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Abstract

Background: Large-cell neuroendocrine lung carcinoma (LCNEC) is a rare subtype of lung
cancer that lacks standard treatment at present.

Purpose: This study aimed to investigate the treatment status, failure pattern, survival
outcome, and gene expression profile of LCNEC in China.

Design: This is a real-world retrospective study combined with transcriptome sequencing of
LCNEC tumors.

Methods: Patients with newly diagnosed LCNEC at Beijing Chest Hospital from 2015 to

2022 were retrospectively reviewed. Treatment, failure pattern, and survival were analyzed.
Transcriptome sequencing of LCNEC and non-small-cell lung cancer was conducted for
differentiated expressed genes exploration and enrichment analysis.

Results: In all, 151 eligible patients met the criteria: stage | (24.5%), 11 (9.9%), IIIA (13.9%), and
[11B-IV (51.7%]). Median progression-free survival (PFS] and overall survival (0S) were 7.9 and
17.8 months for an entire cohort of patients. For stage I/l and IlIA patients receiving radical
operation or chemoradiation, 47 out of 77 cases developed treatment failure with 2-year
cumulative systemic/distant failure (SF), locoregional failure (LRF), and overall failure rates
of 65.2%, 52.7%, and 30.8%, respectively. Failure incidence increased with stage development.
Stage Il disease presented with a significantly higher cumulative SF rate (2-year, 57.3%

vs 29.7%; p=0.010) but a similar LRF rate (2-year, 41.5% vs 37.6%, p=0.369) than stage I/

I, achieving favorable SF-free survival and comparable LRF-free survival. Adding adjuvant
chemotherapy to surgery reduced distant dissemination which translated into survival

benefit (2-year SF, 53.7% vs 41.3%, p=0.055; 2-year 0S, 37.1% vs 79.9%, p<0.001). For
advanced LCNEC, immunochemotherapy and chemotherapy alone achieved PFS of 10.3 and
4.7months, respectively (p=0.045). Differential gene expression analysis revealed that antigen
presentation/processing, chemokine signaling, CXCR4, and IFN-y pathways were upregulated
in LCNEC, suggesting the vulnerability of LCNEC to immunotherapy. Besides, MMP9, AGT,
COL1AZ, COL1AT, and CXCL9 may play vital roles in the LCNEC pathogenesis.

Conclusion: LCNEC is a highly aggressive disease and incorporation of immunotherapy might
be an effective treatment option.
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Introduction

Large-cell neuroendocrine lung carcinoma
(LCNEQ) is a highly aggressive pulmonary neu-
roendocrine tumor that accounts for 2%-3% of
non-small-cell lung cancer (NSCLC).1:2 Like
small-cell lung cancer (SCLC), LCNEC has a
predominant prevalence in elderly heavy smokers
with a fairly poor prognosis.3* Over the past dec-
ade when molecularly targeted therapies and
immune checkpoint inhibitors (ICIs) have dra-
matically improved the prognosis of NSCLC,>6
little progress in management, however, has been
achieved in patients with LCNEC. The lack of an
encompassing pathological definition and high-
quality clinical trials made LCNEC an area of
unmet need.

No standard of care exists due to an absence of
phase III and/or randomized clinical trials in
LCNEC.%7-11  Generally, for localized stage
I-IITA disease, surgical resection is considered
the mainstay of treatment.?!2-14 Raman et al.
reviewed 6092 patients with localized LCNEC
from the National Cancer Database (2004—
2015) and the 5-year overall survival (OS) for
cases undergoing an operation for stage I, II,
and IITA LCNEC were 50%, 45%, and 36%,
respectively.!? Surgical resection was associated
with significant survival benefit in comparison
with radiation in stage I disease (HR=0.70,
95%CI, 0.57-0.86) and chemoradiation in
stage II-IIIA disease (stage II, HR=0.47,
95%CI, 0.35-0.63; stage IIIA, HR=0.69,
95%CI, 0.60-0.81).12 However, the role of
adjuvant therapy is unclear in early LCNEC.
Data from primarily retrospective analyses
showed adjuvant chemotherapy was associated
with improved OS in early-stage LCNEC.12:14-16
At present, the failure pattern of localized
LCNEC has not been fully investigated, which
might be useful in better management of local
treatment and systemic therapy in this group of
patients. Altieri et al. reported that even after
radical resection, half of early-stage LCNEC
patients recurred mostly within the first 2 years
of follow-up.!?

For advanced LCNEC, platin-based systemic
chemotherapy is considered the mainstay of ther-
apy. Whether to classify and treat LCNEC using
NSCLC- or SCLC-like regimens remains contro-
versial at present.%%:1%8 Two recent multicenter
prospective studies evaluated the efficacy of
SCLC chemotherapy (cisplatin and etoposide or

irinotecan) in advanced LCNEC, and median OS
rates were 7.7 and 15.1 months, respectively.?>10
Besides, the clinical activity of ICIs in advanced
LCNEC has not been fully defined.!!:19-21 Since
most available data were collected from case
reports and small retrospective series, or popula-
tion-based studies of Western countries, the treat-
ment, survival, and failure pattern of LCNEC
from a large cohort of Chinese LCNEC patients
was lacking.

Therefore, we conducted this study aiming to
assess the real-world status of treatment options,
failure pattern, and survival of LCNEC among
Chinese LCNEC patients at our institute;
besides, we also performed gene-expressing
sequencing of LCNEC tumors in comparison to
NSCLC among Chinese LCNEC patients at our
institute.

Materials and methods

Study design and patient eligibility

This is a real-world retrospective study con-
ducted at Beijing Chest Hospital. Consecutive
patients with pathologically confirmed LCNEC
from 2015 to 2022 were initially considered.
Pathological diagnosis of each sample was re-
confirmed by two pathologists independently.
Inclusion criteria were as follows: pathologically
diagnosed LCNEC with typical morphology and
immunophenotype according to WHO classifica-
tion; mixed LCNEC and SCLC of lung origin as
well as mixed LCNEC and NSCLC with a pre-
dominating LCNEC component; stage I-IV dis-
ease; no prior surgery, radiation, or systemic
chemotherapy; and at least one measurable lesion
for advanced disease. Exclusion criteria were as
follows: patients with ambiguous diagnoses and
cases with incomplete clinicopathologic or fol-
low-up information.

Medical records of eligible patients were reviewed
including time, age of diagnosis, gender, smoking
histology, site of primary tumor, AJCC 8th edi-
tion staging, node, metastasis, pathological stain-
ing, and molecular alternations. Treatment
material, response, and survival of each patient
were also collected. Follow-up visits were con-
ducted every 3months in the first 2years post-
operation, every 3—6months thereafter for
patients receiving surgery, and every 2—3 months
for patients receiving other treatments.
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Targeted DNA sequencing

Tissues with tumor proportions =10% were
selected for extraction of gDNA using QIAamp
DNA FFPE Tissue Kit (Qiagen, Valencia, CA,
USA). DNA quantification was performed using a
Qubit 2.0 fluorimeter (Thermo Fisher Scientific,
USA). A panel of 60 commonly reported genes in
lung cancer was used for the profiling of DNA
(Supplemental Table 1). Targeted sequencing
was performed using Nextseq500 (Illumina, San
Diego, CA, USA) with paired-end reads. LCNEC
cases in this study were divided into two groups
based on the molecular results according to
Natasha Rekhtman’s study?2: the SCLC-like
group (TP53+ RB1 co-mutations/deletions), and
the NSCLC-like group (STKI11, KRAS, and
KEAPI mutations).

Transcriptome sequencing

A total of six tumor tissues were collected from
three LCNEC patients, and 16 samples from 10
NSCLC patients following informed consent and
ethical approval. Total RNA was extracted using
the RNeasy Mini Kit (Qiagen), ensuring the
integrity of the RNA with an RNA Integrity
Number=7.0 as assessed by the Agilent 2100
Bioanalyzer. RNA-seq libraries were prepared
using the TruSeq RNA Sample Preparation Kit
v2 (Illumina), which involved mRNA enrichment
via poly-T oligo-attached magnetic beads, fol-
lowed by fragmentation and cDNA synthesis.
The cDNA was then subjected to end-repair,
adenylation of 3’ ends, and ligation of indexed
adapters. The library quality was validated on an
Agilent 2100 Bioanalyzer and quantified using
the KAPA Library Quantification Kit. Equimolar
amounts of indexed libraries were pooled and
sequenced on an Illumina NovaSeq 6000 plat-
form to generate 150bp paired-end reads. Raw
sequencing data were processed using FastQC for
quality control, and adapter sequences were
removed with Trimmomatic. Clean reads were
aligned to the human reference genome
(GRCh38) using HISAT2, and feature counts
were obtained with HT'Seq-count.

Programmed death-ligand 1 expression

The FFPE tumor sample of each patient was
stained using programmed death-ligand 1 (PD-
L1) antibody (clone 22C3, Dako 22C3 PharmDx
Assay; Agilent, Santa Clara, CA, USA). PD-L1
expression was determined using the tumor pro-
portion score (TPS). PD-L1 positivity was

defined as the demonstration of at least partial
membrane staining with moderate or strong
intensity in a minimum of 1% of tumor cells.

Statistical analysis

Locoregional failure (LRF) was defined as a dis-
ease progression or recurrence in the tumor lesion
and/or drainage area of the hilum and mediastinal
lymph nodes, independent of the involvement of
distant lymph nodes and sites. Systemic failure
(SF) was defined as distant dissemination, irre-
spective of the LRF. Progression-free survival
(PFS) was defined as the time interval from the
date of treatment to the date of progression,
relapse, last follow-up, or death from any cause.
OS was defined as the time interval from the date
of treatment to the date of death from any cause
or last follow-up. Locoregional failure-free sur-
vival (LRFS) was defined as the interval from the
date of treatment to the date of LRF occurrence,
last follow-up, or death from any cause, regard-
less of SF. Systemic failure-free survival (SFS)
was defined as the period from the date of treat-
ment to the date of SF occurrence, last follow-up,
or death from any cause, with no regard to LRF.
Estimates of survivals were calculated using the
Kaplan—Meier method and survival differences
were assessed using the log-rank test. Cox regres-
sion was used for multivariate analysis of indica-
tors with p values <0.05 in the univariate
regression for PFS. A two-tail p <0.05 was deter-
mined to be with statistical difference. IBM SPSS
(version 26.0; IBM, USA) was used for statistical
analysis and GraphPad Prism (version 9.0;
Graphpad Software, USA) was used to graph the
statistics.

Differential gene expression analysis was per-
formed using the DESeq2 R package, and the
resulting p-values were adjusted for multiple test-
ing using the Benjamini-Hochberg procedure. To
identify pathways and function annotations, Gene
Ontology, Kyoto Encyclopedia of Genes and
Genomes (KEGG), and Gene Set Enrichment
Analysis (GSEA) were conducted by the “cluster
Profiler” package of R software (version 4.2.0). An
adjusted p-value <0.05 was considered as the
threshold. The Enrichment Score (ES) was calcu-
lated for each predefined gene set, and the
Normalized Enrichment Score (NES) was derived
to account for the size of the gene set. The signifi-
cance of the NES was assessed using a permuta-
tion test, with 1000 permutations to generate a null
distribution of ES. The p-values were adjusted for
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multiple hypothesis testing using the Benjamini—
Hochberg procedure to control the false discovery
rate. The leading-edge analysis was performed to
identify the core genes contributing most to the
enrichment of each gene set. The reporting of this
study conforms to the Strengthening the Reporting
of Observational Studies in Epidemiology
(STROBE) Statement: guidelines for reporting
observational studies statement.??

Results

Patient baseline characteristics

From 2015 to 2022, 151 patients with histologi-
cally confirmed LCNEC diagnosed at Beijing
Chest Hospital were retrospectively reviewed.
Patient characteristics are summarized in Table 1.
The median age was 64 (range, 32—-84) years. The
male-to-female ratio was 14.1:1. Stage I, II, IIIA,
and IIIB-IV diseases accounted for 24.5%, 9.9%,
13.9%, and 51.7%, respectively. The majority of
patients had a smoking history (80.1%) and pre-
sented peripheral lesions (76.2%). 44 cases
(29.1%) were diagnosed with combined LCNEC:
with SCLC (z=21), with squamous carcinoma
(n=18), and adenocarcinoma (z=5; Figure 1(a)).
Median Ki-67 was 80% (Figure 1(b)). PD-LL1 was
expressed in 59.4% of patients with a median TPS
of 1% (range, 0%—95%; Figure 1(c)): 46.4% cases
had moderate PD-L1 expression (TPS=1%,
<50%) and 13.0% cases had strong PD-L1
expression (TPS=50%).

Treatment, survival, and prognostic analysis of
LCNEC

Among 68 patients with stage I-IITA LCENC, 60
cases had curative-intent operation including 30
cases received surgery alone and 30 cases had sur-
gery followed by adjuvant chemotherapy, 4
elderly patients had chemotherapy alone and the
remaining 4 cases refused any anti-cancer treat-
ment. For patients with stage IIIB-IV (n=83), 8
cases had concurrent chemoradiation, 9 cases
had surgical resection with perioperative chemo-
therapy, 56 cases received systemic chemother-
apy, 2 cases received first-line EGFR-TKI, and 8
cases refused anti-cancer therapy.

Among patients with localized LCNEC who had
curative surgery (n=69), 38 cases were given a
total cycle of 146 adjuvant chemotherapies:
SCLC regimen (etoposide—platinum, n=19), and
NSCLC regimens including pemetrexed- (n=9),

gemcitabine-(n=2), and paclitaxel/docetaxel-
platinum (7z=8) doublet chemotherapy. In addi-
tion, one patient with stage III combined LCNEC
and adenocarcinoma harboring EGFR-19DEL
progressed 1month after administration of ico-
tinib and received surgery subsequently. For
patients with inoperable localized or advanced
LCNEC who received systemic chemotherapy
(n=60), 26 patients received an SCLC regimen
(etoposide—platinum), 32 cases received NSCLC
regimens chemotherapy, and 2 patients harboring
EGFR-L858R mutation received icotinib as first-
line treatment.

Till the last visit in June 2024, the median fol-
low-up period was 24.0months. The median
PFS and OS were 7.9 (5.9-10.0) and 17.8
(13.5-22.2) months, respectively, for the entire
cohort of patients. Female gender, advanced
stage, lymph node involvement, and distant
metastasis were associated with unfavorable OS
(Table 2). Besides, surgery (HR=0.316, 95%CI,
0.151-0.663, p=0.002) and chemotherapy
(HR=0.447, 95%CI, 0.233-0.860, p=0.016)
significantly reduced death hazard compared
with none treatment. Multivariate regression
demonstrated gender, stage, and treatment as
independent prognostic indicators for OS in
LCNEC (Table 2).

Failure incidence and patterns in localized

LCNEC

Failure patterns were analyzed among patients
with localized LCNEC who received curative sur-
gery (n=69) or chemoradiation (n=8). Till the
last visit, 61.0% of patients (47/77) had relapsed
or progressive disease with SF being the main fail-
ure pattern (Figure 2(a)). In total, 25 cases had
SF (32.5%), 15 cases had LRF (19.5%), and 7
cases with both LRF and SF (9.1%). Stage I and
II LCNEC presented identical failure patterns
and similar incidences (Figure 2(a)). Failure inci-
dence increased with the tumor stage during the
disease course. Patients with stage III disease had
higher incidences of overall failure (OF; p=0.044)
and SF (p=0.014) than those with stage I dis-
ease, but OF and SF were not significantly differ-
ent with stage II disease; however, incidences of
LRF did not differ with stage (Figure 2(b)).

Most failures occurred within the first 2years
among this group of patients: the 1-year cumula-
tive OF, SF, and LRF rates were 52.3%, 37.9%,
and 23.1%, and the corresponding 2-year rates
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Table 1. Patient baseline characteristics. Table 1. (Continued)
Characteristics N % Characteristics N %
Age (years), median 64 (32-84) Syn
=60 97 64.2 Positive 86 57.0
<60 54 35.8 Negative 47 31.1
Gender Mutation status
Male 141 93 4 EGFR-L858R 4 2.6
Fomale 10 6.6 EGFR-19del 1 0.6
Smoking history ALK-fusion 1 0.6
Yes 121 80.1 First-line treatment
No 30 19.9 S 30 19.9
Pathological subtype S+CT 39 25.8
Pure LCNEC 107 70.8 CRT 8 5.3
Combined LCNEC A 29.1 CT 60 39.7
Primary site of lesion Targeted drug 2 2.3
Peripheral 115 76.2 None 12 7.9
Central 36 23.8 CRT, concurrent chemoradiation; CT, chemotherapy;
LCNEC, large-cell neuroendocrine lung carcinoma;
Stage (AJCC 8th) S, surgery.
| 37 24.5
[l 15 9.9
were 65.2%, 52.7%, and 30.8%, respectively
A 16 10.6 (Figure 2(c)). Compared with stage I/II diseases,
1B=IV 83 55.0 those with stage III LCNEC had slightly higher
2-year cumulative OF rate (63.6% vs 45.6%,
T stage p=0.060) and higher SF rate (70.3% vs 37.2%,
T1-2 89 58.9 »=0.010), with stage I/Il patients achieving
favorable PFS (2-year, 41.7% vs 21.7%; p=0.053;
T3-4 62 411 Figure 2(f)) and SFS (2-year, 57.3% vs 29.7%;
N stage p»=0.010; Figure 2(h)) compared to stage III

patients. Noteworthy, 2-year cumulative LRF
NO 53 35.1 rate (41.5% vs 37.6%, p=0.369) and LRFS
(73.0% vs 58.5%, p=0.369) did not differ with

N1 7 4t -
the stage (Figure 2(g)).
N2-3 91 60.3
M stage

Adjuvant chemotherapy after surgery for

MO 96 63.6 localized LCNEC

Since SF was the main failure pattern especially
in the first 2years of treatment, we further inves-
CD56 tigated the value of adding chemotherapy to sur-
gical resection. Adjuvant chemotherapy was
associated with reduced distant dissemination
Negative 39 25.8 (2-year cumulative SF rate, 53.7% vs 41.3%;
p=0.055, Figure 3(a)), whereas the locoregional
(Continued]  control was comparable (Figure 3(b)). Systemic

M1 99 36.4

Positive 107 70.9
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Figure 1. Pathological diagnosis, Ki-67 index, and PD-L1 expression in LCENC. (a) Pathological subtypes of LCNEC
patients; (b) The Ki-67 index of LCNEC tumors; (c) PD-L1 TPS of tumors by immunohistochemistry staining.
PD-L1, programmed death-ligand 1; TPS, tumor proportion score.

disease control was demonstrated to translate
into survival benefits (2-year PFS, 42.9% vs
22.6%, p=0.032; 2-year OS,79.9% vs 37.1%,
p»<<0.001; Figure 3(c) and (d)), and the benefit
was independent of the stage (Figure 3(e) and
(). However, survivals did not differ between
adjuvant SCLC regimen and NSCLC regimen
for patients after surgery (2-year OS, 70.3% vs
66.3%, p=0.387; Figure 4(a)).

Systemic chemotherapy plus ICls for advanced
LCNEC

The standard chemotherapy regimen for
advanced LCNEC has not been defined yet. We
compared survival outcomes between patients
receiving SCLC regimens and NSCLC regimens.
It revealed that SCLC regimens and NSCLC
regimens achieved comparable overall response
rates (ORR, 44.8% vs 51.7%, p=0.465) and
2-year OS (27.0% vs 34.9%, p=0.649; Figure
4(b)) in advanced LCNEC.

Noteworthy, eight patients had incorporated ICIs
into systemic chemotherapy as first-line treat-
ment in this study: five cases with anti-PD-1 anti-
body and four cases with anti-PD-L1 blockade
infusion. Six patients reached partial remission
(PR), one reached stable disease, and the ORR
was 75% (6/8). Three out of six patients who got
PR had negative PD-L1 expression which might
indicate no association between PD-L1 expres-
sion and ICI response. Patients receiving ICIs
plus chemotherapy had much more favorable
PFS in comparison to those receiving chemother-
apy alone (median PFS, 10.3 vs 4.7months,
p=0.045; Figure 4(c)). Adding ICIs to chemo-
therapy shows a tendency of prolonged OS
(2-year OS, 87.5% vs 20.1%, p=0.056; Figure

4(d)). However, these results should be inter-
preted cautiously since the number of patients
receiving ICIs was quite small in this retrospec-
tive study.

Molecular feature and targeted therapy

for LCNEC

In this study, 74 patients had targeted sequenc-
ing using a next-generation sequencing technique
based on tumor samples. A total of 71 abnormal-
ities were detected in 52 patients (70.3%). TP53
(26/74, 35.1%) was the most frequently mutated
gene in LCNEC. RB1 mutation was detected
only in one patient. Five patients (two pure
LCNEC and three combined LCNEC) harbored
EGFR alternation including LL858R mutation
(n=4) or EGFR-19 deletion (n=1). ALK rear-
rangement was detected in one patient with pure
LCNEC and one patient with combined
LCNEC. Patients were subdivided into NSCLC-
like LCNEC (z=48) and SCLC-like LCNEC
(n=26) according to the molecular classification
of LCNEC in the published study.?* No differ-
ence in survival was observed between the two
molecular groups (2-year OS, 54.6% vs 41.8%,
p=0.677; Supplemental Figure 2).

Among patients with driver gene positive
LCNEC, two cases (stage IV) received first-gen-
eration EGFR-TKI as first-line treatment: one
dead soon and another one was still alive (OS,
44.8 months); one patient (stage IITA) received
no targeted therapy after surgery and adjuvant
chemotherapy was still alive with no tumor (dis-
ease-free survival [DFS], 13.3 months); one case
(stage IITA) had EGFR-TKI as perioperative
therapy and was still on the visit (OS, 24.3 months)
and one case (stage IITA) had third-generation

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

F Qi, M Zhang et al.

Table 2. Univariate and multivariate analyses of overall survival in patients with LCNEC.

Parameter Univariate analysis Multivariate analysis
HR, 95%CI p-Value HR, 95%CI p-Value
Age, >60vs <é0years 0.738 (0.464-1.174) 0.200
Gender, female vs male 2.518 (1.208-5.247) 0.014 2.484(1.100-5.610) 0.029
Smoking, yes vs no 1.080 (0.624-1.868) 0.784
T stage, T3/4vs T1/2 1.243 (0.883-1.750) 0.212
Lymph node involvement, yes vs no 1.771 (1.082-2.897) 0.023 0.626 (0.303-1.296) 0.207
Distant metastases, yes vs no 1.863 (1.200-2.893) 0.006 0.355 (0.078-1.609) 0.179
Pathology, combined vs pure LCNEC 0.766 (0.492-1.192) 0.237
Stage
Ilvs | 1.763 (0.718-4.237) 0.216 2.077 (0.837-5.152) 0.115
Il'vs | 2.450 (1.216-4.933) 0.012 2.545(1.119-5.780) 0.026
Vs | 3.430(1.766-6.663) 0.000 3.278 (1.413-7.607) 0.006
Treatment
Surgery vs non-treat 0.316 (0.151-0.663) 0.002 0.175(0.068-0.448) 0.000
Chemotherapy vs non-treat 0.447 (0.233-0.860) 0.016 0.404 (0.186-0.872) 0.022
Chemotherapy regimen
NSCLC- vs SCLC-like regimen 0.661 (0.357-1.224]) 0.188

LCNEC, large-cell neuroendocrine lung carcinoma; NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer.

EGFR-TKI as second-line treatment but pro-
gressed rapidly and dead of the tumor.

Transcriptome sequencing and DEP analysis

We performed transcriptome sequencing on six
tumor tissues from three patients with LCNEC
and 16 tumor tissues from 10 patients with
NSCLC. Results revealed significant differences
in gene expression profiles between LCNEC and
NSCLC (Figure 5(a)). In addition to neuroen-
docrine proteins or markers (CHGB, CHGA,
NCF1, and IGF2), NR1H3, CGA, AGT, LTF,
SLC8A, ZG16B, CXCL9, and other genes were
differentially expressed genes (DEGs) in
LCNEC than NSCLC (Figure 5(b)). KEGG
pathway and GESA analysis revealed that upreg-
ulated DEGs were enriched in antigen presenta-
tion, cytokine activity, cytokine—cytokine
receptor interaction, and IFN-y signaling path-
ways (Figure 5(c¢) and (d)). Furthermore,

histone and DNA methylation-associated genes
were downregulated in LCNEC patients, indi-
cating a limited role of methylation in LCNEC
which may not be ideal candidates for methyla-
tion-based drug therapies (Figure 5(d)).
Protein—protein interaction network analysis
showed that MMP9, AGT, COL1A2, COLI1A1,
and CXCL9 might play vital roles in the patho-
genesis of LCNEC (Figure 5(e)).

Discussion

This is a comparably large sampled real-world
study focused on the treatment, survival, and
prognosis status of LCNEC among the Chinese
population. Various treatment options including
surgery, chemotherapy, targeted drugs, and
immunotherapy were assessed and failure pat-
terns of localized diseases were systemically
investigated. Besides, transcriptome sequencing
was conducted for differential expressed genes
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Figure 2. Failure patterns of localized LCNEC. (a) Venn plot of failure pattern of stage I-Ill LNCEC; (b)
cumulative failure rates of localized LCNEC; (c] failure incidence and pattern according to stage; (d, e)
cumulative failure rates of stage I/Il (d) and Ill (e) LCENE; (f) comparison of 2-year cumulative failure rates
between stage I/1l and Ill LCNEC; (g, h) Comparison of LRF-free survival (g) and SF-free survival (h) between
stage I/l and stage Ill LCNEC patients.

LCNEC, large-cell neuroendocrine lung carcinoma; LRF, locoregional failure; SF, systemic failure; LRFS, locoregional
failure-free survival; SFS, systemic failure-free survival.
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Figure 3. Adjuvant chemotherapy reduced SF and improved survival in LCENC after surgery. (a-d) Comparison
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LCNEC, large-cell neuroendocrine lung carcinoma; LRF, locoregional failure rate; 0S, overall survival; PFS, progression-

free survival; SF, systemic failure; SFR, systemic failure rate.

analysis. Our results indicate LCNEC is a highly
aggressive systemic disease even in the early-stage
phase and systemic chemotherapy is dispensable
for the treatment; besides, it was demonstrated
that antigen presentation/process, chemokine,
CXCR4, and IFN-y signaling pathways were
upregulated in LCNEC, indicating the potential
efficacy of ICI treatment.

Surgical resection is the backbone for the treat-
ment of localized LCNEC.12:2¢ However, the sig-
nificance of adjuvant chemotherapy and the

optimal regimen have not been fully defined yet.
In the present study, we analyzed the survival out-
come as well as the failure pattern among local-
ized LCNEC. Sixty-one percent of patients
progressed or relapsed with SF being the main
failure pattern. The 2-year cumulative SF rate
was 52.7%. Besides, patients with stage III dis-
ease had a higher cumulative SF rate than those
with stage I/II. Furthermore, our study demon-
strated that adjuvant chemotherapy reduced dis-
tant dissemination (2-year cumulative SF rate,
53.7% vs 41.3%; p=0.055) which translated into
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Figure 4. Survival analysis of LCNEC according to different chemotherapy regimens. (a, b) Comparison of
0S between SCLC and NSCLC regimens as adjuvant chemotherapy for stage I-IlIA LCNEC (a) and as salvage
regimens for stage IlIB-IV LCNEC (b); (c, d) comparison of PFS (c) and OS (d) between immunotherapy-
containing treatment and non-immunotherapy-containing treatment in advanced stage I1IB-IV LCNEC.
LCNEC, large-cell neuroendocrine lung carcinoma; NSCLC, non-small-cell lung cancer; OS, overall survival; PFS,

progression-free survival; SCLC, small-cell lung cancer.

survival benefits (2-year PFS, 42.9% vs 22.6%,
$»=0.032; 2-year OS,79.9% vs 37.1%, p<<0.001).
In terms of regimens, no significant difference
was observed between SCLC- or NSCLC-like
regimens in our study, which was consistent with
some reported studies.!%25:26  Conclusively,
LCNEC is a highly aggressive malignancy even in
the localized stage and distant dissemination is a
main failure pattern of localized disease, indicat-
ing the important role of chemotherapy in this
group of patients.

The optimal regimen for advanced LCNEC still
remains unestablished.”-827 In the present study,
SCLC regimens and NSCLC regimens achieved
similar responses (p=0.465) and survival
(p=0.465), which was in line with some previous
studies (median OS, 7.0-12.6months).%15:27-29
Incorporation of ICIs might be a potential treat-
ment option for advanced LCNEC. In a study of
34 LCNEC patients administered ICIs, the ORR
was 29.4% and the median OS was 14.8 months.3°
Elizabeth Dudnik compared the outcome of

LCNEC patients who received ICIs (=41) and
patients who did not receive ICIs (z=284), and the
median OS was 12.5 and 8.4 months, respectively
(p=0.046).11 In the present study, ICIs plus
chemotherapy achieved significantly superior PFS
than chemotherapy alone (10.3 vs 4.7 months,
$»=0.045). In terms of biomarkers for predicting
the efficacy of ICIs, PD-L1 expression might not
be a reliable predictor.!! However, it was reported
that LCNEC with a high tumor mutation burden
might benefit from ICIs.!® These results suggest a
positive impact of ICIs on OS in LCNEC.

Gene expression analysis in the present study also
suggested that LCNEC might be vulnerable to
immunotherapy. Compared to NSCLC for which
ICIs have been a standard treatment option,
LCNEC presented upregulated DEGs enriched
in antigen-presenting and processing, chemokine,
CXCR4, and IFN-y signaling pathways. These
results suggested the vulnerability of LCNEC to
immunotherapy, in line with the favorable surviv-
als of PD-1/PD-L1 blockade in LCNEC in the
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Figure 5. Gene expression analysis of LCNEC. (a) The heatmap chart of the top 50 DEGs in LCNEC versus NSCLC. (b) The volcano
plots represented the DEGs between LCNEC and NSCLC. (c] The chord diagram of the DEPs-based functional enrichment pathway.
(d) GSEA of antigen processing and presenting, chemokine signaling, CXCR4, IFN-y, DNA, and histone methylation pathways. (e) PPI

network analysis of upregulated DEGs in LCNEC.

DEG, differentially expressed gene; GSEA, gene set enrichment analysis; LCNEC, large-cell neuroendocrine lung carcinoma; NSCLC, non-small-cell

lung cancer; PPI, protein-protein interaction.

present study. However, the exact efficacy of
immunotherapy in LCNEC needs validation
from large-sample prospective clinical trials.
Several reports suggested that epigenetic changes
may play a key role in the pathogenesis of neu-
roendocrine neoplasms.3!-33 Soldevilla et al. have
assessed the epigenetic regulators microRNAs
(miRNAs) miRNA in multiple endocrine neopla-
sias (MEN5s) including LCNEC, and they identi-
fied a signature of eight miRNAs that stratified
patients in three prognostic groups (5-year OS,
80%, 66%,and 36%, respectively).3* Consistently,
our results revealed that epigenetic modification-
related genes were upregulated in LCNEC.
Besides, apart from traditional neuroendocrine
proteins, we also found some potential markers

for LCNEC, such as ARTX, also reported in a
published study.3>

Limitation

This study has several limitations. Retrospective
design and comparably small sample size of this
study make some bias inevitable. Parts of our
results should also be interpreted cautiously since
the sample size was relevantly small. Currently,
genotyping showed potential value in subtyping
and guiding individualized treatment in
LCNEC,*® and no survival difference was
observed between patients with SCLC-LCNEC
and NSCLC-LCNEC in this study. The number
of LCNEC cases available for the transcriptomic
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analysis was quite small; thus, the results should
be considered exploratory. A large sample pro-
spective study is on recruiting in our institute at
present.

Conclusion

Our study suggested that LCNEC was a highly
aggressive disease with a fairly poor prognosis.
More intensive therapy including adjuvant chem-
otherapy and ICIs might be potential in an
attempt to disease treatment. LLarge sample pro-
spective studies are warranted in the future.
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