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Background: The survival advantage of radiotherapy for patients with extensive-disease small-

cell lung cancer (ED-SCLC) has not been adequately evaluated.

Methods: We analyzed stage IV SCLC patients enrolled from the Surveillance, Epidemiol-

ogy, and End Results (SEER) registry through January 2010 and December 2012. Propensity 

score analysis with 1:1 matching was performed to ensure well-balanced characteristics of 

all comparison groups.  Kaplan–Meier and Cox proportional hazardous model were used to 

evaluate the overall survival (OS), cancer-specific survival (CSS), and corresponding 95% CI.

Results: Overall, for all metastatic ED-SCLC, receiving radiotherapy was associated with 

both improved OS and CSS. Radiotherapy for thoracic lesion and any metastatic sites could 

significantly improve the OS and CSS, except for brain metastasis. For M1a-SCLC patient, 

radiotherapy, most likely to the primary site, significantly improved the survival (P<0.001). 

Furthermore, for those ED-SCLC patients with ≥ 2 metastatic sites, that is, polymetastatic ED-

SCLC patients, radiation also significantly improved the median OS from 6.0 to 8.0 months 

(P=0.015) and the median CSS from 7.0 to 8.0 months (P=0.020).

Conclusion: The large SEER results support that radiotherapy in addition to chemotherapy 

might improve the survival of patients with metastatic ED-SCLC.

Keywords: small-cell lung cancer, radiotherapy, extensive disease, metastasis, propensity 

score match

Background
Small-cell lung cancer (SCLC) is usually present with a bulky intrathoracic mass, rapid 

growth, early dissemination, and high chemosensitivity, but with a dismal prognosis.1 

Extensive-disease small-cell lung cancer (ED-SCLC), or stage IV disease, accounts 

for 60%–70% of SCLC cases, and the expected median survival is only approximately 

10 months.1

Though controversial, combined chemotherapy and prophylactic cranial irradiation 

(PCI) are now considered the standard of care in many guidelines for ED-SCLC.2 Although 

it is highly sensitive to chemotherapy, relapse of ED-SCLC is almost a rule.1,3 Among the 

consequences of relapse, thoracic tumor progression is a major cause of morbidity in ED-

SCLC. Even after chemotherapy, 75%–90% of patients have residual intrathoracic disease 

or develop intrathoracic progression during the first year after diagnosis.4 In addition, most 

ED-SCLCs develop distant metastasis outside the thorax. The role of radiotherapy (RT) 

at intra- and extrathoracic sites is not well established and is thus an ongoing study topic.
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Given the radiosensitive nature of SCLC, RT has been 

used to control locoregional and/or metastatic disease to 

improve overall survival (OS) by Jeremic et al and others 

over the past two decades.5–12 However, controversy remains 

regarding the role of consolidative RT in ED-SCLC because 

of scant prospective randomized controlled trial (RCT) data. 

Although a recent Phase II study did not find a survival ben-

efit at 1 year when thoracic radiotherapy (TRT) was added to 

induction chemotherapy for patients with stage IV disease,13 

two Phase III prospective RCTs observed an improved OS for 

ED-SCLC patients who responded to chemotherapy.5,10 Palma 

et al systematically reviewed these two trials and concluded 

that TRT increased OS and progression-free survival in 

patients with ED-SCLC who responded to the initial chemo-

therapy, with only a small increase in the risk of esophageal 

toxicity.14 Another small trial showed that postchemotherapy 

consolidation chest RT for ED-SCLC patients was well tol-

erated.7 Even patients with distance metastatic ED-SCLC 

or polymetastatic ED-SCLC were found to benefit from 

RT.6,10 Moreover, it was reported that an aggressive palliative 

radiation dose delivered to the primary tumor was associated 

with better OS and local control in patients with stage IV 

non-small cell lung cancer (NSCLC).15–17 Furthermore, the 

advancement of RT techniques may reduce its toxicity to the 

normal tissue, allow an increased tumor dose, and further 

improve the efficacy.

Thus, using RT to control the primary and metastatic 

tumors should be explored as an approach to improve the 

dismal outcome of ED-SCLC. Therefore, we analyzed a 

large set of data from the Surveillance, Epidemiology, and 

End Results (SEER) registry, which is representative of the 

entire US patient population, through conventional methods 

and a propensity score matching (PSM) approach.

Methods
study population and data sources
The SEER database encompasses population-based cancer 

registries covering ~28% of the US population and records 

basic demographics and some clinical characteristics.18 

Eligible participants who were diagnosed as lung and 

bronchus cancer cases with a pathologic report of small 

cell carcinoma from January 2010 to December 2012 were 

identified from the SEER database. The SEER*stat software 

(version 8.3.4) was used to select patients (n=18,163). 

Included in our study were participants with an American 

Joint Committee on Cancer seventh edition stage M1; with 

one primary tumor only; with complete data on age, race, 

gender, tumor size, radiation recode, metastases of the 

bone, liver, brain, lung at diagnosis; with active follow-up; 

and with more than 30 days of survival. As a result, 6,812 

patients were recruited in this study, including both those 

who received RT (cases, n=3,134) and those who did not 

(controls, n=3,678) (Figure 1).

Propensity score matching
PSM is a tool for reducing selection bias in nonrandom-

ized studies. Propensity 1:1 nearest-neighbor matching was 

employed to reduce possible bias.19 Chi-squared tests were 

used to examine the covariate balance. Significant parameters 

were then entered into the multivariate logistic regression 

model. Parameters that were significant in the final model 

were selected for PSM. Multivariate logistic regression mod-

els were used to calculate propensity scores for each patient 

in the group with RT and without RT.

Definition of oligometastases and 
polymetastases
There is no specific definition for ED-SCLC in SEER; thus, 

we used M1 SCLC, which can be obtained according to the 

Enrollment

Exclude (n=11,351)
Stage (AJCC, 7th) other than
M1 (n=6,075)
Without active follow-up (n=15)
With more then one primary
tumor (n=2,483)
No complete dates available
(n=93)
Unknown if metastatic to bone,
brain, liver, or lung (n=860)
Without microscopically
confirmed (n=133)
Unknown race (n=8)
Survival months <1 (n=1,684)

Patients with small-cell lung cancer in
the SEER between 2010 and 2012

(n=18,163)

Included patients (n=6,812)

Allocation

Control: patients without
RT

(n=3,678)

RT: patients with
RT

(n=3,134)

Figure 1 The flowchart of study population selection.
Abbreviations: seeR, surveillance, epidemiology, and end Results; RT, radiotherapy.
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SEER option “CS mets at dx”. We selected all M1 SCLC clas-

sified into the following three groups in SEER: 1) M1a with 

effusion (CS mets at dx: 1–22, indicating M1a SCLC with 

malignant pleural or pericardial effusion); 2) M1a without 

effusion (CS mets at dx: 23–28); and 3) M1b (CS mets at 

dx: 29–75). We could not obtain detailed information about 

metastatic sites to define oligometastases (fewer than five 

sites). We defined ED-SCLC polymetastases as more than 

or equal to two organ metastases and oligometastases as less 

than one organ metastasis. This SCLC categorization method 

was also described recently by Jeremic et al and Luo et al.3,20

statistical analysis
General linear models or Mantel–Haenszel chi-squared 

tests were used to compare the distribution of demographic 

characteristics. The Kaplan–Meier method was used to 

analyze the primary outcomes of OS and cancer-specific 

survival (CSS). The multivariate Cox proportional hazard-

ous model was performed to evaluate the HR and 95% 

CI. Variables selected for multivariate analysis included 

age (≤65, 66–68, and >68 years), sex, race (white, other), 

marital status (married, unmarried), median annual fam-

ily income (categorized by tertile of study participants as 

<$61,830, $61,830–71,030, and >$71,030), grade (1, 2, 

3, 4, and unknown), tumor size (categorized by tertiles of 

study participants as ≤2.8, 2.9–4.3, >4.3 cm, diffuse, and 

unknown), metastatic status (M1a with pleural effusion, 

M1a without pleural effusion, and M1b), sites of distant 

metastasis (brain, bone, liver, and lung), number of distant 

metastatic sites, chemotherapy (yes/no), surgery (yes/no), 

and RT (yes/no). P-values for linear trends were derived 

from regression models treating target categories (exclud-

ing unknowns) as continuous covariates. P-values for the 

interaction were derived from the coefficients for the inter-

action term. P-values≤0.05 (two-sided) were considered 

statistically significant. All analyses were conducted using 

SPSS 23 (IBM Corp, Armonk, NY, USA).

Ethical approval and informed 
consent
This article does not contain any studies with human par-

ticipants or animals performed by any of the authors. This 

study used publicly available, de-identified data sources; thus, 

informed consent is not applicable.

Results
The distributions of the characteristics are presented in 

Table 1 for the study groups that were categorized by receiv-

ing or not receiving RT. Nearly half of the patients received 

RT. Compared to the controls, cases were more likely to be 

younger and married and to have well-defined tumor sizes 

and a lower family income before PSM. The distributions of 

most demographic and clinical factors were well balanced 

between the cases and controls after PSM.

All the baseline characteristics and selected variables 

were included in the univariate analyses between the cases 

and controls in relation to both OS and CSS. Table 2 shows 

all the significant variables in the univariate analysis and 

the results when all the variables were entered into a 

multivariate model. As expected, older age, male, being 

unmarried, and having a lower family income, larger 

tumor size, and more distant metastasis were associated 

with poorer OS and CSS. Receiving chemotherapy and RT 

was strongly associated with better survival (P<0.001). 

Receiving surgery was also associated with better survival 

(P<0.005). However, histology grade and T stage were not 

found to be associated with better survival. The facts that 

all SCLC cases can be considered high grade and that the 

cases included in this study were all M1 disease could be 

a possible explanation.

Table 3 shows the results of subgroup analyses of OS, 

which were significantly improved by RT. In general, RT 

could significantly improve the OS of M1 disease of ED-

SCLC, regardless of M1a or M1b status. RT was found to 

significantly improve the survival of ED-SCLC patients 

with metastases to sites of the bone (HR=0.85; 95% CI: 

0.72–0.99), liver (HR=0.68; 95% CI: 0.56–0.81), and lung 

(HR=0.61; 95% CI: 0.49–0.76) but not in brain (HR=0.91; 

95% CI: 0.74–1.12) after PSM. However, RT improved the 

survival of ED-SCLC patients who received chemotherapy 

but not that of those who did not receive chemotherapy 

 (P
interaction

<0.01, data not shown). Thus, the survival ben-

efit of RT for ED-SCLC patients was conditional upon 

chemotherapy.

Table 4 and Figure 2 further show the OS and CSS for 

different subgroups of ED-SCLC patients. The median OS 

was 9.0 months for all M1 who received RT, but it was only 

7.0 months for those who had not received RT. Receiving 

RT could bring the median OS close to 12.0 months for 

M1a disease and to ~8.0 months for M1b disease. For those 

patients who only had one site of metastasis and had received 

RT, the worst median OS was observed for patients with 

only brain metastasis. However, the best OS was observed in 

those with only lung metastasis and, presumably, those who 

received TRT. Furthermore, RT could significantly improve 

the OS and CSS of ED-SCLC patients with polymetastases, 
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that is, patients with metastases at more than two sites. The 

median OS in patients with polymetastases was 8.0 months 

for those who received RT and 6.0 months for those who 

did not (P<0.05).

Discussion
To our knowledge, the present study is the first population-

based analysis to use PSM to assess the role of RT in treating 

ED-SCLC, particularly in metastatic SCLC. In this study, we 

Table 1 selected baseline characteristics for study population by study groups, the seeR database, 2010–2012

Characteristic Before PSM After PSMa

No RT RT Pb No RT RT Pb

(n=3,678) (n=3,134) (n=2,106) (n=2,106)

age (years, mean [sD]) 67.4 (10.1) 64.0 (9.7) 0.001 65.3 (9.5) 64.7 (9.8) 0.114
sex (female, %) 47.7% 47.3% 0.721 47.9% 48.0% 0.926
Race (white, %) 86.6% 86.0% 0.704 85.6% 86.0% 0.827
Marital (married, %) 49.1% 54.5% 0.000 52.1% 53.2% 0.497
Median family income (%) 0.049 0.980

<$61,830 40.1% 42.9% 42.9% 43.2%
$61,830–$71,030 24.2% 22.4% 22.5% 22.3%
>$71,030 35.7% 34.7% 34.6% 34.5%

grade (%) 0.408 0.313
i–iii 8.0% 8.8% 8.5% 9.3%
iV 15.7% 15.9% 17.0% 15.5%
Unknown 76.3% 75.3% 74.5% 75.2%

size (%) <0.001 0.863

<2.9 cm 15.3% 16.8% 15.8% 16.4%
2.9–4.3 cm 13.8% 14.6% 13.7% 14.5%
>4.3 cm 38.1% 41.9% 40.8% 39.5%
Diffuse 0.3% 0.2% 0.2% 0.2%
Unknown 32.5% 26.4% 29.5% 29.3%

T (%) <0.001 0.814
T0–2 29.5% 29.9% 29.2% 30.0%
T3–4 54.1% 58.8% 58.7% 57.8%
TX 16.4% 11.3% 12.1% 12.2%

n (%) 0.083 0.581
n0 12.0% 12.5% 11.1% 12.3%
n1–n2 61.6% 60.5% 60.5% 60.5%
n3 21.2% 22.9% 24.0% 22.9%
Unknown 5.1% 4.1% 4.4% 4.3%

M1a–M1b (%) 0.009 <0.001
M1a with effusion 9.3% 10.7% 10.0% 14.3%
M1a without effusion 6.8% 5.3% 7.2% 7.1%
M1b 83.9% 84.0% 82.8% 78.5%

number of metastatic sites of lung, brain, bone, and liver (%)c <0.001 <0.001
0 20.6% 20.4% 24.1% 26.5%
1 49.5% 46.0% 48.1% 40.1%
2 22.3% 24.4% 19.8% 25.0%
3 7.0% 7.4% 6.9% 6.6%
4 0.7% 1.9% 1.0% 1.7%

Bone metastasisc,d (yes, %) 34.6% 33.2% <0.001 38.6% 38.7% 0.950
Brain metastasisc,d (yes, %) 11.3% 42.8% <0.001 19.6% 21.1% 0.220
liver metastasisc,d (yes, %) 51.1% 30.8% <0.001 35.5% 37.2% 0.249
lung metastasisc,d (yes, %) 20.7% 17.7% <0.001 19.0% 19.8% 0.533
Chemotherapy (yes, %) 73.2% 86.5% <0.001 84.3% 84.1% 0.866
surgery (yes, %) 0.8% 0.8% 0.817 0.7% 0.7% 0.852

Notes: aentered in PsM were variables including age, gender, marital status, median family income, n stage, T stage, tumor size, surgery or not, chemotherapy recode, 
metastasis sites of bone, brain, liver, and lung at diagnosis. bDerived from anOVa for continuous variables and chi=squared test for categorical variables. cnumber of distant 
metastasis include four sites of distant metastasis at diagnosis seeR provided: bone, brain, liver, and lung. dBone, brain, liver, and lung are four sites of distant metastasis at 
diagnosis seeR provided.
Abbreviations: n, number of cases/controls; PsM, propensity score matching; RT, radiotherapy; seeR, surveillance, epidemiology, and end Results.
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Table 2 Univariate and multivariate analyses of Os and Css before PsM

Characteristic Univariate Multivariate

OS CSS OS CSS

HR (95% CI)a Pa HR (95% CI)a Pa HR (95% CI)a Pa HR (95% CI)a Pa

age (≤65 as ref.)
66–78 1.2 (1.1–1.3) <0.001 1.2 (1.1–1.2) <0.001 1.2 (1.1–1.2) <0.001 1.2 (1.1–1.2) <0.001
>78 1.8 (1.7–2.0) <0.001 1.8 (1.7–2.0) <0.001 1.6 (1.5–1.7) <0.001 1.6 (1.5–1.8) <0.001
P for trend <0.001 <0.001 <0.001 <0.001

gender (female as ref.)
1.1 (1.1–1.2) <0.001 1.1 (1.1–1.2) <0.001 1.1 (1.1–1.2) <0.001 1.1 (1.1–1.2) <0.001

Race (white as ref.)
Black 1.0 (0.9–1.0) 0.327 0.94 (0.86–1.02) 0.154 / / / /
Other 1.0 (0.9–1.2) 0.615 0.97 (0.85–1.11) 0.700 / / / /
P for trend 0.526 0.346 / /

Marital (married as ref.)
1.1 (1.1–1.2) <0.001 1.1 (1.1–1.2) <0.001 1.1 (1.1–1.2) <0.001 1.1 (1.0–1.2) <0.001

Median family income 
(<$61,830 as ref.)

$61,830–$71,030 0.95 (0.89–1.01) 0.105 0.96 (0.90–1.02) 0.205 0.93 (0.87–0.99) 0.018 0.94 (0.88–1.00) 0.047
>$71,030 0.90 (0.85–0.96) <0.001 0.90 (0.85–0.96) <0.001 0.87 (0.83–0.92) <0.001 0.87 (0.82–0.92) <0.001

P for trend 0.002 0.002 <0.001 <0.001
grade (i–iii as ref.)

iV 1.0 (0.9–1.1) 0.703 1.0 (0.9–1.1) 0.580 / / / /
Unknown 1.1 (1.0–1.2) 0.168 1.1 (1.0–1.2) 0.155 / / / /
P for trend 0.219 0.253 / /

n (no as ref.)
n1–n2 1.2 (1.1–1.3) <0.001 1.2 (1.1–1.3) <0.001 1.3 (1.2–1.4) <0.001 1.3 (1.2–1.4) <0.001
n3 1.2 (1.1–1.3) <0.001 1.2 (1.1–1.3) <0.001 1.3 (1.2–1.4) <0.001 1.3 (1.2–1.4) <0.001
Unknown 1.5 (1.3–1.7) <0.001 1.5 (1.3–1.7) <0.001 1.4 (1.2–1.6) <0.001 1.4 (1.2–1.6) <0.001
P for trend <0.001 <0.001 <0.001 <0.001

T (T0–2 as ref.)
T3–4 1.1 (1.0–1.1) 0.038 1.1 (1.0–1.1) 0.068 1.1 (1.0–1.1) 0.032 1.1 (1.0–1.1) 0.057
TX 1.1 (1.0–1.2) 0.002 1.1 (1.0–1.2) 0.002 0.95 (0.87–1.03) 0.225 0.94 (0.86–1.03) 0.192
P for trend 0.005 0.007 0.005 0.008

size (<2.9 cm as ref.)
2.9–4.3 cm 1.1 (1.0–1.2) 0.012 1.1 (1.0–1.2) 0.006 1.1 (1.0–1.2) 0.023 1.1 (1.0–1.2) 0.012
>4.3 cm 1.1 (1.1–1.2) 0.000 1.2 (1.1–1.3) <0.001 1.2 (1.1–1.3) 0.000 1.2 (1.1–1.3) 0.000
Diffuse 1.4 (0.9–2.3) 0.126 1.3 (0.8–2.1) 0.335 1.3 (0.8–2.0) 0.331 1.1 (0.7–1.9) 0.621
Unknown 1.3 (1.2–1.4) <0.001 1.3 (1.2–1.4) <0.001 1.3 (1.2–1.4) <0.001 1.3 (1.2–1.4) <0.001
P for trend <0.001 <0.001 <0.001 <0.001

Brainb (no as ref.)
1.1 (1.1–1.2) <0.001 1.2 (1.1–1.2) <0.001 1.4 (1.4–1.5) <0.001 1.5 (1.4–1.6) <0.001

Boneb (no as ref.)
1.2 (1.1–1.3) <0.001 1.2 (1.2–1.3) <0.001 1.2 (1.1–1.3) <0.001 1.2 (1.2–1.3) <0.001

lungb (no as ref.)
1.1 (1.0–1.2) 0.005 1.1 (1.0–1.2) 0.010 1.1 (1.0–1.1) 0.054 1.1 (1.0–1.1) 0.084

liverb (no as ref.)
1.4 (1.3–1.4) <0.001 1.4 (1.3–1.5) <0.001 1.3 (1.3–1.4) <0.001 1.4 (1.3–1.4) <0.001

Chemotherapy (no as ref.)
0.59 (0.44–0.78) <0.001 0.58 (0.43–0.78) <0.001 0.66 (0.5–0.88) 0.004 0.66 (0.49–0.88) 0.005

Radiotherapy (no as ref.)
0.69 (0.66–0.72) <0.001 0.70 (0.66–0.73) <0.001 0.77 (0.73–0.81) <0.001 0.78 (0.74–0.82) <0.001

Notes: aDerived from multivariate Cox proportional hazards models. “/” means not available because these insignificant variables were dropped from the final multivariate 
analysis. All the variables that were significant in the univariate analysis in this table were included in the multivariate analysis. bBone, brain, liver, and lung are four sites of 
distant metastasis at diagnosis seeR provided.
Abbreviations: CSS, cancer-specific survival; n, number of cases/controls; OS, overall survival; PSM, propensity score matching; ref., reference; RT, radiotherapy; SEER, 
surveillance, epidemiology, and end Results.
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found that RT, in general, could bring a survival benefit for 

metastatic SCLC in both multivariate regression and PSM 

analyses. The beneficial effect of the survival observed from 

the SEER database highlighted the importance of RT in the 

management of ED-SCLC.

The role of TRT for LD-SCLC in improving survival 

has been well established.21 However, for ED-SCLC, the 

effectiveness of TRT is yet to be defined. This is largely due 

to ambiguous reports in the past about its role in controlling 

the primary tumor in the thorax and the metastatic nature of 

the disease.22–27 The earliest studies showed that RT appeared 

feasible and effective in ED-SCLC, with acceptable risks and 

benefits.22,23 However, the results of subsequent early studies 

were conflicting.24–26 Moreover, those findings may not be 

extrapolated directly into current practice due to the old che-

motherapy regimens, outdated diagnostic/staging tools, and 

two-dimensional radiotherapy (2D-RT) techniques, which 

might negatively influence the usefulness of RT for ED-

SCLC. In 1999, Jeremic et al published a randomized phase 

III trial of modern treatment for ED-SCLC.5 This was the first 

study to show that TRT played an indispensable role in treat-

ing patients with ED-SCLC after initial chemotherapy. Since 

then, modern RT techniques, such as 3D planning, intensity-

modulated radiation therapy (IMRT), and adaptive radiation 

therapy, as well as platinum-based chemotherapy have been 

widely introduced into the management of ED-SCLC. More 

recent clinical studies have demonstrated that consolidative 

TRT in addition to platinum-based chemotherapy improved 

the 2-year OS from 13% to 38%.5–12 The current study also 

showed that consolidative RT in addition to chemotherapy 

improved the median OS for all metastatic SCLC from 7.0 to 

9.0 months (P<0.001). We observed the best OS in patients 

with only lung metastasis who, presumably, had also received 

TRT, with a median OS of 12.0 months. Moreover, we 

found that the survival benefit of RT was conditioned upon 

chemotherapy (P
interaction

<0.01). Therefore, modern studies 

generally supported the usefulness of consolidative TRT 

after chemotherapy in the treatment of ED-SCLC patients.

For stage IV NSCLC, local control of the primary 

tumor could reduce pulmonary symptoms, the intrathoracic 

disease burden, and bronchial/vascular compression, all 

of which are associated with better OS.15–17 The control of 

metastatic tumors for stage IV NSCLC has also been found 

to be related to better survival for NSCLC patients with one 

to five metastases, metachronous or synchronous metasta-

ses.17,28–30 Similarly, we expect that controlling both primary 

and metastatic tumors may also prolong the survival of ED-

SCLC patients. Jeremic et al and Slotman et al found that 

consolidative TRT in patients with —one to two metastases 

led to improved survival.5,10,31 Secondary analysis of the 

CREST trial did not find that receiving TRT prolonged PFS 

for patients with more than two distant metastases. The recent 

Table 3 subtype analysis of effect to Os by radiotherapy to different groups before and after PsMa

Subtype Before PSM After PSM

n HR (95% CI) n HR (95% CI)

all M1 6,812 0.69 (0.66–0.73) 4,212 0.75 (0.70–0.80)
M1a–M1b

M1a with effusion 675 0.40 (0.34–0.47) 392 0.54 (0.44–0.67)
M1a without effusion 418 0.56 (0.45–0.68) 236 0.62 (0.49–0.78)
M1b 5,719 0.76 (0.72–0.80) 3,398 0.84 (0.78–0.90)

Metastatic site(s)b

Only bone 748 0.77 (0.67–0.89) 635 0.85 (0.72–0.99)
Only brain 926 0.71 (0.61–0.83) 377 0.91 (0.74–1.12)
Only liver 1,133 0.61 (0.53–0.71) 508 0.68 (0.56–0.81)
Only lung 453 0.56 (0.46–0.68) 338 0.61 (0.49–0.76)
≥2 sitesc 2,113 0.88 (0.81–0.96) 1,287 0.89 (0.80–0.99)

Bone metastasisb

no 4,500 0.63 (0.60–0.67) 2,586 0.68 (0.63–0.74)
Yes 2,312 0.84 (0.78–0.91) 1,626 0.89 (0.81–0.98)

Chemotherapy
no 1,407 0.97 (0.87–1.09) 666 0.95 (0.82–1.11)
Yes 5,405 0.71 (0.67–0.75) 3,546 0.71 (0.66–0.76)

Notes: aentered in PsM were variables including age, gender, marital status, median family income, n stage, T stage, tumor size, surgery or not, and chemotherapy recode. 
This table only showed groups that had statistical different hR among subgroups by comparing those received radiotherapy or not. bBone, brain, liver, and lung are four sites 
of distant metastasis at diagnosis seeR provided. Other metastatic sites are not presented in seeR. cnumber of distant metastasis included four sites of distant metastasis at 
diagnosis seeR provided: bone, brain, liver, and lung.
Abbreviations: n, number of cases/controls; Os, overall survival; PsM, propensity score matching; seeR, surveillance, epidemiology, and end Results.
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RTOG 0937 trial evaluated TRT in treating patients with one  

to four metastatic sites. It demonstrated a delay in progres-

sion but no improvement in the 1-year OS with the addition 

of extracranial irradiation.13 Studies have rarely reported the 

different roles of RT in oligometastatic and polymetastatic 

SCLC patients. Therefore, the metastatic tumor burden 

should be considered because patients with ≥2 metastases 

had a significantly worse outcome.3,12,32

In the current SEER database analysis, we found that 

radiation, including but not limited to TRT, for metastases 

of two or more organs, defined as polymetastatic disease, 

could still lead to a 2-month improvement in the median OS 

(P<0.001). Receiving RT was associated with improved OS 

and CSS for all ED-SCLC, regardless of limited extensive 

disease (M1a) or extensive disease (M1b). We specified the 

ED-SCLC oligometastases and polymetastases as recently 

described by Xu et al and Jeremic et al.5,12 However, our 

results were consistent with those of Xu et al, who found 

that RT, including but not limited to TRT, improved survival 

in both oligometastatic (HR=2.9) and polymetastatic ED-

SCLC (HR=1.7).12 However, consistent with our results, Xu 

et al found that the improvement in survival was decreased 

in magnitude as the metastasis became more extensive.12 

Due to this decreased magnitude of survival benefit, previous 

studies have demonstrated a significant prolonged survival 

for oligometastatic patients but not polymetastatic SCLC 

receiving RT due to a relatively inadequate sample size.5–12,31 

We demonstrated the survival advantage of RT for oligometa-

static patients. This finding is novel. And our SEER analysis 

provides very meaningful information to complement the 

current results of RCTs by Jeremic et al and others. Further, 

we demonstrated the survival advantage of RT for polymeta-

static patients. This is even more novel since the current RCTs 

did not directly address the role of RT in this setting. Thus, 

our results indicated that, overall, RT might have more than 

only a palliative role in extensive metastatic SCLC. This is 

interesting, although the novel findings should be confirmed 

in future Phase III RCTs. Therefore, future trials should focus 

on polymetastatic SCLC and try to find suitable patients for 

RT. Because RT was mostly used in the palliation of thoracic 

lesions for ED-SCLC, the doses used were also usually pal-

liative. It was also indicated6 and suggested3,32 that a higher 

TRT dose was associated with better survival for ED-SCLC. 

High-dose radiation was found to be safe even in the 2D-RT 

era.5 Modern RT techniques such as IMRT and stereotactic 

ablative RT have reduced the radiation to the normal tissues 

and increased the doses to tumors.33 Simultaneous RT to >5 

sites has been shown to be feasible, tolerable, and effective.34 

Because of the remarkable physical and biophysical advan-

tages, radiation modalities such as proton35 and heavy ion 

therapy36 could be developed to treat ED-SCLC. Furthermore, 

as systemic therapies such as immunotherapies continue to 

improve, consolidative local therapy will likely become more 

relevant.37

The lack of benefit of radiation in the case of brain 

metastases is an interesting finding in the current study. 

This finding corresponds to the results obtained in two trials 

by Postmus concerning the lack of benefit of adding RT to 

chemotherapy in brain metastases from SCLC.38,39 The lack 

of benefit of whole brain radiotherapy (WBRT) in patients 

who developed brain metastases might be owing to 1) brain 

metastasis in SCLC indicating a systematic disease with very 

dismal prognosis as shown in two Postmus’ trials and the 

current study. WBRT is a local therapy and thus might not 

be adequate to control this systematic disease; 2) WBRT is 

usually conducted at 10×3.0 Gy, and the dose might not be 

enough to control the metastatic lesions. Stereotactic ablative 

RT with a higher dose might be better; however, WBRT is 

usually recommended in this situation in guidelines because 

brain metastasis was considered as a systematic disease. 

Nevertheless, the prognosis of the patients in the European 

Organisation for Research and Treatment of Cancer (EORTC) 

trials and the SEER database who were treated with radia-

tion alone was very dismal. Clinically, RT in the absence of 

chemotherapy  was probably given to the most unfavorable 

patients. For example, PCI can only prolong the survival of 

ED-SCLC patients when the tumor responds well to chemo-

therapy. In fact, we found that RT without chemotherapy did 

not improve OS/CSS, although RT alone might be effectively 

palliative. Thus, we found that the survival benefit of any RT 

was conditioned upon chemotherapy.

We could not exclude PCI given for ED-SCLC because 

PCI was not listed separately in the SEER database. Based on 

the Slotman trial considering the benefit of PCI in ED-SCLC, 

published in 2007, and because we included patients from 

the SEER database from January 2010 to December 2012, 

many of the ED-SCLC patients in this analysis were given 

PCI.4 Analyses from the National Cancer Database (NCDB, 

a large cancer database, and most of its information overlaps 

with that in the SEER database) showed that 30.7% of SCLC 

patients in the database who were administered RT accepted 

PCI.40 We might also speculate that approximately one-third 

of the patients in our current SEER analysis received PCI.40 

In our research, patients with RT obtained an additional 2–3 

months of survival time; this survival benefit seemed larger 

than that reported in the Slotman trial. Thus, we expected 
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Table 4 Median survival month (s) of all the subgroups after PsMa

RT Total 
number

OS (months) CSS (months)

Median (95% CI) Pa Median (95% CI) Pa

Total M1 <0.001 <0.001
no 2,106 7.0 (6.7–7.3) 7.0 (6.7–7.3)
Yes 2,106 9.0 (8.6–9.4) 9.0 (8.6–9.4)
M1a with effusionc <0.001 <0.001
no 196 6.0 (5.1–6.9) 7.0 (6.1–7.9)
Yes 196 11.0 (9.8–12.2) 11.0 (10.0–12.0)
M1a without effusionc <0.001 <0.001
no 118 7.0 (4.3–9.7) 9.0 (6.6–11.4)
Yes 118 12.0 (9.5–14.5) 13.0 (10.2–15.8)
M1b <0.001 <0.001
no 2,296 7.0 (6.7–7.3) 7.0 (6.7–7.3)
Yes 2,296 8.0 (7.7–8.3) 8.0 (7.7–8.3)
Only one metastatic siteb

Only bone metastasis 0.036 0.034
no 263 8.0 (7.0–9.0) 9.0 (8.1–9.9)
Yes 263 9.0 (7.8–10.2) 9.0 (7.8–10.2)
Only brain metastasis 0.289 0.474
no 175 5.0 (3.7–6.3) 6.0 (4.4–7.6)
Yes 175 7.0 (5.8–8.2) 7.0 (5.8–8.2)
Only liver metastasis <0.001 <0.001
no 209 8.0 (7.1–8.9) 8.0 (7.1–8.9)
Yes 209 10.0 (8.5–11.5) 10.0 (8.7–11.3)
Only lung metastasis <0.001 0.002
no 119 7.0 (5.8–8.2) 7.0 (5.6–8.4)
Yes 119 12.0 (9.6–14.4) 12.0 (9.1–14.9)
All-one metastatic site <0.001 <0.001
no 865 7.0 (6.5–7.5) 8.0 (7.5–8.5)
Yes 865 9.0 (8.3–9.7) 9.0 (8.3–9.7)
More than two metastatic sitesb

≥2 metastatic sites 0.015 0.020
no 652 6.0 (5.5–6.5) 7.0 (6.5–7.5)
Yes 652 8.0 (7.6–8.4) 8.0 (7.5–8.5)
Types of metastatic sitesb

Metastatic sites 
including bone

0.006 0.012

no 821 7.0 (6.5–7.5) 7.0 (6.5–7.5)
Yes 821 8.0 (7.6–8.4) 8.0 (7.6–8.4)
Metastatic sites including brain 0.056 0.112
no 381 4.0 (3.2–4.8) 5.0 (4.1–5.9)
Yes 381 5.0 (4.0–6.0) 6.0 (5.2–6.8)
Metastatic sites including liver <0.001 0.001
no 730 7.0 (6.6–7.4) 7.0 (6.6–7.4)
Yes 730 8.0 (7.5–8.5) 8.0 (7.5–8.5)
Metastatic sites including lung 0.002 0.009
no 364 7.0 (6.3–7.7) 7.0 (6.4–7.6)
Yes 364 9.0 (8.1–9.9) 9.0 (8.1–9.9)

Notes: aPsM was done using variables including age, gender, marital status, median family income, n stage, T stage, tumor size, surgery or not, and chemotherapy recode. 
aDerived from the log-rank statistics of Kaplan–Meier survival analysis after PsM. bMetastatic sites are four sites of distant metastases at diagnosis including bone, brain, 
liver, and lung seeR provided.cM1a with effusion: M1a sClC with malignant pleural or pericardial effusion; M1a without effusion: M1a sClC without malignant pleural or 
pericardial effusion.
Abbreviations: CSS, cancer-specific survival; OS, overall survival; PSM, propensity score matching; RT, radiotherapy; SEER, Surveillance, Epidemiology, and End Results.

that most of this larger survival benefit was derived from 

RT other than PCI.

Unlike RCTs, the SEER database usually has high 

completeness and is representative of the real-world patient 

population. RCTs are prone to selection bias by recruiting a 

specific group of patients of interest, thus limiting the gener-

alizability of the findings. Jeremic et al and Slotman et al as 

well as the recent RTOG 0937 trials investigated ED-SCLC 
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Figure 2 The effect of RT on the Os for metastatic sClC patients after PsMa. (A) The effect of RT on the Os of sClC with pleural effusion and (or) pericardial effusion; (B) 
the effect of RT on the Os of other M1a sClC without pleural effusion and (or) pericardial effusion; (C) the effect of RT on the Os of all M1 sClC; (D) the effect of RT on 
the Os of sClC with lung metastasis; (E) the effect of RT on the Os of sClC with bone metastasis; (F) the effect of RT on the Os of sClC with brain metastasis; (G) the 
effect of RT on the Os of sClC with liver metastasis; (H) the effect of RT on the Os of M1b sClC; (I) the effect of RT on the Os of sClC with more than one metastasis. 
Notes: *Using gehan–Breslow–Wilcoxon test; aentered in PsM were variables including age, gender, marital status, median family income, n stage, T stage, tumor size, 
surgery or not, and chemotherapy recode. 
Abbreviations: OS, overall survival; CSS, cancer-specific survival; PSM, propensity score matching; RT, radiotherapy.
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patients who responded to chemotherapy.5,10,13 However, the 

survival benefit is generally not addressed for patients who do 

not respond to chemotherapy. Trials usually set age limits or 

select patient groups with a favorable outcome. For example, 

the EORTC study used an inclusive age limit of 75 years.4 We 

did not set an age limit to the study cohort, and we did not 

refine the results to include chemotherapy responders, many 

of whom might experience progression after chemotherapy, 

to make the current findings more applicable to real-world 

settings.

We acknowledge several limitations to this study. 

First, as with any observational studies, the possibility of 

bias is a concern. We used the PSM method, which might 

reduce the bias caused by the imbalanced distribution of 

the measured covariates. However, bias from unmeasured 

factors is unavoidable. Second, although our results might 

be applicable for real-world settings, we acknowledge that 

differences in the radiation dose timing, intent, methods, 

side effects, and second-line chemotherapy may all have 

contributed to study bias. However, RT in the SEER 

database is defined as using RT during the first course 

of cancer-directed therapy, with no information on the 

dose and intended target. Third, metastatic sites other 

than bone, brain, lung, and liver were not coded in SEER, 

which might lead to underestimate the number of meta-

static sites. Although similar definitions have been used in 

other SEER/NCDB studies,41 it is still likely that it never 

eliminates selection biases. In other words, we sought to 

demonstrate the survival advantage of RT in general for 

ED-SCLC patients, especially for polymetastatic patients. 

Our study was conducted from a qualitative, rather than 

quantitative, perspective. In this regard, we believe that the 

currently available data in the SEER database service the 

aim of this manuscript very well. In the current analysis, 

we did not intend to demonstrate the types, timing, dosage, 

intent, methods, or sites of RT that should be used in ED-

SCLC. In addition, the SEER database does not provide 

any data on the risk factors of SCLC, such as smoking, 

which may have influenced the survival. Nevertheless, the 

study participants were recruited through a representative 

national database, thus reducing the possible selection bias. 

Both multivariable and PSM analyses were performed. The 

OS and CSS results did not change appreciably and, thus, 

seemed stable and valid.

Conclusion
The present study based on the large SEER database supports 

that radiation therapy in addition to chemotherapy might be 

beneficial for the survival of patients with ED-SCLC, par-

ticularly metastatic SCLC. Although well-designed Phase 

III RCTs are warranted to ascertain the value of RT in this 

setting, it is prudent to routinely select suitable patients for 

radiation therapy to the primary and metastatic sites in ED-

SCLC based on chemotherapy.
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