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Background

The efficacy of adjuvant chemotherapy in patients with 8th edition stage IB (tumor size ≤4 cm) non-small cell lung cancer (NSCLC) remains unclear.



Methods

We identified 9757 eligible patients (non-chemotherapy group: n=8303; chemotherapy group: n=1454) between 2004 and 2016 from the Surveillance, Epidemiology and End Results (SEER) database. Log-rank test was used to compare overall survival (OS) between the chemotherapy and non-chemotherapy groups. Cox regression model was applied to investigate the independent prognosis factors of all surgically treated stage IB patients, and then the nomogram was constructed. Propensity score matching (PSM) was performed to reduce the confounding bias, and subgroup analyses of the matched cohort were also performed. Finally, we reviewed 184 patients with stage IB NSCLC from July 2008 to December 2016 in Jinling Hospital as a validation cohort, and compared disease-free survival (DFS) and OS between the two groups.



Results

In the SEER database cohort, adjuvant chemotherapy was associated with improved OS in both unmatched and matched (1417 pairs) cohorts (all P <0.05). The survival benefit (both OS and DFS) was confirmed in the validation cohort (P <0.05). Multivariate analysis showed age, race, sex, marital status, histology, tumor location, tumor size, differentiation, surgical method, lymph nodes (LNs) examined, radiotherapy and chemotherapy were prognostic factors for resected stage IB NSCLC (all P <0.05). The concordance index and calibration curves demonstrated good prediction effect. Subgroup analyses showed patients with the following characteristics benefited from chemotherapy: old age, poor differentiation to undifferentiation, 0-15 LNs examined, visceral pleural invasion (VPI), lobectomy and no radiotherapy (all P <0.05).



Conclusions

Adjuvant chemotherapy is associated with improved survival in 8th edition stage IB NSCLC patients, especially in those with old age, poorly differentiated to undifferentiated tumors, 0-15 LNs examined, VPI, lobotomy and no radiotherapy. Further prospective trials are needed to confirm these conclusions. Besides, the nomogram provides relatively accurate prediction for the prognosis of resected stage IB NSCLC patients.
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Introduction

Surgical resection is the gold standard for the treatment of patients with early stage non-small cell lung cancer (NSCLC), providing patients with the greatest long-term survival opportunity (1). However, recurrence and death still occur in 30%-75% of patients even after complete resection. The 5-year survival of surgically resected NSCLC patients were reported to be 73%-90% and 56%-65% in pathologic stage I and II, respectively, and only 41% in stage IIIa (2–4). Postoperative recurrence of NSCLC is mostly systemic (about 70%), which suggests that most patients have micrometastases during surgical resection (5, 6). Therefore, many trials have been conducted worldwide to explore whether active adjuvant chemotherapy can improve the survival of early NSCLC.

Previous studies have shown that adjuvant chemotherapy has become the standard of routine care for patients with stage II and III NSCLC after radical surgery, with an improvement in 5-year survival of approximately 5% (7–9). However, whether adjuvant chemotherapy is required after surgical resection of stage IB NSCLC remains controversial. Several studies have suggested that adjuvant chemotherapy was not associated with improved survival in patients with stage IB NSCLC (based on the 6th or 7th edition of the TNM classification) (7, 10, 11). While exploratory analyses of CALGB 9633 and JBR-10 found that stage IB NSCLC patients with tumors larger than 4 cm in diameter tended to have survival benefits (6th edition) (11, 12). These studies provide evidence for adjuvant chemotherapy in stage IB NSCLC patients with tumor size ≥4 cm (6th or 7th edition). In addition, a retrospective study found patients with tumor size ≥3.2 cm may also benefit from platinum-based adjuvant chemotherapy (7th edition) (13). Another study showed that patients with completely resected T2N0M0 NSCLC (7th edition) benefited from adjuvant chemotherapy regardless of tumor size (including patients with tumor size less than 4 cm) (14). Li et al. even found that stage IB NSCLC patients with tumors <4 cm in diameter had significantly better survival than patients with tumors ≥4 cm in diameter (7th edition) (15). Therefore, there are still different views as to whether patients with tumors <4 cm in diameter can benefit from adjuvant chemotherapy. Currently, the National Comprehensive Cancer Network (NCCN) guideline recommends postoperative adjuvant chemotherapy for stage IB patients with high risk factors, such as poorly differentiated tumors, unknown lymph node status, visceral pleural invasion (VPI) and so on (16).

With the release of the eighth edition of the TNM classification, node-negative tumors between 4 and 5 cm (T2b) in diameter are reclassified as stage IIA (4). It is necessary to re-evaluate the role of adjuvant chemotherapy in stage IB disease according to the new staging system. Our study aims to explore whether patients with the latest 8th edition of stage IB NSCLC (tumor size ≤4 cm) could benefit from adjuvant chemotherapy. In addition, we attempt to establish a nomogram to predict survival outcomes in this population for better clinical decision making.



Patients and Methods


Study Design and Patients Source

We used SEER*Stat software (version 8.3.6) to select patients diagnosed with NSCLC from the National Cancer Institute SEER database between January 2004 and December 2016. The inclusion criteria for all patients were as follows: (I) All patients underwent surgical resection; (II) Patients with tumor size of 3-4 cm, or tumor diameter ≤3 cm but classified as T2a due to VPI were included; (III) Patients had no lymph node (LN) metastasis or distant metastasis; (IV) NSCLC was the first primary tumor; (V) All patients were histologically diagnosed as NSCLC; (VI) Complete follow-up data were obtained. The exclusion criteria were as follows: (I) Patients aged <18 years; (II) Patients underwent only local destruction, laser ablation or cryotherapy; (III) Preoperative radiotherapy was performed; (IV) Clinicopathological features (including sex, age, race, marital status, histology, location, laterality, differentiation, tumor size, VPI status, surgical method, number of LNs examined, chemotherapy and radiotherapy status) were unknown; (V) Patients had TX or T3-T4 tumors; (VI) All deaths within 6 months or follow-up time less than 6 months were excluded to rule out postoperative complications and postoperative frailty.

The included patients were divided into chemotherapy group and non-chemotherapy group according to whether they received chemotherapy or not. The following information was obtained for each patient as required by the study: basic patient information (sex, age, race and marital status), clinicopathological features of the tumor (histology, location, laterality, differentiation, tumor size and VPI status), treatment information (surgical method, number of LNs examined, chemotherapy and radiotherapy status) and survival information (survival time, follow-up outcome). Overall survival (OS) was used as evaluation index to assess the prognosis of the patients. OS was observed starting from the medical diagnosis time and ending in death of any cause.

To validate the results of the SEER database cohort, we reviewed patients with stage IB (pT2aN0M0) NSCLC who underwent surgical treatment from July 2008 to December 2016 in Jinling Hospital, Nanjing, China as a validation cohort. The inclusion criteria were the same as before. Patients with postoperative complications or postoperative frailty were excluded. All patients were followed up by telephone from the first day of diagnosis to December 19, 2019. The validation cohort was mainly to assess OS of the two groups. In addition, we reviewed patients with complete follow-up records in our hospital (including blood tests or imaging data such as chest and abdominal CT, brain magnetic resonance imaging, whole-body bone scan or positron emission tomography) and compared their disease-free survival (DFS, defined as the interval between diagnosis and tumor recurrence or death).



Statistical Analysis

All statistical analyses were performed using R 3.6.1 statistical software. Clinicopathologic factors between chemotherapy group and non-chemotherapy group were compared via chi-square test. Kaplan-Meier method was used to analyze the OS and DFS, and log-rank test was used to compare survival between the two groups. The Cox regression model was applied to evaluate prognostic factors of the patients. Variables with P <0.1 in univariate analysis were included in multivariate analysis. Based on the results of multivariate analysis, the nomogram for all patients with stage IB NSCLC was constructed using the rms package. The concordance index (C-index) and calibration curves were used to measure the performance of the nomograms. Bootstraps of 1000 resamples were used for analysis.

In addition, we performed propensity score matching (PSM) analysis using the Matchlt package to make the baseline data comparable between the two groups (17). The matching variables included sex, race, age, marital status, histology, tumor location, tumor size, differentiation, VPI status, surgical methods, number of LNs examined and radiotherapy status. The caliper width is set to 0.05 standard deviation. According to the method of Strauss et al, we performed subgroup analyses defined by patient characteristics using the multivariate Cox regression model to compare OS in patients receiving chemotherapy with those undergoing surgery alone (11). P <0.05 was considered statistically significant.




Results


Baseline Characteristics of Patients in the SEER Database Cohort

Of the 9757 patients identified from the SEER database, 8303 patients (85.1%) received surgery alone, and 1454 patients (14.9%) received adjuvant chemotherapy (Figure 1). Table 1 shows the baseline characteristics of patients in both groups. Patients who received chemotherapy were younger (P <0.001), more likely to be married (P <0.001) and diagnosed with adenocarcinoma (P <0.001) compared with those who underwent surgery alone. Meanwhile, patients with worse degree of differentiation (P <0.001) and larger tumors (P <0.001) were more likely to receive chemotherapy. After PSM analysis, 2834 patients were successfully matched. Baseline characteristics between the two groups were well balanced (Table 1).




Figure 1 | Consort diagram of patient selection from SEER database.




Table 1 | Baseline characteristics of stage IB NSCLC patients in the SEER database cohort.





Survival Analysis of the SEER Database Cohort Before and After PSM

For the entire SEER database cohort, the median follow-up period from the date of diagnosis was 48 (range, 6-155) months. Five-year survival rate for all resected stage IB NSCLC patients was 63.8%. Compared with the non-chemotherapy group, patients in the chemotherapy group had a significant survival advantage (P <0.001) (Figure 2). The median survival was 86 months for patients treated with surgery alone, and 105 months for those receiving chemotherapy. The 5-year survival in the chemotherapy arm (66.8%) was 3.6% higher than that in the non-chemotherapy arm (63.2%).




Figure 2 | Overall survival comparison by treatment arm for stage IB NSCLC patients in the SEER database cohort.



In addition, patients were matched at 1:1 by the PSM to reduce the confounding bias. As shown in Figure 3, chemotherapy significantly prolonged overall survival (P=0.005). The median OS was 90 months in the non-chemotherapy group, and 107 months in the chemotherapy group. The 5-year survival in the chemotherapy arm (67.5%) was also higher than that in the non-chemotherapy arm (63.9%). After adjusting for other prognostic factors, patients receiving chemotherapy still had a more significant survival advantage than those receiving surgery alone (HR: 0.87, 95%CI: 0.78-0.98; P = 0.020).




Figure 3 | Overall survival comparison by treatment arm for stage IB NSCLC patients in the SEER database cohort after PSM. PSM, Propensity score matching.





Prognostic Nomogram for OS in Patients With Resected Stage IB NSCLC

The factors related to long-term survival of stage IB NSCLC patients were shown in Table 2. The results indicated that chemotherapy was an independent prognostic factor (HR: 0.89, 95%CI: 0.81-0.97; P=0.009). In addition, patients with the following characteristics have a poor prognosis: older age (P < 0.001), diagnosis of squamous cell carcinoma (P <0.001), larger tumor size (36-40 mm: P <0.001), poorer differentiation (P <0.001), receiving sublobectomy (P <0.001), pneumonectomy (P=0.025) and radiotherapy (P <0.001). Other races (Indian, Asian, etc.) (P=0.006), married population (P=0.004), female (P <0.001) and patients with more LNs examined (P <0.001) had a better prognosis.


Table 2 | Univariate and multivariate analyses of overall survival in all resected stage IB NSCLC patients.



We established the nomogram for all surgically resected stage IB NSCLC patients to predict their survival (Figure 4). The 3-year or 5-year OS can be estimated by adding the score assigned to each characteristic. The C-index was 0.640 for the nomogram of all patients. In addition, the calibration curves of the nomogram (Figure 5) showed their consistency.




Figure 4 | Nomograms for predicting the 3- and 5-year OS rates of patients with stage IB NSCLC undergoing surgery. AC, Adenocarcinoma; SCC, Squamous cell carcinoma; LCC, Large cell carcinoma; ASC, Adenosquamous carcinoma; NET, Neuroendocrine tumor; LNs, Lymph nodes; OS, Overall survival; Grade I, Well differentiation; Grade II, Moderate differentiation; Grade III, Poor differentiation; Grade IV, Undifferentiation.






Figure 5 | (A) Calibration curve for predicting 3-year OS rates of patients with stage IB NSCLC undergoing surgery. (B) Calibration curve for predicting 5-year OS rates of patients with stage IB NSCLC undergoing surgery.





Survival Benefit of Chemotherapy According to Patient Characteristics in the Matched Cohort

To further clarify the role of adjuvant chemotherapy in patients with stage IB NSCLC, we performed subgroup analyses in the matched cohort (Figure 6). The survival benefit of chemotherapy was superior to that of surgery alone for patients with old age (>65 years, P=0.006), poor-differentiated to undifferentiated NSCLC (P=0.008), VPI (P=0.018), 0-15 LNs examined (P=0.01) and lobectomy performed (P=0.006). In addition, for patients without radiotherapy (P=0.017), adjuvant chemotherapy had a survival advantage over surgery alone.




Figure 6 | Overall survival comparisons between chemotherapy and non-chemotherapy groups according to patient characteristics in the matched cohort.





Baseline Characteristics and Survival Analysis of Validation Cohort

From the single medical center, 184 patients were finally included. Of these, 104 (56.5%) cases were treated with surgery alone, and 80 (43.5%) cases received adjuvant chemotherapy. Although we did not limit the treatment regimen, none of the patients received radiotherapy. As shown in Table 3, patients who received chemotherapy were more likely to be male (75% vs. 60%, P=0.042), poor-differentiated to undifferentiated (39% vs. 23%, P=0.047), have larger tumor size (88% vs. 69%, P=0.006) and more LNs examined (45% vs. 30%, P=0.003) compared with those who received surgery alone. After PSM analysis, 104 patients were successfully matched.

In the validation cohort, the median follow-up was 57.5 (range, 1-141) months. The survival curve showed that adjuvant chemotherapy was associated with improved OS (P=0.006) (Figure 7A). After adjusting for other prognostic factors, patients receiving adjuvant chemotherapy still had a significant survival advantage (HR: 0.23, 95%CI 0.09-0.58; P=0.002). In the matched cohort, chemotherapy also significantly prolonged OS (P=0.007) (Figure 7B). In addition, we obtained DFS information in 81 patients, and their clinical features were shown in Supplementary Table 1. There was no significant difference between the two groups except for age. Survival analysis showed that patients receiving adjuvant chemotherapy had longer DFS (P <0.001) (Figure 8).




Figure 7 | Overall survival comparisons by treatment arm for stage IB NSCLC patients in the validation cohort (A) before PSM and (B) after PSM.






Figure 8 | Disease-free survival comparison by treatment arm for stage IB NSCLC patients in the validation cohort.





Sensitivity Analysis

In the SEER database, information on whether or not the patient received chemotherapy was reported as “no/unknown” and “yes”. A previous study compared the SEER database with the SEER-Medicare database and found the sensitivity of chemotherapy variables in lung cancer was 80.1% (18). In other words, about 20% of the patients in the non-chemotherapy group in this study were also likely to have received chemotherapy.

To assess the consistency of the study results, we performed the following sensitivity analysis: 20% of patients in the non-chemotherapy group of the SEER database cohort were reclassified into the chemotherapy group for survival analysis, which was repeated 1000 times. Finally, 86.2% of the simulation results showed that the overall survival of patients receiving chemotherapy was significantly higher than that of patients without chemotherapy. This indicates that the bias in the results of OS caused by the misclassification of whether or not to receive chemotherapy is small.




Discussion

The ADAURA study showed that adjuvant targeted therapy, which is only applied to driver mutation-positive NSCLC, can improve disease-free survival in NSCLC patients, while the OS benefit remains unclear (19). In addition, adjuvant immunotherapy for NSCLC is still in the exploratory stage, and there are no mature research results. Therefore, adjuvant chemotherapy still plays an important role in the treatment of early stage lung cancer. So far, adjuvant chemotherapy is recommended for patients with resectable stage II, IIIA or IB large tumors (>4 cm in 7th edition). However, whether patients with the latest 8th edition of stage IB NSCLC (tumor size ≤4 cm) can benefit from adjuvant chemotherapy remains unclear.

There have been only a few studies specifically focused on the role of adjuvant chemotherapy in patients with lymph node-negative tumors less than 4 cm in diameter, and most of them are exploratory analyses. Wang et al. retrospectively analyzed 402 patients with 8th edition stage IB NSCLC. They found that patients receiving adjuvant chemotherapy (137 cases) had worse OS than those receiving observation alone (265 cases) (20). One retrospective study involving 211 patients also showed that adjuvant chemotherapy did not improve survival in patients with 8th edition stage IB NSCLC. However, only 20 people in the study received adjuvant chemotherapy, so the conclusions should be taken with caution (21). Another study included a total of 119 7th edition stage IB patients who underwent complete surgical resection. Subgroup analysis suggested that adjuvant chemotherapy was associated with better survival in patients with tumors ≥ 3.2 cm (13). In addition, two studies based on the National Cancer Data Base (NCDB) found patients with node-negative tumors <4 cm in diameter could also benefit from adjuvant chemotherapy (14, 22).

In our study including 9757 resectable 8th edition stage IB NSCLC patients, 8303 underwent surgery alone and 1454 received adjuvant chemotherapy. Survival analysis of both unmatched and matched cohorts showed adjuvant chemotherapy significantly improved OS. In addition, we reviewed 184 stage IB NSCLC patients who underwent surgical treatment in Jinling Hospital as a validation cohort. Survival analysis also showed that patients receiving adjuvant chemotherapy had a better prognosis. Further analysis found that adjuvant chemotherapy was associated with better DFS, suggesting that adjuvant chemotherapy can improve OS by preventing tumor recurrence. In the future, it may be necessary for physicians to consider adjuvant chemotherapy in the treatment of patients with stage IB NSCLC.

Nomogram is a visual statistical prediction model which can generate the prediction value of clinical events by integrating biological and clinical variables, and is widely used to predict the prognosis of cancer patients (23). The nomograms of postoperative NSCLC patients included the prediction of recurrence-free survival in stage IA NSCLC, the recurrence risk of stage I lung adenocarcinoma, the prediction of OS in early stage (stage I-II) NSCLC patients and so on, but there is no specific nomogram for resectable stage IB NSCLC (24–26). Therefore, we sought to establish a nomogram to provide a convenient and reliable model for predicting survival of patients with resectable stage IB NSCLC. Through Cox regression analysis, we identified age, race, sex, marital status, histology, tumor location, tumor size, differentiation, surgical method, LNs examined, radiotherapy and chemotherapy as independent prognostic factors for resected stage IB patients, which were highly consistent with previous studies on risk factors for NSCLC (27–29). Notably, VPI status was not found to be an independent prognostic factor for 8th edition stage IB patients in our study. This may be because the effect of VPI on the survival of NSCLC is related to tumor size and is affected by the follow-up treatment (30–32). David et al. retrospectively analyzed 1166 patients with pathologic N0M0 NSCLC and found that VPI was not significantly associated with survival for tumors <5 cm, whereas VPI was a poor prognostic factor for disease-free survival for patients with stage T2b and T3 tumors (30). Similarly, some other studies have also found no significant effect of VPI on OS of stage I NSCLC, which is consistent with the conclusion of this study (31, 32). Then based on the results of the above regression analysis, we constructed the nomogram. The C-index of 0.640 indicated that this nomogram could effectively predict the 3- and 5-year survival rate. To our knowledge, this is currently the first nomogram for 8th edition resected stage IB patients, which has important reference value.

In the subgroup analysis, we found that although the prognosis of elderly NSCLC patients receiving adjuvant chemotherapy (>65 years old) was poor, adjuvant chemotherapy still improved the prognosis of these patients compared to surgery alone. The JBR.10 study showed that the survival benefit of adjuvant chemotherapy could be observed even in patients ≥65 years old (HR: 0.61, 95%CI: 0.38-0.98; P=0.04) (33). Another study, involving 7593 patients with early-stage NSCLC, showed that patients aged ≥70 years also benefited from adjuvant chemotherapy (34). Therefore, adjuvant chemotherapy should not be rejected on the basis of age alone. For patients undergoing lobectomy, adjuvant chemotherapy was associated with better survival, while no survival benefit of adjuvant chemotherapy was observed in patients undergoing sublobectomy. This may be because most patients undergoing sublobectomy have more severe comorbidities and may not tolerate adjuvant chemotherapy (2). Chemotherapy was associated with better survival when the number of LNs examined was less than 16, whereas there was no statistical difference in OS between the two groups when the number of LNs examined was 16 or more. Previous studies have investigated the impact of the number of LNs examined on survival of resected NSCLC, and the relationship between examined LN count and adjuvant chemotherapy. They suggested that patients with inadequate LNs examined were at high risk of undetected positive LNs, which may lead to incorrect staging of the tumor and poor survival, and thus postoperative chemotherapy provided a survival advantage for these patients (35, 36). Therefore, chemotherapy was recommended in clinical practice for stage IB NSCLC with insufficient LNs examined (<16 LNs in our study). In addition, our study suggested that patients with VPI and poorly differentiated to undifferentiated tumors could also benefit from adjuvant chemotherapy. Previous studies showed that VPI was associated with increased risk of local recurrence and systemic metastasis in lung cancer, and poorly differentiated patients have higher risk of recurrence and death after surgical resection (37–39). Therefore, adjuvant chemotherapy can eliminate minimal residual lesions in these patients, reduce the risk of recurrence, and improve survival.

Our study has several limitations. First, information that may be relevant to the prognosis of patients after surgical resection was not available, including smoking status, surgical complications, lymphovascular invasion, performance status and driver mutations, etc. Second, the information about chemotherapy given in the SEER database cannot distinguish between neoadjuvant and adjuvant chemotherapy. Previous studies have shown no difference in survival between neoadjuvant and adjuvant chemotherapy for patients with resectable lung cancer (40). Moreover, neoadjuvant chemotherapy is not the standard treatment for stage IB NSCLC. Therefore, we believed that almost all patients in the SEER database cohort received adjuvant chemotherapy. In addition, we reviewed patients receiving postoperative adjuvant chemotherapy in Jinling Hospital as the validation cohort. Third, information on chemotherapy is reported as “no/unknown” and “yes” in the SEER database. We performed sensitivity analysis based on the previous study comparing the SEER database with the SEER-Medicare database, and found that the results were reliable. Meanwhile, the survival result was confirmed in the validation cohort. Finally, our study is retrospective, and large prospective controlled clinical studies are necessary for further validation.

In conclusion, our study suggests that 8th edition stage IB NSCLC patients (tumor size ≤4 cm) could benefit from adjuvant chemotherapy, especially for patients with old age, poorly differentiated to undifferentiated tumors, 0-15 LNs examined, VPI, lobotomy and no radiotherapy. In the future, these conclusions need to be further confirmed in prospective trials.
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