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Background: Although numerous studies have reported the association between histological types and the prognosis of IA non-small-cell lung cancer (NSCLC) patients, few studies have deeply investigated the impact of pathology on the outcome of NSCLC patients. In this study, we comprehensively explored whether the type of histology influenced the outcome of IA-stage NSCLC patients.



Methods: The study population was obtained from the Surveillance, Epidemiology, and End Results (SEER) program, which is supported by the National Cancer Institute of the United States. To avoid potential bias, the method of propensity score matching (PSM) was used to obtain a balanced cohort for further analysis.



Results: The results from univariate and multivariate regression models showed that lung squamous cell carcinoma (LSQCC) patients were at a significantly greater risk of undergoing shorter overall survival (OS) and lung cancer–specific survival (LCSS). After PSM analysis, LSQCC was still closely associated with a reduction in OS and LCSS. All of these suggested that the histological type was an independent prognostic factor for OS and LCSS.



Conclusion: Our study demonstrated that squamous cell carcinoma predicted worse OS and LCSS in IA-stage NSCLC patients compared with lung adenocarcinoma (LUAD). We suggest that the outcomes of LSQCC and LUAD are very different and that the two histological types should be differently analyzed.
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Introduction

Lung cancer is the leading cause of cancer-related death and thus remains a major public health problem worldwide (1). Non-small-cell lung cancer (NSCLC) accounts for 85% of all cases. Although lung adenocarcinoma (LUAD) has replaced lung squamous cell carcinoma (LSQCC) as the most common case of NSCLC, there is still a large number of patients who are diagnosed with LSQCC (2). A growing number of researchers have come to realize that there are significant differences in prognostic factors and outcomes between LUAD and LSQCC (3–7). Although numerous studies have investigated the relationship between histological types and survival, few studies have comprehensively explored the impact of histological types on survival.

As a result of the difference in the outcomes of adenocarcinoma and squamous cell carcinoma, the Cancer Staging Manuals based on the American Joint Committee on Cancer (AJCC) for esophageal adenocarcinoma and squamous cell carcinoma began to be separated since the 7th edition. A similar scenario was also observed in NSCLC. Studies have shown that the prognosis of LSQCC is better than that of LUAD (3, 4), but other studies have shown that the prognosis of LSQCC is worse (5–7). Therefore, the prognostic role of histological types in NSCLC needs to be further studied.

In this study, subjects were obtained from the Surveillance, Epidemiology, and End Results (SEER) database between 2004 and 2013 to investigate the impact of the histological types on survival in patients with IA-stage NSCLC.



Materials and methods


Data source

The study population in our study is from the SEER project, which is funded by the National Cancer Institute of the United States. The project provides clinical characteristics (such as histology, tumor size, tumor, primary tissue location, TNM stage, etc.), treatment strategies (lobectomy and sublobar resection), and survival time, which facilitate researchers to study the prognostic significance of clinical characteristics. Many high-quality studies have been published using data from the SEER database (8–11).



Inclusion criteria

The selection criteria for this study are as follows: (i) pathologically confirmed primary non-small cell lung cancer, and only squamous cell carcinoma and adenocarcinoma; (ii) tumor size less than 3 cm, and no lymph nodes or distant organ metastasis; (iii) excluding no surgery history or patients who received extended lobectomy, total lobectomy, or extended lobectomy; (iv) excluding patients who received chemotherapy before or after surgery; (v) excluding patients who received radiotherapy treatment before or after surgery; (vi) patients >18 years old; (vii) excluding patients with the tumor located in the main bronchus; and (viii) excluding patients with survival time ≤6 months.



Data collection

The study population was obtained from the SEER database between 2004 and 2014. The baseline items in this study included demographic characteristics (age, gender, and race), tumor features (histological type, differentiation grade, tumor size, location, laterality, and TNM stage), and treatment strategies (lobectomy and sublobar resection). Histological type identification: 8140–8147, 8244, 8245, 8250–8255, 8260, 8290, 8310, 8320, 8320, 8323, 8330–8332, 8470, 8480–8481, 8550–8551, and 8570–8573 were identified as adenocarcinoma, and 8052, 8070–8075, 8078, and 8083–8084 were identified as squamous cell carcinoma (12–14). Surgical procedures (SPs) were divided into sublobar resection (SR) (code: 21, 22) and lobectomy (LT) (code: 30, 33). SR included wedge resection and segmentectomy.

The primary endpoints in our study were overall survival (OS) and lung cancer–specific survival (LCSS). OS was identified as the time from diagnosis to death, and LCSS was defined as the time from diagnosis to death due to lung cancer. Patients who were still alive at the end of the follow-up or who died from other causes were defined as censored patients.



Statistical analysis

The Wilcoxon test was performed to calculate the difference in the distributions of continuous data (such as age, number of resected regional lymph nodes, and TS), while the Pearson χ2 test was used to assess the difference in categorical variables (such as gender, location, laterality, histological type, and differentiation grade). The Kaplan–Meier method was used to establish the curves of OS and LCSS, and the differences were calculated by using a log-rank test. Survival comparisons of all prognostic factors were analyzed by performing univariate Cox regression analysis, and multivariate analysis was performed only when univariate analysis indicated that there was a statistical significance. To balance clinical variables and reduce potential selection bias, propensity score matching (PSM) was used (15, 16). Due to the great heterogeneity of variables, a one-to-one nearest-neighbor matching with the caliper set at 0.001 was used to create a balanced cohort.

All P values in our study were two-sided, and only when P < 0.05 was considered to indicate a statistical significance. In univariate and multivariate Cox regression models, the hazard ratios (HRs) and their 95% CIs for survival analyses were calculated using SPSS 22.0 (IBM, Armonk, NY). Propensity score-matched analysis and survival curves were established by R 4.0.1 (R, Vienna, Austria).




Results


Baseline characteristics of the population

After selection, a total of 27,398 patients with T1N0M0 NSCLC (only adenocarcinoma and squamous cell carcinoma) were included (detailed strategies shown in Supplementary Figure S1), of whom 20,499 patients were pathologically confirmed LUAD and 6,899 LSQCC. Among them, 11,794 were male and 15,604 were female. The study population spanned from 1 January 2004 to 31 December 2013. The mean age for the study population was 68.47 (±9.37) years. The median follow-up time for the LUAD patients was 65 months and for LSQCC patients was 57 months. The detailed descriptions of the subgroups of each variable and the correlation between each variable and histology are presented in Table 1. Compared with patients diagnosed with adenocarcinoma, LSQCC patients were more likely to be elderly and male. Additionally, the squamous cell carcinoma seems more likely to be located in the left lung and has a poor tumor differentiation grade compared with LUAD patients. After PSM analyses, 6,423 pairs were created in the adenocarcinoma and squamous cell carcinoma groups. There was no significant difference in any subgroup. In addition, the distributions of the propensity score were balanced between the two groups (Supplementary Figure S2 and Table 1).


TABLE 1 Baseline characteristics before and after matching.
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Survival analysis before matching

As shown in Figure 1A, survival curves established by Kaplan–Meier revealed that patients who were diagnosed with adenocarcinoma had better OS than those diagnosed with squamous cell carcinoma. The results from univariate [hazard ratio (HR) = 1.670, 95% CI [1.608, 1.735], P < 0.001] and multivariate (HR = 1.402, 95% CI [1.347, 1.459], P < 0.001) regression analyses showed that NSCLC patients with squamous cell carcinoma experienced shorter OS compared with patients with adenocarcinoma (Table 2). As depicted in Figure 1B, LSQCC was associated with poorer LCSS compared with LUAD. The results from multivariate regression analysis indicated that histological type was an independent prognostic factor for LCSS, and LSQCC predicted worse LCSS compared with LUAD (HR = 1.301, 95% CI [1.212, 1.397], P < 0.001). As presented in Table 2, we could also find that older age, male, poorer tumor differentiation, a smaller number of resected lymph nodes, and larger tumor size were associated with worse OS and LCSS, respectively. Moreover, NSCLC patients with IA stage who underwent lobectomy had favorable OS (univariate: HR = 0.615, 95% CI [0.592, 0.639], P < 0.001; multivariate: HR = 0.763, 95% CI [0.727, 0.800], P < 0.001); however, as for LCSS, univariate analysis showed a significant correlation (HR = 0.860, 95% CI [0.798, 0.926], P < 0.001), and multivariate analysis showed no significant correlation (HR = 0.934, 95% CI [0.852, 1.023], P = 0.141).


[image: Figure 1]
FIGURE 1
Overall (A) and lung cancer–specific survival (B) for lung cancer patients with adenocarcinoma and squamous cell carcinoma before matching. LUAD, lung adenocarcinoma; LSQCC, lung squamous cell carcinoma.



TABLE 2 Univariate and multivariate regression analyses for overall survival and lung cancer–specific survival before matching.
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Survival analysis after matching

To reduce potential selection bias, PSM analysis was conducted. In the balanced cohort, the evidence from survival curves suggested that LSQCC predicted worse OS and LCSS compared with LUAD (shown in Figures 2A,B). In the univariate and multivariate Cox regression models, the results showed that LSQCC patients underwent shorter OS (univariate: HR = 1.310, 95% CI [1.244, 1.381], P < 0.001; multivariate: HR = 1.339, 95% CI [1.271, 1.411], P < 0.001) and LCSS (univariate: HR = 1.137, 95% CI [1.032, 1.252], P = 0.009; multivariate: HR = 1.160, 95% CI [1.053, 1.277], P = 0.003) compared with LUAD (Table 3). Patients with lobectomy experienced favorable OS but not LCSS compared with those who received sublobar resection. In addition, age, gender, tumor differentiation grade, the number of resected lymph nodes, and tumor size were independent prognostic factors for OS and LCSS, as indicated in multivariate Cox regression analyses (Table 3).


[image: Figure 2]
FIGURE 2
Overall (A) and lung cancer–specific survival (B) for lung cancer patients with adenocarcinoma and squamous cell carcinoma after matching. LUAD, lung adenocarcinoma; LSQCC, lung squamous cell carcinoma.



TABLE 3 Univariate and multivariate regression analyses for overall survival and lung cancer–specific survival after matching.
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Subgroup analyses of the population stratified by tumor size

The prognosis of early-stage NSCLC patients was closely associated with tumor size. Thus, the full cohort was divided into three subgroups according to the tumor size. Because multivariate regression analysis was more reliable than univariate analysis, only multivariate analyses were shown. In Table 4, the results show that adenocarcinoma yielded better OS compared with squamous cell carcinoma in different tumor sizes. Similar results were also observed in LCSS (Table 5). Moreover, gender, the number of resected lymph nodes, and tumor differentiation grade were independent prognostic factors for OS and LCSS regardless of the tumor size (Tables 4 and 5).


TABLE 4 Multivariate regression analyses for overall survival stratified by tumor size.
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TABLE 5 Multivariate regression analyses for lung cancer–specific survival stratified by tumor size.
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Subgroup analyses of the population stratified by surgical procedures

To further investigate the effects of the surgical procedures on OS and LCSS in patients, the full cohort was stratified by surgical procedures. As shown in Tables 6 and 7, no matter what surgical procedures were performed, LSQCC was associated with worse OS and LCSS compared with LUAD. Furthermore, age, gender, tumor differentiation grade, tumor size, and the number of resected lymph nodes were independent prognostic factors for OS and LCSS (Tables 6 and 7).


TABLE 6 Multivariate regression analyses for overall survival stratified by surgical procedure.
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TABLE 7 Multivariate regression analyses for lung cancer–specific survival stratified by surgical procedures.
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Discussion

In this study, we attempted to explore the impact of the histological types on the prognosis of IA NSCLC patients. We found that IA NSCLC patients with squamous cell carcinoma were at a significantly greater risk of lower survival compared with those with adenocarcinoma. After PSM analysis, squamous cell carcinoma was still closely associated with shorter OS and LCSS. To further explore the effect of histology type on OS and LCSS, the full cohort of the study population was stratified by tumor size and surgical procedures for further analysis.

Although many studies have been conducted on the relationship between histology and prognosis in patients with IA NSCLC, other variables were mainly explored, and the role of histological types in prognosis was seldom comprehensively analyzed. However, the survival rate of LSQCC is different from that of LUAD in the same TNM stage. Strand et al. (4) revealed that LSQCC was associated with favorable survival rate compared with LUAD, which was also supported by Wisnivesky's study (3). Some other studies pointed out that LUAD yielded better survival rate than LSQCC (5–7). However, some researchers found that there was no significant difference in survival rates between LSQCC and LUAD (17, 18). Our study was based on a large population and focused on the impact of histological type on the prognosis of IA-stage LSQCC and LUAD patients, and we demonstrated that LSQCC was associated with worse OS and LCSS. Moreover, subgroup analyses stratified by tumor size demonstrated that adenocarcinoma was closely related to better OS and LCSS compared with squamous cell carcinoma regardless of tumor size. When the cohort was stratified by surgical procedures, the results showed that, no matter what surgical procedures were performed, adenocarcinoma was associated with better OS and LCSS compared with squamous cell carcinoma. Most LSQCC patients had a history of smoking and therefore were likely to have a higher incidence of comorbidities such as chronic obstructive pulmonary disease and heart disease compared with non-squamous NSCLC (19, 20). Also, LSQCC is likely to be centrally located, and as a result, it has a higher probability of invading blood vessels (21). Thus, we speculate that the above-mentioned evidence might account for why LSQCC was associated with worse OS and LCSS.

Recently, some studies pointed out that the adenocarcinoma and squamous cell carcinoma are significantly different in many prognostic factors such as age, tumor location, smoking status, gender, pathological stage, clinical TNM stage, tumor differentiation grade, and survival (5, 6). Our study also revealed that older age, male, poor tumor differentiation, a larger number of resected lymph nodes, and larger tumor size were associated with poor OS and LCSS.

Certainly, our study has some limitations. Recently, great progress has been made in targeted therapies and immunotherapies. These patients who received these therapies may survive for a longer period than those who did not. However, IA-stage NSCLC patients were less likely to receive such treatments; thus, there is little possibility that our study has been substantially affected. Second, as a result of the nature of the retrospective study, some bias was inevitable. Our study performed multivariate Cox regression analyses to remove potential bias as much as possible. Third, information about the R status of patients who received surgery was not provided, which was closely associated with tumor recurrence and outcome. However, the early-stage tumor was most likely to be completely resected, thus achieving R0 status. Finally, we did not have any information on comorbidities, functional status, or pulmonary function of the study population, and we will explore the relationship between these factors and survival in our independent cohort. Moreover, our results need to be further validated in a large randomized cohort study in the future.

Taken together, our study demonstrated that LSQCC predicted worse OS and LCSS in IA-stage NSCLC patients compared with LUAD. The outcomes of LSQCC and LUAD were quite different, and we feel that the two histologic types need to be analyzed differently.
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13 0875 0.753-1.017 0081 0777 0.716-0.843 <0.001° 0683 0.620-0776 <0.001°

24 0.645 0.555-0.750 <0.001* 0631 0.583-0.683 <0.001* 0573 0514-0.638 <0.001°

Unknown 0724 0.553-0.947 0.018* 0.661 0.581-0.751 <0.001* 0.747 0.638-0.875 <0.001°
SP

SR 1 1 1

LT 0.796 0.699-0.907 0.001* 0.743 0.697-0.792 <0.001* 0.780 0.716-0.849 <0.001°
Pathology

AD 3 1 1

scc 1489 1322-1.678 <0001 1421 1343-1.503 <0001* 1355 1269-1.447 <0001°

UD, undifferentiated; LN, lymph node; AD, adenocarcinoma SCC, squamous cell carcinoma: SR, sublobar resection; LR, lobectomy: SP, surgical procedure.
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Gender <0001* 0958
Male 3,706 (53.7%) 8,088 (39.5%) 3,408 (53.6%) 3,405 (53.0%)
Female 3,193 (46.3%) 12411 (60.5%) 3,015 (46.4%) 3,018 (47.0%)
Race <0001* 0952
Caucasian 6,192 (89.8%) 17508 (85.4%) 5,808 (912%) 5,810 (90.4%)
Others 707 (10.2%) 2,991 (14.6%) 615 (8.8%) 613 (9.6%)
Grade <0001* 0056
Well/moderate 3,786 (54.9%) 15,304 (74.7%) 3,747 (60.4%) 3,754 (60.9%)
Poor/UD 2,843 (41.2%) 3,709 (18.1%) 2,434 (36.1%) 375 (353%)
Unknown 270 (3.9%) 1,486 (7.2%) 242 (3.5%) 294 (38%)
Resected LNs 0.001% 0926
0 1,095 (15.9%) 2,873 (14.0%) 970 (15.1%) 979 (152%)
13 1,373 (19.9%) 3,979 (19.4%) 1266 (19.7%) 1,260 (19.6%)
24 4,078 (59.1%) 12,655 (61.7%) 3,894 3,906 (60.8%)
(60.6.5%)
Unknown 353 (5.1%) 2 (4.8%) 293 (4.7%) 278 (4.3%)
Tumor size (mm) <0.001% 0921
<10 755 (10.9%) 2,924 (14.3%) 689 (10.7%) 684 (10.6%)
11-20 3,505 (50.8%) 11,031 (53.8%) 3,332 (51.9%) 3,332 (522%)
2130 2,639 (38.3%) 6,544 (31.9%) 2,402 (374%) 2,384 (37.1%)
Surgical procedure <0001% 0981
Sublobar 2,037 (29.5%) 5,549 (27.1%) 1819 (28.3%) 1,848 (28.8%)
resection
Lobectomy 4,862 (70.5%) 14950 (72.9%) 4,604 (71.7%) 7,575 (712%)
Location 0.001% 0859
Upper 4314 (62.5%) 12,617 (61.5%) 4,125 (642%) 4,169 (64.9%)
Middle 304 (4.4%) 1,134 (5.5%) 268 (4.2%) 268 (4.2%)
Lower 2,244 (322%) 6,530 (31.9%) 1995 (31.1%) 1,950 (30.4%)
Others. 57 (0.9%) 218 (1.1%) 35 (05%) 36 (05%)
Laterality <0001% 0763
Left 3,063 (44.4%) 8,294 (40.5%) 2,860 (44.5%) 2,843 (443%)
Right 3,836 (55.6%) 12,205 (59.5%) 3,563 (55.5%) 3,580 (55.7%)
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HR, hazard ratio; UD, undifferentiated; LN, lymph node; AD, adenocarcinoma; SCC, squamous cell carcinoma; SR, sublobar resection; LR, lobectomy; SP, surgica

procedure.
“Univariate analysis.

“Multivariate analysis.
Difference was statistically significant.
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HR 95% CI P HR 95% CI P

Age

<69 1 1

>69 1156 1.015-1318 0.029° 1.155 1.068-1.248 <0.001"
Gender

Male 1 1

Female 0836 07350951 0.006" 0818 0757-0884 <0.001°
Grade

Well/moderate 1 1

Poor/UD 1482 1283-1711 <0.001* 1.489 1365-1625 <0.001°

Unknown 0925 0718-1193 0549 1017 0856-1209 0844
Resected LNs

0 1 1

13 0.828 0.708-0969 0.018" 081 0655-1.002 0052

24 0718 0611-0844 <0.001" 0.65 0.538-0.784 <0.001°

Unknown 0655 0464-0924 0.016" 0763 0.602-0968 0.026"
Tumor size (mm)

<10 1 1

11-20 153 <0.001° 1316 1123-1541 0001

21-30 2336 1901-2870 <0.001° 1733 1478-2033 <0.001°
Pathology

AD 1 1

sce 12 1040-1385 0012 1204 1101-1316 <0.001°

HR, hazard ratio; UD, undifferentiated;

SCC, squamous cell carcinoma.
3Difference was statistically significant.

LN, lymph node;

AD, adenocarcinoma
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HR 95% CI B HR 95% CI P HR 95% CI P

Age

<69 1 1

>69 1.170 1.064-1.286 0.001° 1151 1.038-1.276 0.008"
Gender

Male 1 1

Female 0.750 0.599-0.938 0.012* 0.790 0.719-0.868 <0.001* 0879 0.792-0.975 0.015*
Grade

Well/moderate 1 1 1

Poor/UD 1.550 1.192-2.016 0.001* 1.548 1.392-1.722 <0.001* 1417 1.265-1.588 <0.001°

Unknown 0846 0.569-1257 0407 0964 0.786-1.183 0726 1086 0.862-1369 0482
Resected LNs

0 1 X

» 0.837 0.712-0.983 0.030* 0.798 0.650-0.981 0.032*

24 0.662 0.566-0.774 <0.001* 0.660 0.542-0.804 <0.001°

Unknown 0.686 0.536-0.879 0.003* 0813 0.613-1.079 0.152
sp

SR 1

LT 0976 0.861-1.106 0700 0837 0720-0973 0020"
Pathology

AD 1

scc 1324 1019-1.720 0.036* 1173 1051-1.308 <0.001* 1230 1.097-1379 <0001°

HR, hazard ratio; UD, undifferentiated; LN, lymph node; AD, adenocarcinoma SCC, squamous cell carcinoma; SR, sublobar resection; LR, lobectomy; SP, surgical

procedure.

" )iffeance was statistically sionificant
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Sublobar resection

HR 95%CI P HR 95%Cl P

Age

<69 1 1

>69 1536 1.439-1.640 <0.001' 1.669 1.59-1.745 <0.001"
Gender

Male 1 1

Female 0742 0.697-0790 <0001 073 0.698-0.763 <0001°
Grade

Well/moderate 1 1

Poor/UD 1288 1.198-1384 <0.001* 124 1.181-1.301 <0.001°
Unknown 1052 0938-1179 0385 0954 0868-1049 0331
Resected LNs

o 1 1

1-3 0778 0.721-0.840 <0.001* 071 0.633-0.795 <0.001°
24 0627 0.578-0.680 <0.001* 0573 0.516-0.638 <0.001°
Unknown 0746 0.639-0872 <0001 0651 0567-0.747 <0001°
Tumor size (mm)

<10 1 1

11-20 116 10701259 <0001 1065 0981-L156 0.135
2130 1374 1248-1512 <0001° 1268 1166-1378 <0.001°
Pathology

AD 1

scc 1353 1263-1449 <0001° 1429 1360-1502 <0.001°
HR, hazard ratio; UD, undifferentiated; LN, lymph node: AD, adenocarcinoma;

SCC, squamous cell carcinoma.
*Difference was statistically significant.
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