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Objective: To assess the postoperative prognosis of patients with stage IB non-small cell lung cancer (NSCLC), using a prognostic model (PM).

Methods: Patients with stage IB of NSCLC from the two academic databases {the Surveillance, Epidemiology, and End Results [SEER-A, N = 1,746 (training cohort)], Sun Yat-sen University Cancer Center [SYSUCC, N = 247 (validation cohort)], and SEER-B (N = 1,745)} who had undergone lung surgery from 2001 to 2015 were enrolled. The primary clinical endpoint was cancer-specific survival (CSS). Covariate inclusion of prognostic indicators was carried out using a multivariable two-sided P < 0.05. We identified and integrated significant prognostic factors for survival in the training cohort to build a model that could be validated in the validation cohort. We used univariate analysis to evaluate the utilized ability of PM in the different races/ethnicities.

Results: CSS discrimination in the PM was comparable in both the training and validation cohorts [C index = 0.66(SEER-A), 0.67(SYSUCC), and 0.61(SEER-B), respectively]. Discretization with a fixed PM cutoff of 291.5 determined from the training dataset yielded low- and high-risk subgroups with disparate CSS in the validation cohort (training cohort: hazard ratio [HR] 2.724, 95% confidence intervals [CI], 2.074–3.577; validation cohort: SEER-B HR 1.679, 95% CI, 1.310–2.151, SYSUCC HR 3.649, 95% CI 2.203–6.043, all P < 0.05). Our five-factor PM was able to predict CSS; 48-month CSS was 87% in the low-risk subgroup vs. 69% in the high-risk subgroup for the training cohort, while in the validation cohort, they were 80 vs. 73%(SEER-B) and 84 vs. 60% (SYSUCC), respectively. In addition, the results showed that PM with all unadjusted HR > 1 was a significant risk prognostic indictor in white men (P < 0.001), Chinese people (P < 0.001), and other races (P = 0.012).

Conclusion: We established and validated a PM that may predict CSS for patients with IB NSCLC in different races/ethnicities, and thus, help clinicians screen subgroups with poor prognosis. In addition, further prospective studies and more cases from different regions are necessary to confirm our findings.
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INTRODUCTION

Lung cancer remains the most common cause of cancer-related morbidity and mortality (1). In 2019, in the United States alone, the number of new cases is estimated to reach 228,150, and the death toll is projected to be 142,670 (2). Lung cancer is mainly classified into non-small cell lung cancer (NSCLC) and small cell lung cancer (2). More than 83% of lung cancers are NSCLC (2, 3). According to the 8th edition of the American Joint Committee on Cancer (AJCC) Staging Manual that was implemented in January 2017, the stratification effect on the overall survival (OS) rate is better than that in the 7th edition (4). Owing to the tendency of late diagnosis and tumor recurrence (5), the 5-year OS rate for NSCLC remains low at about 23% (2, 6). The decision of administering adjuvant treatment to patients with stage IB has been controversial. The National Comprehensive Cancer Network guidelines recommend postoperative chemotherapy in patients with high-risk factors, such as vascular invasion, visceral pleural invasion, unknown lymph nodes status, and tumor diameter >4 cm (7); the European Society for Medical Oncology guidelines recommend that adjuvant therapy be given to patients with a tumor diameter >4 cm (8) and the American Society of Clinical Oncology guidelines do not recommend routine treatment for stage IB patients (9). However, following the implementation of the 8th edition, patients with stage IB and tumor size >4 cm have been reassigned to stage IIA (4). According to the 8th AJCC Staging Manual, stage IB is defined by the following: (1) tumor size >3-4 cm, with or without visceral pleural invasion (PL1/PL2); (2) tumor size 0–3 cm, with visceral pleural invasion (PL1/PL2); (3) tumor size 0–3 cm, infringing the main bronchus but with a distance ≥2 cm from the carina or with local pneumonia or with local atelectasis (4).

Many studies have confirmed that tumor size ≥4 cm and visceral pleural invasion can worsen the prognosis of lung cancer patients (10–14).

The 5-year OS of patients with stage IA can be as high as 84%, while the 5-year OS of patients with stage IB is slightly poorer at 68%. With the improvement in early screening for lung cancer, the detection rate of stage I patients increases, and the proportion of patients with stage IB increases (4, 6). Therefore, it is more important to screen for high-risk factors of postoperative poor prognosis in patients with IB as per the 8th edition of the AJCC Staging Manual.

This study used the data of the lung cancer patients recorded in the database of the Surveillance, Epidemiology, and End Results (SEER) and Sun Yat-sen University Cancer Center (SYSUCC) to transform the 8th edition of AJCC Staging Manual based on the information provided. We further analyzed the postoperative prognosis of patients with stage IB NSCLC using a prognostic model (PM) and effectively stratified patients as per the AJCC Staging Manual. We believe that this study will provide important treatment-related information for clinicians and patients.



MATERIALS AND METHODS


Study Cohort

The study cohort comprised 3,491 patients from the SEER database who underwent lung surgery from January 2010 to December 2015 and 247 patients from SYSUCC who underwent lung surgery from January 2001 to December 2014. Patients who met the following inclusion criteria were enrolled in the study: (1) histopathologic confirmation of NSCLC diagnosis; (2) no distant metastasis to the lymph nodes (LNs) or other organs; (3) pathologically confirmed stage IB as per the 8th edition of the AJCC Staging Manual. Patients were excluded if they (1) had received adjuvant and neoadjuvant cytotoxic chemotherapy or radiotherapy or immune checkpoint inhibitors or underwent other immune therapy regimens; or (2) had a past or current history of another malignancy. According to the patients' records, we translated the pathological staging into the 8th edition of AJCC. The process of patient screening is shown in Figures 1, 2. All patient records were anonymized before analyses. We included information regarding the following patient information: sex, race, age at diagnosis, surgical approach, tumor differentiation, histologic type, number of LNs removed, positive number of LNs, tumor location, tumor extension status, tumor size, pleural invasion (PL), pT stage, pN stage, pM stage, pTNM stage, chemotherapy, and radiation. Patients from the SEER database were randomized into a training cohort (SEER-A) and a validation cohort (SEER-B). SEER-A included 1,746 patients, while the validation cohort included 1,745 patients (SEER-B) and 247 patients (SYSUCC). We obtained approval to use SYSUCC data from the Research Data Deposit of Sun Yat-sen University Cancer Center (Approval number: RDDA2019001261). The primary clinical endpoint was CSS.


[image: Figure 1]
FIGURE 1. Flow chart of the patient screening process in the the Surveillance, Epidemiology, and End Results.
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FIGURE 2. The diagram of the patient screening process in the Sun Yat-sen University Cancer Center.




Surgery

According to record in the SEER database and SYSUCC, the main approaches for lung surgery included lobectomy, pneumonectomy, sleeve resection, and sublobectomy (wedge resection and segmental resection). In the SEER database, the average number of LNs removed during surgery was 9.97 ± 0.13, and the median number of LNs was 8.0. However, in the SYSUCC data, the average number of LNs removed during surgery was 20.98 ± 0.79, and the median number of LNs was 19.0



Histologic Type

Patients exhibited the following histologic types: adenocarcinoma (AC), squamous cell carcinoma (SCC), carcinoid tumor, bronchial alveolar carcinoma (BAC), and neuroendocrine tumor (NT).



Follow-Up

The survival time and status information was available for these patients. In the SEER database, follow-up duration ranged from 0.0–83.0 months, with an average of 37.0 ± 0.36 months; in the SYSUCC, follow-up duration ranged from 1.0–202.0 months, with an average of 68.6 ± 2.29 months.



Statistical Analyses

Statistical analyses were performed using SPSS Statistics 25.0 software (IBM SPSS, Inc., Chicago, IL, USA), X-tile software (15), R version 3.5.2 and Graph pad Prism 5. Hazard ratios (HR) with 95% confidence intervals (CIs) were calculated using multivariate regression analysis. Correlations between groups and clinicopathological characteristics were assessed using the χ2 test. We then considered information regarding pleural invasion and tumor size and defined patients with both tumor size >3 cm and pleural invasion (TSPI) as TSPI positive, and the other patients as TSPI negative. Multivariate analysis was performed to evaluate the influence of gender, age at diagnosis, race, tumor location, tumor differentiation, surgical approach, histologic type, tumor size and pleura invasion on CSS. A two-sided p < 0.05 was considered statistically significant. The most valuable prognostic factors identified using univariate analysis were confirmed with multivariate analysis. Multivariate Cox regression analysis was used to exclude other confounding factors affecting survival. Prognostic indicators were included as covariates in our multivariate analysis with a two-sided P-value threshold of <0.05. Similarly, Kaplan–Meier analysis and log-rank tests were used to compare survival curves between groups. Cases were censored when cancer-related death occurred or at the end of follow-up. CSS was selected as the primary clinical endpoint as it was considered the most clinically relevant factor. We adopted a model development and validation approach, using a randomized method to extract the training and validation data sets.

Patient demographics and clinical characteristics were reported for the training cohort. The PM for CSS was constructed by using the linear predictor of the finalized model derived from the training data set. The training cohort was dichotomized into a low-risk and high-risk subgroups using X-tile to determine the cutoff value of PM. A risk score cutoff was defined for classifying patients in the validation cohorts. Concordance C index was generated for discrimination of the multivariable PM.

In the validation cohorts, the PM was applied to calculate the risk score, and patient discretization into the low- and high-risk subgroups was based on the same cutoffs defined in the training datasets.

To investigate the effect of stratification, we screened patients from the SEER database with stage IA and IIA (stages were translated into the 8th edition AJCC), which included 9,259 and 1,031 patients, respectively. We then compared the survival between patients in stage IA, low-risk stage IB, high-risk stage IB, and stage IIA.




RESULTS


Patient Characteristics

Clinical characteristics of patients in the SEER database are listed in Table 1. Among the 3,491 patients, 1,630 (46.7%) were men and 1,861 (53.3%) were women; 2,878 (82.4%) were white, 314 (9.0%) were black, and 288 (8.2%) were of other races. Patients' age ranged from 22–80 years (median, 68 years). In this cohort, the 1-, 3-, and 4-year CSS rates were 91.0, 82.0, and 77.0%, respectively, and the median and mean times from surgery to the last censoring date were 34.0 and 37.0 months, respectively. In the training cohort, the 1-, 3-, and 4-year CSS rates were 91.0, 83.0, and 79.0%, respectively, and in the validation cohorts, the 1-, 3-, and 4-year CSS rates were 90.0, 80.0, and 76.0% (SEER-B) and 92.0, 84.0, and 78.0% (SYSUCC), respectively. Clinical characteristics of patients in the SYSUCC are listed in Table 2.


Table 1. The associations of clinicopathological characteristics between training cohort (SEER-A) and validation cohort (SEER-B).
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Table 2. The clinicopathological characteristics in Sun Yat-sen University Cancer Center.
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In the training cohort, the number of patients who underwent lobectomy was 1,521 (87.1%). Of the remaining patients, 191 (10.9%) and 34 (0.2%) underwent sublobectomy and pneumonectomy, respectively (Table 1). The main histologic type was AC (N = 1,180, 67.6%) and SCC (N = 443, 25.4%). In this cohort, 839 (48.1%) patients had pleural invasion, with the remaining patients accounting for 51.9% (N = 907) of the study population. The majority of tumors were located in the upper lobe (N = 1,039, 59.5%), but some were in the lower lobe (N = 547, 31.3%), some were in the middle lobe (N = 117, 6.7%), and the remaining were in other locations (N = 38, 2.2%), including the main bronchi, multiple positions, etc. 906 (51.9%) patients had ≤ 8 LNs removed, while 840 (48.1%) had > 8 LNs removed. Regarding the degree of tumor differentiation, 321 (18.4%) were well-differentiated, 888 (50.6%) were moderately differentiated, 524 (30.0%) were poorly differentiated, and 13 (0.7%) were undifferentiated.



Univariate and Multivariate Analyses

Univariate and multivariate analyses were performed to investigate the correlations between the clinical characteristics and CSS. As shown in Table 3, univariate analyses identified the following clinical characteristics as significant CSS prognostic factors in patients with NSCLC: gender, age at diagnosis, lobectomy, sublobectomy, LNs, tumor differentiation, AC, SCC, and pleura invasion. Further multivariate analysis based on those characteristics confirmed gender (HR 0.700, 95% CI, 0.542–0.904, P = 0.006), age at diagnosis (HR 1.039, 95% CI, 1.023–1.056, P < 0.001), LNs (HR 0.974, 95% CI, 0.954–0.994, P = 0.012), tumor differentiation (HR 1.496, 95% CI, 1.235–1.813, P < 0.001), and pleura invasion (HR 1.459, 95% CI, 1.123–1.894, P = 0.005) as independent prognostic factors (Table 3). Our study revealed that these factors were significantly associated with prognosis in stage IB NSCLC patients. Therefore, the five factors mentioned above were useful predictors of postoperative outcome in the training cohort.


Table 3. Univariate and multivariate Cox regression analysis for cancer-specific survival in patients with stage IB NSCLC (Cox regression's method is Forward: LR).
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Construction of a PM

Based on the results of the training cohort information analyses, we constructed the PM system and tested the covariates listed in Table 4 for their association with CSS. The PM system was based on weighting (derived from the β-coefficient of the respective log[HRs]) of the five significant covariates in the training cohort (Table 4) that yielded a C index of 0.66 (95% CI, 0.64–0.68) for CSS. This model allowed us to define a high-risk subgroup presenting a significantly reduced likelihood of survival (HR 2.724, 95% CI, 2.074–3.577; P < 0.001, Figure 3A). The PM cutoff value was determined in order to distinguish the high-risk group from the low-risk group, using the X-tile software. The cutoff value was 291.5. Our five-factor PM predicted that the 12-month, 36-month, and 48-month CSS in the low-risk subgroup vs. that in the high-risk subgroup was 95.0 vs. 87.0%, 90.0 vs. 74.0%, and 87.0 vs. 69.0%, respectively, in the training cohort, 94.0 vs. 87.0%, 85.0 vs. 75.0%, and 80.0 vs. 73.0% (SEER-B) and 96.0 vs. 81.0%, 91.0 vs. 64.0% and 84.0 vs. 60.0% (SYSUCC), respectively, in the validation cohort.


Table 4. Constructed prognostic score to predict cancer-specific survival in stage IB NSCLC patients.
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FIGURE 3. Cancer-specific survival curve for patients with stage IB NSCLC according to the prognostic model in the training cohort (A), internal validation cohort (B), and external validation cohort (C).




Validation of the PM

In order to validate the predictive accuracy of the PM for CSS in IB NSCLC, we tested the PM independently in the validation cohort: an internal cohort of 1,745 patients and an external cohort of 247 patients. The same PM cutoff value of 291.5 allowed us to stratify patients in the validation cohort into the high-risk subgroup with a significantly inferior CSS or the low-risk subgroup (SEER-B: HR 1.679, 95% CI, 1.310–2.151, P < 0.001; SYSUCC: HR 3.649, 95% CI 2.203–6.043, P < 0.001, Figures 3B,C). The PM in the validation cohorts yielded a C index of 0.61 [95% CI, 0.60–0.63, (SEER-B)] and 0.67 [95% CI, 0.64–0.71, (SYSUCC)] for CSS.

In the SYSUCC, the median survival time of the high-risk subgroup was 76.0 months. However, there was no median survival time in SEER-A, SEER-B, and low-risk subgroup of SYSUCC.



Effect of Stratification

To observe the effect of stratification, we screened patients with stage IA and IIA who were translated into the 8th edition AJCC of the SEER database, which included 9,259 and 1,031 patients, respectively. The high-risk and low-risk group stage IB patients were compared with the stage IIA, and IA. We found that stage IA NSCLC patients had the highest CSS in the observation period (P < 0.001, Figure 4A). We found that there was no significant difference between stage IA and low risk stage IB in cancer-specific survival (P = 0.029, Figure 4B). High-risk stage IB patients did not have a significantly lower CSS than stage IIA patients (P = 0.87, Figure 4C).


[image: Figure 4]
FIGURE 4. (A) Cancer-specific survival curve for NSCLC patients with stage IA, low-risk group of IB, high-risk group of IB, and stage IIA; (B) Cancer-specific survival curve for NSCLC patients with stage IA, and low-risk group of IB; (C) Cancer-specific survival curve for NSCLC patients with stage IIA, and high-risk group of IB.




Impact of PM on Different Races/Ethnicities

We hoped to further explore the impact of PM on different races/ethnicities. Accordingly, univariate analysis was used to estimate the association between PM and CSS. Our results showed that unadjusted HR exceeded 1 or, in other words, PM could be a risk indictor among different races/ethnicities (Figure 5). In addition, there were significant differences in white men (P < 0.001), other races (P = 0.012), and Chinese people (P < 0.001), while no significant differences were observed for black race (P = 0.45).


[image: Figure 5]
FIGURE 5. Impact of prognostic model on survival in different races/ethnicities.





DISCUSSION

The occurrence and development of NSCLC is complex, and decisions regarding the administration of adjuvant therapy for stage IB NSCLC patients remains controversial. Some research studies have suggested that patients with stage IB NSCLC could benefit from adjuvant therapy (16–18), while other studies have reported no effects of adjuvant chemotherapy on patients (9, 11, 12, 19–21). Studies that have shown the benefit of adjuvant chemotherapy in stage IB patients tend to recommend adjuvant therapy for patients with tumor size ≥4 cm (7, 8, 12, 22, 23). However, stage IB (7th AJCC) disease with a tumor diameter >4 cm has been classified as stage IIA (8th AJCC) (4, 24). One retrospective study based on the 8th edition of the AJCC Staging Manual has shown that postoperative adjuvant treatment could benefit stage IB NSCLC patients (24). A recent meta-analysis, which included 9 randomized collected trials, suggested that patients with stage IB might not need adjuvant chemotherapy; however, the stage IB was based on the 7th AJCC in all trials (25).

Based on the above results, some researchers hoped to provide information regarding postoperative treatment decisions by studying the prognosis of early-stage patients. Factors such as age, pathological type, LINE-1 hypomethylation, individualized immune prognostic signature, quality measures, tumor size, preoperative platelet-to-lymphocyte ratio and lymphocyte-to-monocyte ratio, and visceral pleural invasion, were found to influence the prognosis of early-stage patients (7, 10, 11, 13, 14, 22, 26–30). However, the above mentioned studies were unable to individually predict the prognosis of patients. This study aimed to construct an individualized prognostic model and to provide useful information to support clinicians' decisions. We hope to build a simple model by using some commonly obtained patient information. During the course of this research, we analyzed the patients' clinical information, including the indicators shown in Table 1. Eventually, five meaningful indicators were selected using univariate and multivariate analyses of the training cohort, including gender, age at diagnosis, white race, number of nodes removed, tumor differentiation, and pleura invasion. In this study, we considered information regarding pleural invasion and tumor size, based on which we defined patients with both tumor size >3 cm and pleural invasion (TSPI) as TSPI positive, and the rest of the patients as TSPI negative. We found that TSPI could be a risk prognostic factor (Figure 6). During data processing, the number of removed lymph nodes was considered to be a protective prognostic factor (Table 3).


[image: Figure 6]
FIGURE 6. Cancer-specific survival curve for stage IB NSCLC according to the status of TSPI (0: negative, 1: positive).


We constructed a PM based on the above five indicators and successfully identified high-risk and low-risk populations in the training and validation cohorts. Our model had a significant impact on patient differentiation (Figure 3), because the C index for predicting CSS rates reached 0.66(SEER-A), 0.61(SEER-B), and 0.67(SYSUCC) in the training and validation cohorts, respectively. Even in comparison with stage IA and IIA, there was no significant difference in survival between the IB stage of the high-risk group and IIA stage (Figure 4). In terms of the clinical application, these indicators can be easily assessed. Information regarding sex and age can be obtained from the admission records, and data on the degree of tumor differentiation, status of pleural invasion, and number of dissected LNs can be obtained from postoperative pathology reports. Clinicians could use the above information and our PM to calculate scores of NSCLC patients with stage IB after surgery, and give patients advice on whether adjuvant therapy is necessary according to prediction of prognosis. In addition, this study included internal and external validation, thus promoting a wide range of applications of the model. According to results of validation of SYSUCC and SEER-B, we found that PM might be applied in different races/ethnicities (Figure 5). We noticed that the clinical popularization of gene test, such as EGFR, in some regions was inadequate (31–33). Therefore, to some extent, this PM in these patients who lack the results of molecular test may have a certain value of utility.

This study has certain limitations. First, the study used the SEER and SYSUCC database in which the distribution of ethnic groups is not balanced. It would be recommendable to include data from different regions in our study, which would balance the race/ethnicity distribution and make the results more generalized. Second, based on the limitations of the SEER database, information on chemotherapy was not comprehensive enough. We do not know whether neoadjuvant chemotherapy or adjuvant chemotherapy was administered, and therefore, when comparing with patients with high-risk stage IB to low-risk stage IB, it is not possible to conclude that patients with adjuvant chemotherapy have a better prognosis. In addition, the number of removed lymph nodes is quite different between SEER and SYSUCC, and the sample size for external validation is small so the number of high-risk patients in the SYSUCC is also relatively small. Thirdly, in the era of precision medicine, molecular detection plays an important role in judging the prognosis and treatment of patients. However, the information of driver genes is incomplete in the data of SEER and SYSUCC. Therefore, based on this research, information on molecular indicators such as EGFR, KRAS, TP53, and ALK can be collected (34–37). Information on these driver genes may increase the predictive ability of PM on CSS. In addition, we couldn't obtain complete information of pathological features such as vascular invasion, which may have an impact on prognosis, in the databases of SEER and SYSUCC. Further, only patients with stage IB NSCLC (8th AJCC) were enrolled; therefore, this model cannot predict or assess CSS in patients with a tumor size ≤ 4 cm and may only be applied to patients with stage IB NSCLC (8th AJCC). Eventually, further prospective and multicenter studies are necessary to confirm our findings.



DATA AVAILABILITY STATEMENT

Data from this study are available to any interested researchers upon reasonable request.



ETHICS STATEMENT

The study was approved by the Clinical Research Ethic Committee of SYSUCC (IRB number: B2019-116-01), and informed consent of patients was waived.



AUTHOR CONTRIBUTIONS

L-LW designed the research and wrote the article. XL and W-MJ processed data. WH recorded the data of patients. PL, HL, and L-JZ reviewed and edited the article. G-WM analyzed the data and reviewed the article.



ABBREVIATIONS

NSCLC, non-small cell lung cancer; PM, prognostic model; SEER, the Surveillance, Epidemiology, and End Results; SYSUCC, Sun Yat-sen University Cancer Center; CSS, cancer-specific survival; HR, hazard ratio; CI, confidence intervals; AJCC, the American Joint Committee on Cancer; OS, overall survival; PL, pleural invasion; LNs, lymph nodes; AC, adenocarcinoma; SCC, squamous cell carcinoma; BAC, bronchial alveolar carcinoma; NT, neuroendocrine tumor; TSPI, both tumor size of > 3 cm and pleural invasion.



REFERENCES

 1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2018) 68:394–424. doi: 10.3322/caac.21492

 2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin. (2019) 69:7–34. doi: 10.3322/caac.21551

 3. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics in China 2015. CA Cancer J Clin. (2016) 66:115–32. doi: 10.3322/caac.21338

 4. Rami-Porta R, Asamura H, Travis WD, Rusch VW. Lung cancer - major changes in the American joint committee on cancer eighth edition cancer staging manual. CA Cancer J Clin. (2017) 67:138–55. doi: 10.3322/caac.21390

 5. Hung JJ, Jeng WJ, Hsu WH, Huang BS, Wu YC. Time trends of overall survival and survival after recurrence in completely resected stage I non-small cell lung cancer. J Thorac Oncol. (2012) 7:397–405. doi: 10.1097/JTO.0b013e31823b564a

 6. Miller KD, Nogueira L, Mariotto AB, Rowland JH, Yabroff KR, Alfano CM, et al. Cancer treatment and survivorship statistics, 2019. CA Cancer J Clin. (2019) 69:363–85. doi: 10.3322/caac.21565

 7. National Comprehensive Cancer Network. Non-Small Cell Lung Cancer (Version 7.2019). Availble online at: https://www.nccn.org/professionals/physician__gls/pdf/nscl.pdf (accessed August 30, 2019).

 8. Postmus PE, Kerr KM, Oudkerk M, Senan S, Waller DA, Vansteenkiste J, et al. Early and locally advanced non-small-cell lung cancer (NSCLC): ESMO clinical practice guidelines for diagnosis, treatment and follow-up. Ann Oncol. (2017) 28: iv1–21. doi: 10.1093/annonc/mdx222

 9. Kris MG, Gaspar LE, Chaft JE, Kennedy EB, Azzoli CG, Ellis PM, et al. Adjuvant systemic therapy and adjuvant radiation therapy for stage I to IIIA completely resected non–small-cell lung cancers: American society of clinical oncology/cancer care ontario clinical practice guideline update. J Clin Oncol. 35:2960–74. doi: 10.1200/JCO.2017.72.4401

 10. Sakakura N, Mizuno T, Kuroda H, Arimura T, Yatabe Y, Yoshimura K, et al. The eighth TNM classification system for lung cancer: a consideration based on the degree of pleural invasion and involved neighboring structures. Lung Cancer. (2018) 118:134–8. doi: 10.1016/j.lungcan.2018.02.009

 11. Park HJ, Park HS, Cha YJ, Lee S, Jeung HC, Cho JY, et al. Efficacy of adjuvant chemotherapy for completely resected stage IB non-small cell lung cancer: a retrospective study. J Thorac Dis. (2018) 10:2279–87. doi: 10.21037/jtd.2018.03.184

 12. Li X, Zhang C, Sun Z, Yang F, Xiao R, Sui X, et al. Propensity-matched analysis of adjuvant chemotherapy for completely resected stage IB non-small-cell lung cancer patients. Lung Cancer. (2019) 133:75–82. doi: 10.1016/j.lungcan.2019.04.024

 13. Iwano S, Umakoshi H, Kamiya S, Yokoi K, Kawaguchi K, Fukui T, et al. Postoperative recurrence of clinical early-stage non-small cell lung cancers: a comparison between solid and subsolid nodules. Cancer Imag. (2019) 19:33. doi: 10.1186/s40644-019-0219-3

 14. Cho BC, DE Pas T, Kalofonos H, Wang Q, Ramlau R, Cheng Y, et al. Prognostic factors in early-stage NSCLC: analysis of the placebo group in the MAGRIT study. Anticancer Res. (2019) 39:1403–9. doi: 10.21873/anticanres.13255

 15. Camp RL, Dolled-Filhart M, Rimm DL. Rimm. X-tile: a new bio-informatics tool for biomarker assessment and outcome-based cut-point optimization. Clin Cancer Res. (2004) 10:7252–9. doi: 10.1158/1078-0432.CCR-04-0713

 16. Woodard GA, Wang SX, Kratz JR, Zoon-Besselink CT, Chiang CY, Gubens MA, et al. Adjuvant chemotherapy guided by molecular profiling and improved outcomes in early stage, non-small-cell lung cancer. Clin Lung Cancer. (2018) 19:58–64. doi: 10.1016/j.cllc.2017.05.015

 17. Moon H, Zhao Y, Pluta D, Ahn H. Subgroup analysis based on prognostic and predictive gene signatures for adjuvant chemotherapy in early-stage non-small-cell lung cancer patients. J Biopharm Stat. (2018) 28:750–62. doi: 10.1080/10543406.2017.1397006

 18. Williams CD, Gajra A, Ganti AK, Kelley MJ. Use and impact of adjuvant chemotherapy in patients with resected non-small cell lung cancer. Cancer. (2014) 120:1939–47. doi: 10.1002/cncr.28679

 19. Hainsworth JD, Waterhouse DM, Shih KC, Boccia RV, Priego VM, McCleod MJ, et al. Phase II trial of preoperative pemetrexed plus carboplatin in patients with stage IB-III nonsquamous non-small cell lung cancer (NSCLC). Lung Cancer. (2018) 118:6–12. doi: 10.1016/j.lungcan.2018.01.009

 20. Nagasaka M, Gadgeel SM. Role of chemotherapy and targeted therapy in early-stage non-small cell lung cancer. Expert Rev Anticancer Ther. (2018) 18:63–70. doi: 10.1080/14737140.2018.1409624

 21. Scagliotti GV, Pastorino U, Vansteenkiste JF, Spaggiari L, Facciolo F, Orlowski TM, et al. Randomized phase III study of surgery alone or surgery plus preoperative cisplatin and gemcitabine in stages IB to IIIA non-small-cell lung cancer. J Clin Oncol. (2012) 30:172–8. doi: 10.1200/JCO.2010.33.7089

 22. Naylor EC. Adjuvant therapy for stage I and II non-small cell lung cancer. Surg Oncol Clin N Am. (2016) 25:585–99. doi: 10.1016/j.soc.2016.03.003

 23. Strauss GM, Herndon JE, Maddaus MA, Johnstone DW, Johnson EA, Harpole DH, et al. Adjuvant paclitaxel plus carboplatin compared with observation in stage IB non-small-cell lung cancer: CALGB 9633 with the cancer and leukemia group B, radiation therapy oncology group, and north central cancer treatment group study groups. J Clin Oncol. (2008) 26:5043–51. doi: 10.1200/JCO.2008.16.4855

 24. Wang J, Wu N, Lv C, Yan S, Yang Y. Should patients with stage IB non-small cell lung cancer receive adjuvant chemotherapy? A comparison of survival between the 8th and 7th editions of the AJCC TNM staging system for stage IB patients. J Cancer Res Clin Oncol. (2019) 145:463–9. doi: 10.1007/s00432-018-2801-7

 25. Li R, Yang G, Tian Y, Tian D. Comparing the benefits of postoperative adjuvant chemotherapy vs. observation for stage IB non-small cell lung cancer: a meta-analysis. J Thorac Dis. (2019) 11:3047–54. doi: 10.21037/jtd.2019.07.47

 26. Park B, Lee G, Kim HK, Choi YS, Zo JI, Shim YM, et al. A retrospective comparative analysis of elderly and younger patients undergoing pulmonary resection for stage I non-small cell lung cancer. World J Surg Oncol. (2016) 14:13. doi: 10.1186/s12957-015-0762-8

 27. Imperatori A, Sahnane N, Rotolo N, Franzi F, Nardecchia E, Libera L, et al. LINE-1 hypomethylation is associated to specific clinico-pathological features in stage I non-small cell lung cancer. Lung Cancer. (2017) 108:83–9. doi: 10.1016/j.lungcan.2017.03.003

 28. Li B, Cui Y, Diehn M, Li R. Development and validation of an individualized immune prognostic signature in early-stage nonsquamous non-small cell lung cancer. JAMA Oncol. (2017) 3:1529–37. doi: 10.1001/jamaoncol.2017.1609

 29. Samson P, Crabtree T, Broderick S, Kreisel D, Krupnick AS, Patterson GA, et al. Quality measures in clinical stage I non-small cell lung cancer: improved performance is associated with improved survival. Ann Thorac Surg. (2017) 103:303–11. doi: 10.1016/j.athoracsur.2016.07.003

 30. Chen Y, Wang W, Zhang X, Yu X, Xi K, Wen Y, et al. Prognostic significance of combined preoperative platelet-to-lymphocyte ratio and lymphocyte-to-monocyte ratio in patients undergoing surgery with stage IB non-small-cell lung cancer. Cancer Manag Res. (2018) 10:5411–22. doi: 10.2147/CMAR.S177320

 31. Shen C, Kehl KL, Zhao B, Simon GR, Zhou S, Giordano SH. Utilization patterns and trends in epidermal growth factor receptor (EGFR) mutation testing among patients with newly diagnosed metastatic lung cancer. Clin Lung Cancer. (2017) 18:e233–41. doi: 10.1016/j.cllc.2016.11.002

 32. Cheema PK, Raphael S, El-Maraghi R, Li J, McClure R, Zibdawi L, et al. Rate of EGFR mutation testing for patients with nonsquamous non-small-cell lung cancer with implementation of reflex testing by pathologists. Curr Oncol. (2017) 24:16–22. doi: 10.3747/co.24.3266

 33. Cheng Y, Wang Y, Zhao J, Liu Y, Gao H, Ma K, et al. Real-world EGFR testing in patients with stage IIIB/IV non-small-cell lung cancer in North China: a multicenter, non-interventional study. Thorac Cancer. (2018) 9:1461–9. doi: 10.1111/1759-7714.12859

 34. Zhao J, Han Y, Li J, Chai R, Bai C. Prognostic value of KRAS/TP53/PIK3CA in non-small cell lung cancer. Oncol Lett. (2019) 17:3233–40. doi: 10.3892/ol.2019.10012

 35. Sibon D, Nguyen DP, Schmitz N, Suzuki R, Feldman AL, Gressin R, et al. ALK-positive anaplastic large-cell lymphoma in adults: an individual patient data pooled analysis of 263 patients. Haematologica. (2019) 104:e562–5. doi: 10.3324/haematol.2018.213512

 36. Shepherd FA, Domerg C, Hainaut P, Jänne PA, Pignon JP, Graziano S, et al. Pooled analysis of the prognostic and predictive effects of KRAS mutation status and KRAS mutation subtype in early-stage resected non-small-cell lung cancer in four trials of adjuvant chemotherapy. J Clin Oncol. (2013) 31:2173–81. doi: 10.1200/JCO.2012.48.1390

 37. Shepherd FA, Lacas B, Le Teuff G, Hainaut P, Jänne PA, Pignon JP, et al. Pooled analysis of the prognostic and predictive effects of TP53 comutation status combined with KRAS or EGFR mutation in early-stage resected non–small-cell lung cancer in four trials of adjuvant chemotherapy. J Clin Oncol. (2017) 35:2018–27. doi: 10.1200/JCO.2016.71.2893

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Wu, Liu, Jiang, Huang, Lin, Long, Zhang and Ma. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fonc-10-00571-g005.gif





OPS/images/fonc-10-00571-g006.gif





OPS/images/fonc-10-00571-g003.gif





OPS/images/fonc-10-00571-g004.gif





OPS/images/fonc-10-00571-t003.jpg
Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value
Gender

Male/Female 0,641 0502-0818 <0.001 0.700 0542-0.904 0.006
Age at diagnosis (years)

Continuous 1.087 1.022-1.053 <0.001 1,089 1.023-1.056 <0.001
Surgery approach

Lobectomy 0655 0.474-0.906 0.011 NA NA 0.084
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NSCLC, non-small cell lung cancer; AC, adenocarcinoma; SCC, squamous cell carcinoma; BAC, bronchial alveolar carcinoma; NT, neuroendocrine tumor. The meaning of bold values
is two-sided P < 0.05.





OPS/images/fonc-10-00571-t001.jpg
All patients Training Cohort  Validation
(N=3,491)  (SEER-A, Cohort (SEER-B,
N=1,746) N =1,745)

Variables No. of patients (%) P-value
Sex 0.446
Male 1,630 (46.7%) 804 (49.3%) 826 (50.7%)
Female 1,861(53.3%) 942(50.6%) 919 (49.4%)
Age at diagnosis 0397
(years)
<65 1,417 (40.6%) 721(509%) 696 (49.1%)
>65 2,074(69.4%) 1025 (49.4%) 1,049 (50.6%)
Race 0745
White 2,878(82.4%) 1430(49.7%) 1,148 (50.3%)
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P* value was calculated by Fisher's exact test; P value was calculated by x? test.
SEER, the Surveillance, Epidemiology, and End Results; AC, adenocarcinoma; SCC,
squamous cell carcinoma; BAC, bronchial alveolar carcinoma; NT, neuroendocrine tumor.
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