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ABSTRACT

Introduction: During treatment with immune checkpoint
inhibitors, immune-related adverse events sometimes
occur, and their management is a critical concern asso-
ciated with such treatment. Encephalitis and meningitis
are some of the critical immune-related adverse events.
Atezolizumab is an immune checkpoint inhibitor that
inhibits the programmed cell death-ligand. Encephalitis
and meningitis were reported in 0.8% of the patients in
the atezolizumab versus docetaxel in patients with pre-
viously treated NSCLC. However, none of the reports
have clarified the details concerning atezolizumab-
induced encephalitis and meningitis, including their
background, time of onset, treatment, and therapeutic
course. We herein report about three patients who
experienced atezolizumab-induced meningitis in our
department.

Methods: Of the 29 patients who received atezolizumab in
our department between October 2015 and September
2018, three developed aseptic meningitis. We retrospec-
tively examined their clinical, radiologic, and cytologic
features.

Results: In all three cases, a depressed level of conscious-
ness followed fever in cycle 1, days 15 and 16 after
administration of atezolizumab. Cerebrospinal fluid exami-
nation revealed that the number of cells was not increased
despite the protein level being high. No definite malignant
cells were identified in the cerebrospinal fluid in any of the
three cases. Only one patient exhibited abnormal enhance-
ment along the lines of the corpus callosum on magnetic
resonance imaging. On the basis of these findings, the
patients were diagnosed with atezolizumab-induced men-
ingitis. After the administration of methylprednisolone
(1000 mg for 3 d), they promptly became conscious
and alert.
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Conclusion: Atezolizumab-induced meningitis may have
some specific features, such as a characteristic development
period, findings in magnetic resonance imaging, and pre-
monitory symptoms.

� 2020 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
Immune checkpoint inhibitors (ICIs), which target the

programmed cell death-1 and programmed cell death-
ligand 1 (PD-L1) pathways, have been established as a
standard of care in the management of NSCLC.1 Several
ICIs, such as nivolumab, pembrolizumab, atezolizumab,
and durvalumab, are now available for the treatment of
NSCLC.2-5

Atezolizumab is a representative of the PD-L1 in-
hibitors, and its survival superiority to docetaxel,
which is the standard therapy, was exhibited in pa-
tients with pretreated NSCLC (overall survival: 13.8 vs.
9.6 mo, p ¼ 0.0003).4 On the basis of these study re-
sults, atezolizumab has now become the standard
therapy for NSCLC.

However, with ICI therapy, immune-related adverse
events (irAEs) sometimes occur, and their management
is a critical concern.6 Encephalitis and meningitis are
two such irAEs. In the study “Atezolizumab versus
docetaxel in patients with previously treated NSCLC”
(OAK study), encephalitis and meningitis were found in
0.8% (5 of 609 patients) of the atezolizumab group,
whereas in the Japanese population, they are observed
in 7.1% (four of 56 patients).7 However, no reports
have clarified the detailed information concerning
atezolizumab-induced encephalitis and meningitis,
such as the background, time of onset, treatment, and
therapeutic course.

We herein report three patients who experienced
atezolizumab-induced meningitis in our department.
Methods
Atezolizumab was administered to 29 patients in our

department between October 2015 and September 2018.
Three of them developed aseptic meningitis induced by
atezolizumab. We retrospectively reviewed the symp-
toms, imaging findings, cytologic findings in cerebrospi-
nal fluid (CSF), and treatment course of these three
patients (Table 1).
Results
Case 1

Case 1 was a 71-year-old woman who had been
diagnosed with advanced NSCLC, not otherwise speci-
fied. Atezolizumab(1200 mg/body, day1) was adminis-
tered with a cytotoxic agent as the first-line therapy in a
clinical trial setting. The tumor proportion score (TPS) of
the PD-L1 expression was not mentioned, on the basis of
clinical trial protocol guidelines. She developed fever
over 38.0oC on day 14 of cycle 1, and her consciousness
level was depressed by day 16. Magnetic resonance im-
aging (MRI) findings did not exhibit any apparent ab-
normality in the brain. CSF examination revealed that the
number of cells was not increased despite the protein
level being high (up to 136 mg/dL). Given the lack of
definite malignant cells in the CSF, we considered this to
be a likely case of drug-induced meningitis caused by
atezolizumab use. On day 17, methylprednisolone (1000
mg for 3 d) was started, and she became conscious and
alert on day 18 (Table 1).

Case 2
Case 2 was a 55-year-old man, diagnosed through

pathologic examination, with nonresectable lung adeno-
carcinoma with a TPS of 1% to 24%. Cytotoxic agents
and ICI or placebos were administered as the first-line
treatment in the clinical trial. After four cycles, mainte-
nance therapy was continued. When disease progression
occurred, atezolizumab (1200 mg/body, day1) was
administered as the second-line therapy. He developed a
high fever of over 38.0oC on day 11 of cycle 1, and his
level of consciousness was depressed by day 15. There
were no apparent abnormalities on brain MRI. CSF ex-
amination revealed that the number of cells was not
increased despite the protein level being high (up to 130
mg/dL). The cytology of the CSF was class II. Methyl-
prednisolone (1000 mg for 3 d) was started on day 16,
on the basis of a possible diagnosis of atezolizumab-
induced meningitis. He became conscious and alert at
day 18, and his meningitis was then considered to have
ameliorated (Table 1).

Case 3
Case 3 was a 50-year-old man who was diagnosed

with advanced adenocarcinoma by pathologic examina-
tion. The TPS of the PD-L1 expression was 1% to 24%.
After three lines of treatment with cytotoxic chemo-
therapy, atezolizumab(1200 mg/body, day1) was started
as the fourth-line treatment. He developed a fever of
39.0oC or less on day 11, and his neck and legs gradually
became sore. He was transported by ambulance to our
hospital because of depressed consciousness on day 16.
On fluid-attenuated inversion recovery (FLAIR) MRI
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Figure 1. Findings of fluid-attenuated inversion recovery
magnetic resonance imaging after angiography in case 3
immediately after onset of depressed consciousness (A) and 4
days after the administration of methylprednisolone (B).
Abnormal enhancements were found along the lines of the
corpus callosum in Figure 1A (yellow arrows), which dis-
appeared in Figure 1B.
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after angiography, multiple abnormal enhancements
were found along the lines of the corpus callosum
(Fig. 1A). There was an increased number of cells, mainly
composed of monocytes (15/mL), and an increased level
of protein (358 mg/dL) in the CSF. The sugar level in the
CSF was 57 mg/dL, which was within the reference
range. Smears of acid-fast bacteria and other common
bacteria were negative. As the cytology of the CSF was
class II, drug-induced meningitis owing to atezolizumab
use was suspected. Atezolizumab was discontinued, and
methylprednisolone (1000 mg for 3 d), combined with
an antiepileptic drug (levetiracetam), was started on day
42. MRI taken 4 days after administration of methyl-
prednisolone revealed disappearance of the abnormal
enhancements (Fig. 1B and Table 1).

Discussion
Encephalitis and meningitis are reported to occur

more frequently with atezolizumab than with other ICIs,
and Japanese patients are said to be predisposed to these
irAEs. Of the 25 patients who were treated with atezo-
lizumab in our department, three (12%) developed
meningitis. This incidence rate is higher than that re-
ported in the OAK study, which included not only Japa-
nese patients but also those from other countries.4,7
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Among the Japanese patients registered in OAK study,
encephalitis and meningitis occurred on days 14 to 16 of
cycle 1, which was very similar to the time of onset in the
present study. In CSF examination, the number of cells
and the protein level were normal to slightly high and
high, respectively, which differed from the findings
typically observed in cases of infectious meningitis.
Furthermore, given the lack of malignant findings on the
CSF cytologic examination, carcinomatous meningitis
was ruled out, and we ultimately diagnosed the patients
with atezolizumab-induced meningitis. When patients
develop neurologic symptoms while undergoing treat-
ment with ICIs, specifically atezolizumab, CSF examina-
tions should be routinely performed to differentiate
between infectious meningitis and carcinomatous
meningitis.

In a report regarding encephalitis and meningitis
caused by cytotoxic T-lymphocyte–associated protein 4
inhibitors, a high signal intensity on meninges was
mentioned in some cases.8 One of the three cases in our
study exhibited abnormal enhancement along the lines
of the corpus callosum on FLAIR MRI after angiography.
This finding is assumed to have been induced by
immune-related meningitis owing to atezolizumab use as
the finding disappeared after administration of
methylprednisolone.

To our knowledge, there have been no detailed re-
ports of encephalitis and meningitis mediated by atezo-
lizumab in patients with NSCLC, making the current
report the first to describe detailed information on
atezolizumab-induced aseptic meningitis. We believe that
the findings obtained in our three cases include several
informative lessons. First, atezolizumab-induced menin-
gitis develops from approximately day 15 after the first
administration of atezolizumab; second, fever may be the
first symptom of atezolizumab-induced meningitis; and
third, a slight increase in cells and a marked increase in
the protein level can be observed in the CSF. These
findings can be the basis of a diagnosis of meningitis
mediated by ICIs. In addition, despite the lack of
abnormal findings on T1- and T2-weighted MRI, such
findings can be seen on FLAIR imaging after angiography.
Regarding the treatment of immune-related meningitis,
steroid pulse therapy resulted in prompt improvement of
the consciousness level in all three cases.
In summary, a variety of irAEs have been reported,
some of which are difficult to control. Among them,
immune-related encephalitis and meningitis often lead
to severe symptoms and a dismal prognosis, and so
they should be treated as promptly as possible. We
believe that the current report offers thoracic oncol-
ogists important information in the diagnosis, treat-
ment, and clinical course of atezolizumab-induced
meningitis.
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