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Cerebrospinal Fluid Interleukin-6 in Immune Checkpoint
Inhibitor-Induced Autoimmune Meningoencephalitis
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Immune checkpoint inhibitors (ICls) have proven clinical benefits in various advanced cancers. However,
despite their significant therapeutic efficacy, ICls induce immune-related adverse events. Among these
events, autoimmune meningoencephalitis often has severe effects on patients’ outcomes, but its specific
clinical features are still unclear. Here, we report two cases of ICl-associated meningoencephalitis with
elevated interleukin-6 (IL-6) levels in the cerebrospinal fluid (CSF). A 47-year-old woman (Case 1) with
renal cell carcinoma developed severe headache after a seventh nivolumab administration. A neurological
examination revealed jolt accentuation signs and hyperreflexia in all extremities. CSF analysis revealed a
high IL-6 value (6,620 pg/mL) with marked pleocytosis. A 70-year-old woman (Case 2) who received an
initial administration of nivolumab plus ipilimumab for renal cell carcinoma developed alterations of
consciousness. She presented with impaired consciousness, neck stiffness, and hyperreflexia in all
extremities. CSF analysis demonstrated a high IL-6 value (49.3 pg/mL) with mild pleocytosis. Both
patients were treated with steroid pulse therapy (methylprednisolone 1,000 mg/day, 3 days), followed by
the administration of oral predonisolone. The symptoms and laboratory findings improved in both cases.
CSF IL-6 values were proportional to the severity of meningoencephalitis and other clinical parameters.
These findings may help elucidate the mechanisms of central nervous system complications that are
caused by ICls.
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tions associated with neurological immune-related adverse

Introduction events (irAEs) include peripheral neuropathies, myositis,

Immune checkpoint inhibitors (ICIs) have become the
standard therapy for many types of advanced cancer and
have greatly improved the outcomes of patients with these
cancers (Ribas and Wolchok 2018). To fight cancer, ICIs
mainly target cytotoxic T-lymphocyte antigen 4 (CTLA-4)
and programmed cell death ligand 1 (PD-1). However, they
also trigger activation of the immune system and cause var-
ious immune-related side effects, which can affect any
organ or system (Larkin et al. 2015; Postow et al. 2018;
Johnson et al. 2022). Previous studies demonstrated the
presence of neurological adverse events in 2-6% of patients
with cancer who had been treated with ICIs (Xu et al. 2019;
Bruna et al. 2020). The most common clinical presenta-

and meningoencephalitis. Among these neurological irAEs,
central nervous system (CNS) complications such as
meningoencephalitis can be associated with significant
morbidity and may affect the survival of patients (Velasco
et al. 2021). ICI-induced meningoencephalitis is a rare but
increasingly diagnosed complication. Because patients
with ICI-induced meningoencephalitis often have poor out-
comes, early diagnosis and therapeutic intervention are crit-
ical for improving both the quality of life of patients with
irAEs and the patient’s cancer-related prognosis (Vogrig et
al. 2020). Moreover, accurate and reliable methods for
determining the efficacy of treatment are needed. Several
studies found that serum interleukin-6 (IL-6) values
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increased in patients with early-onset irAEs and that IL-6
values decreased after the administration of immunotherapy
(Valpione et al. 2018; Husain et al. 2021), although the
association of cerebrospinal fluid (CSF) IL-6 with irAEs
has not been investigated in detail.

In this report, we describe two cases of renal cell car-
cinoma associated with ICI-induced autoimmune meningo-
encephalitis. In both cases, the level of IL-6 in the CSF
reflected the clinical course of the irAE-related meningoen-
cephalitis.

Case Presentation

Case 1

A 47-year-old woman presented to our hospital with
headache and nausea. Three years earlier, she had under-
gone surgery for renal cell carcinoma; bone metastasis
occurred 1 year later. She received nivolumab (a fully
human monoclonal IgG4 antibody directed against PD-1)
biweekly (240 mg/day). After the seventh nivolumab
administration, she developed intractable diarrhea. She was
diagnosed with nivolumab-associated colitis, and oral pre-
donisolone therapy (30 mg/day) was initiated. Although
the diarrhea gradually resolved, 5 weeks later the patient

Pre-treatment

presented with headache and nausea and was admitted to
our hospital. At the time of admission, she had severe
headache [numerical rating scale (NRS): 10], and a slight
fever (her body temperature was 37.1°C). A neurological
examination revealed jolt accentuation signs and hyperre-
flexia in all extremities. We observed no abnormalities in
the cranial nervous system, no paralysis, no ataxia, and no
involuntary movements in all extremities. Laboratory
examination showed increased serum C-reactive protein
(CRP) levels (11.1 mg/dL; reference range 0-0.14) and a
normal IL-6 level (6.2 pg/mL; reference range < 7). Values
of anti-nuclear antibodies, anti-SS-A antibodies, anti-SS-B
antibodies, paraneoplastic autoantibodies, and anti-N-
methyl-D-aspartate receptor (NMDAR) antibodies were all
normal. CSF analysis revealed pleocytosis (733 cells/uL,
98% neutrophils), an elevated lumbar puncture (LP) open-
ing pressure (32 cm H,0), an elevated protein level (120
mg/dL), a high IL-6 value (6,620 pg/mL) with a normal
IgG index (0.5), a normal adenosine deaminase level, and
negative CSF gram staining. The herpes simplex virus
(HSV)-IgM test, HSV-IgG test, and real-time polymerase
chain reaction (PCR) of HSV in the CSF all produced nega-
tive results. Brain magnetic resonance imaging (MRI)

Post-treatment

3DAFLAIR

Fig. 1. Pre- and post-treatment brain magnetic resonance imaging (MRI) in Case 1.
Brain MRI at admission showed patchy high-intensity areas in the cerebral white matter on diffusion-weighted imaging
(DWI) (A) and three-dimensional fluid-attenuated inversion recovery (3D-FLAIR) (D) images, and unenhanced T1-
weighted native images (B, E). Arrows point to the patchy high-intensity areas in the cerebral white matter. Brain MRI
after corticosteroid administration showed reduced high-intensity lesions on DWI and 3D-FLAIR images (C, F).
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demonstrated patchy high-intensity areas in the cerebral
white matter on diffusion-weighted imaging (DWI) and
three-dimensional fluid-attenuated inversion recovery
(3D-FLAIR) images and an unenhanced T1-weighted
native image (Fig. 1A, B, D, E). Although the patient
received empirical treatment with dexamethasone, vanco-
mycin, and meropenem because of concerns about bacterial
meningoencephalitis and autoimmune meningoencephalitis,
she complained of a persistent headache (NRS 6-10) even
after the initial therapy. CSF analysis on day 6 of therapy
revealed pleocytosis (17 cells/uL; 98% mononuclear cells),
however, she had a severe headache (NRS 8-10). After
confirmation that the blood and CSF cultures were normal,
vancomycin and meropenem were discontinued. These
findings led us to assume that meningoencephalitis was
associated with the use of nivolumab. Therefore, we began
steroid pulse therapy (methylprednisolone, 1,000 mg/day
for 3 days), and her headache improved (NRS 2-3). After
the second course of steroid pulse therapy, oral predniso-
lone (50 mg/day) was initiated and gradually tapered. The
patient’s symptoms fully resolved, and we found no clinical
evidence of meningoencephalitis by day 48 (Fig. 2). The
serum CRP (0.01 mg/dL) and CSF IL-6 (0.72 pg/mL) val-
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ues were normal. Brain MRI revealed significant reduction
of the hyperintense areas on DWI and 3D-FLAIR MRI
images (Fig. 1C, F).

Case 2

A 70-year-old woman with metastatic renal cell carci-
noma involving the right adrenal gland and sixth thoracic
vertebra received nivolumab (240 mg/day) and ipilimumab
(a fully human IgG1 monoclonal antibody directed against
CTLA-4) (46.8 mg/day). She reported fever and anterior
cervical pain on day 5 after ICI administration. Laboratory
examination revealed an increased level of free thyroxine
(4.21 pg/mL), a reduced level of thyroid-stimulating hor-
mone (0.3 xIU/mL), and increased levels of antithyroid per-
oxidase antibody (44.9 1U/ml; reference range 0-16) and
antithyroglobulin antibody (53.1 IU/ml; reference range
0-28); the patient was diagnosed as having immune-related
thyroiditis caused by ICIs. After 5 more days, the patient
developed sudden alterations of consciousness and was
transferred to our hospital. She presented with a fever
(temperature up to 37.6°C) and headache; a neurological
examination revealed impaired consciousness (drowsiness,
disorientation in time and space, and hypoactivity), neck
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Fig. 2. Clinical course and treatment of Case 1.

After methylprednisolone pulse therapy, followed by oral prednisolone administration (50 mg/day), the patient’s head-
ache gradually improved. The levels of inflammatory markers in serum and CSF decreased after treatment.

CSF, cerebrospinal fluid; CRP, C-reactive protein; DEX, dexamethasone sodium phosphate; IL-6, interleukin-6; MEPM,
meropenem hydrate; mPSL, methylprednisolone; N.A., not available; PSL, prednisolone; VCM, vancomycin hydro-

chloride; WBC, white blood cell.
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Fig. 3. Pre-treatment brain magnetic resonance imaging (MRI) in Case 2.
Brain MRI showed only nonspecific hyperintense lesions in the white matter on T2-weighted imaging (T2WI) (C). Dif-
fusion-weighted imaging (DWI) showed no high-intensity lesions (A). T1-weighted imaging (T1WI) showed no abnor-
malities (B), and gadolinium (Gd)-enhanced T1WI showed no enhancement in white matter lesions (D).

stiffness, bilateral action tremor, hyperreflexia in all extrem-
ities, and bilateral positive Chaddock reflexes. Brain MRI
showed only nonspecific T2-hyperintense lesions in the
cerebral white matter (Fig. 3). Laboratory studies indicated
elevated serum CRP (15.8 mg/dL) and IL-6 (79 pg/mL)
levels. An analysis of the CSF demonstrated an increased
protein value (72.1 mg/dL) with mild pleocytosis (16 cells/
L, 94% mononuclear cells), a mildly elevated LP opening
pressure (18 cm H,0), a high IL-6 value (49.3 pg/mL) with
a normal IgG index (0.43), and a normal adenosine deami-
nase level. Other laboratory analyses of the CSF for HSV-
IgM, HSV-IgG, and real-time PCR of HSV all produced
negative results. Three oligoclonal bands were also

observed. Additional analyses showed normal anti-nuclear
antibodies, anti-SS-A antibodies, anti-SS-B antibodies,
paraneoplastic autoantibodies, and anti-NMDAR antibod-
ies. On the basis of these findings, the patient was diag-
nosed with meningoencephalitis associated with nivolumab
and ipilimumab. Steroid pulse therapy (methylprednisolone
1,000 mg/day, 3 days) was started, and her state of con-
sciousness improved. However, she had alterations of con-
sciousness at 23 days and 35 days after admission. We
therefore administered second and third courses of steroid
pulse therapy, followed by the administration of oral pred-
nisolone (45 mg/day) that was gradually tapered. Two
months later, the patient’s symptoms had fully resolved, and
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Fig. 4. Clinical course and treatment of Case 2.

After an examination, the patient received three cycles of pulse therapy with methylprednisolone, followed by oral pred-
nisolone treatment (45 mg/day), after which prednisolone treatment was tapered. Her symptoms and laboratory abnor-

malities had improved at discharge.

CSF, cerebrospinal fluid; CRP, C-reactive protein; IL-6, interleukin-6; mPSL, methylprednisolone; PSL, prednisolone;

WBC, white blood cell.

no abnormal neurological findings were seen (Fig. 4).
Values of serum CRP (0.01 mg/dL), serum IL-6 (1.9 pg/
mL), and CSF IL-6 (1.8 pg/mL) were normal (Table 1).

Discussion

Here, we describe two cases of meningoencephalitis
associated with the use of ICIs. The CSF analysis and MRI
evaluation demonstrated the therapeutic effects of cortico-
steroids. We found that the CSF IL-6 values were propor-
tional to the severity of the meningoencephalitis caused by
ICIs. These findings may provide insights into the early
diagnosis and quantitative evaluation of ICI-associated
meningoencephalitis.

irAEs affect nearly every organ and vary in their sever-
ity and time of onset (Eigentler et al. 2016). In a previous
report that reviewed the Japanese Adverse Drug Event
Report Database, the times to onset of ICI-induced menin-
gitis (median 21 days) and encephalitis/myelitis (median
32.5 days) were shorter than those of other neurological
AEs such as peripheral neuropathy (median 42 days) and
hypophysitis (median 94 days) (Sato et al. 2019). Other
reports also showed that most patients developed ICI-
induced encephalitis and meningitis early, within 2 months

after the start of therapy (Cuzzubbo et al. 2017). A few
patients, however, developed ICI-induced encephalitis sev-
eral months later (Fujiwara et al. 2019; Velasco et al. 2021).
Therefore, careful consideration of ICI-induced encephalitis
at any time during therapy is necessary. To diagnose ICI-
induced encephalitis, physicians must first suspect this dis-
ease because of the clinical symptoms; differentiate it from
other diseases such as herpes encephalitis, bacterial enceph-
alitis, paraneoplastic syndrome, progressive multifocal leu-
koencephalopathy, and other autoimmune encephalitides,
on the basis of supporting laboratory findings; and deter-
mine the final diagnosis. Case 2 developed meningoen-
cephalitis after the first ICI administration, and combination
therapy (nivolumab plus ipilimumab) may have accelerated
the onset of the irAEs (Sznol et al. 2017). In addition, in
our cases, colitis and thyroiditis preceded the occurrence of
meningoencephalitis. Previous studies showed that patients
frequently manifest co-occurring neurological and non-neu-
rological irAEs (Dubey et al. 2020). Hence, the appearance
of irAEs involving other organs should be carefully investi-
gated.

In our present report, we indicated that CSF IL-6 val-
ues reflected the severity of the clinical presentations of
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Table 1. Clinical and laboratory findings of the two study patients.

Variable Case 1 Case 2
Age (years)/sex 47/F 70/F
Neoplasm type Renal cell carcinoma Renal cell carcinoma
ICI Nivolumab Nivolumab, ipilimumab
Encephalitis type Meningoencephalitis Meningoencephalitis
Treatment Corticosteroids Corticosteroids
IL-6, CSF (pg/mL)
Pretreatment 6,620 493
Post-treatment 0.7 1.8
Cell count, CSF (/uL)
Pretreatment 733 16
Post-treatment 5 <1
Protein, CSF (mg/dL)
Pretreatment 120 72.1
Post-treatment 23.6 31
LP opening pressure (cm H,0)
Pretreatment 32 18
Post-treatment 7
IL-6, serum (pg/mL)
Pretreatment 6.2 79
Post-treatment N.A. 1.9
WBC count (/uL)
Pretreatment 13,090 7,590
Post-treatment 7,000 7,580
CRP, serum (pg/mL)
Pretreatment 11.1 15.8
Post-treatment 0.01 0.01

CSF, cerebrospinal fluid; CRP, C-reactive protein; F, female; ICI, immune checkpoint inhibitors;
IL-6, interleukin-6; LP, lumbar puncture; N.A., not available; WBC, white blood cell.

ICI-induced meningoencephalitis in the two patients. The
CSF IL-6 values before and after treatment in patients with
ICI-induced meningoencephalitis still have not been thor-
oughly investigated except for analyses published in two
previous reports (Yamaguchi et al. 2020; Ohno et al. 2021).
The mechanisms of irAEs depend on the type of ICI used.
CTLA-4 blockade can induce primarily T cell activation
and proliferation, reduced regulatory T cell (Treg)-mediated
suppression, increased numbers of T helper cells, and auto-
antibody production. PD-1 blockade, in contrast, can
enhance mainly T cell activation via suppression of Tregs
and inhibitory signals through the PD-1 pathway. T cell
activation, which increases production of inflammatory
cytokines such as IL-6 by anti-PD-1 and anti-CTLA-4 anti-
bodies, contributes to the development of irAEs (Ramos-
Casals et al. 2020). IL-6 is a well-known pro-inflammatory
cytokine that manifests increased levels in the CSF of
patients with inflammatory CNS diseases, such as acute dis-
seminated encephalomyelitis, neuromyelitis optica, neuro-
Behget’s disease, and CNS infections (Akman-Demir et al.
2008; Wullschleger et al. 2013; Uzawa et al. 2017).
Because IL-6 is produced locally in lesions, serum IL-6

may not reach the CSF. These data suggest that CSF IL-6
levels may help identify inflammatory CNS conditions.
The CSF and serum IL-6 levels were markedly different in
these two cases. The high IL-6 levels in the CSF in Case 1
may have reflected the severity of the CSF inflammation
because both the increased cell count in the CSF and the
MRI signal changes were significantly higher compared
with those of Case 2. The difference in serum IL-6 levels
may be explained by the use of oral predonisolone (20 mg/
day) to treat colitis in Case 1, and by the occurrence of thy-
roiditis in the acute phase before the use of immunotherapy
in Case 2. As an interesting finding, a significant reduction
in CSF IL-6 levels was observed after corticosteroid admin-
istration, in parallel with the resolution of meningoencepha-
litis in both of our cases. These findings suggest that the
clinical presentation of CNS complications associated with
irAEs involves an increase in CSF IL-6 levels, and this
cytokine may have potential for use in monitoring the treat-
ment of irAEs. Additional studies are necessary to clarify
our findings.

In conclusion, we describe here two cases of ICI-
induced meningoencephalitis with increased IL-6 levels in
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the CSF. CSF IL-6 values may be useful as a marker for
early diagnosis that may aid in the quantitative evaluation
of meningoencephalitis-associated irAEs, and therefore
CSF IL-6 may be a target for therapeutic intervention in
CNS involvement associated with ICIs.
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