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Abstract:

Immune checkpoint inhibitors (ICIs) are promising drugs for various cancers. However, immune activation
by ICIs can lead to immune-related adverse events (irAEs). Autoimmune encephalitis is a rare irAE, and its
clinical features remain unknown. We herein report two patients with ICI-associated autoimmune encephalitis
who, saliently, showed elevated adenosine deaminase (ADA) levels in the cerebrospinal fluid (CSF). This is
the first report of increased ADA levels in the CSF of patients with ICI-induced autoimmune encephalitis. Al-
though the mechanism of the ADA increase is poorly understood, elevated ADA in the CSF may be informa-
tive in the diagnosis of this rare disorder.
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Introduction

Immune checkpoint inhibitors (ICIs) enhance antitumor
immunity by blocking negative regulatory components, such
as programmed cell death protein-1 (PD-1) and cytotoxic T-
lymphocyte-associated antigen-4 (CTLA-4). They improve
the cancer-related outcomes in specific types of cancers and
are being increasingly used in clinical practice. However, in-
appropriate immune activation by ICIs can lead to unique
adverse effects, termed immune-related adverse events
(irAEs). A recent review of case reports showed that about
10% of irAEs associated with CTLA-4 and PD-1 blockade
therapies are neuromuscular complications (1). Among them,
irAEs in the central nervous system (CNS), such as autoim-
mune encephalitis, meningitis, and myelitis, are especially
rare; recent large-scale registration trials of ICIs showed that
serious immune-related CNS toxicities occurred in 0.4%-
1.0% of patients (2). Because of such a low incidence, clini-
cal and laboratory features of CNS irAEs have not been elu-

cidated in detail.

Adenosine deaminase (ADA) is an enzyme involved in
purine metabolism, and the elevation of this enzyme in the
cerebrospinal fluid (CSF) is well recognized as a diagnostic
marker for tuberculous meningitis (TBM), although the de-
tailed mechanism of the elevation remains unknown.

We herein report two patients with lung cancer who de-
veloped autoimmune encephalitis associated with ICIs. Both
presented with unusually high levels of ADA in the CSF.

Case Reports

Case 1

A 70-year-old man with combined pulmonary fibrosis and
emphysema had lung adenocarcinoma, which had pro-
gressed despite a series of chemotherapy regimens: first with
carboplatin, paclitaxel, and bevacizumab; and second with
pemetrexed. He then received nivolumab biweekly (3 mg/
kg), which was effective in shrinking the size of the lesion.
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Figure.

Clinical course and treatment. (A) Case 1, (B) Case 2. ACV: acyclovir, ADA: adenosine

deaminase, CSF: cerebrospinal fluid, EB: ethambutol, INH: isoniazid, IVIg: intravenous immuno-

globulin, mPSL: methylprednisolone, PSL: prednisolone, PZA: pyrazinamide, RFP: rifampicin

However, four months after the first administration, his gus-
tatory sense was impaired, and his dietary intake decreased.
Shortly afterwards, he developed action tremor and difficulty
walking. His symptoms worsened gradually, and he was ad-
mitted to our hospital. On admission, he had a slight fever,
and a neurological examination revealed bilateral action
tremor, limb ataxia, and hyperreflexia. He did not present
with any typical meningeal irritation signs, such as head-
ache, nausea, or neck stiffness. Brain magnetic resonance
imaging (MRI) showed nonspecific T2-hyperintense lesions
in the cerebral white matter without brain metastases. An
electroencephalogram (EEG) on admission showed diffuse
slow waves without epileptic discharges. A CSF analysis
demonstrated pleocytosis (50 cells/uL), an elevated protein
level (166 mg/dL), and a high ADA level (31.2 U/L) with a
normal IgG index and no cytological evidence of cancer dis-
semination.

Due to concerns of autoimmune encephalitis, viral en-
cephalitis, and tuberculosis meningitis, we administered
high-dose intravenous methylprednisolone followed by oral
prednisolone, acyclovir, and antituberculous medication em-
pirically. After the confirmation of negative polymerase
chain reaction (PCR) findings for herpes simplex virus, acy-
clovir was discontinued. The abnormal neurological findings
and CSF pleocytosis, showed no significant
change. Because of negative cultivation and nested PCR
findings for tuberculosis, the antituberculous medication was
discontinued. A few weeks after a second high-dose admini-
stration of intravenous methylprednisolone, his action tremor
and walking disturbance improved, and the number of cells
and protein level in the CSF decreased. The patient was thus
discharged to another hospital with a slowly tapering regi-
men of oral prednisolone.

Four months later, his complaints were limited to minimal
tremor, with completely normal CSF analysis results, includ-
ing ADA levels (Figure A). He experienced a stable course
for more than one year without neurological deterioration or
tumor progression after the end of steroid treatment. The se-

however,

rum paraneoplastic autoantibody values were all negative,
including P/Q-type calcium channel, N-type calcium chan-
nel, and voltage-gated potassium channel (VGKC) antibod-
ies. Anti N-methyl-D-aspartate receptor (NMDAR) antibod-
ies in the serum and the CSF were also negative.

Case 2

We have previously described this patient in another case
report, focusing on the efficacy of rituximab for the treat-
ment of ICI-related encephalitis, without any CSF ADA
data (3). We therefore present this case briefly. A 75-year-
old man diagnosed with small-cell lung cancer and brain
metastases in the right frontal lobe had received brain tu-
morectomy and whole-brain radiation therapy before the ad-
He then received nivolumab and
ipilimumab combination therapy (nivolumab 1 mg/kg and
ipilimumab 3 mg/kg every 3 weeks) in a clinical trial
(NCT# NCT02538666). After four cycles, he developed sud-
den convulsions and unconsciousness and was transferred to
our medical center. On admission, he showed a low-grade
fever and asterixis without headache or nausea. The CSF
analysis demonstrated pleocytosis (58 cells/uL), a high pro-
tein level (128.4 mg/dL), and a normal ADA level (5.3 U/
L). An EEG showed intermittent diffuse slow waves without
epileptic discharges, and brain MRI did not reveal new me-
tastasis, bleeding, or infarction except for the old damage in
the right frontal lobe. Bacterial culture, mycobacterium cul-
ture, cytology, and PCR findings for herpes simplex virus in
the CSF were all negative. The values for anti-neural anti-
bodies, including P/Q-type calcium channel, N-type calcium
channel, VGKC antibody in the serum and anti NMDAR an-
tibody, in the serum and CSF were also negative.

His neurological symptoms did not significantly improve
despite methylprednisolone pulse therapy, so we adminis-

ministration of ICIs.

tered intravenous immunoglobulin (IVIg) and rituximab se-
quentially. almost completely
within 3 weeks from the onset of encephalitis and became
neurologically stable with maintenance therapy of oral pred-

He recovered afterwards
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nisone 25 mg daily after tapering down from 50 mg. How-
ever, his lung cancer progressed despite the combination
therapy, and he died in a hospice from multiple-organ fail-
ure due to lung cancer four months later. His CSF ADA
level increased to 12.3 U/L and normalized in accordance
with the neurological symptoms (Figure B).

Discussion

We encountered two patients who developed acute en-
cephalitis during the administration of ICIs. Based on their
clinical course, laboratory findings, and response to the im-
munosuppressive therapy, we finally diagnosed them with
autoimmune encephalitis caused by ICIs. There are only a
few published case series of ICI-induced encephalitis; how-
ever, this clinical condition is expected to become more
common as ICIs are administered to a growing number of
cancer patients. In a recent case series (2), 8 out of 13 pa-
tients (62%) with ICI-induced encephalitis recovered com-
pletely following systemic immunosuppressive therapy
within a median of 1 month. This finding suggests that the
early diagnosis and therapeutic intervention are important to
maintain the health-related quality of life of cancer patients
with this irAE.

To our knowledge, this is the first report of ICI-related
autoimmune encephalitis with increased CSF ADA levels. It
is well known that elevated ADA in the CSF is a potential
diagnostic marker for TBM, and a recent meta-analysis
showed that CSF ADA levels >8 U/L suggested the diagno-
sis of TBM (sensitivity <59%, specificity >96%) (4). Both
of our patients showed higher levels than the cut-off value,
especially Case 1. Since that patient presented with subacute
progressive neurological symptoms, we had difficulty distin-
guishing the case from TBM and
tuberculosis drugs until the nested PCR and cultivation of
Mycobacterium tuberculosis provided negative findings.

The mechanism underlying the CSF ADA elevation in our
patients remains unclear. High CSF ADA levels have also
been reported in cases of Listeria meningitis (5), pneumo-
coccal meningitis (6), and Cryptococcal meningitis (7), as
well as leptomeningeal gliomatosis (8) and CNS lym-
phoma (9). A major function of ADA is related to lympho-
cyte proliferation and differentiation; ADA activity is found
to be elevated with the cell-mediated immune response and
is a marker of cellular immunity. Ipilimumab, a CTLA-4 an-
tibody, and nivolumab, a PD-1 antibody, both activate anti-
tumor immunity mediated by cytotoxic T cells. Therefore,
we speculate that the CSF ADA elevation in our cases might
be attributed to the proliferation of CD8+ T cells in the
CNS caused by ICI-induced immune activation. Consistent
with this hypothesis, a recent case report of myasthenic cri-
sis plus polymyositis pathologically confirmed infiltrated
CD8+ T cells in skeletal muscles, the target organ of
irAEs (10).

In Case 2, as methylprednisolone pulse therapy followed
by oral prednisolone did not achieve the remission of neuro-

administered anti-

logical symptoms, additional therapy with IVIg and rituxi-
mab, selected by referencing a previous study showing the
efficacy of these drugs for ICI-induced encephalitis, had to
be performed (11). Although little evidence is available at
this time concerning the treatment of ICI-induced encephali-
tis, the clinical practice guideline recently advocated by the
American Society of Clinical Oncology recommends addi-
tional IVIg therapy of corticosteroids, rituximab, or plas-
mapheresis be performed, depending on the severity or labo-
ratory findings, such as oligoclonal bands or paraneoplastic
antibodies (12).

Interestingly, in Case 2 and previously reported ICI-
induced encephalitis cases (11), radiotherapy had been per-
formed for brain metastasis. Williams et al. hypothesized
that the disruption of the blood-brain barrier or damage re-
sulting from stereotactic radiosurgery may facilitate T-cell
and B-cell interactions with neuronal epitopes. They sug-
gested that ICI-induced encephalitis may be associated with
brain metastasis or previous radiation therapy; however, to
our knowledge, no clinical studies have confirmed this.

Conclusion

In this report, we presented two lung cancer cases with
ICI-induced autoimmune encephalitis that had increased
ADA levels in the CSF. Elevated CSF ADA levels might be
informative in the diagnosis of ICI-induced autoimmune en-
cephalitis.
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