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Purpose: To characterize the risk factors for brain metastasis (BM) at presentation and 
analyze the prognostic factors for patients with small cell lung cancer (SCLC).
Patients and Methods: Patients were recruited from the SEER database between 2010 and 
2016. They were divided into two groups according to BM status. The incidence trends of 
SCLC and its BM were analyzed by joinpoint software. The risk factors for BM in SCLC 
were identified by binary logistic regression models. The prognostic factors for SCLC 
patients with BM were identified by Cox proportional hazard models.
Results: The incidence of SCLC and its BM significantly decreased after 2010. Totally 
11,093 patients were collected, including 1717 (15.5%) patients with BM and 9376 (84.5%) 
patients without BM. In multivariate logistic regression analysis, age, male and higher 
T stage were independent risk factors for BM in SCLC patients at presentation. SCLC 
patients with BM showed inferior survival to those without BM. In multivariate Cox 
regression analysis, increasing age, large tumor size, and higher N stage were risk factors 
for poor prognosis, while other race, surgery, adjuvant radiotherapy, and chemotherapy were 
protective factors for SCLC patients with BM. A nomogram was developed for prognosis 
evaluation of such patients.
Conclusion: Age, male and higher T stage were risk factors for BM in SCLC patients at 
presentation. Increasing age, large tumor size, and advanced N stage may predict poor 
survival for SCLC patients with BM. Multidisciplinary therapies may provide clinical 
benefits. This study will help identify patients with higher BM risk and hopefully improve 
their clinical outcome.
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Introduction
Small cell lung cancer (SCLC) is a highly aggressive disease, which represents 
approximately 20% of all lung cancers.1 As a unique subtype of lung cancer, SCLC 
disseminates early and often manifests at extensive stages,2 constituting one of the 
leading cause of cancer death. It is conservatively estimated that 10–20% of SCLC 
patients are amalgamated with brain metastasis (BM) at onset, and 50–80% of them 
will eventually develop BM during the treatment process.3 BM is a more aggressive 
health problem, with an annual incidence of 8.3–14.3 per 100,000 people.4 BM has 
become a serious threatening factor for the patients’ survival. According to different 
tissue sources, BM has unique clinicopathological patterns.4 Patients with BM often 
have dismal prognoses, with a short median survival.5 Treatments for symptomatic 
BM are mainly based on local approaches, including surgical resection, stereotactic 
radiosurgery (SRS) and whole-brain radiation therapy (WBRT).6 In recent years, 
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small-molecule tyrosine kinase inhibitor (TKI) afatinib has 
been introduced to treat patients with BM. Its clinical trials 
have demonstrated prolonged survival and improved quality 
of life. Lung cancer patients with BM can still benefit from 
immunotherapy. The PD-1/PD-L1 inhibitor pembrolizumab 
and relevant antibodies are involved in the treatment of lung 
cancer patients with BM.7 However, current approved treat-
ments do not improve the survival for every patient. The 
high incidence and detriment of BM make it imperative to 
identify the risk factors for BM, so that doctors can early 
recognize such patients and deliver appropriate treatment in 
time.8 Furthermore, it is also crucial to characterize the 
prognostic factors for SCLC patients with BM, because 
better understanding of these factors may contribute to 
their prognosis evaluation and improve the management of 
this disease.

With the help of the Surveillance, Epidemiology, and 
End Results (SEER) database, we have extracted a large 
population of SCLC patients for our study. The purpose of 
this investigation is to analyze the clinicopathological fea-
tures of SCLC patients and identify the risk factors for BM 
at presentation. Moreover, we also analyzed the prognostic 
factors for SCLC patients with BM. The information from 
our study may provide insights into the risk factors for 
development of BM prior to detection and contribute to 
the tailored therapy for these patients.

Materials and Methods
Patient Selection
Patients were collected from the SEER 18-registry database. 
This is an openly accessible database for cancer incidence 
and survival from 18 cancer registries, covering about 28% 
of the American population.9 We acquired the specific data 

by SEER-stat software (version 8.3.8). This study was 
implemented according to the Declaration of Helsinki. The 
inclusion criteria for selecting eligible patients were as fol-
lows: 1) the patients were diagnosed from 2010 to 2016; 2) 
the primary sites were lung and bronchus; 3) the sequence 
number included one primary only and first of two or more 
primaries; 4) the ICD-O-3 codes for SCLC were “8002/3: 
Malignant tumor, small cell type”, “8041/3: Small cell car-
cinoma, NOS”, “8042/3: Oat cell carcinoma”, “8043/3: 
Small cell carcinoma, fusiform cell”, “8044/3: Small cell 
carcinoma, intermediate cell”, “8045/3: Combined small cell 
carcinoma”. Patients with either bone or liver metastasis 
were excluded. Cases with unknown information in any 
variables were also excluded.

Table Variables
The following variables were selected for those eligible 
patients: age, gender, race, tumor size, T stage, N stage, sur-
gery, radiotherapy, chemotherapy, survival months, and SEER 
cause-specific death. The continuous variables were divided 
into categorical variables for efficient statistical analysis, 
including tumor size. The optimal thresholds of bifurcation 
in tumor size were determined by the X-tile software. Our 
X-tile program could cut the tumor size into 3 subgroups for 
all possible divisions. A chi-square value was calculated for 
every possible division. The optimal division of tumor size 
was identified by choosing the largest chi-square value.10 The 
X-tile program selected the thresholds of tumor size at 28 and 
45 mm in terms of cancer-specific survival (CSS) (Figure 1).

Statistical Analysis
The incidence rates of SCLC and BM were calculated per 
100,000 persons and age-adjusted to the 2000 US Standard 

Figure 1 The thresholds of bifurcation in tumor size were determined by the X-tile software. (A) The “lock” symbol denotes the optimal threshold of tumor size has been 
found. (B) A histogram shows the cutoff values of tumor size at 28 and 45 mm. (C) KM plots were produced according to the cutoff values.
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Population. The annual percent change (APC) from 2010 to 
2016 was analyzed by joinpoint software. Patients’ baseline 
clinical features between the non-BM and BM groups were 
listed by descriptive statistics. A student’s t-test was used for 
the continuous variables age. The categorical variables were 
evaluated by chi-square test, which were depicted as numbers 
and percent frequencies. The possible risk factors relevant to 
BM were initially screened by univariate logistic regression 
analysis. The confounding factors were further adjusted by 
multivariate logistic regression analysis. The CSS of specific 
patients was estimated by Kaplan–Meier method with Log 
rank test. Univariate and multivariate Cox regression ana-
lyses were performed to characterize the prognostic factors of 
CSS for SCLC patients with BM. The independent prognos-
tic factors from Cox regression analysis were included to 
construct a nomogram for predicting the 1 and 2-year CSS of 
such patients. All statistical analyses were completed by 
SPSS version 25 (SPSS Inc, Chicago, USA). The tests 
were 2-sided, and p<0.05 was statistically significant.

Results
Incidence Trend Analysis
The incidence of SCLC was steadily decreasing from 2010 
to 2016, with an APC=−3.67 (P<0.05) (Figure 2A). The age- 
adjusted incidence rate of SCLC was 5.59/100,000 persons 
in 2010 but decreased to 4.27/100,000 persons in 2016. In 
parallel, the incidence of BM in SCLC also showed 
a downward trend in the same period, with an APC=−1.74 
(P<0.05) (Figure 2B). The rate of BM was 0.822/ 

100,000 persons in 2010 but reduced to 0.705/100,000 per-
sons in 2016. Obviously, the incidence trend of SCLC and 
its BM was significantly decreasing after 2010.

Clinicopathological Characteristics
According to the criteria above, a sum of 11,093 patients 
were recruited, including 1717(15.5%) patients with BM 
and 9376 (84.5%) patients without BM. In demographic 
features, the BM patients were significantly younger, more 
male (51.95% vs 45.76%), and more black race (12.23% vs 
10.26%) than the non-BM patients (p<0.05). In terms of 
cancer characteristics, more BM patients had larger tumor 
size (>45mm: 53.17% vs 49.45%) and T4 stage (36.05% vs 
33.98%) than the non-BM patients (p<0.001). As for treat-
ment, the BM group had less surgery (1.63% vs 5.79%), 
and more adjuvant radiotherapy (21.03% vs 15.51%). 
Additionally, the distribution of N stage had no significant 
difference between the non-BM group and BM group 
(p>0.05). The clinical characteristics of recruited patients 
are available in Table 1.

Risk Factors for BM at Presentation
We used logistic regression models to identify the risk 
factors for BM in SCLC patients at presentation. In univari-
ate logistic regression analysis, the risk factors significantly 
associated with BM were black race, tumor size >45 mm, 
T stage > T1 (OR>1, P<0.05). In multivariate logistic regres-
sion analysis, age, sex, and T stage were still significantly 
associated with the risk of BM (P<0.05). Consequently, age, 

Figure 2 (A) Age-adjusted incidence rate of SCLC from 2010 to 2016. (B) Age-adjusted incidence rate of BM in SCLC from 2010 to 2016.
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male and advanced T stage were independent risk factors for 
BM in SCLC patients at presentation. The specific results of 
logistic regression analysis for BM are displayed in Table 2.

Survival Analysis
Kaplan–Meier survival analysis indicated that the CSS of 
patients with BM was significantly worse than those without 
BM (Figure 3, p<0.0001). To be concrete, the median CSS for 
patients without BM was 13 months (95% CI=12.6–13.4), 
while the median CSS for patients with BM was only 6 months 
(95% CI=5.5–6.5) during the study period (Table 3). 

Consequently, BM in SCLC patients usually portends unfavor-
able outcome.

Identify Prognostic Factors for SCLC 
Patients with BM
We also used Cox regression analysis to identify the prog-
nostic factors for those SCLC patients with BM. In uni-
variate Cox regression model, age, tumor size >45mm, T4 
stage, and N stage >N1, surgery, adjuvant radiotherapy, 
and chemotherapy were significantly associated with the 
CSS of such patients (P<0.05). In multivariate Cox 

Table 1 Characteristics of SCLC Patients Divided by Brain Metastasis (n=11,093)

Variable No BM, n(%) BM, n(%) Total, n(%) P-value
n=9376(84.5) n=1717(15.5) n=11,093

Age (years) <0.001*

Median(range) 67(29–95) 65(36–91) 67(29–95)

Sex <0.001
Male 4290(45.76) 892(51.95) 5182(46.71)

Female 5086(54.24) 825(48.05) 5911(53.29)

Race 0.030
White 7952(84.81) 1434(83.52) 9386(84.61)

Black 962(10.26) 210(12.23) 1172(10.57)

Others 462(4.93) 73(4.25) 535(4.82)
Tumor size (mm) 0.005

<28 2534(27.03) 404(23.53) 2938(26.49)

28–45 2206(23.53) 400(23.3) 2606(23.49)
>45 4636(49.45) 913(53.17) 5549(50.02)

T Stage <0.001

T1 1676(17.88) 236(13.74) 1912(17.24)
T2 2519(26.87) 496(28.89) 3015(27.18)

T3 1995(21.28) 366(21.32) 2361(21.28)

T4 3186(33.98) 619(36.05) 3805(34.3)
N Stage 0.991

N0 1870(19.94) 340(19.8) 2210(19.92)

N1 824(8.79) 149(8.68) 973(8.77)
N2 4968(52.99) 909(52.94) 5877(52.98)

N3 1714(18.28) 319(18.58) 2033(18.33)

Surgery <0.001
No 8833(94.21) 1689(98.37) 10,522(94.85)

Yes 543(5.79) 28(1.63) 571(5.15)
Radiotherapy <0.001

No 7894(84.19) 1346(78.39) 9240(83.3)

Adjuvant 1454(15.51) 361(21.03) 1815(16.36)
Neo-adjuvant 28(0.3) 10(0.58) 38(0.34)

Chemotherapy <0.001

No/unknown 2146(22.89) 497(28.95) 2643(23.83)
Yes 7230(77.11) 1220(71.05) 8450(76.17)

Note: *Student’s t-test was used for the continuous variables age. 
Abbreviation: BM, brain metastasis.
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regression model for adjusting confounders, increasing 
age, tumor size >45mm, N stage >N1 were independent 
risk factors for poor survival (HR>1, P<0.05). By contrast, 
other race, surgery, adjuvant radiotherapy, and chemother-
apy were independent protective factors for SCLC patients 
with BM (HR<1, P<0.05). The concrete results of prog-
nostic factors are listed in Table 4.

Nomogram for Prognosis Evaluation
A nomogram was constructed on the basis of indepen-
dent prognostic factors to evaluate the CSS of SCLC 
patients with BM (Figure 4). By inputting a patient’s 
information on these prognostic factors, the nomogram 
will provide a pragmatic model for the doctors to eval-
uate the 1-year and 2-year survival for SCLC patients 
with BM. In this nomogram, we can draw a vertical line 
from each prognostic factor to the Points scale to 
acquire respective points. The points of each variate 
can be added to produce a total point.11 Then, we can 
draw a vertical line from the Total Points scale to the 
1-year and 2-year survival scale to estimate the prob-
abilities of survival for each patient.11

Discussion
As an aggressive cancer, SCLC is conspicuous with a high 
risk of BM. According to our analysis of the SEER data-
base, 15.5% of the SCLC patients presented with BM at 
presentation. The incidence of SCLC and its BM has 
significantly decreased after 2010. Age, male and 
advanced T stage independently portended greater odds 
of BM at presentation. SCLC patients with BM showed 
inferior survival to those without BM. Moreover, increas-
ing age, large tumor size, and advanced N stage were 
predictors for poor survival of SCLC patients with BM. 
These results may have some clinical implications.

Our incidence trend analysis indicated significant 
downward trends for both SCLC and its BM ever since 
2010. A recent study reported that the incidence of SCLC 
declined by 3.6% annually from 2001 to 2016.12 Just 
similarly, our results also showed an APC of −3.67 in 
SCLC since 2010. The remarkable incidence decrease 
may be interpreted by the reduction of smoking in 
America in recent years.12 The decrease of BM incidence 
in SCLC is our new finding; further research is necessary 
to elucidate the biological etiology of this trend. With 

Table 2 Risk Factors Associated with BM in SCLC Patients (n=11,093)

Variable Univariate Logistic Model Multivariate Logistic Model

OR(95% CI) P-value OR(95% CI) P-value

Age (years) 0.98(0.975–0.985) <0.001 0.981(0.976–0.986) <0.001

Sex
Male Reference Reference

Female 0.78(0.704–0.865) <0.001 0.785(0.707–0.871) <0.001

Race
White Reference Reference

Black 1.211(1.03–1.417) 0.019 1.143(0.971–1.34) 0.072

Others 0.876(0.675–1.121) 0.306 0.882(0.678–1.13) 0.27
Tumor size (mm)

<28 Reference Reference

28–45 1.137(0.979–1.321) 0.092 0.977(0.819–1.167) 0.8
>45 1.235(1.089–1.403) 0.001 1.017(0.865–1.199) 0.839

T Stage
T1 Reference Reference
T2 1.398(1.185–1.654) <0.001 1.369(1.114–1.684) 0.003

T3 1.303(1.093–1.555) 0.003 1.26(1.023–1.553) 0.03

T4 1.38(1.176–1.624) <0.001 1.31(1.067–1.609) 0.01
N Stage

N0 Reference Reference

N1 0.995(0.805–1.224) 0.959 0.982(0.794–1.21) 0.869
N2 1.006(0.88–1.153) 0.927 0.96(0.837–1.103) 0.561

N3 1.024(0.867–1.209) 0.783 0.943(0.796–1.117) 0.498

Abbreviations: OR, odds ratio; CI, confidence interval.
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respect to the risk factors for BM of SCLC patients at 
presentation, a recent study has considered that lung can-
cer patients were inclined to live longer owing to the 
progress in systemic therapy for cancer, so they had 
more time to develop BM.13 Consistent with this report, 
we have also identified age as an independent risk factor 
for BM in those SCLC patients. We speculate that younger 
patients may live longer than their older counterparts, so 
they still tend to have more time to yield BM. 
Furthermore, another study has analyzed the risk factors 
for BM in 153 patients with limited-stage SCLC. It 

reported that patients with higher T stage had an increased 
risk of BM.14 Evidently, the T stage represents the status of 
primary site, and higher T stage reflects the more aggres-
sion of cancer. Our study has also indicated that SCLC 
with higher T stage was an independent risk factor for 
a higher odds of BM. Additionally, some variables, such 
as hypoxia, may cause the aggressiveness and fast pro-
gression of cancer. The hypoxia condition may upregulate 
the hypoxia-inducible factor (HIF); this helix transcription 
factor can affect the carcinogenesis and tumor growth by 
regulating the genes in glycolytic metabolism, angiogen-
esis, and other biological process.15 Hence, age, advanced 
T stage, and hypoxia may become the predictors for BM in 
patients with SCLC.

As far as the prognostic factors for SCLC patients with BM 
are concerned, a recent study has revealed that age >60 was 
a reliable marker for poor clinical outcome. It is suggested that 
screening for BM should be applied for these patients.16 Our 
study also identified that increasing age portended a poor 
prognosis. Older patients may have dismal performance status 
and more treatment-associated toxicity. Moreover, another 

p < 0.0001
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Figure 3 Kaplan–Meier curves indicating the CSS for SCLC patients based on the existence of BM.

Table 3 Compare the Median Survival of the SCLC Patients 
(n=11,093)

Patients, N Median CSS
95% CI, Months

No BM 9376 13(12.6–13.4)

BM 1717 6(5.5–6.5)
P-value <0.001

Abbreviations: BM, brain metastasis; CSS, cancer-specific survival.

https://doi.org/10.2147/IJGM.S342009                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2021:14 10136

Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


study indicated that SCLC patients with large primary tumor 
had significantly worse survival than the referent patients.17 In 
parallel, our study has likewise identified tumor size >45mm as 
an independent risk factor for poor survival in SCLC patients 
with BM. These findings reflect that large tumor size remark-
ably predicted unfavorable prognosis for such patients. The 
lymph node (LN) status is also an important prognostic factor 
for the lung cancer patients. A recent study has reported that 
LN metastasis was associated with greater odds of multiple 
metastases and worse prognosis.18 Our study indicated that 
patients at N2 and N3 stages had worse survival than those at 
N0 stage. It is possible that lymphatics may serve as a pathway 
for the cancer cells to disseminate and exacerbate the patients’ 

survival. These findings may provide evidence to confirm the 
prognostic value of LN status in SCLC. Anyway, precise 
prognostic evaluation is the essential foundation for benefit- 
risk–adapted therapy for SCLC patients with BM,19 our study 
has analyzed the prognostic factors in a large cohort of such 
patients. We have also constructed a nomogram for prognosis 
evaluation of SCLC patients with BM. This prognostic model 
may optimize the current treatment strategy and survival pre-
diction for such patients.

With respect to the therapeutic schedules in SCLC 
patients with BM, a multidisciplinary approach is neces-
sary to optimize the prognosis and quality of life in lung 
cancer patients.20 In addition to surgery, radiotherapy 

Table 4 The Prognostic Factors Relevant to the CSS of SCLC Patients with BM (n=1717)

Characteristics Univariate Cox Multivariate Cox

HR(95% CI) P-value HR(95% CI) P-value

Age (years) 1.025(1.02–1.031) <0.001 1.016(1.01–1.022) <0.001

Sex
Male Reference Reference

Female 0.948(0.858–1.048) 0.296 0.958(0.866–1.06) 0.403

Race
White Reference Reference

Black 0.982(0.842–1.145) 0.815 0.873(0.747–1.02) 0.087

Others 0.802(0.624–1.031) 0.085 0.611(0.474–0.789) <0.001
Tumor size (mm)

<28 Reference Reference

28–45 1.135(0.981–1.315) 0.09 1.16(0.967–1.392) 0.11
>45 1.225(1.082–1.387) 0.001 1.292(1.095–1.523) 0.002

T Stage
T1 Reference Reference
T2 1.054(0.895–1.241) 0.532 0.989(0.8–1.223) 0.92

T3 1.148(0.966–1.363) 0.117 1.01(0.82–1.245) 0.923

T4 1.185(1.012–1.388) 0.035 1.01(0.822–1.241) 0.923
N Stage

N0 Reference Reference

N1 0.99(0.806–1.218) 0.927 1.087(0.883–1.338) 0.431
N2 1.306(1.142–1.493) <0.001 1.56(1.36–1.788) <0.001

N3 1.275(1.083–1.501) 0.004 1.504(1.273–1.777) <0.001

Surgery
No Reference Reference

Yes 0.442(0.281–0.695) <0.001 0.596(0.375–0.945) 0.028
Radiotherapy

No Reference Reference

Adjuvant 0.718(0.634–0.812) <0.001 0.848(0.746–0.963) 0.011
Neo-adjuvant 1.105(0.593–2.06) 0.752 1.183(0.632–2.217) 0.599

Chemotherapy
No Reference Reference
Yes 0.271(0.242–0.305) <0.001 0.267(0.236–0.302) <0.001

Abbreviations: HR, hazard ratio; CI: confidence interval.
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plays an important role in cancer control. Prophylactic 
cranial irradiation (PCI) has become a widely available 
technique for treating both limited and extensive lung 
cancer.21 PCI can not only reduce the BM incidence but 
also improve the patients’ survival, so current guidelines 
often recommend PCI for the lung cancer patients who 
have a good initial response.22 In consonance with these 
publications, our study also identified surgery, adjuvant 
radiotherapy, and chemotherapy as independent protective 
factors for SCLC patients with BM. These findings imply 
that sequential therapies with a multidisciplinary approach 
may well provide clinical benefit.

Several limitations should be concerned in our study. 
First, this is a retrospective study from the SEER database, 
some inherent bias cannot be evaded completely. Second, 
the SEER database lacks additional data regarding smoking 
exposure pack-years, comorbidities and previous or current 
possible brain vascular diseases, which may conceal some 
important risk factors.23 Third, as the time, sequence and 
combination of different treatments varied widely,24 we 
could not thoroughly evaluate the effect of such clinical 
factors on SCLC patients with BM. So, our results should 
be explained with caution, and future prospective clinical 

trials are necessary to validate our findings. So far, this is 
one of the largest real-life studies specifically addressing the 
risk factors for BM in SCLC. Therefore, this study may 
provide a unique opportunity to acquire deeper insight into 
the risk factors for BM in SCLC patients.

Conclusion
This study has found that age, male and advanced T stage 
were independent risk factors for BM in SCLC patients at 
presentation. Increasing age, large tumor size, and advanced 
N stage may presage poor survival for SCLC patients with 
BM. Multidisciplinary therapies may provide clinical bene-
fit. A deep understanding of the risk factors for BM in SCLC 
patients may help us to enrich the subset of patients who are 
more susceptible to develop BM, more individually treat 
such patients, and improve their clinical outcome.

Ethical Statement
The SEER data contain no identifiers and are publicly 
available; ethical approval was obtained from the 
Institutional Review Board (IRB) of Ethics Committee in 
Renmin Hospital of Wuhan University.
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