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Abstract
Introduction  Immune checkpoint inhibitors (ICIs) can induce adverse neurological effects. Due to its rarity as an adverse 
effect, meningitis has been poorly described. Therefore, meningitis diagnosis and management can be challenging for spe-
cialists. Moreover, meningitis can be an obstacle to resuming immunotherapy. Given the lack of alternatives, the possibility 
of reintroducing immunotherapy should be discussed on an individual basis. Here, we present a comprehensive systematic 
review of meningitis related to ICIs.
Review  We performed a search for articles regarding immune-related meningitis published in PubMed up to November 2021 
with the MeSH terms “meningitis” and “immune checkpoint” using the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) method. We summarized the studies not only by category but also based on whether it was a 
primary article or case report to provide a systematic overview of the subject. We reviewed a total of 38 studies and herein 
report the clinical experiences, pharmacovigilance data and group knowledge from these studies.
Conclusion  This review summarizes the existing information on immune-related meningitis and the possibility of reintro-
ducing immunotherapy after the development of central neurological side effects. To the best of our knowledge, there is 
little information in the literature to guide clinicians on decisions regarding whether immunotherapy should be continued 
after a neurological adverse event occurs, especially meningeal events. This review emphasizes the necessity of systematic 
examinations, steroid treatment (as a cornerstone of management) and the need for further exploratory studies to obtain a 
clearer understanding of how to better manage patients who experience these side effects. The findings summarized in this 
review can help provide guidance to practitioners who face this clinical situation.
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Introduction

Currently, immune checkpoint inhibitors (ICIs) have become 
the standard of care for numerous cancers. In 2011, ipili-
mumab was approved by the Food and Drug Administration 
(FDA) to treat metastatic melanoma (MM), with an improve-
ment in progression-free survival (PFS) of 4 months [1]. In 
2015, nivolumab, an inhibitor of programmed death ligand 
1 (PDL1), improved the overall response of MM patients 
compared to dacarbazine [2]. In 2017, the combination 
of nivolumab and ipilimumab achieved a median overall 
survival (OS) of 60 months compared to the 36.9 months 
achieved with nivolumab alone for the treatment of MM [3]. 
Consequently, the nivolumab plus ipilimumab combination 
became the new standard of care for BRAF-negative MM.

However, ICIs induce unique side effects. Ipilimumab 
alone and its combination with nivolumab are associated 
with the highest rates of immune-related adverse effects 
(irAEs) among other immunotherapies, as 53% of patients 
treated with such regimens had grade 3–4 irAEs [4]. IrAEs 
can involve the central nervous system (CNS) and are often 
severe despite their rarity. Due to the difficulty in diagnosing 
neurological irAEs, the reported incidence of 1–5% is prob-
ably an underestimate [5]. In particular, immune-induced 
aseptic meningitis is associated with high rates of mortality 
and/or morbidity [7]. Systematic explorations with at least 
CNS imaging, lumbar puncture, viral screening and viral 
serology analysis are recommended by the European Soci-
ety for Medical Oncology (ESMO) [8]. If meningeal irAEs 
cause sufficient concern, management typically features 
high-dose steroid administration for at least 4 to 6 weeks 
with decreasing doses [8].

Whether ICIs should be resumed thereafter is still 
debated. After some irAEs develop, because of the lack of 
an efficient alternative option for metastatic disease treat-
ment, resuming ICIs can be the best choice. The current 
review attempted to summarize reported knowledge about 
the management of immune-related meningitis and the rein-
troduction of ICIs.

Methodology

We searched for articles related to immune-related meningi-
tis published on PubMed with the MesH terms “meningitis” 
and “immune checkpoint” up to November 19, 2021, using 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) method (Fig. 1.). We summarized 
primary articles and case reports to give a systematic over-
view of the subject.

Results

In 11 articles, 40 cases of immune-related meningitis or 
meningoencephalitis (with at least signs of meningitis on 
lumbar puncture) were reported [10–22] (Tables 1 and 2). 
An overview of the results is presented in Fig. 2. In our sys-
tematic review, 18 articles were reviews of neuronal irAEs. 
Their main points are summarized in the following sections 
in parallel with a description of the case series.  

Population characteristics

Data from 40 patients, including 22 men and 16 women 
with a median age of 56  years, were collected [range 
19–82 years]. Overall, 21 patients (52.5%), 10 patients 
(25.0%), six patients (15.0%), two patients and one patient 
presented with melanoma, lung cancer, renal cell carcinoma, 
Hodgkin lymphoma, and colorectal cancer with microsatel-
lite instability, respectively. Four patients (10.0%) had brain 
metastasis, and surgery was performed on one patient, but 
no other data on local treatment were reported for the other 
patients.

Ipilimumab and nivolumab were the most frequently 
prescribed ICIs. The combination of both was used in 
16 patients (40.0%), ipilimumab alone was used in seven 
patients (17.5%), and nivolumab alone was used in five 
patients (12.5%). Pembrolizumab was used in six patients 
(15.0%), atezolizumab was used in five patients, and spar-
talizumab was used in one patient.

Clinical outcomes

The most common symptoms were headache, fever, cogni-
tive disturbance and gait instability. The symptoms began 
after a median of 2 cycles [range 1–14 cycles]. The clini-
cal status of patients deteriorated quickly, occurring within 
a few days after the beginning of symptoms. All patients 
except three presented with cerebrospinal fluid (CSF) lym-
phocytosis. One patient refused lumbar puncture, and one 
did not have detectable cells in the CSF [11], and their last 
exam showed only a protein content over 6 g/L [14]. Data 
on the white blood cell count was available for 17 patients, 
with a median value of 25 cells/mm3 (0–320 cells/mm3). 
Proteinorachy was described for 16 patients, with a median 
value of 0.87 g/L (0.3–3.85 g/L). Cerebral imaging was 
performed by magnetic resonance imaging (MRI) for 38 
patients, with diffuse leptomeningeal enhancement observed 
in 16 (42.1%). One patient had cerebral edema, which is a 
sign of encephalitis [19]. No specific signs were reported 
for 21 patients (55%). Some cases reported specific contrast 
enhancement of the basal ganglia, pituitary gland, corpus 
callosum or frontal lobe.
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Identification of the studies obtained via databases and registers
Sc

re
en

in
g

Articles sought for retrieval

(n = 42)

Reports assessed for eligibility

(n = 38)

Articles included in the review 

(n = 38)

In
cl

ud
ed

Id
en

tif
ic

at
io

n

Records removed before screening (n=43): 

- Articles on another subject (n = 40)

- Records removed for other reasons (n = 3)

Records excluded after screening (n = 4):

- Articles reporting data from already included case-reports (n=2)

- Articles on the physiopathology of carcinomatous meningitis and 

effects of immunotherapy (n=2)

Record details (n = 38):

- Case reports (n=11)

- Reviews of neuronal immune-related adverse effects (n=18)

- Studies on pharmacovigilance (n=3)

- Immunotherapy articles with data on immune-related meningitis 

(n=6) 

Records identified from Medline using the following 

search terms: ((meningitis) AND (immunotherapy) 

OR (immune checkpoint))

Registers (n = 85)

Fig.1   PRISMA flow diagram of the literature search strategy

Treatment and evaluation

Proper tapering of high-dose corticosteroids is the corner-
stone of treatment [70]. Unfortunately, 20% of patients did 
not improve with corticosteroids alone, and the addition of 
an immunosuppressive agent was required [71, 72]. Due to 
the potential residual benefit of ICIs, multidisciplinary dis-
cussions and decisions, particularly about the management 
of severe cases, are important, especially when the patient 
is in intensive care [73].

In our case series, the main treatment component was 
steroids. 30 patients received intravenous (IV) steroids 
(75.0%), and five received oral steroids (12.5%). The initial 
dose varied between 1 g/day and 1 mg/kg/day for 3 to 5 days, 
followed by a dose reduction over a median of 6 weeks after 

improvement. Katakura et al. reported a patient treated with 
30 mg of oral steroids but did not specify the time to com-
plete recovery.

In six patients (15.0%), symptoms did not improve after 
steroid treatment. IV immunoglobulins were administered to 
five patients, and infliximab was introduced to two patients. 
Garcia et al. reported a patient who improved after IV ster-
oid administration but quickly relapsed at the end of the 
steroid decrease. Consequently, a combination of steroids 
and immunoglobulins was tried, but the outcome was unsat-
isfactory. The addition of infliximab finally induced a near 
complete recovery [23]. Thouvenin et al. reported the case of 
a 63-year-old man treated with nivolumab for renal cell car-
cinoma who developed immune-related meningoencephalitis 
with uncontrolled choreatic movements. Despite steroid and 
infliximab treatments, the patient deteriorated and died [19].
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After the initiation of the treatment, improvement usually 
occurred in a few days. However, Bompaire et al. reported 
a case of severe meningoneuritis that required IV steroids 
and immunoglobulin, which induced symptom improve-
ment within only 1 month. The patient remained in complete 
remission after 24 months [24]. Sequelae-free complete 
recovery was observed in 35 patients (87.5%). Only three 
patients (7.5%) did not achieve complete symptom improve-
ment. All of these patients had clinical signs more related 
to encephalitis (ataxia and diplopia) [25, 26] or polyradicu-
loneuropathy [12] than to meningitis. Kopecky et al. and 
Minami et al. reported two cases of death due to meningitis 
(4.9%). Both patients died quickly, 1 week after the begin-
ning of deterioration, despite the start of high-dose steroids 
and/or infliximab [17, 27].

In five cases, the authors did not administer treatment 
because of low-grade meningitis. Spontaneous improvement 
was noted at a median time of 10 days (7–65 days) [11, 19].

Follow‑up and therapy reintroduction

After recovery, ICI reintroduction was proposed in 14 
patients (35.0%). In four patients, the same ICI was pre-
scribed. New irAEs were reported in three patients after 
reintroduction, all of whom had received the same ICI. One 
patient developed interstitial lung disease and meningitis 
relapse, and the other two developed adrenal insufficiency 
[11, 21, 28]. Takamasu et al. reported that a patient with 
stage IV renal cell carcinoma achieved a complete response 
owing to the combination of ipilimumab 1  mg/kg and 
nivolumab 3 mg/kg, despite irAE reoccurrence [28]. Six of 
the seven cases reported by Cuzzubbo et al. did not experi-
ence irAE reoccurrence, even after ICI continuation, with 
two of the six cases receiving dual ICI treatment with 1 mg/
kg ipilimumab. The patient treated with spartalizumab was 
diagnosed with interstitial lung disease shortly after reintro-
duction of the same ICI [11]. Fellner et al. also reported suc-
cessful outcomes after the reintroduction of ICIs, but only 
with nivolumab, as irAEs developed with the combination 
of ipilimumab and nivolumab [81].

Five patients who received therapy reintroduction (35.7%) 
demonstrated progressive disease, and three of these patients 
succumbed to disease-related death. Five patients (35.7%) 
had a complete or partial response, and one other had a dis-
sociated response. No stable disease was reported in the 
therapy reintroduction population.

At the last follow-up after irAEs were reported, among 
the patients with reported data, the overall response rate was 
51.9%. Five patients achieved a complete response (18.5%), 
and nine patients achieved a partial response (33.3%). Eight 
patients experienced disease progression (29.6%), and five 
patients had stable disease (18.5%). The disease control rate 
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was 70.4%, which is comparable to the rates reported in 
phase 3 studies of immunotherapy [3, 29].

Pharmacovigilance studies

Three articles analyzed pharmacovigilance data using dis-
proportionality analysis, and the results revealed an associa-
tion between ICI use and neurotoxicity [7, 30, 31]. Johnson 
et al. reported 18,518,994 neurological AEs, among which 
48,653 were related to ICIs. The researchers concluded 
that the patients receiving ICIs had a higher incidence of 
myasthenia gravis (ROR = 16.5), encephalitis (ROR = 10.4), 
peripheral neuropathy and meningitis compared to those 
receiving other systemic treatments (ROR = 3.1). Meningitis 
(0.15% of patients in their cohort) was preferentially associ-
ated with the use of anti-CTLA-4 agents [7].

Sato et al. reported data from the Japanese Adverse Drug 
Event Report database. From a total of 7604 cases of irAEs, 
they identified 583 (7.67%) neurological AEs related to 
ICIs. The authors compared the incidences of AEs between 
nivolumab and other ICI subtypes. They concluded that the 
use of ipilimumab was associated with a higher incidence of 
meningitis. The time to the development of meningitis was 
shorter than the time to the development of other neurologi-
cal irAEs [31]. In another study of 50,406 irAEs by Mikami 
et al., they used the FDA reporting system and identified 
3619 neurological irAEs (7.2%). This number is similar 
to that reported by Sato et al., but Mikami et al. showed a 
higher incidence of neurological complications with the use 
of ICIs than non-ICI drugs. ICI combinations were associ-
ated with a higher incidence of neurological complications, 
mainly hypophysitis and hypopituitarism. The authors do 
not report any other risk factors associated with this higher 
incidence. Dual ICI therapy, older age, melanoma and non-
small-cell lung cancer (NSCLC) seemed to be associated 
with a higher risk of fatal neurological irAEs, including 
meningeal irAEs [30].

ICI efficacy in brain and leptomeningeal metastasis

Of the studies retrieved by our literature search, five arti-
cles focused on the efficacy of ICIs in patients with central 
nervous system metastasis. Kuske et al. reviewed different 
treatments for melanoma brain metastasis and reported on 
phase 2 studies that evaluated ICIs in brain metastasis, which 
showed an intracranial response of approximately 42 to 55%. 
No difference in safety data was reported, except for slightly 
more headaches of any grade with dual ICI treatment [32].

Nguyen et al. focused on leptomeningeal metastasis and 
reported on the findings of different ongoing studies evaluat-
ing ICIs in this context. The researchers provided an interim 
analysis of the Brastianos et al. study, with 44% of patients 
alive at 3 months after pembrolizumab treatment for solid Ta
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tumor leptomeningeal metastasis [33, 34]. The use of ICIs 
in this setting was also the topic of a review by Kondoh 
et al. [35].

For NSCLC, Gio et al. reported the efficacy of nivolumab 
in treating leptomeningeal metastasis and did not report 
any neurological irAEs [36]. Hendricks et al. reported an 
analysis of 19 patients with leptomeningeal metastases from 
NSCLC treated with ICIs. No safety data were reported, but 
the median overall survival was 3.7 months [37]. Nakashima 
et al. also reported the case of a 66-year-old woman with 

MRI: ∫

• Normal (56.4%)
• Diffuse leptomeningeal 

enhancement (43.6%)

Lumbar Puncture:

• Lymphocytosis and 
elevated proteins

• Usual viral and 
bacterial screening 
nega�ve

Median number of 2 ICI cycles before 
irAEs [from 1 to 14 cycles]

Treatment: †
IV Steroid: 1 g/day to 1 mg/kg/day for 3-5 
days (63.4%) Followed by oral steroid 
tapering over 2-3 months
No improvement a�er treatment by steroid 
(14.6%):
• 5 pt had immunoglobulin treatment
• 2 pt had infliximab treatment

No treatment (12.2%)

Outcomes:
∆

Complete recovery = 87.8%
Sequels (signs of encephali�s) = 7.3%

2 deaths (4.9%)

Main Symptoms: * 

Headache (58.5%)
Fever (53.7%)

Cogni�ve disturbance (41.5%)
Gait instability (31.7%)

Stop or Reiterate the Process:
15 cases of rechallenge (36.6% of all cases)

4 with the same ICI

• CR/PR: 6 cases (40.0%)
• PD: 5 cases (33.3%)

3 irAEs post-rechallenge (meningi s relapse, 
adrenal insufficiency, inters  al lung disease)
including 1 CR & 0 deaths 

Fig. 2   Summary of the 41 cases reported in this review. * = percent-
ages of the symptoms reported in the 41 cases; patients could have 
more than one symptom; ∫ = percentages from the case reports 
including MRI results (n = 39); † = percentages from the case reports 
on treatment initiation (n = 41); ∆ = percentages from the case reports 
about the patient course after diagnosis of irAEs (n = 41). Abbre-

viations: CR complete response, PD progressive disease, PR par-
tial response, pt patients, ICI immune checkpoint inhibitor, irAEs  
immune-related adverse events, IV  intravenous, MRI magnetic reso-
nance imaging. The figure was generated with illustrations from 
smart.servier.com

meningeal carcinomatosis from NSCLC treated with ICIs in 
combination with whole brain radiation. She achieved more 
than 23 months of survival without disease progression. 
This case introduced the idea of including radiotherapy in 
the treatment regimen. A higher irAE incidence with radio-
therapy has not been reported [38–42].

These articles underline the importance of ICIs for the 
treatment of metastatic CNS tumors and confirm that there 
is no obvious increase in the incidence of irAEs after such 
treatment.
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Discussion

Clinical signs and diagnosis

Neurological irAEs can present as various symptoms [43, 
44]. In particular, CNS symptoms are easily underestimated 
because they manifest at a lower intensity than related symp-
toms. Usually, neurological irAEs are described in three cat-
egories: encephalitis, aseptic meningitis and multiple scle-
rosis. Nonspecific isolated symptoms, such as headaches, 
are the most frequently reported symptoms (55%) and are 
usually low intensity [45].

Other than isolated symptoms, encephalitis and encepha-
lopathy are the most frequently reported irAEs. Regardless, 
they occur in less than 1% of patients treated with ICIs [6]. 
Medical practitioners must be aware of these complica-
tions, especially due to the broad range of symptoms that 
can occur. Indeed, unexplained paucisymptomatic headache 
or focal weakness can be manifestations of grade 1 CNS 
irAEs [10]. Larkin et al. reported 6 cases of encephalitis, 
and most patients presented with mental disturbance, sei-
zure and fatigue. Five of the six patients required prolonged 
hospitalization, and one of them died from complications 
[10]. Encephalitis leads to increased major morbidity and 
mortality, especially in cases of limbic encephalitis and 
cerebral inflammation, even with the administration high-
dose steroids [46, 47]. Some pharmacovigilance databases 
have revealed a fatality rate of 19% when the brainstem is 
involved [48, 49]. The distinction between neurological 
irAEs and CNS infection can be challenging, particularly 
due to the lack of specific positive criteria and the presen-
tation of flu-like symptoms in some cases of irAEs [50]. 
Infection can also probably induce neurological irAEs, as 
reported in some cases after herpes simplex infection or 
Epstein–Barr infection [49, 51]. Ultimately, the diagnosis 
should be based on a systematic approach with MRI, lumbar 
puncture, electroencephalography (EEG) if clinically indi-
cated, and screening for typical autoimmune antibodies and/
or infectious causes is necessary (Herpesviridae, enterovi-
rus, varicella, and/or bacterial culture) [53, 54]. Nonspe-
cific inflammatory signs can be revealed on MRI and can be 
consistent with the presence of lymphocytic or neutrophilic 
pleocytosis, leading to the overlapping diagnosis of immune-
induced meningoencephalitis. Of note, all of these tests can 
also yield normal results; ultimately, patient history and 
symptom resolution with corticosteroid therapy are factors 
indicative of a diagnosis of immune-related encephalitis [8].

The second most common CNS irAE described in the 
series was aseptic meningitis, which was more common 
with ICI combinations, especially combinations with ipili-
mumab. Immune-related aseptic meningitis occurred earlier 

than other neurological irAEs, with a median duration of two 
cycles and a delay of 9 days from the last injection of ICI to 
the manifestation of clinical signs [7, 45, 55, 56]. Immune-
related aseptic meningitis occurs in less than 1% of cases and 
represents 6 to 15% of all neurological irAEs [5, 45, 57]. The 
clinical presentation varies from headache with photophobia 
to complete cranial hypertension with seizure. This variabil-
ity in symptoms can make it difficult to distinguish aseptic 
meningitis from encephalitis. MRI results are often normal 
or reveal leptomeningeal inflammation. Lumbar puncture 
usually shows lymphocytosis with elevated protein, which 
is defined according to ESMO as a white blood cell count 
between 5 and 500/µL [7]. The CSF is sterile and negative 
for cytopathology. There are several overlapping diagnos-
tic algorithms used to facilitate the differential diagnosis 
of immune-related meningitis [8, 58–60]. When testing 
for encephalitis, lumbar puncture and MRI with infectious 
disease screening (in particular, PCR for herpes simplex 
virus but also typical bacterial screening) are essential [61]. 
When peripheral symptoms are associated with central clini-
cal signs, screening for thyroid dysfunction and/or vitamin 
B12/B9 deficiency is recommended [59].

Prevention of irAEs and survival outcomes

Because ICIs are almost universally accepted, the preven-
tion of side effects is key to improving the benefit-risk ratio 
[65, 66]. The incidence of irAEs depends on the ICI, and 
different strategies have been explored to limit irAEs [67]. 
The Checkmate 511 study evaluated two combinations 
of nivolumab and ipilimumab, comparing treatment with 
nivolumab 1 mg/kg and ipilimumab 3 mg/kg and treatment 
with nivolumab 3 mg/kg and ipilimumab 1 mg/kg [68]. After 
3 years, the number of grade 3–5 irAEs was significantly 
lower in the second group (48.3% versus 33.9%), with-
out any difference in OS or PFS [68]. Only the irAEs that 
occurred in at least 10% of their population were actually 
reported, so specific data on meningitis are not available.

The prognostic value of irAEs has also been evaluated. 
Patients who developed side effects seemed to have better 
survival outcomes than those without any adverse effects 
[69]. Indini et al. showed improvements in both PFS and 
OS among patients with MM [9]. Shah et al. analyzed sur-
vival data from a cohort of patients who were readministered 
ICIs after irAEs occurred, and they reported the worst OS 
and PFS outcomes for patients with a shorter time to the 
development of initial or post-reintroduction irAEs. On the 
other hand, patients had a lower risk of disease progression 
if they completed more than 10 weeks of treatment after the 
resumption of ICIs.
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Reintroduction of ICIs

The reintroduction of ICIs after the resolution of irAEs is 
still controversial. The National Comprehensive Cancer Net-
work (NCCN), ESMO and the American Society of Clini-
cal Oncology (ASCO) propose reintroducing ICIs only in 
cases of grade 1 or 2 irAEs [8, 70, 72]. Indeed, some reports 
have shown that half of the patients with severe irAEs will 
develop the same or distinct irAEs after the reintroduction of 
ICIs [74]. However, patients experiencing irAEs could have 
better OS and PFS outcomes after reintroduction than those 
who change treatment regimens [75]. A better understanding 
of the mechanisms of each irAE is clearly required [76–78].

The management and follow-up of patients with irAEs 
should be specific to the system affected. Indeed, patients 
with immune-related hepatitis as an irAE seem to be ame-
nable to the reintroduction of ICIs, with more than 60% of 
patients avoiding recurrence of grade 2 or greater hepatitis in 
the study of Allouchery et al. [79]. In contrast, Simonaggio 
et al. reported that 55% of their patients experienced irAEs 
after reintroduction. In these patients, colic, pulmonary, joint 
and hematological toxicities were most likely to occur [74]. 
Dolladille et al. also explored the characteristics of irAEs 
after the reintroduction of ICIs, and the results showed that 
colitis and pneumonitis had higher recurrence rates than 
rarer irAEs, such as endocrine irAEs [80]. Although there 
are more than 400 reported irAEs, the rarity of CNS events 
complicates their analysis. The severity of irAEs, systems 
affected by irAEs, alternative therapeutic strategies and 
patient preference must be considered before the resump-
tion of ICIs.

Regarding immune-related meningitis, case reports 
tend to show that reintroduction of ICIs is possible and can 
achieve good outcomes. Different strategies can be used, 
particularly for dual therapy. The reintroduction of ipili-
mumab has remained controversial because anti-CTLA4 
agents are associated with a higher rate of meningitis and 
irAEs [7, 67]. Albandar et al. also studied survival outcomes 
after the reintroduction of ICIs, and they reported a median 
OS of 38.6 months among patients in whom treatment was 
reinitiated after interruption versus 24.9 months among 
patients in whom treatment was discontinued. However, this 
difference was not significantly different [82]. Only a few 
studies exploring the possibility of ICI reintroduction have 
been reported, so further studies are needed to help better 
understand and manage these meningeal irAEs.

Conclusion

With the emergence of ICIs, AEs have become a new 
challenge for specialists. In this review, we attempted to 
describe the variety of clinical signs and consequences of 

neurological irAEs. Due to their rarity, particularly men-
ingitis, the guidelines recommend systematic biological 
and clinical examinations to avoid misdiagnosis. Steroids 
remain the principal treatment for neurological irAEs and 
successfully resolve the majority of cases. However, whether 
ICIs should be reintroduced remains to be determined. The 
answer seems to depend on the system involved, kinetics of 
improvement and clinical severity, but good outcomes have 
been achieved after reintroduction in some patients with 
immune-related meningitis. The collection of additional 
data in the near future will help to personalize the manage-
ment strategy and follow-up schedule for patients with such 
irAEs. In conclusion, our review provides a comprehensive 
summary of the real-world knowledge on immune-related 
aseptic meningitis, which we hope will provide guidance for 
physicians who manage these patients.
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