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Background: Cancer-related cognitive impairment is an important complication in cancer patients, yet the underlying mechanisms
remain unknown. Over the last decade, the field of paraneoplastic neurological syndromes has been dramatically changed by the
discovery of new neuronal autoantibodies, some of them associated with cognitive impairment. We aimed to assess the prevalence
of neuronal autoantibodies in melanoma patients and their association with neurological and cognitive dysfunction.

Patients and methods: A total of 157 consecutive melanoma patients with a median age of 63 years were recruited at the
Department of Dermatology, Charité—Universitätsmedizin Berlin and tested for neuronal autoantibodies. A comprehensive
neuropsychological assessment was carried out in a selected subgroup of 84 patients after exclusion of patients with
confounding factors for a cognitive dysfunction, including brain metastases, relevant medication, and neurological disorders.

Results: Neuronal autoantibodies were found in 22.3% of melanoma patients. The most frequent antibodies were IgA/IgM
anti-NMDAR antibodies. Applying the International Cognition and Cancer Task Force criteria, 36.9% had cognitive impairment,
however, with a threefold higher odds in antibody-positive compared with antibody-negative patients (57.1% versus 30.2%,
OR¼ 3.1, 95% CI: 1.1 to 8.6; P¼ 0.037). In patients with anti-NMDAR antibodies, this impairment increased with higher antibody
titers (P¼ 0.007). Antibody-positive patients had a significantly impaired overall cognitive performance (z-value:�0.38 6 0.69
versus 0.00 6 0.56; P¼ 0.014) as well as significant impairments in tests of memory, attention, and executive function. In a
multiple linear regression analysis, autoantibodies were an independent risk factor for cognitive impairment (B¼�0.282; 95%
CI:�0.492 to�0.071; P¼ 0.009). Autoantibody seropositivity was associated with immune checkpoint inhibitor treatment and a
history of autoimmune diseases.

Conclusions: A large number of melanoma patients harbor neuronal autoantibodies that are associated with significant
cognitive impairment affecting memory, attention, and executive function. Neuronal autoantibodies might represent a
pathophysiological factor and possible biomarker in the development of cancer-related cognitive impairment.

Key words: melanoma, cancer-related cognitive impairment, neuronal autoantibodies, paraneoplastic neurological syn-
dromes, immune checkpoint inhibitor

Introduction

Paraneoplastic neurological syndromes (PNS) are cancer-

associated neurological disorders that are caused by autoimmune

mechanisms including autoantibodies targeting neuronal epito-

pes [1]. Although PNS are most frequently associated with lung

cancer, they can occur with any type of tumor including melan-

oma [2]. While there is no systematic study on PNS in melanoma,

there are several reports of melanoma patients with PNS such as

cerebellar degeneration [3], limbic encephalitis [4], Guillain–

Barre syndrome [5], and chronic inflammatory demyelinating

polyneuropathy [6].

PNS can be associated with neuronal autoantibodies targeting

intracellular neuronal antigens (AICAbs) or neuronal surface

epitopes (NSAbs) [7]. While diseases associated with AICAbs
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usually show little to no treatment response, patients with NSAbs

respond well to immunotherapy and tumor removal. A rapidly

increasing number of new NSAbs has been discovered in the last

years [7]. This has led to the identification of several novel neuro-

logical disorders such as anti-NMDA receptor (NMDAR) en-

cephalitis, a disease caused by immunoglobulin G (IgG) NMDAR

antibodies [8]. In contrast, NMDAR antibodies of immuno-

globulin A (IgA) and immunoglobulin M (IgM) isotype were

identified in association with cognitive impairment and dementia

[9, 10].

In a recent retrospective study of more than 300 patients with

different types of cancer including melanoma, we observed a high

prevalence of NSAbs that were associated with cognitive impair-

ment [11]. Cancer-related cognitive impairment (CRCI) is an

important complication in tumor patients and will likely become

more relevant in the future given the growing number of long-

term survivors [12], however, the underlying mechanisms of

CRCI remain largely unknown. While CRCI has been studied in

detail in other types of cancer, previous studies in melanoma

have only assessed subjective cognitive function using question-

naires without detailed neuropsychological testing [13, 14].

Here, we aimed to assess the prevalence of neuronal autoanti-

bodies in melanoma patients and their association with neuro-

logical and cognitive dysfunction in an exploratory study. We,

therefore: (i) tested a large group of melanoma patients for neur-

onal autoantibodies; (ii) systematically investigated cognitive

function using formal neuropsychological assessment in a care-

fully selected subgroup of eligible patients without confounding

factors such as brain metastases, central nervous system-active

medications, or relevant neurological or psychiatric disorders;

and (iii) compared cognitive function between antibody-positive

and antibody-negative patients.

Methods

Patients

A total of 157 consecutive melanoma patients with all tumor stages
were recruited at the Department of Dermatology, Charité—
Universitätsmedizin Berlin, Germany, between February and September
2015 in an exploratory hypothesis-generating cross-sectional study.
Charts of all patients were reviewed. Detailed information about demo-
graphic and clinical data is provided in supplementary Table S1 (available
at Annals of Oncology online). Patients had a median age of 63 years
(range 21–91), and 75 patients (47.8%) were female. Twenty-four
patients (15.3%) had advanced/metastatic stage melanoma (according to
The American Joint Committee on Cancer (AJCC) classification 7th edi-
tion). The primary lesion was resected in all patients followed by histo-
pathological diagnosis. All patients gave written informed consent for
research and publication. The study was approved by the ethics commit-
tee of the Charité—Universitätsmedizin Berlin, Germany.

To analyze an association of neuronal antibodies with neurological
and cognitive dysfunction, detailed neuropsychological assessment was
carried out in 84 patients after exclusion of patients with possible con-
founding factors for a cognitive dysfunction using the following a priori
defined exclusion criteria: brain metastases, history of or current neuro-
logical or psychiatric diseases, central nervous system-active medications,
cranial irradiation, patients not fluent in German, and depressive symp-
toms [Beck Depressions-Inventar - Fast Screen (BDI-FS) score� 4].
Importantly, the tested subgroup eligible for neuropsychological testing
did not differ from non-tested patients with respect to age, sex,

autoantibody frequency, treatments, or medical history (supplementary
Table S2, available at Annals of Oncology online, Table 1). As expected,
there was a difference regarding tumor stage with fewer stage IV patients
in the tested subgroup, mainly due to the a priori exclusion of patients
with brain metastases.

Neuronal antibody detection

Serum samples were analyzed for autoantibodies targeting neuronal anti-
gens by indirect immunofluorescence using well-established commercial
cell-based assays (Institute of Experimental Immunology, Euroimmun
AG, Lübeck, Germany) (see supplementary ‘Methods’ section, available
at Annals of Oncology online).

Neuropsychological and neurological assessment

The cognitive test battery covered the domains of working memory, ver-
bal and visuospatial long-term memory, attention, executive functions,
language, and intelligence level (see supplementary ‘Methods’ section,
available at Annals of Oncology online). Analysis of neuropsychological
tests followed the recommended criteria established by the International
Cancer and Cognition Task Force (ICCTF) [15].

Further details on applied methods are provided in the supplementary
material (available at Annals of Oncology online).

Results

Neuronal autoantibodies were detected in 35 of 157 (22.3%) mel-

anoma patients (Table 1). Most antibodies were NSAbs, mainly

targeting the NMDAR and were of IgM/IgA isotype. Other, less

frequently detected NSAbs were all of IgG isotype and included

antibodies against NMDAR (IgG), MOG, pre-GLRA1b, and

IgLON5. AICAbs included GAD65, Homer3, Recoverin,

ARHGAP26, Amphiphysin, Hu, and ITPR1.

Applying the ICCTF criteria, 36.9% (31/84) of all tested melan-

oma patients had cognitive impairment, however, with a three-

fold higher odds in patients with neuronal autoantibodies

compared with antibody-negative patients [57.1% (12/21) versus

30.2% (19/63), odds ratio (OR)¼ 3.1, 95% CI: 1.1 to 8.6;

P¼ 0.037; Figure 1A, supplementary Figure S1A, available at

Annals of Oncology online). Antibody-positive patients also had a

significantly higher number of deficits in neuropsychological

tests compared with antibody-negative patients (2.2 versus 1.4

deficits, t¼�2.0, P¼ 0.045; Figure 1B, supplementary Figure

S1B, available at Annals of Oncology online). Importantly, years of

education and intelligence level were similar between groups

(supplementary Table S3, available at Annals of Oncology online).

NMDAR antibodies of IgA/IgM isotype were the most fre-

quently detected antibodies in our study and have been previous-

ly identified in association with cognitive impairment and

dementia [9, 10]. In order to more clearly identify the association

of these antibodies with the observed cognitive deficits in melan-

oma patients, we carried out a subgroup analysis of patients with

IgA/IgM NMDAR antibodies that showed a titer-dependent in-

crease in the number of patients with cognitive impairment:

while in patients with low titers (1 : 10), the percentage of patients

with cognitive impairment was comparable to that of patients

without antibodies [28.6% (2/7) and 30.2% (19/63)], the preva-

lence of cognitive impairment increased to 66.7% (4/6) (titer

1 : 32) and 100% (2/2) (titer 1 : 100) in patients with higher titers
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(titers� 1 : 10 versus �1 : 32; P¼ 0.007) (Figure 1C, supplemen-

tary Figure S1C, available at Annals of Oncology online).

Next, we analyzed performance of patients in different cogni-

tive domains. Patients with neuronal autoantibodies showed sig-

nificantly impaired visuospatial memory, working memory, and

attention when compared with antibody-negative patients. The

subgroup of patients with IgA/IgM NMDAR antibodies showed

additional impairment in tests for executive function (Figure 2A–

E, supplementary Figure S2A–E and Table S3, available at Annals

of Oncology online).

Z-transformation of cognitive test raw scores allowed for a

comparison of patients’ performance across cognitive tests and

domains, and for the calculation of a composite cognitive score.

Figure 3 illustrates that antibody-positive patients performed

worse than antibody-negative patients in 20 out of 22 cognitive

tests, indicating a robust and global impairment of cognitive func-

tion (Figure 3A and B, supplementary Figure S3A and B, available

at Annals of Oncology online). Significant group differences were

again observed in tests for visuospatial memory, short-term mem-

ory, and attention, with additional impairment in executive func-

tions in the subgroup of patients with IgA/IgM NMDAR

antibodies. Importantly, both the patients with neuronal autoan-

tibodies as well as the subgroup of patients with IgA/IgM

NMDAR antibodies had significantly lower composite cognitive

scores in comparison to antibody-negative patients (z-scores

�0.38 6 0.69 versus 0.00 6 0.56; d¼ 0.68, P¼ 0.014 and

�0.40 6 0.71 versus 0.00 6 0.56; t¼ 2.3, d¼ 0.71, P¼ 0.023).

Quality of life regarding physical health was significantly

reduced in patients with IgA/IgM NMDAR antibodies compared

with antibody-negative patients (supplementary Table S3 and

Figure S4, available at Annals of Oncology online). There was no

difference regarding mental health-related quality of life, fatigue,

or prevalence of depressive symptoms between antibody-positive

and antibody-negative patients.

Factors other than neuronal autoantibodies associated with

cognitive impairment in melanoma patients included age

(patients with versus no cognitive impairment; mean age6SD:

64.3 6 15.5 versus 56.3 6 14.9; P¼ 0.022), prior history of a

neurological disease (OR¼ 5.8, 95% CI: 1.4 to 23.9; P¼ 0.016),

arterial hypertension (OR¼ 3.1, 95% CI: 1.2 to 7.7; P¼ 0.02),

and an elevated serum S100 level [relative risk (RR) 2.9;

P¼ 0.018]. In a multiple linear regression model including these

four factors as well as autoantibody seropositivity as predictors

for cognitive performance, autoantibodies were an independent

risk factor for cognitive impairment (regression coefficient

B¼�0.282; 95% CI: �0.492 to �0.071; P¼ 0.009; model

R2¼ 0.574; supplementary Table S4, available at Annals of

Oncology online). Tumor stage or therapeutic interventions

Table 1. Neuronal autoantibodies

All melanoma patients (n 5 157) Subgroup of patients with cognitive tests (n 5 84)

No.a Percenta No.a Percenta

Antibody-positive 35 22.3 21 25.0
One antibody only 27 17.2 16 19.0
Combination of two antibodiesb 7 4.5 4 4.8
Combination of three antibodiesc 1 0.6 1 1.2

Surface antigens 28 17.8 18 21.4
NMDAR 25 15.9 16 19.0

NMDAR IgMb,c 18 11.5 12 14.3
NMDAR IgAb,c 8 5.1 5 6.0
NMDAR IgG 2 1.3 1 1.2

MOGb 2 1.3 2 2.4
pre-GLRA1bc 2 1.3 2 2.4
IgLON5 1 0.6 0 0.0

Synaptic intracellular antigens 5 3.2 2 2.4
GAD65b 2 1.3 2 2.4
Homer3b 2 1.3 0 0.0
Amphiphysinb 1 0.6 0 0.0

Intracellular non-synaptic antigens 6 3.8 3 3.6
Recoverin 2 1.3 0 0.0
ARHGAP26b 2 1.3 2 2.4
Hu 1 0.6 1 1.2
ITPR1 1 0.6 0 0.0

IgA, immunoglobulin A; IgM, immunoglobulin M; NMDAR, anti-NMDA receptor.
aNumbers do not add up to 100% due to antibody combinations.
bCombinations of two antibodies include NMDAR IgMþ IgA (n¼ 2), NMDAR IgM þ GAD65, NMDAR IgM þ Homer3, NMDAR IgA þ MOG, NMDAR
IgAþAmphiphysin, GAD65þARHGAP26; NMDAR IgMþ IgA (n¼ 1), NMDAR IgMþGAD65, NMDAR IgAþMOG, GAD65þARHGAP26.
cCombination of three antibodies includes NMDAR IgMþ IgAþ pre-GLRA1b.
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(immunotherapy OR¼ 1.8; P¼ 0.459) were not associated with

cognitive impairment. There was also no indication for chemo-

therapy to be a confounding factor: the rate of patients treated

with chemotherapy was generally low [antibody-positive, 8.6%

(3/35); antibody-negative, 6.6% (8/122; P¼ 0.71); and patients

with chemotherapy did not have a higher risk for cognitive im-

pairment (chemotherapy versus chemotherapy-naı̈ve: 33.3% (1/

3) versus 37.0% (30/81), OR 0.9, P¼ 1.0)]. Neither tumor stage

nor chemotherapy were significant predictors in or improved the

multiple regression model for cognitive performance.

Figure 1. (A) Abþ patients showed significantly more often a cognitive impairment compared with ab� patients [57.1% (abþ) versus 30.2%
(ab�), OR¼ 3.1 (95% CI: 1.1 to 8.6), Fisher’s exact test: P¼ 0.037]. Cognitive impairment was considered when a patient had �2 deficits
whereas a deficit was a cognitive performance 1.5 SDs below that of the normative controls of the respective test systems. (B) Abþ patients
had significantly more deficits in cognitive subtests than ab� patients (2.2 versus 1.4 deficits, t-test¼�2.04, P¼ 0.045). (C) In patients with
low titers (1 : 10), the percentage of patients with cognitive impairment was comparable to that of patients without antibodies (28.6% and
30.2%), whereas the prevalence of cognitive impairment increased to 66.7% (titer 1 : 32) and 100% (titer 1 : 100) in patients with higher titers
(titers� 1 : 10 versus �1 : 32; P¼ 0.007) suggesting a NMDAR ab titer-dependent decline in cognitive function. Error bars: þ1 SEM, *P< 0.05;
ab, antibody; NMDAR, anti-NMDA receptor.

Figure 2. (A) Compared with ab� patients, abþ patients achieved significantly less points in the immediate recall of the ROCF (19.0 6 5.5
versus 22.4 6 6.1, d¼ 0.56, t¼ 2.3; P¼ 0.024) which indicates reduced visuospatial memory. The same applies for the subgroup of the
NMDAR abþ patients (19.0 6 4.9 versus 22.4 6 6.1, t¼ 2.1, d¼ 0.56, P¼ 0.044). (B) Decrease in working memory of abþ patients is depicted
as reduced points in the task to reversely recall digit spans compared with ab� patients (6.1 6 1.3 versus 6.9 6 1.9, d¼ 0.42, t¼ 2.23;
P¼ 0.031). (C) In the phasic alertness trial, NMDAR abþ patient’s reaction time was significantly prolonged compared with ab� patients
(320.3 ms 6 93.5 versus 283.4 ms 6 47.5, d¼ 0.78, t¼ 2.2; P¼ 0.032). (D). Both the abþ group and the NMDAR abþ subgroup showed a pro-
longed reaction time in the visual task of the divided attention task (abþ versus ab�: 921.5 ms 6 137.9 versus 840.6 ms 6 125.0, t¼�2.5,
d¼ 0.65; P¼ 0.014); for NMDAR abþ versus ab�: 926.9 ms 6 145.1 versus 840.6 ms 6 125.0, d¼ 0.69, t¼�2.3; P¼ 0.022). (E) In comparison
to ab� patients NMDAR abþ patient’s reaction time for an adequate response in the Go Nogo task was significantly prolonged which dem-
onstrates impaired executive function (654.5 ms 6 100.3 versus 589.3 ms 6 67.1, d¼ 0.97, t¼�2.7; P¼ 0.008). Error bars: þ1 SEM, *P< 0.05;
ab, antibody; NMDAR, anti-NMDA receptor; ROCF, Rey Osterrieth Complex Figure.
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Importantly, there were no differences in age, sex, tumor stage,

treatments, or ECOG performance status comparing tested

antibody-positive to antibody-negative patients (supplementary

Table S5, available at Annals of Oncology online).

On neurological examination, patients with AICAbs had a sig-

nificantly higher frequency of polyneuropathy, gait ataxia, and

abnormal oculomotor function compared with antibody-nega-

tive patients (supplementary Table S6, available at Annals of

Oncology online).

Next, we investigated clinical factors associated with seropreva-

lence of autoantibodies. Patients with anti-NMDAR antibodies

had a significantly higher prevalence of prior autoimmune dis-

eases compared with antibody-negative patients [16.0% (4/25)

versus 3.3% (4/122); P¼ 0.029, supplementary Figure S5A, avail-

able at Annals of Oncology online). Patients treated with the

immune checkpoint inhibitor (ICI) ipilimumab exhibited a signifi-

cantly higher prevalence of neuronal autoantibodies compared

with patients without ICI treatment [75.0% (3/4) versus 21.1%

(32/152), P¼ 0.035, supplementary Figure S5B, available at Annals

of Oncology online). Other demographic or clinical characteristics,

including age, sex, tumor stage, prior medical history, or tumor

therapy were not significantly different between antibody-positive

and antibody-negative patients (supplementary Table S1 and

Figure S6, available at Annals of Oncology online).

Discussion

In this cross-sectional exploratory study on cognitive function in

melanoma patients, we found that more than one-third of

Figure 3. (A and B) Group comparison between ab� and abþ patient’s neuropsychological results and between the NMDAR abþ subgroup
and the ab� patients. Z-transformation of neuropsychological raw data with ab� patients as reference group: from all test results we sub-
tracted ab� patient’s group mean and divided by ab� patient’s SD to set ab� patient’s mean test results to 0 and their SD to 1. Test scales
with lower values representing a better performance were multiplied by �1 so that lower values always stand for lower performance. The
composite cognitive score was calculated by averaging the obtained z-values from the 22 subtests for every patient. Significant group differ-
ences between cognitive subtests are marked with an asterisk (*P< 0.05). Abþ patients systematically scored worse in almost all subtests
and also significantly in the composite cognitive score (z-values: �0.38 6 0.69 versus 0.00 6 0.56; t¼ 2.5, d¼ 0.68; P¼ 0.014) (A). In the
NMDAR abþ subgroup, patients also received a significantly lower composite cognitive score than ab� patients (z-values: �0.40 6 0.71 ver-
sus 0.00 6 0.56; t¼ 2.3, d¼ 0.71; P¼ 0.023) (B). Error bars: 95% confidence intervals; ab, antibody; LPS, Leistungsprüfsystem; NMDAR, anti-
NMDA receptor; ROCF, Rey Osterrieth Complex Figure.
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melanoma patients suffer from relevant cognitive impairment.

More than 22% of melanoma patients harbor neuronal autoanti-

bodies that were associated with a significantly increased risk for

cognitive impairment affecting memory, attention, and executive

function as well as reduced physical health. In patients with IgA/

IgM anti-NMDAR antibodies, cognitive impairment increased

with higher antibody titers. Autoantibody seroprevalence was

associated with a history of autoimmune diseases and prior treat-

ment with an ICI.

CRCI is increasingly recognized as an important complication

in cancer patients and will become even more relevant given the

growing number of long-term survivors [12]. Although mainly

investigated in breast cancer, CRCI has also been studied in other

cancer types, including colorectal cancer, prostate cancer, and

leukemia [12, 16–19]. While there have been studies in melan-

oma patients evaluating health-related quality of life measures

including self-reported cognitive function, these studies used

questionnaires without formal cognitive testing [13, 14]. One

early study evaluated neuropsychological effects of interferon-

alpha treatment, but only reported differences between the

treated and untreated group without informing on cognitive dys-

function compared with a normative control group [20]. Using

detailed cognitive testing and applying the ICCTF criteria, we

here show that more than one-third of melanoma patients exhibit

cognitive impairment.

The underlying mechanisms of CRCI remain largely unknown.

Most studies on CRCI have focused on systemic cancer treat-

ment, e.g. chemotherapy, but accumulating evidence shows that

cognitive impairment can already occur before and independent-

ly of cancer treatment [17, 21]. Previous studies have therefore

suggested that additional factors, e.g. elevated levels of pro-

inflammatory cytokines, are involved in the pathogenesis of

CRCI [22]. Here, we identified neuronal autoantibodies as a

potential mechanism underlying CRCI based on a significantly

increased risk for cognitive impairment in antibody-positive

compared with antibody-negative patients, a higher number of

pathological cognitive test results, and a reduced overall cognitive

performance. This confirms findings of our prior retrospective

study that found a similarly high prevalence of neuronal antibod-

ies in association with cognitive dysfunction in more than 300

patients with different types of cancer [11]. The detailed neuro-

psychological assessment carried out in our current study now

allowed disentangling the affected cognitive domains that

included memory, attention, and executive function.

Importantly, all patients with possible confounding factors for a

cognitive dysfunction (e.g. cerebral metastases, brain irradiation,

and depression) were excluded from our analyses. In addition,

the very low rate of patients with chemotherapy was similar be-

tween antibody-positive and antibody-negative patients and we

observed no correlation between chemotherapy and cognitive

impairment.

IgA/IgM NMDAR antibodies accounted for more than two-

thirds of all detected antibodies. The subgroup of patients with

these autoantibodies showed a titer-dependent increase in cognitive

impairment. It is important to note that NMDAR encephalitis is

associated with IgG antibodies as opposed to the IgA/IgM isotype

[8]. IgA/IgM NDMAR antibodies have previously been described

in patients with slow cognitive impairment and a subset of demen-

tia patients [9, 10] and were also shown to reduce NMDAR protein

levels in neurons and induce changes in NMDAR-mediated cur-

rents [9, 23]. Furthermore, IgA/IgM NMDAR antibodies were the

most frequently detected antibodies and were associated with cog-

nitive deficits in our retrospective study of cancer patients [11].

There is an ongoing debate regarding the direct pathogenic effects

of IgA/IgM NMDAR [10, 24]. Nevertheless, we here provide strong

evidence for the clinical association between IgA/IgM NMDAR

antibodies and cognitive impairment, although the exact nature of

this association requires further study. Interestingly, these antibod-

ies have also been found in up to 8.5% in a large group of blood-

donors [25], however, using the same antibody detection kit, IgA/

IgM NMDAR antibodies were almost twice as frequent in our study

of melanoma patients and more than six times as frequent as in our

previously described group of healthy controls (2.5%) [11]. In con-

trast to previous studies, we observed no increase of antibody

prevalence with age, further speaking to the specificity of the here

observed effects [25].

AICAbs were associated with neuropathy and cerebellar syn-

dromes, i.e. common PNS associated with classic onconeural

antibodies (i.e. AICAbs). Our study thus emphasizes the import-

ance to consider PNS, although rare, as a potential differential

diagnosis in melanoma patients presenting with neurological

symptoms.

Possible trigger factors for autoantibody production in melan-

oma patients include endogenous and exogenous factors. We

identified a history of autoimmune diseases as potential endogen-

ous factor in patients with IgA/IgM NMDAR antibodies, suggest-

ing a combination of autoimmune predisposition and tumor

tissue as potential additive risk factors. One common hypothesis

of antibody formation in PNS is an immune reaction against

shared antigens that are expressed by tumor tissue and the ner-

vous system [26]. Indeed, the gene coding for the NMDAR sub-

unit GluN2A has been found to be frequently mutated in

melanoma samples, suggesting a potential tumor-directed im-

mune surveillance response against the NMDAR [27]. In add-

ition, we identified treatment with the ICI ipilimumab as a

possible external trigger factor, although only in a small sample

size. ICIs fundamentally changed treatment strategies in melan-

oma patients and also show promising results in other cancer

types [28]; however, there is increasing evidence that ICIs cause

severe autoimmune neurological side effects, including NMDAR

encephalitis [29, 30]. With rising numbers of cancer patients

treated with ICIs, their association with neuronal autoantibodies

and possible neurological and cognitive side effects should be fur-

ther investigated. Importantly, antibody prevalence was not asso-

ciated with tumor stage and independent of brain metastases or

prior neurological diseases.

Limitations of the current study include the lack of longitudin-

al data on autoantibody seroprevalence and patients’ clinical out-

come and survival. Follow-up studies of antibody-positive

patients are thus needed to provide a more detailed insight on

long-term clinical effects. Another limitation is the small sample

size, especially in the subgroup analyses. Future studies are

needed to confirm the observed correlations between autoanti-

bodies and cognitive impairment in larger sample sizes. These

studies should also include more detailed assessment of subject-

ive cognitive functioning. Furthermore, a detailed analysis of the

effects of neuronal autoantibodies other than the NMDAR anti-

bodies was not possible due to their low frequency.
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Conclusions

We found that a high proportion of melanoma patients harbor

autoantibodies against neuronal antigens and that these patients

were significantly more likely to have cognitive impairment com-

pared with patients without antibodies. Based on the promising

outcomes after immunosuppressive therapy of other neurologic-

al syndromes associated with NSAbs, these results suggest a po-

tentially treatable mechanism of immune-mediated cognitive

impairment in melanoma patients and possibly also in other can-

cer patients with CRCI.
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