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ABSTRACT

Introduction: Although pretreatment autoantibodies have
been associated with immune-related adverse events
(irAEs) and immune checkpoint inhibitor treatment efficacy
in some types of cancer, their importance has not been
evaluated in patients with SCLC.

Methods: A multicenter prospective observational study
was conducted on a total of 52 patients with extensive-
disease SCLC who received immune checkpoint inhibitors
in combination with chemotherapy as the first-line
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Results: PFS and OS were 4.4 and 25.3 months, respec-
tively. Autoantibodies (rheumatoid factor, antinuclear anti-
bodies, and antithyroid antibodies) were detected in 29
patients (56%). In total, irAEs were observed in 18 patients
(35%); irAE incidence was 48% in the autoantibody-
positive group and 17% in the autoantibody-negative
group (p ¼ 0.039). There was no difference in PFS or OS
between patients with and without autoantibodies (4.4 mo
versus 4.6 mo, p ¼ 0.36; 15.3 mo versus 18.2 mo, p ¼ 0.36).
Antineuronal antibodies were detected in 16 patients
(31%). However, the development of neurologic irAEs was
not observed in both groups.

Conclusions: Vigilance is required against the development
of irAEs in pretreatment antibody-positive patients.

� 2023 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: Small-cell lung cancer; Immune-related adverse
event; Autoantibody; Paraneoplastic autoantibody; Para-
neoplastic neurologic syndrome

Introduction
SCLC accounts for 15% to 20% of lung cancer cases,

and extensive-disease SCLC (ED-SCLC) accounts for
approximately two-thirds of total SCLC cases.1 Develop-
ment of immune checkpoint inhibitors (ICIs) that target
programmed death-ligand 1 (PD-L1) has markedly
changed the treatment strategy for ED-SCLC, as reported
in pivotal phase 3 trials.2,3

ICIs manifest inflammatory adverse effects, also
known as immune-related adverse events (irAEs), which
differ from those of conventional cytotoxic chemo-
therapy. Therefore, irAEs have attracted considerable
clinical interest. In previous studies, the presence of
pretreatment autoantibodies such as antinuclear anti-
bodies (ANAs) and antithyroid antibodies was investi-
gated for predicting the occurrence of irAEs and
treatment efficacy of ICI in patients with NSCLC.4,5 In
another melanoma phase 3 combined cohort, baseline
autoantibody signatures could predict the recurrence
and toxicity of immunotherapy.6 More specifically, anti-
GNAL and anti-ITM2B autoantibodies were found asso-
ciated with hypophysitis, whereas anti-CD74 autoanti-
bodies were associated with pneumonitis.7 In SCLC, a
previous study reported that positivity for the autoim-
mune profile at baseline was associated with improved
outcomes and severe ipilimumab toxicity.8 However, the
importance of autoantibodies has not been evaluated in
patients with SCLC treated with chemotherapy and
PD-L1 inhibitors.
Another important aspect of SCLC is the development
of paraneoplastic neurologic syndrome (PNS) caused by
SCLC tumor cells. PNS is a clinical complication
frequently observed in patients with SCLC.9 PNS results
from the indirect effect of a tumor on the nervous sys-
tem, without local invasion, or metastasis. Tumor cells
are immunogenic and lead to the activation of both cell-
mediated and humoral immune systems. Cytotoxic T
cells recognize antigens on tumor cells and attack or
generate antibodies against the tumor cells. However,
the body’s immune system can attack normal tissue with
a similar antigen presentation, which leads to symptoms.
Antineuronal antibodies play an important role in the
pathogenesis of PNS, and the prevalence of antineuronal
antibodies is 31% to 58% in patients with SCLC.10,11

Theoretically, the use of ICIs may increase the risk of
developing PNS by immune modulation, which has been
exhibited in some mouse models.12,13 Recently, a sys-
tematic review, and population-based study reported an
increase in neurologic irAEs after the introduction of ICI
therapy.14,15 On the other hand, transcriptome analysis
revealed that patients with ovarian cancer and SCLC
with PNS harbored a high density of CD8þ lympho-
cytes.16,17 Thus, ICI is a possible promising treatment
strategy for patients with PNS. However, the safety and
efficacy of administering ICI to patients with anti-
neuronal antibodies is not well understood.18

In this multicenter prospective study, we aimed to
investigate the clinical impact of preexisting autoanti-
bodies, including antineuronal antibodies, on the occur-
rence of irAEs caused by first-line treatment with
chemotherapy and ICI in patients with SCLC. Therefore,
this study aimed to propose better management strate-
gies for these patients.
Materials and Methods
Study Design and Patients

We prospectively enrolled patients with histologically
or cytologically confirmed ED-SCLC, as defined according
to the Veterans Administration Lung Study Group stag-
ing system,19 who received platinum and etoposide with
atezolizumab or durvalumab as the first-line treatment
at either of the six participating hospitals in Japan be-
tween August 2019 and January 2022. The patients
received ICI until the occurrence of unacceptable toxic
effects or disease progression. This study was approved
by the Kobe City Medical Center General Hospital Ethics
Committee (zn190923) and conducted in accordance
with the 1964 Declaration of Helsinki and its later
amendments. All patients provided written informed
consent before the start of the study. The study was
registered in the University Medical Information
Network Clinical Trials Registry (UMIN 000042962).
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All patients were classified on the basis of their
clinical stage according to the eighth edition of the TNM
classification. Patients above 75 years of age were
defined as older patients and poor performance status
(PS) was defined by the Eastern Cooperative Oncology
Group PS score of greater than or equal to 2. Smoking
status was categorized as never (never smoked), current
(smoked within 1 y of diagnosis), or former (other
smoking status). Antitumor responses were assessed
according to the Response Evaluation Criteria for Solid
Tumors (version 1.1). Progression-free survival (PFS)
was calculated as the interval between the date of
commencement of combination therapy and the date of
disease progression or death by any cause, whereas
overall survival (OS) was calculated as the date of death
by any cause. The attending physician evaluated AEs
according to the Common Terminology Criteria for
Adverse Events version 5.0.20 Safety was investigated
using AE data related to combination therapy. In a clin-
ical context, AEs related to immunotherapy have been
documented as irAEs. Severe irAEs were defined as
grade 3 or higher.

Neurologic irAEs were defined as neurologic com-
plications confirmed by laboratory, imaging, or other
examinations, and considered to be linked to ICI by the
treating physicians (oncologists and neurologists) and
central review. Differential diagnoses such as infections
or tumor infiltration were thoroughly ruled out. PNS
classification on the basis of the 2021 criteria was used
to diagnose irAEs. Chest-abdominal computed tomogra-
phy and brain imaging studies were recommended every
6 to 9 weeks to evaluate treatment efficacy. The data
cutoff date for the current analysis was September
30, 2022.
Autoantibody Analysis
Serum samples were collected before initiating the

anticancer treatment and evaluated for the presence of
autoantibodies (rheumatoid factor [RF], ANA, and anti-
thyroid antibodies) in a blinded manner. We adopted a
cutoff value of 15 IU/mL for RF and 1:40 for ANA, as
previously reported.4 According to this previous report
that investigated pretreatment with autoantibodies, we
defined patients with RF, ANA, or antithyroid antibodies
as antibody-positive. Furthermore, commercial immu-
noblotting was used for detecting 12 antineuronal anti-
bodies (AMPH, CV2/CRMP5, Ma2/PNMA2, Ri/ANNA-2,
Yo/PCA-1, Hu/ANNA-1, Recoverin, SOX1, Titin, Zic4,
GAD65, and Tr/DNER) (EUROLINE PNS 12 Ag [Euro-
immun, Lubeck, Germany]).21 Serum samples were
analyzed according to the manufacturer’s instructions.
Specifically, immunoblot assays were performed on the
EUROBlotOne system (Euroimmun), and bands were
scanned and analyzed using EUROLineScan (Euro-
immun), giving an arbitrary unit of intensity. According
to the manufacturer’s instructions, samples were
considered negative when they presented an intensity
between 0 and 5, weakly positive between 6, and 10,
positive between 11 and 50 (11–25, þ; 26–50, þþ), and
strongly positive (þþþ) at an intensity equal to or
above 51. Cases with positive or strong positive bands
were defined as antineuronal antibodies positive. In
addition, ANA, and antithyroid antibodies were evalu-
ated according to the instructions provided in package
inserts.

Statistical Analysis
The prespecified primary end point was the inci-

dence of irAEs according to the presence of autoanti-
bodies. According to a previous report, the incidence of
preexisting autoantibodies was 58%, and the incidence
of irAEs was 73% with autoantibodies and 45%
without autoantibodies.4 Under this assumption, the
required sample size to test the difference was 52 (a ¼
0.05, two-sided, and 1-b ¼ 0.70). To allow protocol
deviation, we planned the total number of patients to be
54. The key secondary end points were the presence of
paraneoplastic autoantibodies and antineuronal anti-
bodies, and the development of neurologic irAEs, PFS,
and OS.

Continuous variables were expressed as median and
interquartile range and compared using the Student’s t
test. Categorical variables were presented as numbers
and percentages and compared using the chi-square test
or Fisher’s exact test. The Kaplan-Meier method was
used to estimate survival outcomes, and groups were
compared using the log-rank test and Cox proportional
hazards model. Results were expressed as hazard ratio
with a 95% confidence interval (CI). Statistical signifi-
cance was defined as a two-sided p value of less than
0.05. Statistical analyses were conducted using JMP 16
software (SAS Institute, Cary, NC).

Results
Patient Characteristics and Overall Treatment
Efficacy

Of the total participating patients, two were excluded
from this study (one patient did not meet the inclusion
criteria, and one patient underwent inappropriate blood
sampling). Finally, this study included 52 patients with
histologically confirmed SCLC; pretreatment baseline
blood samples were used for serologic analysis
(Supplementary Fig. 1). Patient characteristics are sum-
marized in Table 1. The median age was 72.5 years
(interquartile range: 67.25–76 y), and 41 patients
(78.9%) were men. In this study, no patients had active



Table 1. Patient Characteristics

Characteristics
All Patients
(N ¼ 52)

Age (y), n (%)
<75 31 (59.6)
�75 21 (40.4)
Median (IQR) 72.5 (67.25–76)

Sex, n (%)
Male 41 (78.9)
Female 11 (21.1)

ECOG PS, n (%)
0 14 (26.9)
1 34 (65.4)
2 2 (3.8)
3 2 (3.8)

Smoking status, n (%)
Never 3 (5.8)
Current or former 49 (94.2)

Histology, n (%)
Small cell carcinoma 51 (98.1)
LCNEC 1 (1.9)

Previous treatment for SCLC, n (%)
Chemoradiotherapy 10 (19.2)
Operation 3 (5.8)
Treatment naive 41 (78.8)

Treatment regimen, n (%)
Platinum þ etoposide þatezolizumab 39 (75.0)
Platinum þ etoposide þ durvalumab 13 (25.0)

Brain metastasis, n (%)
Present 20 (38.5)
Absent 32 (61.5)

History of preexisting
autoimmune disease

Present 5 (9.6)
Absent 47 (90.0)

IQR, interquartile range; ECOG PS, Eastern Cooperative Oncology Group
Performance Status; LCNEC, large cell neuroendocrine carcinoma.
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symptoms of autoimmune disease, but some had a his-
tory of autoimmune disease. Specifically, two patients
had rheumatoid arthritis, one had interstitial pneumonia,
one had sarcoidosis, and one had membranous ne-
phropathy. However, they did not receive particular
treatment at the start of the study. The median PFS and
OS were 4.4 (95% CI: 3.8–5.4) and 25.3 (95% CI: 9.9–not
reached) months, respectively (Fig. 1A and B). The
objective response rate (ORR) to chemoimmunotherapy
was 69%, and the disease control rate was 86%
(Supplementary Table 1). The median follow-up time
from the commencement of chemoimmunotherapy was
10.5 months.

Evaluation of Preexisting Autoantibody Profile
Baseline serum sample results are summarized in

Table 2. A total of 29 patients (56%) had at least one
autoantibody at baseline. Among them, RF, ANA, and
antithyroid were present in seven, 18, and seven
patients (13%, 35%, and 13%), respectively. Moreover,
antineuronal antibodies, predominantly SOX1, Hu, and
Zic4 (13%, 10%, and 8%, respectively), were detected in
16 patients (31%).

Incidence of Autoantibodies Associated With
IrAEs

The incidence of irAEs is summarized in Table 3. A
total of 18 patients (35%) presented irAEs (any grade),
and three patients (6%) had severe irAEs. Multiple irAEs
were observed in six patients. Higher incidences of irAEs
were observed in patients with autoantibodies than in
patients without autoantibodies (48% in the
autoantibody-positive group versus 17% in the
autoantibody-negative group, p ¼ 0.039). The incidence
of severe irAEs did not significantly change but seemed
to be more common in antibody-positive patients (10%
versus 4%, p ¼ 0.40). No grade 5 irAEs associated with
the treatment regimen were observed in this study. The
association of specific antibodies to irAE incidence was
summarized in Supplementary Table 1. Among them, the
preexisting RF, and antithyroid antibody were related to
the occurrence of arthritis and thyroid dysfunction,
respectively (p ¼ 0.04, p ¼ 0.01). After the commence-
ment of chemoimmunotherapy, two patients with a
history of rheumatoid arthritis were diagnosed with the
exacerbation of preexisting autoimmune disease.
Regarding ANA titer and irAEs, we conducted additional
analyses but did not identify particular differences ac-
cording to ANA titer levels. The corresponding data is
shown in Supplementary Figure 2A and B. More impor-
tantly, no neurologic irAEs were observed in this cohort.

Impact of Autoantibodies on PFS, OS, and ORR
To investigate the impact of autoantibodies, the

Kaplan-Meier curves of PFS and OS on the basis of the
presence or absence of autoantibodies are illustrated in
Figure 2A and B. Patients with or without autoantibodies
exhibited similar PFS and OS (4.4 versus 4.6 mo, p ¼
0.36, and 15.3 versus 18.2 mo, p ¼ 0.36, respectively).
We also evaluated ORR and disease control rate, which
exhibited no significant differences between the two
groups (61% versus 78% and 79% versus 91%,
respectively) (Supplementary Table 2).

Analysis of PFS and OS by Patient Characteristics
The PFS and OS according to the presence of irAE

were illustrated in Figure 3A and B. Longer PFS and OS
were observed in patients with irAE compared with
patients without irAE (6.2 versus 3.9 mo, p ¼ 0.003;
25.1 versus 13.0 mo, p ¼ 0.02, respectively). Next, we
conducted a subgroup analysis of PFS and OS on the
basis of patient characteristics. The results are



Figure 1. Kaplan-Meier progression-free survival (A) and
overall survival (B) in overall patients. CI, confidence inter-
val; NR, not reached.
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presented in Supplementary Tables 3 and 4. Poor PS
was a poor predictor of PFS and OS (p ¼ 0.02 and
<0.0001, respectively). The presence of autoimmune
antibodies did not predict PFS or OS in multivariate
analysis.
Table 2. Preexisting Autoimmune Antibody Profiles

Antibody
All Patients
(N ¼ 52)

Preexisting autoimmune antibody, n (%)
Present 29 (56)

RF 7 (13)
ANA 18 (35)
Antithyroid 7 (13)

Absent 23 (44)
Preexisting antineuronal antibodies, n (%)
Present 16 (31)

SOX1 7 (13)
Hu 5 (10)
Zic4 4 (8)
AMPH 2 (4)
Recoverin 2 (4)
PNMA2 1 (2)
Ri 1 (2)
Yo 1 (2)
CV2 0 (0)
Titin 0 (0)
GAD65 0 (0)
Tr 0 (0)

Absent 36 (69)

RF, rheumatoid factor; ANA, antinuclear antibody.
Discussion
To the best of our knowledge, this is the first pro-

spective study to evaluate irAEs induced by chemo-
therapy and PD-L1 inhibitors, and their clinical impact in
the first-line treatment of SCLC. Most importantly, we
prospectively evaluated the occurrence of irAEs using
pretreatment serum analysis for autoantibodies.

Firstly, our results reveal that baseline autoimmune
antibodies predict the occurrence of irAEs, which may be
useful in routine clinical settings. The prevalence of
autoimmune antibodies and incidence of irAEs were
comparable to those reported previously.2–4 On the basis
of our findings, vigilance is required against the devel-
opment of irAEs in antibody-positive patients. Regarding
irAE type, thyroid dysfunction, and arthritis were corre-
lated with the baseline profile of autoantibodies (RF and
antithyroid antibody). According to previous reports,
thyroid autoimmunity may be involved in the develop-
ment of thyroid irAEs.22,23 In this study, patients with
irAE exhibited longer PFS and OS compared with patients
without irAE, which is concordant with the previous
literature.4 Despite the higher incidence of irAEs, treat-
ment efficacy (defined by ORR, PFS, and OS) with or
without autoantibodies did not differ, and the presence of
preexisting autoantibodies did not affect PFS and OS.
Previous reports on the prognostic impact of preexisting
autoantibodies are highly controversial.4,5 It is important
to note that SCLC differs from NSCLC immunogenetically.
Thus, further studies are warranted to determine the
importance of autoantibodies in ICI treatment.

Another important finding of our study was the prev-
alence and clinical impact of antineuronal antibodies,
which was 31% in our cohort. A previous study revealed
anti-Hu as the most common antibody, consistent with our
findings.24 More importantly, neurologic irAEs were not
observed in antineuronal antibody-positive or antibody-
negative patients. In previous reports and clinical trials,
the prevalence of neurologic irAEs was reported to be
0.5% to 1.22%, which is concordant with our analysis.2,25

Clinically, we may not need to be concerned about devel-
oping neurologic irAE even in patients positive for anti-
neuronal antibodies, but we should be cautious against
routine evaluation of antineuronal antibodies before ICI
initiation in patients without neurologic symptoms. In this
study, the presence of preexisting antineuronal antibodies
did not affect the treatment efficacy. Previous studies have
reported controversial conclusions; one report suggested
that anti-Hu antibodies were associated with better OS,26

whereas another suggested that ORR was poor in pa-
tients with PNS.27 These studies included various subtypes
other than lung cancer; therefore, these differences should
be validated separately.

A possible explanation for the lower diagnostic value of
antineuronal antibodies in developing neurologic irAEs



Table 3. Summary of The Immune-Related Adverse Events

Immune-Related Adverse
Events All Grade Grade �3

Autoantibody-Positive
Patients (n ¼ 29)

Autoantibody-Negative
Patients (n ¼ 23) pa

Present, n (%) 18 (35) 4 (8) 14 (48) 4 (17) 0.039
Rash 5 (10) 0 (0) 4 (14) 1 (4) 0.37
Thyroid dysfunction 5 (10) 0 (0) 5 (17) 0 (0) 0.059
Pneumonitis 3 (6) 1 (2) 2 (7) 1 (4) 1.00
Arthritis 3 (6) 1 (2) 2 (7) 0 (0) 0.49
Colitis 3 (6) 0 (0) 2 (7) 1 (4) 1.00
Hepatitis (laboratory

abnormalities)
1 (2) 1 (2) 0 (0) 1 (4) 0.44

Myositis 1 (2) 1 (2) 1 (3) 0 (0) 1.00
Nephritis (laboratory

abnormalities)
1 (2) 0 (0) 0 (0) 1 (4) 0.44

Vasculitis 1 (2) 0 (0) 1 (3) 0 (0) 1.00
Stomatitis 1 (2) 0 (0) 1 (3) 0 (0) 1.00

Exacerbation of preexisting
autoimmune disease

2 (4) 1 (2) 2 (7) 0 (0) 0.49

ap value is the comparison between autoantibody-positive and negative patients.
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could be the diagnostic quality of immunoblot assays.
Previously, a higher false-positive rate of immunoblot as-
says has been reported.28–31 Our analysis suggests that a
positive test for any antineuronal antibody should be
addressed according to the clinical setting or confirmed by
other methods.32 In this study, we adopted this assay
because this is readily available in Japan and covers suf-
ficient antibodies for the PNS diagnosis of SCLC. Physicians
must acknowledge that the diagnosis of PNS should always
be performed in collaboration with neurologists. According
to the current guidelines for the diagnosis of PNS, anti-
neuronal antibody positivity, and relevant neurologic
symptoms are needed.33 Therefore, in clinical practice, we
should take care to minimize false-positive antibody re-
sults, so that the overdiagnosis of PNS does not occur.

The limitation of our study includes a small sample
size. Moreover, we were unable to analyze all anti-
neuronal antibodies, such as surface antibodies (namely
voltage-gated calcium channels or N-methyl-D-aspartic
acid, etc.). In addition, no longitudinal serum sampling
was conducted in this analysis. The evolution of the
Figure 2. Kaplan-Meier progression-free survival (A) and overa
appearance of autoimmune antibodies could be infor-
mative for predicting the occurrence of irAE. As to the
nature of this multicentered study, the judgment of irAE
might differ from institution or clinicians. In addition, it
may affect when determining the grading of irAE. How-
ever, the institutes that participated in this study were
high-volume centers, and the physicians were well-
experienced with lung cancer treatment. Therefore, we
speculate that these concerns were minimized in this
prospective study. In addition, the results of typically
used antibodies, such as ANA, which were analyzed
outside of this study might influence clinical judgment.

In conclusion, we evaluated the presence of autoim-
mune antibodies that may predict the development of
irAEs. Furthermore, 31% of patients with SCLC were
positive for antineuronal antibodies, as evaluated by
immunoblot assay. In addition, the presence of anti-
neuronal antibodies did not increase the risk of devel-
oping neurologic irAEs. However, further research is
required to fully understand the role of autoantibodies in
ICI treatment.
ll survival (B), according to the presence of autoantibodies.



Figure 3. Kaplan-Meier progression-free survival (A) and overall survival (B), according to the presence of irAE. irAE,
immune-related adverse events.
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