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Abstract

Encephalitis is very rare, but often fatal immune-related adverse
event (irAE) of immune checkpoint inhibitors (ICIs). A 65-year-old
Japanese woman was admitted to our hospital because of general fa-
tigue, chillness and high-grade fever for 4 days, 8 months after the
initiation of the first-line pembrolizumab monotherapy for metastatic
pulmonary adenocarcinoma. On the hospital day 3, she suddenly pre-
sented delirium and uncontrollable impaired consciousness. Although
the magnetic resonance imaging (MRI) did not suggest a diagnosis
of encephalitis and meningitis, the spinal fluid showed abnormally
elevated levels of protein (317.6 mg/L) and cell count (197 cells/puL)
with increased mononuclear cells (93%). An empirical and intrave-
nous administration of acyclovir in doses of 10 mg/kg body weight
every 8 h and steroid pulse therapy in dose of 1 g/body/day from the
hospital day 5 until her death failed to improve her conditions. She
died on the hospital day 8. The postmortem autopsy showed viable
cancer cells in the metastatic tumor in the left occipital lobe and in the
spinal fluids. However, many inflammatory cells infiltration in the
meninges and perivascular cuffing were prominent especially in the
brain stem and medial part of the temporal lobe. Infiltrating lympho-
cytes in the meninges and parenchyma of the brain stem were mainly
composed of cluster of differentiation (CD)8-positive lymphocytes.
For irAE encephalitis, early recognition of early signs and symptoms
and subsequent early therapeutic intervention are necessary. It is im-
portant for oncologists to keep in mind of the possible adverse effects
of immunotherapies on the nervous system.
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Introduction

Immune checkpoint inhibitors (ICIs) are widely used in the treat-
ment of various cancers, including various clinical settings of
advanced non-small cell lung cancer (NSCLC). Pembrolizumab
is a humanized monoclonal antibody for the programmed cell
death protein 1 (PD-1) receptor of lymphocytes, and immu-
nologically enhances antitumor activity by activating T cells.
There are an abundant accumulation of case reports on immune-
related adverse events (irAEs) of cancer immunotherapies on the
nervous system. According to a retrospective review of 3,763
patients with advanced melanoma treated with nivolumab alone
or nivolumab plus ipilimumab, there were a total of six cases
of encephalitis (overall incidence of 0.16%), including two life-
threatening cases and one fatal case [1]. An irAE of encephalitis
is rare, but usually severe and potentially fatal. However, the
diagnosis of irAE encephalitis may be challenging. Most case
reports of ICIs-induced encephalitis were clinically diagnosed
without histological analyses of brain sampling. The etiology of
this irAE remains unknown, though there are some hypotheses
for the mechanisms, for example, autoimmune paraneoplastic
disorders triggered by ICIs or manifestation of latent autoim-
munity unmasked by ICIs [2]. Herein, we report a brain autopsy
case of a patient who developed meningoencephalitis during
pembrolizumab monotherapy for pulmonary adenocarcinoma.

Case Report

Investigations

A 65-year-old Japanese woman visited a gastroenterologist
because of nausea, vomiting, anorexia and gait disorder. She
had diabetes mellitus, hypertension, hyperlipidemia and alco-
holism. A chest computed tomography (CT, Fig. 1a) and brain
magnetic resonance imaging (MRI, Fig. 1b) detected a mass
of 5.5 cm in diameter in the left lower lobe with multiple pul-
monary nodules and multiple brain tumors in the parietal lobe
and left cerebellum. She was referred to our department. Bron-
choscopic tumor biopsy diagnosed her tumor as adenocarci-
noma. We could not find any driver mutations in epidermal
growth factor receptor (EGFR), anaplastic lymphoma kinase
(ALK) and ROS-1, but immunohistologically detected high
expression of tumor proportion score (TPS) 90-100% of PD-
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Figure 1. Chest computed tomography imaging of the primary tumor in the left lower lobe (shown by black arrow) before the start
of pembrolizumab (a), and brain magnetic resonance imaging (MRI) of metastasis in the cerebellum (shown by white arrow) in
T1-weighted image with gadolinium enhancement at the first visit to our hospital in March 2018 (b).

L1 (clone 22C3, Dako). She received a surgery to remove the
biggest tumor of 3.5 cm in diameter and its surrounding edema
in the left cerebellum at the risk of brain hernia. The patho-
logical analysis of the cerebellar tumor revealed a metastatic
adenocarcinoma originated from lung cancer. As a result of
systemic screening, her staging was c-stage IVB (cT4N3Mlc)
with multiple metastases in bilateral lungs, adrenal glands,
brain and subcutaneous region of the anterior chest wall. She
started pembrolizumab monotherapy in May 2018.

Diagnosis

After 13 cycles of pembrolizumab, 8 months after the initiation

_ .

of pembrolizumab, she presented general fatigue, chillness and
then high-grade fever of 40.0 °C. She visited our emergency
room and was admitted to our department; 4 days after the ini-
tiation of the fever. A chest and abdominal CT screening found
neither an origin of the persistent fever nor regrowth of the
primary and metastatic tumors (Fig. 2a). Except for hypona-
tremia (128 mEq/L), blood tests and cultures did not detect
viral, bacterial or fungal infection. Leukocyte counts (9,200/
pL) and C-reactive protein (0.06 mg/dL) were within normal
range. Until the hospital day 3, she was exhausted with the
high fever, but kept clear consciousness. Administration of
acetaminophen failed to suppress her fever. We did not find
nuchal stiffness at that time. At the night of the hospital day 3,
she suddenly presented delirium together with a high fever of

Figure 2. Chest computed tomography imaging did not show regrowth of the primary tumor in the left lower lobe (shown by black
arrow) on admission (a). Brain magnetic resonance imaging (MRI) in plain T2-weighted image on the hospital day 4 did not sug-

gest a diagnosis of encephalitis and meningitis (b).
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Figure 3. Medulla oblongata obtained through autopsy: infiltration of
lymphocytes, plasma cells and macrophages in the meninges (Hema-
toxylin and Eosin stain).

40.0 °C. Thereafter, her high-grade fever and impaired level
of consciousness became uncontrollable. On the hospital day
4, her nuchal stiffness and convulsions appeared. Despite of
artifacts arising from her body movements, the MRI did not
suggest a diagnosis of encephalitis and meningitis (Fig. 2b).
The colorless and transparent spinal fluid obtained by lumbar
puncture on the hospital day 5 showed elevated levels of pro-
tein (317.6 mg/L) and cell count (197 cells/pL) with a predom-
inance of mononuclear cells (93%), but within normal range of
glucose (55.0 mg/mL) and adenosine deaminase (ADA) (7.7
IU/L). The PCR method and culture did not detect DNA of
herpes simplex virus and bacterial infection in the fluid. Can-
cer cells were detected in the spinal fluids. On the basis of MRI
and spinal fluid findings, we suspected carcinomatous, viral,
tuberculous or fungal meningitis as a differential diagnosis.

Treatment

An empirical and intravenous administration of acyclovir in
doses of 10 mg/kg body weight every 8 h and steroid pulse
therapy in dose of 1 g/body/day from the hospital day 5 until
her death failed to improve her conditions.

Follow-up and outcomes

She died on the hospital day 8. We performed an autopsy ap-
proximately 8 h after her death. The brain weight was 1,539
g. The gross anatomic examination showed no abnormalities,
except for the previous surgical scar in the cerebellum. Viable
cancer cells existed in the surrounding area of the central ne-
crotic lesion in the metastatic tumor in the left occipital lobe.
Meningeal carcinomatosis was not indicated histopathologi-
cally. Perivascular cuffing and infiltration of lymphocytes,
plasma cells, and macrophages in the meninges were prominent
especially in the brain stem and medial temporal lobe (Fig. 3).
Perivascular lymphocytes infiltration was mainly composed
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of cluster of differentiation (CD)3 (clone 2GV6, Roche)-
positive or CD20 (clone L26, Roche)-positive lymphocytes.
On the other hand, in the parenchyma of the brain stem, there
were CD3-positive lymphocytes. Among these CD3-positive
lymphocytes, there were many CDS8 (clone C8/114B, Dako)-
positive lymphocytes and small numbers of CD4 (clone 4B12,
Nichirei)-positive lymphocytes (Fig. 4). Except for very small
number of cancer cells in the lymphatic ducts in lungs, the pri-
mary tumor and metastatic nodules in her lung did not contain
viable cancer cells, and were replaced with necrosis or fibro-
sis. Infiltration of many inflammatory cells and aggregation
of bacteria suggested bronchopneumonia in the bilateral lower
lobes. Metastatic cancer cells appeared in the bilateral adrenal
glands, the tunica adventitia of esophagus, and the surrounding
lymph nodes of esophagus and pancreas.

Discussion

To our knowledge, there were previously three brain autopsy
cases of encephalitis due to ICIs (Table 1 [3-5]). Among these
four fatal cases [3-5], there were some clinical and pathologi-
cal differences in the initial symptom, in the timing of occur-
rence of encephalitis from the initiation of ICI (17 days to 8
months), in the interval from symptom presentation to death
(10 to 40 days), in the association of paraneoplastic syndrome
(PNS) [3], and in the formation of necrotic lesion in the au-
topsy brains [4]. On the other hand, there was a common find-
ing in the damages in brain stem, i.e., critically life-threatening
area and in the type of infiltrating lymphocytes, i.e., mainly
CD8-positive T cells. Their deaths were considered to be due
to autoimmune-mediated brainstem encephalitis, which had
damaged cardiovascular and respiratory centers. Compared
with the other three cases, our case showed delayed onset from
the initiation of pembrolizumab (8 months), but more rapid
course of deterioration (only 10 days from symptom presen-
tation to death). If our case had been slowly progressive and
more aggressively treated, regression of lymphocyte infiltra-
tion and histological change into necrotic tissue might have
been observed in the brain, as shown in the case reported by
Leitinger et al [4].

Encephalitis as irAE clinically presented various clinical
courses. Reviewing the previous cases of irAE encephalitis
in NSCLC (Table 2 [3, 4, 6-18]), there were differences in
symptoms, timing of occurrence, treatments, response to treat-
ments, PNS antibodies and cerebrospinal fluid (CSF) findings.
It may be very difficult for oncologists to suspect encephalitis
as irAE. We hesitated to use steroid when the initial symptom
was only high-grade fever. In fact, our autopsy suggested that
her fever might have been caused mainly by meningoencepha-
litis, but partially by bronchopneumonia. When we suspect
irAE encephalitis, early introduction of steroid pulse or high-
dose steroid therapy is recommended.

Our case included two limitations. First, we did not ex-
amine the serum or CSF antibody tests for PNS, and could not
discuss the association of PNS with irAE meningoencephali-
tis. Second, we could not deny the association of brain metas-
tasis and carcinomatous meningitis with her rapid deteriorated
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Figure 4. Immunohistochemistry of medulla oblongata stained by anti-
CD3 (a), CD4 (b), CD8 (c) and CD20 (d) antibodies. CD: cluster of dif-

ferentiation.
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conditions. Considering the brain autopsy, we strongly suspect
irAE meningoencephalitis as a major etiology.

Conclusions

Encephalitis is often fatal irAE. Early recognition of early signs
and symptoms and subsequent early therapeutic intervention
are necessary. Therefore, it is important for oncologists to keep
in mind of the possible adverse effects of immunotherapies on
the nervous system.
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