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Abstract Aim: Immune checkpoint inhibitor-induced encephalitis (ICI-iE) is a rare but life-
threatening toxicity of immune checkpoint inhibitor treatment. We aim to identify the charac-
teristics of ICI-iE and describe factors that discriminate it from herpes simplex virus (HSV)-1
encephalitis and anti-leucine-rich glioma-inactivated 1 (anti-LGI1) encephalitis, as two alter-
native entities of encephalitis.

Methods: In this retrospective multicentre cohort study, we collected patients with ICI-iE re-
ported to the Side Effect Registry Immuno-Oncology from January 2015 to September 2021
and compared their clinical features and outcome with 46 consecutive patients with HSV-1 or
anti-LGI1 encephalitis who were treated at a German neurological referral centre.

Results: Thirty cases of ICI-iE, 25 cases of HSV-1 encephalitis and 21 cases of anti-LGI1 en-
cephalitis were included. Clinical presentation of ICI-iE was highly variable and resembled
that of HSV-1 encephalitis, while impairment of consciousness (66% vs. 5%, p = .007), confu-
sion (83% vs. 43%; p = .02), disorientation (83% vs. 29%; p = .007) and aphasia (43% vs. 0%;
p = .007) were more common in ICI-iE than in anti-LGI1 encephalitis. Antineuronal anti-
bodies (17/18, 94%) and MRI (18/30, 60%) were mostly negative in ICI-iE, but cerebrospinal
fluid (CSF) showed pleocytosis and/or elevated protein levels in almost all patients (28/29,
97%). Three patients (10%) died of ICI-iE. Early immunosuppressive treatment was associated
with better outcome (r = 0.43).

Conclusions: 1CI-iE is a heterogeneous entity without specific clinical features. CSF analysis has
the highest diagnostic value, as it reveals inflammatory changes in most patients and enables the
exclusion of infection. Early treatment of ICI-iE is essential to prevent sequelae and death.

© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Immune checkpoint inhibitors (ICIs) have been a break-
through in the treatment of many malignancies. However,
owing to their powerful immune activation, 15—59% of
patients develop severe (Common Terminology Criteria
for Adverse Events, CTCAE, grade >3) autoimmune
phenomena, referred to as immune-related adverse events
(irAEs) [1—3]. Neurological irAEs (irAE-n) occur in
4—12% of patients [4] and can affect the central nervous
system (CNS), the peripheral nervous system and the
neuromuscular junction [5—9]. Besides myasthenic syn-
dromes and myositis - which can be accompanied by fatal
myocarditis [10] - ICI-induced encephalitis (ICI-iE) is a
particularly severe irAE-n with a complex differential
diagnosis and a mortality rate of 13—32% [11—14].

Until now, data on the clinical features and diag-
nostic criteria of ICI-iE have been limited [12—15]. Yet,
defining the characteristics of ICI-iE is essential to
differentiate it from other types of encephalitis or pro-
gressive tumour disease. For example, patients with
advanced cancer are at risk of infectious encephalitides,
such as herpes simplex virus (HSV)-1 encephalitis, which
could worsen in the case of erroneous immunosuppres-
sive treatment [16—19]. Moreover, recent studies have
described limbic encephalitis as a common presentation
of ICI-iE [14] and reported anti-leucine-rich glioma-
inactivated 1 (anti-LGI1) antibodies in patients with
ICI-E [20]. Therefore, anti-LGI1 encephalitis — one of
the most prevalent limbic encephalitis in the elderly —
might share clinical features with ICI-IE but has
different therapeutic and prognostic implications
[21,22].

Here, we systematically investigated the characteris-
tics and outcome of ICI-iE and compared these with
cases of HSV-1 and anti-LGI1 encephalitis to enhance
the awareness of ICI-iE and improve its diagnostic and
therapeutic management.

2. Methodology

To identify patients with ICI-E, we screened the Side
Effect Registry Immuno-Oncology (SERIO), an inter-
national online registry coordinated from the Ludwig-
Maximilian University Hospital in Munich in coopera-
tion with the Paul-Ehrlich Institute. Additionally, can-
cer centres in Germany, the Netherlands, Japan, and
Australia were queried for cases.

To diagnose ICI-iE, patients had to fulfil consensus
criteria of definite, probable or possible 1CI-iE, as
described previously [23]. We only included cases of
possible ICI-iE if symptoms improved with immuno-
suppressive treatment and disease course made differ-
ential diagnoses implausible. Clinical, laboratory and
radiologic characteristics as well as outcome measures
were assessed using standardised case report forms.

For patients with HSV-1 and anti-LGI1 encephalitis,
we searched electronic medical records of a German
neurological referral centre (Charité Uni-
versitdtsmedizin Berlin) for the ICD-10 diagnoses B00.4
(herpetic encephalitis) and G.04.x (encephalitis, myelitis,
and encephalomyelitis). HSV-1 encephalitis was diag-
nosed if signs of encephalitis were present, and HSV-1
desoxyribonucleic acid was detected in the cerebrospinal
fluid (CSF) by polymerase chain reaction, or HSV-1-
specific CSF/serum antibody ratio was elevated. Anti-
LGI1 encephalitis was diagnosed according to criteria
described previously [24].

We evaluated all consecutive patients presenting be-
tween January 2015 and September 2021. LMJ and SK
verified the diagnosis of ICI-iE, HSV-1, and anti-LGI1
encephalitis; in cases of disagreement, PH was con-
sulted until consensus was reached.

Group comparisons of categorical and continuous data
were performed using Chi-squared or Fisher’s exact test
and the Kruskal—Wallis test, respectively. Correlation
analysis was performed using the two-sided Spearman’s
correlation coefficient. An alpha level of <0.05 was defined
as statistically significant. P-values were adjusted for mul-
tiple comparisons using the false discovery rate method
[25]. Statistical analyses and illustrations were performed
using Microsoft Excel (version 16.52), GraphPad Prism
(version 7) and IBM SPSS Statistics (version 27.0).

The study was approved by the ethics commission in
Erlangen (17_16_Bc; 2_20_B) and Munich (20—1122).
For patients enrolled at the Charit¢ Uni-
versitdtsmedizin, Berlin §25 of the Berlin legislation for
hospitals allows the use of routine care data for scientific
purposes. For patients enrolled elsewhere, each cancer
center had approval or exemption of the respective
institutional review board.

3. Results

A total of 96 patients were screened for the study: Fifty
reported cases of suspected ICI-iE (Supplemental Table
1 and 2), 25 cases of HSV-1 encephalitis and 21 cases of
anti-LGI1 encephalitis. After application of consensus
disease definition [23], we included 30 patients with ICI-
iE. For patient’s characteristics, see Table 1 and
Supplemental Table 1.

3.1. Signs and symptoms

Most common features of ICI-iE were disorientation (25/
30 [83%]), confusion (25/30 [83%]), memory deficits (17/25
[68%]) and impaired consciousness (19/29, [66%]; Fig. 1).
Focal deficits included aphasia (13/30 [43%)]), cerebellar
dysfunction (e.g., vertigo, dysarthria, ataxia; 11/30 [37%])
and other signs such as tremor, myoclonus, hemiparesis
and diplopia (9/30 [30%)]). Meningoencephalitis without
focal signs was observed in eight patients (27%). Inter-
estingly, 11 of 27 patients for whom data were available
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Table 1

Characteristics of patients with ICI-iE, HSV-1 encephalitis and anti-LGI1 encephalitis.

Variable ICI-iE (n = 30) HSV-1 (n = 25) LGIl (n = 21)
Female 13/30 (43) 14/25 (56) 9/21 (43)
Age at onset, y 66 (56—78) 67 (51-78) 68 (51-73)
Neoplasm
Melanoma 17/30 (57) 0(0) 0(0)
Lung (NSCLC, SCLC) 4/30 (13) 0 (0) 0 (0)
Squamous cell carcinoma 2/30 (7) 0 (0) 0 (0)
Renal cell carcinoma 2/30 (7) 0 (0) 0 (0)
Other 5130 (17)," 5/25 (20) © 0 (0)
Brain metastases 5129 (17) 0 (0) 0 (0)
ICI therapy*
PD-1 13/29 (45)
PD-L1 3/29 (10)
CTLA-4 3/29 (10)
ICI combination 10/29 (35)
Comorbidities
Neurological/psychiatric comorbidity 5/30 (17) 10/25 (40) 3/21 (14)
Additional irAE 21/30 (70)
MRI
Signs of encephalitis 9/30 (30) 23/24 (96) 15/21 (71)
Signs of meningitis 4/30 (13) 6/24 (25) 0/21 (0)
Normal 18/30 (60) 1/24 (4) 6/21 (29)
EEG
Epileptiform abnormal activity 2/17 (12) 5/15 (33) 2/18 (11)
Non-epileptiform abnormal activity 13/17 (77) 15/15 (100) 6/18 (33)
Normal 4/17 (24) 0/15 (0) 11/18 (61)
Antineuronal antibodies (serum or CSF) 1/18 (6) 1/11 (9) 21/21 (100)
Onset after first ICI administration, weeks (n = 29) 12 (4-21)
No. of ICI cycles (n = 26) 2 (1-7)
CTCAE grade of ICI-E 3 (34
mRS at onset (n = 22/25/21) 3 (3-4) 3(2-3) 3(2-3)
ICU treatment 11/30 (37) 14/25 (56) 2/21 (10)
Treatment
Corticosteroids 29/30 (97) 3/25 (12) 19/21 (91)
Plasma exchange/apheresis 5129 (17) 0 (0) 11/21 (53)
IVIG 3/26 (12) 0 (0) 8/21 (38)
Rituximab 2/29 (7) 0 (0) 17/21 (81)
Other 1/29 (3) 24/25 (96) 0/21 (0)
Full recovery 13/30 (43) 5125 (20) 5120 (25)
Time from treatment to improvement of symptoms, days (n = 24/16/17) 14 (3-21) 18 (7—-28) 56 (28—84)
Recovery with sequelae / ongoing symptoms 14/30 (47) 14 (56) 15/20 (75)
Lethal outcome 3/30 (10) 6 (24) 0/20 (0)
ICI rechallenge 6/29 (21)
Follow-up, months (n = 29/25/20) 7 (3—30) 1 (0-2) 17 (7-29)

Values are median (interquartile range, IQR) or n (%). In cases of missing data, numbers of cases for ICI-iE, HSV-1 encephalitis and anti-LGI1
encephalitis, respectively, are given as a fraction or in brackets next to each item. CTCAE = Common Terminology Criteria for Adverse Events;
CSF = cerebrospinal fluid; CTLA-4 = cytotoxic T-lymphocyte-associated protein 4; HSV-1 = herpes simplex virus 1 encephalitis; ICI = immune
checkpoint inhibitor; ICU = intensive care unit; irAE = immune related adverse event; ICI-E = ICl-induced encephalitis; IVIG = Intravenous
immune globulin; LGI1 = anti-LGII encephalitis; mRS = Modified Rankin Scale; NSCLC = non-small cell lung cancer; PD-1 = programmed

cell death protein 1; PD-L1 = programmed death-ligand 1; SCLC = small cell lung cancer; y = years.
 breast cancer, cholangiocarcinoma, endometrial cancer, hepatocellular carcinoma, Merkel cell carcinoma.
® breast cancer, glioblastoma, leukaemia, multiple myeloma, thyroid cancer.

¢ One patient was blinded for ICI-type (nivolumab + ipilimumab).

(41%) developed mild hyponatremia (median, 131 mmol/l
[IQR, 129—132]), which was linked to syndrome of inap-
propriate antidiuretic hormone secretion (STADH) in two
patients (18%). One of them had coexisting ICI-induced
hypophysitis explaining the SIADH. In the other cases
the cause of hyponatremia remained unknown.
Impaired consciousness, confusion, disorientation,
and aphasia were more common in patients with ICI-iE
compared to patients with anti-LGI1 encephalitis (19/29

[66%)] vs. 1721 [5%], p = .007; 25/30 [83%)] vs. 9/21 [43%],
p = .02; 25/30 [83%] vs. 6/21 [29%], p = .007; 13/30
[43%)] vs. 0/21 [0%)], p = .007, respectively; Fig. 1). While
memory deficits — a characteristic of limbic encephalitis
— were common in both groups (17/25 [68%)] and 18/21
[86%] for ICI-iE and anti-LG1 encephalitis, respectively;
p = .16), seizures occurred more frequently in patients
with anti-LGI1 encephalitis (18/21 [86%)] vs. 8/30 [27%],
respectively; p = .007).
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Fig. 1. Comparison of clinical and diagnostic characteristics of patients with ICI-IE, HSV-1 encephalitis and anti-LGI1 encephalitis. Bars
depict frequencies. In cases of missing data, numbers of cases for ICI-iE, HSV-1 encephalitis and anti-LGI1 encephalitis, respectively, are
given in brackets below each characteristic. Group comparisons were performed using the Chi-squared test or Fisher’s exact test, if >20%
of expected values were less than five. * = p < 0.05, ** = p < 0.01; anti-LGI1 = anti-leucine-rich glioma-inactivated; HSV-1 = herpes
simplex virus 1, ICIE = immune checkpoint inhibitor-induced encephalitis.

In contrast, the clinical presentation of HSV-1 en-
cephalitis highly resembled that of ICI-iE. Only behav-
ioural and personality changes were more common in
patients with ICI-E than in those with HSV-1 enceph-
alitis (11/23 [48%] vs. 3/25 [12%]; p = .03; Fig. 1).

3.2. MRI

Brain MRI was normal in 60% of ICI-iE cases (18/30;
Table 1, Fig. 2B). If MRI lesions were present, they were

often nonspecific and included focal contrast enhance-
ment or T2 hyperintensities in the white matter, lep-
tomeninges and ependyma (Supplemental Table 1).
Typical lesions in the medial temporal lobes and menin-
geal involvement were described in only three (10%) and
four (13%) patients with ICI-iE, respectively (Fig. 2A). In
contrast, patients with HSV-1 and anti-LGI1 encephalitis
presented typical MRI features of encephalitis more
frequently (23/24 [96%] and 15/21 [71%)] vs. 9/30 [30%)], p
= .007 and p = .02, respectively; Figs. 1, 2C and 2D).
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A ICI-E no. 1 B ICI-E no. 2

C Anti-LGI1 encephalitis D HSV-1 encephalitis

Fig. 2. MRI in patients with immune checkpoint inhibitor-induced encephalitis (ICI-iE), anti-LGI1 encephalitis and HSV-1 encephalitis. (A)
ICI-iE no.1: Axial (left) and coronal (right) fluid-attenuated inversion recovery (FLAIR) images (A1) and axial T2-image (A2) show a
hyperintense signal of the temporal lobe and insular cortex (arrows) and the left thalamus (stars) in a patient with ICI-iE. Diffusion-
weighted imaging (DWI) shows discrete signal alterations indicative for vasogenic oedema (arrow, A3), while contrast-enhanced T1-image
is normal (A4). (B) ICI-iE no. 2: Normal presentation of FLAIR- (B1), T2- (B2), DWI- (B3), and contrast-enhanced T1-images (B4) in a
patient with ICI-E. (C) Anti-LGI1 encephalitis: Characteristic hyperintense signal and oedema of the left hippocampus (arrows) in axial
(left) and coronal (right) FLAIR image (C1) and T2-image (C2). T2-shine-through effect in DWI image (arrow, C3). Normal presentation
of contrast-enhanced T1-image (C4). D) HSV-1 encephalitis: Distinct hyperintense signal and oedema of the left hippocampus (arrows) in
axial (left) and coronal (right) FLAIR image (D1) and T2-image (D2). T2-shine-through effect in DWI image (arrows, D3). Contrast-
enhanced T1-image with discrete leptomeningeal enhancement of left-temporal sulci (arrow, D4).
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Fig. 3. Comparison of CSF parameters in patients with ICI-iE, HSV-1 encephalitis and anti-LGI1 encephalitis. Box plots depict median
(horizontal bar), interquartile range (hinges) and minimum and maximum values (whiskers) (A—D). Bar graphs depict frequencies (E, F).
Dotted lines depict normal ranges. Group comparisons were performed using the Kruskal—Wallis test. In patients with ICI-iE, CSF WBC
(A) and CSF protein levels (B) were elevated compared to patients with anti-LGI1 encephalitis. Levels of CSF lactate (C) and CSF glucose
(D) were comparable between all three groups. Patients with ICI-iE showed lymphomonocytic cytology (E), but no intrathecal synthesis of
immunoglobulins (F). CSF = cerebrospinal fluid; HSV-1 = herpes simplex virus 1 encephalitis; ICI-iE = immune checkpoint inhibitor-
induced encephalitis; LGI1 = anti-LGI1 encephalitis; OCB type I = no oligoclonal bands in CSF or serum; OCB type II/
III = oligoclonal bands in CSF indicative for intrathecal synthesis of immunoglobulins; OCB type IV = identical oligoclonal bands in

CSF and serum. WBC = white blood cell count; * = p < 0.05, ** = p < 0.01.

3.3. CSF

In 29 of 30 patients with ICI-iE (97%), CSF was ana-
lysed. Most patients with ICI-E presented lymphomo-
nocytic pleocytosis (23/29 [79%]; Fig. 3A and 3E) and
elevated protein levels (24/26 [92%)]; Fig. 3B). Only one
patient (3%) showed normal CSF results. The median
CSF white blood cell count was 23/ul (IQR, 7—51),
which was higher than that in patients with anti-LGI1
encephalitis (median, 3/uL [IQR, 2—5]; p = .007) and
lower than that in patients with HSV-1 encephalitis
(median, 63/pL [IQR, 38—143]; p = .02; (Fig. 3A).
Likewise, CSF protein levels (median, 835 mg/l [IQR,
613—1515]) were higher in ICI-iE compared to anti-
LGI1 encephalitis (median, 409 mg/l [IQR, 318—418];
p = .01; Fig. 3B). Levels of CSF glucose and lactate
were predominantly normal in all three groups (Fig. 3C
and 3D). Intrathecal synthesis of immunoglobulins (type
IT or III oligoclonal bands) was not observed in any
patient with ICI-iE, but in 5 of 16 (31%) and 1 of 11
(9%) patients with HSV-1 and anti-LGI1 encephalitis,
respectively (Fig. 3F).

3.4. Antineuronal antibodies

In 11 of 18 patients who were tested for antineuronal
antibodies (61%), serum and CSF were analysed for the
following IgG antibodies: amphiphysin, Ma2/Ta, Ri, Yo,
Hu, CRMPS5, DNER, NMDA-R, GABA-b-R, AMPA-
R1/2, mGIluRS, glycin-R, dopamine-2-R, DPPX, LGII,
CASPR2, aquaporin-4, myelin and GADG65. In the
remaining patients, antibody panels were not specified.
Only in one patient (6%), antineuronal antibodies were
reported. This female patient had positive serum anti-
CASPR?2 antibodies and clinical signs of limbic enceph-
alitis but no involvement of the peripheral nervous sys-
tem (e.g., neuromyotonia or dysautonomia).

3.5. Systemic inflammation

Most patients with ICI-E presented discretely elevated
CRP levels (median, 14 mg/dl [IQR, 2—36]), which were
higher than those in patients anti-LGI1 encephalitis (0.7
mg/dl [IQR, 0.6—3.9]; p = .04; Fig. 4A). White blood cell
count (median, 9/nl [IQR, 6—10]) and procalcitonin levels
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Fig. 4. Peripheral blood inflammatory markers in patients with ICI-iE, HSV-1 encephalitis and anti-LGI1 encephalitis. Box plots depict
median (horizontal bar), interquartile range (hinges), and minimum and maximum values (whiskers). Dotted lines depict normal ranges.
Group comparisons were performed using the Kruskal—Wallis test. Patients with ICI-iE showed higher CRP levels compared to patients
with anti-LGI1 encephalitis (A). Median levels of WBC (B) and PCT (C) were normal in all three groups. CRP = c-reactive protein; HSV-
1 = herpes simplex virus 1 encephalitis; ICI-IE = immune checkpoint inhibitor-induced encephalitis; LGI1 = anti-leucine-rich glioma-
inactivated encephalitis; PCT = procalcitonin; WBC = white blood cell count; * = p < 0.05.

(median, 0.2 pg/l [IQR, 0.1—0.3]) were normal in patients
with ICI-iE (Figure 4B and 4C). Importantly, 21 patients
with ICI-E (70%) had other irAEs at the time of ICI-iE
diagnosis (Table 1 and Supplemental Table 1).

3.6. Treatment

The median time from onset of ICI-iE to immunosup-
pressive treatment was 8 days (IQR, 2—15). Twenty-nine
patients with ICI-iE received corticosteroids (97%). Of
these, 14 (48%) were treated with high-dose (1.000 mg
daily for 3—5 days) intravenous steroids. Additional
immunomodulatory therapies or treatment in an inten-
sive care unit were required in 8 (27%) and 11 patients
(37%), respectively (Table 1, Supplemental Table 1).

ICI treatment was terminated in all patients, but six
(20%) were rechallenged during follow-up. Of these, none
presented a flare of ICI-iE after ICI-reintroduction, but
three showed an aggravation of other irAEs (namely
myositis, myocarditis, and polyradiculitis).

3.7. Outcome

After a median follow-up of 7 months (IQR, 4—27), 24
patients with ICI-iE (80%) were alive. Tumor progres-
sion was observed in 5 of 27 patients for whom data
were available (19%).

Three (10%), 6 (24%) and 0 (0%) patients died of ICI-iE,
HSV-1 encephalitis and anti-LGI1 encephalitis, respec-
tively. Full recovery of symptoms occurred in 13 patients
with ICI-E (43%), which was almost twice as high as in
patients with HSV-1 and anti-LGI1 encephalitis (5/25
[20%] and 5/20 [25%]; p = .14 and p = .30, respectively;
Table 1). In 14 patients with ICI-iE (47%), sequelae such as
cognitive impairment or seizures remained.

Of note, seven patients with ICI-iE (23%) only ful-
filled consensus criteria of possible ICI-E [23] but were
included as they responded to corticosteroids and the
disease course made alternative diagnoses implausible.
This might have artificially improved outcome measures
in this subgroup. Indeed, no patient with possible ICI-iE
died of encephalitis (Supplemental Table 1). However,
the proportion of patients with full recovery was equal
in patients with possible and patients with definite or
probable 1CI-iE (3/7 [43%)] versus 10/23 [43%)]).

Time from treatment initiation to improvement of
symptoms was 14 (IQR, 3—21), 18 (IQR, 7—28) and 56
(IQR, 28—84) days for ICI-E, HSV-1 encephalitis and
anti-LGI1 encephalitis, respectively. Earlier immunosup-
pressive treatment correlated with better outcome in pa-
tients with ICI-E (p = .02; Spearman coefficient, r =
0.43 for the outcome categories “full recovery,” “recovery
with sequelae or ongoing symptoms” and “death of ICI-
iE”, bootstrap 95% confidence intervals 0.10—0.67).

4. Discussion

In this retrospective analysis, characteristics and
outcome of 30 patients with ICI-iE were analysed and
compared with 46 patients with HSV-1 or anti-LGII
encephalitis. Several key messages can be derived from
this study. First, presentation and onset of ICI-iE are
variable, but impairment of cortical functions (organ-
ised thinking, language, orientation, consciousness) is
more prevalent compared to anti-LGI1 encephalitis and
equally common compared to HSV-1 encephalitis. Sec-
ond, MRI abnormalities and antineuronal antibodies
are less frequent in ICI-iIE than previously reported
[13—15], while CSF shows signs of inflammation in 97%
of patients. Third, ICI-iE requires intensive care unit
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treatment in one third of cases and has a mortality rate
of 10%, but early immunosuppressive treatment is
associated with full recovery.

The clinical spectrum of ICI-E ranged from diffuse
meningoencephalitis to focal encephalitis with diverse
neurological deficits. ICI-iIE occurred in the context of
both ICI monotherapy and combination therapy. Symp-
tom onset varied between one and 59 weeks after initia-
tion of ICI therapy. This heterogeneity of ICI-iE is in line
with previous studies [13,14,26] and indicates that ICI-IE
encompasses different phenotypes of CNS inflammation,
potentially with distinct pathomechanisms [27].

Diagnosing ICI-E is further complicated by the lack
of characteristic MRI features. Consistent to previous
data [14—17], MRI was normal in 60% of patients. In
contrast, others reported normal MRI in only 36—44%
of cases [13,14]. In a meta-analysis of 54 patients with
ICI-iE, bitemporal hyperintensities were observed in 52%
of cases [15]. However, the dataset was based on case
reports focusing on ICl-induced limbic encephalitis,
where bitemporal lesions are a characteristic feature. Our
data suggest that extra-limbic or unclassifiable forms of
ICI-iE — that present MRI abnormalities less frequently
— have been underestimated in previous studies. We
therefore hypothesise that brain imaging is essential
primarily for the exclusion of differential diagnoses (e.g.,
metastases, leptomeningeal carcinomatosis).

Moreover, the diagnostic value of antibody testing is
limited. In our cohort, only one patient was positive for
serum anti-CASPR2 antibodies, which have been
described in one other case of ICI-iE [28]. Previous data
reported positive antineuronal antibodies in 37—58% of
patients [12,14,15,20]. However, published data on anti-
bodies are — similar to MRI data — based on literature
reviews and case series, which are prone to reporting bias.

On the other hand, unknown antineuronal antibodies
with novel reactivity patterns against myelin compo-
nents [29] and unclassified neuronal structures [20] have
been discovered for ICI-induced Guillain-Barré syn-
drome and ICI-iE, respectively. As antibody-positive
forms of ICI-EE seem to be associated with inferior
outcome compared to antibody-negative syndromes
[13,15,30,31], patients with suspected ICI-iE should be
evaluated for novel antibodies using brain tissue-based
immunofluorescence assays.

Ten per cent of patients died of ICI-iE. Others re-
ported even higher mortality rates at 13—32%
[12—15,20]. To achieve recovery, early treatment initia-
tion is essential. A recent study on ICI-induced
myocarditis also highlights the benefit of early (<24 h
after admission), high-dose (500—1.000 mg/d) cortico-
steroid treatment in improving outcome [32].

Therefore, all patients with cancer who received ICIs
and present with neurological symptoms should be
evaluated for ICI-iE rapidly, especially if they already
developed other irAEs. In the emergency setting, we
recommend immediate brain imaging (preferably MRI,

otherwise contrast-enhanced computed tomography) to
exclude brain metastases and stroke. CSF analysis is
paramount to exclude CNS infection — including HSV-1
encephalitis — and to confirm brain inflammation.

We identified hyponatremia as a common feature of
ICI-E. To date, only one other case of ICI-iE-
associated hyponatremia has been reported [15]. Albeit
the mechanisms of hyponatremia in ICI-iE need further
investigation, patients with suspected ICI-iE should be
examined for SIADH and coexisting ICI-induced
hypophysitis, as two alternative causes of hypona-
tremia [33—35]. Further, clinicians should search for
additional irAEs, because 70% of patients with ICI-iE
present multiple autoimmune phenomena and coexist-
ing irAE can enhance diagnostic certainty [36].

If ICI-iE is suspected, ICIs ought to be interrupted.
After exclusion of tumour progression, infection and
metabolic disturbances, high-dose intravenous cortico-
steroids should be started immediately. In steroid-
refractory cases additional immunomodulatory thera-
pies can be necessary [37,38]. Most importantly, further
diagnostic work-up (e.g., antineuronal antibodies, EEG)
should not delay immunosuppressive treatment.

4.1. Strengths and limitations

To our knowledge, this study presents the largest pri-
mary dataset of patients diagnosed with ICI-iE to date.
We are the first to show that rapid treatment of ICI-iE is
associated with better outcome and to compare ICI-iE
with other types of encephalitis. Because this is an in-
ternational, multicenter study, representativeness of the
data is ensured. However, certain limitations must be
acknowledged. Because of the retrospective study
design, the data might be affected by inaccurate assess-
ment. Observed features might be confounded by the
malignancy itself or comorbidities. And even though we
used the most recent disease definition [23], diagnostic
criteria might have led to the exclusion of atypical cases.

5. Conclusion

ICI-iE is a life-threatening toxicity of ICI treatment with a
heterogenous clinical presentation and long-term sequelae
in almost half of patients. Careful analysis of CSF is
essential as it reveals CNS inflammation in most patients
and enables rapid exclusion of infection to ensure early
treatment and thereby better outcome. To further
improve the safety of ICIs, future research is needed to
answer open questions regarding risk factors, treatment
strategies and ICI rechallenge in patients with ICI-iE.

Data availability statement

The datasets analysed during this study are available
from the corresponding author upon request.



L. Miiller-Jensen et al. | European Journal of Cancer 175 (2022) 224—235 233

Funding

The SERIO registry is supported by the German
Foundation immuno-oncology (Stiftung Immunonko-
logie) and the Verein zur Férderung des Tumorzentrums
der Universitdt Erlangen-Niirnberg e¢.V. This work was
also supported by the German Federal Ministry of Ed-
ucation and Research (BMBF) as part of the project
emed:MelAutim (01ZX1905E to LH).

CRediT author statement

Leonie Miiller-Jensen: Conceptualisation, Methodol-
ogy, Investigation, Statistical analysis, Writing — Original
draft preparation, Visualisation; Sarah Zierold: Con-
ceptualisation, Methodology, Investigation, Writing-
Original draft preparation. Judith M Versluis: Investiga-
tion, Writing — review and editing; Wolfgang Boehmerle:
Conceptualisation, Methodology, Supervision, Writing —
review and editing; Petra Huehnchen: Conceptualisation,
Methodology, Supervision, Writing — review and editing;
Matthias Endres: Supervision, Writing — review and
editing; Raphael Mohr: Investigation, Writing — review
and editing; Annette Compter: Investigation, Writing —
review and editing; Christian U Blank: Investigation,
Writing — review and editing; Tim Hagenacker: Investi-
gation, Writing — review and editing; Friedegund Meier:
Investigation, Writing — review and editing; Lydia Rein-
hardt: Investigation, Writing — review and editing; Anja
Gesierich: Investigation, Writing — review and editing;
Martin Salzmann: Investigation, Writing — review and
editing; Jessica C Hassel: Investigation, Writing — review
and editing; Selma Ugurel: Investigation, Writing — re-
view and editing; Lisa Zimmer: Investigation, Writing —
review and editing; Patricia Banks: Investigation, Writing
— review and editing. Lavinia Spain: Investigation,
Writing — review and editing; Jennifer A Soon: Investi-
gation, Writing — review and editing; Tomohiro Enokida:
Investigation, Writing — review and editing; Makoto
Tahara: Investigation, Writing — review and editing;
Katharina C Kaibhler: Investigation, Writing — review and
editing; Ruth Seggewiss-Bernhardt: Investigation, Writing
— review and editing; Catriona Harvey: Investigation,
Writing — review and editing; Georgina V Long: Investi-
gation, Writing — review and editing; Florian Schéberl:
Investigation, Writing — review and editing; Louisa von
Baumgarten: Investigation, Writing — review and editing;
Thomas Hundsberger: Investigation, Writing — review
and editing; Max Schlaak: Investigation, Writing — re-
view and editing; Lars E French: Investigation, Supervi-
sion, Writing — review and editing; Samuel Knauss:
Conceptualisation, Methodology, Statistical analysis,
Supervision, Writing — review and editing; Lucie M
Heinzerling: Conceptualisation, Methodology, Investi-
gation, Funding acquisition, Supervision, Writing — re-
view and editing.

Conflict of interest statement

The authors declare the following financial interests/
personal relationships which may be considered as po-
tential competing interests:

LMJ, IMV, WB, PH, RM, AC, TH, FM, LR, PB,
JAS, TE, MT, CH, LvB, THu, declare no conflicts of
interest.

SZ declares speaker’s fees or travel grants from
Bristol-Myers Squibb (BMS), Sun Pharma and Merck
Sharp & Dohme (MSD). ME received funding from
DFG under Germany’s Excellence Strategy — EXC-
2049 — 390688087, BMBF, DZNE, DZHK, EU,
Corona Foundation, and Foundation Leducq. ME re-
ports grants from Bayer and fees paid to the Charité
from AstraZeneca, Bayer, Bochringer Ingelheim, BMS,
Daiichi Sankyo, Amgen, GSK, Sanofi, Covidien,
Novartis, Pfizer, all outside the submitted work. CUB
received compensation (all paid to the institute except
TRV) for advisory roles for BMS, MSD, Roche,
Novartis, GlaxoSmithKline, AstraZeneca, Pfizer, Lilly,
GenMab, Pierre Fabre Pharmaceuticals, Third Rock
Ventures, received research funding (all paid to the
institute) from BMS, Novartis, NanoString, and de-
clares stockownership in Immagene BV, where he is co-
founder.

AG received speaker’s honoraria from Allmiral,
BMS, MSD and Roche; AG has intermittent advisory
board relationships with Amgen, BMS, Novartis, MSD,
Pierre Fabre Pharmaceuticals, Pfizer, Roche and Sanofi
Genzyme; travel and congress fee support from BMS,
MSD, Novartis, Pierre Fabre Pharmaceuticals and
Roche. Clinical studies: Amgen, Array, BMS, GSK,
Novartis, Merck, MSD, Pfizer, and Roche.

MS received speaker’s honoraria and travel grants
from Abbvie, BMS, Merck, MSD, Novartis, Pfizer, and
Sanofi.

JCH has served as a consultant for GSK, MSD,
Pierre Fabre Pharmaceuticals, Sunpharma (personal)
and BMS, Immunocore, Nektar, Novartis, Philogen
(institution); received speaker’s honoraria from Almir-
all, Amgen, BMS, GSK, MSD, Novartis, Pfizer, Pierre
Fabre Pharmaceuticals, Roche, Sanofi (personal); a
scientific grant from BMS and Sunpharma (institution)
and clinical trial honoraria for BioNTech, BMS, Gen-
entech, Immunocore, Iovance, MSD, Novartis, Philo-
gen, Pierre Fabre Pharmaceuticals, Regeneron, Roche,
Sanofi, 4SC (institution).

SU declares research support from Bristol Myers
Squibb and Merck Serono; speakers and advisory board
honoraria from Bristol Myers Squibb, MSD, Merck
Serono, Novartis and Roche, and travel support from
Bristol Myers Squibb, MSD, and Pierre Fabre
Pharmaceuticals.

LZ served as consultant and/or has received hono-
raria from BMS, MSD, Novartis, Pierre-Fabre



234 L. Miiller-Jensen et al. | European Journal of Cancer 175 (2022) 224—235

Pharmaceuticals, Sunpharma and Sanofi; Research
funding to institution: Novartis; travel support from
MSD, BMS, Amgen, Pierre-Fabre Pharmaceuticals,
Sunpharma, Sanofi and Novartis, outside the submitted
work.

LS declares advisory and speaker honoraria from
Bristol Myers Squibb.

KCK has served as consultant or/and has received
honoraria from Amgen, Roche, Bristol Myers Squibb,
Merck Sharp and Dohme, Pierre Fabre Pharmaceuti-
cals, and Novartis, and received travel support from
Amgen, Merck Sharp and Dohme, Bristol Myers
Squibb, Amgen, Pierre Fabre Pharmaceuticals, Medac
and Novartis.

RSB has served as consultant for and/or received
honoraria from Amgen, AstraZeneca, BMS, Celgene,
Jansen-Cilag, MSD, Merck Seono, Novartis, Pfizer, and
Roche.

GVL is consultant advisor for Agenus, Amgen, Array
Biopharma, Boehringer Ingelheim, BMS, Evaxion,
Hexal AG (Sandoz Company), Highlight Therapeutics
S.L., Innovent Biologics USA, MSD, Novartis Pharma
AG, OncoSec, PHMR Limited, Pierre Fabre Pharma-
ceuticals, Provectus, Qbiotics, Regeneron.

FS has received an honorarium from Gilead for an
advisory board meeting.

MS received speaker’s honoraria and participated in
advisory boards of BMS, Novartis, MSD, Roche, Pierre
Fabre Pharmaceuticals, Kyowa Kirin, Immunocore,
Recordati and Sanofi-Genzyme. MS received travel ac-
commodation and expenses by Novartis, Pierre Fabre
Pharmaceuticals, and Sun Pharma.

LEF has served as consultant for Galderma, Janssen,
Leo Pharma, Eli Lilly, Almirall, Union Therapeutics,
Regeneron, Novartis, Amgen, Abbvie, UCB, Biotest,
and InflaRx.

SK received compensation for advising roles for
Biogen.

LH has served as consultant for Amgen, BMS,
Biome-dx, EMA, Immunocore, Kyowa Kirin, MSD,
Novartis, Pierre Fabre Pharmaceuticals, Roche, and
Sanofi.

Acknowledgements

Drs. Leonie Miiller-Jensen, Samuel Knauss and Petra
Huehnchen are participants in a BIH-Charité (Junior)
Clinician Scientist Program funded by
the Charité Universitdtsmedizin Berlin and the Berlin
Institute of Health.

List of abbreviations

AMPA-R1/2 a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor
Anti-LGI1 anti-leucine-rich glioma-inactivated

CASPR2 contactin associated protein 2

CRMPS5 collapsin response mediator protein 5

CRP C-reactive protein

CSF cerebrospinal fluid

CTCAE Common Terminology Criteria for Adverse Events

CTLA-4 cytotoxic T-lymphocyte-associated protein 4

CNS central nervous system

DNER delta/notch-like epidermal growth factor-related
receptor

Dopamin-2-R dopamine 2 receptor

DPPX dipeptidyl-peptidase-like protein-6

DWI  diffusion weighted imaging

EEG electroencephalogram

FLAIR fluid-attenuated inversion recovery

GABA-b-R: gamma-aminobutyric acid B receptor

GADG65 glutamate decarboxylase 65

Glycin-R: glycin receptor

HSV-1 herpes simplex virus 1

ICI immune checkpoint inhibitor

ICI{E immune checkpoint inhibitor-induced encephalitis
ICU intensive care unit

IgG immunoglobulin G

IQR interquartile range

irAE immune-related adverse events

Lv. intravenous

mGIuR5 metabotropic glutamate receptor 5

MRI magnetic resonance imaging

mRS modified Rankin Scale

NMDA-R: N-methyl-p-aspartate receptor

OCB oligoclonal bands

PCT procalcitonin

PD-1  programmed cell death protein 1

PDL-1 programmed death-ligand 1

PNS peripheral nervous system

SERIO Side Effect Registry Immuno-Oncology

SIADH syndrome of inappropriate antidiuretic hormone
secretion

WBC  white blood cell count

Appendix A. Supplementary data

Supplementary data to this article can be found online
at https://doi.org/10.1016/j.ejca.2022.08.0009.

References

[1]1 Eggermont AMM, Blank CU, Mandala M, et al. Adjuvant
pembrolizumab versus placebo in resected stage III melanoma. N
Engl J Med 2018;378(19):1789—801. https://doi.org/10.1056/
nejmoal802357.

Wolchok JD, Chiarion-Sileni V, Gonzalez R, et al. Overall sur-

vival with combined nivolumab and ipilimumab in advanced

melanoma. N Engl J Med 2017;377(14):1345—56. https:

/Idoi.org/10.1056/nejmoal709684.

[3] Martins F, Sofiya L, Sykiotis GP, et al. Adverse effects of
immune-checkpoint inhibitors: epidemiology, management and
surveillance. Nat Rev Clin Oncol 2019;16(9):563—80. https:
/Idoi.org/10.1038/s41571-019-0218-0.

[4] Cuzzubbo S, Javeri F, Tissier M, et al. Neurological adverse
events associated with immune checkpoint inhibitors: review of
the literature. Eur J Cancer 2017;Mar;(73):1—8. https://doi.org/10.
1016/j.€jca.2016.12.001.

2

—


https://doi.org/10.1016/j.ejca.2022.08.009
https://doi.org/10.1056/nejmoa1802357
https://doi.org/10.1056/nejmoa1802357
https://doi.org/10.1056/nejmoa1709684
https://doi.org/10.1056/nejmoa1709684
https://doi.org/10.1038/s41571-019-0218-0
https://doi.org/10.1038/s41571-019-0218-0
https://doi.org/10.1016/j.ejca.2016.12.001
https://doi.org/10.1016/j.ejca.2016.12.001

)

6

=

[7

—

(8]

[

—

(10]

(1]

[12]

(13]

(14]

[15]

[16]

[17]

(18]

(19]

(20]

(21]

L. Miiller-Jensen et al. | European Journal of Cancer 175 (2022) 224—235 235

Hottinger AF. Neurologic complications of immune checkpoint
inhibitors. Curr Opin Neurol 2016 Dec;29(6):806—12. https:
/Idoi.org/10.1097/WC0O.0000000000000391.

Mikami T, Liaw B, Asada M, et al. Neuroimmunological adverse
events associated with immune checkpoint inhibitor: a retrospective,
pharmacovigilance study using FAERS database. ] Neuro Oncol 2021
Mar;152(1):135—44. https://doi.org/10.1007/s11060-020-03687-2.
Kao JC, Liao B, Markovic SN, et al. Neurological complications
associated with anti—programmed death 1 (PD-1) antibodies.
JAMA Neurol 2017;74(10):1216—22. https://doi.org/10.1001/
jamaneurol.2017.1912.

Spain L, Walls G, Julve M, et al. Neurotoxicity from immune-
checkpoint inhibition in the treatment of melanoma: a single
centre experience and review of the literature. Ann Oncol 2017;
28(2):377—85. https://doi.org/10.1093/annonc/mdwS558.

Vogrig A, Muiiiz-Castrillo S, Farina A, Honnorat J, Joubert B.
How to diagnose and manage neurological toxicities of immune
checkpoint inhibitors: an update. J Neurol 2022 Mar;269(3):
1701—14. https://doi.org/10.1007/s00415-021-10870-6.

Pathak R, Katel A, Massarelli E, Villaflor VM, Sun V, Salgia R.
Immune checkpoint inhibitor—induced myocarditis with myosi-
tis/myasthenia gravis overlap syndrome: a systematic review of cases.
Oncologist 2021;26(12):1052—61. https://doi.org/10.1002/onco.13931.
Marini A, Bernardini A, Gigli GL, et al. Neurologic adverse
events of immune checkpoint inhibitors: a systematic review.
Neurology 2021;96(16):754—66. https://doi.org/10.1212/WNL.
0000000000011795.

Stuby J, Herren T, Schwegler Naumburger G, Papet C, Rudiger A.
Immune checkpoint inhibitor therapy-associated encephalitis: a
case series and review of the literature. Swiss Med Wkly 2020 Nov
23;150:w20377. https://doi.org/10.4414/smw.2020.20377.

Velasco R, Villagran M, Jové M, et al. Encephalitis induced by
immune checkpoint inhibitors: a systematic review. JAMA Neu-
rol 2021:1—10. https://doi.org/10.1001/jamaneurol.2021.0249.
Vogrig A, Muiiiz-Castrillo S, Joubert B, et al. Central nervous
system complications associated with immune checkpoint in-
hibitors. J Neurol Neurosurg Psychiatry 2020;91(7):772—8. https:
/ldoi.org/10.1136/jnnp-2020-323055.

Nersesjan V, McWilliam O, Krarup LH, Kondziella D. Auto-
immune encephalitis related to cancer treatment with immune
checkpoint inhibitors: a systematic review. Neurology 2021;97(2):
€191-202. https://doi.org/10.1212/WNL.0000000000012122.
Konig C, Kleber M, Reinhardt H, Knop S, Wisch R,
Engelhardt M. Incidence, risk factors, and implemented prophy-
laxis of varicella zoster virus infection, including complicated
varicella zoster virus and herpes simplex virus infections, in
lenalidomide-treated multiple myeloma patients. Ann Hematol
2014;93(3):479—84. https://doi.org/10.1007/s00277-013-1951-6.
Graber JJ, Rosenblum MK, Deangelis LM. Herpes simplex en-
cephalitis in patients with cancer. J Neuro Oncol 2011;105(2):
415-21. https://doi.org/10.1007/s11060-011-0609-2.
Schmidt-Hieber M, Schwender J, Heinz W1J, et al. Viral enceph-
alitis after allogeneic stem cell transplantation: a rare complica-
tion with distinct characteristics of different causative agents.
Haematologica 2011;96(1):142—9. https://doi.org/10.3324/
haematol.2010.029876.

Lallana S, Sanchez-Tejerina D, Auger C, Callejo A, Rio J, Cobo-
Calvo A. Herpes simplex encephalitis in the context of immune
checkpoint inhibitors: a complex interplay. Acta Neurol Belg 2022
Jun;122(3):823—5. https://doi.org/10.1007/s13760-021-01864-2.
Sechi E, Markovic SN, Mckeon A, et al. Neurologic autoimmu-
nity and immune checkpoint inhibitors Autoantibody profiles and
outcomes. Neurology 2020 Oct 27;95(17):e2442—52. https:
/ldoi.org/10.1212/WNL.0000000000010632.

Lai M, Huijbers MG, Lancaster E, et al. Investigation of LGI1 as
the antigen in limbic encephalitis previously attributed to potas-
sium channels: a case series Meizan. Lancet Neurol 2010;9(8):
776—85. https://doi.org/10.1016/S1474-4422(10)70137-X.

[22] Dubey D, Pittock SJ, Kelly CR, et al. Autoimmune encephalitis
epidemiology and a comparison to infectious encephalitis. Ann
Neurol 2018;83(1):166—77. https://doi.org/10.1002/ana.25131.

[23] Guidon AC, Burton LB, Chwalisz BK, et al. Consensus disease

definitions for neurologic immune-related adverse events of im-

mune checkpoint inhibitors. J Immunother Cancer 2021;9(7):

1—18. https://doi.org/10.1136/jitc-2021-002890.

Rodriguez A, Klein CJ, Sechi E, et al. LGI1 antibody encepha-

litis: acute treatment comparisons and outcome. J Neurol Neu-

rosurg Psychiatry 2022;93(3):309—15. https://doi.org/10.1136/
jnnp-2021-327302.

Benjamini Y, Hochberg Y. Controlling the false discovery rate: a

practical and powerful approach to multiple testing. J R Stat Soc

Ser B 1995;57(1):289—300. https://doi.org/10.1111/5.2517-6161.

1995.tb02031.x.

Taliansky A, Furman O, Gadot M, et al. Immune checkpoint

inhibitors—related encephalitis in melanoma and non-melanoma

cancer patients: a single center experience. Support Care Cancer
2021;29(12):7563—8. https://doi.org/10.1007/s00520-021-06331-5.

[27] Wesley SF, Haggiagi A, Thakur KT, De Jager PL. Neurological
immunotoxicity from cancer treatment. Int J Mol Sci 2021;22(13):
1—16. https://doi.org/10.3390/ijms22136716.

[28] Brown MP, Hissaria P, Hsich AH, Kneebone C, Vallat W.

Autoimmune limbic encephalitis with anti-contactin-associated

protein-like 2 antibody secondary to pembrolizumab therapy. J

Neuroimmunol 2017;305:16—8. https://doi.org/10.1016/

jJjneuroim.2016.12.016.

Wilson R, Menassa DA, Davies AJ, et al. Seronegative antibody-

mediated neurology after immune checkpoint inhibitors. Ann Clin

Transl Neurol 2018;5(5):640—35. https://doi.org/10.1002/acn3.547.

Vogrig A, Fouret M, Joubert B, et al. Increased frequency of anti-

Ma2 encephalitis associated with immune checkpoint inhibitors.

Neurol Neuroimmunol Neurolnflammation 2019 Aug 7;6(6):

e604. https://doi.org/10.1212/NXI.0000000000000604.

Schneider BJ, Naidoo J, Santomasso BD, et al. Management of

immune-related adverse events in patients treated with immune

checkpoint inhibitor therapy: ASCO guideline update. J Clin

Oncol 2021;39(36):4073—126.  https://doi.org/10.1200/JCO.21.

01440.

Zhang L, Zlotoff DA, Awadalla M, et al. Major adverse cardio-

vascular events and the timing and dose of corticosteroids in

immune checkpoint inhibitor-associated myocarditis. Circulation

2020 Jun 16;141(24):2031—4. https://doi.org/10.1161/CIRCU

LATIONAHA.119.044703.

[33] Chodakiewitz Y, Brown S, Boxerman JL, Brody JM, Rogg JM.

Ipilimumab treatment associated pituitary hypophysitis: clinical

presentation and imaging diagnosis. Clin Neurol Neurosurg 2014

Oct;125:125—30. https://doi.org/10.1016/j.clineuro.2014.06.011.

Heinzerling L, De Toni E, Schett G, Hundorfean G, Zimmer L.

Checkpoint-inhibitors. Dtsch Arztebl Int 2019;116(8):119—26.

https://doi.org/10.3238/arztebl.2019.0119.

[35] Mai K, Fassnacht M, Fiihrer-Sakel D, Honegger JB, Weber MM,

Kroiss M. The diagnosis and management of endocrine Side ef-

fects of immune checkpoint inhibitors. Dtsch Arztebl Int 2021 Jun

11;118:389—96. https://doi.org/10.3238/arztebl.m2021.0143.

Shankar B, Zhang J, Nagash AR, et al. Multisystem immune-

related adverse events associated with immune checkpoint in-

hibitors for treatment of non-small cell lung cancer. JAMA

Oncol 2020;6(12):1952—6. https://doi.org/10.1001/jamaoncol.

2020.5012.

Brahmer JR, Lacchetti C, Schneider BJ, et al. Management of

immune-related adverse events in patients treated with immune

checkpoint inhibitor therapy: American society of clinical

oncology clinical practice guideline. J Clin Oncol 2018;36(17):

1714—68. https://doi.org/10.1200/JCO.2017.77.6385.

Dubey D, David WS, Reynolds KL, et al. Severe neurological

toxicity of immune checkpoint inhibitors: growing spectrum. Ann

Neurol 2020;87(5):659—69. https://doi.org/10.1002/ana.25708.

[24

25

126

[29

[30

[31

[32

[34

136

[37

[38


https://doi.org/10.1097/WCO.0000000000000391
https://doi.org/10.1097/WCO.0000000000000391
https://doi.org/10.1007/s11060-020-03687-2
https://doi.org/10.1001/jamaneurol.2017.1912
https://doi.org/10.1001/jamaneurol.2017.1912
https://doi.org/10.1093/annonc/mdw558
https://doi.org/10.1007/s00415-021-10870-6
https://doi.org/10.1002/onco.13931
https://doi.org/10.1212/WNL.0000000000011795
https://doi.org/10.1212/WNL.0000000000011795
https://doi.org/10.4414/smw.2020.20377
https://doi.org/10.1001/jamaneurol.2021.0249
https://doi.org/10.1136/jnnp-2020-323055
https://doi.org/10.1136/jnnp-2020-323055
https://doi.org/10.1212/WNL.0000000000012122
https://doi.org/10.1007/s00277-013-1951-6
https://doi.org/10.1007/s11060-011-0609-2
https://doi.org/10.3324/haematol.2010.029876
https://doi.org/10.3324/haematol.2010.029876
https://doi.org/10.1007/s13760-021-01864-2
https://doi.org/10.1212/WNL.0000000000010632
https://doi.org/10.1212/WNL.0000000000010632
https://doi.org/10.1016/S1474-4422(10)70137-X
https://doi.org/10.1002/ana.25131
https://doi.org/10.1136/jitc-2021-002890
https://doi.org/10.1136/jnnp-2021-327302
https://doi.org/10.1136/jnnp-2021-327302
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1007/s00520-021-06331-5
https://doi.org/10.3390/ijms22136716
https://doi.org/10.1016/j.jneuroim.2016.12.016
https://doi.org/10.1016/j.jneuroim.2016.12.016
https://doi.org/10.1002/acn3.547
https://doi.org/10.1212/NXI.0000000000000604
https://doi.org/10.1200/JCO.21.01440
https://doi.org/10.1200/JCO.21.01440
https://doi.org/10.1161/CIRCULATIONAHA.119.044703
https://doi.org/10.1161/CIRCULATIONAHA.119.044703
https://doi.org/10.1016/j.clineuro.2014.06.011
https://doi.org/10.3238/arztebl.2019.0119
https://doi.org/10.3238/arztebl.m2021.0143
https://doi.org/10.1001/jamaoncol.2020.5012
https://doi.org/10.1001/jamaoncol.2020.5012
https://doi.org/10.1200/JCO.2017.77.6385
https://doi.org/10.1002/ana.25708

	Characteristics of immune checkpoint inhibitor-induced encephalitis and comparison with HSV-1 and anti-LGI1 encephalitis: A ...
	1. Introduction
	2. Methodology
	3. Results
	3.1. Signs and symptoms
	3.2. MRI
	3.3. CSF
	3.4. Antineuronal antibodies
	3.5. Systemic inflammation
	3.6. Treatment
	3.7. Outcome

	4. Discussion
	4.1. Strengths and limitations

	5. Conclusion
	Data availability statement
	Funding
	CRediT author statement
	Conflict of interest statement
	Conflict of interest statement
	Acknowledgements
	List of abbreviations
	Appendix A. Supplementary data
	References


