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IMPORTANCE Paraneoplastic neurological syndromes are associated with neuronal
autoantibodies, and some of these autoantibodies are associated with neuropsychological
symptoms. The most common underlying tumor is lung cancer. The association of neuronal
autoantibodies with cognitive deficits has not been systematically investigated in patients
with small cell lung cancer (SCLC) and non–small cell lung cancer (NSCLC).

OBJECTIVE To assess the frequency of neuronal autoantibodies in patients with lung cancer
and analyze their association with cognitive function.

DESIGN, SETTING, AND PARTICIPANTS This prospective, cross-sectional study included 167
patients with lung cancer (both SCLC and NSCLC) recruited at a single lung cancer center in
Berlin, Germany, between June 2015 and April 2016. Detailed neuropsychological testing was
performed in a carefully selected subgroup of 97 patients (from which patients with potential
confounding factors were excluded). Investigators were blinded to patients’ autoantibody
status and cognitive test results. Data were analyzed from May 2016 to December 2019.

MAIN OUTCOMES AND MEASURES Prevalence of neuronal autoantibodies and their association
with cognitive impairment. The evaluation of autoantibodies as potential risk factors for
cognitive impairment was performed using bayesian logistic regression models.

RESULTS Among 167 patients with lung cancer (median age, 66.0 years [interquartile range,
59.0-72.0 years]; 105 men [62.9%]), 127 had NSCLC, and 40 had SCLC. Brain-directed
autoantibodies were detected in 61 of 167 patients (36.5%); 33 patients (19.8%) had known
autoantibodies and 28 patients (16.8%) had autoantibodies against currently unknown
antigens that were detected through immunohistochemical analysis. Cognitive impairment
was found in 65 of 97 patients (67.0%). Among patients with SCLC, the odds of cognitive
impairment for those with any autoantibodies was 11-fold higher (odds ratio [OR], 11.0; 95%
credible interval [CrI], 1.2-103.6) than that of autoantibody-negative patients, and the
increased odds were independent of age, sex, and neurological deficit. Among patients with
NSCLC, those with immunoglobin A autoantibodies targeting the N-methyl-D-aspartate
receptor had a relevantly increased odds of verbal memory deficits (OR, 182.8; 95% CrI,
3.1-10 852.4). Autoantibodies against currently unknown antigens were also associated with
increased odds of cognitive impairment (OR, 2.8; 95% CrI, 0.6-12.1).

CONCLUSIONS AND RELEVANCE In this prospective, cross-sectional study, more than one-third
of patients with lung cancer had neuronal autoantibodies that were found to be associated
with cognitive impairment. These autoantibodies might represent a potentially treatable
mechanism of immune-mediated cognitive impairment among patients with lung cancer.
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P araneoplastic neurological syndromes (PNSs) are neuro-
logical disorders occurring in the context of an underly-
ing tumor.1 These disorders are immune mediated and

associated with cancer-induced immune responses, including
neuronal autoantibodies..2 Small cell lung cancer (SCLC) is the
most frequent cancer associated with PNS, but non–small cell
lung cancer (NSCLC) is also commonly found in patients with
PNS.3 In a prospective study of 264 patients with SCLC, almost
10% developed a PNS, and many patients, even those without
a diagnosis of PNS, had 1 or more neuronal autoantibody.4

A high prevalence of neuronal autoantibodies was ob-
served in a 2017 retrospective study of 323 patients with differ-
ent types of cancer, including SCLC and NSCLC.5 These serum
autoantibodies mainly targeted neuronal cell surface proteins
and were associated with mild cognitive impairment.5 This find-
ing was replicated in a prospective blinded study indicating that
neuronal autoantibodies were associated with deficits in all cog-
nitive domains among patients with melanoma.6 Some of these
autoantibodies (immunoglobin A [IgA] and immunoglobin M
[IgM] autoantibodies targeting the N-methyl-D-aspartate re-
ceptor [NMDAR]) had previously been associated with slow
cognitive impairment and were also detected in a subgroup of
patients with dementia.7,8

Cognitive deficits in patients with lung cancer (both
SCLC and NSCLC) are frequent, clinically relevant, and occur
independent of tumor treatment.9 However, the association
of neuronal autoantibodies with cognitive deficits has not
been systematically investigated in patients with SCLC and
NSCLC.

This cross-sectional study examined the prevalence of neu-
ronal autoantibodies in patients with SCLC and NSCLC, inde-
pendent of tumor stage or treatment. This analysis included pre-
viously characterized anti-intracellular (AIC) autoantibodies and
neuronal surface autoantibodies as well as brain-directed au-
toantibodies with currently unidentified neuronal antigens. In
addition, detailed cognitive testing was performed among a care-
fully selected subgroup after exclusion of patients with poten-
tial confounders (eg, brain metastases and the receipt of brain
radiotherapy), comparing autoantibody-positive with autoan-
tibody-negative patients with SCLC and NSCLC. We hypoth-
esized that patients with neuronal autoantibodies are more likely
to have cognitive impairment compared with patients without
neuronal autoantibodies.

Methods
This cross-sectional study was approved by the research eth-
ics board of Charité–Universitätsmedizin in Berlin, Germany.
All participants provided written informed consent. The study
followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline for
cross-sectional studies.

Patients
A total of 167 consecutive patients with lung cancer were re-
cruited at a large lung cancer center (Evangelische Lungen-
klinik Berlin) in Berlin, Germany, between June 2015 and April

2016. For assessment of autoantibody prevalence, all patients
with a histologically confirmed diagnosis of lung cancer, regard-
less of lung cancer subtype, cancer stage, or treatment, were con-
sidered for the study. Clinical data on tumor type, tumor stage,
treatment, medical history, and medication receipt were
obtained from patients’ medical records (Table 1).

Neuronal Autoantibody Analysis
Serum samples were analyzed using well-established com-
mercial assays, including cell-based assays (CBAs) and frozen
brain tissue sections using immunohistochemical analysis
(IHC) (BIOCHIP mosaics; EUROIMMUN AG) (eMethods in the
Supplement). Autoantibody testing was performed by inves-
tigators (including K.R.) who were blinded to neuropsycho-
logical test results.

Neuropsychological Tests
To assess the association between autoantibodies and cogni-
tive function, a carefully selected subgroup of 97 patients (from
which patients with potential confounding factors were ex-
cluded) received detailed neuropsychological testing and neu-
rological examinations. Patients were excluded if they were
older than 80 years, had brain metastases or a history of se-
vere neurological or psychiatric disorders (eg, stroke, epi-
lepsy, or dementia), received brain radiotherapy, had surgery
less than 5 days before study enrollment, and were not fluent
in German (eMethods in the Supplement).

Cognitive function was assessed by investigators (M.-
M.W., T.S., and K.F.) who were blinded to patients’ autoanti-
body status using a battery of standardized neuropsychologi-
cal tests for verbal memory (Verbal Learning and Memory
Test10), visuospatial memory (Rey-Osterrieth Complex Figure
test11), working memory (digit span forward and backward), at-
tention (Test of Attentional Performance12), and executive func-
tion (Test of Attentional Performance, Stroop Color and Word
Test,13 and Regensburger Word Fluency Test14) (eMethods in the
Supplement). Patient-reported outcome measures for fatigue,

Key Points

Question Are neuronal autoantibodies associated with impaired
cognitive function in patients with lung cancer?

Findings In this cross-sectional study of 167 consecutive patients
with lung cancer, 37% of patients had neuronal autoantibodies;
45% of patients with small cell lung cancer and 34% of patients
with non–small cell lung cancer were autoantibody positive.
Patients with neuronal autoantibodies had increased odds of
cognitive impairment compared with patients without
autoantibodies; 17% of patients had autoantibodies against
currently unknown neuronal antigens, which were also associated
with higher odds of cognitive impairment.

Meaning The study’s findings suggested that neuronal
autoantibodies might represent a pathogenic factor in
cancer-related cognitive impairment among patients with lung
cancer; autoantibodies against currently unknown epitopes have
potentially relevant consequences for cognitive function, which
warrants further characterization.
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Table 1. Participant Characteristics

Characteristic

No. (%)

All patients (N = 167) Patients with SCLC (n = 40) Patients with NSCLC (n = 127)a

Age, median (IQR) 66.0 (59.0-72.0) 63.5 (59.5-69.3) 66.0 (59.0-72.0)

Sex

Male 105 (62.9) 25 (62.5) 80 (63.0)

Female 62 (37.1) 15 (37.5) 47 (37.0)

Clinical cancer stageb

I 17 (10.2) 0 17 (13.4)

II 12 (7.2) 1 (2.5) 11 (8.7)

III 42 (25.2) 15 (37.5) 27 (21.3)

IV 93 (55.7) 23 (57.5) 70 (55.1)

Unknown 3 (1.8) 1 (2.5) 2 (1.6)

Metastases

No 72 (43.1) 16 (40.0) 56 (44.1)

Yes 93 (55.7) 23 (57.5) 70 (55.1)

Unknown 2 (1.2) 1 (2.5) 1 (0.8)

Site of metastases

Lung, pleura, and/or pericardium (M1a) 70 (41.9) 16 (40.0) 54 (42.5)

Visceral 38 (22.8) 13 (32.5) 25 (19.7)

Bones 21 (12.6) 6 (15.0) 15 (11.8)

Distant lymph nodes 20 (12.0) 8 (20.0) 12 (9.4)

Soft tissue 7 (4.2) 2 (5.0) 5 (3.9)

Brain 13 (7.8) 3 (7.5) 10 (7.9)

Treatment

Chemotherapyc 91 (54.5) 27 (67.5) 64 (50.4)

Radiotherapyd 47 (28.1) 14 (35.0) 33 (26.0)

Surgery of primary tumore 38 (22.8) 1 (2.5) 37 (29.1)

Surgery of metastases 5 (3.0) 0 5 (3.9)

Targeted therapyf 8 (4.8) 0 8 (6.3)

Immunotherapy (IVIG) 3 (1.8) 2 (5.0) 1 (0.8)

Time since initial diagnosis, median (IQR),
mo

2.0 (1.0-5.5) 1.0 (1.0-5.0) 2.0 (1.0-6.5)

Other current or previous cancer 38 (22.8) 8 (20.0) 30 (23.6)

Lung cancerg 10 (6.0) 1 (2.5) 9 (7.1)

Other cancer 28 (16.8) 7 (17.5) 21 (16.5)

Family history of cancer 55/101 (54.5) 16/28 (57.1) 39/73 (53.4)

Medical history

Smokingh 148 (88.6) 37 (92.5) 111 (87.4)

Pack-years, median (IQR) 40.0 (30.0-50.0) 40.0 (30.0-50.0) 40.0 (30.0-50.0)

Arterial hypertension 110 (65.9) 23 (57.5) 87 (68.5)

Pulmonary disease 90 (53.9) 17 (42.5) 73 (57.5)

Cardiovascular disease 84 (50.3) 15 (37.5) 69 (54.3)

Gastrointestinal disease 51 (30.5) 9 (22.5) 42 (33.1)

Neurological disease 43 (25.7) 15 (37.5) 28 (22.0)

Diabetes 42 (25.1) 9 (22.5) 33 (26.0)

Urological or nephrological disease 41 (24.6) 8 (20.0) 33 (26.0)

Thyroid disease 39 (23.4) 11 (27.5) 28 (22.0)

Psychiatric disease 16 (9.6) 6 (15.0) 10 (7.9)

Autoimmune disease 9 (5.4) 2 (5.0) 7 (5.5)

(continued)
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depression, quality of life, and subjective cognitive perfor-
mance are listed in the eMethods in the Supplement.

Cognitive impairment as a binary outcome was defined
using criteria from the International Cognition and Cancer Task
Force (ICCTF),15 in which cognitive impairment was defined
as a test score of 2 SDs or more below the test-specific refer-
ence cohort on at least 1 test of a cognitive domain. The re-
spective reference cohort for each test corresponded to a
healthy German normative control group provided for each
cognitive test. In addition, to assess specific cognitive do-
mains according to ICCTF criteria, a cognitive domain deficit
was defined as a test score of 2 SDs or more below the test-
specific reference cohort on at least 1 domain subtest. To as-
sess cognitive performance as a continuous measure across dif-
ferent tests and domains, neuropsychological test scores were
t standardized using the mean and SD of autoantibody-
negative patients (defined as patients with CBA-negative and
IHC-negative results) as the reference group. Composite do-
main scores were computed for single cognitive domains using
the mean of the derived t values of all domain subtests. An over-
all composite cognitive score was computed using the mean
score of composite domain scores. Investigators (M.-M.W. and
F.B.) who performed and analyzed the cognitive tests were
blinded to autoantibody test results. All patients included in
neuropsychological testing received a complete neurological
examination.

Statistical Analysis
We calculated absolute and relative frequencies for categori-
cal variables and medians and interquartile ranges (IQRs) for or-
dinal and continuous variables for the whole cohort as well as
patients with lung cancer subtypes. The prevalence of autoan-
tibodies, cognitive impairment, and domain deficits were re-
ported along with Clopper-Pearson 95% CIs.16 Risk factors for
cognitive impairment overall and in specific domains were in-
vestigated using bayesian logistic regression models with a

weakly informative prior distribution (Cauchy distribution with
a center of 0 and a scale of 2.5) to account for problems associ-
ated with small samples and adjust for confounding. The algo-
rithm incorporated the prior distribution into standard logistic
regression computation.17 Estimated odds ratios (ORs) and 95%
credible intervals (CrIs) were then derived from 1 000 000 simu-
lated draws from the approximate posterior distribution using
the mean along with 2.5 and 97.5 percentiles. Cognitive perfor-
mance was subsequently investigated in more detail using the
raw and t-standardized neuropsychological scores to derive
means and SEs, considering them normally distributed. Given
the small number of patients in some subgroups, all results
should be interpreted with caution, and the focus should be on
effect estimates rather than statistical significance, especially
because no correction for multiplicity was applied.

Statistical analysis was performed using IBM SPSS Statis-
tics, version 23 (IBM SPSS); data handling and plotting pack-
ages in R software18,19; and bayesglm and sim functions in the
R package arm for bayesian logistic regression models.20 Data
were analyzed from May 2016 to December 2019.

Results
Among 167 patients with lung cancer (median age, 66.0 years
[IQR, 59.0-72.0 years]; 105 men [62.9%]), 127 patients had
NSCLC, and 40 patients had SCLC (Table 1). Most patients had
stage IV cancer (70 of 127 patients [55.1%] with NSCLC vs 23
of 40 patients [57.5%] with SCLC) and metastases (M1a) to the
lung, pleura, and/or pericardium (54 of 127 patients (42.5%)
with NSCLC vs 16 of 40 patients [40.0%] with SCLC).

Frequency of Neuronal Autoantibodies
The presence of any neuronal autoantibody (defined as posi-
tive results on CBA or IHC analysis) was detected in 61 of 167
patients (36.5%; 95% CI, 29.2%-44.3%) with lung cancer, with

Table 1. Participant Characteristics (continued)

Characteristic

No. (%)

All patients (N = 167) Patients with SCLC (n = 40) Patients with NSCLC (n = 127)a

Rheumatic disease 6 (3.6) 2 (5.0) 4 (3.1)

Paraneoplastic disease 10 (6.0) 8 (20.0) 2 (1.6)

Autoantibody-associated PNS 6 (3.6) 6 (15.0) 0

SIADH 2 (1.2) 2 (5.0) 0

Hypercalcemia 2 (1.2) 0 2 (1.6)

Abbreviations: IQR, interquartile range; IVIG, intravenous immunoglobin;
NSCLC, non–small cell lung cancer; PNS, paraneoplastic neurological syndrome;
SCLC, small cell lung cancer; SIADH, syndrome of inappropriate antidiuretic
hormone secretion.
a Among 127 patients with NSCLC, 62 (48.8%) had adenocarcinoma, 43 (33.9%)

had squamous cell carcinoma, and 22 (17.3%) had other cancers, including 2
patients (1.6%) with large cell carcinoma, 1 patient (0.8%) with large cell
neuroendocrine carcinoma, 2 patients (1.6%) with typical carcinoid tumors, 1
patient (0.8%) with atypical carcinoid tumors, and 16 patients (12.6%) with
NSCLC not otherwise specified.

b Based on 2010 cancer staging criteria from the Union for International Cancer
Control.

c A total of 58 patients (34.7%) were currently receiving chemotherapy.

d A total of 47 patients (28.1%) had local radiotherapy (primary tumor), and 10
patients (6.0%) had brain radiotherapy.

e A total of 31 patients (18.6%) had a resection margin of R0, 3 patients (1.8%)
had a resection margin of R1, 4 patients (2.4%) had an unknown resection
margin.

f A total of 3 patients (1.8%) received bevacizumab (vascular endothelial growth
factor antibody) therapy, 2 patients (1.2%) received nintedanib (tyrosine
kinase inhibitor) therapy, and 3 patients (1.8%) received other therapy.

g A total of 6 patients (3.6%) had a history of lung cancer (cured), and 4 patients
(2.4%) had synchronous second carcinoma.

h Data on smoking were missing for 8 patients.
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a higher prevalence of autoantibodies found in 18 of 40 pa-
tients (45.0%; 95% CI, 29.3%-61.5%) with SCLC compared with
43 of 127 patients (33.9%; 95% CI, 25.7%-42.8%) with NSCLC
(eFigure 1 in the Supplement). Autoantibodies against known
antigens (ie, CBA-positive results) were detected in 33 of 167
patients (19.8%) (Table 2). Autoantibodies against intracellu-
lar antigens with the corresponding typical staining pattern de-
tected on IHC analysis were only found in 8 of 40 patients
(20.0%; 95% CI, 9.1%-35.6%) with SCLC. Detected AIC auto-
antibodies included autoantibodies against Hu, Ri, Ma2/Ta,
Homer-3, Zic4, and SOX1 (Table 2). In contrast, autoantibod-
ies against neuronal surface antigens had a similar frequency
among patients with SCLC (4 of 40 patients [10.0%]) and NSCLC
(14 of 127 patients [11.0%]). The most common neuronal sur-
face autoantibodies were IgA and IgM autoantibodies target-
ing NMDAR (8 patients [4.8%] and 7 patients [4.2%], respec-
tively). Other targets included myelin oligodendrocyte
glycoprotein (MOG) (2 patients), pre–glycine receptor sub-
unit α-1b (pre-GLRA1b) (2 patients), and leucine-rich glioma-
inactivated 1 (LGI1) (1 patient).

Serum autoantibodies detected by brain tissue IHC analy-
sis without corresponding autoantibody identification on CBA
analysis (ie, currently unidentified autoantibodies) were found
in 28 of 167 patients (16.8%; 95% CI, 11.4%-23.3%) with lung
cancer, with a higher frequency among those with NSCLC (24
of 127 patients [18.9%]) vs those with SCLC (4 of 40 patients
[10.0%]). Binding of serum autoantibodies to hippocampus tis-
sue on IHC analysis was more frequent in those with SCLC (11
of 40 patients [27.5%]) vs those with NSCLC (10 of 127 pa-

tients [7.9%]) (eTable 1 in the Supplement). The demographic
characteristics of different autoantibody groups are provided
in eTable 2 in the Supplement.

The prevalence of any autoantibody was higher in male pa-
tients (41.0%; 95% CI, 31.5%-51.0%) compared with female pa-
tients (29.0%; 95% CI, 18.2%-41.9%) (eFigure 2 in the Supple-
ment). This difference in prevalence was specifically found in
neuronal surface autoantibodies (13.3% in male patients vs
6.5% in female patients).

Cognitive Impairment
A carefully selected subgroup of 97 patients received compre-
hensive standardized neuropsychological assessment after ex-
clusion of patients with brain metastases and other poten-
tially confounding severe neurological or psychiatric disorders
(eMethods in the Supplement). The clinical details of pa-
tients in this subgroup were similar to those of the entire co-
hort (eTable 3 and eTable 4 in the Supplement).

Overall, cognitive impairment was found in 65 of 97 pa-
tients (67.0%) with lung cancer based on the ICCTF criteria used
(ie, test score of 2 SDs or more below the test-specific refer-
ence cohort on ≥1 cognitive test). The most common cogni-
tive domain deficits (ie, test score of 2 SDs or more below the
test-specific reference cohort on ≥1 domain subtest) were found
in executive function (44 of 96 patients [45.8%]) and atten-
tion (42 of 97 patients [43.3%]). The prevalence of cognitive
impairment was similar between patients with SCLC (61.5%;
95% CI, 40.6%-79.8%) and NSCLC (69.0%; 95% CI, 56.9%-
79.5%) and between male (69.6%; 95% CI, 55.9%-81.2%) and

Table 2. Autoantibody Prevalence in Patients With SCLC vs NSCLC

Autoantibody status

No. (%)a

All patients (N = 167)
Patients with SCLC
(n = 40)a

Patients with NSCLC
(n = 127)

Autoantibody-positive 33 (19.8) 14 (35.0) 19 (15.0)

1 Autoantibody only 27 (16.2) 10 (25.0) 17 (13.4)

Combination of 2 antibodiesb 6 (3.6) 4 (10.0) 2 (1.6)

Localization of antigen

Surface antigen(s) only 16 (9.6) 2 (5.0) 14 (11.0)

Intracellular antigen(s) only 15 (9.0) 10 (25.0) 5 (3.9)

Both surface and intracellular antigens 2 (1.2) 2 (5.0) 0

Surface antigens 18 (10.8) 4 (10.0) 14 (11.0)

NMDAR 14 (8.4) 4 (10.0) 10 (7.9)

NMDAR IgMb 8 (4.8) 2 (5.0) 6 (4.7)

NMDAR IgAb 7 (4.2) 2 (5.0) 5 (3.9)

MOG 2 (1.2) 0 2 (1.6)

Pre-GLRA1b 2 (1.2) 0 2 (1.6)

LGI1 1 (0.6) 0 1 (0.8)

Intracellular antigens 17 (10.2) 12 (30.0) 5 (3.9)

Homer-3b 5 (3.0) 2 (5.0) 3 (2.4)

Zic4b 5 (3.0) 5 (12.5) 0

Hub 4 (2.4) 4 (10.0) 0

Ri 1 (0.6) 1 (2.5) 0

Ma2 (Ta) 1 (0.6) 0 1 (0.8)

CARP VIII 1 (0.6) 0 1 (0.8)

SOX1c 2 (1.2) 2 (5.0) 1 (0.8)

Abbreviations: CARP VIII, carbonic
anhydrase VIII; GLRA1b, glycine
receptor subunit α-1b;
IgA, immunoglobin A;
IgM, immunoglobin M;
LGI1, leucine-rich glioma-inactivated
1; MOG, myelin oligodendrocyte
glycoprotein; NMDAR,
N-methyl-D-aspartate receptor;
NSCLC, non–small cell lung cancer;
SCLC, small cell lung cancer.
a Of the 40 patients with SCLC, 3

patients had combined carcinoma
(SCLC and NSCLC). Numbers for
these patients do not total 100%
because of the combination of 2
autoantibodies.

b Among those with SCLC, 2 patients
had Hu and Zic4 autoantibodies, 1
patient had NMDAR IgM and Ri
autoantibodies, and 1 patient had
NMDAR IgM and Homer-3
autoantibodies. Among those with
NSCLC, 1 patient had NMDAR IgM
and IgA autoantibodies, and 1
patient had NMDAR IgM and LGI1
autoantibodies.

c SOX1 autoantibodies were tested
with EUROLINE immunoblots
(EUROIMMUN AG).
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female (63.4%; 95% CI, 46.9%-77.9%) patients (eFigure 3 in the
Supplement). The prevalence of cognitive impairment was also
similar between different treatment groups (chemotherapy, ra-
diotherapy, surgery, opioid analgesic therapy, and targeted
therapy) and tumor stages (eTable 9 in the Supplement). More-
over, depression and mental health scale scores were similar
between patients with and without cognitive impairment
(eTable 5 and eFigure 4 in the Supplement).

Neuronal Autoantibodies and Cognitive Impairment
Patients With SCLC
Among patients with SCLC, the odds of cognitive impairment
among those with any neuronal autoantibodies were 11-fold
higher than in autoantibody-negative patients (OR, 11.0; 95%
CrI, 1.2-103.6) (Figure 1A), and the higher odds were indepen-
dent of age, sex, and neurological deficits. Most patients with
SCLC had AIC autoantibodies (12 of 40 patients [30.0%]). The
presence of these autoantibodies was associated with sub-
stantially higher odds of cognitive impairment (OR, 8.3; 95%
CrI, 0.7- 92.5), verbal memory deficits (OR, 44.0; 95% CrI, 1.4-
1345.4), and attention deficits (OR, 36.8; 95% CrI, 2.9-474.1)
(Figure 1B and C; eFigure 5 in the Supplement). Patients with
SCLC who were AIC positive had worse overall cognitive perfor-
mance compared with autoantibody-negative patients (mean
[SE] t value for cognitive composite score, −0.97 [0.31] vs 0, re-
spectively) (Figure 2A; eTable 6 in the Supplement), with im-
paired performance in the domains of verbal memory (verbal
learning, delayed recall, and summary scores on the Verbal
Learning and Memory Test) and attention (tonic and phasic alert-
ness scores on the Test of Attentional Performance).

Patients With NSCLC
Among patients with NSCLC, most autoantibodies targeted the
NMDAR. In those with NSCLC, the presence of IgA NMDAR au-
toantibodies was associated with substantially higher odds of
a verbal memory deficit (OR, 182.8; 95% CrI, 3.1-10 852.4)
(Figure 1B). Patients with NSCLC and IgA NMDAR autoanti-
bodies had substantial deficits on verbal learning memory tasks

compared with autoantibody-negative patients, especially with
regard to delayed recall and recognition (eFigure 6 and eTable 7
in the Supplement). In a linear regression model, the pres-
ence of IgA NMDAR autoantibodies was associated with a de-
crease of 3.55 points (95% CI, −6.87 to −0.23 points) in the de-
layed recall score on the Verbal Learning and Memory Test,
independent of age, sex, and neurological deficits. In con-
trast, among patients with IgM NMDAR autoantibodies, no
increase in the odds of cognitive impairment (OR, 0.7; 95%
CrI, 0.1-4.9) or verbal memory deficit (OR, 0.4; 95% CrI,
0.02-11.1) was found compared with autoantibody-negative
patients.

Currently Unidentified Neuronal Autoantibodies
We next assessed all patients, independent of tumor subtype
(SCLC or NSCLC), who had serum autoantibodies against
brain tissue with currently unidentified target epitopes.
These patients had higher odds of cognitive impairment (OR,
2.8; 95% CrI, 0.6-12.1), especially for an attention deficit (OR,
2.8; 95% CrI, 0.9-8.5), compared with patients with SCLC
and NSCLC who did not have any brain-directed autoanti-
bodies (Figure 1C). Patients with currently unidentified auto-
antibodies had a significantly reduced composite cognitive
score compared with autoantibody-negative patients (mean
[SE] t value, −0.44 [0.16] vs 0, respectively), with lower cog-
nitive performance in verbal memory, attention, executive
function, and verbal fluency (Figure 2B; eTable 8 in the
Supplement).

Neurological Deficits Associated
With Neuronal Autoantibodies
A total of 8 patients (4.8%) had a PNS; all of these patients had
SCLC. Six patients (3.6%) already had a PNS diagnosis at the
time of study inclusion. Diagnoses included Lambert-Eaton
myasthenic syndrome (3 patients), neuronopathy (2 pa-
tients), and anti–Hu-associated limbic encephalitis (1 pa-
tient). Another 2 patients (1.2%) with SCLC received a diagno-
sis of anti–Hu-associated PNS (specifically, paraneoplastic

Figure 1. Cognitive Impairment and Neuronal Autoantibodies
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logistic regression models. Derived estimates are shown for patients with the
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AB indicates autoantibody; AIC, anti-intracellular; IgA, immunoglobin A;
NMDAR, N-methyl-D-aspartate receptor; NSCLC, non–small cell lung cancer;
and SCLC, small cell lung cancer.
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cerebellar syndrome and paraneoplastic sensory neuronopa-
thy) during study evaluation.

Patients with any neuronal autoantibodies were more likely
to have neurological deficits (eg, polyneuropathy) detected dur-
ing neurological examination compared with autoantibody-
negativepatients(28of37patients[75.7%;95%CI,58.8%-88.2%]
vs 33 of 59 patients [55.9%; 95% CI, 42.4%-68.8%], respectively)
(eFigure 7 and eTable 10 in the Supplement). Patients with AIC
autoantibodies had a high prevalence of neurological deficits
(9 of 11 patients [81.8%]). All patients with AIC autoantibodies
and cognitive impairment also had neurological deficits in
contrast to autoantibody-negative patients with cognitive im-
pairment (7 of 7 patients [100%] vs 21 of 31 patients [67.7%],
respectively).

Discussion
This cross-sectional study assessed the prevalence of neuro-
nal autoantibodies and their association with cognitive
impairment in patients with SCLC and NSCLC. The findings in-
dicated that 36.5% of patients with lung cancer had brain-
directed autoantibodies (33.9% of those with NSCLC and 45.0%

of those with SCLC). Overall, 19.8% of patients had autoanti-
bodies against known neuronal antigens identified through
well-established, commercially available CBAs, and another
16.8% of patients had currently unidentified brain-directed au-
toantibodies. Compared with autoantibody-negative pa-
tients, patients with brain-directed autoantibodies had defi-
cits in a broad range of cognitive domains and a substantially
increased rate of cognitive impairment.

Cancer-related cognitive impairment is an important com-
plication among patients with cancer, and its clinical relevance
has been increasingly recognized, which may also be owing to
the increasing number of long-term cancer survivors.21 Among
patients with lung cancer, cognitive function has been ex-
amined mainly in the context of prophylactic cranial radio-
therapy, which has been associated with cognitive impairment
in patients without subsequent brain metastases.22 Previous
studies have found that cognitive impairment is present in pa-
tients with lung cancer before the receipt of any cancer treat-
ment (eg, cranial radiotherapy or chemotherapy).9 Cancer-
related cognitive impairment before or independent of cancer
treatment has also been described in patients with a number of
other cancer types, including breast and colorectal cancer.21,23

However, the pathogenesis of these treatment-independent cog-
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nitive changes remains unclear.24 The present study’s findings
suggest that neuronal autoantibodies are associated with and
might represent a potential pathogenic factor in cognitive im-
pairment among patients with lung cancer.

The association of autoantibodies with cognitive impair-
ment was particularly notable in patients with SCLC and was
mainly found among patients with AIC autoantibodies and as-
sociated with deficits in verbal memory, visuospatial memory,
and attention. Anti-intracellular autoantibodies have fre-
quently been associated with SCLC and PNS, including corti-
cal and limbic encephalitis (anti-Hu antibodies)25 or cerebel-
lar syndromes (anti-Zic4 or anti–Homer-3 autoantibodies).26-28

The findings of the present study suggest that AIC autoanti-
bodies may be associated with a broader clinical spectrum,
including cognitive impairment, which has been previously de-
scribed for other AIC autoantibodies, such as anti–glutamic acid
decarboxylase (anti-GAD) and anti–rho GTPase activating
protein 26 (anti-ARHGAP26).29,30

Among patients with NSCLC, the most common antibod-
ies were directed against NMDAR (IgA/IgM isotype). Notably,
NMDAR antibodies of the IgA isotype were associated with
verbal memory deficits. Together, these findings add to
the results of a recent prospective study of patients with
melanoma,6 which found an association between neuronal au-
toantibodies and cancer-related cognitive impairment, as well
as similar findings from a previous retrospective study of dif-
ferent types of cancer.5

The exact pathophysiological mechanisms underlying the
observed association between neuronal autoantibodies and cog-
nitive impairment warrant further investigation. This interac-
tion could either be causal (eg, the autoantibodies directly in-
terfere with neuronal function and cause cognitive impairment)
or indicative of an underlying (not yet identified) pathogenic
mechanism that is associated with both autoantibody seroposi-
tivity and cognitive impairment. However, previous studies re-
ported direct molecular and electrophysiological consequences
of IgA and IgM NMDAR autoantibodies (eg, a substantial decrease
of neuronal NMDARs and reduction of NMDAR-mediated
currents).7,31,32 Moreover, IgA and IgM NMDAR autoantibodies
have previously been associated with slow cognitive impairment
and have been identified in a subset of patients with dementia.7,8

In contrast, AIC autoantibodies do not appear to have direct
pathogenic consequences; rather, these autoantibodies indicate
a T-cell–mediated immune response targeting the central ner-
vous system.33 Furthermore, it should be noted that patients
with lung cancer in the present cohort did not have NMDAR en-
cephalitis, a severe autoimmune encephalitis with a character-
istic neuropsychiatric syndrome that is associated with IgG
NMDAR antibodies.34 However, interestingly, the major factor
associated with long-term morbidity in these typically young
patients is persistent cognitive impairment.35,36

The prevalence of neuronal autoantibodies observed in this
study is similar to that of a previous study of patients with
SCLC4; however, a direct comparison is precluded by a differ-
ent set of investigated autoantibodies. In addition to well-
defined autoantibodies, we observed currently unidentified,
brain-directed IgG autoantibodies in 16.8% of patients using
immunofluorescence techniques in rodent and monkey brain

tissue. Immunofluorescence in these patients indicated typi-
cal staining patterns, clearly suggesting the presence of auto-
antibodies against neuronal epitopes. However, the samples
had negative results on CBA analysis, so the exact neuronal epi-
topes targeted by these autoantibodies remain to be identi-
fied. In this process, preliminary results could already iden-
tify neuronal epitopes that included hexokinase-1, ATPase
sarcoplasmic/endoplasmic reticulum Ca2+ transporting 3, and
vesicle-fusing ATPase as targets of some of these unidenti-
fied autoantibodies. Notably, this study’s data suggested that
patients with these autoantibodies against currently un-
known central nervous system epitopes were more likely to
have cognitive impairment, suggesting a clinical relevance of
these new autoantibodies. Therefore, further studies are
needed to identify the target epitopes and better characterize
associated clinical symptoms.

The definition of cognitive impairment in the present study
followed ICCTF criteria, which were established to facilitate
comparability of cognitive test results between different stud-
ies of cancer-related cognitive impairment. Using these crite-
ria, we found that a high proportion of patients with lung can-
cer (67.0%) had cognitive impairment, with a similar prevalence
between patients with SCLC and NSCLC. This overall propor-
tion is higher compared with the prevalence reported in a pre-
vious study of patients with other cancers (eg, cognitive im-
pairment in 37% of patients with melanoma, among whom the
same cognitive test battery was administered).6 This preva-
lence is also higher than that of another previous study, which
reported a cognitive impairment frequency of 30% among pa-
tients with both SCLC and NSCLC.9 Differences from the
present study include a different set of neuropsychological
tests, a smaller sample, and the fact that ICCTF criteria were
not applied. Furthermore, our study included a larger overall
number of tests and more tests for attention and executive
function, which likely increased sensitivity.

Limitations
This study has limitations. These limitations include small
samples and consecutive low power in subgroup analyses when
evaluating patients with SCLC and NSCLC as well as different
autoantibody types separately. To make the best use of the
data, different strategies, such as bayesian logistic regression
analysis, were used. Although this study did not find any as-
sociation between cancer treatment (chemotherapy, radio-
therapy, or targeted therapy) and cognitive impairment, it was
not designed to address these questions, and the findings
should, in this respect, be interpreted with caution.

Conclusions
In this cross-sectional study, a high prevalence of neuronal au-
toantibodies was observed among patients with lung cancer,
and these neuronal autoantibodies were associated with clini-
cally relevant cognitive impairment. These autoantibodies
might represent a potentially treatable mechanism of immune-
mediated cognitive impairment among patients with lung
cancer.
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