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Abstract
Introduction  Although the Tumor-Node-Metastasis (TNM) staging system is widely used for staging lung squamous 
cell carcinoma (LSCC), the TNM system primarily emphasizes tumor size and metastasis, without adequately 
considering lymph node involvement. Consequently, incorporating lymph node metastasis as an additional 
prognostic factor is essential for predicting outcomes in LSCC patients.

Methods  This retrospective study included patients diagnosed with LSCC between 2004 and 2018 and was based 
on data from the Surveillance, Epidemiology, and End Results (SEER) database of the National Cancer Institute. 
The primary endpoint of the study was cancer-specific survival (CSS), and demographic characteristics, tumor 
characteristics, and treatment regimens were incorporated into the predictive model. The study focused on the 
value of indicators related to pathological lymph node testing, including the lymph node ratio (LNR), regional node 
positivity (RNP), and lymph node examination count (RNE), in the prediction of cancer-specific survival in LSCC. A 
prognostic model was established using a multivariate Cox regression model, and the model was evaluated using 
the C index, Kaplan–Meier, the Akaike information criterion (AIC), decision curve analysis (DCA), continuous net 
reclassification improvement (NRI), and integrated discrimination improvement (IDI), and the predictive efficacy of 
different models was compared.

Results  A total of 14,200 LSCC patients (2004–2018) were divided into training and validation cohorts. The 10-year 
CSS rate was approximately 50%, with no significant survival differences between cohorts (p = 0.8). The prognostic 
analysis revealed that models incorporating LNR, RNP, and RNE demonstrated superior performance over the TNM 
model. The LNR and RNP models demonstrated better model fit, discrimination, and reclassification, with AUC 
values of 0.695 (training) and 0.665 (validation). The RNP and LNR models showed similar predictive performance, 
significantly outperforming the TNM and RNE models. Calibration curves and decision curve analysis confirmed the 
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Introduction
Lung cancer is one of the leading causes of cancer-related 
deaths globally, accounting for 18.0% of all cancer deaths 
and approximately 180,000 deaths each year. Moreover, it 
is the leading and second leading cause of death for men 
and women with cancer, respectively [1]. Lung squamous 
cell carcinoma (LSCC) is a specific subtype of non-small 
cell lung cancer (NSCLC), accounting for approximately 
35% of all lung cancer cases [2]. Compared to adenocarci-
noma, LSCC is characterized by distinct epidemiological 
features and poorer clinical outcomes, with limited effec-
tive targeted therapies [3, 4]. These factors underscore 
the importance of accurate clinical staging for predict-
ing patient outcomes and guiding appropriate treatment 
strategies.

Regional node positive (RNP) status is a key fac-
tor in pathological evaluation and surgical assessment. 
Research has demonstrated that RNP status is a sig-
nificant independent prognostic indicator in various 
cancers, including thyroid cancer, adrenocortical can-
cer, and chondrosarcoma [5–7]. In LSCC, prognosis is 
largely determined by the eighth edition of the Ameri-
can Joint Committee on Cancer Tumor-Node-Metas-
tasis (TNM) staging system, which primarily focuses 
on tumor metastasis [8]. However, this system does not 
account for lymphadenectomy or the number of positive 
lymph nodes, whereas pathological pN staging provides 
superior prognostic value [9, 10]. Previous studies have 
shown that factors such as age, lymph node ratio (LNR), 
and the number of regional nodes examined (RNE) sig-
nificantly affect survival in NSCLC patients [11, 12]. Fur-
thermore, combining LNR with traditional N staging has 
been shown to enhance survival prediction compared to 
N staging alone, and similarly, combining N staging with 
RNE improves survival prediction [13–15]. Therefore, 
investigating the prognostic value of RNP status in LSCC 
patients is essential.

This study used data from the Surveillance, Epidemi-
ology, and End Results (SEER) database to evaluate the 
role of regional node positivity (RNP) in predicting long-
term postoperative survival in patients with LSCC. In 
addition, we compared multiple models including TNM 
stage, RNP, and lymph node ratio (LNR) to determine the 
most effective model for predicting cancer-specific sur-
vival (CSS) in patients with LSCC.

Methods
Study design and data source
We used SEER * Stat (version 8.4.0) to download data of 
patients with LSSC from January 2004 to December 2018 
(containing 18 registration states and additional treat-
ment information) [16]. All sample data used in the study 
were anonymous data in the SEER database; therefore, 
there was no requirement for patient informed consent 
and ethical approval by the institution of the investigator. 
The authors assume responsibility for the content of the 
study and the results presented in this article, which do 
not represent the official views of the SEER database or 
the National Cancer Institute. We report the following 
findings based on the TRIPOD report checklist [17].

Sample selection
In the SEER database, we selected patients with primary 
malignant SCC according to the third edition of the 
International Classification of Disease Oncology (ICD-
O-3) and the fifth edition of the WHO Classification of 
Tumors-Thoracic Tumors criteria. The inclusion criteria 
were: (1) ICD-O-3 histology was 8070/3, 8071/3, 8072/3, 
and 8083/3; (2) primary site was C34.0-Main Bronchus, 
C34.1-Upper lobe, lung, C34.2-Middle lobe, lung, and 
C34.3-Lower lobe, lung; and (3) pulmonary SCC was the 
only primary tumor. Exclusion criteria were: (1) tumor 
size was imprecise; (2) TNM stage was missing; (3) later-
ality was unclear; (4) age < 18 or > 100 years; (5) race was 
unknown; (6) surgery was a partial resection; and (7) the 
lymph node status was unclear or the extent of resection 
was unclear. The selection process for the study popula-
tion is shown in Fig. 1.

Study variables
Data extracted from the SEER database included the 
following: demographic variables (including age, sex, 
race, marital status at diagnosis), tumor characteristics 
(e.g., lateral degree, TNM stage, primary site, histologi-
cal type, grading, tumor size), treatment status (e.g., pri-
mary site surgery, radiotherapy, chemotherapy, lymph 
node surgery[RNE, RNP]), patient survival months, 
and CSS. The LNR is obtained by dividing the patient’s 
regional node positivity number by the number of RNE. 
The LNR was classified into three categories (≤ 0.15, 
0.16–0.5, and ≥ 0.5), as previously described [10]. Age at 

clinical utility and net benefit of the LNR and RNP models in predicting long-term CSS for LSCC patients, highlighting 
their value in clinical decision-making.

Conclusion  This study confirms that RNP status is an independent prognostic factor for CSS in LSCC, with predictive 
efficacy comparable to LNR, with both models enhancing survival prediction beyond TNM staging.
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diagnosis, tumor size, and the X-tile software ​(​​​h​t​​t​p​s​​:​/​/​m​​
e​d​​i​c​i​n​e​.​y​a​l​e​.​e​d​u​/​l​a​b​/​​​​​) were used to determine the best 
cut-off value; the best cut-off values for age were 69 and 
76 years, and patients were divided into three age groups 
(i.e., < 69, 69–76, and > 76 years). The optimal cut-off val-
ues for tumor size were 20 and 38 mm, and patients were 
divided into three groups (i.e., < 20, 20–38, and > 38 mm). 
In this study, negative and positive classifications were 
made according to whether the number of RNP was 0 or 
not, and RNE kept the original data in the discrimina-
tive model. The endpoint of interest in this study is CSS 

for LSCC. CSS refers to the time to death of patients due 
to LSCC itself. The 10-year CSS rate was selected as the 
terminal event to compare the predictive performance of 
the models.

Statistical analysis
This study presents continuous variables as mean ± stan-
dard deviation, while categorical variables are expressed 
as counts and percentages. Differences between the 
training and validation groups were analyzed using Stu-
dent’s t-test for continuous variables and Pearson’s χ² 

Fig. 1  Study flow diagram. ICD-O-3, third edition of the international classification of disease oncology
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test for categorical variables. Kaplan–Meier analysis 
was employed to estimate CSS associated with different 
variables, and the log-rank test was used to compare the 
differences between groups to identify potential con-
founders. Variables with a p-value < 0.2 in the univariate 
analysis were included in the subsequent multivariate 
Cox regression analysis. We established five multivariate 
Cox models to clarify and compare the prognostic effects 
of lymph node indicators on LSCC CSS. First, a basic 
model containing only the TNM staging was created and 
named the TNM model. Second, a limited model was 
constructed, which included the TNM staging and other 
clinical parameters except for lymph node-related indica-
tors. Third, the LNR model was developed, which added 
the LNR indicator to the limited model. Then, the RNP 
model was established, which combined the RNP indica-
tor with other parameters in the limited model. Finally, 
the RNE model was constructed, which combined the 
RNE indicator with all the variables in the limited model. 
The LNR model, RNP model and RNE model are collec-
tively referred to as the full models. Variable selection 
was performed using stepwise regression for all models.

Model performance was assessed using measures of 
model fit (R2, Akaike Information Criterion [18]), dis-
crimination (Harrell’s concordance index [19]), reclas-
sification (continuous net reclassification improvement 
[NRI] and integrated discrimination improvement [IDI] 
[20]), calibration plots, and decision curve analysis 
(DCA) [21].

All p-values were two-tailed, and p-values < 0.05 
denoted statistically significant differences. All statistical 
analyses were performed using the R programming lan-
guage and environment (http://www.r-project.org/).

Results
Patient characteristics
Between 2004 and 2018, a total of 14,200 patients were 
diagnosed with LSCC; these patients were randomly 
divided into training and validation cohorts in a 7:3 
ratio. The results of the training and validation group 
stratification based on demographic data, tumor mani-
festations, and treatment-related characteristics are 
shown in Table  1. In all study samples, 50% of patients 
were aged < 69 years at diagnosis; >60% of the patients 
were male. Disease was more frequently observed in 
the right lung, approximately 70% of patients had T1–2 
stage disease, and > 70% of patients did not have lymph 
node metastasis. Only approximately 3% of the patients 
developed distant metastases. Patients with SCC often 
have tumors larger than 2 cm in size, and the most com-
mon location of lesions was the upper lung. The major-
ity of patients received chemotherapy; more than 90% of 
patients underwent a lobectomy; and very few patients 
received radiotherapy. Most patients had an LNR ≤ 0.15. 
More than 70% of the patients had negative lymph nodes, 
and the average number of lymph nodes examined in 
patients was approximately 12. The results of the χ2 test 
did not show a difference in performance between the 
training and validation cohorts, this indicates good com-
parability between the two groups.

Prognostic analysis
Kaplan–Meier curves demonstrated that the 10-year CSS 
rate was approximately 50%, with no statistically signifi-
cant difference in survival between the training and vali-
dation groups (p = 0.8) (Supplemental Fig.  1). Detailed 
results such as the TNM model, limited model and full 
model parameters can be found in Supplementary Table 
1. Table 2 present the predicted performance details and 

Fig. 2  ROC of Cox models in the (A) training and (B) validation cohorts predicting 10-year CSS. AUC, area under the receiver operating characteristic 
curve; CSS, cancer-specific survival; LNR, lymph node ratio; RNE, regional nodes examined; RNP, regional nodes positive
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Characteristic Overall
n = 14,200

Training Cohort
n = 11,360

Validation Cohort
n = 2,840

p-value

Age, years 0.703
  < 69 7,141 (50%) 5,724 (50%) 1,417 (50%)
  69–76 4,614 (32%) 3,695 (33%) 919 (32%)
  > 76 2,445 (17%) 1,941 (17%) 504 (18%)
Sex 0.897
  Female 5,330 (38%) 4,261 (38%) 1,069 (38%)
  Male 8,870 (62%) 7,099 (62%) 1,771 (62%)
Race 0.180
  Black 1,145 (8.1%) 892 (7.9%) 253 (8.9%)
  Other 696 (4.9%) 557 (4.9%) 139 (4.9%)
  White 12,359 (87%) 9,911 (87%) 2,448 (86%)
Laterality 0.716
  Left 6,272 (44%) 5,009 (44%) 1,263 (44%)
  Right 7,928 (56%) 6,351 (56%) 1,577 (56%)
T stage 0.427
  T1 4,638 (33%) 3,735 (33%) 903 (32%)
  T2 5,165 (36%) 4,108 (36%) 1,057 (37%)
  T3 2,884 (20%) 2,321 (20%) 563 (20%)
  T4 1,513 (11%) 1,196 (11%) 317 (11%)
N stage 0.844
  N0 10,138 (71%) 8,106 (71%) 2,032 (72%)
  N1 2,476 (17%) 1,982 (17%) 494 (17%)
  N2 1,533 (11%) 1,232 (11%) 301 (11%)
  N3 53 (0.4%) 40 (0.4%) 13 (0.5%)
M stage 0.751
  M0 13,833 (97%) 11,064 (97%) 2,769 (98%)
  M1 367 (2.6%) 296 (2.6%) 71 (2.5%)
Marital status 0.672
  Married 8,055 (57%) 6,454 (57%) 1,601 (56%)
  Other 6,145 (43%) 4,906 (43%) 1,239 (44%)
Histologic 0.608
  Basaloid SCC 154 (1.1%) 117 (1.0%) 37 (1.3%)
  Kera SCC 1,213 (8.5%) 967 (8.5%) 246 (8.7%)
  Nonkera SCC 667 (4.7%) 530 (4.7%) 137 (4.8%)
  SCC 12,166 (86%) 9,746 (86%) 2,420 (85%)
Grade 0.501
  I–II 6,308 (44%) 5,062 (45%) 1,246 (44%)
  III–IV 6,346 (45%) 5,078 (45%) 1,268 (45%)
  Unknown 1,546 (11%) 1,220 (11%) 326 (11%)
Tumor size, mm 0.178
  < 20 2,372 (17%) 1,928 (17%) 444 (16%)
  20–38 5,668 (40%) 4,504 (40%) 1,164 (41%)
  > 38 6,160 (43%) 4,928 (43%) 1,232 (43%)
Primary site 0.949
  Lower 4,936 (35%) 3,958 (35%) 978 (34%)
  Middle 594 (4.2%) 476 (4.2%) 118 (4.2%)
  Other 465 (3.3%) 368 (3.2%) 97 (3.4%)
  Upper 8,205 (58%) 6,558 (58%) 1,647 (58%)
Chemotherapy 0.792
  No/Unknown 9,856 (69%) 7,879 (69%) 1,977 (70%)
  Yes 4,344 (31%) 3,481 (31%) 863 (30%)
Surgery 0.975

Table 1  Description of the training and validation cohorts
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all supporting data for the TNM model, limited model, 
and full models. Compared with the TNM model, the 
limited model and full models had a better model fit, 
with higher R2 and lower Akaike Information Criterion, 
better discrimination, and better reclassification (NRI 
and IDI, 95% CI: >0). Compared with the limited model, 
the LNR, RNP, and RNE models yielded better results in 
each aspect. Unlike the NRI (95% CI: −0.046–0.078), the 
IDI of the LNR model was improved effectively (IDI, 95% 
CI: >0). The IDI and NRI of the RNP model were both 
improved (95% CI: >0). The IDI and NRI of the RNE 
model were consistent with those of the limited model. 
Compared with the LNR model, the IDI and NRI of the 
RNP model did not show any advantage, while the per-
formance of the RNE model was worse than that of the 

LNR model (IDI, 95% CI: <0). The LNR and RNP models 
showed similar performance, with IDI (-0.001, 95% CI: 
-0.005-0.0003) and NRI (0.037, 95% CI: -0.060- 0.109). 
Among the training datasets, the LNR and RNP mod-
els performed best in predicting 10-year CSS in LSCC, 
with an AUC of 0.695 (Fig. 2A). Furthermore, analysis of 
an observational calibration curve revealed similar out-
come prediction and observed risk performance for the 
LNR and RNP models (Fig. 3A). The DCA analysis also 
showed that the LNR and RNP models had similar per-
formance in terms of clinical net benefits (Fig. 3C). Based 
on these results, the performance and effectiveness of the 
relevant models was further evaluated in the validation 
cohort.

Table 2  Prediction of performance in the training cohort for the TNM, Limited, and full models
Full Models

Variable TNM Model Limited Model LNR Model RNP Model RNE Model
AIC 64,611 64,233 64,135 64,135 64,178
R2, % 7.5 10.9 11.6 11.4 11.3
Model performance compared with the TNM stage
NRI 0.201

(0.005, 0.183)
IDI 0.045

(0.001, 0.041)
Model performance compared with the limited model
NRI 0.001

(− 0.046, 0.078)
0.158
(0.034, 0.185)

0.005
(− 0.028, 0.043)

IDI 0.001
(0.000, 0.002)

0.005
(0.001, 0.008)

0.000
(− 0.002, 0.002)

Model performance compared with the LNR model
NRI 0.037

(− 0.060, 0.109)
−0.040
(− 0.062, 0.000)

IDI −0.001
(− 0.005, 0.003)

−0.006
(− 0.010, − 0.001)

AIC, Akaike Information Criterion; IDI, integrated discrimination improvement; LNR, lymph node ratio; NRI, net reclassification improvement; RNP, regional nodes 
positive; RNE, regional nodes examined; TNM, Tumor–Node–Metastasis

Characteristic Overall
n = 14,200

Training Cohort
n = 11,360

Validation Cohort
n = 2,840

p-value

  Lobectomy 13,132 (92%) 10,506 (92%) 2,626 (92%)
  Pneumonectomy 1,068 (7.5%) 854 (7.5%) 214 (7.5%)
Radiotherapy 0.437
  No/unknown 12,236 (86%) 9,776 (86%) 2,460 (87%)
  Yes 1,964 (14%) 1,584 (14%) 380 (13%)
LNR 0.798
  ≤ 0.15 12,217 (86%) 9,764 (86%) 2,453 (86%)
  0.16–0.5 1,659 (12%) 1,333 (12%) 326 (11%)
  > 0.5 324 (2.3%) 263 (2.3%) 61 (2.1%)
RNP 0.744
  Negative 10,531 (74%) 8,418 (74%) 2,113 (74%)
  Positive 3,669 (26%) 2,942 (26%) 727 (26%)
RNE 11.72 ± 8.97 11.72 ± 8.96 11.72 ± 9.03 0.995
LNR, lymph node ratio; RNP, regional nodes positive; RNE, regional nodes examined; SCC, squamous cell carcinoma

Table 1  (continued) 
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Validation analysis
Consistent with the predictive efficacy of the training 
dataset, the AIC and R2 of the full models were higher 
than those of the TNM model and limited model in the 
validation dataset. In validation, the NRI and IDI of the 
LNR and RNP models were − 0.01 (95% CI: -0.115-0.072) 
and − 0.002 (95% CI: -0.015-0.009), respectively. In the 
validation, the RNP model performed best in predicting 
10-year CSS of LSCC, with an AUC of 0.665, while the 
LNR model was 0.664 (Fig. 2B). Overall, the performance 
of the RNE model was lower than that of the LNR and 
RNP models (IDI, 95% CI: <0) (Table  3). The calibra-
tion curve (Fig.  3B) and DCA of the validation cohort 
showed that the LNR and RNP models exhibited similar 

predictive performance; both models had good predic-
tive ability and clinical net benefits (Fig. 3D). The predic-
tion performance of the LNR model and RNP model is 
better than that of the TNM model, limited model, and 
RNE model, both in the training cohort and the valida-
tion cohort.

Discussion
An accurate assessment of lymph node status is essen-
tial in the management of LSCC patients, particularly for 
treatment decisions and survival prognosis. Through the 
modeling and validation conducted in this study, we have 
confirmed that RNP status is an independent prognostic 
factor for CSS in LSCC patients, with predictive efficacy 

Fig. 3   Calibration curves depicting predicted versus observed 10-year risks of CSS using the LNR and RNP models in the (A) training and (B) validation 
cohorts. DCA of CSS using the LNR and RNP models in the (C) training and (D) validation cohorts. CSS, cancer-specific survival; DCA = decision curve 
analysis; LNR, lymph node ratio; RNP, regional nodes positive
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comparable to that of the LNR variable. This finding not 
only provides a more precise tool for prognostic assess-
ment in LSCC but also offers a solid theoretical founda-
tion for developing individualized treatment strategies 
based on lymph node status in clinical practice. Specifi-
cally, when compared with traditional TNM staging and 
the RNE model, the RNP and LNR models offer a more 
accurate reflection of the patient’s true prognosis. This 
aids clinicians in making more informed treatment deci-
sions, ultimately enhancing both patient survival rates 
and quality of life.

Lymph node status is one of the most important prog-
nostic indicators of NSCLC. Currently, the American 
Joint Committee on Cancer N staging based on the ana-
tomic location of positive lymph nodes is the most widely 
used staging system [22]. Compared with the lymph node 
count, the anatomical definition of lymph node loca-
tion is more complex and may lead to inconsistencies 
in staging interpretation and misclassification [23, 24]. 
However, it has been suggested that use of the anatomic 
location in this N staging system to distinguish sub-
groups may overlap in prognostic significance under cer-
tain conditions [25, 26]. In this study, model comparisons 
showed that pathological lymph node status was an inde-
pendent prognostic factor in patients with LSCC, though 
the CSS prediction model included N staging. This may 
be explained by the fact that N staging is defined by 
pathology or clinical presentation, whereas lymphatic 
status is defined by pathological examination. In addi-
tion, the accuracy of N staging may be affected by an 
insufficient number of positive lymph nodes, which may 
result in misclassification of lymph nodes [9]. The staging 
of LSCC will be more accurate after the RNP and LNR 

indicators. Through precise staging, clinicians can better 
identify high-risk patients and develop more individual-
ized treatment plans for these patients.

The LNR index, which combines the number of 
involved lymph nodes with the total number of detected 
lymph nodes, could theoretically overcome the limita-
tions of the number-based lymph node classification 
system. However, an obvious characteristic of the LNR 
is that it is related to the number of RNE. Therefore, the 
role of the LNR is questionable when lymph node dissec-
tion is low, particularly after thoracoscopic surgery [27]. 
This study revealed that the effectiveness of RNP status in 
predicting CSS rate in patients with LSCC did not differ 
from that of the LNR. These findings suggested that the 
CSS rate of patients with LSCC was not strongly corre-
lated with the number of RNE. Following the occurrence 
of lymph node metastasis, the rates of CSS tended to be 
similar among patients. Thus, RNP status may be a valid 
variable to replace LNR in predicting LSCC-CSS rates.

Previous studies have confirmed that the NSCLC sur-
vival prognosis model containing the LNR indicator has 
superior predictive ability compared to the TNM stag-
ing system [11, 28]. The present study investigated the 
predictive performance of three lymph node staging 
variables (i.e., LNR, RNE, and RNP) for determining the 
long-term CSS rate in patients with LSCC. In the multi-
variate Cox regression analysis, the LNR and RNP mod-
els showed similar predictive ability; however, the ability 
of the RNE model to predict CSS rates remains to be 
investigated. The LNR and RNP models showed better 
prognostic value compared with the TNM model. Mod-
els that include RNP and LNR are of great significance 
in clinical treatment decisions. They can guide doctors 

Table 3  Prediction of performance in the validation cohort for the TNM, limited, and full models
Full Models

Variable TNM Model Limited Model LNR Model RNP Model RNE Model
AIC 64,611 64,222 64,135 64,164 64,178
R2, % 7.3 10.3 11.4 10.8 10.4
Model performance compared with the TNM model
NRI 0.160

(0.091, 0.256)
IDI 0.042

(0.031, 0.071)
Model performance compared with the limited model
NRI 0.061

(− 0.048, 0.145)
0.115
(− 0.003, 0.197)

0.002
(− 0.096, 0.070)

IDI 0.010
(0.001, 0.026)

0.008
(0.001, 0.018)

−0.001
(− 0.003, 0.002)

Model performance compared with the LNR model
NRI −0.010

(− 0.115, 0.072)
−0.042
(− 0.143, 0.012)

IDI −0.002
(− 0.015, 0.009)

−0.011
(− 0.024, − 0.002)

AIC, Akaike Information Criterion; IDI, integrated discrimination improvement; LNR, lymph node ratio; NRI, net reclassification improvement; RNP, regional nodes 
positive; RNE, regional nodes examined; TNM, Tumor–Node–Metastasis
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in choosing the appropriate treatment strategy, such as 
whether more aggressive treatment or close follow-up is 
required, through more accurate prognostic assessments. 
The application of RNP and LNR can help improve 
patient survival rates and quality of life, especially in indi-
vidualized treatment for lymph node metastasis.

The SEER database, covering 18 states, ensures the 
generalizability and credibility of the current results in 
predicting CSS rates in LSCC. Nevertheless, this study 
had several limitations. Firstly, the SEER database is a 
large retrospective project, which inherently carries the 
risk of biases. These biases may stem from the exclusion 
of patients with incomplete data, leading to a potential 
underrepresentation of certain subgroups. The reliance 
on retrospective data also limits the ability to control 
for unmeasured confounding factors, which could have 
affected the accuracy of the results. Secondly, the SEER 
database does not include some key variables that could 
significantly influence the prognosis of LSCC, such as 
smoking status, recurrence information, comorbidities, 
and detailed treatment regimens. These unaccounted fac-
tors may introduce residual confounding and limit the 
ability to fully assess the impact of certain variables on 
survival outcomes. Finally, the exclusion of patients with 
missing data for key variables, while necessary for ensur-
ing the completeness of the analysis, may have contrib-
uted to selection bias. This exclusion could potentially 
skew the sample towards patients with more complete 
medical histories, thus affecting the generalizability of 
our findings. Additionally, given that the SEER database 
does not capture certain clinical parameters that are rou-
tinely collected in prospective studies, the results of this 
study should be interpreted with caution.

Conclusion
This study demonstrates that RNP status is an indepen-
dent prognostic factor for CSS in LSCC, comparable 
to LNR. Incorporating RNP and LNR into prognostic 
models improves survival prediction over TNM staging, 
aiding personalized treatment decisions. Further pro-
spective studies are needed to validate these findings and 
refine LSCC prognosis.
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