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Background

There is a paucity of data published on the clinicopathological features and prognosis of stage IV non-small cell lung cancer (NSCLC) patients aged ≤45 years. Herein, we evaluated a large clinical series in an effort to provide a clearer picture of this population.



Methods

The least absolute shrinkage and selection operator (LASSO)-penalized Cox regression model was performed to identify prognostic factors for NSCLC among individuals aged ≤45 years. The Kaplan–Meier method with log-rank test was used to compare overall survival (OS) differences between groups. Competing risk analysis with the Fine–Gray test was used to analyze cancer-specific survival (CSS) differences. Propensity score matching (PSM) was used to minimize selection bias.



Results

Incidence-rate analyses, including 588,680 NSCLC cases (stage IV, 233,881; age ≤ 45 years stage IV, 5,483; and age > 45 years stage IV, 228,398) from 2004 to 2015, showed that the incidence of stage IV NSCLC among young individuals decreased over the years. In comparative analyses of clinical features and survival outcomes, a total of 48,607 eligible stage IV cases (age ≤ 45 years stage IV, 1,390; age > 45 years stage IV, 47,217) were included. The results showed that although patients in the young cohort were more likely to be diagnosed at advanced stages, they were also more likely to receive aggressive treatments. In addition, the survival rates of the young patients were superior to those of the older patients both before and after PSM.



Conclusions

Stage IV NSCLC patients aged ≤45 years comprise a relatively small but special NSCLC subgroup. Although this population had better survival outcomes than older patients, these patients deserve more attention due to their young age and the significant socioeconomic implications.
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Introduction

Lung cancer is a serious global pandemic (1, 2). Non-small cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancer cases. Approximately 40% of NSCLC patients are initially diagnosed at stage IV (3). Because the median age at diagnosis is 70 years (4), NSCLC is often regarded as a disease among older people. However, over the past few decades, the incidence of NSCLC in young individuals has been increasing gradually (5–7). Given the substantial societal and economic effects of NSCLC, more in-depth investigations are needed to examine this disease among young patients (8).

Previous clinical series demonstrated that young NSCLC patients are more likely to be female, to be non-smokers, to have adenocarcinoma (ADC) subtypes, and to have advanced-stage diseases than older NSCLC patients (4, 5, 9–16). Furthermore, the survival rate of young patients is inferior to that of older patients (9–11, 13). However, these studies focused on the entire entity of young NSCLC patients, and no literature is available about the clinicopathological features and prognosis of young stage IV NSCLC patients.

Given the paucity of related studies, we sought to better understand stage IV NSCLC among young patients (age ≤ 45 years) by analyzing the data deposited in the Surveillance, Epidemiology, and End Results (SEER) Program with the purpose of sketching an outline of this population.



Materials and methods


Included subjects

To analyze the incidence rate, lung cancer patients from 2004 to 2015 were extracted from the SEER database (https://seer.cancer.gov/). The inclusion criterion was a diagnosis of lung malignancy. The exclusion criteria were 1) lung tumors other than NSCLC and 2) stage I–III diseases (the 8th edition of the tumor–node–metastasis [TNM] staging system (17)). The flowchart of patient selection is shown in Figure 1.




Figure 1 | Flowcharts of patient selection. The detailed selection process of stage IV NSCLC patients from 2004 to 2015 for incidence-rate analysis (top) and the detailed selection process of stage IV NSCLC patients from 2010 to 2015 for presentations and survival outcomes analysis (bottom). NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.



To analyze clinicopathological features and survival outcomes, lung cancer patients from 2010 to 2015 were extracted from the SEER database. The inclusion criteria were as follows: 1) pathologically diagnosed as NSCLC and 2) stage IV diseases. The exclusion criteria were as follows: 1) unavailable TNM stage information, 2) unavailable survival information, 3) previous other cancers, and (4) age < 18 years. The eligible stage IV NSCLC patients were categorized into two groups: stage IV NSCLC aged ≤45 years and stage IV NSCLC aged >45 years. The corresponding flowchart of patient selection is shown in Figure 1.

Stage IV patients from 2004 to 2015 were included in the incidence-rate analysis because of the large number of cases, which could lead to a more reliable conclusion. Patients from 2010 to 2015 were included in the clinical characteristics and survival outcomes analysis because only the information about specific metastasis sites was available for the patients in this period, which is an important prognostic factor for metastatic NSCLC patients.



Ethics

We obtained permission to access the SEER dataset (reference number 12962-Nov2019) using SEER*Stat software version 8.3.4. The study was conducted in accordance with the Declaration of Helsinki. The Ethics Board of Peking University People’s Hospital approved this study. This was an open database study, and only non-identifiable information was used. Therefore, this study was dispensed with acquiring signed informed consent forms and ethical approval.



Data collection

This work was supported by the NationalNatural Science funds (grant number82173386).The following anonymized data, including age (continue), sex (male and female), ethnicity (Caucasian, African, and other), marital status (married and other), tumor location (upper lobe [UL], middle lobe [ML], low lobe [LL], and other), surgery (no and yes), chemotherapy (no and yes), radiotherapy (no and yes), grade (well differentiated, moderately differentiated, poorly differentiated, undifferentiated, and unknown), TNM stage (stage IVA, stage IVB, and stage IV), T category (T1, T2, T3, and T4), N category (N0, N1, N2, and N3), M category (M1a, M1b, M1c, and M1), bone metastasis (no and yes), brain metastasis (no and yes), liver metastasis (no and yes), intrapulmonary metastasis (no and yes), cause of death, patient status, and survival time, were retrieved. The current 8th edition of the TNM staging system (17) was used in this study.



Follow-up

The primary endpoints were overall survival (OS) and cancer-specific survival (CSS). OS was calculated as the time interval from the date of initial diagnosis to the date of death or the date of the last follow-up evaluation. CSS was calculated as the time interval from the date of initial diagnosis to the date of death attributed to NSCLC or the date of the last follow-up evaluation. The survival information, including survival time, survival status, and cause of death, is available in the SEER database. NSCLC patients with an exact survival status and survival time were included, and those with a survival time = 0 months were excluded from this study. The median follow-up time of the entire stage IV cohort, age ≤ 45 years stage IV cohort, and age > 45 years stage IV cohort were 6 months (range, 1–83 months), 12 months (range, 1–83 months), and 6 months (range, 1–83 months), respectively.



Statistical analysis

R version 3.5.2 (The R Foundation for Statistical Computing, Vienna, Austria; http://www.r-project.org) and IBM SPSS Statistics (version 25.0, IBM Corp, Armonk, NY, USA) were applied to the statistical analysis. The Kaplan–Meier method with log-rank test was used to compare OS differences between groups. Competing risk analysis with the Fine–Gray test (18) was used to compare CSS differences between groups. One-to-two propensity score matching (PSM) (19) between the age ≤ 45 years cohort and the age > 45 years cohort was carried out to minimize bias. The nearest-neighbor matching method with a caliper distance of 0.0001 was used in the PSM algorithm. The variables, including sex, surgery, chemotherapy, radiotherapy, histology, grade, TNM stage, T category, N category, M category, bone metastasis, brain metastasis, liver metastasis, and intrapulmonary metastasis, were included in the PSM algorithm. The variables, including age, sex, ethnicity, marital status, tumor location, surgery, chemotherapy, radiotherapy, histology, grade, TNM stage, T category, N category, M category, bone metastasis, brain metastasis, liver metastasis, and intrapulmonary metastasis, were included in the least absolute shrinkage and selection operator (LASSO) regression model (20), which minimizes the risk of overfitting and further selects the potential prognostic factors. The selected variables were then included in a stepwise multivariable Cox regression analysis to determine the final independent prognostic factors. Statistically significant factors selected from the LASSO-penalized multivariable Cox analysis were used to develop a nomogram (21). The C-index (22) and the receiver operating characteristic (ROC) curves with an area under the curve (AUC) were used to evaluate the performances of the models. Categorical variables were expressed as numbers and percentages and were compared between groups using Pearson’s χ2 test. A two-sided p < 0.05 was considered statistically significant.




Results


Incidence-rate analysis

This work was supported by the NationalNatural Science funds (grant number82173386).From 2004 to 2015, 666,689 cases of lung malignancies were retrospectively reviewed. After the inclusion and exclusion criteria were applied, 233,881 eligible stage IV NSCLC cases (age ≤ 45 years, 5,483 cases; age > 45 years, 228,398 cases) were selected. In the entire cohort, the crude incidence of stage IV diseases was stable between 2004 and 2009 (approximately 40.00%). However, it increased by approximately 6.00% between 2010 and 2015 (Figure 2A). Considering the incidence of age ≤ 45 years stage IV NSCLC, a decreasing tendency was observed between 2004 and 2015 (1.33% in 2004 and 0.79% in 2015; Figure 2B). In stage IV NSCLC cohort, the incidence of age ≤ 45 years still had an uninterrupted decrease during this period (3.41% in 2004 and 1.73% in 2015; Figure 2C).




Figure 2 | Line charts of the incidence of stage IV NSCLC patients from 2004 to 2015. The incidence-rate analyses of stage IV NSCLC patients in the entire cohort (A). The incidence-rate analyses of stage IV NSCLC patients aged ≤45 years in the entire cohort (B); and the incidence-rate analyses of stage IV NSCLC patients aged ≤45 years in the stage IV NSCLC cohort. (C) NSCLC, non-small cell lung cancer.





Patient characteristics

From 2010 to 2015, the data of 360,702 lung malignancy cases were reviewed. A total of 48,607 eligible stage IV NSCLC cases (age ≤ 45 years, 1,390 cases; age > 45 years, 47,217 cases) were selected. The clinicopathological features are listed in Table 1. Regarding the age ≤ 45 years in stage IV NSCLC patients, there was no sex difference (male vs. female = 48.8% vs. 51.2%). The majority of patients were Caucasian (67.9%). Only a small proportion of patients underwent surgery (9.1%) and radiotherapy (21.7%). Most patients underwent chemotherapy (81.5%). ADC was the predominant histological subtype (66.6%). Over half of the cases were diagnosed as stage IVA disease (53.5%). Most of the cases had local/distant lymph node metastasis (N2 category, 46.0%; N3 category, 27.0%). Regarding the metastatic sites, 43.9% of the patients had bone metastasis, 38.6% had brain metastasis, 19.0% had liver metastasis, and 31.3% had intrapulmonary metastasis.


Table 1 | Baseline features of stage IV NSCLC patients ≤45 years and those >45 years before and after PSM.



Before PSM, when compared with the age > 45 years stage IV NSCLC cohort, there were more men in the age ≤ 45 years stage IV NSCLC cohort (p < 0.001). In addition, more patients received surgery, chemotherapy, and radiotherapy in the age ≤ 45 years stage IV NSCLC cohort (surgery, 9.1% vs. 4.4%, p < 0.001; chemotherapy, 81.5% vs. 61.0%, p < 0.001; radiotherapy, 21.7% vs. 11.8%, p < 0.001). More patients in the age > 45 years stage IV NSCLC cohort suffered from intrathoracic metastasis (62.1% vs. 53.5%, p < 0.001). However, they were unlikely to have lymph node metastasis (p < 0.001). After PSM, there were 1,320 and 2,589 cases in the young and older patient groups, respectively. The covariates between these two groups were well-balanced (Table 1).



Least absolute shrinkage and selection operator-penalized Cox regression analysis and nomogram

To examine OS, 14 variables, including age, sex, ethnicity, marital status, tumor location, surgery, chemotherapy, histology, grade, T category, N category, M category, bone metastasis, and liver metastasis, were selected using the LASSO model (Figures S1A, B). In further analyses, the multivariable Cox regression analysis confirmed that age, ethnicity, surgery, chemotherapy, histology, grade, T category, N category, M category, and bone metastasis were independent prognostic factors (Table 2). The corresponding nomogram was developed (Figure S2A). The C-index of this nomogram was 0.67 (95% CI: 0.65–0.69). The AUC of the nomogram was 0.69 (Figure S3A).


Table 2 | LASSO-penalized multivariable Cox analysis of the stage IV NSCLC patients ≤45 years.



To examine CSS, 15 variables, including age, sex, ethnicity, marital status, tumor location, surgery, chemotherapy, radiotherapy, histology, grade, T category, N category, M category, bone metastasis, and liver metastasis, were selected using the LASSO model (Figures S1C, D). The multivariable Cox regression analysis confirmed that age, ethnicity, surgery, chemotherapy, grade, T category, N category, and M category were independent prognostic factors (Table 2). The corresponding nomogram was established (Figure S2B). The C-index of this nomogram was 0.66 (95% CI: 0.64–0.68). The AUC of the nomogram was 0.67 (Figure S3B).



Survival analysis

Before PSM, survival analysis showed that stage IV NSCLC patients ≤45 years had better OS than patients >45 years (3-year OS rate, 20.3% vs. 9.8%, p < 0.001; Figure 3A). In the matched cohort, the OS rate of stage IV NSCLC patients ≤45 years was still superior to that of stage IV NSCLC patients >45 years (3-year OS rate, 20.3% vs. 14.6%, p < 0.001; Figure 3B).




Figure 3 | Survival comparisons between stage IV NSCLC patients aged ≤45 years and stage IV NSCLC patients aged >45 years. Kaplan−Meier survival curve comparison before PSM (A). Kaplan−Meier survival curve comparison after PSM (B). Competing risk analyses before PSM (C) and competing risk analyses after PSM (D). NSCLC, non-small cell lung cancer; PSM, propensity score matching.



Regarding CSS, before PSM, the 3-year cancer-specific cumulative mortality rate of stage IV NSCLC patients ≤45 years was lower than that of stage IV NSCLC patients >45 years (74.8% vs. 84.6%, p < 0.001; Figure 3C). After PSM, stage IV NSCLC patients ≤45 years still had better CSS than stage IV NSCLC patients >45 years (3-year cancer-specific cumulative mortality rate, 74.9% vs. 80.9%, p < 0.001; Figure 3D).




Discussion

This large population-based study was the first to investigate the incidence, presentations, and survival outcomes of stage IV NSCLC among young patients. The findings of this study can be summarized as follows. The incidence of stage IV NSCLC patients ≤45 years has declined over the years. Stage IV NSCLC patients ≤45 years were more likely to be diagnosed at an advanced stage, but they were also more likely to receive aggressive treatments. Multivariable Cox analyses revealed that receiving surgery and chemotherapy were important prognostic factors. Survival analyses showed that the survival of younger stage IV NSCLC patients was superior to that of the older patients. Our study focused on a special subset of stage IV NSCLC patients, which may provide comprehensive knowledge of this population.

There are conflicting data about the incidence of NSCLC among young individuals. Several studies have demonstrated that the incidence rate has been increasing gradually (5–7). Another study revealed that the incidence decreased from 1978 to 2010 (15). However, there are no studies that specifically investigated the incidence of stage IV NSCLC among young individuals. Our results showed a decreasing incidence of stage IV NSCLC among young individuals ≤ 45 years between 2004 and 2015. In our view, the reduced incidence might be attributed to economic development and improved living standards. Over the past few decades, poverty and geographical restraint have prevented some NSCLC patients from receiving standard cancer care services (9). Therefore, many NSCLC patients are diagnosed at advanced stages on initial examinations. With the advancement of diagnostic and treatment modalities, many patients are well managed with surgery and other novel efficient therapies in the early stage. In addition, less indoor air pollution and less exposure to coal dust might be partially responsible for the decline in incidence.

Consistent with previous studies (4, 5, 9–12, 14–16, 23), we also found that more young NSCLC patients were diagnosed with the ADC histology subtype. A possible explanation might be related to smoking: it is known that smoking is considered an important carcinogenesis factor for SCC (24, 25), and young patients are unlikely to be smokers (9, 13, 23). Therefore, the ADC histology subtype dominated in this population. No sex differences were observed in our study, which was similar to several other studies (4, 9, 23). Our study showed that when compared with the older cohort, younger patients were more likely to be diagnosed at advanced stages and receive aggressive treatments. This result was also confirmed by Arnold et al. (26), who demonstrated that young patients were administered more aggressive therapies than older patients at each TNM stage. Better performance status and a stronger desire to live may explain this difference.

Controversy exists with regard to the survival differences between younger and older stage IV NSCLC patients. A study by Vashistha et al. demonstrated that the survival of young NSCLC patients is similar to that of older NSCLC patients in India (9). This was also confirmed in a study by Mauri et al. (14). However, Bratova et al. (10) and Bryant et al. (13) suggested that young NSCLC patients have worse survival rates than older NSCLC patients. Our study showed that the survival of stage IV NSCLC patients ≤45 years was superior to that of stage IV NSCLC patients >45 years. Similar findings were also observed in the studies by Arnold et al. (26) and Subramanian et al. (12). One potential reason for this difference was that young patients were more likely to undergo surgery and chemotherapy than older patients. Previous clinical series suggested that surgical resection could prolong stage IV patient survival (27–32). Our nomograms also confirmed that surgery was the strongest predictor of favorable outcomes, followed by chemotherapy and the T category. Therefore, it is reasonable to observe that young patients had better survival outcomes than older patients. Additionally, a better performance status might bring survival benefits to young patients. Herein, we proposed that a multidisciplinary collaborative treatment modality, including surgery, might be the preferred option for these patients with advanced diseases.

Our study had several limitations. First, we could not evaluate the influence of performance status, smoking history, comorbidities, timing, dosage and regimens of treatments, and treatment-related side effects because they were not recorded in the SEER database. It is likely that with increasing age, more comorbidities and worse performance status might hinder older patients from receiving more aggressive treatments. Second, in the era of targeted therapy and immunotherapy, older stage IV NSCLC patients could gain more survival benefit from novel efficient therapies. However, genetic features such as epidermal growth factor receptor mutation status, anaplastic lymphoma kinase mutation status, programmed death ligand 1 expression level, and tumor mutation burden were not recorded in the database. Further efforts on broader clinicopathological features such as radiomics features (33) and tumor molecular profiles (34) recruitment are also warranted. Third, external validation was lacking in this study. Therefore, our results needed to be further validated in other clinical series and should be cautiously interpreted. Finally, inevitable bias was inherent to the retrospective design of the study, although PSM was used in the study.

Taken together, the incidence of stage IV NSCLC patients aged ≤45 years declined over the years. Although patients in this cohort were more likely to be diagnosed at advanced stages, they were also more likely to receive aggressive treatments. The prognosis of the young patients was better than that of the older patients. Although the younger cohort had better survival outcomes, they deserved more attention due to their young age and the significant socioeconomic implications of disease among this group.
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Supplementary Figure 1 | Prognostic predictor selection using the LASSO regression analysis. LASSO coefficient profiles of 18 variables against the log (Lambda) sequence for OS (A) and CSS (C). Tuning parameter (Lambda) selection in the LASSO model used 10-fold cross-validation via minimum criteria for OS (B) and CSS (D). LASSO, least absolute shrinkage and selection operator; OS, overall survival; CSS, cancer specific survival.

Supplementary Figure 2 | Prognostic nomograms for OS (A) and CSS (B). OS, overall survival; CSS, cancer specific survival; ADC, adenocarcinoma; SCC, squamous cell carcinoma.

Supplementary Figure 3 | The receiver operating curves of the nomograms. (A) OS and (B) CSS. AUC, area under curve; OS, overall survival; CSS, cancer specific survival.
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