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Abstract
A 67-year-old woman with a recurrent history of malignant lymphoma (ML) presented with 
muscle weakness and paresthesia of the fingertips and feet. Due to the elevated level of se-
rum soluble interleukin-2 receptor and increased 18F-fluorodeoxyglucose uptake in a medi-
astinal lymph node, neurolymphomatosis was initially suspected. Neurological and electro-
physiological examinations were consistent with mononeuropathy multiplex. A diagnosis of 
neurosarcoidosis was made based on the presence of noncaseating epithelioid granulomas 
in the mediastinal lymph node, along with the presence of the uveitis, cardiac inflammation, 
and mononeuropathy multiplex. She was treated with glucocorticoids and azathioprine, and 
her symptoms disappeared. Sarcoidosis following ML is rare, and since biopsy of nervous sys-
tems is often improbable, differentiating neurosarcoidosis and neurolymphomatosis can be 
difficult as their clinical symptoms can be similar. Clinicians should consider systemic patho-
logical investigations based on 18F-fluorodeoxyglucose positron emission tomography ex-
amination in addition to comprehensive evaluation to accurately diagnose neurosarcoidosis.
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Introduction

Sarcoidosis is characterized by the formation of noncaseating granulomas in systemic 
organs [1]. Neurological involvement is present in 5%–15% of patients and can manifest as 
headache, muscle weakness, sensory disturbance, diplopia, and facial paresis [2]. Due to the 
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difficulty in performing a biopsy of the nervous system, the diagnosis of neurosarcoidosis is 
made based on clinical, laboratory, and lymph node biopsy findings [2]. When neurosar-
coidosis manifests as mononeuropathy multiplex with lymphadenopathy, it can be difficult 
to distinguish from neurolymphomatosis. Serum angiotensin-converting enzyme (ACE) has 
low sensitivity, and serum soluble interleukin-2 receptor (sIL-2R) level and 18F-fluorodeox-
yglucose positron emission tomography (18F-FDG-PET) cannot distinguish between 
sarcoidosis and malignant lymphoma (ML) [3, 4].

In addition, a link between sarcoidosis and ML has been suggested in recent decades. ML 
occurs 11.5 times more frequently in sarcoidosis patients than in the general population [5]. 
The development of lymphoma in sarcoidosis patients is known as sarcoidosis-lymphoma 
syndrome [6], whereas sarcoidosis following ML has been rarely reported [7]. Most cases of 
sarcoidosis occur within 2 years after ML, but rare cases occur >10 years after ML [8].

We report a case of neurosarcoidosis in which neurolymphomatosis was initially suspected 
because of a history of ML, increased sIL-2R level, and 18F-FDG-PET findings. Because neurosar-
coidosis may mimic neurolymphomatosis, a comprehensive diagnosis is required.

Case Presentation

A 67-year-old woman was admitted to the hospital with progressive weakness and pares-
thesia of the left upper and bilateral lower limbs. She had a history of Hashimoto’s thyroiditis 
and primary biliary cholangitis. Fourteen years prior, she was treated with rituximab-cyclo-
phosphamide-doxorubicin-vincristine-prednisolone for diffuse large B-cell lymphoma of the 
right breast. She experienced a relapse of ML 12 years prior and received rituximab, which 
resulted in remission. After long-term remission, an 18F-FDG-PET scan performed 2 years 
before admission revealed increased uptake of 18F-FDG in the mediastinal lymph node, with 
a maximum standardized uptake value (SUVmax) of 3.73. One year before admission, she 
developed weakness and paresthesia in her left fourth and fifth digits, which progressively 
involved her left second and third fingertips, and then both lower limbs over several months. 
Three months before admission, she noticed right ophthalmalgia and was diagnosed with 
uveitis. The 18F-FDG-PET scan immediately before admission showed increased SUVmax 
(5.27) in the mediastinal lymph node. Abnormal 18F-FDG accumulation was also shown in the 
left forearm, right gluteal region, and bilateral lower legs, which were suspected to represent 
the left ulnar nerve, right superior gluteal nerve, bilateral tibial nerves, and gastrocnemius 
muscles, respectively (Fig. 1a–c). Laboratory investigation showed progressive elevation of 
serum sIL-2R. She was admitted to our hospital with suspected neurolymphomatosis.

Neurological examination showed weakness and paresthesia in the left median and 
ulnar innervation, mild diffuse bilateral weakness of the lower limbs, and distal dominant 
paresthesia and sensory disturbance of the lower limbs, which were most severe in the area 
of the right superficial peroneal nerve innervation. Deep tendon reflexes were absent in 
both lower extremities. These findings were consistent with mononeuropathy multiplex. 
The remainder of her physical examination was unremarkable. Laboratory testing showed 
that the serum sIL-2R, ACE, and lysozyme levels were 1,897 (reference range, 127–582) U/
mL, 24.8 (reference range, 7–25) U/L, and 6.3 (reference range, 5.0–10.2) μg/mL, respec-
tively. The serum calcium level was 9.2 (reference range, 8.8–10.1) mg/dL. Free thyroxine 
and thyroid-stimulating hormone levels were within the reference range. The T-SPOT.TB 
test was negative. Cerebrospinal fluid (CSF) analysis showed a slight increase in protein (53 
mg/dL), normal cell count (3/µL, 100% mononuclear cells) with no atypical cells, unde-
tectable sIL-2R (<50.0 U/mL), and a slight increase in ACE level (0.7 U/L; normal, <0.5 U/L). 
The nerve conduction study suggested multifocal demyelination and axonal loss (Table 1): 
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the left ulnar nerve showed decreased motor nerve conduction velocity with conduction 
block; the bilateral tibial nerves showed a marked decrease in compound muscle action 
potential, which made accurate measurement of motor nerve conduction velocity difficult, 
but prolonged duration in the left tibial nerve suggested demyelination. The decreased 
compound muscle action potential in the bilateral peroneal nerves and the decreased 
sensory nerve action potential in the bilateral sural nerves indicated axonal involvement. 
Needle electromyography showed polyphasic and high-amplitude long-duration motor 
unit potentials in the right gluteus maximus, rectus femoris, and gastrocnemius. Magnetic 
resonance imaging showed no abnormal signal intensity in the upper and lower limbs. 
Histopathological examination of bone marrow aspiration and biopsy samples showed 

a b c

Fig. 1. 18F-FDG-PET before treatment. a Right oblique view. b Frontal view. c Left oblique view. Abnormal 18F-FDG 
accumulation is visualized in the mediastinal lymph node (a–c; circles), left ulnar nerve (b, c; black arrows), right 
superior gluteal nerve (a, b; black arrowheads), bilateral tibial nerves (a–c; white arrows), and gastrocnemius 
muscles (a–c; white arrowheads). 18F-FDG-PET, 18F-fluorodeoxyglucose positron emission tomography.
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normocellular marrow without atypical cells. A left sural nerve biopsy indicated mild loss 
of myelinated fibers without cellular infiltration or granulomas. Surgical biopsy of the 
mediastinal lymph node which showed abnormal 18F-FDG uptake revealed the presence of 
noncaseating epithelioid cell granulomas and the absence of lymphoma cells (Fig.  2). 
Ophthalmologic examination revealed peripheral anterior synechiae and cellular infiltration 
in the bilateral anterior chambers, consistent with uveitis. Gadolinium-enhanced myocardial 
cine magnetic resonance imaging showed delayed enhancement in the left ventricle, indi-
cating inflammation and fibrosis in the interstitium of the myocardium, although there 
were no electrocardiographic or cardiac ultrasonographic abnormalities.

Based on the presence of noncaseating epithelioid granulomas in the mediastinal lymph 
node, uveitis, and cardiac inflammation, we diagnosed systemic sarcoidosis, rather than a sarcoid 
reaction or ML. We also diagnosed mononeuropathy multiplex as neurosarcoidosis, rather than 
neurolymphomatosis, because of slow progression, poor pain, and no atypical cells in the CSF, 
bone marrow, and lymph node. Radiological findings in the gastrocnemius muscles indicated 
sarcoid myopathy, although muscle biopsy was not performed. Treatment with oral prednisolone 

Table 1. Results of nerve conduction studies

MCV, m/s CMAP, mV CB F wave 
frequency, %

FWCV, 
m/s

SCV, 
m/s

SNAP, µV
distal proximal distal proximal

Median, L 46.6 10.6 9.3 – 44 49.4 58.3 19.5 3.5†

Median, R 51.3 12.7 9.2 – 25 54.5 58.3 20.2 8.1
Ulnar, L 34.5* 10.7 4.8 + 19 45.5 50.0 19.6 2.0†

Ulnar, R 55.6 13.9 14.1 – 100 57.4 53.0 26.3 15.6
Tibial, L 15.6* 0.3* 0.08 – N/E N/E N/A N/A N/A
Tibial, R 12.8* 0.6* 0.3 – N/E N/E N/A N/A N/A
Peroneal, L 36.1 2.0* 1.6 – N/A N/A N/A N/A N/A
Peroneal, R 35.0 0.5* 0.3 – N/A N/A N/A N/A N/A
Sural, L N/A N/A N/A N/A N/A N/A 35.9 N/A 2.1*
Sural, R N/A N/A N/A N/A N/A N/A 33.5 N/A 2.7*

MCV, motor conduction velocity; CMAP, compound muscle action potential; CB, conduction block; FWCV, 
F wave conduction velocity; SCV, sensory conduction velocity; SNAP, sensory nerve action potential; L, left; 
R, right; N/E, not evoked; N/A, not available.

*Values represent below reference threshold.
†Values represent comparatively low values compared to the opposite site.

Fig. 2. Hematoxylin and eosin stain of mediastinal lymph 
node biopsy specimen. Noncaseating granulomas and a mul-
tinucleated giant cell are present (scale bar, 100 μm).
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40 mg/day was initiated, and her neurological manifestations gradually resolved. Subsequently, 
prednisolone was tapered to 15 mg/day, and azathioprine (100 mg/day) was added. The serum 
sIL-2R level decreased to within the reference range (346 U/mL). 18F-FDG-PET no longer showed 
accumulation of 18F-FDG in the left forearm and right gluteal region (Fig. 3a–c); because the lower 
limbs were excluded from imaging, we could not evaluate the tibial nerves and gastrocnemius 
muscles. Three years after diagnosis, her neurological symptoms did not recur.

Discussion

We presented a case of neurosarcoidosis mimicking ML recurrence. Neurosarcoidosis 
was diagnosed based on mononeuropathy multiplex, uveitis, cardiac inflammation, and 
noncaseating epithelioid granulomas in the mediastinal lymph node. Treatment with 
high-dose steroids and immunosuppressants improved her neurological symptoms. Since 
sarcoid reaction and sarcoidosis are pathologically similar, sarcoid reaction for ML could 
not be completely ruled out in our case. However, the uveitis and cardiac inflammation 
were compatible to sarcoidosis, rather than sarcoid reaction of ML [8]. Furthermore, we 
concluded that mononeuropathy multiplex was caused by sarcoidosis and not by the recur-
rence of ML due to the absence of lymphoma cells in the pathological investigations, gradual 
clinical course, and long-term favorable outcome for corticosteroids and azathioprine. A 
definitive diagnosis of neurosarcoidosis could be made by peripheral nerve biopsy where 
18F-FDG was accumulated, but it was not possible because the sequelae of nerve biopsy 
were predicted. In a previous review of neurosarcoidosis, 71% of cases were diagnosed 
based on signs of inflammation in the nervous system in conjunction with positive histo-
logic findings in a systemic lesion; only 2% of cases had positive histologic findings of 

a b c

Fig. 3. 18F-FDG-PET after treatment. a Right oblique view. b Frontal view. c Left oblique view. 18F-FDG 
accumulation in the left ulnar and right superior gluteal nerves is no longer present 1.5 years after starting 
immunosuppressive therapy (the lower limbs were excluded from imaging). 18F-FDG-PET, 18F-fluorodeoxyglucose 
positron emission tomography.
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sarcoidosis in a nervous system biopsy specimen [2]. Noncaseating granulomas were not 
observed in the biopsy specimen of the sural nerve, but they might be seen at a more 
proximal location from the biopsy site. The disappearance of accumulated 18F-FDG in the 
ulnar and superior gluteal nerves after immunotherapy supported the diagnosis of sarcoidosis 
lesions in these peripheral nerves.

As described earlier, sarcoidosis following ML is less common than sarcoidosis-lymphoma 
syndrome [7]. In terms of the pathogenesis of sarcoidosis following ML, an excessive immune 
response against lymphoma cells has been implicated in the formation of sarcoid reaction [6], 
which may facilitate the development of sarcoidosis. Furthermore, rituximab, which was 
administered to our case when ML relapsed, has been reported to elicit repopulation of 
peripheral B cells and re-establishment of a naive B-cell pool, leading to the development of 
sarcoidosis [9]. We hypothesize that the immune response against lymphoma cells and 
immune re-establishment by rituximab promoted the development of sarcoidosis in this case, 
but these immune reactions usually occur within 1 year [8]. In the previous report, most cases 
of sarcoidosis following ML occur within 2 years, but in rare cases, sarcoidosis develops >10 
years after ML [8]. The age at onset of sarcoidosis following ML tends to be older than idio-
pathic sarcoidosis, with the median age of the former being 49 (range, 23–71) years [8] and 
the latter being 31 years [10]. In our case, the patient was 65 years old when she presented 
with sarcoidosis, which is atypical for idiopathic sarcoidosis. We could not elucidate the 
mechanisms involved in the development of sarcoidosis after long-term remission of ML, so 
further investigations need to be performed.

Several biomarkers support the diagnosis of sarcoidosis. The serum and CSF sIL-2R 
levels are not necessarily useful for differentiating sarcoidosis from lymphoma [11, 12]. 
Although the serum ACE level is elevated in sarcoidosis patients, it is also elevated in patients 
with Hodgkin’s lymphoma, hence its low specificity [13]. The CSF ACE level is of little clinical 
value for diagnosing neurosarcoidosis [4]. These biomarkers only play a supplementary role 
in the diagnosis of sarcoidosis.

18F-FDG-PET has been widely used for tumor diagnosis, differential diagnosis, staging, 
follow-up, therapy planning, and prognosis. However, 18F-FDG-PET cannot differentiate 
between sarcoidosis and ML because no statistical difference was seen in SUVmax [14]. On 
the other hand, 18F-FDG-PET is useful for diagnosing asymptomatic sarcoidosis during the 
follow-up for lymphoma [8]. In addition, 18F-FDG-PET is valuable for identifying lesions 
amenable to biopsy in patients with multisystem sarcoidosis and evaluating response to 
treatment [3]. In our patient, we elected to perform a biopsy of the mediastinal lymph node 
with abnormal 18F-FDG accumulation. Our experience indicates that 18F-FDG-PET may be 
helpful to detect undiagnosed mononeuropathy multiplex. Follow-up 18F-FDG-PET showed 
the disappearance of uptake of 18F-FDG in the ulnar and superior gluteal nerves, confirming 
that it was also useful for evaluating treatment response.

In conclusion, due to its similarity to neurolymphomatosis, the diagnosis of neurosar-
coidosis should be made from tissue biopsy in addition to clinical presentations and radio-
logical findings. Recurrence of ML is not definitively ruled out, so regular follow-ups should 
be performed.
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