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Background: There is currently no recognized assessment system to predict disease outcomes for stage 
I non-small cell lung cancer (NSCLC). This research aimed to develop a prognostic scoring system for 
predicting 5-year overall survival (OS) of individuals with stage I NSCLC following definitive therapeutic 
intervention. Additionally, the optimal number of examined lymph nodes (ELNs) count for tumors no larger 
than 30 mm was determined.
Methods: Patients (n=22,617) diagnosed with stage I NSCLC from 2007 to 2015 who underwent definitive 
treatment (pulmonary lobectomy, pulmonary sublobectomy, or radiotherapy) were identified from the 
Surveillance, Epidemiology, and End Results (SEER) database. There were 400 Chinese patients with 
stage I NSCLC diagnosed in 2017 enrolled for external validation. The nomogram was constructed based 
on gradient boosting machine. The optimal ELNs in patients with tumors ≤30 mm and node-negative 
undergoing pulmonary lobectomy or pulmonary sublobectomy were determined using log-rank test and 
validated by multivariable analysis. 
Results: Age at diagnosis, histology, differentiated grade, tumor staging, number of ELNs, and definitive 
treatment pattern were recognized as important factors for 5-year OS. The prognostic scoring system 
exhibited superior discrimination accuracy, calibration ability, and net clinical benefit compared to the tumor, 
node, metastasis (TNM) staging system. For patients with tumors ≤30 mm, more than 10 and 20 ELNs 
demonstrated the maximum OS difference during lobectomy and sublobectomy, respectively. 
Conclusions: This prognostic scoring system will anticipate the prognosis of stage I NSCLC patients 
after radical treatment, thereby offering individualized treatment recommendations for both clinicians and 
patients. A minimum of 10 ELNs during lobectomy and 20 ELNs during sublobectomy are necessary for 
small-sized NSCLC.
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Introduction

Lung cancer ranks as one of the most prevalent forms of 
malignant neoplasms globally, accounting for more than  
2.2 million new cases and approximately 1.8 million 
fatalities annually (1). Stage I non-small cell lung cancer 
(NSCLC) is typically viewed as an earlier stage in the 
progression of the disease, offering patients the potential 
to be cured and the possibility of long-term survival. 
Pulmonary lobectomy has been recommended as the first-
line treatment for stage I NSCLC, as it has demonstrated 
an obvious survival benefit to patients (2). However, 
this surgical procedure typically requires a relatively 
well physical state of patients and will result in great 
respiratory function loss (3). Recently, sublobectomy and 
radiotherapy have emerged as alternative therapeutic 

options for stage I NSCLC (4), potentially offering minor 
trauma and improved tolerability compared to lobectomy 
(5-7). Previous studies focused more on predicting the 
postoperative survival time of early-stage lung cancer (8,9), 
yet none of the proposed prognostic scoring systems have 
included radiotherapy as a radical treatment method along 
with surgery. The tumor, node, metastasis (TNM) stage is a 
widely acknowledged prognostic factor for cancer patients. 
According to the 8th edition of the TNM staging system 
for lung cancer, the 5-year overall survival (OS) rates for 
patients with stage IA1, IA2, IA3, and IB NSCLC are 92%, 
83%, 77%, and 68%, respectively. However, the impact of 
other clinicopathological factors on survival outcomes is 
yet to be fully understood, which may lead to overlooking 
some patients at risk of early death (10). Therefore, there is 
a pressing need to establish an accurate prognostic system 
to guide personalized treatment and evaluate the clinical 
curative effect in patients with stage I NSCLC. 

Accurate lymph node (LN) assessment facilitates the 
determination of clinical stage classification and eliminates 
the risk of micrometastasis, thereby improving long-term 
survival. But in the practical work, patients with clinical 
stage IA NSCLC often undergo conservative LN sampling 
instead of radical lymphadenectomy. However, nearly  
20 percent of patients will experience pathological T-stage 
migration due to the existence of high-risk factors (visceral 
pleural invasion; main bronchus involvement; atelectasis/
obstructive pneumonitis extending to hilum) (11). In 
patients with a higher T stage, more examined lymph nodes 
(ELNs) should have been examined to confirm an N0 
diagnosis (12). Hence, the potential high-risk factors should 
be foreseen before treatment, and identifying the ideal 
number of ELNs to be assessed is of significant importance 
in NSCLC patients with small-sized tumors and clinically 
LN-negative disease.

The objective of the present study was to identify the 
clinicopathological factors correlating with the survival 
outcome of patients diagnosed with stage I NSCLC and 
to develop an innovative prognostic scoring system for 
the prediction of the overall 5-year survival rate following 
radical treatment. The developed prediction model was 
validated in an external cohort from China. Moreover, 
the optimal number of ELNs in patients with tumor size 
≤30 mm and pathological N0 disease was identified to 
assess its clinical and prognostic significance. We present 
this article in accordance with the TRIPOD reporting 
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-24-1474/rc).

Highlight box

Key findings
• We propose a prognostic scoring system for individuals with 

stage I non-small cell lung cancer (NSCLC) to predict 5-year 
overall survival (OS) following definitive treatment (pulmonary 
lobectomy, pulmonary sublobecomy, or radiotherapy). This model 
demonstrated excellent prediction performance in both American 
and Chinese cohorts. Additionally, stage I NSCLC patients with 
tumor size ≤30 mm should undergo more than 10 and 20 lymph  
node (LN) dissection during pulmonary lobectomy and 
sublobectomy, respectively.

What is known and what is new? 
• Patients with stage I NSCLC typically have an optimistic prognosis 

after radical treatment; however, a subset may die within 5 years. 
Previous studies mainly focused on forecasting postoperative 
prognosis of early-stage NSCLC, but existing prognostic scoring 
systems have not included radiotherapy as a curative treatment 
option. 

• Radical clearance of regional LNs is known to help eliminate 
occult micrometastasis. According to current clinical practice 
guidelines, systemic LN dissection is recommended as the 
committed step of lung cancer surgery. However, the relationship 
between the number of dissected LNs and survival benefit in stage 
I NSCLC with tumors ≤30 mm remains controversial.

What is the implication, and what should change now? 
• As a complement to the tumor, node, metastasis staging system, 

this prognostic scoring system will enable doctors to make more 
accurate prognostic anticipation for patients following definitive 
treatment, thereby contributing to precise medicine for stage I 
NSCLC. We also propose the minimum number of examined LNs 
for small-sized stage I NSCLC, providing theoretical evidence for 
the development of surgical protocols.

https://tcr.amegroups.com/article/view/10.21037/tcr-24-1474/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-24-1474/rc
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Methods

Data collection

Data on patients newly diagnosed with stage I NSCLC 
between 2007 and 2015 were extracted from 17 population-
based cancer registries in the Surveillance, Epidemiology, 
and End Results (SEER) program, utilizing the SEER*Stat 
software (version 8.4.3) (13). The SEER program, which 
is funded by the National Cancer Institute, encompasses 
roughly 30% of the U.S. population. Additionally, a 
retrospective collection of data from The First Affiliated 
Hospita l  of  Zhej iang Univers i ty  was  conducted, 
encompassing the period from January 1, 2017 to December 
31, 2017. These data served as an external validation cohort 
for the study.

Tumor staging was conducted following the guidelines 
established by the American Joint Committee on Cancer 
(AJCC; the 8th edition), which categorized the stages as 
follows: T1aN0M0 for stage IA1, T1bN0M0 for stage 
IA2, T1cN0M0 for stage IA3, and T2aN0M0 for stage 
IB. Specifically, the non-sized T2a descriptors included 
tumors ≤40 mm with main bronchus involvement [Lung 
Collaborative Stage (CS) Extension codes 200, 210], 
associated with atelectasis/obstructive pneumonitis that 
extends to the hilar region (Lung CS Extension codes 400, 
550), and tumors with visceral pleural invasion (Lung CS 
Extension codes 420, 430, 440, 450). The 3rd edition of 
the International Classification of Diseases for Oncology 
(ICD-O-3) was used for coding primary tumor location and 
cancer histology.

Patient selection

Patients diagnosed with stage I primary NSCLC (site 
codes: C34.0–C34.3) who had received standard definitive 
treatment were enrolled in the present study. The deadline 
date for follow-up was December 31, 2021. The histological 
types of NSCLC include the following (14): squamous 
cell carcinoma (8051, 8052, 8070–8076, 8078, 8083, 8084, 
8090, 8094, 8123), adenocarcinoma (8015, 8050, 8140, 
8141, 8143–8145, 8147, 8190, 8201, 8211, 8250–8255, 
8260, 8290, 8310, 8320, 8323, 8333, 8401, 8440, 8470, 
8471, 8480, 8481, 8490, 8503, 8507, 8550, 8570–8572, 
8574, 8576), large cell carcinoma (8012–8014, 8021, 8034, 
8082), as well as not otherwise specified (8046, 8003, 8004, 
8022, 8030, 8031–8033, 8035, 8120, 8200, 8240, 8241, 
8243–8246, 8249, 8430, 8525, 8560, 8562, 8575). Standard 
treatment procedures included lobectomy (surgery codes: 

30, 33, 45–48), sublobectomy (surgery codes: 21, 22), and 
radiotherapy following NCCN Guidelines® Insights: Non-
Small Cell Lung Cancer, Version 3.2024 (4). The exclusion 
criteria were: (I) age ≤18 years; (II) receiving neoadjuvant 
systemic therapy; (III) receiving perioperative radiotherapy; 
(IV) died within 3 months; (V) missing or incomplete 
information about key variables. Inclusion criteria as well as 
exclusion criteria were consistent between the development 
and validation cohort. The detailed inclusion and exclusion 
process are presented in Figure S1.

From the SEER database, a range of demographic and 
clinical variables were extracted, including: patient ID, year 
of diagnosis, age at diagnosis, sex, primary site, CS Tumor 
Size/Extension Evaluation, tumor size, tumor extension, 
LNs status, distant metastasis, histological subtype, 
differentiation grade, AJCC T stage, N stage, M stage, 
ELNs, positive LN, surgical procedure, radiation recode, 
surgery/radiation sequence, systemic therapy/surgery 
sequence, follow-up time, year of follow-up recode, survival 
months, survival status, year of death, cause of death.

For the external validation cohort, the electronic medical 
record system of The First Affiliated Hospital of Zhejiang 
University was used to collect the baseline characteristics of 
patients diagnosed with stage I NSCLC. A senior physician, 
blinded to other predictor variables, was responsible 
for determining tumor staging based on imaging and 
pathological data. The survival time and survival status were 
obtained through telephone follow-up. The date of the last 
follow-up was May 3, 2024. The investigators involved in 
the follow-up were blind to the baseline information and 
intervention measures of all participants.

Study endpoints

The primary endpoint was OS. It was measured from 
the date of diagnosis until either the patient’s death from 
any cause or the final follow-up. The secondary endpoint 
was cause-specific survival (CSS), which was defined as 
the interval between the diagnosis and the occurrence of 
death due to lung cancer or the last follow-up. The Cox 
regression for CSS will serve as a sensitivity analysis to 
compare with the regression results of the primary endpoint 
analysis.

Statistical analysis 

Continuous variable data were presented as the mean 
± standard deviation or median and interquartile range 

https://cdn.amegroups.cn/static/public/TCR-24-1474-Supplementary.pdf
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(IQR) according to the characteristics of data distribution. 
Categorical variables were presented as frequency 
distribution and proportion. The t-test, analysis of 
variance, or the Mann-Whitney U test was utilized to 
evaluate disparities in continuous variables. For nominal 
and ordinal categorical variables, differences were assessed 
using the chi-square test and the Mann-Whitney U test, 
respectively. Univariate and multivariate Cox proportional 
hazards regression analyses were conducted to ascertain the 
independent prognostic factors associated with OS as well 
as CSS. The median period of follow-up and its IQR for 
the training and validation cohort were determined using 
the reverse Kaplan-Meier method. There were no missing 
values in the training cohort as well as validation cohort.

Subgroup analysis 

To determine the optimal number of dissected regional 
ELNs in clinical stage IA NSCLC, individuals with 
tumors ≤30 mm and pN0 were divided into the lobectomy 
and sublobectomy cohorts. The Mann-Whitney U test 
was applied to compare the number of ELNs between 
lobectomy and sublobectomy cohorts. Log-rank test was 
performed for each cohort to assess the optimal number 
of ELNs for maximum OS benefit. Multivariate Cox 
proportional hazard models, adjusted for age, sex, primary 
tumor site, histological type, differentiation grade, tumor 
staging, and additional systemic therapy, were established to 
account for covariates.

Establishment of prognostic model

A gradient boosting machine (GBM) model based on the 
decision tree learning method was trained to determine the 
prognostic value of each predictor to OS. The sample size 
of individuals incorporated into the training cohort followed 
the rule of 10 events per variable (15). We employed a 
sequence of 10,000 decision trees, ensuring that each 
terminal node contained a minimum of 10 observations. 
The depth of the decision tree was fine-tuned to 3, and the 
shrinkage parameter was set to 0.001 to optimize the model. 
Utilizing the outcomes from the GBM analysis, covariates 
that had a relative influence exceeding 0.05 were selected 
and incorporated into the construction of a nomogram. 
This nomogram was designed to predict the 5-year OS. 
The process involved summing the scores assigned to each 
predictive variable, which then allowed for the calculation 

of an individual’s risk score. 
The accuracy of the prognostic scoring system was 

confirmed using several methods: boxplots provided a visual 
representation of score distribution; the C-index measured 
the model’s discriminatory ability; and receiver operating 
characteristic (ROC) curves were utilized to evaluate the 
model’s performance in classifying outcomes. Calibration 
plots were created using the bootstrapping technique with 
500 resampling iterations to determine the agreement 
between the predicted and actual survival probabilities. 
Decision curve analyses (DCAs) were employed to 
evaluate the clinical value of the new prognostic scoring 
system and to measure the net benefit at various threshold 
probabilities. The restricted cubic spline (RCS) method 
was applied to fit the relationship between the nomogram 
score and the risk of all-cause death, and further determine 
the optimal cut-off points of the nomogram score for risk 
stratification. The Log-rank test was used to compare the 
OS of patients across different risk groups. Additionally, 
the integrated discrimination improvement (IDI) as well 
as net reclassification improvement (NRI) were computed 
to compare how well the prediction model performed in 
comparison to the TNM staging system.

All analyses above were carried out with “survival”, “rms”, 
“gbm”, “survminer”, “ggplot2”, “ggpubr”, “RcolorBrewer”, 
“survcomp”, “timeROC”, “ggDCA”, “rcssci”, “nricens” 
packages using R software version 4.2.2 (R Foundation 
for Statistical Computing, Vienna, Austria). Statistical 
significance for the study was established using a two-sided 
P value threshold of less than 0.05. It should be noted that 
all staff and participants, except for statisticians, were kept 
masked to outcome measurements and analysis results.

This study was conducted following the Declaration 
of Helsinki (revised 2013) and approved by the Ethics 
Committee of The First Affiliated Hospital of Zhejiang 
University (No. IIT20240197B). Individual consent for this 
retrospective analysis was waived.

Results

Patient characteristics

A total of 22,617 individuals diagnosed with stage I NSCLC 
who received definitive treatment between the years 2007 
and 2015 were identified from the SEER database. Besides, 
an additional 400 individuals with stage I NSCLC from 
The First Affiliated Hospital of Zhejiang University, China, 
were included to serve as an external validation group. 
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Table 1 presents a comprehensive overview of the baseline 
demographic and clinicopathological features of the patients 
included in the analysis.

In the training cohort, there were 9,709 men and  
12,908 women who were diagnosed, with the median age 
being 69 years and an IQR of 62 to 76 years. Almost all 
NSCLC cases (n=22,518) originated from the pulmonary 
lobe, whereas those from the primary bronchogenic 
carcinoma (n=99) were extremely rare. The predominant 
histology type was adenocarcinoma, representing 13,983 
(61.8%) of tumors. More than half of the tumors were 
moderately to poorly differentiated. A large proportion 
of patients were diagnosed at stage IA (IA1: 7.3%, IA2: 
36.0%, IA3: 26.9%), whereas 29.8% were diagnosed at 
stage IB. There were 6,151 (27.2%) patients who had 
no LN examined, while others had at least one ELNs 
(1–10: 50.3%, 11–15: 11.6%, 16–20: 5.6%, >20: 5.3%). 
Regarding treatment, 14,426 (63.8%) patients underwent 
pulmonary lobectomy,  4 ,021 (17.8%) underwent 
sublobectomy, 4,170 (18.4%) received radiation as 
definitive therapy. Additional systemic therapy was 
administered to 872 (3.9%) patients.

In the training cohort, 12,915 (57.1%) patients died, with 
a median follow-up of 116 months, of which 6,023 (26.6%) 
died due to NSCLC. In the validation cohort, 28 (7.0%) 
patients had died by the end of the study with a median 
follow-up period of 80 months. Among these patients, 18 of 
them (4.5%) died specifically due to lung cancer.

Cox regression analysis 

Among patients with stage I NSCLC, older age, male sex, 
squamous cell carcinoma and large cell carcinoma, lower 
differentiation grade, more advanced stage, fewer number 
of ELNs, and curative treatment method were identified 
as independent prognostic factors and were positively 
associated with worse OS (Table 2). Sensitive analysis 
further confirmed that these factors also influenced CSS 
independently (Table 3). However, the survival advantage 
of additional systemic therapy was not observed across the 
entire cohort.

Construction of nomogram

According to the result of GBM analysis (Table 4), the 
curative treatment method was the most important 
prognostic factor for OS among patients with stage I 
NSCLC, followed by age at diagnosis. The ranking of the 

relative importance of these variables is shown in Figure 1.  
Then, those vital clinicopathological factors, including 
curative treatment method, age at diagnosis, differentiation 
grade, number of ELNs, histology, and clinical stage, 
were incorporated into the final prognostic scoring system  
(Figure 2). All selected variables were also independent 
prognostic factors for both OS and CSS. The score of each 
parameter and their corresponding 5-year OS rates were 
presented in Table 5.

Calibration and validation of the nomogram

The nomogram score for each patient was calculated and 
graphically represented as a boxplot (Figure 3A), indicating 
that the developed prognostic scoring system could be a 
relatively reliable predictor for estimating the likelihood of 
survival or death in individuals with stage I NSCLC. Within 
the primary cohort, the area under the curve (AUC) of the 
developed nomogram as well as TNM staging system was 
0.761 and 0.581, respectively (Figure 3B). Comparing their 
performance for predicting 5-year OS, the C-index for the 
nomogram and TNM staging was 0.712 [95% confidence 
interval (CI): 0.707–0.716] and 0.590 (95% CI: 0.583–0.597) 
within the training cohort. The NRI values for 5-year all-
cause deaths were 0.503, and the corresponding IDI values 
were 0.178. The calibration ability of the nomogram and 
TNM staging system was similar, but the discriminative 
ability of the nomogram was superior to that of TNM 
staging system (Figure 3C). DCA demonstrated a positive 
net benefit for the nomogram across a broad range of 
threshold probabilities (Figure 3D). 

Within the external validation cohort, the AUC value for 
forecasting 5-year OS was 0.794 based on the prognostic 
scoring system, and was 0.716 for TNM staging system. 
The C-index for the nomogram was 0.825 (95% CI: 0.694–
0.956), whereas for the TNM staging system, it was 0.760 
(95% CI: 0.625–0.895), in the validation cohort.

Nomogram performance in risk stratification

To deeply analyze the clinical utility of this prognostic 
scoring system, we introduced a risk-stratification 
framework based on the total score of each patient in the 
training cohort. According to the RCS analysis (Figure 4), 
the risk of all-cause death showed an exponential growth 
trend with respective to the nomogram score. The cut-
off score of the nomogram was 210, corresponding to the 
inflection point of rapidly increasing risk of all-cause death. 
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Table 1 Comparison of demographic and clinicopathological characteristics between the training and validation cohorts

Characteristics Training cohort (n=22,617), n (%) Validation cohort (n=400), n (%) P value

Age (years) <0.001

<65 7,399 (32.7) 275 (68.8)

65–74 8,307 (36.7) 97 (24.3)

≥75 6,911 (30.6) 28 (6.9)

Sex 0.47

Female 12,908 (57.1) 221 (55.3)

Male 9,709 (42.9) 179 (44.7)

Primary site 0.35

Pulmonary lobe 22,518 (99.6) 400 (100.0)

Main bronchus 99 (0.4) 0 (0.0)

Histology <0.001

Adenocarcinoma 13,983 (61.8) 355 (88.8)

Squamous cell carcinoma 5,481 (24.2) 33 (8.3)

Large cell carcinoma 396 (1.8) 2 (0.5)

Not otherwise specified 2,757 (12.2) 10 (2.4)

Grade <0.001

I 4,627 (20.5) 105 (26.3)

II 8,789 (38.9) 217 (54.3)

III–IV 6,002 (26.5) 70 (17.4)

Unknown 3,199 (14.1) 8 (2.0)

Tumor stage <0.001

IA1 1,660 (7.3) 122 (30.5)

IA2 8,146 (36.0) 175 (43.8)

IA3 6,079 (26.9) 44 (11.0)

IB 6,732 (29.8) 59 (14.7)

Examined lymph nodes <0.001

0 6,151 (27.2) 15 (3.8)

1–10 11,378 (50.3) 183 (45.8)

11–15 2,627 (11.6) 94 (23.5)

16–20 1,262 (5.6) 49 (12.3)

>20 1,199 (5.3) 59 (14.6)

Treatment <0.001

Lobectomy 14,426 (63.8) 233 (58.3)

Sublobectomy 4,021 (17.8) 164 (41.0)

Radiotherapy 4,170 (18.4) 3 (0.7)

Additional systemic therapy 0.25

No 21,745 (96.1) 389 (97.3)

Yes 872 (3.9) 11 (2.7)

Grade I: well-differentiated. Grade II: moderately-differentiated. Grade III: poorly-differentiated. Grade IV: undifferentiated. 
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Table 2 Univariate and multivariate Cox analysis of OS with stage I non-small cell lung cancer patients

Characteristics

Dead patients Hazard ratio (95% CI)
Adjusted P 

valueWith all cause 
(n=12,915)

Without any 
cause (n=9,702)

Univariate Multivariate

Age (years)

<65 2,784 4,615 Reference Reference

65–74 4,732 3,575 1.81 (1.72–1.89) 1.61 (1.54–1.69) <0.001

≥75 5,399 1,512 3.17 (3.03–3.32) 2.34 (2.23–2.45) <0.001

Gender

Female 6,688 6,220 Reference Reference

Male 6,227 3,482 1.43 (1.38–1.48) 1.34 (1.29–1.38) <0.001

Primary site

Pulmonary lobe 12,854 9,664 Reference Reference

Main bronchus 61 38 1.35 (1.05–1.74) 1.13 (0.88–1.46) 0.34

Histology

Adenocarcinoma 7,300 6,683 Reference Reference

Squamous cell carcinoma 4,108 1,373 1.87 (1.80–1.94) 1.21 (1.16–1.26) <0.001

Large cell carcinoma 282 114 1.65 (1.47–1.86) 1.44 (1.27–1.62) <0.001

Not otherwise specified 1,225 1,532 0.84 (0.79–0.89) 0.88 (0.82–0.93) <0.001

Differentiate grade

I 1,652 2,975 Reference Reference

II 5,063 3,726 1.94 (1.84–2.05) 1.70 (1.60–1.80) <0.001

III–IV 4,083 1,919 2.64 (2.49–2.80) 1.98 (1.87–2.11) <0.001

Unknown 2,117 1,082 2.73 (2.56–2.91) 1.45 (1.35–1.55) <0.001

Tumor stage

IA1 663 997 Reference Reference

IA2 4,158 3,988 1.40 (1.29–1.52) 1.20 (1.10–1.30) <0.001

IA3 3,717 2,362 1.88 (1.73–2.04) 1.43 (1.32–1.56) <0.001

IB 4,377 2,355 2.09 (1.93–2.27) 1.68 (1.54–1.83) <0.001

Examined lymph nodes

0 4,956 1,195 Reference Reference

1–10 5,764 5,614 0.38 (0.36–0.39) 0.75 (0.70–0.80) <0.001

11–15 1,159 1,468 0.32 (0.30–0.34) 0.63 (0.58–0.69) <0.001

16–20 508 754 0.29 (0.26–0.32) 0.57 (0.51–0.63) <0.001

>20 528 671 0.32 (0.29–0.35) 0.61 (0.55–0.68) <0.001

Treatment

Lobectomy 6,847 7,579 Reference Reference

Sublobectomy 2,365 1,656 1.47 (1.40–1.54) 1.32 (1.25–1.40) <0.001

Radiotherapy 3,703 467 4.15 (3.98–4.32) 2.40 (2.22–2.59) <0.001

Additional systemic therapy

No 12,433 9,312 Reference Reference

Yes 482 390 0.93 (0.85–1.02) 1.02 (0.93–1.12) 0.69

Grade I: well-differentiated. Grade II: moderately-differentiated. Grade III: poorly-differentiated. Grade IV: undifferentiated. OS, overall 
survival; CI, confidence interval.
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Table 3 Univariate and multivariate Cox analysis of CSS with stage I non-small cell lung cancer patients

Characteristics

Dead patients Hazard ratio (95% CI)
Adjusted P 

valueWith lung cancer 
(n=6,023)

Without lung 
cancer (n=16,594)

Univariate Multivariate

Age (years)

<65 1,466 5,933 Reference Reference

65–74 2,268 6,039 1.57 (1.47–1.68) 1.39 (1.30–1.49) <0.001

≥75 2,289 4,622 2.30 (2.15–2.45) 1.61 (1.51–1.73) <0.001

Gender

Female 3,088 9,820 Reference Reference

Male 2,935 6,774 1.43 (1.36–1.50) 1.31 (1.25–1.38) <0.001

Primary site

Pulmonary lobe 5,987 16,531 Reference Reference

Main bronchus 36 63 1.69 (1.22–2.34) 1.20 (0.86–1.67) 0.27

Histology

Adenocarcinoma 3,561 10,422 Reference Reference

Squamous cell carcinoma 1,745 3,736 1.55 (1.46–1.64) 0.95 (0.89–1.01) 0.09

Large cell carcinoma 151 245 1.81 (1.53–2.12) 1.43 (1.21–1.69) <0.001

Not otherwise specified 566 2,191 0.80 (0.73–0.87) 0.81 (0.74–0.89) <0.001

Differentiate grade

I 611 4,016 Reference Reference

II 2,315 6,474 2.32 (2.13–2.54) 2.06 (1.88–2.26) <0.001

III–IV 2,036 3,966 3.39 (3.10–3.71) 2.54 (2.31–2.79) <0.001

Unknown 1,061 2,138 3.45 (3.12–3.81) 1.72 (1.54–1.91) <0.001

Tumor stage

IA1 248 1,412 Reference Reference

IA2 1,699 6,447 1.50 (1.32–1.72) 1.28 (1.12–1.46) <0.001

IA3 1,698 4,381 2.22 (1.94–2.54) 1.67 (1.46–1.92) <0.001

IB 2,378 4,354 2.94 (2.58–3.35) 2.32 (2.03–2.66) <0.001

Examined lymph nodes

0 2,514 3,637 Reference Reference

1–10 2,575 8,803 0.37 (0.35–0.39) 0.76 (0.69–0.84) <0.001

11–15 508 2,119 0.30 (0.28–0.33) 0.63 (0.56–0.72) <0.001

16–20 224 1,038 0.28 (0.24–0.32) 0.56 (0.48–0.66) <0.001

>20 202 997 0.27 (0.23–0.31) 0.54 (0.45–0.64) <0.001

Treatment

Lobectomy 2,985 11,441 Reference Reference

Sublobectomy 1,069 2,952 1.46 (1.36–1.57) 1.42 (1.30–1.54) <0.001

Radiotherapy 1,969 2,201 4.28 (4.04–4.54) 2.88 (2.58–3.23) <0.001

Additional systemic therapy

No 5,710 16,035 Reference Reference

Yes 313 559 1.34 (1.20–1.51) 1.27 (1.13–1.43) <0.001

Grade I: well-differentiated. Grade II: moderately-differentiated. Grade III: poorly-differentiated. Grade IV: undifferentiated. CSS, cause-
specific survival; CI, confidence interval.
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Table 4 Variables included in the GBM model and their relative 
influence for OS of stage I non-small cell lung cancer

Variables Relative importance

Treatment 33.72

Age 22.94

Grade 14.36

Nodes 10.98

Histology 7.50

Stage 5.55

Sex 4.52

Additional systemic therapy 0.34

Primary site 0.08

GBM, gradient boosting machine; OS, overall survival. 
Figure 1 Overview of each variable’s relative influence on OS of 
patients with stage I non-small cell lung cancer in the GBM model. 
OS, overall survival; GBM, gradient boosting machine. 
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Individuals with scores below 210 were designated as the 
low-risk group, while those with scores of 210 or above 
were classified as the high-risk group. The median OS 
of the high-risk group was 51 months (95% CI: 50–53). 
Conversely, the rate of all-cause mortality was below the 
threshold of 50% in the low-risk group; thus, the median 
OS in the low-risk group could not be calculated. Moreover, 
using the same cut-off value, our prediction model also 
successfully identified high risk patients from the Chinese 
cohort. The Kaplan-Meier survival curves for the different 
risk subgroups are depicted in Figure 5.

Subgroup analysis

In the subgroup analysis of stage I NSCLC with small 
tumor size (≤30 mm), the impact of the number of tumor-
free ELNs on OS was assessed across two separate patient 
populations. The extent of LN examination between 
the lobectomy cohort (median: 7; IQR: 4–12) and the 
sublobectomy cohort (median: 1; IQR: 0–4) were of 
significant difference (P<0.001). Within the cohort of 
patients who underwent pulmonary lobectomy, the 5-year 
OS rates varied based on the number of ELNs: 65.6% in 
patients who had no LNs examined, 73.7% in those with 
1–10 ELNs, 78.2% in those with 11–15 ELNs, 78.1% in 
those with 16–20 ELNs, and 79.6% in those with more 
than 20 ELNs (Figure 6A). The most significant disparity 
in OS was observed in patients who had 10 or fewer 
ELNs compared with those who had >10 ELNs (P<0.001;  
Figure 6B). In the pulmonary sublobectomy cohort, the 
individuals who had no LNs examined had a 5-year OS rate 
of 57.4%, and those with more than 20 ELNs was 80.0%, 
which was higher than those with 1–10 ELNs (67.2%), 
11–15 ELNs (73.4%) and 16–20 ELNs (69.4%), as shown 
in Figure 6C. The hazard ratio for mortality reached the 
minimum with more than 20 tumor-free regional LNs 
(P<0.01; Figure 6D). 

A multivariate analysis was performed that included 
age, sex, primary site, histology, differentiation grade, 
tumor stage, additional systemic therapy, and the number 
of ELNs. After controlling potential influencing factors, 
the number of ELNs remained an independent, significant 
predictor of long-term OS in both the lobectomy (Table 6) 

Table 5 The score of each parameter of the nomogram and the 
corresponding 5-year OS rate in the development cohort

Characteristics Score 5-year OS (%)

Age (years)

<65 0 75.8

65–74 55 63.2

≥75 96 47.1

Histology

Adenocarcinoma 14 66.9

Squamous cell carcinoma 41 48.2

Large cell carcinoma 55 47.2

Not otherwise specified 0 70.1

Differentiate grade

I 0 80.9

II 63 63.8

III–IV 83 52.7

Unknown 44 50.1

Tumor stage

IA1 0 77.5

IA2 22 68.4

IA3 44 58.7

IB 63 54.8

Examined lymph nodes

0 65 37.1

1–10 32 70.0

11–15 12 75.4

16–20 0 76.5

>20 9 76.6

Treatment

Lobectomy 0 72.9

Sublobectomy 32 62.2

Radiotherapy 100 26.3

Grade I: well-differentiated. Grade II: moderately-differentiated. 
Grade III: poorly-differentiated. Grade IV: undifferentiated. OS, 
overall survival. 
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and sublobectomy cohorts (Table 7).

Discussion

Our research used GBM to analyze the impact of 
clinicopathological factors on OS of stage I NSCLC, and 
selected key variables to construct the new prognostic 
scoring system to predict 5-year OS of individuals with stage 
I NSCLC after definitive treatment (including lobectomy, 
sublobectomy, and radiotherapy). This machine learning-
based prognostic scoring system had good performance 

both in the training and validation cohorts, highlighting 
its clinical application value of guiding individualized 
treatment and anticipating prognosis. For NSCLC patients 
with tumor size ≤30 mm and node-negative disease, more 
than 10 ELNs was associated with an improved OS for 
those receiving pulmonary lobectomy, whereas examining 
more than 20 LNs during pulmonary sublobectomy was 
beneficial to long-term survival.

In our study, all-cause death and lung cancer-related death 
probability increased in the elderly and male individuals 
with stage I NSCLC, which is consistent with previous 

Figure 3 Validation of the performance of the prognostic scoring system for predicting 5-year OS. (A) Boxplot for the nomogram score of 
the survivors and the dead. (B) Receiver operating characteristic curves of the nomogram and TNM staging system. (C) Calibration curves 
of the nomogram and the TNM staging system. (D) Decision curve analysis for the nomogram and TNM staging system. ****, P<0.0001. 
TNM, tumor, node, metastasis; OS, overall survival.
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studies (9,16). NSCLC patients with main bronchus tumor 
generally have a poorer prognosis than those with lobe-
specific lung cancer (17). To our knowledge, we report that 
tumors located in the main bronchus are associated with 
adverse prognosis; however, the primary tumor site was not 
an independent prognostic factor in stage I NSCLC. This 
discrepancy can be explained by the fact that patients in all 
clinical stages of NSCLC were retrospectively enrolled in 
the previous study, and main bronchus tumors of advanced 
stage might have a higher risk of direct invasion to vital 
adjacent organs than those in early stage (17). Therefore, 
the primary tumor site may not matter as much in stage 
I NSCLC; nevertheless, comprehensive examination and 
aggressive treatment should be considered when there are 
tumors originating from the main bronchus. 

NSCLC is a histologically heterogeneous malignant 
tumor consisting of a mixture of pathological types, the 
two most prevalent types of which are adenocarcinoma 
and squamous carcinoma (18). In this study, stage I lung 
adenocarcinoma had longer OS than squamous carcinoma, 
although there was no significant difference in CSS, 
as previously reported. Nevertheless, a single-center 
retrospective study involving 356 patients with stage I 
NSCLC who underwent lung operation concluded that 
adenocarcinoma was associated with more than twice the 
risk of tumor recurrence than did non-adenocarcinoma (19).  
The observed differences can be ascribed to the later 
onset age for squamous cell carcinoma compared to 

adenocarcinoma, along with the reduced life expectancy, 
typically seen in elderly lung cancer patients when 
juxtaposed with their younger counterparts (20). Moreover, 
the frequency of driver gene mutation is much higher in 
adenocarcinoma than in other histological types, implying 
that, if tumor recurrence or metastasis occurs, more patients 
with adenocarcinoma would receive targeted and immune 
therapies to prolong their survival. Concurrently, in this 
study, a multivariate Cox regression analysis indicated 
that the degree of tumor differentiation was a significant 
factor influencing the survival rates of individuals with 
stage I NSCLC. In 2011, the terms adenocarcinoma 
in situ and minimally invasive adenocarcinoma were 
introduced to better characterize lung lesions formerly 

Figure 4 Restricted cubic spline model for the hazard ratio for 
all-cause mortality according to nomogram score on a continuous 
scale. CI, confidence interval. 

Figure 5 Kaplan-Meier curves for the comparison of OS for 
patients at low-risk and high-risk in the primary cohort (A) and the 
external verification cohort (B). OS, overall survival. 
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termed bronchioloalveolar carcinoma; adenocarcinoma 
in situ has been defined as precursor glandular lesion to 
differentiate from lung adenocarcinoma (18,21). Since the 
novel histology classification has not been incorporated 
into the SEER database, a limited number of individuals 
diagnosed with lung adenocarcinoma in this study would 
more accurately be categorized as a separate histology-
independent subgroup, which is associated with a favorable 
prognosis.

Ever since the 1960s, pulmonary lobectomy has 
continued to be the preferred treatment for individuals 
with early-stage lung cancer (22). Our research indicated 
that individuals with stage I NSCLC patients who received 
a lobectomy experienced a more favorable long-term 

prognosis compared to those who underwent sublobectomy 
procedures, such as segmentectomy and wedge resection. 
This finding aligns with the results of previous studies (8,9). 
Although sublobectomy could preserve more lung tissue 
and pulmonary function than lobectomy, in individuals with 
stage I NSCLC, complete eradication of the malignancy is 
more likely observed after lobar resection (23). However, 
our results may have been affected by selection bias; patients 
undergoing sublobectomy were often older and had poor 
pulmonary function, which may confounded the efficacy 
of the operation itself. Recent research has indicated that 
for patients with NSCLC with tumor size ≤2 cm and non-
metastasis, there is no significant difference in the 5-year 
OS of those undergoing lobectomy and sublobectomy 

Figure 6 Kaplan-Meier curves of OS for different groups of examined lymph nodes in the lobectomy subgroup (A,B) and sublobectomy 
group (C,D). ELN, examined lymph node; HR, hazard ratio; CI, confidence interval; OS, overall survival. 
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Table 6 Adjusted hazard ratios of variables that affected OS in stage 
I non-small cell lung cancer patients with tumors ≤30 mm who 
underwent pulmonary lobectomy

Variables Hazard ratio (95% CI) P value

Age (years)

<65 Reference

65–74 1.69 (1.58–1.81) <0.001

≥75 2.83 (2.63–3.03) <0.001

Sex

Female Reference

Male 1.36 (1.29–1.44) <0.001

Primary site

Pulmonary lobe Reference

Main bronchus 0.65 (0.32–1.31) 0.23

Histology

Adenocarcinoma Reference

Squamous cell carcinoma 1.31 (1.22–1.39) <0.001

Large cell carcinoma 1.36 (1.13–1.63) <0.001

Not otherwise specified 0.82 (0.73–0.91) <0.001

Grade

I Reference

II 1.74 (1.60–1.88) <0.001

III–IV 2.10 (1.92–2.30) <0.001

Unknown 1.38 (1.20–1.58) <0.001

Tumor stage

IA1 Reference

IA2 1.12 (0.99–1.27) 0.07

IA3 1.31 (1.16–1.48) <0.001

IB 1.45 (1.27–1.65) <0.001

Examined lymph nodes

≤10 Reference

>10 0.80 (0.76–0.85) <0.001

Additional systemic therapy

No Reference

Yes 1.12 (0.97–1.30) 0.12

Grade I: well-differentiated. Grade II: moderately-differentiated. 
Grade III: poorly-differentiated. Grade IV: undifferentiated. OS, 
overall survival; CI, confidence interval. 

Table 7 Adjusted hazard ratios of variables that affected OS in stage 
I non-small cell lung cancer patients with tumors ≤30 mm who 
underwent pulmonary sublobectomy

Variables Hazard ratio (95% CI) P value

Age (years)

<65 Reference

65–74 1.63 (1.45–1.84) <0.001

≥75 2.53 (2.25–2.85) <0.001

Sex

Female Reference

Male 1.34 (1.23–1.46) <0.001

Primary site

Pulmonary lobe Reference

Main bronchus 0.65 (0.09–4.64) 0.67

Histology

Adenocarcinoma Reference

Squamous cell carcinoma 1.28 (1.15–1.41) <0.001

Large cell carcinoma 1.38 (1.04–1.82) 0.02

Not otherwise specified 0.90 (0.77–1.05) 0.17

Grade

I Reference

II 2.05 (1.80–2.35) <0.001

III–IV 2.62 (2.27–3.03) <0.001

Unknown 1.50 (1.23–1.83) <0.001

Tumor stage

IA1 Reference

IA2 1.22 (1.07–1.40) <0.01

IA3 1.56 (1.34–1.82) <0.001

IB 1.65 (1.41–1.93) <0.001

Examined lymph nodes

≤20 Reference

>20 0.46 (0.30–0.71) <0.001

Additional systemic therapy

No Reference

Yes 1.40 (1.10–1.78) <0.01

Grade I: well-differentiated. Grade II: moderately-differentiated. 
Grade III: poorly-differentiated. Grade IV: undifferentiated. OS, 
overall survival; CI, confidence interval. 



Wang et al. Nomogram & optimal ELNs for stage I NSCLC418

© AME Publishing Company.   Transl Cancer Res 2025;14(1):404-423 | https://dx.doi.org/10.21037/tcr-24-1474

(5,24-26). The latest clinical study JCOG1211 suggested 
that the 5-year progression-free survival (PFS)/OS rates 
were up to 98% in individuals with non-metastatic NSCLC 
with tumor size ≤30 mm and a consolidation/tumor ratio 
≤0.5 after segmentectomy (27). In summary, lobar resection 
remains the preferred treatment even for early cases of 
NSCLC. The specific indication for sublobectomy remains 
unclear and requires further exploration in large-scale 
clinical trials.

The survival of individuals with stage I/II NSCLC 
receiving irradiation is better than those receiving the 
best supportive care (28). Recently, radiotherapy has 
become a radical treatment for early-stage NSCLC (4). 
In this study, the clinical outcomes of patients undergoing 
radiotherapy were associated with a relatively poor 
prognosis. However, the existence of confounders may 
have influenced this outcome. First, most patients opting 
for definitive radiotherapy were not eligible for surgery 
owing to comorbid conditions (29-31). Second, the cancer 
staging of patients with NSCLC treated with radiation was 
often determined by imaging. However, more than 10% of 
clinical stage I NSCLC patients experienced pathological 
upstaging after surgery and had a poorer outcome, as 
previously reported (32-34). Moreover, radiation techniques 
could affect the positioning accuracy and curative effect of 
radiotherapy. Several single-arm trials have reported that 
stereotactic body radiation therapy (SBRT) could offer 
excellent local cancer control in the early phase of NSCLC 
(29,31,35-40). A prior meta-analysis of observational 
studies, enrolling early-stage NSCLC patients treated with 
SBRT or surgical resection, found that surgery was linked 
to improved long-term OS; however, the study did not find 
statistically significant differences in CSS at 1- and 3-year 
intervals, nor in disease-free survival, local control, and 
distant control rates between the two treatment groups (41).  
Recently, a retrospective single-arm study conducted 
in Japan enrolled 136 individuals with operable stage I 
NSCLC, and all patients were treated with carbon-ion 
radiotherapy, and the 5-year OS, CSS, PFS, and local 
control rates were 81.8%, 91.2%, 65.9%, and 95.8% 
(95% CI: 92.3–99.5%), respectively (42). To date, there is 
no high-quality prospective trial comparing the curative 
effect of early-stage NSCLC in patients treated by surgical 
operation and radiation; therefore, whether radiotherapy 
could supersede surgery remains an open question.

The accurate assessment of LN status is important for the 
diagnosis and staging of lung cancer, especially in patients 

initially diagnosed through imaging. Prior studies suggested 
that more extensive dissection of LNs contributes to a 
sequential reduction in mortality risk for NSCLC patients 
with pathologically LN-negative (43,44). Consistent with 
the findings of previous studies, our results suggested the 
prognosis of stage I NSCLC 30 mm or less to be positively 
correlated with the number of dissected regional LNs. 
The possible explanation was that sufficient LN harvest 
could increase the detection rate of positive LNs, thereby 
decreasing the risk of under-staging and excising occult 
micrometastasis (45,46). However, to date, there is no 
consensus on the exact number of ELNs to consider a full 
evaluation. In a review involving 442 patients with stage I 
NSCLC, those with >6 ELNs had lower recurrence and 
overall mortality rates than those with ≤6 ELNs (47). A 
population-based study of stage I NSCLC found that 8, 
9, 10, and 11 ELNs were optimal thresholds for patients 
with T1a, T1b, T1c, and T2a tumors to minimize all-cause 
mortality (48). From a long-term perspective, a minimum 
of 10 ELNs would significantly enhance the 5-year OS of 
patients with T1–3N0M0 NSCLC (49). Wu et al. reported 
that more than 15 ELNs may be required to improve 10-
year outcomes in patients with stage I NSCLC (50). Recent 
evidence suggested that the optimal number of ELNs may 
depend on the extent of lung resection (51). According 
to the clinical trial ACOSOG Z0030, a minimum of 10 
ELNs during pulmonary lobectomy were needed to get 
reliable pathological confirmation of LN status in early-
stage NSCLC (T1–2, N0 or nonhilar N1) (52). Wen et al.  
indicated that patients with T2N0 NSCLC following 
pulmonary lobectomy or more extensive resection should 
have at least 12 ELNs to reduce cancer-specific mortality 
more significantly (53). As in other investigations, we 
proposed that in NSCLC patients with tumors <30 mm and 
pathological node-negative disease, more than 10 ELNs 
resulted in a 20% reduction in adjusted all-cause mortality 
risk and a 5% increase in 5-year OS within the lobectomy 
cohort compared with conservative LN examination. In this 
research, the examination of LNs during sublobectomy was 
generally more limited than lobectomy. Nevertheless, in 
the sublobectomy cohort, the most significant OS benefit 
was observed when the number of ELNs was more than 20. 
Our result was similar to that of a previous study, showing 
that the local recurrence rate of early-stage NSCLC (clinical 
T1N0) after sublobectomy was significantly higher than 
that after lobectomy (54). This could be attributed to the 
fact that the resection range of pulmonary lobectomy 
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includes both the pulmonary lobe of the primary lesion 
and the corresponding intrapulmonary lymphatic drainage 
area, whereas that of sublobectomy only includes the 
primary lesion (55). The SEER database does not contain 
information on the ELN stations. Recent research proposed 
that the recurrence-free survival of patients with early-
stage NSCLC undergoing a station-based LN examination 
involving at least three N2 and one N1 station was longer 
than those undergoing a count-based examination with 
at least 10 ELNs, whereas the OS rates were found to be 
comparable between the two approaches (52). However, 
whether more ELNs while meeting the required number 
of ELN stations is associated with more survival benefits 
should be explored further. Overall, complete pathological 
examination of LN status is of significant prognostic 
importance for early-stage NSCLC and should be 
implemented to reduce the incidence of false-negative 
diagnosis, enabling the provision of proper adjuvant 
therapy, especially in patients receiving sublobectomy.

Nomogram is a kind of practical visualization model, 
which has been widely used for predicting the incidence 
rate of clinical events and estimating the prognosis of 
patients. Zhang et al. constructed a postoperative prognostic 
nomogram based on the SEER database for predicting 
OS in individuals with stage I NSCLC and validated it 
in a Chinese cohort (8). They reported good prognostic 
accuracy and clinical applicability in either the training or 
validation cohort. Current guidelines have recommended 
radiotherapy as another definitive treatment for stage I 
NSCLC. Jacobs developed a prediction model to estimate 
the risk of mortality from any cause among early-stage 
NSCLC patients with T1–T2N0 tumors who received 
radical radiotherapy (56). The developed nomogram 
revealed that age, sex, comorbidity index, tumor size, and 
histology contribute to the OS of patients. Nevertheless, the 
prognostic scoring system for estimating the prognosis of 
individuals with stage I NSCLC undergoing radical therapy 
(pulmonary lobectomy, sub-pulmonary lobectomy, and 
definitive radiotherapy) has not been established. Different 
from previous researches, we used the GBM to optimize the 
variable subsets. This decision-tree-based machine learning 
algorithm has demonstrated the superiority of capturing 
intricate connections between clinicopathological features 
and clinic outcomes (57). Moreover, GBM is capable of 
extracting valuable factors from the high-dimensional 
dataset, which is an advantage over traditional multiple-
stepwise regression (58). Our prognostic scoring system 
showed well discriminative accuracy and had higher AUC 

and C-index values for OS prediction than TNM staging. 
Calibration plots and DCA also confirmed the dependability 
and superior clinical value of the proposed prediction 
model. Based on our nomogram, a new risk classification 
system was proposed to classify patients with stage I 
NSCLC as being at high or low risk for all-cause death. 
It is reasonable to believe that binary classification could 
be simpler and more practical for doctors to distinguish 
high-risk patients than the current staging system. Patients 
considered at high risk may require closer medical follow-
up than low-risk patients. Moreover, external validation 
demonstrated that the model may be applied not only to the 
American population but also to the Asian population. In 
summary, this novel predictive model will assist clinicians 
in forecasting the prognosis of individuals with stage I 
NSCLC after radical therapy, thereby contributing to 
precise medicine and long-term management of early-stage 
lung cancer.

There are some limitations in this study. First, all 
patients included in our study were diagnosed with primary 
stage I NSCLC. Therefore, this predictive model may not 
be suitable for secondary primary stage I NSCLC. Second, 
this prognostic scoring system could not predict mortality 
within 90 days in stage I NSCLC patients, as early deaths 
are often influenced by some factors distinct from long-
term survival, such as cumulative illness and treatment-
related complications et al. (59,60). Besides, the forecasting 
model for predicting 30- and 90-day death after lung cancer 
surgery has been previously proposed, potentially becoming 
the standard for early mortality assessment (61). Third, 
some details are not available within the SEER database, 
like smoking history, landscape of genetic mutation, 
surgical margin status, ELN stations, and adjuvant 
systemic therapy regimen; these factors may potentially 
influence the prognosis of individuals with stage I NSCLC. 
Incorporating these factors in the prognostic scoring 
system would further improve its predictive performance. 
Furthermore, the assessment of LN status as no metastasis 
was based on imaging and operative pathology in both the 
training and validation cohorts. While enhanced computed 
tomography together with positron emission tomography 
scans are known for their high negative predictive value, 
there remains a small subset of patients with an insufficient 
number of ELNs where undiagnosed LN micrometastasis 
might still be present. This might affect the results of 
the analysis to a certain extent. Lastly, this study was an 
analysis of retrospective data, and the study design might 
be influenced by unavoidable selection bias. Thus, the 
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proposed prognosis scoring system and the determined 
optimal number of ELNs require further validation in 
prospective clinical trials.

Conclusions

Our study has proposed a new prognostic scoring system 
to predict 5-year OS of individuals with stage I NSCLC 
following definitive therapy, so as to instruct individual 
treatment. For stage I NSCLC with tumor size ≤30 mm, 
we recommend more than 10 and 20 regional ELNs for 
patients receiving pulmonary lobectomy and sublobectomy, 
respectively. 
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