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Introduction

For patients with limited-stage small-cell lung cancer (LS-SCLC), effective treatment methods still remain a clinical challenge. The aim of this study is to evaluate the survival outcome of surgery plus chemotherapy vs. surgery alone in patients with LS-SCLC.



Methods

LS-SCLC patients selected from the Surveillance, Epidemiology and End Results (SEER) database diagnosed between January 1, 2004, and December 31, 2015. Comparison of overall survival (OS) and cancer-specific survival (CSS) between two groups performed propensity score matching (PSM), inverse probability of treatment weight (IPTW), and overlap weighting analysis.



Results

Of the 477 LS-SCLC patients identified from the SEER database between 2004 and 2015, 262 (54.9%) received surgery-plus-chemotherapy treatment and the others received surgery-alone treatment. Univariate and multivariate analyses showed that treatment option (P< 0.001), tumor location (P= 0.02) and AJCC stage (P< 0.001) were independent prognostic predictors of OS in LS-SCLC patients. Median OS was 35 months in surgery-plus-chemotherapy group vs. 23 months in surgery-alone group. Survival analysis showed that surgery plus chemotherapy offered significantly improved OS as compared with surgery-alone treatment before and after IPTW, PSM and overlap weighting method (all P< 0.05). According to AJCC stage stratification, OS of the unmatched patients with stage I (P= 0.049) and II (P= 0.001) SCLC who received surgery-plus-chemotherapy treatment was significantly better than that of surgery-alone patients.



Conclusions

This cohort study showed that surgery plus chemotherapy was associated with longer survival time than surgery alone in LS-SCLC patients, especially in those with stage I and II SCLC. Further prospective studies are required to confirm our conclusions.
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Introduction

Small cell lung cancer (SCLC), a type of clinically aggressive neuroendocrine malignancy, accounts for about 13.1% of all types of lung cancer, characterized by rapid growth and early development of extensive metastasis, leading to a generally poor prognosis of patients (1, 2). For the patients with limited-stage SCLC (LS-SCLC), therefore, effective treatment methods remain a critical and essential goal.

According to the National Comprehensive Cancer Network (NCCN) guidelines (3), the primary treatment for SCLC at early stages is surgery, including mediastinal lymphadenectomy or sampling following pathologic mediastinal staging. Because of rapid progression and early occurrence of blood-bone and lymph metastasis, local treatment alone may not effectively control recurrence (4, 5). Thus, systemic treatment should be considered for LS-SCLC. Currently, adjuvant chemotherapy following surgical resection is recommended as the standard treatment strategy for patients with stage II and IIIA NSCLC, but not for patients with stage I (6). However, there is no retrospective cohort study to answer the question whether this therapeutic strategy is also applicable to LS-SCLC. In the present study, the aim is to further evaluate the survival outcome of LS-SCLC patients who received surgery-plus-chemotherapy treatment vs. surgery-alone treatment by acquiring data from the Surveillance, Epidemiology and End Results (SEER) database in stage I–IIIA SCLC patients diagnosed between 2004 and 2015.



Methods


Data Source

Using SEER database from the National Cancer Institute (NCI), we collected data from January 1, 2004, to December 31, 2015. As a population-based cancer registry, the SEER Program was initiated in the USA in 1973, covering about 28% of the country’s population (7). The patient sample of this study was selected from publicly available de-identified data in the NCI SEER 18 Registries, which was allowed to be used in relevant medical research and deemed exempt from institutional review board oversight. In addition, the annual follow-up rate for all patients diagnosed with cancer in the past five years is 90%.



Patient Selection

This cohort study included patients diagnosed with SCLC from January 2004 to December 2015. The inclusion criteria were as follows: (1) patients with stage I-IIIA disease according to the American Joint Committee on Cancer (AJCC) 7th edition; and (2) patients undergoing surgery-plus-chemotherapy or surgery-alone treatment. The exclusion criteria were as follows: (1) patients receiving radiotherapy; (2) patients with missing information regarding age, sex, race, tumor size, AJCC stage, laterality, tumor location and differentiated grade. Pathological staging was performed on the patients who underwent surgery. Finally, 477 patients recruited in this study, according to the treatment modality, were divided into a surgery-plus-chemotherapy group and a surgery-alone group (Figure 1). Complete information on patients was obtained from the SEER database.




Figure 1 | Flowchart of patient selection steps.





Covariates

The baseline covariates included race, sex, age of diagnosis, geographic region, tumor location, AJCC stage, differentiated grade, laterality, tumor size, median household income, insurance status, marital status and high school education based on the patient post code. The SEER data dictionary provided a comprehensive description of all included covariates for reference.



Statistical Analysis

Chi-square and Wilcoxon rank-sum tests were applied to assess the correlations between different therapy methods and all the above-mentioned baseline covariates. A multivariable logistic regression model was used to estimate receipt of chemotherapy-plus-surgery treatment. Univariable and multivariable Cox proportional hazards models were performed for overall survival (OS) and cause-specific survival (CSS) in both treatment groups and adjusted all baseline covariates. To overcome the impact of patient selection bias, propensity score matching (PSM) method was used to balance possible confounding factors. All the covariates in our study were matched between the two groups. Additionally, three PS models (PSM, IPTW and overlap weighting method) were used in our study. Patients in the two groups were matched with a ratio of 1:1 (R package “MatchIt”). The IPTWs and overlap weights were calculated by using R package “PSW” with the covariates in the previous final PS model. For the PS models of OS and CSS, Kaplan-Meier methodology with log-rank test was used for all patients in this study. Next, we selected the two groups of patients based on the covariates into subgroups and conducted stratified analyses in a similar manner as described previously. Statistical analyses were performed using R version 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria) and IBM SPSS Statistics 23.0 (IBM Corp., Armonk, NY, USA). Two-sided P values < 0.05 were considered statistically significant.




Results


Patient Characteristics

This study enrolled 477 patients fulfilled the eligibility criteria. Table 1 shows the baseline characteristics of all patients extracted from the SEER database. The median age at diagnosis was 68 years (range: 31-89 years). Among these patients, the proportion of women was slightly greater (52.8%) than that of men population (47.2%). Most patients (91.0%) were white, 6.3% were black, and 2.7% were others. Most patients were in the east of the US (275/57.7%) and diagnosed with AJCC stage I (320/67.1%). Interestingly, all patients who received surgery were diagnosed after 2008 in our study. Of the 477 patients, 215 (45.0%) received surgery alone and the other 262 received surgery plus chemotherapy between 2004 and 2015. As shown in Table 1, significant differences were found in age of diagnosis (P= 0.002), differentiated grade (P= 0.01) and marital status (P= 0.02) between the two groups in the unadjusted cohorts. There was no statistically significant difference in race, sex, age of diagnosis, geographic region, tumor location, AJCC stage, differentiated grade, laterality, tumor size, insurance status, marital status, high school education, and median household income (all P > 0.05) between the two groups after matching (Supplementary Figure 1).


Table 1 | Demographic and clinical characteristics of patients with small cell lung cancer.





Multivariable Logistic Regression Analysis, Univariate Analysis and Multivariate Analysis

For all covariates at baseline, no significant difference was found between the two groups via multivariable logistic regression analysis, except for the marital status (OR, 3.260; 95%CI, 1.591-6.680; P= 0.001) (Supplementary Table 1). Generally, selection of the therapy method was unaffected by the characteristics of the patients. To further investigate the correlation between OS and other parameters, univariate analysis was performed. As shown in Supplementary Table 2, tumor location (P< 0.001), therapy methods (P= 0.003) and AJCC stage (P< 0.001) were statistically significant predictors of OS. To determine the respective effect of these factors, multivariate analysis was applied to avoid interference. The Cox proportional-hazards model revealed that therapy methods (P< 0.001), tumor location (P= 0.02) and AJCC stage (P< 0.001) were independent prognostic predictors for OS in LS-SCLC patients (Supplementary Table 2). Increased AJCC stage was a significant risk factor for SCLC patients (stage II: HR, 2.182; 95%CI, 1.505-3.163; P< 0.001; stage III: HR, 2.174; 95%CI, 1.490-3.171; P< 0.001). Chemotherapy-plus-surgery treatment was associated with a favorable prognostic factor for SCLC (HR, 0.521; 95%CI, 0.384-0.706; P< 0.001).



Survival Analysis

The 1-, 2-, 3-, 4- and 5-year OS rates of patents in the two groups are shown in Table 2. The median OS of the patients in surgery-plus-chemotherapy group was 35 months and was significantly better than that of surgery-alone patients (P= 0.002). The unmatched 1-, 3- and 5-year OS rate was 68.5%, 41.8% and 29.1% for surgery-alone group vs. 87.8%, 48.0% and 34.1% for surgery-plus-chemotherapy group, respectively. PSM, IPTW and Overlap Weighting analysis revealed the similar results (Table 2). The Kaplan–Meier OS survival curves are illustrated in Figure 2.


Table 2 | Overall survival (%) of SCLC patients receiving chemotherapy plus surgery versus surgery alone.






Figure 2 | Survival analysis of overall survival (OS) for patients with limited-stage SCLC receiving chemotherapy-plus-surgery or surgery-alone treatment. (A) Kaplan-Meier analysis of OS before matching; (B) Kaplan-Meier analysis of OS after matching; (C) Kaplan-Meier analysis of OS after IPTW analysis; (D) Kaplan-Meier analysis of OS after Overlap Weighting analysis.



Supplementary Table 3 shows the results of CSS. The median time of CSS was 45 months for surgery-alone group vs. 58 months for surgery-plus-chemotherapy group. However, there was no significant improvement in CSS by receiving surgery plus chemotherapy in the unmatched cohort (P= 0.08). The unmatched 1-, 3- and 5-year OS rate was 77.4%, 57.2% and 47.3% for surgery-alone group vs. 91.0%, 56.9% and 46.9% for surgery-plus-chemotherapy group, respectively. PSM, IPTW and Overlap Weighting analysis revealed the similar results (Supplementary Table 3). The Kaplan–Meier survival curves of CSS are illustrated in Supplementary Figure 2.



Stratified Analysis

As shown in Figure 3, to further explore the effect of treatments on the survival in LS-SCLC patients, all covariates were controlled in the stratified analysis. The result of stratified analysis revealed that benefit in OS was across all subgroups in chemotherapy-plus-surgery treatment compared with surgery-alone treatment, except for the black race and median household income <380000 USD/year. However, no significant difference was found in the black race (HR, 1.191; 95%CI, 0.394-3.602; P= 0.76) and median household income <380000 USD/year (HR, 1.048; 95%CI, 0.366-2.998; P= 0.93) between the two treatment groups. Stratified patients based on lymph node status, as illustrated in Figure 3, significant difference was found in N0 (HR, 0.736; 95%CI, 0.545-0.994; P= 0.046) and N2 (HR, 0.422; 95%CI, 0.200-0.890; P= 0.023) subgroups. Although no significant difference was found in N1 (HR, 0.615; 95%CI, 0.236-1.599; P= 0.319) subgroup, a tendency for improvement of OS was showed for the patients received surgery plus chemotherapy. Of note, survival analysis of patients based on AJCC stage stratification showed that OS of the unmatched patients with stage I (P= 0.049) and II (P= 0.001) SCLC who received surgery-plus-chemotherapy treatment was significantly better than that of surgery-alone patients. PSM, IPTW and Overlap Weighting analysis revealed the similar results (Supplementary Figures 3 and 4). As for patients with stage III SCLC, however, no significant difference in survival was observed (P = 0.10) (Supplementary Figure 5).




Figure 3 | Forest plot of the stratified analysis.






Discussion

This cohort study was conducted utilizing retrospective data from the SEER database, comparing the survival outcomes of LS-SCLC patients who received either surgery-plus-chemotherapy treatment or surgery-alone treatment. In addition, it’s the first cohort study to compare survival time between LS-SCLC patients who received the two different treatment methods. By using multivariable analyses and PSM method to eliminate the selection bias, our results consistently demonstrated that surgery-plus-chemotherapy treatment significantly improved the median OS of LS-SCLC patients as compared with surgery alone. The result of stratified analysis based on AJCC stage showed that adjuvant chemotherapy was necessary after surgical resection for patients with LS-SCLC. Unlike the case with NSCLC, surgery-plus-chemotherapy treatment is recommended for stage I SCLC patients, and can be used to guide the management of LS-SCLC patients.

Given the greater proportion (85%) of NSCLC in all lung cancer cases (8), the treatment of NSCLC has been focused in most previous prospective and retrospective studies (9–12). Generally, it is recommended that adjuvant chemotherapy following resection for patients with stage II and IIIA NSCLC is required, but not for stage I patients (6). As for SCLC, the standard treatment for LS-SCLC patients is to combine platinum-based chemotherapy with thoracic radiation, but the prognosis tends to be modest (13, 14). Therefore, effective therapeutic strategy for LS-SCLC remains an unmet goal. As lymph node or blood metastasis usually occurs in early-stage SCLC, fewer than 5% SCLC patients were initially diagnosed at stage T1-2N0M0 (15, 16). It is often difficult to detect multiple tiny metastatic lesions in the early stage, and therefore multimodality treatment may be necessary for LS-SCLC patients. A growing number of studies conclude that survival time of the LS-SCLC patients can significantly longer after surgical treatment (17–23). Major oncology groups also favor guidelines, which support surgical resection should be an important part of the multimodality management for stage I SCLC patients (24). Two clinical trials in the 1990s (25, 26) demonstrated that surgical resection combined with chemotherapy was an effective used strategy for stage I-II SCLC patients. However, the two clinical trials included only a limited number of patients. Shepherd et al. also reported that surgery with adjuvant chemotherapy could significantly improve survival time and prognosis of patients with stage I SCLC (27). However, not only the sample size of the study was small, but also this study couldn’t avoid the patient selection bias and lack a control group for comparison purposes. Although Yang et al. demonstrated that adjuvant chemotherapy after surgery resulted in prolonged survival based on a larger sample size, this study only focused on patients with pT1-2N0M0 SCLC (28).

In this study, more patients were selected for statistical analysis to further verify the previous conclusions from the SEER database. In addition, this is the largest cohort study to evaluate whether chemotherapy is suitable for all patients with LS-SCLC who received surgical resection. In this study, we identified a total of 477 SCLC patients who fulfilled the eligibility criteria between 2004 and 2015. Survival analysis of our study revealed that both OS and CSS were improved in patients receiving surgery-plus-chemotherapy treatment as compared with surgery-alone treatment. Especially, surgery-plus-chemotherapy treatment significantly improved OS as compared with surgery-alone treatment. In stratified analysis, compared with surgery-alone treatment, surgery plus chemotherapy was beneficial to stage I-II SCLC patients, whereas no significant difference in survival was observed in stage III SCLC patients. This result may be explained by the small sample size of patients. Nearly two-thirds of the patients in our study were diagnosed with AJCC stage I, and only 80 patients (16.8%) and 77 patients (16.1%) were diagnosed with AJCC stage II and III, respectively. This result is consistent with the prior study in early-stage SCLC patients (28), further demonstrating that surgery-plus-chemotherapy treatment is beneficial to stage I SCLC patients, which is different from the NSCLC treatment. Besides, it is wildly accepted that lymph node metastasis is an independent risk factor for SCLC patients. It was obviously revealed that a tendency for improvement of OS was across N0, N1 and N2 subgroups in chemotherapy-plus-surgery treatment compared with surgery-alone treatment. Due to the relatively small sample size of patients, however, no significant difference was found in N1 (P= 0.319) subgroup.

To our best knowledge, this is the largest cohort study to compare survival time of two different treatment methods in LS-SCLC patients. Besides, we used IPTW, PSM and overlap weighting methods to minimize the effect of observed confounders efficiently, thus guaranteeing the reliability of the results. Nevertheless, our study also has certain limitations. First, this study is retrospective, therefore inherent selection bias is inevitable. Second, due to the sample size of this study was comparatively small, especially in subgroup analysis, our ability may be limited to identify the patients who would benefit more from surgery-plus-chemotherapy treatment. Besides, the SEER database lacks essential clinical details, such as description of the chemotherapy drugs used and the baseline lung function, knowing that these details may have impact on patient prognosis, but not significantly. Finally, our study mainly focused on the survival outcome of surgery plus chemotherapy vs. surgery alone in patients with LS-SCLC, thus the patients who received radiotherapy including those received prophylactic cranial irradiation (PCI) were completely excluded. Several previous studies have pointed out that PCI can improve the prognosis of SCLC patients, however, nearly 70% patients in our study were stage I SCLC, the efficacy of PCI in this population may be unsatisfactory as the study reported by Xu et al. (29). Hence, based on the previous studies combined with clinical practice, the conclusion in our study was reliable. Next, we have conducted a new research focusing on the effectiveness of radiotherapy or chemoradiotherapy combined with surgery for LS-SCLC patients.

In conclusion, our retrospective analysis of the SEER database revealed that surgery plus chemotherapy was associated with longer survival time than surgery alone in patients with LSSCLC, especially those with stage I and II SCLC. Prospective studies are therefore needed to confirm our findings and conclusions.
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Supplementary Figure 1 | Plot of standardized mean differences (SMD) of baseline covariates. (A) SMD after propensity score matching; (B) SMD after IPTW analysis; (C) SMD after Overlap Weighting analysis.

Supplementary Figure 2 | Survival analyses of cause-specific survival (CSS) for patients with limited-stage SCLC receiving chemotherapy-plus-surgery or surgery-alone treatment. (A) Kaplan-Meier analysis of CSS before matching; (B) Kaplan-Meier analysis of CSS before matching; (C) Kaplan-Meier analysis of CSS after IPTW analysis; (D) Kaplan-Meier analysis of CSS after Overlap Weighting analysis.

Supplementary Figure 3 | Survival analyses of overall survival (OS) for patients with AJCC stage I SCLC receiving chemotherapy-plus-surgery or surgery-alone treatment. (A) Kaplan-Meier analysis of OS before matching; (B) Kaplan-Meier analysis of OS after matching; (C) Kaplan-Meier analysis of OS after IPTW analysis; (D) Kaplan-Meier analysis of OS after Overlap Weighting analysis.

Supplementary Figure 4 | Survival analyses of overall survival (OS) for patients with AJCC stage II SCLC receiving chemotherapy-plus-surgery or surgery-alone treatment. (A) Kaplan-Meier analysis of OS before matching; (B) Kaplan-Meier analysis of OS after matching; (C) Kaplan-Meier analysis of OS after IPTW analysis; (D) Kaplan-Meier analysis of OS after Overlap Weighting analysis.

Supplementary Figure 5 | Survival analyses of overall survival (OS) for patients with AJCC stage III SCLC receiving chemotherapy-plus-surgery or surgery-alone treatment. (A) Kaplan-Meier analysis of OS before matching; (B) Kaplan-Meier analysis of OS after matching; (C) Kaplan-Meier analysis of OS after IPTW analysis; (D) Kaplan-Meier analysis of OS after Overlap Weighting analysis.
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