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Background: Lung cancer is one of the cancers with the highest morbidity and mortality. During the last decade, the trends of clinical characteristics, surgical treatments and survival of lung cancer patients in China have remained unclear.

Methods: All lung cancer patients operated on from 2011 to 2020 were identified in a prospectively maintained database of Sun Yat-sen University Cancer Center.

Results: A total of 7,800 lung cancer patients were included in this study. Within the past 10 years, the average age at diagnosis of the patients remained stable, the proportion of asymptomatic, female and nonsmoking patients increased, and the average tumor size decreased from 3.766 to 2.300 cm. In addition, the proportion of early stage and adenocarcinoma increased, while that of squamous cell carcinoma decreased. Among the patients, the proportion of patients having video-assisted thoracic surgery increased. More than 80% of the patients underwent lobectomy and systematic nodal dissection over the 10 years. Additionally, both the average postoperative length of stay and 1-, 3-, and 6-month postoperative mortality decreased. Moreover, the 1-, 3-, and 5-year overall survival (OS) rates of all the operable patients increased from 89.8, 73.9, and 63.8% to 99.6, 90.7, and 80.8%, respectively. The 5-year OS rates of the patients with stage I, II, and III lung cancer were 87.6, 79.9, and 59.9%, respectively, which were higher than those in other published data.

Conclusion: There were significant changes in the clinicopathological characteristics, surgical treatments and survival outcomes of the patients with operable lung cancer from 2011 to 2020.
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Introduction

According to Global Cancer Statistics 2020, lung cancer is the second most commonly diagnosed cancer and the leading cause of cancer death (1). In China, lung cancer still accounts for the highest cancer mortality and morbidity. Additionally, the mortality and morbidity of lung cancer are expected to increase over the next 20 years, imposing a heavy burden on China (2). In most countries, the 5-year survival of lung cancer was in the range of 10–19% during 2010–2014, and the survival trends between 1995–1999 and 2000–2014 remained largely unchanged. However, in China, survival has increased by more than 10%, and it previously was 19.8% during 2010–2014 (3).

In previous studies, the clinicopathological characteristics of lung cancer have changed in many countries during the past 20 years. An increasing percentage of asymptomatic patients, females and nonsmokers among lung cancer patients has been demonstrated. Additionally, studies have shown increasing trends of adenocarcinoma along with decreasing trends of squamous cell carcinoma (4, 5). Many studies have demonstrated that screening high-risk populations with low-dose computed tomography (LDCT) can improve the early detection rate and reduce the mortality of lung cancer (6). Moreover, the surgical treatments for lung cancer have also changed during the past decades. During the last decade, the number of procedures with the open thoracotomy approach has decreased, but minimally invasive approaches, including video-assisted thoracic surgery (VATS) and robot-assisted thoracic surgery (RATS), have become increasingly dominant (7).

Although the above trends of the clinicopathological characteristics and surgical treatments of lung cancer have been sporadically presented in multiple studies, those in China have never been comprehensively described. In the current study, we collected and analyzed the medical data of operable primary lung cancer patients in the Department of Thoracic Surgery of Sun Yat-sen University Cancer Center (SYSUCC) from 2011 to 2020. We aim to explore the developing trends of the clinicopathological characteristics, surgical treatments and survival outcomes of operable lung cancer patients within the past 10 years and to provide valuable insights for the future management of the disease.



Methods

We conducted a retrospective analysis of operable lung cancer patients who underwent surgical treatment in the Department of Thoracic Surgery of SYSUCC from January 1st 2011 to December 31st 2020. Our study was approved by the Institutional Review Board of SYSUCC (NO. B2023-167-01). And Individual consent for this retrospective analysis was waived.


Patient selection and data extraction

Medical records of primary operable lung cancer patients treated from January 2011 to December 2020 were screened within database of SYSUCC. To ensure the accuracy of the medical data, we further supplied and calibrated some of the missing data by reviewing the original medical records. The 8th edition American Joint Committee on Cancer (8th AJCC) TNM stage was extracted, and the previous edition TNM staging was systemically converted into the 8th AJCC TNM stage in our study. The specific inclusion criteria were as follows: (1) patients diagnosed with primary operable lung cancer; (2) patients confirmed with positive histopathological assessment. The exclusion criteria were as follows: (1) patients with unknown medical records and (2) patients with second primary lung cancer or other primary malignant tumors during the follow-up period. In addition, the follow-up deadline was set at December 31st, 2021, and the survival time was defined as the interval between surgery and death with patients without event being censored at the last follow-up. We further collected patients with a follow-up time of at least 30 days for survival analysis (Supplementary Figure 1).



Statistical analysis

In our study, the clinicopathological characteristics, including age, clinical manifestation, gender, smoking history, tumor size, histology and stage, were obtained from medical records. Additionally, we collected information on the surgical treatments, including surgical approach, extent of resection, lymph node dissection, postoperative length of stay and postoperative mortality from the surgical records and medical records. Moreover, overall survival (OS) was set as the primary survival outcome, and 1-year, 3-year, 5-year, and 10-year OS were calculated by using the Kaplan–Meier method. Quantitative variables were reported using the mean with the standard error, and the categorical variables were described with percentages. One-way ANOVA was used to compare the means of quantitative variables between different groups. The chi-square test was used to compare the percentage of categorical variables between different groups. A two-tailed p-value <0.05 was considered statistically significant.




Results


Trends in the clinicopathological characteristics

A total of 7,800 operable lung cancer patients were enrolled in our study, and the number of patients with different clinicopathological characteristics and surgical treatments was shown in Supplementary Table 1. Among these patients, the average age at diagnosis of the patients was 58.854 ± 10.185 years. There was no significant change in the average age at diagnosis during the last 10 years (p = 0.336, Figure 1A; Table 1). However, the average tumor diameter decreased significantly from 3.776 ± 2.062 cm in 2011 to 2.300 ± 1.512 cm in 2020 over the last decade (p < 0.001, Figure 1B; Table 1). The ratio of the asymptomatic patients accounted for 56.6%, and increased significantly from 40.3% in 2011 to 77.0% in 2020 over the decade (p < 0.001, Figure 1C; Table 1). Male patients accounted for 59.8%, but the percentage of female patients increased significantly from 36.8% in 2011 to 47.7% in 2020 (p < 0.001, Figure 1D; Table 1). Overall, the proportion of patients with a smoking history accounted for 42.9%, which decreased significantly from 52.8% in 2011 to 34.0% in 2020 over the years (p < 0.001, Figure 1E; Table 1).
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FIGURE 1
 Trends in clinicopathological characteristics in operable lung cancer patients from 2011 to 2020. (A) Patients’ age at diagnosis. (B) Tumor size. (C) Percentage of patients with or without clinical manifestation. (D) Percentage of male or female patients. (E) Percentage of patients with or without smoking history. (F) Percentage of patients with different histological types. (G) Percentage of patients with different stages. ADC, adenocarcinoma; SCC, squamous cell carcinoma; ASC, adenosquamous carcinoma; LCLC, large cell lung cancer; SCLC, small cell lung cancer; LELC, lymphoepithelioma-like carcinoma.




TABLE 1 Clinicopathological characteristics of operable lung cancer patients from 2011 to 2020.
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Among these patients, the majority were adenocarcinoma (ADC) and squamous cell carcinoma (SCC), accounting for 73.5 and 15.8%, respectively. Furthermore, the percentage of ADC increased significantly from 57.6% in 2011 to 85.7% in 2020 (p < 0.001, Figure 1F; Table 1), with a significant decrease in SCC (from 27.8% in 2011 to 9.4% in 2020, p < 0.001, Figure 1F; Table 1). And the stage I, II, III and IV patients accounted for 55.5, 15.5, 24.2, and 4.8%, respectively. Moreover, the ratio of stage I increased significantly from 40.3% in 2011 to 73.9% in 2020 (p < 0.001, Figure 1G; Table 1), accompanied by significant decreases in the proportion of stage II and stage III (both p < 0.001, Figure 1G; Table 1). In addition, there was also a significant change in the proportion of stage IV patients, which increased from 0.7% in 2011 to 7.1% in 2018 and then decreased to 2.2% in 2020 (p < 0.001, Figure 1G; Table 1).



Trends in surgical treatments

During the 10 years, the majority of the surgical approaches were minimally invasive surgeries, including VATS and RATS, which accounted for 52.7 and 2.5% of all surgeries, respectively. Moreover, the proportion of VATS increased significantly from 41.0% in 2011 to 62.7% in 2020 (p < 0.001, Figure 2A; Table 2) and that of thoracotomy decreased significantly from 59.0% in 2011 to 31.9% in 2015 (p < 0.001, Figure 2A; Table 2). In addition, the RATS was initiated in 2016 and increased from 2.1% in 2016 to 5.4% in 2020 (p < 0.001, Figure 2A; Table 2).
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FIGURE 2
 Trends in surgical treatments in operable lung cancer patients from 2011 to 2020. (A) Percentage of different surgical methods. (B) Postoperative length of stay. (C) Percentage of different surgical procedure. (D) Percentage of different lymph node dissection. (E) Postoperative mortality. VATS, video-assisted thoracic surgery; RATS, robot-assisted thoracic surgery; SND, systematic nodal dissection; ELND, extended lymph node dissection.




TABLE 2 Surgical treatment of operable lung cancer patients from 2011 to 2020.
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Regarding the extent of resection, the majority of the patients underwent lobectomy, accounting for 81.1%. Wedge resection, segmentectomy, bilobectomy and pneumonectomy accounted for 5.7, 3.0, 4.4, and 4.0%, respectively. Moreover, lobectomies remained stable for 10 years, accounting for ~80% (p = 0.357, Figure 2B; Table 2). In addition, there were significant increases in the proportion of wedge resection and segmentectomy (both p < 0.001, Figure 2B; Table 2). However, the ratio of bilobectomy and pneumonectomy decreased significantly over 10 years (both p < 0.001, Figure 2B; Table 2).

In terms of lymph node dissection, the majority of the patients underwent systematic nodal dissection (SND), accounting for 87.4%. The percentages of the patients with no lymph node dissection, biopsy, systematic sampling and extended lymph node dissection (ELND) were 6.7, 1.1, 1.1, and 3.7%, respectively. Among these patients, the percentage of systematic sampling remained stable over the decade (p = 0.183, Figure 2C; Table 2). However, the ratio of SND decreased significantly from 95.1% in 2011 to 85.9% in 2020 (p < 0.001, Figure 2C; Table 2), with the significant increases in no lymph node dissection and biopsy (both p < 0.001, Figure 2C; Table 2). In addition, a two-stage development trend was observed in ELND: the proportion increased from 0.7% in 2011 to 6.0% in 2015 and then decreased to 2.5% in 2020 (p < 0.001, Figure 2C; Table 2). During the decade, the average postoperative length of stay was 7.170 ± 5.945 days. Furthermore, the average postoperative length of stay decreased significantly from 8.924 ± 6.330 days in 2011 to 5.862 ± 3.414 days in 2020 (p < 0.001, Figure 2D; Table 2). In addition, the 1-month postoperative mortality decreased from 0.7% in 2011 to 0.1% (p = 0.450, Figure 2E; Table 2), with the significant decreases in the 3-month and 6-month postoperative mortality (from 2.1 and 3.5% in 2011 to 0.1 and 0.1%, respectively, both p < 0.001, Figure 2E; Table 2).



Trends in survival outcomes

In our study, 7575 patients with a follow-up of at least 30 days were included for the survival analysis. Among these patients, the shortest and longest follow-ups were 30 days and 3759 days, respectively, with a median follow-up of 1065 days. Among these patients, the 1-year, 3-year, 5-year and 10-year OS rates were 96.8, 87.7, 76.9, and 48.4%, respectively. Moreover, there were significant increases in 1-year, 3-year and 5-year OS (from 89.8, 73.9, and 63.8% in 2011 to 99.6% in 2020, 90.7% in 2018 and 80.8% in 2016, respectively, all p < 0.001, Supplementary Table 2; Figure 3A) over the years.
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FIGURE 3
 Kaplan–Meier survival curves of the operable lung cancer patients treated in different years among different stages. (A) All selected patients. (B) Patients diagnosed with stage I. (C) Patients diagnosed with stage II. (D) Patients diagnosed with stage III.


Since the majority of the operable lung cancer patients were diagnosed with stage I-III disease, we further analyzed the OS of the stage I-III patients. For stage I, similarly significant increases were observed in 1-year, 3-year and 5-year OS (from 91.0, 83.5, and 77.8% in 2011 to 100% in 2020, 97.1% in 2018 and 87.4% in 2016, respectively, all p ≤ 0.001, Table 3; Figure 3B). In terms of stage II, 1-year and 3-year OS increased significantly from 91.7 and 78.6% in 2011 to 96.3% in 2020 and 83.8% in 2018, respectively (p < 0.001 and p = 0.028, respectively, Table 3; Figure 3C). In addition, 5-year OS increased from 61.1% in 2011 to 83.8% in 2016 (p = 0.078, Table 3; Figure 3C). For the stage III, 1-year and 3-year OS increased significantly from 87.7 and 62.2% in 2011 to 100% in 2020 and 85.0% in 2018, respectively (p < 0.001, Table 3; Figure 3D). And 5-year OS also increased from 50.9% in 2011 to 71.4% in 2016 (p = 0.090, Table 3; Figure 3D).



TABLE 3 Overall survival of operable lung cancer patients with different stage from 2011 to 2020.
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Discussion

The results of our study were based on data collected in the largest cancer center in South China during the decade. With the large sample size, the results could reflect at some extent the overall Chinese operable lung cancer population over the decade. Furthermore, as far as we know, it is the first study to objectively reflect the last 10-year trends of clinicopathological characteristics, surgical treatments and survival outcomes of operable lung cancer patients in a monocenter of China.

In our study, there was no significant change in the average age at diagnosis during the decade. And the study from the National Cancer Center consistently demonstrated that the adjusted mean age of lung cancer patients at diagnosis remained stable during 2000–2014 in China (8). These findings indicated that the average age of operable lung cancer onset in China was relatively stable. In addition, the National Lung Screening Trial (NLST) demonstrated the significance of LDCT for the early screening of lung cancer, and the NCCN guidelines further recommended LDCT as an effective screening method for lung cancer (9, 10). Owing to the increasing application of LDCT, more asymptomatic lung cancer patients were detected and the ratio of them increased over the decade. Comparing the Global Cancer Statistics from 2012 with those from 2020, the incidence rate of lung cancer in males was lower in 2020 than in 2012, but it was reversed for women. However, there were still more new lung cancer cases in males than females in 2020. The above results explained the majority of male operable lung cancer patients and the increasing percentage of female patients (1, 11). In previous studies, smoking had been proven to be a high risk factor for lung cancer, causing ~85% of lung cancer cases, and secondhand smoke exposure had a great impact on nonsmokers (12). Recently, the prevalence of smoking among both males and females has decreased steadily in China (13). Therefore, the decreasing percentage of male patients may be related to the decrease in smoking prevalence, and the increasing ratio of female patients may result from secondhand smoke exposure, occupational exposure and air pollution (14). At present, lung cancer screening program is still implemented according to the NLST eligibility criteria, focusing on the smokers and the elderly. However, our research suggested that non-smokers and female need more attention in China. The above observations indicated that more appropriate eligible criteria need to be established for people outside the United States, which was consistently demonstrated in previous study from Taiwan (15). Our results revealed that the tumor size of operable lung cancer patients decreased over 10 years, with increasing ratio of early stage patients. The increase in the early-stage detection rate among the operable lung cancer patients was attributed to the emphasis on lung cancer screening (16). Moreover, the distinct stage shift was also observed in other previous research, consistently demonstrating the close correlation between early detection and implementation of LDCT in lung cancer patients (17). However, although the percentage of stage IV patients remained at a very low level, its increasing trend followed by a decreasing trend was also noteworthy in our study. An earlier study showed the survival benefits of surgery among lung cancer patients with oligometastases, which explained the increasing trend (18). However, a recent study further demonstrated that surgery should be considered much less often for stage IV patients with mediastinal nodal disease or more locally advanced tumors, which also served as a basis for the decreasing trend in stage IV patients in our study (19). Moreover, our study revealed an increasing proportion of adenocarcinoma and a decreasing proportion of squamous cell carcinoma, which was consistent with the previous study (20). Smoking has been proven to be more associated with squamous cell lung cancer, while adenocarcinoma was more likely to be seen in nonsmokers (21). Therefore, the decreasing prevalence of smoking may be attributed to the changes in the histological types.

At present, the use of VATS has become the standard approach for the surgical resection of early-stage lung cancer (22). Our study consistently demonstrated that VATS and RATS as minimally invasive surgery accounted for the majority of the surgeries performed in operable lung cancer patients. Although RATS accounted for a small proportion and had a high surgical cost, its confirmed advantage as VATS and rapid postoperative recovery also indicated its promising prospects (23, 24). In addition, a lower incidence of complications was proven in minimally invasive surgery than thoracotomy (25). Owing to the increase in minimally invasive surgery, a decreasing length of postoperative hospital stay was also observed in our study. A meta-analysis demonstrated that sublobectomy produced similar survival to lobectomy for stage IA patients with tumors ≤2 cm (26). With the increasing ratio of early-stage patients, the increasing trend of sublobectomy was also observed in our study. In the previous study, the improvement on procedure and extent of lung resection was consistently proved to be beneficial from more early-stage patients detected by LDCT (27). Although sublobectomy has the advantages of low complication, lobectomy remains the safest and oncologically correct method in lung cancer patients (28). Therefore, lobectomy remained the majority of the surgical procedures. In our study, the different methods of lymph node dissection changed significantly, but SND still accounted for the majority. And the American College of Surgery Oncology Group (ACSOG) Z0030 trial demonstrated that systematic sampling had the same survival as SND in early-stage lung cancer patients, but SND was still recommended as the standard method (29). A recent study showed that video-assisted mediastinoscopic lymphadenectomy (VAMLA) as ELND should be the preferred technique with superior sensitivity and negative predictive value in detecting positive mediastinal lymph nodes and with an increased risk of complications (30). This further explained that the proportion of ELND increased first and then decreased in our study, which also reflected its active exploration and cautious application in our cancer center. Previous studies have proven that decreasing postoperative mortality can be caused by increasing early-stage lung cancer, which explains the decreasing mortality and improved surgical safety in our study (31).

Our study showed that the 1-year, 3-year, and 5-year OS increased in operable lung cancer patients. Owing to the important role of surgical treatment in stage I-IIIA lung cancer patients, we further analyzed the trends of OS in the stage I–III patients in our research. The results suggested that 1-year, 3-year, and 5-year OS increased in all stages, including stages I–III. In a previous study, postoperative adjuvant treatments, including chemotherapy, radiotherapy, immunotherapy and targeted therapy, were proven to be effective in operable lung cancer patients but still had limitations (32). Therefore, this also explained why there was no significant increase in 5-year OS of stages II and III patients in our study. Moreover, the 5-year OS of every stage in our study was superior to that of an international multicenter study, whose 5-year OS of stage I–III were 80.3, 60.2, and 40.6%, respectively (33). In addition, the 5-year OS superiority of our study was also proven again by comparing the survival results from Japan (20). The curative effect of operable lung cancer patients in our cancer center has reached an internationally advanced level.

However, there were also some limitations to our study. First, our study was a mono-center, retrospective observational study, so the results from our research should be further validated in other medical centers. Second, as the follow-up of the patients from 2017 to 2020 was <5 years, the 5-year OS of these patients was not analyzed. Thus, the objectivity and accuracy of the long-term survival analysis may be affected. Additionally, we analyzed the 10-year trends of the patients from 2011 to 2020, and whether there were similar trends in the patients in earlier years should be further explored.



Conclusion

In our study, we investigated the past 10-year trends of the clinicopathological characteristics, surgical treatments and survival outcomes of 7,800 operable lung cancer patients in SYSUCC, which could at some extent reflect the trends of Chinese operable lung cancer patients. Our results showed that there was an increasing percentage of asymptomatic, female, nonsmoking, and early-stage patients with adenocarcinoma. With the development of minimally invasive surgery, surgical procedures and lymph node dissection, postoperative recovery has become faster and safer, and the survival outcome has improved, which has reached the international advanced level. Moreover, this is the first comprehensive review of the trends in operable lung cancer patients form a monocenter of China during the past decade, which can deliver critical insights for future studies and the standard of care for operable lung cancer patients.
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