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Background: The standard care for limited-stage small cell lung cancer (SCLC) is unclear. The purpose of 
this study is to compare the outcome for patients receiving chemotherapy alone, chemotherapy plus surgery 
(CS), chemotherapy plus radiation (CR), or chemotherapy plus surgery and radiation (CSR) for limited-stage 
SCLC. 
Methods: Patients with T1-4N0-2M0 SCLC who received chemotherapy from 2004 to 2014 were 
retrieved from the Surveillance, Epidemiology, and End Results (SEER) database. The overall survival 
(OS) of these patients, stratified by different stage, was compared in accordance to the method of receiving 
different treatments using Kaplan-Meier method and Cox regression analysis.
Results: A total of 7,204 patients were included, where 1,347 (18.7%) patients received chemotherapy 
alone, 296 (4.1%) undergone CS, 5,296 (73.5%) patients were subjected to CR and 267 (3.7%) patients were 
managed by the three combination of CSR. Chemotherapy alone was associated with the worst survival in 
comparison to the other two method of combination i.e., chemotherapy with radiation or surgery. When 
compared with CR, CS had no survival benefit in patients with stage in excess of T1-2N0 disease, but was 
associated with improved 5-year OS in patients with T1-2N0 disease, which ranged from 29.1% to 54.3% 
(P<0.001). For patients with T1-2N2 disease who received CSR demonstrated superior OS over those who 
received CR (P=0.004) or CS (P=0.036). Cox regression analysis showed CS was associated with improved 
OS when compared with CR in patients with N0 disease (HR, 0.54; 95% CI, 0.43–0.68; P=0.000) and CSR 
was associated with better OS in comparison with CR in patients with N2 disease (HR, 0.71; 95% CI, 0.55–
0.93; P=0.013).
Conclusions: Patients with limited-stage SCLC can benefit from local treatment such as surgery, 
radiation, and surgery plus radiation. For patients with N0 disease, CS was associated with improved survival 
in comparison to CR. If N2 was identified after surgery, radiation may be added to improve OS.
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Introduction

Lung cancer is the most common global cancer among 
all cancers, and small cell lung cancer (SCLC) comprises 
approximately 14% of all lung cancers (1,2). SCLC behaves 
differently from non-small cell lung cancer (NSCLC) and is 
noteworthy for its early development, rapid doubling time, 
high growth fraction, with and its widespread metastases. 
Most patients with SCLC present with hematogenous 
metastasis, and only one-third of patients present with 
limited disease at diagnosis (3). 

The standard treatment for patients with limited-stage 
SCLC is concurrent administration of chemoradiotherapy, 
which was illustrated from historical researches where there 
was survival improvement with radiation in comparison 
to surgery (4,5). However, positive experiences with 
surgery in patients with early stage SCLC continue to be 
reported, including some population-based studies (6-14). 
In the latest National Comprehensive Cancer Network 
(NCCN) guidelines, surgery combined with chemotherapy 
has been recommended for patients with stage T1-2N0 
SCLC (3). However, up to date, few studies have compared 
different treatments such as: as a single treatment, or in 
combination for example, chemotherapy plus radiation 
(CR), chemotherapy plus surgery (CS), and chemotherapy 
plus surgery and radiation (CSR) for limited-stage SCLC. 
In this present study, we aimed to make such a comparison 
for limited-stage SCLC using data from the Surveillance, 
Epidemiology, and End Results (SEER) Program of the 
National Cancer Institute (NCI). 

Methods

The SEER Program collects information that includes 
stages of cancer at the time of diagnosis and patients’ 
survival data, which was extracted from 18 population-
based registered cancer institutes that cover approximately 
28% of the US population (1). We used SEER*Stat version 
8.3.4 software to extract data in the client-server mode. 
This study was approved by the review board of the First 
Hospital of Tsinghua University and the number of the 
approval was 2019-06. 

Patient selection

The selection criteria included patients’  that are 
pathologically confirmed with SCLC as their first or only 
primary malignancy, from 2004 to 2013. Only patients 

that were included in this study were coded as stage 
N0-2 [according to the 6th edition of the American Joint 
Committee on Cancer (AJCC)] and M0 (according to 
the AJCC 8th edition (15) criteria: no distant metastasis, 
no pleural or pericardial nodules and malignant effusion) 
and where chemotherapy had been administered. Patients 
excluded from this study were those who had received other 
surgical treatment except wedge resection, segmentectomy, 
lobectomy, bilobectomy or pneumonectomy. All patients 
without full information regarding tumor size, tumor 
extension, or radiation were excluded. Figure 1 shows 
the detailed description of patients’ selection process. 
Ultimately, our study comprised of 7,204 patients.

Data preparation

The data that was extracted for this study included age, 
sex, race, year of diagnosis, tumor size, tumor extension, 
separate nodules of the ipsilateral lung, N stage (based on 
the AJCC 6th edition), surgical procedure, and radiation. 
The T stage, based on the AJCC 8th edition, was derived 
according to tumor size, tumor extension, and separate 
nodules in the ipsilateral lung (15). Surgical types were 
categorized as sublobectomy (including wedge resection 
and segmentectomy), lobectomy (including bilobectomy), 
or pneumonectomy. Radiation referred to thoracic beam 
radiation, and in CSR group, only postoperative radiation 
was included. We categorized patients’ ages into four groups 
as follows: <60, 60–69, 70–79, and ≥80 years. Patients’ 
races were combined into a dichotomized variable in the 
analysis. The year of diagnosis was grouped as follows: 
2004–2006, 2007–2010, and 2011–2014. The endpoints of 
this study were the overall survival (OS). OS was defined 
as the time period from diagnosis to death from any  
cause. 

Statistics analysis

Survival curves were generated using the Kaplan-Meier 
method, and for comparative differences we used the 
log-rank test. For Multivariable analyses we used a Cox 
regression model. The hazard ratio (HR) with 95% 
confidence interval (CI) was estimated. All reported P 
values were two-sided and a value <0.05 was considered 
significant. All analyses were conducted using Stata/MP 
14.0 for Windows (StataCorp LP, College Station, TX, 
USA).
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Results

Patients’ characteristics

The patient cohort (n=7,204) in this study consisted of 
3,315 men (46.0%) and 3,889 women (54.0%) with a mean 
age of 65.4±9.7 years (range, 29–93 years). The last follow-
up occurred in December 2014, and the median follow-up 
duration was 15 months (range, 1–131 months). A total of 
5,244 patients (72.8%) died during the follow-up period, 
and the median OS was 18 months.

Patients and tumor characteristics with different 
treatment combinations are shown in Table 1. There 
were 294 (4.1%) patients that received CS, a total of 
5,296 (73.5%) patients had CR and 267 (3.7%) patients 
undergone CSR, respectively. A higher proportion of CR 
was noted in each subgroup of patients compared to other 
treatment combinations. Surgery was offered only for a 
small number of patients (n=561, 7.8%) and most of the 
procedure that was implemented is lobectomy (n=381, 
67.9%) (Table 1).

Analysis for all patients’ survival showed that those who 
received chemotherapy alone had the poorest survival 
(median OS of 10 months and 5-year OS rate of 6.1%). 

Treatment combination of CS offered a significant and 
better survival compared with CR (5-year OS, 42.6% 
for CS versus 20.1% for CR, P<0.001) and have similar 
OS with CSR (Figure 2). After stratified by stage, CS was 
associated with better survival only in patients with T1-2N0 
disease when compared with CR (Figure 3A). There was no 
survival benefit for CSR compared to CS except in patients 
with T1-4N2 disease (Figure 3). Patients undergone CSR 
were also associated with improved survival compared with 
those who underwent CR in patients with T1-2N2 disease 
(Figure 3E). 

Lobectomy was associated with better survival when 
compared with sublobectomy (5-year OS, 46.9% for 
lobectomy versus 28.0% for sublobectomy, P<0.001). 
Survival of patients who underwent pneumonectomy did 
not differ from those who underwent sublobectomy and 
lobectomy (Figure 4). 

On Cox regression analysis, CS was associated with 
improved survival in N0 disease as compared to CR, and 
CSR was associated with improved survival in N2 disease. 
Chemotherapy alone was associated with increased risk of 
death across the N0 to N2 stage (P=0.000, Table 2).

Discussion

In this study, chemotherapy alone was associated with 
the worst survival when compared with the addition of 
local treatment such as radiation, surgery or surgery plus 
postoperative radiation except in patients with T3-4N2 
disease. In patients with T3-4N2 disease, adding radiation 
instead of surgery to chemotherapy could improve survival. 
Our findings provided further evidence to support the use 
of local treatment for limited stage SCLC as recommended 
by NCCN guidelines (3).

During univariate analysis for all patients included in this 
study, CS was associated with improved OS when compared 
with CR. However, the survival benefit of CS was obviously 
only in patients with T1-2N0 disease. For patients with T3-
4N0 disease, the survival benefit of CS over CR was not 
significant. This result was consistent with previous studies 
and recommendations by the NCCN guidelines (3,11,13). 

For patients with SCLC T1-2N1 disease, there was no 
significant difference in the OS for patients who received 
CS when compared with those who received CR. For 
those who with T3-4N1 disease, the survival benefit of CS 
over CR seemed to be significant (Figure 3D); however, 
the number of patients who received CS was small 
(n=7). The result should be interpreted cautiously. The 

Figure 1 Patient selection in the study.

T1-4N0-2M0 SCLC (2004-2014) cases, N=15,033

Tumor size not provided or diffuse disease, 
N=4,077

Patients with other surgery types except 
wedge resection, segmentectomy, 
lobectomy, bilobectomy and 
pneumonectomy, N=148

Patients coded as separate pleural nodules 
or malignant pleural or pericardial effusion, 
and those coded as 980,999, which 
indicated no definite information, N=1,272

No survival time or survival time is 0, N=534

Patients with chemotherapy being coded as 
no/unknown, N=1,565

Patients with radiation before surgery, 
during surgery and radiation sequence with 
surgery being unknown, N=42

Patients coded as other methods of 
radiation except beam radiation, N=191

N=10,956

N=10,808
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N=9,345
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Table 1 Baseline characteristic of patients

Factors Chemotherapy (n=1,347, 18.7%) CS (n=294, 4.1%) CR (n=5,296, 73.5%) CSR (n=267, 3.7 %) P

Age 

Mean (yr) 66.8±9.9 66.7±8.2 64.6±9.6 63.6±8.8 0.000

Distribution (%) 0.000

<60 yr 234 (11.9) 60 (3.1) 1,582 (80.5) 89 (4.5)

60–69 yr 451 (16.8) 121 (4.5) 2,013 (74.8) 106 (3.9)

70–79 yr 466 (23.0) 97 (4.8) 1,394 (68.8) 68 (3.4)

≥80 yr 196 (37.5) 16 (3.1) 307 (58.7) 4 (0.8)

Sex (%) 0.763

Male 621 (18.7) 132 (4.0) 2,447 (73.8) 115 (3.5)

Female 726 (18.7) 162 (4.2) 2,849 (73.3) 152 (3.9)

Race (%) 0.000

White 1,158 (18.6) 274 (4.4) 4,555 (73.1) 245 (3.9)

Others 189 (19.4) 20 (2.1) 741 (76.2) 22 (2.3)

N stage (%) 0.000

N0 324 (18.0) 205 (11.4) 1,168 (64.7) 108 (6.0)

N1 122 (13.9) 56 (6.4) 625 (71.0) 77 (8.8)

N2 901 (19.9) 33 (0.7) 3,503 (77.5) 82 (1.8)

Tumor size (%) 0.000

≤3.0 cm 446 (16.8) 227 (8.6) 1,793 (67.5) 190(7.2)

3.1–5.0 cm 408 (20.0) 57 (2.8) 1,524 (74.6) 54 (2.6)

5.1–7.0 cm 246 (18.8) 8 (0.6) 1,040 (79.6) 13 (1.0)

>7.0 cm 247 (20.62) 2 (0.17) 939 (78.4) 10 (0.8)

T stage (%) 0.000

T1 275 (16.2) 165 (9.7) 1,129 (66.5) 129 (7.6)

T2 314 (17.0) 96 (5.2) 1,357 (73.3) 86 (4.4)

T3 290 (20.9) 23 (1.7) 1,041 (75.1) 32 (2.3)

T4 468 (20.6) 10 (0.4) 1,769 (78.0) 20 (0.9)

Surgery (%) 

No surgery 1,347 (20.3) 0 (0.0) 5,296 (79.7) 0 (0.0)

Sublobectomy – 75 (47.2) – 84 (52.8)

Lobectomy – 208 (54.6) – 173 (45.4)

Pneumonectomy – 11 (52.4) – 10 (47.6)

Year 0.001

2004–2006 424 (21.8) 79 (4.1) 1,376 (70.9) 62 (3.2)

2007–2010 487 (18.3) 111 (4.2) 1,947 (73.3) 111 (4.2)

2011–2014 436 (16.7) 104 (4.0) 1,973 (75.7) 94 (3.6)

CR, chemotherapy plus radiation; CS, chemotherapy plus surgery; CSR, chemotherapy plus surgery and radiation.
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results were different from the previous study that was 
performed by Yang et al., which was a population-based 
study and used National Cancer Database (NCBD) (16).  
In that study, surgery plus adjuvant chemotherapy with 
or without radiation was associated with improved 
5-year survival from 26.3% to 31.4% compared with the 
concurrent chemoradiation for T1-3N1M0 SCLC. The 
reason for the difference is uncertain. However, in this study 
maybe the small number of patients with N1 disease and 
the different database being used could be the underlying 
reasons. Further researches with prospective nature are 
needed on this issue.

In our study results showed no significant difference 
in the OS between groups of CSR and CS in patients 
with N0 and N1 disease. However, for patients with T1-
4N2 disease, CSR was associated with improved survival 
compared with CS. The findings were interestingly parallel 
to the retrospective studies performed for postoperative 
radiation in NSCLC settings (17-19). Results indicated 
that it is reasonable to administer postoperative radiation 
to patients who are identified as N2 disease after surgery. 
This result was similar to the study that was performed by 
Wong et al., where they used the NCDB, and the study 
that was performed by Schreiber et al., and also they used 
SEER database (8,20). In the study by Wong et al., the 
postoperative radiation was associated with improved 
survival in patients with N2 disease, but detrimental to 
patients with N0 disease and this is most probably because 
of the early stage of the disease where less invasiveness of 
the tumor, which might have affected the normal cells more 
than the tumor cells. In our study, there was no survival 

deterioration observed in patients with N0 disease during 
the postoperative radiation, as well for N1 disease, which 
was consistent with the results of another population-based 
study by Schreiber et al. that used SEER database (8). The 
reason for the difference between our study and the study 
by Wong et al., is unclear. Different database with patients’ 
selection bias may be the underlying reason. 

It was noted in this study that patients with T1-2N2 
disease who received CSR was associated with improved 
survival when compared with those who received CR. This 
result must be interpreted cautiously. Stages showed more 
clinical indications or features for patients who received CR 
and more pathological for those who received CSR. Clinical 
T1-2N2 disease may be more advanced than pathological 
T1-2N2 disease and thus patients with pT1-2N2 disease 
who received CSR was associated with improved survival 
rate. Further prospective studies are needed to elucidate this 
issue. 

In this study, surgery did not demonstrate survival benefit 
when compared with radiation for patients with T3-4N0 
disease. For T3-4N1 and T3-4N2 disease, the difference 
of survival for CS groups and CR groups seemed to be 
significant; however, the number of patients in CS groups 
were both small (n=7 and 5, respectively). The results 
should be interpreted cautiously. Furthermore, in patients 
with T3-4N2 disease, patients who received CS were 
seemed to be associated with worst OS when compared 
with CR. These findings meant that surgery should not be 
recommended for patients with advanced T stage. Future 
prospective studies are needed to elucidate this issue.

Multivariate analysis with Cox regression model 
demonstrated improved survival for CS and CSR when 
compared with CR in patients with N0 disease. Patients 
with N2 disease who received CSR was associated with 
improved survival. In patients with N1 disease, there was no 
significant difference for the effect of CS, CR or CSR on 
survival. For all patients, chemotherapy alone offered worst 
survival when compared with CR. 

Chemotherapy is  recommended by the NCCN 
guidelines for all SCLC patients including the resected 
early stage as long as they are fit enough due to the higher 
sensitivity of SCLC to chemotherapy (3,6). We presumed 
that most patients who did not undergo chemotherapy 
in SEER database may have been too sick to receive 
chemotherapy. So, we set chemotherapy as one of the 
inclusion criterions for this study to reduce the selection 
bias. To our knowledge, this study was the first one to 
explore the effect of different treatment combination 

Figure 2 Survival curves according to various treatment 
combinations in the cohort study. The median OS was 10 months 
for chemotherapy alone, 20 months for CR, 37 months for CS, 
and 35 months for CSR (P<0.001). chemo, chemotherapy alone; 
CS, chemotherapy plus surgery; CR, chemotherapy plus radiation; 
CSR, chemotherapy plus surgery and radiation.
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Figure 3 Survival curves according to various treatment combinations in different stage groups. (A) Survival curves according to various 
treatment combinations in T1-2N0 patients. The median OS was 14 months for chemotherapy alone, 28 months for CR, 77 months for 
CS, and 91 months for CSR (P<0.001). (B) Survival curves according to various treatment combinations in T3-4N0 patients. The median 
OS was 11 months for chemotherapy alone, 26 months for CR, 35 months for CS, and 33 months for CSR (P<0.001). (C) Survival curves 
according to various treatment combinations in T1-2N1 patients. The median OS was 11 months for chemotherapy alone, 27 months for 
CR, 21 months for CS, and 24 months for CSR (P<0.001). (D) Survival curves according to various treatment combinations in T3-4N1 
patients. The median OS was 9 months for chemotherapy alone, 21 months for CR, and 45 months for CSR. Median survival for CS did 
not reach (P<0.001). (E) Survival curves according to various treatment combinations in T1-2N2 patients. The median OS was 10 months 
for chemotherapy alone, 18 months for CR, 19 months for CS, and 29 months for CSR (P<0.001). (F) Survival curves according to various 
treatment combinations in T3-4N2 patients. The median OS was 8 months for chemotherapy alone, 17 months for CR, 12 months for CS, 
and 16 months for CSR (P<0.001). chemo, chemotherapy alone; CS, chemotherapy plus surgery; CR, chemotherapy plus radiation; CSR, 
chemotherapy plus surgery and radiation.
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including chemotherapy using SEER database for limited-
stage SCLC. Furthermore, the stages in this study were 
based on eighth edition of AJCC staging system. With the 
inclusion of the details regarding the newest staging system 
and chemotherapy, this study can reflect a situation much 
closer to the current clinical practice than the previous 
SEER-based studies.

However, there are some limitations for this population-
based study. The retrospective reported data were subject 
to a selection bias and potential errors in data entry. The 
nodal staging for patients who did not receive surgery 
may be more advanced than those who received surgery 

Table 2 Cox regression analysis of OS including treatment combination for different N stage 

Factors

OS

N0 N1 N2

HR (95% CI) P HR (95% CI) p HR (95% CI) P

Age (ref: <60 yr)

60–69 yr 1.38 (1.18–1.62) 0.000 1.41 (1.13–1.76) 0.002  1.34 (1.23–1.46) 0.000

70–79 yr 1.72 (1.46–2.02) 0.000 1.75 (1.38–2.21) 0.000 1.65 (1.51–1.81) 0.000

≥80 yr 2.13 (1.70–2.66) 0.000 1.80 (1.27–2.55) 0.001 1.87 (1.63–2.15) 0.000

Sex (ref: male) 0.88 (0.79–0.99) 0.038 1.01 (0.86–1.19) 0.901 0.79 (0.74–0.84) 0.000

Race (ref: White) 1.06 (0.90–1.25) 0.495 0.88 (0.69–1.13) 0.322 0.99 (0.90–1.10) 0.895

T stage (ref: T1)

T2 1.37 (1.09–1.73) 0.008 0.94 (0.70–1.27) 0.706 1.09 (0.95–1.25) 0.225

T3 1.34 (1.04–1.71) 0.022 0.94 (0.69–1.29) 0.721 1.09 (0.95–1.26 0.207

T4 1.52 (1.16–2.00) 0.002 0.97 (0.68–1.37) 0.850 1.11 (0.97–1.27) 0.116

T size (ref: ≤3.0 cm)

3.1–5.0 cm 0.87 (0.70–1.08) 0.198 1.26 (0.96–1.66) 0.097 1.11 (0.98–1.24) 0.088

5.1–7.0 cm 0.81 (0.63–1.05) 0.110 1.46 (1.07–2.00) 0.017 1.13 (0.99–1.28) 0.062

>7.0 cm 1.00 (0.75–1.32) 0.998 1.80 (1.21–2.67) 0.003 1.21 (1.06–1.39) 0.005

Year (ref: 2004–2006)

2007–2010 1.00 (0.88–1.15) 0.972 0.82 (0.68–0.99) 0.043 0.97 (0.90–1.05) 0.461

2011–2014 0.92 (0.78–1.09) 0.328 0.88 (0.70–1.09) 0.247 0.93 (0.85–1.02) 0.144

Treatment combination (ref: CR)

Chemotherapy alone 1.95 (1.70–2.25) 0.000 2.30 (1.85–2.87) 0.000 1.92 (1.77–2.09) 0.000

CS 0.54 (0.43–0.68) 0.000 0.98 (0.70–1.38) 0.912 1.11 (0.75–1.66) 0.593

CSR 0.54 (0.39–0.73) 0.000 0.95 (0.70–1.30) 0.752 0.71 (0.55–0.93) 0.013

OS, overall survival; HR, hazard ratio; CI, confidence interval; CR, chemotherapy plus radiation; CS, chemotherapy plus surgery; CSR, 
chemotherapy plus surgery and radiation.

Figure 4 Survival curves according to surgical types. The median 
OS was 17 months for no surgery, 25 months for sublobectomy, 
45 months for lobectomy, and 51 months for pneumonectomy 
(P<0.001).
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as aforementioned. That would have biased the results in 
favor for surgery. Other limitations in this study include 
the lack of information regarding the performance status 
and comorbidities. Poor performance status or severe 
comorbidities led to nonsurgical treatment and, therefore, 
most likely had biased the results. In addition, there was 
no information about the surgical margin status and the 
postoperative complications. These two confounders would 
have biased the results towards the null hypothesis. Lastly, 
there was no information about the adjuvant brain radiation 
in SEER database. Previous researches demonstrated that 
patients with limited-stage SCLC who had good response 
to initial therapy, prophylactic cranial irradiation (PCI) 
decreased brain metastasis and increased OS (6,21-23). 
Absent of information for PCI may have led to skewed 
results of this study.

In conclusion, adding a combination of local treatment 
for limited stage SCLC can provide survival benefit when 
compared with chemotherapy alone. In patients with T1-
2N0 disease, CS was associated with better OS when 
compared with CR, and postoperative radiation that was 
added showed no survival improvement. If N2 disease was 
identified after surgery, postoperative thoracic radiation 
may be used to improve OS. For N1 disease, surgery was 
not recommended when compared to radiation. Owing 
to the retrospective nature of this study, evidence on a 
prospective basis will be required to further clarify the 
optimal treatment combination for limited stage SCLC.
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