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Background: The prognosis of patients with limited-stage small-cell lung cancer (LS-SCLC) who undergo 
resection followed by adjuvant chemotherapy (ACT) is uncertain. Thus, we combined clinicopathological 
characteristics and next-generation sequencing (NGS) to answer this question.
Methods: In total, the data of 51 LS-SCLC patients who had undergone complete surgical resection and 
postoperative ACT were retrospectively collected. NGS examinations with a 68-gene panel were performed 
for each specimen. Patients’ genetic status and potentially clinical correlations were statistically evaluated. 
Progression-free survival (PFS) and overall survival (OS) were plotted using Kaplan-Meier curves. The 
independent prognostic factors for the primary cohort were investigated using univariable and multivariable 
cox proportional hazard regression analyses. Subgroup analyses were also conducted based on retinoblastoma 
protein 1 (RB1) status.
Results: Combined SCLC (c-SCLC) had similar clinical and pathological characteristics to that of pure 
SCLC (p-SCLC). TP53 and RB1 were 2 major genetic mutations present in both p-SCLC and c-SCLC. 
c-SCLC had a unique genetic profile that was related to the PI3K/AKT/mTOR and WNT/β-catenin 
signaling pathways. There was no prognostic difference between c-SCLC and p-SCLC. However, the 
pathological node (N) stage of lymphovascular invasion (LVI), which was related to PFS and age, corelated 
with OS. Neither pathological subtypes nor genetic mutations affected the survival outcomes. Notably, 
RB1 mutated c-SCLC resulted in poorer DFS compared to that of p-SCLC among LS-SCLC patients who 
underwent resection followed by ACT.
Conclusions: Our examination of LS-SCLC patients who underwent resection followed by ACT 
showed that c-SCLC and p-SCLC had a clinical and prognostic similarity and a genetic peculiarity. Thus, 
it is essential that a new classification system be proposed for SCLC. Such a system is especially needed 
for LS-SCLC.

Keywords: Limited-stage small-cell lung cancer (LS-SCLC); pure SCLC (p-SCLC); combined SCLC (c-SCLC); 

next-generation sequencing (NGS); RB1; TP53

Submitted May 28, 2021. Accepted for publication Jul 13, 2021.

doi: 10.21037/atm-21-3353

View this article at: https://dx.doi.org/10.21037/atm-21-3353

1169

Original Article

https://crossmark.crossref.org/dialog/?doi=10.21037/atm-21-3353


Feng et al. Prognosis in LS-SCLC lung cancer

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(14):1169 | https://dx.doi.org/10.21037/atm-21-3353

Page 2 of 13

Introduction

Lung cancer is one of the leading causes of cancer-related 
mortality and morbidity in China and around the world (1,2). 
Small-cell lung cancer (SCLC) is the most malignant subtype 
of lung cancer (3). Fifteen percent to 20% of lung cancer 
patients have SCLC (3). Further, nearly 70% of patients are 
diagnosed as being in the metastatic stage at their first visit (3).  
Under pathological classifications, SCLC has traditionally 
been categorized into the following two subtypes: (I) pure 
SCLC (p-SCLC); and (II) combined SCLC (c-SCLC). These 
categories are defined according to whether 1 or more other 
histological carcinomas, including lung adenocarcinoma, 
squamous cell carcinoma, or large cell carcinoma, are 
contained in the final section of the SCLC (4). Currently, a 
2-stage classification system is used for the stage classification 
of SCLC. The two stages comprise limited-stage SCLC 
(LS-SCLC) and extensive-stage SCLC (ES-SCLC), and are 
defined by the extent status of the SCLC disease (5).

Accounting for almost 30% of SCLC cases, LS-SCLC 
is recognized as a disease confined to 1 hemithorax, and 
can be encompassed by a single radiation field (5,6). LS-
SCLC is highly sensitive to chemotherapy, radiotherapy, 
and concurrent or sequential chemoradiotherapy; however, 
with a 5-year overall survival rate of only 20–25%, 
clinical survival outcomes are still disappointing (7,8). 
Chemoresistance and cancer metastasis frequently occur 
immediately after oncological treatment.

In recent years, surgical resection has become an important 
part of the multimodality of LS-SCLC treatments. Anatomic 
resection followed by chemotherapy or chemoradiotherapy 
has produced superior outcomes in the treatment of LS-SCLC 
when against surgery alone (9,10). However, previous research 
has focused on predicting the prognosis of patients with LS-
SCLC who undergo resection followed by postoperative 
chemotherapy. With the widespread use of the next-generation 
sequencing (NGS) examinations with a 68-gene panel in 
resected LS-SCLC patients, we undertook a comprehensive 
analysis of the prognostic factors of resected LS-SCLC, and 
examined the clinicopathological characteristics in relation to 
genetic mutations detected by NGS. We present the following 
article in accordance with the STROBE reporting checklist 
(available at https://dx.doi.org/10.21037/atm-21-3353).

Methods

Patients

This retrospective study was approved by the Institutional 

Ethics Committee of Shanghai Chest Hospital (KS1992). 
The research process was conducted in accordance with the 
Helsinki Declaration (as revised in 2013). Written informed 
consent was not needed because of the retrospective 
nature of the research. All the patients received routine 
preoperative examinations, including enhanced chest 
computed tomography (CT) scanning, brain magnetic 
resonance imaging (MRI),  abdominal  ultrasound 
or enhanced abdominal CT scanning, and cervical 
ultrasound imaging. Positron emission tomography/
computed tomography (PET/CT) and bronchoscopy were 
recommended as necessary. Only those patients classified 
as limited stage (using the preoperative examinations 
mentioned above) and diagnosed with SCLC (as confirmed 
by the final pathology results after the surgical operation) 
met the inclusion criteria for, and were thus enrolled in, this 
study. Conversely, patients were excluded from this study if 
they had a previous cancer that had been diagnosed within 
5 years before the present surgical operation, had metastatic 
and multiple lesions (as confirmed by the final pathology 
results), were receiving neoadjuvant therapy or were not 
receiving ACT, or were suffering from palliative surgery or 
perioperative death (see Figure 1).

In accordance with the inclusion and exclusion criteria 
outlined above, the data of patients diagnosed as LS-
SCLC who had undergone complete resection at Shanghai 
Chest Hospital from January 2018 to December 2019 were 
retrospectively collected. These patients were then divided 
into the following two subgroups: (I) the pure SCLC 
(p-SCLC) group; and (II) the combined SCLC (c-SCLC) 
group according to the final pathology results following the 
surgical resection.

Surgical resection and adjuvant chemotherapy

All the enrolled patients underwent surgery within 1 month 
of the completion of the preoperative examination. Both 
traditional open thoracotomy and minimally invasive 
surgery were used as surgical treatments. In relation to the 
surgical extension, either a sub-lobar resection (including 
a wedge resection or segmentectomy) or a lobectomy 
or another procedure (including a sleeve resection or 
pneumonectomy) were capable if a complete resection was 
conducted. Additionally, systemic lymph node dissection 
or sampling was performed to determine the correct lymph 
node status of the resected LS-SCLCs.

In the first course of ACT, etoposide plus carboplatin 
or cisplatin was administered to the LS-SCLC patients 
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who had undergone resection within 1 to 2 months of their 
surgery. Next, the first-line ACT was repeated for 4 courses. 
Additional therapy, including postoperative radiotherapy or 
immune therapy, was performed as necessary. A second-line 
treatment was administered if cancer recurrence or distant 
metastasis occurred.

Next-generation sequencing examinations

Tissue deoxyribonucleic acid (DNA) was extracted from 
the resected SCLC specimens, and a NGS library was 
established. The relevant DNA fragmentations (200–
400 bp in length) were prepared, and then underwent 
hybridization, hybrid selection, and PCR amplification. 
Next, all the qualified genetic profiles were subjected to 
capture-based sequencing with pair-end reads through the 
MiSeq instrument (Illumina, Inc., CA, USA). The llumina 
TruSeq Amplicon Cancer Panel kit (Burning Rock Biotech 
Ltd., China) was used to target the 68 gene mutations. 
Details of the 68-gene panel are provided in Table S1. 
After the capture-based NGS (mentioned above), the DNA 
rearrangement analysis was performed.

Study endpoints and follow-up strategies

The primary endpoint in this analysis was progression-free 

survival (PFS), which was defined as the period between 
the date of the surgery to the date of cancer recurrence 
or patient death, or the last follow-up appointment. The 
secondary endpoint in this analysis was overall survival (OS), 
which was defined as the period between the initial date of 
the surgery to the time of patient death or the last follow-
up appointment.

In relation to the follow-up strategies,  routine 
examinations at the outpatient department, including chest 
CT scans, cervical and abdominal ultrasound imaging, and 
serum tumor marker examinations, were recommended for 
each patient every 3 months in the first year of the surgery. 
Additional head MRI and bone scanning examinations 
were conducted for each patient every 6 months in the first 
year after the surgery. Next, the follow-up strategies were 
repeated each year. A PET/CT examination was conducted 
if needed. Telephone calls were conducted with patients 
who did not attend the routine follow-up visits at our 
outpatient department.

Statistical analysis

The categorical variables were analyzed using the Pearson 
χ2 or Fisher exact test, and the continuous variables were 
analyzed using the independent-samples t test. Kaplan-
Meier curves were plotted to estimate the PFS and OS, 

Figure 1 The study flowchart. 

 Limited-stage small cell lung cancer (LS-SCLC) patients underwent resection at 
Shanghai Chest Hospital from January 2018 to December 2019

(n=64)

LS-SCLC underwent complete resection
(n=51)

Pure-SCLC
(n=29)

Combined-SCLC
(n=22)

Excluded
•  Prior cancer diagnosis (n=1)
•  Metastasis lesions (n=1)
•  Multiple lesions (n=2)
•  Palliative resection (n=2)
•  Receiving induction therapy (n=2)
•  Without postoperative chemotherapy (n=4)
•  Died within 30 days of surgery (n=1)

https://cdn.amegroups.cn/static/public/ATM-21-3353-Supplementary.pdf
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and tested using the log-rank test. Correlation heatmaps 
were produced to evaluate the correlation between 
genetic mutations and clinicopathological characteristics. 
Univariable and multivariable Cox proportional hazard 
regression analyses were performed to investigate the 
independent prognostic factors for the LS-SCLC patients 
who underwent resection followed by postoperative 
chemotherapy. A subgroup analysis was also conducted 
according to the mutation and the wild-type RB1 gene 
status.

A two-sided P<0.05 was set for the statistical difference. 
The SPSS 22.0 (IBM Corp., Armonk, NY), R 4.0.4 (The 
R Foundation for Statistical Computing, Vienna, Austria), 
and GraphPad Prism 9 (GraphPad Software, La Jolla, CA) 
were performed for the related statistical analyses and figure 
plotting.

Results

The baseline characteristics of the primary cohort

Sixty-four LS-SCLC patients underwent surgical resection 
at the Shanghai Chest Hospital from January 2018 to 
December 2019. Patients were excluded from this study 
if a previous history of cancer was confirmed (n=1), or 
if a metastatic lesion (n=1) or multiple lesions (n=2) 
were confirmed by the final pathology results, or if they 
underwent palliative resection (n=2) or induction therapy 
(n=2), or did not receive ACT (n=1). A patient who died 
within 30 days of surgery was also excluded (n=1). Thus, 
in total, 51 LS-SCLC patients who underwent complete 
resection followed by ACT were enrolled in this study (see 
Figure 1).

The baseline characteristics of the LS-SCLC patients 
who underwent complete resections followed by ACT are 
set out in Table 1. Notably, there was no statistical difference 
between the clinical and pathological characteristics of the 
p-SCLC and c-SCLC groups.

The correlation between genetic mutations and 
clinicopathological characteristics

In relation to the NGS genetic detection, a total of  
42 genetic mutations were detected by our 68-gene 
panel. The TP53 (39/51, 76.5%) and RB1 (29/51, 56.9%) 
mutations were the 2 most common genetic mutations 
followed by FGFR2 (5/51, 9.8%), NOTCH1 (5/51, 9.8%), 
PTEN (4/51, 7.8%), PIK3CA (4/51, 7.8%), TSC2 (3/51, 

5.9%), FGFR1 (3/51, 5.9%), EGFR (3/51, 5.9%), and 
ERBB4 (3/51, 5.9%). These mentioned mutations comprised 
the top 10 genetic mutations among our primary cohort (see 
Figure 2A). In relation to the pathological subtypes of LS-
SCLC, we found that both p-SCLC and c-SCLC contained 
similar frequencies of genetic mutations, such as TP53, 
RB1, FGFR2, TSC2, NOTCH1, FGFR1, EGFR, and ERBB4, 
but demonstrated differences on the mutation specificity. 
In the p-SCLC group, there were genetic mutations, such 
as ROS1, BRCA1, PTCH1, ARAF, ERBB3, KRAS, and AXL, 
that were not detected among the c-SCLC group. However, 
the genetic mutations of thePI3K/AKT/mTOR singling 
pathway, such as PIK3CA (4/22, 18.2%), AKT1, mTOR, 
PTEN (4/22, 18.2%), and TSC1, and the genetic mutations 
of the WNT/β-catenin signaling pathway, such as APC, and 
MYC, along with other mutations, such as BRCA2, TOP2A, 
CCND1, NRAS, CDKN2A, NTRK3, BRAF, and STK11, and 
receptors, such as AR, ERBB2, FGFR3, and IGF1R , were 
detected among the c-SCLC group, which showed a unique 
genetic map when compared to that of the p-SCLC group 
(see Figure 2A).

Further, we selected the top 10 mutations and analyzed 
the potential correlations of these most frequent genetic 
mutations with the clinicopathological characteristics. 
The RB1 mutation occurred among LS-SCLC patients 
of a statistically younger age (wild-type vs. mutation: 
67.4±6.8 vs. 63.2±6.6; P=0.034). The NOTCH1 mutation 
was statistically less common in male patients than female 
patients (P=0.005) and those with a lower smoking burden 
(P=0.039). The PTEN mutation was relatively more 
frequent spread through air spaces (STAS) (P=0.005). The 
PIK3CA mutation strongly indicated the appearance of 
p-SCLC (P=0.017). However, TP53, and FGFR2, TSC2, 
FGFR1, EGFR, and ERBB4, did not show a statistical 
correlation with the clinical and pathological variables of 
resected LS-SCLC (see Figure 2B).

Oncological analysis

The median follow-up interval was 15.3 months. During 
this period, 17 patients suffered cancer recurrence (17/51, 
33.3%), and 9 patients died (9/51, 17.6%) (7 of these 
patients died from cancer-related deaths and 2 from death 
related to other causes). The 2-year PFS rate and OS rate 
for those LS-SCLC patients who underwent resections 
followed by ACT were 48.9% and 72.3%, respectively 
(see Figure S1A,B). The 2-year PFS rates of p-SCLC and 
c-SCLC were 52.4% and 44.0%, respectively (P=0.145) (see 

https://cdn.amegroups.cn/static/public/ATM-21-3353-Supplementary.pdf
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Table 1 Baseline characteristics

Variables
p-SCLC (n=29) c-SCLC (n=22)

P
n % n %

Sex

Male 25 86.2 22 100.0 0.070

Female 4 13.8 0 0

Age, mean (SD) 63.4 (6.5) 67.2 (7.1) 0.057

Smoking history 0.163

No 5 17.2 1 4.5

Yes 24 82.8 21 95.5

TM 0.079

Normal 15 51.7 6 27.3

Elevated 14 48.3 16 72.7

Location 0.140

RUL 7 24.2 8 36.4

RML 6 20.7 0 0

RLL 5 17.2 2 9.0

LUL 6 20.7 8 36.4

LLL 5 17.2 4 18.2

Clinical tumor size, mean (SD) 3.5 (1.7) 3.4 (2.2) 0.799

Clinical T stage 0.625

T1/2 24 82.8 17 77.3

T3/4 5 17.2 5 22.7

Clinical N stage

N0 23 79.3 15 69.6 0.366

N1/2 6 20.7 7 30.4

Approach

Open 12 41.4 7 30.4 0.484

MIS 17 58.6 15 68.2

Surgery

Sublob 1 3.4 1 4.5 0.642

Lob 21 72.4 18 81.8

Others 7 24.2 3 13.7

Pathological tumor size, mean (SD) 3.9 (2.0) 3.6 (2.3) 0.607

Pathological T stage

T1/2 21 72.4 16 72.7 0.980

T3/4 8 27.6 6 27.3 0.133

Table 1 (continued)
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Table 1 (continued)

Variables
p-SCLC (n=29) c-SCLC (n=22)

P
n % n %

Pathological N stage

N0 15 51.7 13 59.1 0.601

N1/2 14 48.3 9 40.9

Harvested LNs, mean (SD) 15.5 (6.7) 15.4 (7.7) 0.940

PI

No 23 79.3 16 72.7 0.583

Yes 6 20.7 6 27.3

LVI 0.823

No 23 79.3 18 81.8

Yes 6 20.7 4 18.2

STAS 0.606

No 25 86.2 20 90.9

Yes 4 13.8 2 9.1

ART 0.583

No 19 65.5 16 72.7

Yes 10 34.5 6 27.3

p-SCLC, pure small-cell lung cancer; c-SCLC, combined small-cell lung cancer; SD, standard deviation; TM, tumor marker; RUL, right 
upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; MIS, minimally invasive surgery; 
Sublob, sublobectomy; Lob, lobectomy; LN, lymph node; PI, pleural invasion; LVI, lymphovascular invasion; STAS, spread through air 
spaces; ART, adjuvant radiotherapy.

Figure 3A). In addition, the 2-year OS rates of p-SCLC and 
c-SCLC were 89.6% and 51.9%, respectively (P=0.099; see 
Figure 3B).

To identify the potential risk factors related to the 
clinical prognosis of resected LS-SCLC, univariable 
and multivariable Cox hazard regression analyses were 
performed. In the univariable Cox analysis, we found that a 
larger clinical tumor size (P=0.021) and a larger pathological 
tumor size (P=0.034), pathological lymph node (N) 1/2 
stage (P=0.011), lymphovascular invasion (LVI) (P=0.005) 
and the wild-type RB1 (P=0.028) were potential prognostic 
factors related to poor PFS. Conversely, the results of the 
univariable Cox analysis of the clinical survival outcomes 
showed that an older age (P=0.028) and LVI (P=0.005) were 
potentially correlated with a worse OS rate (see Table 2).

When putting the univariable Cox results into the 
multivariable analysis, we identified the independent risk 
factors using the cancer recurrence and survival outcomes of 

our primary candidates. Under the multivariable model of 
PFS, pathological N stage (Hazard ratio (HR)=3.446, 95% 
CI =1.085–10.944; P=0.036) and LVI (HR =4.921, 95% CI 
=1.256–19.284; P=0.022) were independently related to a 
poor PFS rate. Conversely, under the multivariable model 
of OS, an older age (HR =1.162, 95% CI =1.029–1.311, 
P=0.015) and LVI (HR =20.443, 95% CI =2.833–147.509; 
P=0.003) were independently correlated with worse clinical 
survival outcomes (see Table 2).

Subgroup analysis

The results of the multivariable Cox analysis did not show 
any independent relationship between the RB1 mutation 
and the LS-SCLC prognostic outcomes; however, we 
still plotted the PFS and OS curves using a Kaplan-Meier 
analysis, which showed that the RB1 the mutation had 
statistically better PFS and OS than those of the wild-type 
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Figure 2 Gene status and correlation analysis. (A) The genetic mutation status in p-SCLC, c-SCLC, and total LS-SCLC patients; (B) 
the statistical correlations between the clinicopathological variables and top 10 genetic mutations in LS-SCLC patients who underwent 
resection. p-SCLC, pure small-cell lung cancer; c-SCLC, combined small-cell lung cancer; LS-SCLC, limited-stage small-cell lung cancer.
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Figure 3 Survival outcomes between p-SCLC and c-SCLC. (A) The Kaplan-Meier curve of PFS between p-SCLC and c-SCLC; (B) the 
Kaplan-Meier curve of OS between p-SCLC and c-SCLC. PFS, progression-free survival; p-SCLC, pure small-cell lung cancer; c-SCLC, 
combined small-cell lung cancer; OS, overall survival.

Table 2 Univariable and multivariable cox regression analyses for LS-SCLC patients who underwent resection

Variables 

Progression-free survival Overall survival

Univariable  
(P)

Multivariable,  
HR (95% CI)

P
Univariable  

(P)
Multivariable,  
HR (95% CI)

P

Gender (vs. male) Female 0.663 0.528

Age (per years) 0.748 0.028 1.162 (1.029–1.311) 0.015

Smoking history (vs. no) Yes 0.563 0.397

TM (vs. normal) Elevated 0.291 0.528

Clinical tumor size (per cm) 0.021 1.934 (0.775–4.828) 0.158 0.206

Clinical T stage (vs. T1/2) T3/4 0.061 0.990

Clinical N stage (vs. N0) N1/2 0.194 0.124

Tumor location (vs. RUL) RML 0.994 0.392

RLL

LUL

LLL

Approach (vs. open) MIS 0.307 0.577

Surgery (vs. Sublob) Lob 0.731 0.329

Others

Pathology (vs. p-SCLC) c-SCLC 0.153 0.117

Pathological tumor size (per cm) 0.034 0.732 (0.350 vs. 1.534) 0.409 0.122

Pathological T stage (vs. T1/2) T3/4 0.212 0.796

Pathological N stage (vs. N0) N1/2 0.011 3.446 (1.085 vs. 10.944) 0.036 0.735

Harvested LNs (per n) 0.962 0.537

PI (vs. no) Yes 0.192 0.264

LVI (vs. no) Yes 0.005 4.921 (1.256 vs. 19.284) 0.022 0.005 20.443 (2.833 vs. 147.509) 0.003

Table 2 (continued)

Log-rank test P=0.145 Log-rank test P=0.099
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Table 2 (continued)

Variables 

Progression-free survival Overall survival

Univariable  
(P)

Multivariable,  
HR (95% CI)

P
Univariable  

(P)
Multivariable,  
HR (95% CI)

P

STAS (vs. no) Yes 0.952 0.628

ART (vs. no) Yes 0.078 0.710

TP53 (vs. no) Mutation 0.672 0.721

RB1 (vs. no) Mutation 0.028 0.352 (0.115 vs. 1.079) 0.068 0.110

FGFR2 (vs. no) Mutation 0.686 0.684

NOTCH1 (vs. no) Mutation 0.652 0.606

PTEN (vs. no) Mutation 0.802 0.652

PIK3CA (vs. no) Mutation 0.799 0.076

TSC2 (vs. no) Mutation 0.448 0.314

FGFR1 (vs. no) Mutation 0.846 0.684

EGFR (vs. no) Mutation 0.437 0.659

ERBB4 (vs. no) Mutation 0.823 0.659

HR, hazard ratio; CI, confidence interval; TM, tumor marker; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, 
left upper lobe; LLL, left lower lobe; MIS, minimally invasive surgery; Sublob, sublobectomy; Lob, lobectomy; p-SCLC, pure small-cell 
lung cancer; c-SCLC, combined small-cell lung cancer; LN, lymph node; PI, pleural invasion; LVI, lymphovascular invasion; STAS, spread 
through air spaces; ART, adjuvant radiotherapy.

RB1 LS-SCLC mutation (see Figure S2A,B).
We then conducted a subgroup analysis according to the 

status of RB1 gene. In the wild-type RB1 subgroup, p-SCLC 
demonstrated a comparable 2-year PFS rate (P=0.856) and 
2-year OS rate (P=0.091) when compared to c-SCLC (see 
Figure 4A,B). Conversely, in the RB1 mutation subgroup, 
p-SCLC had a statistically better PFS rate that that of 
c-SCLC (P=0.040). Notably, no p-SCLC or c-SCLC 
patients died during our follow-up period (see Figure 4C,D).

Discussion

Currently, LS-SCLC (a disease extension limited to  
1 hemithorax and regional lymph nodes without extra-
thoracic disease) is recommended for surgical resection 
under the National Comprehensive Cancer Network 
(NCCN) guidelines (5,11,12). However, to date, very little 
research has been conducted on prognostic predictions 
for LS-SCLC patients who undergo resection followed 
by postoperative ACT. In addition, the NGS with 68-
gene panel was routinely performed in patients underwent 
surgical resections, which were targeted the most frequent 

genetic mutations in lung cancer. Nevertheless, no 
research appears to have been conducted that combines 
clinicopathological variables of LS-SCLC with the NGS 
genetic detections of 68-gene panel. According to our 
analysis, among the SCLC patients who underwent 
resection followed by ACT treatment, the proportion 
of c-SCLC was almost comparable to that of p-SCLC. 
However, our figure was obviously larger than the figure 
of 28% found in a previous study (4). Notably, there 
were no statistical differences in relation to the clinical 
characteristics of the p-SCLC and c-SCLC groups, which 
supports the findings of Guo’s and Zhang’s previous 
research (13,14). In relation to the survival outcomes, 
Zhang’s research revealed that c-SCLC patients had a worse 
OS rate than that of p-SCLC patients (14). However, our 
results showed comparable cancer recurrence and survival 
outcomes between those two pathological subtypes; thus, 
the difference of SCLC subtypes did not appear to affect 
the survival of LS-SCLC patients who underwent resection 
followed by ACT treatment.

In examining the genetic level and the use of NGS 
examinations, we found both similarities and differences in 

https://cdn.amegroups.cn/static/public/ATM-21-3353-Supplementary.pdf
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Figure 4 Subgroup analysis of survival outcomes between p-SCLC and c-SCLC stratified by RB1 status. (A) The Kaplan-Meier curve of 
PFS between wild-type RB1 p-SCLC and wild-type RB1 c-SCLC; (B) the Kaplan-Meier curve of OS between wild-type RB1 p-SCLC and 
wild-type RB1 c-SCLC; (C) the Kaplan-Meier curve of PFS between RB1 mutated p-SCLC and RB1 mutated c-SCLC; (D) the Kaplan-
Meier curve of OS between RB1 mutated p-SCLC and RB1 mutated c-SCLC. PFS, progression-free survival; p-SCLC, pure small-cell lung 
cancer; c-SCLC, combined small-cell lung cancer; OS, overall survival.

the genetic mutations of the p-SCLC and c-SCLC patients. 
TP53 and RB1 were the 2 most frequent mutations in both 
p-SCLC and c-SCLC patients, which reflects the results of 
a previous study (4). Additionally, both pathological subtypes 
shared some other similar mutations; for example, FGFR2, 
NOTCH1, TSC2, EGFR, and ERBB4 were highly expressed 
in the total SCLC cohort. However, the genetic mutations 
related to the PI3K/AKT/mTOR signaling pathway, 
such as PIK3CA, AKT1, mTOR, PTEN, and TSC1, and 
genetic mutations related to the WNT/β-catenin signaling 
pathway, such as APC and MYC, and some other genetic 
mutations showed the peculiarity of c-SCLC in contrast to 
p-SCLC, and strongly indicated differences in tumor origin 
and carcinogenesis among the two subtypes. Further, in the 
correlation analysis of the clinicopathological variables and 
genetic mutations, we also found that PIK3CA was strongly 
related to the c-SCLC subtype, and PTEN was closely 
related with STAS appearance in c-SCLC, which shows the 
particularity of c-SCLC compared to p-SCLC. Thus, while 
both p-SCLC and c-SCLC represent two different diseases 

in LS-SCLC patients, no statistical difference was found in 
the clinicopathological and survival outcomes of patients. 
Other variables should be considered in future studies with 
larger sample sizes. In relation to the survival outcomes 
for the genetic mutations, previous studies have shown 
that LS-SCLC and extensive-stage SCLC patients with 
the RB1 mutation had better survival outcomes compared 
with wide-type RB1 (15,16). Accordingly, we analyzed 
the prognostic effect of the RB1 mutation in patients who 
underwent resection followed by ACT, and found that 
patients with the RB1 mutation had much better PFS and 
OS than patients with the wild-type RB1. However, the 
results of the univariable and multivariable Cox analyses 
showed that the RB1 mutation was not an independent 
prognostic predictor of either cancer recurrence or clinical 
survival outcomes. Apart from the RB1 mutation, the other 
10 top genetic mutations had no statistical effect on the 
clinical survival outcomes of the LS-SCLC patients who 
underwent resection followed by ACT; rather, it was the 
traditional clinicopathological characteristics, such as age, 
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pathological N stage, and LVI, that were strongly correlated 
with LS-SCLC patients’ clinical outcomes. Notably, when 
analyzing the prognostic effect of the RB1 mutation in  
2 pathological subtypes, we found that p-SCLC patients 
with the RB1 mutation had critically better PFS compared 
to patients with c-SCLC. This might be due to the genetic 
peculiarity of c-SCLC whereby the PI3K/AKT/mTOR 
and WNT/β-catenin and some other signaling pathways 
strongly contribute to cancer cell growth, differentiation, 
proliferation, and therapeutic resistance (17,18). Thus, 
targeting the PI3K/AKT/mTOR or WNT/β-catenin 
signaling pathways could represent a potential therapeutic 
strategy for c-SCLC patients (19,20).

Apart from pathological classification, we also found 
that surgical operations did not affect survival outcomes; 
however, these results counter those of Raman who found 
that LS-SCLC patients who underwent a wedge resection 
had worse survival outcomes than those who underwent a 
lobectomy (21). This difference may have arisen because 
the patients in our study all received postoperative 
chemotherapy, but those in Raman’s did not. In relation to 
lymph node dissection, a previous study found that there 
was no difference in survival outcomes when the number of 
dissected lymph nodes for LS-SCLC increased (22). Our 
research also indicated that the number of lymph nodes 
dissected or sampled during the LS-SCLC operation did 
not affect cancer recurrence or survival outcomes.

Prev ious  research  has  shown that  concurrent 
chemoradiation resulted in better survival outcomes than 
sequential chemoradiation (23). Concurrent chemoradiation 
plus pembrolizumab is also a promising strategy for 
treating LS-SCLC (24). However, the question arises as 
to whether postoperative radiotherapy is necessary to the 
comprehensive therapy of LS-SCLC patients who undergo 
resection followed by ACT. Zhou indicated that the clinical 
survival outcomes of LS-SCLC patients were not affected 
by mediastinal postoperative radiotherapy (PORT) or 
prophylactic cranial irradiation (PCI)treatment (25). In 
our research, we also found that LS-SCLC patients who 
underwent resection followed by ACT did not benefit 
from adjuvant radiotherapy. It is still unknown whether 
adjuvant radiotherapy is necessary. However, it is our view 
that an initial surgical operation followed by complete ACT 
are both essential steps in the multimodality treatment of 
patients with operable LS-SCLC.

This study had several limitations. First, the sample size 
was relatively small, as only a limited number of LS-SCLC 
patients received surgical resection and postoperative ACT 

treatment at the hospital during the study period. The 
low sample size of eligible patients might have produced 
statistical biases in our research analysis. Second, due to the 
small sample size and short follow-up period, the genetic 
mutations detected by NGS might not be representative or 
universal. Thus, future studies need to be conducted with 
larger sample sizes. Third, in recent years, a new kind of 
SCLC classification has been proposed according to the 
expression of 4 specific genes (26,27). In near future, we 
intend to add those four genes to our previous gene panel 
to enhance our NGS.

In conclusion, c-SCLC had similar clinical and 
pathological characteristics to p-SCLC. TP53 and RB1 were 
the two major genetic mutations present in both p-SCLC 
and c-SCLC. c-SCLC had unique genetic profiles related 
to the PI3K/AKT/mTOR and WNT/β-catenin signaling 
pathways. No prognostic difference was found between 
c-SCLC and p-SCLC. However, the pathological N stage 
of LVI was correlated with PFS and age, and LVI was 
corelated with OS. Neither the pathological subtypes nor 
genetic mutations affected the survival outcomes. Notably, 
of the LS-SCLC patients who underwent resection followed 
by ACT, RB1 mutated c-SCLC patients had poorer DFS 
than p-SCLC patients.
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Figure S1 Survival outcomes of the primary cohort. (A) The Kaplan-Meier curve of PFS for the primary cohort; (B) the Kaplan-Meier 
curve of OS for the primary cohort. PFS, progression-free survival; OS, overall survival.

Figure S2 Survival outcomes of the primary cohort stratified by RB1 status. (A) The Kaplan-Meier curve of PFS between the wild-type RB1 
and the RB1 mutation; (B) the Kaplan-Meier curve of OS between the wild-type RB1 and the RB1 mutation. PFS, progression-free survival; 
OS, overall survival.

Supplementary

Table S1 The list of 68-gene panel

AKT1 BRCA1 DDR2 FGF4 JAK1 NF1 PTCH1 TOP2A

ALK BRCA2 DPYD FGFR1 JAK2 NOTCH1 PTEN TP53

APC CCND1 EGFR FGFR2 KDR NRAS RAF1 TSC1

AR CD74 ERBB2 FGFR3 KIT NRG1 RB1 TSC2

ARAF CDK4 ERBB3 FLT3 KRAS NTRK1 RET UGT1A1

ATM CDK6 ERBB4 HRAS MAP2K1 NTRK2 ROS1

AXL CDKN2A ESR1 IDH1 MET NTRK3 SMAD4

BCL2L11 CTNNB1 FGF19 IDH2 MTOR PDGFRA SMO

BRAF CYP2D6 FGF3 IGF1R MYC PIK3CA STK11

A B

A B
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