/mL Cells 22/μL
Protein 217 mg/dL
ACE 1.1 U/L
sIL-2R 284.0 U/mL

NA Normal C6, C7, T2, T4, T10, T12, S1 14.1–19.4

4 sIL-2R 970 U/mL Cells 57/μL
Protein 105.7 mg/dL
ACE 0.7 U/L
sIL-2R 135.0 U/mL

NA Normal T1 NA

5 Not remarkable Cells 12/μL
Protein 77 mg/dL

NA Abnormal T10-L2 2.7

6 sIL-2 871 U/mL Not remarkable NA Abnormal Medulla oblongata-C2 NA
7 Not remarkable Not remarkable 2.6 Normal C4-C6 3.5
8 ACE 22.1 U/L

sIL-2 1288 U/mL
Protein 65 mg/dL 8.9 Abnormal C2-C7 6.7

9 Not remarkable Cells 7/μL
Protein 68 mg/dL

9.4 Abnormal C3-C6 4.5

10 Ca 10.2 mg/dL
sIL-2R 2917 U/mL

Cells 41/μL
Protein 299 mg/dL
ACE 0.9 U/L
sIL-2R 1066 U/mL

4.1 Abnormal C7-T2 NA

11 sIL-2R 1503 U/mL Protein 65 mg/dL
sIL-2R 208 U/mL

5.3 Abnormal C3-C4 5.4
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patients (64%), elevated sIL-2R level in five patients (45%), 
and increased ACE level in three patients (27%).

A nerve conduction study (NCS) was performed in all 
patients. Seven patients showed abnormal results: axonal 
damage in Patient 1, 5, 9, 10, and 11 and mixed axonal and 
demyelinating features in Patient 6 and 8 (Table 2). None of 
the patients had a primary demyelinating pattern. Degree of 
nerve involvement was considerably different between each 
nerve, supporting the diagnosis of multiple mono-neuropa-
thy. Patient 1 and 5 showed abnormal results only in motor 
nerves, and Patient 6, 8, 9, 10, and 11 showed abnormalities 
in both motor and sensory nerves.

Spinal MRI showed intramedullary T2-elongated lesions 
in all patients except for Patient 11, in whom only leptome-
ningeal enhancement was seen. The intramedullary T2-elon-
gated lesions were solitary in 10 patients (Fig. 1a, e) and 
multifocal in one (Fig. 1i). Five patients showed spinal 
cord swelling. Spinal lesions were located in the cervical 
cord (n = 7), thoracic cord (n = 5), and lumbar cord (n = 3). 
Median length of the intramedullary T2-elonged lesions or 
the leptomeningeal enhancement was two vertebral seg-
ments (0.5 to 3). Five cases (Patient 1, 5, and 7–9) had 
spinal cord enlargement. The spinal cord enlargement was 
followed by its atrophy after treatment (Fig. 1c). Abnormal 
enhancement on the post-contrast T1-weighted image was 

always seen in the spinal cord lesion; one patient (Patient 
11) could not undergo post-contrast examination because of 
renal dysfunction. Patient 10 showed linear leptomeningeal 
enhancement (Fig. 1g, h).

Eight patients received 18F-fluorodeoxyglucose positron 
emission tomography (FDG-PET). All eight showed abnor-
mal uptake in the spinal cord lesion (Fig. 1f). The median of 
the maximum standardized uptake value (SUVmax) was 4.5 
(range 2.7–19.4; Table 2). There was a significant positive 
correlation between sIL-2R levels in the CSF and SUVmax 
(correlation coefficient = 0.8, P = 0.03).

Immunotherapies and outcomes

The treatment and the outcome of all cases were shown 
at Table 3. For their initial immunotherapy, 10 patients 
received a high-dose of oral prednisolone (PSL; 1.0 mg/
kg/day) and one patient was prescribed a moderate-dose of 
PSL (0.5 mg/kg/day), with or without preceding intravenous 
steroid pulse therapy [methylprednisolone (mPSL) 1000 mg/
day, three consecutive days]. PSL dose was then carefully 
tapered over several months or years while confirming the 
objective improvement in neurological deficits as well as the 
decrease in T2-elongated lesion size and abnormal enhance-
ments based on spinal MRI (Fig. 1b, d) in all patients.

Fig. 1  Spinal cord MRI and FDG-PET. a–d Sagittal MRI of the cer-
vical cord in Patient 9. a T2-weighted imaging and b T1-weighted 
post-contrast imaging showing hyper-intensities in the C4-6 vertebral 
levels with cord swelling and intramedullary gadolinium enhance-
ment before treatment. Three weeks after treatment of prednisolone, 
the hyper-intensity area of T2-weighted imaging (c) and abnormal 
contrast enhancement (d) were reduced in size. e Sagittal MRI and 
f FDG-PET of the cervical cord in Patient 11. e T2-weighted imag-
ing displaying hyper-intensities in the C3-4 vertebral levels. f PET-

CT imaging revealing abnormal uptake (SUVmax, 5.4) in the same 
lesion. g Linear enhancement (arrow) in sagittal T1-weighted post-
contrast imaging of the cervical-thoracic cord in Patient 10 and 
h axial T1-weighted post-contrast imaging showing dorsal linear 
enhancement (arrowhead). h Sagittal T1-weighted imaging in Patient 
3 showing multiple gadolinium-enhanced lesions. CT computed 
tomography, FDG fluorodeoxyglucose, MRI magnetic resonance 
imaging, PET positron emission tomography; SUVmax maximum 
standardized uptake value
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During PSL tapering, neurological exacerbation of mye-
lopathy was seen in four patients (Patient1, 4, 8, and 9). In 
Patient 1, myelopathy recurred three times when the daily 
doses of PSL were 15 mg, 20 mg, and 30 mg, and conse-
quently methotrexate (MTX; 8 mg/week) was added. Patient 
4 had an exacerbation when the PSL dose was 35 mg/day 
and low-dose MTX was 4 mg/week, and thus PSL was 
changed to mPSL 8 mg/day. Patient 8 exacerbated twice: 
the first time was when the dose of PSL was 15 mg/day, 
after which MTX (6 mg/week) was initiated, and the second 
time was when the doses of PSL and MTX were 12.5 mg/
day and 8 mg/week, respectively. Then, the dose of MTX 
was increased to 10 mg/day. In Patient 9, the symptom and 
the spinal lesion were ameliorated by PSL but gadolinium 
enhancement in MRI persisted, therefore MTX 4 mg/week 
was added. Patient 9 experienced an exacerbation in spite 
of receiving PSL 25 mg/day and MTX 4 mg/week. In six 
patients who had no neurological exacerbation, immuno-
suppressants were also added due to prolonged and intrac-
table sensory deficits (MTX in Patient 5 and MTX + aza-
thioprine in Patient 7). There was no significant difference 
in laboratory results and mRS scores between patients who 
required additional immuno-suppressants and patients with-
out immuno-suppressants.

Improvement in mRS was seen in seven (64%) of the 
11 patients by the end of the follow-up period (median 
48 months; range 1–88 months after the initiation of immu-
notherapies). In contrast, mRS was unchanged in one patient 
and became worse in the remaining three patients. Only one 
(9%) patient showed complete recovery in mRS. There were 

no significant correlations between the change in mRS and 
any demographic features, such as sex, age, and duration 
from onset to the first treatment. However, in the marked-
improvement group (n = 3; improvement of 2 or more on 
mRS), CSF parameters including cell count, protein, ACE, 
and sIL-2R before treatment were significantly higher than 
in the other 8 patients (P = 0.02, P = 0.01, P = 0.02, and 
P = 0.02, respectively). Abnormal findings in spinal MRI 
(abnormal enhancements, abnormal T2-elonged lesions, 
or both) disappeared in three patients, and were reduced in 
seven patients (Fig. 1b, d). NCS was performed again after 
treatment in six patients, three of whom (Cases 1, 4, and 9) 
had ameliorated, but still evident, conduction abnormalities.

Discussion

This study showed that peripheral nerves and thoracic 
organs were frequently affected in SCS, whereas involve-
ments of the eye and skin were relatively rare. Increased 
serum sIL-2R was the most common finding in blood exami-
nations, and sIL-2R was also elevated in the CSF of five SCS 
patients. Furthermore, abnormal FDG uptake in the spinal 
cord was confirmed in all SCS patients who were examined. 
These data suggest that results from screening of peripheral 
nerves and thoracic organs, examining of sIL-2R in serum 
and CSF, and analyzing FDG-PET are important clues that 
may suggest SCS and are important for the differential diag-
nosis of myelopathy of unknown origin. mRS scores were 
unchanged or worsened in 36% of patients, and neurological 
exacerbation of myelopathy was seen in 36% of patients. 
Complete response rate of mRS was only 9%. Those patients 
with a marked improvement after immunotherapy treatment 
showed significantly higher levels of cell count, protein, 
ACE, and sIL-2R in the CSF than the other group. These 
results indicate that prognosis of SCS is generally poor, and 
abnormalities in cell count, protein, ACE, and sIL-2R in the 
CSF may predict the efficacy of immunotherapies.

There have been few investigations concerning the 
involvement of peripheral nerves in SCS. It is noteworthy 
in our cohort that coexistence of peripheral neuropathy was 
detected only by NCS in five patients who did not have neu-
rological signs and symptoms suggestive of “neuropathy” 
(defined as clinically multiple mono-neuropathy presenta-
tion which cannot be attributable to spinal cord lesions). The 
proportion of sarcoid neuropathy was reported to be 2–40% 
among patients with neuro-sarcoidosis [4, 28–30]. However, 
a study in the United States showed that more than 60% of 
patients with systemic sarcoidosis, who had no symptoms of 
peripheral neuropathy, had NCS abnormalities; this suggests 
that subclinical peripheral nerve lesions are common in sys-
temic sarcoidosis [31]. Although it remains unclear whether 
the high proportion of peripheral neuropathy in our study 

Table 3  Treatment and outcomes in patients with spinal cord sar-
coidosis

Case numbers are in accordance with those in Table 2
AZA azathioprine, mPSL methylprednisolone, MTX methotrexate, 
PSL prednisolone

Patient Treatment Relapse Modified rankin 
scale
(before treat-
ment → last evalu-
ation)

Follow-
up 
period
(months)

1 PSL, MTX Yes 2 → 1 77
2 PSL No 4 → 3 21
3 PSL No 5 → 1 48
4 PSL, mPSL, MTX Yes 4 → 2 88
5 PSL, MTX No 4 → 3 43
6 PSL No 3 → 3 60
7 PSL, MTX, AZA No 3 → 4 58
8 PSL, MTX Yes 3 → 5 26
9 PSL, mPSL, MTX Yes 2 → 2 67
10 PSL No 4 → 0 31
11 mPSL, PSL No 5 → 4 1
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was due to ethnic differences between Japan and Western 
countries or because of differences between SCS and other 
sarcoidosis, our data indicated that clinicians should conduct 
tests for peripheral neuropathy to evaluate the likelihood of 
SCS in myelopathy of unknown origin.

A large proportion of our patients with SCS had elevated 
sIL-2R levels in the CSF, whereas ACE levels were nor-
mal in most patients. In another study, it was shown that a 
high level of sIL-2R in CSF was more specific and sensitive 
for neuro-sarcoidosis than that of ACE [32]. In the current 
study, we confirmed for the first time that this is also true in 
SCS, indicating that sIL-2R in CSF is a useful biomarker of 
SCS, although the other causes of high sIL-2R—including 
infections and central nervous system lymphoma—should 
be strictly excluded [33]. In addition to sIL-2R in the CSF, 
serum sIL-2R was also sensitive for systemic sarcoidosis 
[34]. Particularly in pulmonary sarcoidosis, there was a posi-
tive correlation between serum sIL-2R and CD4 + T lym-
phocyte count in BALF analysis [35]. Our data are compat-
ible with the previous findings [13, 18] that elevation of 
serum sIL-2R as well as pulmonary involvement are also 
suggestive of SCS, since all SCS patients in our study had 
respiratory involvement, despite often lacking pulmonary 
symptoms and signs.

SCS often accompanies cervical spondylosis. A report 
showed that 66.7% of SCS in the middle-age had concomi-
tant cervical spondylosis [22]. In our study, 71% of the 
patients with cervical SCS had cervical spondylosis, and 
spinal canal stenosis with compression of spinal cord was 
evident in these patients. It therefore is important to differ-
entiate cervical spondylotic myelopathy in the diagnosis of 
SCS. Our cohort of SCS patients showed a median SUVmax 
in FDG-PET of spinal lesions of 4.5, ranging from 2.7 to 
19.4. A previous study including six Japanese patients with 
SCS showed that SUVs of spinal lesions were higher in SCS 
patients (mean 4.38; range 3.30–4.93) than in those with 
cervical spondylosis and in those with ossification of the 
posterior longitudinal ligament [21]. These findings suggest 
that FDG-PET is useful to evaluate the likelihood of SCS by 
defining the SUV cut-off value of the spinal lesion of around 
4. Persistent enhancement of the lesions is much more sug-
gestive of sarcoidosis [3]. Enhancement lasted more than 
one month in 36% of our patients. Although these findings 
are not specific, they can be useful for differential diagnosis.

Patients with systemic sarcoidosis in Asia are older 
and more likely to be female than those in Western coun-
tries [11, 12]. Compared to SCS reports published from 
Western countries, the onset age of Japanese SCS patients, 
including of those in the current study and the previous 
study data, was older (Japan: median 60 years old; West-
ern countries: median 38 years old). In addition, the gen-
der proportion of SCS patients differs between Japan and 
Western countries: There are twice as many females in 

Japan, whereas males were predominant in Western coun-
tries [15–18, 20, 21, 24]. The current study confirmed 
these characteristics (older and predominantly female) 
in Japanese patients with SCS, indicating that there are 
common demographic features among SCS and systemic 
sarcoidosis patients in Asia.

Although all our patients received immunotherapies 
consisting of a moderate- to high-dose of corticoster-
oid with or without immuno-suppressants, mRS scores 
remained unchanged or exacerbated in one-third of 
patients by the end of the follow-up period, and two of the 
remaining seven patients experienced neurological exac-
erbation of myelopathy during the corticosteroid tapering 
period. In previous reports of SCS, most patients were 
treated with corticosteroids, but more than half required 
additional immuno-suppressants because corticosteroids 
could not sufficiently control the disease activity [13, 
17, 19]. After treatment, only 6–33% of patients reached 
complete recovery [13, 17, 22], and most had neurologi-
cal sequelae [13, 17, 19, 22], indicating a generally poor 
prognosis of SCS. Previous studies described that a long 
interval from the onset to the initiation of therapy was 
associated with poor recovery in SCS [20, 28]. In the 
current study, we found that higher levels of cell count, 
protein, ACE, and sIL-2R in the CSF predicted a marked 
improvement after immunotherapy treatment. This is 
partially inconsistent with previous findings reported in 
France, where high levels of cell count and protein in the 
CSF were often observed in the SCS patients who had 
poor outcomes [13]. This discrepancy might be due to the 
small samples in these analyses, or may be reflection of 
racial, ethnic, or geographical differences.

There are several limitations in this study. First, this is 
a retrospective, observational study consisting of a small 
number of patients. Therefore, availability of clinical, labo-
ratory, and imaging data was limited and a direct comparison 
to myelopathy of other etiologies has yet to be performed. 
Second, histological confirmation of non-caseating epithe-
lioid granuloma in the spinal cord was not obtained in our 
patients, and it is impossible to completely exclude the pos-
sibility that myelopathy due to other causes was included in 
this cohort. Third, the diagnostic criteria we used for SCS 
was developed for the current study by modifying the criteria 
for sarcoidosis proposed by the Japan Society of Sarcoidosis 
and other Granulomatous Disorders. These criteria have yet 
to be validated and their accuracy should be evaluated in a 
different cohort.

In conclusion, we should examine peripheral nerves, 
thoracic organs, sIL-2R in serum and CSF, FDG-PET in 
patients with myelopathy of unknown origin. The abnor-
malities in CSF could be prognostic factor but it remains 
uncertain. To determine the accurate tendency, accumulating 
more data of patients with SCS was needed.
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