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Background: Non-small cell lung cancer (NSCLC) is a malignant disease with a significant morbidity rate. 
For patients diagnosed with borderline resectable locally advanced (T3–4 invasion and N0–1) NSCLC, the 
optimal treatment and prognosis are still under debate. This study aimed to develop a predictive nomogram 
that could assess the prognosis of these patients and optimize clinical decision-making.
Methods: Between 2010 to 2015, the survival, demographic and clinical characteristics of patients 
with borderline resectable locally advanced T3–4N0–1 NSCLC were obtained from the Surveillance, 
Epidemiology, and End Results (SEER) database. Cox proportional hazard regression analyses were 
conducted to identify potential factors, which were further utilized to develop a dynamic nomogram for 
personalized prediction. Internal and external validation were conducted to verify the predictive accuracy of 
the nomogram. 
Results: Totally, 5,054 eligible records were enrolled into the study cohort. The included patients were 
divided into a training cohort (n=3,538) and a validation cohort (n=1,516) in a 7:3 ratio. Nine independent 
prognostic factors (including age, gender, primary site, lymph node removal, differentiation grade, T stage, 
N stage, histology and adjuvant chemotherapy) were finally included into the nomogram. The developed 
nomogram exhibited favorable discriminative ability with the C-index =0.71. Moreover, the calibration 
curves demonstrated excellent agreement between predicted and observed outcomes in both the training and 
validation cohorts. Notably, subgroup analyses revealed that neoadjuvant chemotherapy was significantly 
associated with a better overall survival (OS) (P<0.05) in patients staged as T3–4N1.
Conclusions: In this study, we developed and validated a prognostic model to assist in clinical decision-
making for patients with borderline resectable locally advanced T3–4N0–1 NSCLC. Our findings suggested 
that patients with T3–4N1 stage disease may derive significant benefits from neoadjuvant chemotherapy.
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Introduction

Lung cancer is one of the leading causes of cancer death 
across the world (1). Among all patients diagnosed with 
lung cancer, nearly 85% were pathologically defined as 
non-small cell lung cancer (NSCLC) (2). T3–4 invasion 
resectable NSCLC without mediastinal nodal involvement 
(N0–1) is considered as borderline resectable locally 
advanced NSCLC, and the optimal treatment and prognosis 
of these patients are still under debate (3-6). Actually, the 
prognosis of patients with borderline resectable locally 
advanced T3–4N0–1 NSCLC is remarkable heterogeneous, 
which can be attributed to the intricate composition of 
this patient population (7). The 3.2023 version of National 
Comprehensive Cancer Network (NCCN) guidelines has 
recommended the same therapeutic strategies [Therapy 
Non-Small Cell Lung Cancer-7 (NSCL-7)] for this 
population, including postoperative systemic therapy or 
systemic therapy both before and after surgery (8). The 
5-year overall survival (OS) rate for this therapeutic strategy 
is around 50% (3). According to the recommendation of 
NCCN guideline, postoperative systemic therapy has been 
proven beneficial for all patients with T3–4N0–1 NSCLC. 
Neoadjuvant chemotherapy has been reported to effectively 

downgrade the tumor-node-metastasis (TNM) stage of 
selected patients, increase the likelihood of achieving 
R0 resection and further improve their prognosis (9). 
R0 resection and achieving a complete or near-complete 
pathological response to neoadjuvant chemotherapy 
(defined as the complete radiologic disappearance of all 
measurable or assessable disease) has shown an OS rate 
of 60% (10,11). However, neoadjuvant therapy may also 
delay or prevent surgery by inducing adverse reactions such 
as grade 3/4 neutropenia (54%/23%), nausea (27%/2%), 
esophagitis (17%/3%), and pneumonitis (17%/1%) (12). 
Furthermore, another clinical study reported that neoadjuvant 
chemotherapy did not improve the prognosis of patients with 
T3N0M0 NSCLC, despite a higher rate of R0 resection 
compared to the control group (13). Therefore, whether 
patients with borderline resectable locally advanced 
T3–4N0–1 NSCLC could benefit from neoadjuvant 
chemotherapy is still obscure (5,13). 

TNM staging system as the classical predicting tool for 
prognosis, does not show sufficient accuracy in prognostic 
prediction (14). Nomogram is a form of line graph showing 
the proportions of different variables included in a specific 
formula, so that the corresponding value for each variable 
lies on a straight line that intersects all the proportions (15). 
Currently, medical nomograms are widely used for patient’s 
risk stratification and show better prognostic prediction 
accuracy than TNM system (16,17). Actually, the prognosis 
of patients with borderline resectable locally advanced 
T3–4N0–1 NSCLC is remarkable heterogeneous (5,13). 
There is currently no effective model to stratify prognosis 
and predict outcomes of these patients. Therefore, it is 
necessary to establish an accurate prognostic model to 
comprehensively assess risk factors and survival rate of these 
patients, and further guide clinical practice.

This population-based study collected and analyzed 
the clinical characteristics and survival data from the 
Surveillance, Epidemiology, and End Results (SEER) 
Database of the National Cancer Institute. To achieve rapid 
assessment in clinical settings, we developed a prognostic 
nomogram to effectively predict the OS for patients 
diagnosed with borderline resectable locally advanced 
T3–4N0–1 NSCLC. Furthermore, we preformed subgroup 
analysis to identify the specific population subgroup that 
may benefit from neoadjuvant chemotherapy. We present 
this article in accordance with the TRIPOD reporting 
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-23-519/rc).

Highlight box

Key findings
• An accurate prognostic model was developed to predict individual 

overall survival (OS) for patients with borderline resectable locally 
advanced T3–4N0–1 non-small cell lung cancer (NSCLC). Our 
findings indicated that neoadjuvant therapy can significantly 
improve the OS of patients diagnosed with T3–4N1 NSCLC, but 
not T3–4N0.

What is known and what is new? 
• The treatment strategy recommended by the 3.2023 version 

NCCN guidelines for patients with borderline resectable locally 
advanced T3–4N0–1 NSCLC is still under debate, likely due to 
the complex composition of this patient population;

• This study developed a multivariable prognostic model to estimate 
the individual risk or prognosis and further revealed neoadjuvant 
therapy can improve the OS of patients diagnosed with T3–4N1 
NSCLC, but not T3–4N0.

What is the implication, and what should change now? 
• This model can be used as a clinical decision tool to predict and 

improve the prognosis of patients with borderline resectable locally 
advanced T3–4N0–1 NSCLC.

https://tcr.amegroups.com/article/view/10.21037/tcr-23-519/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-23-519/rc
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Methods

Data and cohort selection

From 2010 to 2015, patients pathologically diagnosed with 
T3–4 invasion, N0–1 NSCLC were extracted from the 
SEER database, and re-staged according to the 8th edition 
of the American Joint Committee on Cancer (AJCC) 
Cancer Staging Manual (18). Detailed criteria for TNM 
re-staging are descripted in the Appendix 1. In total, 9,087 
records met our inclusion criteria: no distant metastasis 
(M0), surgery performed and invasion. And we excluded 
patients: (I) with more than one primary tumor (n=2,550); 
(II) without specific positive histology (n=85); (III) whose 
primary tumor site was not on the lung lobes (n=313) and 
(IV) with incomplete clinical information (data on race, 
primary site, laterality, diagnostic confirmation, surgical 
procedure, lymph node dissection, grade classification, and 
systemic treatment were missing, n=1,007). (V) Besides, 
perioperative deaths (died within 1 month, n=78) were 
excluded to avoid the interference caused by surgery and 
other confounders.

As a result, 5,054 patients were finally enrolled in this 
study cohort. In order to develop and verify the nomogram, 
the study cohort was divided into a training cohort (70%) 
and a validation cohort (30%) based on the random number 
method. This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Covariates

The following information of patients were extracted and 
categorized from the SEER database: age (<60, 60–69, 
70–79, ≥80 years), gender (female, male), race (White, 
Black, others), primary site (left lower lobe, right lower 
lobe, left upper lobe, right middle lobe, right upper lobe), 
surgical procedure (lobectomy, pneumonectomy, others), 
lymph node removal (none, 1–3, ≥4), differentiation 
grade (I, II, III, IV), T stage (T3, T4), N stage (N0, N1), 
neoadjuvant (no, yes) and adjuvant chemotherapy (no, yes). 
Histological type was divided into lung adenocarcinoma 
(LUAD), lung squamous cell carcinoma (LUSC) and others 
(based on SEER database variable “Histology ICD-O-3” 
(International Classification of Diseases for Oncology). 

Outcomes

Primary outcomes were determined as 1-, 3-, and 5-year 

OS. OS was defined as the time period (months) from the 
date of diagnosis to the date of death or the last contact. 
The associations between OS and risk factors were assessed 
by Cox proportional hazards analyses.

Statistical analyses

Variable selection
Cox proportional hazards regression analyses were 
conducted in the training cohort (n=3,538) to identify the 
significant prognostic factors. Age at diagnosis, gender, 
race, histology, primary site, surgical procedure, lymph 
node removal, differentiation grade, T stage, N stage, 
neoadjuvant chemotherapy and adjuvant chemotherapy were 
included in the univariate cox regression analyses. Odds 
ratio (OR) and corresponding 95% confidential interval (CI) 
were applied to assess the effect of each potential prognostic 
risk factor (19). Then, we combined the significance of 
univariate cox analysis with clinical importance to screen 
variables into the multivariate regression model. Finally, 
the correlation among these variables was assessed, and the 
least absolute shrinkage and selection operator (LASSO) 
regression method was employed to mitigate potential 
multicollinearity.

Development and validation of the nomogram
Following the variable selection process, the prognostic 
factors were used to develop a visualized dynamic 
nomogram, where each factor was assigned a score ranging 
from 0 to 100 (20). The nomogram visually depicts the 
predicted 1-, 3-, and 5-year OS for each individual based 
on the cumulative scores of the factors. This established 
nomogram was verified by measuring discrimination and 
calibration. Concordance index (C-index) is a statistic tool 
which quantifies the model’s ability to accurately predict the 
OS rate based on the individual risk scores (21,22). C-index 
and the area under the receiver operating characteristic 
(ROC) curve (AUC) (23) were utilized to assess the 
discrimination efficiency by bootstrap validation with 1,000 
times of resampling from each cohort. Higher C-index and 
larger AUC were indicative of better prediction accuracy. 
Calibration curves were applied to assess the uniformity 
between the actual and the predicted survival probability (24).

Risk stratification and survival analysis
The risk score for each individual was calculated by the 
summation effects of each risk factor. Based on the median 

https://cdn.amegroups.cn/static/public/TCR-23-519-Supplementary.pdf


Liu et al. Prognostic model for borderline resectable T3–4N0–1 NSCLC2840

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2023;12(10):2837-2851 | https://dx.doi.org/10.21037/tcr-23-519 

of the risk score, patients were then classified into high-risk 
or low-risk group (25). Kaplan-Meier curves were plotted to 
visualize the survival differences between the high-risk and 
low-risk groups (26). In addition, subgroup survival analyses 
were conducted to explore the potential subgroups that may 
benefit from neoadjuvant chemotherapy.

All the above process were carried out in R 4.1.0 (https://
www.R-project.org/). The construction and validation of 
the nomogram were operated with the “rms”, “foreign”, 
“survival” and “survival ROC” R packages (27). The 
Kaplan-Meier survival curve was plotted with “survminer” 
R package. A two-sided significance level was set as P value 
<0.05 for all statistical testing. We applied the Bonferroni 
correction method to adjust for multiple hypothesis testing 

in the results of the univariate analysis, using a significance 
threshold of P<0.004. P values ranging from 0.004 to 0.05 
were considered as suggestive evidence. 

Results

Demographic characteristics

The study design is demonstrated in Figure 1. From 2010 
to 2015, 5,054 eligible records were eventually enrolled 
in this study cohort from SEER database. Among these 
records, 3,538 patients were included in the training 
cohort, and 1,516 patients were included in the validation 
cohort. In the training cohort, the median age of patients 
was 68 years old, and the median follow-up time was  
44 (1 to 107) months. Among these patients, there were 
more males (54.18%) than females. LUAD (56.76%) was the 
most common pathological subtype. Lobectomy (78.27%) 
was the most preferred surgical procedure. A total of  
305 (8.62%) patients received neoadjuvant chemotherapy, 
and 1,678 (47.43%) patients received adjuvant chemotherapy. 
In the validation cohort, the median age of patients was  
68 years old, and the median follow-up time was 43 (1 to 
107) months. Among these patients, 803 (52.97%) were 
males, 855 (56.40%) patients diagnosed with LUAD. A total 
of 1,191 (78.56%) patients underwent lobectomy. Besides, 
108 (7.12%) patients received neoadjuvant chemotherapy, 
and 683 (45.05%) patients received adjuvant chemotherapy. 
The demographic details were shown in Table 1.

Variable selection

Univariate cox proportional hazards analyses of the training 
cohort revealed seven risk factors having significant 
impact on OS of patients with borderline resectable locally 
advanced T3–4N0–1 NSCLC, including age (P<0.001), 
gender (P<0.001), surgical procedure (P<0.001), lymph node 
removal (P<0.001), differentiation grade (P<0.001), N stage 
(P<0.001) and histology (P<0.001). In addition, suggestive 
evidence indicated an association between primary site 
(P<0.05), T stage (P<0.05) and adjuvant chemotherapy 
(P<0.05) with OS. These potential factors were further 
utilized for multivariate cox regression analyses. The results 
of multivariate cox regression model demonstrated that age 
(P<0.001), gender (P<0.001), primary site (P<0.05), lymph 
node removal (P<0.001), differentiation grade (P<0.001), 
T stage (P<0.001), N stage (P<0.001), histology (P<0.001) 

Excluded 4,033 illegal records

Study cohort
(n=5,054)

Dynamic
nomogram

ROC curve and 
calibration plot

Survival  
analysis

Univariable
analysis

Validation of 
training cohort

Multivariable
analysis

P<0.05

P<0.05

Training cohort
(n=3,538)

Verify cohort
(n=1,516)

T3–4 invasion, N0–1M0 surgery 
preformed NSCLC

(n=9,087)

Figure 1 Flow chart of the study design. NSCLC, non-small cell 
lung cancer; ROC, the receiver operating characteristic.

https://www.R-project.org/
https://www.R-project.org/
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and adjuvant chemotherapy (P<0.01) were independent 
prognostic factors (Table 2, Figure 2). No correlation was 
observed among these variables (Figure S1). The LASSO 
regression results suggested that all the nine variables were 
important and there was no bias from multicollinearity 
(Figure S2).

Nomogram construction and validation

To accurately predict the 1-, 3-, 5-year OS of patients with 
borderline resectable locally advanced T3–4N0–1 NSCLC, 
a nomogram was developed incorporating the identified 
independent prognostic factors (Figure 3). Moreover, we 
developed a dynamic interactive nomogram to facilitate 
convenient individual risk prediction [Dynamic Nomogram 
(shinyapps.io)]. The AUC value of the model for predicting 
1-, 3-, and 5-year OS were 0.71, 0.67 and 0.66, respectively 
(Figure 4A). These results indicated that the nomogram 
achieved a good predictive accuracy. Validation cohort also 
demonstrated a good consistency (Figure 4B). Apart from 

Table 1 Demographic and clinical characteristics of the training 
and validation cohorts

Characteristics 
Training cohort 
(n=3,538), n (%) 

Validation cohort 
(n=1,516), n (%)

Age (years), median [IQR] 68 [61–75] 68 [61–76]

Gender

Male 1,917 (54.18) 803 (52.97)

Female 1,621 (45.82) 713 (47.03)

Race

White 2,950 (83.38) 1,274 (84.04)

Black 344 (9.72) 135 (8.91)

Others 244 (6.90) 107 (7.06)

Primary site

Left lower lobe 519 (14.67) 238 (15.70)

Right lower lobe 632 (17.86) 260 (17.15)

Left upper lobe 978 (27.64) 408 (26.91)

Right middle lobe 150 (4.24) 77 (5.08)

Right upper lobe 1,259 (35.59) 533 (35.16)

Histology

LUAD 2,008 (56.76) 855 (56.40)

LUSC 1,204 (34.03) 494 (32.59)

Others 326 (9.21) 167 (11.02)

Surgery

Lobectomy 2,769 (78.27) 1,191 (78.56)

Pneumonectomy 351 (9.92) 143 (9.43)

Others 418 (11.81) 182 (12.01)

LN remove (n)

None 235 (6.64) 92 (6.07)

1–3 417 (11.79) 179 (11.81)

≥4 2,886 (81.57) 1,245 (82.12)

Grade

I 457 (12.92) 208 (13.72)

II 1,365 (38.58) 553 (36.48)

III 1,638 (46.30) 723 (47.69)

IV 78 (2.20) 32 (2.11)

Table 1 (continued)

Table 1 (continued)

Characteristics 
Training cohort 
(n=3,538), n (%) 

Validation cohort 
(n=1,516), n (%)

T stage

T3 2,340 (66.14) 1,024 (67.55)

T4 1,198 (33.86) 492 (32.45)

N stage

N0 2,511 (70.97) 1,098 (72.43)

N1 1,027 (29.03) 418 (27.57)

Neoadjuvant 
chemotherapy

No 3,233 (91.38) 1,408 (92.88)

Yes 305 (8.62) 108 (7.12)

Adjuvant chemotherapy

No 1,860 (52.57) 833 (54.95)

Yes 1,678 (47.43) 683 (45.05)

IQR, interquartile range; LUAD, lung adenocarcinoma; LUSC, 
lung squamous cell carcinoma; LN, lymph node; T, tumor; N, 
node.

https://cdn.amegroups.cn/static/public/TCR-23-519-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-23-519-Supplementary.pdf
https://brla.shinyapps.io/dynnomapp/
https://brla.shinyapps.io/dynnomapp/


Liu et al. Prognostic model for borderline resectable T3–4N0–1 NSCLC2842

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2023;12(10):2837-2851 | https://dx.doi.org/10.21037/tcr-23-519 

Table 2 Univariate and multivariate cox regression analyses of overall survival

Characteristics
Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Age (years)

<60 Reference Reference

60–69 1.125 (0.9856–1.284) 0.081 1.105 (0.966–1.263) 0.146

70–79 1.444 (1.269–1.642) <0.001 1.455 (1.274–1.663) <0.001

≥80 1.947 (1.648–2.300) <0.001 2.004 (1.684–2.386) <0.001

Gender

Female Reference Reference

Male 1.432 (1.306–1.570) <0.001 1.349 (1.228–1.482) <0.001

Race

White Reference – –

Black 0.974 (0.835–1.137) 0.740 – –

Others 0.980 (0.820–1.170) 0.822 – –

Primary site

Left lower lobe Reference Reference

Right lower lobe 1.132 (0.971–1.320) 0.113 1.212 (1.038–1.414) <0.05

Left upper lobe 0.968 (0.839–1.118) 0.659 0.957 (0.828–1.106) 0.548

Right middle lobe 0.717 (0.547–0.940) <0.05 0.790 (0.601–1.037) 0.090

Right upper lobe 0.921 (0.802–1.058) 0.244 0.986 (0.857–1.135) 0.847

Histology

LUAD Reference Reference

LUSC 1.414 (1.285–1.555) <0.001 1.216 (1.100–1.345) <0.001

Others 1.050 (0.888–1.241) 0.572 0.979 (0.815–1.175) 0.819

Surgery

Lobectomy Reference Reference

Pneumonectomy 1.271 (1.098–1.471) <0.001 1.139 (0.974–1.332) 0.103

Others 1.079 (0.940–1.240) 0.282 0.937 (0.789–1.113) 0.457

LN remove (n)

None Reference Reference

1–3 0.883 (0.720–1.083) 0.233 0.817 (0.655–1.020) 0.074

≥4 0.755 (0.637–0.894) <0.001 0.626 (0.509–0.769) <0.001

Grade

I Reference Reference

II 1.501 (1.268–1.777) <0.001 1.386 (1.161–1.655) <0.001

III 1.986 (1.687–2.340) <0.001 1.870 (1.572–2.223) <0.001

IV 3.008 (2.213–4.087) <0.001 3.287 (2.380–4.541) <0.001

Table 2 (continued)
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this, the calibration curves of OS also showed the inspiring 
uniformities of this nomogram in both the training cohort 
(Figure 4C) and the validation cohort (Figure 4D).

Risk stratification and survival analysis

Patients were divided into high-risk group and low-risk 
group based on the median risk score of 122.6. Low risk 
group exhibited significantly better OS compared to the 
high-risk group in both the training cohort (Figure 5A) 
and the validation cohort (P<0.001) (Figure 5B). These 
findings suggested that the developed model had excellent 
prognostic predictive ability. 

Considering the heterogeneous composition of this 
patient population, we further conducted subgroup analysis. 
Our result demonstrated that neoadjuvant chemotherapy 
application was significantly associated with a better OS 
in patients diagnosed with T3–4N1 NSCLC (P<0.05)  
(Figure 5C). The validation cohort showed consistent result 
(P<0.05) (Figure 5D). However, no significant correlation 
was observed between neoadjuvant chemotherapy 
application and OS in patients diagnosed with T3–4N0 
NSCLC, neither in the training cohort (P=0.096)  
(Figure 5E) nor the validation cohort (P=0.74) (Figure 5F). 

Discussion

Patients diagnosed with T3–4 invasion, N0–1 resectable 
NSCLC are considered as borderline resectable locally 
advanced NSCLC (3,6). Due to the presence of other 
significant potential risk factors, the assessment of 
prognosis based on only the TNM staging system is no 
longer sufficiently accurate (14). It is still a great challenge 
for clinicians to stratify the prognosis of these borderline 
resectable patients. Nomogram is a comprehensive 
assessment tool that integrates multiple risk factors to 
predict outcomes. It has been demonstrated to possess 
superior prognostic prediction ability compared to 
traditional TNM staging in various types of tumors (28-30).  
Furthermore, nomograms have been successfully employed 
to predict the subset of patients who may derive benefits 
from specific therapies (31,32). We developed a prognostic 
nomogram to comprehensively predict the long-term 
prognosis of patients with borderline resectable locally 
advanced T3–4N0–1 NSCLC in this study. In addition, 
our result revealed that patients diagnosed with T3–
4N1 resectable NSCLC can benefit from neoadjuvant 
chemotherapy.

To the best of our knowledge, this is the first study 

Table 2 (continued)

Characteristics
Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

T stage

T3 Reference Reference

T4 1.318 (1.201–1.446) <0.05 1.273 (1.157–1.400) <0.001

N stage

N0 Reference Reference

N1 1.347 (1.223–1.483) <0.001 1.332 (1.199–1.480) <0.001

Neoadjuvant chemotherapy

No Reference – –

Yes 1.140 (0.974–1.333) 0.102 – –

Adjuvant chemotherapy

No Reference Reference

Yes 0.913 (0.834–0.998) <0.05 0.862 (0.783–0.949) <0.01

OR, odds ratio; CI, confidence interval; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; LN, lymph node; T, tumor; N, 
node.
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Age (years)

<60

60−69

70−79

≥80

Gender

Female

Male

Primary site

LL

RL

LU

RM

RU

Histology

LUAD

LUSC

Others

LN remove

None

1−3

≥4

Grade

I

II

III

IV

T stage

T3

T4

N stage

N0

N1

Adjuvant therapy

No

Yes

1.1 (0.96−1.25)

1.43 (1.26−1.64)

1.97 (1.66−2.34)

1.35 (1.23−1.49)

1.2 (1.03−1.4)

0.79 (0.6−1.04)

0.96 (0.83−1.11)

0.98 (0.85−1.13)

1.23 (1.11−1.36)

0.98 (0.82−1.18)

0.85 (0.69−1.04)

0.66 (0.56−0.78)

1.39 (1.16−1.65)

1.87 (1.57−2.22)

3.26 (2.36−4.5)

1.28 (1.17−1.41)

1.36 (1.23−1.51)
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Figure 3 Prognostic nomogram for patients with T3–4 invasion N0–1 resectable NSCLC. LU, left upper lobe; RM, right middle lobe; 
RU, right upper lobe; LL, left lower lobe; RL, right lower lobe; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; LN, 
lymph node; T, tumor; N, node; NSCLC, non-small cell lung cancer.

0.9 0.8 0.7 0.6 0.5 0.4 0.3

Points 

Age, years 

Gender 

Primary site 

Histology 

LN remove 

Grade 

T stage 

N stage 

Adjuvant therapy 

Total points 

1-year survival 

3-year survival 

5-year survival

0 10 20 30 40 50 60 70 80 90 100

60−69 ≥80

<60 70−79

Male

Female

RM LL

LU RU RL

LUAD

Others LUSC

1−3

≥4 None

II IV

I III

T4

T3

N1

N0

No

Yes Median
Low risk High riskRisk score

0 50 100 150 200 250 300

0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1



Liu et al. Prognostic model for borderline resectable T3–4N0–1 NSCLC2846

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2023;12(10):2837-2851 | https://dx.doi.org/10.21037/tcr-23-519 

focusing on the prognosis of patients with borderline 
resectable locally advanced T3–4N0–1 NSCLC. The 
calibration curves showed an excellent coherence both 
in the training cohort and the validation cohort, which 
demonstrated that the nomogram had satisfying prognostic 
forecasting abilities. Besides, dynamic interactive nomogram 
can serve as a convenient tool for estimating individual 
risk in patients with borderline resectable locally advanced 
T3–4N0–1 NSCLC.

According to univariate and multivariate analyses, 
we identified nine independent prognostic factors 
including age, gender, primary site, lymph node removal, 
differentiation grade, T stage, N stage, histology and 
adjuvant chemotherapy for patients diagnosed with T3–4 

invasion, N0–1 resectable NSCLC. Same as results shown 
in previous studies, elder age (≥70), male and higher T/N 
stage were independent factors of unfavorable prognosis 
(33-35). The results of this study showed that the primary 
site in right lower lobe was associated with shorter OS, 
which was consistent with findings from previous studies 
(36,37). The reasons for this could be attributed to the 
complexity in the anatomy of the lower lobe lymph system, 
and the increasing risk of major complications (especially 
arrhythmias) and mortality for right-sided resection (38).  
Besides, we found that lymph node removal ≥4 was 
significantly associated with increased OS. The reason 
might be that lymph node removal ≥4 was related to more 
accurate staging and less false-negative staging (39,40). 
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Figure 5 Survival analyses for patients diagnosed with T3–4 invasion N0–1 resectable NSCLC. Total Kaplan-Meier curves for the training 
cohort (P<0.001) (A) and the validation cohort (P<0.001) (B). Subgroup analyses demonstrated that patients diagnosed with T3–4N1 
resectable NSCLC could benefit from neoadjuvant therapy, as shown in the training cohort (P=0.044) (C) and the validation cohort (P=0.042) 
(D). However, patients with T3–4N0 resectable NSCLC did not benefit from neoadjuvant therapy, as indicated in the training cohort 
(P=0.096) (E) and the validation cohort (P=0.74) (F). NSCLC, non-small cell lung cancer.
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Adenocarcinoma has shown to exhibit better prognosis 
than squamous cell carcinoma. This is because most 
adenocarcinomas are well differentiated, while squamous 
cell carcinomas tend to be poorly differentiated (41).  
In addition, adenocarcinomas typically originate in the 
peripheral regions of the lungs, while squamous cell 
carcinomas tend to arise in more proximal areas. The 
relatively less surgical damage in peripheral lung cancer 
may contribute to better treatment outcomes (42).

According to our findings, adjuvant chemotherapy 
application was associated with better prognosis in patients 
with T3–4 invasion, N0–1 resectable NSCLC, which was 
consistent with previous studies (43). However, despite 
being recommended as an important treatment in the 3.2023 
version NCCN guideline, neoadjuvant chemotherapy did 
not demonstrate the desired effect on prognosis. Previous 
studies have also reported conflicting results regarding 
the effectiveness of neoadjuvant chemotherapy in similar 
patient population (5,13). Considering the heterogeneous 
composition of this patient population, we preformed 
subgroup analyses to further explore the potential benefits 
of neoadjuvant chemotherapy in specific subgroups. It was 
observed that neoadjuvant chemotherapy could significantly 
improve the OS of patients diagnosed with T3–4N1 
NSCLC, while in the subgroup of patient with T3–4N0 
NSCLC, an opposite trend was observed (P>0.05). Due 
to the inclusion of only surgically treated patients in our 
study, we were unable to evaluate whether neoadjuvant 
chemotherapy could serve as a useful tool for improving 
patient selection for surgery. However, the conclusion 
we can draw is that the combination of neoadjuvant 
chemotherapy can improve OS in patients with resectable 
T3–4N1 NSCLC who undergo surgery. The reason might 
be that neoadjuvant chemotherapy decreased the nodal stage 
and increased the R0 resection rate in T3–4N1 patients. 
However, in the T3–4N0 subgroup, the potential negative 
effects of neoadjuvant chemotherapy might outweigh the 
benefits. Another population-based study revealed the same 
result (44). 

Neoadjuvant immunotherapy has been employed in 
various types of cancer (45,46). Since our data did not 
include information on immunotherapy, the potential 
benefits of neoadjuvant immunotherapy in T3–4N0 
patients still require further discussion. A recent meta-
analysis has reported that neoadjuvant immunotherapy 
achieves a higher rate of major pathological response (MPR) 
in patients diagnosed with stage II/III NSCLC compared to 
neoadjuvant chemotherapy alone. Furthermore, MPR has 

been found to be associated with improved OS [hazard ratio 
(HR) 0.80, 95% CI: 0.72–0.88, P<0.001] (45). This suggests 
that neoadjuvant immunotherapy seems to be beneficial 
for patients diagnosed with both T3–4N0 and T3–4N1 
NSCLC. It is worth noting that factors influencing the 
achievement of MPR should be taken into consideration 
before administering neoadjuvant immunotherapy (47,48).

There are some limitations in our study. Firstly, this is a 
retrospective population-based cohort study, the bias caused 
by data integrity and homogeneity was inevitable. Secondly, 
some potential factors that may have impact on the findings 
were unavailable from the SEER database, such as smoking, 
comorbidities, complications, R0 resection, genetic 
mutation, immunotherapy and targeted therapy were also 
unavailable from SEER database. 

Conclusions

In conclusion, we have developed an accurate prognostic 
nomogram as a clinical decision tool to predict individual 
1-, 3-, and 5-year OS for patients with borderline resectable 
locally advanced T3–4N0–1 NSCLC. Neoadjuvant 
chemotherapy could significantly improve the OS of 
patients diagnosed with T3–4N1 NSCLC, but not patients 
with T3–4N0 NSCLC. Further prospective studies 
including more variables are still needed.
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Figure S1 Variable correlation analysis. The correlation analysis plot demonstrates that there is no strong correlation between any of the 
variables included in this study. The symbol “X” represents a lack of significant correlation. LN, lymph node; Corr, correlation.

Supplementary

Appendix 1 The tumor-node-metastasis (TNM) 
re-stage criteria based on the 8th edition of the 
American Joint Committee on Cancer (AJCC) 
Cancer Staging Manual

T stage
T3 
Any of the following characteristics:

(I) Size: >5 cm but <7 cm;
(II) Local invasion: direct invasion of chest wall 

(including superior sulcus tumors), parietal pleura 
(PL3), phrenic nerve, or parietal pericardium.

T4
Any of the following characteristics:

(I) Size >7 cm;
(II) Airway location: invasion of the carina or trachea;
(III) Local invasion: diaphragm, mediastinum, heart, 

great vessels, recurrent laryngeal nerve, esophagus 
or vertebral body.

N stage (not corrected; same as the 7th edition AJCC)

N0
No regional lymph nodes involvement.

N1
Involvement  of  ips i l a tera l  per ibronchia l  and/or 
ipsilateral hilar lymph nodes (includes direct extension to 
intrapulmonary nodes).
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Figure S2 LASSO regression detects multicollinearity of variables. (A) The coefficient distribution plot; (B) the error parameter plot. 
LASSO regression results suggest that all nine variables we selected are important, and the final model does not suffer from multicollinearity 
issues. LASSO, least absolute shrinkage and selection operator.


