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Background: Small cell lung cancer (SCLC) is highly malignant and has a higher risk of recurrence even 
in patients who undergo early surgery. However, a subgroup of patients survived for many years. So far, 
the factors that determine the long-term survivorship remain largely unknown. To determine the genetic 
characteristics of long-term survival (LTS) after surgery in SCLC, we performed comprehensive comparative 
genomic profiling and tumor mutation burden (TMB) analysis of resected tumor tissues from patients with 
LTS and short-term survival (STS) after surgery.
Methods: The present study screened 11 patients from 52 patients with SCLC who underwent surgery at 
Zhejiang Cancer Hospital from April 2008 to December 2017. A total of six LTS patients (≥4 years) with 
stage IIB or IIIA SCLC and five STS patients (<2 years) with stage IA or IB SCLC were included in the 
study. The STS patients were used as a control. All the patients underwent resection without neoadjuvant 
therapy. We assessed the genomic profiles of the resected tumor tissues and calculated the TMB using next-
generation sequencing. We then analyzed and compared the molecular characteristics between the LTS and 
STS groups.
Results: Our data indicated that tumor tissues from patients with LTS harbor a high TMB. The median 
TMB for LTS patients was high (approximately 16.4 mutations/Mb), while that for STS patients was low 
(approximately 8.5 mutations/Mb). The median TMB of patients with LTS and STS showed a trend of 
significant difference (P=0.08). Gene alterations characterized the survival differences between the two 
groups. The FAT3 mutation was only found in the LTS group, and the P value determined by Fisher’s exact 
test was 0.06.
Conclusions: A high non-synonymous TMB and the FAT3 mutation could potentially influence LTS after 
SCLC resection. This study provides valuable information about the molecular differences between LTS and 
STS patients. Studies with larger sample sizes need to be conducted to confirm our findings in the future.
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Introduction

Lung cancer is the leading cause of cancer mortality 
worldwide and in China (1,2). Small cell lung cancer 
(SCLC) accounts for about 15% of all lung cancers, and it 
is recognized as a highly aggressive and lethal malignancy, 
which is usually characterized by early progression and 
extensive metastasis at diagnosis, striking recurrence and 
progressive evolution during treatment (3-5). Consequently, 
SCLC has a miserable prognosis and very rare opportunities 
of long-term survival (LTS), with a 5-year survival rate of 
less than 7% (3). Based on its clinical stages, SCLC patients 
can be divided into limited-stage (LS) and extensive-stage 
(ES). ES-SCLC patients are theoretically incurable. The 
median overall survival (mOS) of ES-SCLC patients who 
received current standard first-line therapeutic regimen 
as immunotherapy combined with chemotherapy is 
approximately 12.3–15.5 months (6-9). While the mOS 
of patients with LS is approximately 28.5–30.1 months, 
with 5-year OS of about 30% (10). Thus, there is a 
chance that LS patients could be cured by standardized 
chemoradiotherapy and preventive intracranial irradiation 
(PCI). Additionally, it is noteworthy that the mOS has 
been reported to range from 29–91 months for early stage 
SCLC patients who receive surgically resected as the main 
treatment and adjuvant treatments; thus, only a portion of 
the population achieve LTS (11-14), and the potentially 
reasons deserve further exploration.

Despite the existence of rare long-term survivors of 

SCLC, there is still a lack of prognostic factors other than 
disease staging and performance status (PS). In addition, 
at present, it is not yet known why some advanced SCLC 
patients achieve LTS, and why some early stage SCLC 
patients relapse. In the absence of adjusted multivariate 
analyses, it is a challenge to evaluate the prognostic 
significance of reported biomarkers beyond clinical variables. 
New SCLC subtypes based on key transcription regulators 
ASCL1-high (SCLC-A), NEUROD1-high (SCLC-N), 
POU2F3-high (SCLC-P), and YAP1-high (SCLC-Y) as well 
as on certain inflammatory characteristics (SCLC-I) were 
defined (15,16) and analyzed in relation to tumor evolution 
or immunotherapy effect (16,17). Prognostic relevance of 
transcription subtypes in surgically resected SCLC found 
high POU2F3 expression is associated with improved survival 
whereas elevated ASCL1 expression is an independent 
negative prognosticator (18). But the mechanism of long 
survival is still not convincingly explained. At present, the 
determinants of the LTS of SCLC patients are largely 
unknown. Therefore, comprehensive genomic profiling is 
required to establish more robust prognostic markers for 
operable SCLC.

To explore potential genetic alterations and identify 
prognostic biomarkers beyond stage for LTS, we performed 
a retrospective study comparing surgically resected tumors 
for late-stage (stage III or IIB) LTS with tumors for early 
stage (stage I) short-term survival (STS). We investigated 
the genomic profiling and tumor mutation burden (TMB) 
of LTS and STS using a gene panel (OrigiMed, Shanghai, 
China) for resected SCLCs. The gene panel covers all the 
coding exons of 450 cancer-related genes and 64 selected 
introns in 39 genes that are frequently rearranged in solid 
tumors. We hypothesized that genetic differences contribute 
to survival. Our data provide the first potential evidence 
for distinguishing between the genetic differences of LTS 
and STS resected SCLC patients. We present this article in 
accordance with the REMARK reporting checklist (available 
at https://tlcr.amegroups.com/article/view/10.21037/tlcr-
24-467/rc).

Methods

Sample collection

All 52 patients were retrospectively collected, diagnosed 
with conventional SCLC, and underwent surgery without 
neoadjuvant chemotherapy or chemoradiotherapy at 
Zhejiang Cancer Hospital (Hangzhou, China) between 

Highlight box

Key findings
• A high non-synonymous tumor mutation burden (TMB) and the 

FAT3 mutation could potentially influence long-term survival (LTS) 
in surgically resected small cell lung cancer (SCLC).

What is known and what is new?
• Only part of the population of patients with SCLC resection 

achieved LTS, and it is unknown whether genetic alterations 
impact on the prognosis of patients with LTS.

• Compared with short-term survival (STS) patients, LTS patients 
had higher concentrations of TMB and the FAT3 mutation.

What is the implication, and what should change now?
• Gene alteration represented the survival difference between LTS 

and STS in resected SCLC; high TMB may be a prognostic 
biomarker for LTS in resected SCLC, regardless of disease stage. 
FAT3 may be a potential and interesting gene to study. And these 
findings deserve further investigation.

https://tlcr.amegroups.com/article/view/10.21037/tlcr-24-467/rc
https://tlcr.amegroups.com/article/view/10.21037/tlcr-24-467/rc


Translational Lung Cancer Research, Vol 13, No 6 June 2024 1367

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2024;13(6):1365-1375 | https://dx.doi.org/10.21037/tlcr-24-467

April 2008 and December 2017 (19), and were followed up 
for at least 2 years. The pathological diagnoses for SCLC 
were based on standard criteria defined by the World Health 
Organization’s classification system (20). Tumor stage was 
defined according to the lung cancer tumor, node, and 
metastasis (TNM) classification system, eighth edition (21). 
The selection process for the SCLC patients is shown 
in Figure 1. We defined LTS as an overall survival (OS) 
≥4 years and STS as an OS <2 years. We screened LTS 
patients in stages IIB through III. In total, six patients with 
stage IIB–III met the standard for LTS, and five patients 
with stage I met the standard for STS (Figure 1). All six 
patients received the same adjuvant therapy of four cycles of 
etoposide combined with cisplatin after surgery. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Our research 
was approved by the Medical Ethics Committee of the 
Zhejiang Cancer Hospital [reference number IRB-2016-86 
(Ke)]. Informed consent was waived due to the retrospective 
nature of the study.

Sample preparation

Tumor-rich tissue and normal lung tissue were fixed in 
formalin, embedded in paraffin and sectioned at 4 μm. 

DNA was isolated from at least 1 cm3 of tumor tissue 
using the Cobas R DNA Sample Preparation Kit (Roche 
Molecular Systems, Pleasanton, CA, USA), according to 
the manufacturer’s protocol. The concentration of double-
stranded DNA (dsDNA) was determined using the Qubit 
R 2.0 Fluorometer and the Qubit R 2.0 dsDNA HS Assay 
Kit (both from ThermoFisher Scientific, Waltham, MA, 
USA). The quality of the sample DNA was evaluated 
using a specimen control-size ladder test (Invivoscribe 
Technologies, San Diego, CA, USA).

NGS

Genomic information was obtained by employing a next-
generation sequencing (NGS)-based YuanSuTM 450 gene 
panel (OrigiMed, Shanghai, China) that covers all the 
coding exons of 450 cancer-related genes and 64 selected 
introns of genes frequently rearranged in 39 solid tumors. 
Using Illumina NextSeq 500 (Illumina Inc., San Diego, CA, 
USA), the genes were captured and sequenced, with a mean 
depth of 800×. Genomic alterations (GAs) were identified by 
aligning sequences from tumor tissues and matched normal 
lung tissue, according to previously reported methods (22). 
Single-nucleotide variants (SNVs) were identified by MuTect 
(v.1.7) (23), and insertion-deletions (Indels) were identified 

Figure 1 Patient selection flowchart. Patients who underwent SCLC resection were included based on their clinical stage and survival time. 
Patients were eligible for sequencing when tissue with sufficient tumor cellularity was available. SCLC, small cell lung cancer; OS, overall 
survival; LTS, long-term survival; STS, short-term survival.

Patients with resection of SCLC between 
April 2008 and December 2017 (n=52)

Selection criteria:
LTS: stage IIB, IIIA but OS ≥4 year
STS: stage I but OS <2 year

Enrolled objects of study (n=13)

Long-term survivors (n=8) Short-term survivors (n=5)

Excluded patients (n=2) 
No tissue available (n=2)
Tumor cellularity <20% (n=0)
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No tissue available (n=0)
Tumor cellularity <20% (n=0)

Eligible patients for 
sequencing (n=6)

Eligible patients for 
sequencing (n=5)
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by PINDEL (v.0.2.5) (24). The functional effect of the GAs 
was annotated by SnpEff3.0 (25). Copy number variation 
regions were identified by Control-FREEC (v.9.7) (26) with 
the following parameters: window =50,000; and step =10,000. 
Gene fusions were detected by an in-house developed pipeline 
and assessed using an Integrative Genomics Viewer (27). The 

TMB was calculated by counting the somatic mutations 
containing SNVs and Indels in each million base detection 
sequence of each patient. Driver mutations and recorded 
germline alterations were not counted.

Statistical analyses

The statistical analyses were performed using SPSS (v.22.0, 
SPSS Inc., IL, USA). The significance of differences was 
analyzed using Fisher’s exact test or Wilcoxon rank sum test. 
A P value less than 0.05 (P<0.05) indicated a statistically 
significant difference.

Follow-up period

The follow-up deadline was March 17, 2020. As of this 
date, five patients were alive, six patients were deceased, 
and no patient had been lost follow-up. Survival time was 
calculated from the date of the pathological diagnosis to the 
follow-up deadline.

Results

Patient characteristics

The mOS of the LTS group was 87 months (range,  
51–143 months), and that of the STS group was 18 months 
(range, 16–22 months). Patient characteristics are set out 
in Table 1. The LTS group comprised three male and three 
female patients, while the STS group comprised five male 
patients only. The median age of patients in the LTS group 
was 57 years (range, 49–63 years), while that of patients 
in the STS group was 57.8 years (range, 38–76 years). Six 
patients were smokers, and the five remaining patients had 
no history of smoking (Table 1).

TMB in the LTS and STS groups

The median TMBs of the LTS and STS groups were 
16.4 (19.25±9.48) and 8.5 (9.88±5.35) mutations/Mb, 
respectively. We defined 10 mutations/Mb as the cut-off 
value (28). A value higher than 10 (TMB >10 mutations/Mb)  
was considered high, and a value lower than and/or equal 
to 10 (TMB ≤10 mutations/Mb) was considered low. 
Differences between the LTS and STS groups were assessed 
using Wilcoxon test. The P value was 0.08 (Figure 2). The 
results of the univariate analysis also showed that the OS of 
the high tumor mutational burden (TMB-H) patients was 

Table 1 Patient characteristics

Characteristics LTS (N=6) STS (N=5)

Age, years

Median [range] 57 [49–63] 57.8 [38–76]

Sex, n (%)

Male 3 (50.0) 5 (100.0)

Female 3 (50.0) 0

TMB, mutations/Mb

Median 16.4 8.5

Mean ± SD 19.25±9.48 9.88±5.35

Smoking history, n (%)

Yes 2 (33.3) 4 (80.0)

No 4 (66.7) 1 (20.0)

Overall survival, months

Median >48 18

Mean ± SD 19±2.83

LTS, long-term survival; STS, short-term survival; TMB, tumor 
mutation burden; SD, standard deviation.
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Figure 2 The TMB for the LTS versus STS patients. The data 
revealed no significant correlation for TMB-L in STS with 
TMB-H in LTS. TMB-L, low TMB <10 mutations/Mb; TMB-H, 
high TMB >10 mutations/Mb; TMB, tumor mutation burden; 
LTS, long-term survival; STS, short-term survival.
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significantly longer than that of the low tumor mutational 
burden (TMB-L) patients [not available (N/A) vs. 17 months,  
P=0.007] (Figure 3). Additionally, the results of the 
univariate analysis indicated that a TMB-H was a prognostic 
factor for OS (hazard ratio =0.12, 95% confidence interval: 
0.02–0.76, P=0.024). The clinical characteristics and TMB 
value of each patient are provided in Table 2.

Sequence analysis and mutation identification of LTS and 
STS groups

In total, 29 somatic mutated genes were identified in the 
entire 11 samples (which comprised 6 LTS samples and 5 
STS samples). All of the SCLC samples carried a minimum 
of 5.5 gene mutations. The top 10 genes with the highest 
mutation frequency were TP53 (N=11, 100.0%), RB1 (N=8, 
73.0%), KMT2D (N=5, 45.0%), NOTCH1 (N=5, 45.0%), 
FAM135B (N=4, 36.0%), FAT3 (N=4, 36.0%), LRP1B (N=4, 
36.0%), CDKN2C (N=3, 27.3%), H3F3A (N=3, 27.3%), and 
FAT4 (N=3, 27.3%) (Figure 4). For these mutated genes, in 
each sample, the median of mutated genes in the LTS group 
was 10 (range, 6–13), and that of the STS group was 7 
(range, 3–8), while the medians of the mutated genes in the 
LTS and STS groups were 28 and 17, respectively. FAT3, 
CDKN2C, H3F3A, ARAF, B2M, CUL3, EPHA3, FAT1, 
FLT4, PRKDC, and STAT3 were only discovered in the LTS 
patients, and PTEN was unique to the STS patients (Table 3). 
The FAT3 gene was only detected in four LTS patients, and 
the corresponding P value, as determined by Fisher’s exact 
test, was 0.06. The association between the FAT3 gene and 
survival is shown in Figure 5.

The correlation between the TMB and FAT3 mutation

The FAT3 gene mutation was detected in 4 of the 6 patients 
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Figure 3 A Kaplan-Meier analysis of the effect of the non-
synonymous TMB on overall survival. The results showed that the 
TMB was significantly associated with disease prognosis. TMB-L, low 
TMB <10 mutations/Mb; TMB-H, high TMB >10 mutations/Mb;  
TMB, tumor mutation burden.

Table 2 Patient characteristics and TMB value

Case Sex Age (years)
Smoking 

(pack-years)
pTNM pStage

TMB value 
(mutations/Mb)

TMB (H/L)
DFS 

(months)
OS  

(months)

1 Male 49 0.0 pT2aN2M0 IIIA 14.7 TMB-H 143 143

2 Male 59 7.5 pT3N1M0 IIIA 35.6 TMB-H 143 143

3 Male 42 40.0 pT1cN0M0 IA3 8.5 TMB-L 8 16

4 Male 38 12.0 pT1cN0M0 IA3 5.4 TMB-L 5 22

5 Female 63 0.0 pT2bN1M0 IIB 24.7 TMB-H 41 63

6 Male 50 0.0 pT1cN2M0 IIIA 10.8 TMB-H 74 74

7 Female 61 60.0 pT3N1M0 IIIA 11.6 TMB-H 100 100

8 Female 60 0.0 pT1cN2M0 IIIA 18.1 TMB-H 63 63

9 Male 64 120.0 pT2aN0M0 IB 12.4 TMB-H 8 22

10 Male 69 0.0 pT1bN0M0 IA2 17.9 TMB-H 12 18

11 Male 76 40.0 pT1cN0M0 IA3 5.2 TMB-L 10 17

TMB, tumor mutation burden; TMB-L, low TMB <10 mutations/Mb; TMB-H, high TMB >10 mutations/Mb; pTNM, pathological tumor, 
node, and metastasis; DFS, disease-free survival; OS, overall survival.
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in the LTS group. None of the STS patients had the FAT3 
mutation. The TMB values of the four LTS patients with 
FAT3 mutation were 18.1, 14.7, 24.7, 11.6 mutations/Mb, 
indicating that they were a TMB-H population. The 
correlation analysis between the TMB and FAT3 mutation 
was determined by a Wilcoxon test, and the P value was 
0.23 (Figure 6). Thus, no significant correlation was found 
between FAT3 and TMB.

Discussion

Distinct individual differences in survival cannot be 
accurately predicted using existing prognostic variables (29). 
It was hypothesized that the genetic profiling of tumors in 
these patients would lead to the discovery of new prognostic 
markers. Based on our data, we propose that a TMB-H 
may be a prognostic biomarker for LTS in resected SCLC, 
regardless of disease stage. Interestingly, we found that 

the FAT3 mutation could be used to distinguish between 
the patients in the LTS and STS groups. The number of 
samples included in the current study is limited; however, 
our data revealed a promising discovery that deserves 
further investigation.

We explored genetic characteristic differences between 
the LTS and STS patients and found a TMB-H in the 
tumors from the LTS group. Specifically, we found that 
the LTS patients had a higher median TMB than the STS 
patients [16.4 (range, 10.8–35.6) vs. 8.5 (range, 5.2–17.9) 
mutations/Mb]. We also observed a notable trend in the 
median TMBs of the LTS and STS groups, approaching 
a statistically significant difference (P=0.08) (Figure 2). An 
exploratory analysis suggested that the TMB may have a 
significant predictive effect on OS (P=0.007) (Figure 3). 
In relation to the patients with a TMB-H and a TMB-L, 
the former group did not reach the mOS, while the latter 
group survived 17 months. These findings provide valuable 
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Table 3 Number of mutated samples per gene in the LTS and STS

Gene
Mutated samples, n [%]

LTS (N=6) STS (N=5)

TP53 6 [100] 5 [100]

RB1 4 [67] 4 [80]

FAT3 4 [67] 0 [0]

KMT2D 3 [50] 2 [40]

NOTCH1 3 [50] 2 [40]

FAM135B 3 [50] 1 [20]

LRP1B 3 [50] 1 [20]

CDKN2C 3 [50] 0 [0]

H3F3A 3 [50] 0 [0]

KMT2C 2 [33] 1 [20]

ARAF 2 [33] 0 [0]

B2M 2 [33] 0 [0]

CUL3 2 [33] 0 [0]

EPHA3 2 [33] 0 [0]

FAT1 2 [33] 0 [0]

FLT4 2 [33] 0 [0]

PRKDC 2 [33] 0 [0]

STAT3 2 [33] 0 [0]

FAT4 1 [17] 2 [40]

MUC16 1 [17] 2 [40]

BCORL1 1 [17] 1 [20]

ERBB4 1 [17] 1 [20]

LRP1 1 [17] 1 [20]

LRP2 1 [17] 1 [20]

PIK3CB 1 [17] 1 [20]

SMARCA4 1 [17] 1 [20]

TEK 1 [17] 1 [20]

TRIO 1 [17] 1 [20]

PTEN 0 [0] 2 [40]

LTS, long-term survival; STS, short-term survival.
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evidence of the favorable prognostic value of a TMB-H.
Multiple studies demonstrate TMB has potential 

prognostic value in surgically resected SCLCs. This is 
different in ES-SCLCs with first-line immunotherapy 
combined with chemotherapy (30-32). A recent study from 
Liu et al. derived from the genomic profiling of 112 surgical 

resected SCLC and found TMB-high (a median TMB  
5.45 mutations/Mb as cut-off) patients tended to have a better 
OS (P=0.0068) (33). Zhou et al. (34) collected 120 tumor samples 
from 40 stage I–III surgically resected SCLC patients and 
found a median TMB of 10.2 (range, 1.1–51.7) mutations/Mb.  
A higher TMB per cluster was associated with better disease-
free survival (DFS), while the SNV intertumoral heterogeneity 
was linked to worse OS. Yuan et al. (35) analyzed surgically 
resected tumor tissues from 50 SCLC patients and reported 
similar results, which suggests that patients with a TMB-H 
(≥7 mutations/Mb) have a better prognosis than those 
with a TMB-L (P=0.0053). Zhou et al. (36) analyzed the 
correlation between clinical outcomes and GAs in 53 
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SCLC samples (of which 24 cases were LS and 29 cases 
were ES), and reported that a TMB-H (>21 mutations/Mb) 
was connected with a favorable OS (21.7 vs. 10.4 months, 
P=0.012). These results were consistent with our findings, 
suggesting the potential prognostic value of TMB in SCLC. 
Conversely, Kachroo et al. (37) recently found that there 
was no difference in the TMB survival rate of 186 SCLC 
patients. In their study, 71% of the cases were ES, and the 
mOS from the time of diagnosis was 14.9 and 14.7 months 
for the TMB-H and non-TMB-H patients, respectively. 
The reason for the inconsistencies in these results may be 
that the patients in these studies were at different stages of 
the disease. 

We compared the genomic profiling data obtained in our 
study with the data obtained from a recent study, and we 
found that the FAT3 mutation displayed the most significant 
differences in the data set. Our results indicated that the 
top 10 genes with the highest mutation frequency were 
TP53 (100.0%), RB1 (73.0%), KMT2D (45.0%), NOTCH1 
(45.0%), FAM135B (36.0%), FAT3 (36.0%), LRP1B (36.0%), 
CDKN2C (27.3%), H3F3A (27.3%), and FAT4 (27.3%). Liu 
et al. study reported that the most frequently altered top 
10 genes in SCLC were TP53 (72%), RB1 (56%), KMT2C 
(21%), ZFHX3 (19%), KMT2D (16%), FAT1 (12%), FAT4 
(12%), NOTCH1 (12%), NOTCH3 (12%), CREBBP (12%). 
The analysis of identification and validation of proteomic 
prognostic biomarkers revealed that HMGB3 showed 
elevated expression in tumors and was correlated with worse 
survival, whereas CASP10 showed decreased expression and 
was associated with a better prognosis (33). Based on our 
results, it is obvious that the FAT3 mutation was enriched 
in the tumor tissue of the LTS patients. Intriguingly, when 
we explored the genetic characteristic differences between 
LTS and STS, the FAT3 mutation was found in tumors 
from the LTS group. In the LTS group, the median number 
of mutated genes was 10 (range, 6–13) per sample, and the 
samples harbored 60 gene mutations in the following 28 
genes: TP53 (n=6), RB1 (n=4), FAT3 (n=4), KMT2D (n=3), 
NOTCH1 (n=3), FAM135B (n=3), LRP1B (n=3), CDKN2C 
(n=3), and H3F3A (n=3). For the mutated genes per sample 
in the STS group, the median number was 7 (range, 3–8), 
and 30 mutations were found for 17 genes: TP53 (n=5), RB1 
(n=4), KMT2D (n=2), NOTCH1 (n=2), FAT4 (n=2), MUC16 
(n=2), PTEN (n=2), FAM135B (n=1), LRP1B (n=1), and 
KMT2C (n=1). The FAT3 mutation only occurred in the 
LTS group. The P value, as determined by Fisher’s exact 
test, from the comparison with the STS group was 0.06, 
indicating that the role of FAT3 in SCLC is meaningful and 

worthy of further study. The contrastive analysis indicated 
that FAT3 could be used to identify LTS patients.

In recent studies using targeted deep sequencing, the 
FAT3 mutation has been found to be associated with a 
high level of TMB, neoantigens, and tumor-infiltrating 
immunity, which may predict the efficacy of immunotherapy 
(37-42). Kachroo et al. performed a retrospective analysis 
of 179 SCLC patients and found that FAT3, along with 
LRP1B, MLL3, MED12, and NOTCH3, are significantly 
associated with the TMB-H (37). Moreover, FAT3, along 
with KRAS, TTN, RYR2, MUC16, TP53, USH2A, ZFHX4, 
KEAP1, STK11, NAV3, and EGFR, are the most commonly 
mutated genes with predictive neoantigens in patients 
with lung adenocarcinoma, which may have significance 
for immune-associated prognostic biomarkers and vaccine 
design (38). Using 506 lung adenocarcinoma samples from 
The Cancer Genome Atlas (TCGA) database, co-mutations 
of FAT3 and LRP1B were screened out, which increased the 
somatic mutational load, facilitated lymphocyte infiltration, 
and predicted the efficacy of immunotherapy (39). Another 
study drew a similar conclusion, co-mutations of FAT3 and 
LRP1B have potential to be used as biomarkers to predict the 
positive effectiveness of immunotherapy for NSCLC (40).  
Similarly, co-mutation of FAT3 and LRP1B not only leads 
to activation of the immune state, but also represents a 
subgroup with an improved prognosis, particularly in the 
microsatellite instability-high (MSI-H) subtype (41). A study 
of identification of signature of tumor-infiltrating CD8+ 
T lymphocytes in prognosis and immunotherapy of colon 
cancer by machine learning from GEO database, showed 
co-mutations of FAT3 and UNC13C can predict the better 
prognosis and the higher immunotherapy response (42). 
However, the association between FAT3 mutation and 
survival was not investigated in the first study of SCLC. 
The correlation between FAT3 mutation or co-mutation 
with other genes and immunotherapy efficacy or immune 
status deserves further dissection in SCLC.

Two potential explanations may explain why the FAT3 
mutation is enriched in LTS patients. First, the FAT3 
mutation is associated with neoantigens, which have higher 
immunogenicity than activating T cells in stimulating the 
immune response. Second, while current understandings 
are limited, the FAT3 mutation may be involved in the 
regulation of CD8+ T cell infiltration in the tumor immune 
microenvironment. Therefore, people with these characters 
have a better prognosis.

Our study derived retrenchment from its design and 
specific patient selection. Genomic profiling data were 
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compared between two groups of patients that differed 
distinctly in terms of their survival status. To emphasize the 
role of our genomic analysis, our retrospective study was 
designed to select LTS patients with advanced (stage IIB 
or III) SCLC, who underwent surgery to remove tumors, 
for comparison with STS patients with early (stage I) 
SCLC. It should be noted that all specimens were obtained 
from surgery. Therefore, combined SCLC patients were 
able to be excluded, and the molecular profiles were 
more accurately reflective than the biopsy specimens. We 
encountered difficulties in obtaining sufficient SCLC tumor 
samples, which is a dilemma for all translational research 
on SCLC, as there is a limited supply of tissue samples for 
molecular studies. In our study, sections with sufficient 
tumor cellularity were available, and high-quality DNA was 
isolated in abundant concentrations.

Our study had several limitations. The small sample 
size represents the biggest limitation of this study, as it 
made it somewhat difficult to achieve strong statistical 
significance. The intention of our study is to explore 
the genetic characteristics of LTS in surgically resected 
III stage SCLC, the population with high-risk relapse, 
theoretically. As a result, the number of patients meeting 
these criteria is rare. Due to the low sample size of the 
clinical patients and the subsequent insufficient power for 
statistical significance, it is difficult to ascertain whether 
a similar strategy could be applied for clinical patients. 
Fortunately, our results were very consistent with previous 
research findings, high TMB having a better prognosis 
in surgically resected SCLC (33-35). Additionally, the 
study was retrospective and uncontrolled. Selection bias 
of the study sample is inevitable, such as gender and 
smoking history. There were few surgical specimens due 
to less opportunities for surgery. Due to the lack of tissue 
availability, scientific studies on SCLC molecular profiles 
are hampered. In addition, to completely ignore the effect 
of stage on prognosis, we selected two extreme cohorts of 
LTS (stages IIB–III) and STS (stage I) as the focus of our 
study. All the patients in our study had a follow-up period 
longer than 2 years. Therefore, the number of patients 
meeting the study conditions was very small. Five cases 
of STS with early-stage SCLC were added for a control 
comparison; however, the small sample size severely limited 
the statistical effect and the extent to which conclusive 
trends could be observed. Nevertheless, our study was 
able to provide a new discovery of LTS in SCLC, and the 
FAT3 gene deserves further attention. Moreover, our study 
focuses on the genetic characteristics of LTS postoperative 

patients and does not involve immunotherapy efficacy. 
The correlation of FAT3 gene mutations and the potential 
therapeutic benefits of immune checkpoint inhibitors (ICIs) 
in ES-SCLC is well worth further discussion.

Conclusions

In conclusion, we studied the genetic alterations profiles 
and TMB for LTS and STS patients. Our results indicate 
that a high non-synonymous TMB and the FAT3 mutation 
could serve as useful prognostic biomarkers for LTS in 
resected SCLC. Further research needs to be conducted 
to confirm these observations and explore the mechanisms 
underlying this association. 
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