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Objective: The effects of examined lymph nodes (LNs) and lymph node ratio (LNR) on pN classification and the prognosis are unclear in lung adenosquamous carcinoma (ASC) patients. Thus, this study aimed to investigate the significance of LNs and LNR in the prognosis of ASC and the impact of the abovementioned factors on the pN classification.



Methods: Patients diagnosed with pathological stage T1-4N0-2M0 ASC from the Surveillance Epidemiology and End Results database were included in the study. The primary clinical endpoint was cancer-specific survival (CSS). The optimal cutoff values of the LNs and LNR were determined. An LN indicator, including pN0 #LNs ≤9, pN0 #LNs >9, pN+ #LNR ≤0.53, and pN+ #LNR > 0.53, was developed. Concordance index (C-index) was used to compare the prognostic predictive ability between N classification and LN indicator. The univariable and multivariable Cox regression analyses were used in this study.



Results: The cohort of 1,416 patients were included in the study. The level of LNs stratified the patients without metastasis of lymph nodes (pN0 #LNs ≤9 vs. pN0 #LNs >9, unadjusted hazard ratio [HR] = 1.255, P = 0.037). Two groups based on the cutoff value of LNR differentiated prognosis of patients with metastasis of lymph nodes (pN+ #LNR >0.53 vs. pN+ #LNR ≤0.53, unadjusted HR = 1.703, P = 0.001). The LN indicator had a much better predictive ability over N classification in this cohort (LN indicator: C-index = 0.615; N classification: C-index = 0.602, P = 0.001).



Conclusions: We explored clinicopathological factors affecting prognosis in resected lung ASC patients. Besides, the LN indicator was confirmed to be played an essential role in affecting the survival rate in ASC patients. The high-level LNs or low-level LNR might be corelated to improved survival outcomes.
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INTRODUCTION

Lung cancer is the second incidence and the first mortality diseases in the cancer spectrum worldwide (1), which is mainly classified two histological types, including non-small cell lung cancer and small cell lung cancer (2). The 5-year overall survival rates of non-small cell lung cancer and small-cell lung cancer are about 23% and 6%, respectively. Of note, the prognosis of small-cell lung cancer is poor (3). The adenocarcinoma and squamous cell carcinoma, as common pathological types in the lung cancer, were studied by many researchers (4–8). Adenosquamous carcinoma (ASC) accounts for about 3% in the non-small cell lung cancers according to a previous report (9). The prognosis of ASC is the worst among ASC, adenocarcinoma, and squamous cell carcinoma (9). Surgery is a key method for the treatment of lung cancer, which could effectively improve the survival outcomes of resected lung cancer (2, 10). However, the research about the postoperative prognosis of ASC was lacking. Therefore, it is important to explore the factors affecting postoperative survival of ASC.

The examined lymph nodes (LNs) and lymph node ratio (LNR) were confirmed as the significant prognostic indicators for resected non-small cell lung cancers based on previous studies (11–14). LNR was defined as the ratio of the number of metastatic lymph nodes divided by the total number of dissected lymph nodes. However, for ASC patients, the effects of LNs and LNR on nodal classification and the prognosis are unclear. Thus, this study was aimed to investigate the significance of LNs and LNR in prognosis of ASC and the impact of the abovementioned factors on the nodal classification.



METHODS AND MATERIALS


Patients

The cases were collected from the Surveillance, Epidemiology, and End Results database by a software, SEER*Stat 8.3.9. (seer.cancer.gov/seerstat). Eligible patients for main analyses met the following criteria: (1) pathologically diagnosed as ASC lung cancer; (2) patients with virtual survival status and clear survival time; (3) diagnosed between 2000–2018 and active follow-up; (4) underwent lobectomy and dissection of lymph nodes. Then, the tumor (T), nodes (N), and metastasis (M) stages were reassigned according to the 8th American Joint Committee on Cancer (15). Patients were excluded if they: (1) were diagnosed with N3 or M1 diseases; (2) had unknown resected or positive lymph nodes; (3) had unknown T classification or surgery type. The detailed information about selection standards is shown in Figure 1.


[image: Figure 1]
FIGURE 1 | The flowchart of the study.




Follow-up

The follow-up information on this cohort was updated in November 2020. The median follow-up time was 46.0 months. The time interval between the operation of the primary tumor and the cancer-caused mortality was defined as cancer-specific survival (CSS). Cases were censored at the end of follow-up. CSS was considered best concerning for clinical relevance.



Statistical Analyses

Univariable and multivariable Cox regression analyses were performed to calculate the hazard ratio (HR) and 95% confidence interval (CI) of the variables for cancer-specific mortality. Those factors included sex, age, race, marital status, tumor location, surgical approach, chemotherapy, radiotherapy, grade, pathological T (pT) classification, pathological N (pN) classification, LNR, and LNs. A two-sided P < 0.05 was defined as statistically significant. Survival curves were generated through Cox regression analysis. For evaluating the effect of LNR and LNs on the pN classification, we calculated the cutoff values of LNs and LNR in the cohort with pN0 classification and pN+ classification, respectively. Concordance index (C-index) was used R 4.1.2 software (“compareC” packages) to compare the prognostic predictive ability between N classification and LN indicator. Standard error (SE) was performed to evaluate the stability of C-index. The optimal cutoff points of LNs and LNR were calculated by the “survminer” and “survival” packages in R 4.1.2 software (https://www.r-project.org/), respectively. Other analyses were performed using software SPSS 25.0 (IBM SPSS, Inc., Chicago, IL, USA).




RESULTS


Patient Characteristics

A total of 1,416 patients entered main analyses. In this study, men outnumbered women, constituting 53.8% of the patients. 436 (30.8%) patients were age 64 and below, whereas 980 (69.2%) were over 64 years old. The majority of patients were diagnosed with the poor-undifferentiated grade, comprising more than 50% of the patients. In terms of the pN classification, most patients were diagnosed with classification N0 (N = 954, 67.4%). The proportion of patients who did not undergo radiotherapy was high, reaching 86.3%. Patients with classification pT1 accounted for 35.7% (N = 506) in this cohort. The median LNs was 8 (range 1–83). The cutoff points of LNs and LNR were 9 and 0.53, respectively (Figure 2). We further combined the pN classification, LNs, and LNR into a LN indicator. The number of patients with N0 #LNs ≤9 was 594 (41.9%). Table 1 presents the baseline characteristics of the entire cohort.


[image: Figure 2]
FIGURE 2 | The cutoff value processing for lymph nodes (A) and lymph node ratio (B). LNs, lymph nodes; LNR, lymph node ratio.



TABLE 1 | The characteristics of adenosquamous carcinoma patients.
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Prognostic Significance of LN Indicator

In this cohort, there were 672 cases dead due to ASC. The median survival time was 46.0 months, ranging from 1.0 to 179.0 months. The 1-year, 3-year, and 5-year CSS rates were 74.0%, 61.0%, and 54.0%, respectively. The level of LNs stratified the patients without metastasis of lymph nodes (pN0 #LNs ≤9 vs. pN0 #LNs >9, unadjusted HR = 1.255, 95% CI, 1.013–1.554, P = 0.037, Figure 3). The 5-year CSS rates of patients with pN0 #LNs ≤9 or pN0 #LNs >9 were 41.0% and 50.0%, respectively. Two groups based on the cutoff value of LNR differentiated prognosis of patients with metastasis of lymph nodes (pN+ #LNR >0.53 vs. pN+ #LNR ≤0.53, unadjusted HR = 1.703, 95% CI, 1.260–1.303, P = 0.001, Figure 3). Besides, the patients with pN+ #LNR >0.53 had a lower 5-year CSS rate than cases with pN+ #LNR ≤0.53 (11.0% vs. 26.0%).


[image: Figure 3]
FIGURE 3 | The survival curves based on LN indicator. LN, lymph node.




Univariable and Multivariable Analyses

The outcomes of univariable and multivariable analyses were presented in Table 2. In order to discriminate the prognostic factors, a total of 11 variables were included in the univariable Cox regression analysis. The characteristics of female, older age, lower pT classification, high grade, and lobectomy were considered to improve the survival outcomes. Some variables including race and marital status had no significant influence on survival. Furthermore, multivariable analysis confirmed age, pT classification, chemotherapy, and LN indicator (all P < 0.05) as independent prognostic factors after eliminating confounding factors.


TABLE 2 | Univariable and multivariable analyses for cancer-specific mortality.
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The Comparison Between pN Classification and LN Indicator

N classification was a significant prognostic factor in this cohort (Figure 4). Patients with pN2 classification had worse survival than patients with classification pN0 or pN1. The 5-year CSS rates of classification pN0, pN1, or pN2 were 63.0%, 37.0%, and 33.0%, respectively. We added the survival curves of LN indicators into the same figure to further investigate the stratified difference between N classification and LN indicator. The LN indicator identified a group of patients with the worst survival in this cohort (Figure 4, survival curve in red). The LN indicator had a much better predictive ability over N classification in this cohort (LN indicator: C-index = 0.615, SE  =  0.011; N classification: C-index = 0.602, SE = 0.01, P = 0.001).


[image: Figure 4]
FIGURE 4 | The combined survival curves based on pN classification and LN indicator. LN, lymph node.




Sub-Group Analysis for LN Indicator

In the cohort of pN1 classification, cases with pN1 #LNR ≤0.53 had a more improved survival than those with pN1 #LNR >0.53 (unadjusted HR = 2.628, 95% CI, 1.695–4.074, P < 0.001, Figure 5). The median survival time was 14.0 months (95% CI, 12.1–15.9 months) and 49.0 months (95% CI, 35.4–62.6 months) in the group with pN1 #LNR >0.53 and pN1 #LNR ≤0.53, respectively. However, there was no significant prognostic difference between the cohort with pN2 #LNR >0.53 and pN2 #LNR ≤0.53 (P = 0.514). Of note, the cases with pN1 #LNR >0.53 had a decreased prognosis than the entire cohort of pN2 classification (all P < 0.05).


[image: Figure 5]
FIGURE 5 | The survival curves of sub-group analysis based on LN indicator. LN, lymph node.





DISCUSSION

In this study, we used a large sample-size cohort to explore the effect of LNs and LNR on pN classification in ASC patients after lobectomy. A composite LN indicator was developed successfully. The results of univariable and multivariable analyses revealed that the LN indicator could be a significant prognostic factor. LN indicators included pN0 #LNs ≤9, pN0 #LNs >9, pN+ #LNR ≤0.53 (pN1 #LNR ≤0.53 and pN2 #LNR ≤0.53), and pN+ #LNR >0.53 (pN1 #LNR >0.53 and pN2 #LNR >0.53). The level of LNs stratified the patients without metastasis of lymph nodes. Cases with pN+ #LNR >0.53 had the worst survival in the entire cohort. We further used the sub-group analysis to uncover that cases with pN1 #LNR ≤0.53 had a more improved survival than those with pN1 #LNR >0.53 in the cohort of pN1 classification. Interestingly, there was no significant prognostic difference between the cohort with pN2 #LNR >0.53 and pN2 #LNR ≤0.53. The reason for this phenomenon might be due to the insufficient sample size of the pN2 cohort. Of note, the cases with pN1 #LNR >0.53 had a decreased prognosis than the entire cohort of pN2 classification. Therefore, we propose that LNs and LNR may be Supplementary information on pN classification and require attention.

Tumor grade was served as a prognostic factor in non-small cell lung cancer patients, according to previous studies (16, 17). However, previous studies were mainly aimed at the squamous cell carcinoma or adenocarcinoma population, and there is a lack of research on the effect of tumor differentiation on the prognosis of ASC patients. The results from a study by Filosso et al. found that the tumor grading had no meaningful impact on the prognosis of ASC patients (9). In the present study, we also found that patients with poor-undifferentiated grading did not have decreased survival outcomes than patients with well-moderate grading after adjusting for other confounders. Regrettably, in some studies involving ASC, information on the degree of tumor differentiation was lacking (18, 19). Therefore, the effect of tumor differentiation degree on the prognosis of ASC patients still needs further study.

The LNs could be a significant indicator to estimate the prognosis of ASC patients. However, the outcomes of a study from Wang et al. found that LNs did not influence the prognosis of ASC patients with stages I-IIIB (18). They analyzed the information about 256 ASC patients after surgery. LNs, as a continuous variable, was selected to enter into the Cox regression in their study. The sample size of their study was not large enough. Another study from Li et al. also treated LNs as a continuous variable; however, in the results of multivariable analysis, LNs was confirmed as an independent prognostic factor (20). The research from Li et al. included 988 patients with stages I-II. The differences between the above two studies were the selection of combined stage and the scale of sample size. The present study revealed that patients with LNs >9 had an improved survival than patients with LNs ≤9. Our findings were similar as the results from the study by Li et al., also uncovered that patients could benefit from a large harvest of lymph node dissection. Therefore, we suggest that surgeons dissect enough lymph nodes during the operation. However, there were some issues with the cutoff point of LNs. For example, different sample sizes and observational cohorts lead to different cutoff values (21, 22). Thus, extensive sample data and defined study populations are still needed to make the cutoff values of LNs more stable.

LNR may reflect the patient’s tumor burden to some extent. Previous reports confirmed that LNR could be a predictive tool to evaluate the prognosis of non-small cell lung cancer patients (11, 13, 14, 23–25). High-level LNR might be associated with the poor survival of those patients. While those previous studies focused on non-small cell lung cancer, our study focused on ASC patients. In the present study, we also obtain similar results to the abovementioned studies. Patients with LNR >0.53 had a much poorer prognosis than patients with LNR ≤0.53. However, the cutoff value of LNR faces similar problems as LNs, and still depends on the sample size and the choice of the study population. Therefore, we suggest that patients’ lymph node metastatic status should be further confirmed, and a larger sample size should be obtained to make the cutoff value more reliable.

The present study has some drawbacks. First, we were also unable to obtain detailed information about the station of the lymph node; therefore, we could not perform the analyses to investigate the effect of lymph-node station dissection on the patients’ prognoses. Second, the treatment sequence was unknown. Thus, the impact of LN indicators on prognoses of patients with neoadjuvant therapy or adjuvant therapy was not analyzed in our research. Third, because the present research belongs to a retrospective study, selection bias is inevitable. In our study, the distribution of N or T classification was not balanced. Finally, the high-level LNs or low-level LNR had survival advantages, but this does not mean they could deny receiving adjuvant treatment. We need more studies to confirm our findings.



CONCLUSIONS

We explored clinicopathological factors affecting prognosis in resected lung ASC patients. Besides, the LN indicator was confirmed to be played an essential role in affecting the survival rate in ASC patients. The high-level LNs or low-level LNR might be corelated to improved survival outcomes.
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