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Introduction: Small cell lung cancer (SCLC), an aggressive subtype of lung cancer characterized by the development
of neuroendocrine tumors, is prone to distant metastasis, resistant to platinum-based drugs and has a poor prognosis. The
development of next-generation sequencing technology (NGS) has led to the identification of many genetic alterations in SCLC.
Few druggable targeted molecules can be used in clinical practice. Currently, NGS is widely employed in routine clinical practice
of non-small cell lung cancer to assist in therapeutic options and prognosis evaluation. This study aims to investigate genes
involved in small cell lung cancer (SCLC), their occurrence and their significance in clinical events.
Methods: Tumor tissue specimens from 18 Chinese SCLC patients were collected through a 520 cancer-related genes panel for next-
generation sequencing. First, the association between sequence results and clinical outcomes was examined. Subsequently, data on
clinical pathology and sequencing results were analyzed.
Results: The Kaplan–Meier curve displayed a significant reduction in PFS for SCLC patients with LRP1B or MAP3K13 mutations.
Overall survival (OS) of SCLC patients with MSH6 mutation was significantly higher than those with SPEN mutation.
Conclusion: Next-generation sequencing demonstrates that the genetic landscape of SCLC. Mutation status of LRP1B, MAP3K13,
MSH6 and SPEN has prognostic significance, which might be potential therapeutic targets. We found possible genes and related
signaling pathways that affect metastasis. These results can improve our understanding of the mutation characteristics of SCLC and
identify potential biomarkers to guide targeted therapies.
Keywords: small cell lung cancer, next-generation sequencing, genetic alteration, tumor mutation burden, clinical significance

Introduction
Cancer has been one of the leading causes of human death. According to estimates, more than 220 thousand new cases of
lung cancer will occur in the United States in 2020.1 In general, lung cancer is subdivided into two categories, of which
small cell lung cancer (SCLC) represents about 13–15%. At diagnosis, about 80% of patients with SCLC are in an
advanced stage and cannot undergo surgery.2

SCLC is a highly heterogeneous malignant neuroendocrine tumor.3 Small cell transformation has been demonstrated
to be one of the ways in which non-small cell lung cancer (NSCLC) develops resistance to epidermal growth factor
receptor tyrosine kinase inhibitors (EGFR-TKIs), leading to a poor prognosis.4 Although TP53 and RB1 are tumor
suppressor genes with high incidence, few genetic driver events have been reported.5 Recent evidence reveals that
immune checkpoint inhibitors (ICIs) and specifically programmed death ligand 1 inhibitors combined with standard
platinum/etoposide can enhance progression-free survival with minimal adverse effects in patients with extensive
SCLC.6,7 Furthermore, recent evidence shows that co-stimulatory B7-H3 may act as an independent prognostic indicator
for SCLC cases, which might provide a theoretical basis for subsequent research targeting B7-H3.8,9
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FOXM1 is crucial for SCLC tumorigenesis and is associated with a poor prognosis. After standard chemotherapy,
patients with high FOXM1 expression had shorter progression-free survival compared to those with low FOXM1
expression (3.90 vs 8.69 months).10 In vitro experiments and experiments on xenograft (PDX) models derived from
SCLC patient-derived xenograft reveal that pharmacological inhibition of DHODH can suppress the cell viability.11

Therefore, in SCLC treatment, DHODH has been a promising target.
SCLC is prone to develop chemoresistance due to its intratumoral heterogeneity.12 Despite recent advances, SCLC

remains the most lethal lung cancer with limited therapeutic options. Studies report that patients with SCLC have a poor
prognosis, except for a minimal number of early-stage cases.13

Accumulated studies demonstrate that SCLC is a highly heterogeneous tumor, although fewer genetic colonies have
been reported comparison with NSCLC. Transcriptomic analyses reveal four different molecular subtypes, including
SCLC-A driven by the transcription factor ASCL1, SCLC-N driven by NEUROD1, SCLC-Y by YAP1 and SCLC-P by
POU2F3,14 allowing for more targeted therapeutic approaches. Subsequent studies confirmed that a unique YAP1
subtype did not exist, and an inflamed subtype of SCLC (SCLC-I) was recently proposed to replace YAP1 subtype.15

Although SCLC-I subtype experienced the greatest benefit from immune checkpoint inhibitor therapy, the clinical
significance of this molecular subtyping in guiding treatment and estimating prognosis remains limited to other standard
SCLC treatments.

The development of next-generation sequencing technology (NGS) has led to the identification of many genetic
alterations in SCLC, including TP53 and RB1 inactivation and frequent chromosomal abnormalities (deletion 3p).16 In
addition to the inactivated Notch pathway, MYC family amplification has a high incidence.17 Few druggable targeted
molecules can be used in clinical practice.18 Currently, NGS is widely employed in routine clinical practice of non-small
cell lung cancer to assist in therapeutic options and prognosis evaluation. Therefore, it is essential to investigate the
genetic characteristics of SCLC and their clinical implications.

In this study, 18 cases of pathologically proven SCLC cases were sequenced using a panel of 520 cancer-related
genes. The average median sequencing depth of the samples was 1260x. The average median q30 ratio of the samples
was 91%, and all samples are qualified. Analyzing the sequencing results and pathological data revealed some genetic
variants with distinctive characteristics.

SCLC presents a distinctive mutation spectrum compared to adenocarcinoma. In our cohorts, results reveal 72% co-
occurring TP53/RB1 mutations. Furthermore, in the samples of small cell lung cancer, the core 8 gene was not detected.
In SCLC, the frequency of gene mutations is significantly lower than in adenocarcinoma. The mutation frequency of
Rb1, MSH6, KDR, IL7R, ATRX, EPHB1, PDGFRA and KIT in SCLC is markedly higher than those in lung squamous
cell carcinoma. Due to the small sample size, it might be affected by some random factors.

Materials and Methods
Patients and Sample Collection
Patients diagnosed with SCLC at Henan Cancer Hospital, Affiliated Cancer Hospital of Zhengzhou University, were
enrolled in this study after obtaining informed consent. Biopsy specimens of advanced stage SCLC were obtained from
the Department of Pathology Affiliated Cancer Hospital of Zhengzhou University. The study protocols were approved by
the institutional ethics review board (Ethics Review Committee, Zhengzhou University). While collecting specimens for
analysis, we complied with the declaration of Helsinki (2013 Edition) and relevant regulations. Additionally, the clinical
characteristics were recovered in this research.

DNA Isolation and Capture-Based Targeted DNA Sequencing
DNA extraction and targeted sequencing were performed in Burning Rock Biotech as described in the previous
protocol.19,20 In brief, formalin-fixed, paraffin-embedded (FFPE) specimens were used for DNA extraction through
QIAamp DNA kit (Qiagen, Germany). Subsequently, DNA purification, hybridization and amplification were performed.
Target capture was conducted through a commercial 520 genes panel (OncoScreen Plus). The quality of fragments was
determined using a Bioanalyzer 2100 (Agilent Technologies, USA). Finally, the samples were sequenced via the platform
of nextseq 500 (Illumina, Inc., USA).
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Sequence Data Analysis and Tumor Mutation Burden (TMB) Calculation
The reference genome Hg19 was used through Burrows-Wheeler Aligner version 0.7.10.21 Subsequently, sequence
alignment and variant calling were performed through programs including varscan version 2.4.3 and the genome analysis
tool kit version 3.2.22 The genes variants were annotated with ANNOVAR.23 The structural variations (SVs) were
analyzed using Factera version 1.4.3.24

It should count as mutations that non-synonymous single nucleotide variants (SNVs) and indels in the coding
sequences and two adjacent base pairs around these regions, while hot mutation, copy number variations (CNVs),
structural variations (SVs), and SNPs were excluded.

The size of coding sequences required to estimate TMB is 1.003 MB in the 520 gene panel. The MB per patient was
calculated using the following formula.

TMB ¼
mutation count except for CNV; SV; SNPs; and hot mutationsð Þ

1:003 Mb

Follow-Up and Statistical Analysis
Table 1 lists the clinical and pathological information of SCLC patients. Prospective follow-up was conducted through
routine hospital visits or telephone calls. Once every three months, trained medical staff made telephone calls to patients
or their family members until death or the last follow-up. The follow-up data of this cohort is included in the
Supplementary Materials. Overall survival (OS) was estimated from the day of SCLC diagnosis to the day of death
from any cause and was analyzed using Kaplan–Meier estimates and Log rank test. The correlations between categorical
variables were calculated using Chi-squared and Fisher’s exact tests. Statistical analyses were performed using
SPSS23.0, and P ≤ 0.05 was considered statistically significant.

Table 1 Clinicopathological Characteristics of the 18 SCLC Patients

N/Median %/Range

Case 18

Ages (years) at diagnosis 60.5 47.0–74.0

Gender
Male 14 77.8%

Female 4 22.2%

Smoking history
Yes 12 66.7%

No 5 27.8%

Null 1 5.6%
Period of diagnosis

2010s 18 100%

Specimen source
Primary biopsy 6 33.3%

Metastatic biopsy 12 66.7%

Clinical stage (VASOG)
Limited stage 0 0

Extensive stage 18 100%

Optimal treatment response
Partial remission (PR) 12 66.7%

Stable disease (SD) 4 22.2%

Progression disease (PD) 2 11.1%
Vital status at last follow-up

Deceased 17 94.4%

Alive 1 5.6%
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Results
Next-Generation Sequencing Shows the Genetic Landscape of SCLC
Capture-based targeted sequencing was performed by Burning Rock Biotech, Guangzhou, China. The average median
sequencing depth of the samples was 1260x, consistent with expectations. The average median q30 ratio of the samples
was 91%, and all samples were qualified (Supplementary Figure 1). The deletion of the tumor suppressor genes TP53 and
RB1 has long been recognized as a common mutation in SCLC. Out of 18, 13 patients showed a co-mutation of TP53
and RB1, reaching a mutation rate of 72%, and the remaining five patients were found with wild-type RB1 as displayed
in Figure 1A. Other frequent mutant genes are LRP1B, FAT3, KMT2D, KDR, PTEN, SPTA1, MSH6, Bcl6, EPHB1, etc.
Figure 1B illustrates the distribution of identified mutations in SCLC.

Genetic Alteration in SCLC Specimen Was Different from That in Adenocarcinoma
and Squamous Cell Carcinoma
The genetic alteration observed in our cohort was in accordance with the SCLC database of Burning Rock Biotech
(RS_SCLC) (Figure 2A). Figure 2A includes genes detected in at least three samples. The gene mutation frequency in
this cohort did not differ significantly from that in RS_SCLC database.

The genetic differences between SCLC and non-small cell lung cancer were further analyzed (Figure 2B) to explore the
molecular genetic characteristics of SCLC. In comparison with NSCLC (adenocarcinoma and squamous cell carcinoma), the
mutation spectrum of SCLC differed significantly from the adenocarcinoma database of Burning Rock Biotech (RS_LUAD).
Neither the core eight gene nor the frequent mutations in SCLC were detected in adenocarcinomas. Compared to Burning
Rock Biotech’s database of squamous cell carcinoma (RS_LUSC), the mutation frequency of genes RB1,MSH6, KDR, IL7R,
ATRX, EPHB1, PDGFRA, and KITwas significantly higher. Considering the small sample size, other factors might affect it.

Furthermore, a single nucleotide variation analysis revealed that C > A mutations were more frequent in SCLC,
whereas C > T mutations were significantly lower, as illustrated in Figure 2C. Moreover, we analyzed the gene copy
number variation (CNV) and tumor mutation burden (TMB) in our cohorts (Figure 3). There was no significant
difference in gene copy number variation (CNV) between the cohorts of SCLC group and RS_LUSC group (P =

Figure 1 Mutation landscape of SCLC. (A) Genomic alteration profiling. X axis is specific specimens and Y axis is the detected mutations for a different gene. The
percentage of mutation of a specific gene in total patients. (B) Distribution of mutations in SCLC.
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0.54). In contrast, there was a significant difference between SCLC and RS_LUAD groups (P = 0.014). In terms of tumor
mutation burden (TMB), there was no significant difference between cohorts of SCLC and RS_LUSC groups (P = 0.80),
whereas there was a considerable difference between SCLC and RS_LUAD groups (P = 0.003). In general, SCLC
showed higher copy number amplification and TMB compared to lung adenocarcinomas.

Part Mutant Genes are Related to Clinical Factors to Some Extent
In the final analysis, we examined the association between gene mutation and clinicopathological data, including gender,
smoking, specimen origins, metastasis site, progression-free survival and overall survival (Figure 4). The criteria for gene

Figure 2 (A) Genetic alteration in our cohort consistent with Burning Rock Biotech SCLC database (RS_SCLC). (B) Genetic differences between SCLC and non-small cell
lung cancer (NSCLC) (C). Single nucleotide variation analysis. *in (B and C) represents statistically significant differences (p < 0.05). **in (B and C) represents statistically
significant differences (0.01<p < 0.05). *** in (B and C) represents statistically significant differences (p < 0.01). **** in (B and C) represents statistically significant
differences (p < 0.001).

Figure 3 Gene copy number variation (CNV) (A) and tumor mutation burden (TMB) (B) in our SCLC cohort differ from lung adenocarcinoma.
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inclusion were as follows: a. genes detected in at least three samples, b. clinical factors with at least three statistics, c.
baseline sample data were included for analysis. The results revealed a significant correlation between several mutant
genes and clinical factors. The Kaplan–Meier curve showed that patients with LRP1B (Figure 5A) or MAP3K13
(Figure 5B) mutation exhibited significantly shortened PFS.

Moreover, SCLC patients with MSH6 mutation had significantly longer OS (Figure 5C), while the OS decreased
significantly in patients with SPEN mutation (Figure 5D). In conclusion, MSH6 mutations are associated with a better
prognosis than SPEN mutations. The results of this study may help to diagnose and treat Chinese SCLC patients.

The proportion of mutant-PIK3CA was higher in patients with bone metastases (P = 0.012), and the proportion of
mutant-FAT1 was higher in patients with liver metastases (P = 0.044), as displayed in Figure 6. Of 18, five patients
eventually developed bone metastases; three were detected with PIK3CA mutation, while five of the patients with liver
metastases were detected with FAT1 mutation. Based on these results, it can be concluded that related signaling pathways
could play a role in regulating organ-specific metastasis.

The signaling pathways based on KEGG involved in mutant genes were analyzed (Figure 7). A pathway is deemed
mutant when at least one sample has a mutation in it. Signaling pathways with statistical correlations are listed in Table 2,
which requires further investigation. The results indicated that HIF1 signaling pathway, estrogen signaling pathway,
chemokine signaling pathway and T cell receptor signaling pathway contributed to bone and lymph node metastasis.
Additionally, signaling pathways linked to PFS and OS were identified, and these findings may provide genetic
explanations for clinicopathological features.

Figure 4 The correlation between mutant gene and clinicopathological data including gender, smoking, specimen origins, metastasis site, and progression free survival and
overall survival. Red indicates statistically significant differences (p < 0.05).
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Discussion
SCLC in the early stages is sensitive to radiotherapy and chemotherapy. In most patients, satisfactory treatment results
cannot be achieved due to the disease’s early progression, recurrence, and chemotherapy resistance. Despite recent
advances in SCLC, even on standard platinum-containing two-drug chemotherapy combined with immunization, survival
did not exceed two years.25 Nitin Roper et al disclosed that different transcriptional SCLC subtypes could experience
clinical benefit to ICIs, as was Notch signaling activation, which might provide the means for more effective application
of ICIs in SCLC.26 Chemo-immunotherapy has become the preferred initial treatment for advanced SCLC, but only a
small subset of SCLC patients’ benefits from ICIs, and there is an urgent need for biomarkers with efficient prediction.27

SCLC has long been considered to have higher genomic instability than other types of cancer.28 The inactivation of
TP53 and RB1 occurs early in the course of SCLC.29 Inactivation of RB1 allows cells to enter the cell cycle, while TP53
loss can prevent cell cycle arrest and apoptosis. Amplification of Myc family members may enhance cell proliferation,
while ASCL1 promotes neuroendocrine fate.30

Figure 5 Kaplan–Meier curve indicated that SCLC patients with LRP1B (A) or MAP3K13 (B) mutation had significantly shorter PFS. SCLC patients with MSH6 mutation had
significantly longer OS (C) while OS was significantly shorter in patients with SPEN mutation (D).
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Furthermore, studies have found that histone modification is highly prevalent in SCLC. Overall, these genetic
alterations result in replication stress in SCLC, providing a potential direction for gene intervention therapy.
Therefore, the study examined various gene mutations associated with SCLC and the effects of those mutations on the
pathogenesis of clinical events and their prognosis. In the cbioportal site, we observed whole-genome sequencing of 120
small cell lung cancer (SCLC) tumour samples and matched normal materials.31 The tumour samples in this study were
enriched for earlier stages, while tumour samples were all advanced stages in our study. Surgical treatment is considered
for less than 5% of early patients limited to the lung parenchyma for SCLC patients. Then, therapeutic options are
completely different. The differences in treatment outcomes were not comparable, but there were no significant
differences in the frequency of key gene mutation (P53,RB), diagnosis age and sex ratio, indicating that our cohort is
representative to some extent.

It is worth mentioning that Kaplan–Meier curve suggested that SCLC patients with LRP1B or MAP3K13 mutation
had shorter PFS in our study. LRP1B (low-density lipoprotein receptor-related protein 1b) is a putative tumor suppressor.

Figure 6 The proportion of mutant-PIK3CA is higher in patients with bone metastases (A), the proportion of mutant-FAT1 is higher in patients with liver metastases (B).

Figure 7 The correlation between signaling pathways involved in mutant genes (based on KEGG pathway) and clinicopathological data including gender, smoking, specimen
origins, metastasis site, and progression free survival and overall survival. Red indicates statistically significant differences (p < 0.05).
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Recent evidence suggests that LRP1B might be a genetic marker for immune checkpoint inhibitors (ICI) in multiple
types of cancers.32,33 However, nuclear LRP1B, which was released by the intracellular LRP1B domain and transported
to the nucleus, increased the invasion activity of breast cancer cells by upregulation of NEAT1.34 Further studies are
required to understand the molecular significance of LRP1B in SCLC progression. MAP3K13 (encoding LZK) is an
amplified driver gene in head and neck cancer cells and plays a crucial role in maintaining mutant p53 expression.35

Qiang Zhang36 revealed a regulatory pathway that supervised Myc protein stability via MAP3K13-TRIM25-FBXW7α
signaling axis, suggesting a potential therapeutic target for cancers that over-express Myc. Considering that MAP3K13 is
a targetable oncogenic kinase, its clinical application deserves further investigation in SCLC.

Researchers found that MSH6 mutations have a better prognosis compared to SPEN mutations. DNA mismatch repair
genes (MMR) function in maintaining genomic stability. The dysfunction of MMR genes could lead to accumulation
during the repair process of DNA and lead to gene instability and overexpression of cancer-related genes, causing tumor
initiation and progression.37 Nine MMR genes related to human mismatch repair have been isolated from human
bacteria. MMR is a bacterial MUTS homologue and mainly forms a mismatch complex with MSH2 (MSH2-MSH6)
to play a role in mismatch repair.38,39

SPEN family transcriptional repressor (SPEN), also known as SMART/HDAC1-related repressor protein, can
regulate transcription and is essential for X chromosome inactivation.40,41 Multiple studies have demonstrated that
SPEN can perform different functions in tumorigenesis. SPEN mutation alters a protein complex that represses the
transcription of chronic lymphocytic leukemia NOTCH1 target genes.42 SPEN induces miR-4652-3p expression by
activating PI3K/AKT/c-JUN signaling to target HIPK2.43 High levels of SPEN RNA are associated with early metastasis
in two independent cohorts of 77 (HR 2.25, P = 0.03) and 170 (HR = 2.23, P = 0.004) patients with ERα-negative breast
cancer.44 In contrast, SPEN is a tumor-suppressor gene that may be clinically useful as a predictive biomarker of
tamoxifen response in ERα-positive breast cancers.45 In colon cancer, it acts as an oncogene for its pathogenesis, since it
positively regulates Wnt signaling.46 However, the molecular mechanism of SPEN in SCLC remains unknown. In our
cohort, the OS of SCLC patients with SPEN mutation decreased significantly, indicating that SPEN could be used as a
prognostic biomarker.

PI3K/Akt-mediated pathways have been implicated in many tumors. PIK3CA is a P110 catalytic subunit of
phosphatidylinositol-3 kinases (PI3Ks), which encodes the PIK3CA protein, namely PI3KP110A.47 PIK3CA plays a
role in multiple signaling pathways and controls cellular functions.48 Among them, PIK3CA encoding PI3KP110A is the
only oncogenic gene with somatic mutation among the members of the PI3K family found at present. About 4/5
mutations of PIK3CA occur in two hot spots, the helix region (Exon 9) and the kinase region (Exon 20).49 PIK3CA
has been identified as an oncogene based on its function and genetics. In tumor cells, the pathogenic mutation of PIK3CA
causes abnormal encoding of the p110α subunit that leads to continuous activation of PI3K enzyme. Furthermore, it can
activate the downstream Akt, causing independent cell proliferation and enhancing the ability of cells to metastasize.50,51

A series of PIKK3CA mutations have been reported in various cancer lines, including SCLC (3.4–4.3%), colorectal
cancer (30–40%), ovarian cancer, thyroid,52,53 cancer,54 gastric cancer, and breast cancer (7–40%).55 This gene has also

Table 2 The Clinical Factors are Associated with Signaling Pathway Based on KEGG Pathway to Some Extent

Clinical Factors Related Signaling Pathway Based on KEGG

Gender Mismatch repair signaling pathway
Bone metastasis T cell receptor signaling pathway, HIF1 signaling pathway,

Estrogen signaling pathway, Chemokine signaling pathway

Lymph node
metastasis

T/B cell receptor signaling pathway, HIF1 signaling pathway,
Estrogen signaling pathway, Chemokine signaling pathway

PFS ErbB signaling pathway, T/B cell receptor signaling pathway,

Estrogen signaling pathway, NK cell mediated cytotoxicity signaling pathway, Chemokine signaling pathway, Progesterone
mediated oocyte maturation, cAMP signaling pathway

OS Mismatch repair signaling pathway
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been targeted in previous studies of SCLC. Triciribine, a small-molecule Akt inhibitor, was found to act as a pathway
inhibitor and was more sensitive to SCLC types with PIK3CA mutations.56 In this study, three samples had PIK3CA
mutations, and all of them had bone metastases, resulting in a poor prognosis for the patients. Further studies are needed
to understand how this gene could improve the treatment of patients with SCLC.

FAT1 is a member of the cadherin superfamily, which encodes procadherin and is frequently mutated in human
cancers, especially squamous cell carcinoma.57,58 Similarly, our results also showed that nonsense mutations of FAT1 are
common and can cause loss of gene function. Previous studies have linked FAT1 mutations to poor outcomes in cancer
patients. Recurrent somatic mutation of FAT1 in multiple human cancers could result in aberrant Wnt signaling
activation, thus promoting the tumor progression.59,60 Studies have demonstrated that FAT1 can encode a protein that
binds to β-catenin and antagonizes β-catenin to enter cells to target and activate Wnt that can inhibit cell proliferation and
tumor growth.61 The experiments on constructed mouse models of skin squamous cell carcinoma and lung cancer found
that loss of FAT1 can inhibit adhesion and promote epithelial to mesenchymal cell transformation (EMT) and thus
promote tumor genesis, development and metastasis.62 From an independent International Cancer Genome Consortium
dataset, FAT1 mutation in oral cancer co-occurred with the top mutated genes TP53 and CASP8. Poor overall survival or
progression-free survival was observed in patients with FAT1 mutation or altered HER3_pY1289, IRS1, or CAVEOLIN.
Pathway analysis revealed dominant ERBB/neuregulin pathways mediated by FAT1 mutations in HNSCC.63 FAT1 plays
various roles in different types of cancer and can be used as an oncogene or a tumor suppressor gene. Studies have
confirmed that the expression of FAT1 in liver cancer is higher and acts as a tumor protector than in nontumor liver
tissue.64,65 Our results show that patients with FAT1 mutation were more prone to liver metastasis, an alternative
therapeutic target for SCLC patients. Farago et al reported that combining olaparib and temozolomide in relapsed
SCLC could significantly improve the prognosis of SCLC patients.66 After that, they identified a molecular signature
predictive of the response to this regimen. Olaparib is PARP inhibitor and has been proved to be effective for BRCA-
mutated metastatic breast cancer and ovarian cancer.67,68 We found BRCA2 mutant in our SCLC cohort, which might
suggest better sensitivity to olaparib.

Conclusion
Next-generation sequencing demonstrates that the genetic landscape of SCLC is different from that of adenocarcinoma
and squamous cell carcinoma. Part mutant genes are linked to clinical factors to some extent. Mutation status of LRP1B,
MAP3K13, MSH6 and SPEN has prognostic significance, which might be potential therapeutic targets. We found
possible genes and related signaling pathways that affect metastasis. Oncologists might acquire important information
to assist in therapeutic options and prognosis evaluation, and SCLC patients might benefit from NGS in clinical practice,
and the underlying mechanism deserves further investigation.
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