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Background: We aimed to formulate and validate nomograms to unravel the significant risk factors 
associated with lymph node metastasis (LNM) and distant metastasis in early-stage non-small cell lung 
cancer (NSCLC). 
Methods: Totally, 22403 pathologic T1 (pT1) or pT2 NSCLC patients were extracted from the 
Surveillance, Epidemiology, and End Results (SEER) database and were further randomly assorted into 
training and testing cohorts. Clinicopathologic risk predictors associated with distant metastasis and LNM 
were investigated through multivariate logistic regression. The LNM and distant metastasis nomogram 
models integrating all significant variables were internally validated in the testing cohort. The prediction 
efficiency of nomograms was assessed via the receiver operating characteristics curve (ROC), calibration 
plots and decision curve analysis (DCA). 
Results: The LNM nomogram displayed a favorable calibration and discrimination in both training and 
testing cohorts, with an area under the curve (AUC) of 0.721 (95% CI: 0.711–0.734) and 0.713 (95% CI: 
0.699–0.727), respectively. And the encouraging prediction efficiency was also revealed in the training 
cohort (AUC =0.788, 95% CI: 0.761–0.816) and the testing cohort (AUC =0.765, 95% CI: 0.721–0.808) 
for the distant metastasis nomogram. The calibration plot revealed an optimal consistency between model 
prediction and practical observation. Both nomograms were endowed with the optimal clinical utility and 
benefits compared with conventional clinicopathological indicators.
Conclusions: Our nomogram models are a promising tool with robust predictive power to effectively and 
intuitively predict the occurrence of LNM and distant metastasis in early-stage NSCLC.
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Introduction

Lung cancer is the most common cause of cancer-related 
death globally (1). About 1.8 million patients are estimated 
to die from lung cancer in 2018 (2). Non-small cell lung 
cancer (NSCLC) is the most dominating histologic subtype 
of all primary lung cancers, occupying about 85% of all 
cases (3,4). NSCLC is pathologically categorized into 
squamous cell carcinoma, adenocarcinoma, and large cell 
carcinoma (5). The 5-year survival rates of lung cancer 
fluctuate ranging from 4% to 17%, which is primarily 
ascribed to tumor stage and regional discrepancy (6,7). 
The unsatisfactory prognosis and frequent recurrence of 
NSCLC are closely associated with lymph node metastasis 
(LNM) and distant metastasis (8). 

In accordance with the 7th edition of the TNM staging 
system of lung cancer (9,10), patients can be diagnosed 
with advanced NSCLC (TNM stage IV) in the presence 
of distant metastasis, regardless of the pathologic T 
(pT) classification (10). NSCLC is characterized with 
formidable metastatic capacity and the bone (25–30%) 
is the most frequent metastatic site, followed by the lung 
(20–25%), the brain (15–20%) and the liver (5–10%) 
(11,12). Approximately 70–80% of patients diagnosed 
with NSCLC develop LNM in the clinical course of their 
disease. Furthermore, approximately 40–50% of advanced 
NSCLC patients (TNM stage III and IV) remain at pT1 
or pT2 because of the aggressive characteristics of early-
stage NSCLC (13,14). Above mentioned patients merely 
have 5–year survival rates of 4–15% on account of the 
progression of distant metastasis and subsequent palliative 
systemic treatment (6,14). Specifically, NSCLC patients 
with liver metastasis and abdominal lymph nodes metastasis 
are correlated with significantly diminished overall survival 
(OS) (15). For NSCLC patients with a pathological tumor 
size less than 30 mm, cases with LNM tend to display a 
much more unsatisfactory median OS than those without 
LNM (54.4 versus 114.1 months, P<0.001) (16). Thus, 
distant metastasis and LNM are crucial determinants of 
the prognosis of early-stage NSCLC (pT1 or pT2). Early 
detection of metastasis in early-stage NSCLC is essential 
for improving therapeutic planning and patient’s risk 
stratification in clinical practice.

Currently, there is merely confined information 
concerning how to estimate the risk factors related to LNM 
and distant metastasis in early-stage NSCLC individuals. 
Therefore, we attempted to develop and identify graphical 
calculating nomograms with an integration of all significant 

clinicopathological variables, thus accurately quantifying 
the risk events for tumor progression (17,18). To date, 
nomograms have not been formulated to predict LNM 
and distant metastasis in patients with early-stage NSCLC 
through extracting clinical data from the Surveillance, 
Epidemiology, and End Results (SEER) database. Herein, 
our study was designed to establish the first nomograms 
to confer risk prediction of LNM and distant metastasis in 
resected early-stage NSCLC patients. 

We present the following article in accordance with the 
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1756).

Methods

Data source and population selection

The SEER program financed by the National Cancer 
Institute is composed of 18 population-based cancer 
registries, covering approximately 28% of the U.S. 
population (19,20). The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). 
Considering that all available information from the public 
SEER database was anonymized, our study was exempted 
from the ethics committee approval and consent procedure 
(20,21). Because the SEER database initiated collecting 
the information for metastatic sites of bone, liver, lung and 
brain in 2010 and relevant data was renewed until 2015, we 
queried all pT1 or pT2a NSCLC patients who underwent 
resection between 2010 and 2015 from the SEER database 
through SEER*Stat 8.3.6 software. The flowchart of patient 
selection was shown in Figure 1. 

A total of 20 clinical parameters were extracted for 
each patient, including demographic variables (age 
at diagnosis, sex, ethnicity and survival time), tumor-
associated characteristics (primary tumor sites, pathological 
differentiation, pT stage, N stage, M stage, TNM stage, 
tumor size, histological type, pleural invasion, the status of 
distant metastasis, lung metastasis, bone metastasis, brain 
metastasis, liver metastasis) and cancer-targeted therapy 
(surgery type). Specifically, histological classifications of 
NSCLC, including “Adenocarcinoma”, “Squamous cell 
carcinoma”, “Large cell lung cancer (LCLC)” and “NSCLC, 
Not otherwise specified (NSCLC/NOS)” were confirmed 
based on the International Classification of Diseases for 
Oncology, 3rd Edition (IDO-O-3). All NSCLC cases 
were staged based on the 7th edition of the TNM staging 
system. The exclusion criteria were as follows: patients who 
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aged <18 years old or were diagnosed merely by autopsy or 
death certificate, or whose clinical data were insufficient. 
Eventually, a total of 22,403 enrolled cases extracted from 
the SEER database were randomly classified into a training 
cohort (n=14,935) for nomogram establishment and a 
testing cohort (n=7,468) for internal verification.

Establishment and validation of nomogram models

All significant independent risk factors for LNM and distant 
metastasis were confirmed in early-stage NSCLC cases 
through univariable and multivariable logistic regression 
analysis (P<0.05). The SEER internal testing cohort was 
applied for evaluating the predictive performance of the 
nomograms associated with LNM and distant metastasis. 
A bootstrapping strategy with 2,000 samples was further 
conducted for the internal validation of the nomogram 
models. The receiver operating characteristics curve 
(ROC) and calibration plots were used to measure and 
validate the predictive reliability and accuracy of the 
models, respectively. Subsequently, decision curve analysis 
(DCA) curve was established to evaluate the clinical utility 
and benefits of the nomogram and other conventional 
clinicopathological parameters. 

Statistical analysis

The R language version 3.3.5 was applied for statistical 

analyses. Means and standard deviation were utilized 
to represent continuous variables. Variables could be 
compared through the Chi squared test and Student’s t-test. 
The nomogram models and the corresponding calibration 
plots as well as ROC curve were calculated by the pROC 
and rms packages. The cutoff values of the risk scores in the 
predictive nomogram models were estimated through the 
maximum Youden index. All cases were further classified 
into low- and high-risk groups. All tests were 2-tailed and 
considered statistically significant at P<0.05.

Results 

Clinicopathologic features of patients

As shown in Table S1, there were no statistically significant 
discrepancies in the demographic and clinical characteristics 
of early-stage NSCLC patients between the training and 
the validation cohorts (P>0.05). LNM occurred in 1,653 of 
14,935 patients (11.06%) in the training group and 697 of 
7,468 patients (9.33%) in testing group. Distant metastasis 
was present in 261 of 14,935 patients (1.75%) in the training 
cohort and 131 of 7,468 patients (1.75%) in the testing 
cohort. Specifically, in the training cohort, the proportion 
of bone metastasis, brain metastasis, liver metastasis was 
0.42% (n=63), 0.91% (n=136), 0.15% (n=22), respectively. 
The corresponding numerical value in the testing cohort 
was 0.43% (n=32), 0.99% (n=74), 0.09% (n=7), respectively. 
Table S1 revealed no statistically significant discrepancy in 

Patients performed a 

certain surgery (n=22,403)

Patients diagnosed as NSCLC 

between 2010–2015 (n=184,089)

Age <18 years

Patients with unknown or without surgery;

Histological grade unknown;

Distant metastasis unknown:

Death certificate only and autopsy only.

Primary tumor stage in  

PT1 and pt2a (n=62,271)

Training set (n=14,935)

Testing set (n=7,468)

Exclude

Figure 1 Flowchart of patient selection. NSCLC, non-small cell lung cancer; pT, pathologic T.

https://cdn.amegroups.cn/static/public/APM-20-1756-supplementary.pdf
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LNM proportion (P=0.47) or distant metastasis proportion 
(P=1.00) between both groups.

Correlations between clinicopathologic parameters and 
LNM and distant metastasis

The existence of LNM was examined stratified by different 
clinicopathologic variables. Among all clinical parameters, 
LNM was significantly correlated with age at diagnosis, 
primary site, pathological differentiation, pT stage, 
metastasis status, tumor size, pleural invasion, surgery 
type, brain metastasis, bone metastasis and lung metastasis 
as well as OS in both the training and testing cohorts 
(P<0.001) (Table 1). Similarly, in the correlation analysis, 11 
parameters, namely age, pathological differentiation, lymph 
node status, histological type, pleural invasion, surgery type, 
brain metastasis, bone metastasis, liver metastasis and lung 
metastasis as well as OS were all significantly associated 
with distant metastasis in two sets (P<0.001) (Table 2). 

Univariable and multivariable logistic regression analysis 
in training cohort

Initially, we preliminarily screened the independent 
risk factors for LNM and distant metastasis through 
univariate logistic regression analysis (Table 3). LNM was 
significantly correlated with age, gender, ethnicity, primary 
site, pathological differentiation, pT stage, tumor size, 
histological type, pleural invasion, surgery type and distant 
metastasis (P<0.05). Additionally, age, gender, pathological 
differentiation, pT stage, lymph node status, histological 
type, pleural invasion and surgery type were significantly 
related to distant metastasis of early-stage NSCLC (P<0.05).

The abovementioned significant risk predictors in 
the univariate analysis were all incorporated into the 
multivariate analysis. The associated risk factors of LNM 
and distant metastasis and the corresponding OR with 
95% CI were presented in Table 4. Over 65 years of age 
(OR =0.77, 95% CI: 0.67–0.81, P<0.001) was negatively 
associated with the development of LNM. Furthermore, for 
histological type, patients with NSCLC-subtype squamous 
cell carcinoma had a significantly diminished risk of LNM 
compared with those with adenocarcinoma (OR =0.61, 95% 
CI: 0.55–0.68, P<0.001). Nevertheless, male gender (OR 
=1.12, 95% CI: 1.02–1.22, P=0.015), T2a stage (OR =1.59, 
95% CI: 1.36–1.86, P<0.001), tumor size of 30–50 mm (OR 
=1.47, 95% CI:1.28–1.69, P<0.001) and distant metastasis 
(OR =2.94, 95% CI: 2.25–3.83, P<0.001) were positively 

associated with LNM. As for primary site of early-stage 
NSCLC, compared with right upper lobe (RUL), tumor 
located in the left lower lobe (LLL) displayed the highest 
risk of LNM (OR =1.37, 95% CI: 1.2–1.57, P<0.001), 
followed by left upper lobe (LUL) (OR =1.36, 95% CI: 
1.22–1.52, P<0.001), right middle lobe (RML) (OR =1.33, 
95% CI: 1.1–1.59, P=0.003) and right lower lobe (RLL) 
(OR =1.31, 95% CI: 1.16–1.49, P<0.001). NSCLC patients 
with moderately or poorly-differentiated tumors were more 
prone to develop LNM than those with well-differentiated 
tumors (OR =2.96, 95% CI: 2.54–3.46, P<0.001 for 
moderately-differentiated tumors; and OR =4.19, 95% CI: 
3.59–4.91, P<0.001 for poorly-differentiated tumors).

Multivariable logistic regression indicated that age >65 
years old (OR =0.53, 95% CI: 0.41–0.68, P=0.006) and 
squamous cell carcinoma (OR =0.44, 95% CI: 0.3–0.63, 
P<0.001) were negatively correlated with the occurrence of 
distant metastasis (Table 4). Early-stage NSCLC patients 
treated with lobectomy/bilobectomy (OR =0.35, 95% CI: 
0.26–0.46, P<0.001) or pneumonectomy (OR =0.33, 95% 
CI: 0.13–0.7, P<0.001) showed a significantly diminished 
risk of distant metastasis compared to those treated with 
wedge resection. Conversely, male patients (OR =1.43, 95% 
CI: 1.11–1.85, P<0.001) with pleural invasion (OR =1.66, 
95% CI: 1.15–2.42, P<0.001) exhibited an increased risk 
for developing distant metastasis. Moderately (OR =2.97, 
95% CI: 1.74–5.43, P<0.001) or poorly-differentiated (OR 
=4.96, 95% CI: 2.92–9.05, P<0.001) tumors had a higher 
risk of the development of distant metastasis than well-
differentiated tumors. For lymph node status, patients with 
more aggressive lymph node involvement had a higher 
risk of distant metastasis (OR =1.98, 95% CI: 1.33–2.88, 
P<0.001 for N1; OR =3.11, 95% CI: 2.26–4.23, P<0.001 for 
N2; OR =15.14, 95% CI: 7.01–31.4, P<0.001 for N3). 

Development of nomogram model for LNM and distant 
metastasis prediction

Significant results of the multivariate regression model 
were applied for constructing nomogram models of LNM 
(Figure 2) and distant metastasis (Figure 3). Moreover, 
Table S2 revealed the estimated points scales and predictive 
scores for each parameter in the nomograms. Specifically, 
Figure 2 demonstrated that surgery type and degrees of 
pathological differentiation made the greatest contribution 
to the presence of LNM, followed by the status of distant 
metastasis, pT stage, and histological type as well as tumor 
size. The primary site of tumor, age and gender exerted a 

https://cdn.amegroups.cn/static/public/APM-20-1756-supplementary.pdf
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Table 1 Correlations between clinicopathological variables and LNM in both cohorts

Variables
Training (n=14,935) Testing (n=7,468)

Negative Positive P value Negative Positive P value

Age (mean, SD) 67.1±10.3 65.5±10.5 <0.001 66.9±10.3 65.2±10 <0.001

Gender <0.001 0.03

Female 6,672 1,484 3,294 771

Male 5,279 1,500 2,689 714

Race <0.001 0.16

White 10,010 2,423 4,944 1,197

Black 1,020 296 535 153

Unknown 921 265 504 135

Primary site <0.001 <0.001

RUL 4,117 862 2,080 458

RML 746 186 340 85

RLL 2,121 523 1,060 274

LUL 2,991 852 1,497 407

LLL 1,733 466 895 209

Unknown 243 95 111 52

Pathological differentiation <0.001 <0.001

Well; I 2,936 238 1,485 127

Moderately; II 5,440 1,387 2,704 642

Poorly; III 3,427 1,304 1,720 691

Undifferentiated; IV 148 55 74 25

pT stage <0.001 <0.001

T1 7,447 1,154 3,760 574

T2a 4,504 1,830 2,223 991

Metastasis status <0.001 <0.001

M0 11,722 2,807 5,878 1,403

M1a 89 56 32 24

M1b 140 121 73 58

Tumor size <0.001 <0.001

≤30 mm 9,184 1,693 4,640 859

30–50 mm 2,735 1,282 1,326 618

Unknown 32 9 17 8

Table 1 (continued)
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Table 1 (continued)

Variables
Training (n=14,935) Testing (n=7,468)

Negative Positive P value Negative Positive P value

Histological type <0.001 0.003

Adenocarcinoma 7,051 1,921 3,578 921

Squamous 2,892 677 1,449 358

Large cell 199 66 96 37

NSCLC (NOS) 1,809 320 860 169

Pleural invasion <0.001 <0.001

No invasion 8,485 1,837 4,253 905

Invasion 2,010 768 1,015 388

Unknown 1,456 379 715 192

Surgery type <0.001 <0.001

Wedge resection 2,562 329 1,293 154

Lobectomy/bilobectomy 9,261 2,452 4,613 1,234

Pneumonectomy 128 203 77 97

Brain metastasis <0.001 <0.001

Negative 11,861 2,909 5,931 1,453

Positive 78 58 47 27

Unknown 12 17 5 5

Bone metastasis <0.001 <0.001

Negative 11,909 2,935 5,967 1,459

Positive 29 34 10 22

Unknown 13 15 6 4

Liver metastasis <0.001 0.02

Negative 11,928 2,955 5,974 1,477

Positive 10 12 4 3

Unknown 13 17 5 5

Lung metastasis <0.001 <0.001

Negative 11,902 2,945 5,965 1,470

Positive 35 19 13 8

Unknown 14 20 5 7

Overall survival <0.001 <0.001

Alive 10,279 1,869 5,157 952

Death 1,672 1,115 826 533

LNM, lymph node metastasis; SD, standard deviation; pT, pathologic T; RUL, right upper lobe; RML, right middle lobe; RLL, right lower 
lobe; LUL, left upper lobe; LLL, left lower lobe; pT, pathologic T; NSCLC (NOS), non-small cell lung cancer, not otherwise specified.
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Table 2 Correlations between clinicopathological variables and distant metastasis in both cohorts

Variables
Training (n=14,935) Testing (n=7,468)

Negative Positive P value Negative Positive P value

Age (mean, SD) 66.8±10.3 63.3±10.3 <0.001 66.7±10.3 62.5±9.7 <0.001

Gender <0.001 0.56

Female 8,041 115 3,397 68

Male 6,633 146 3,340 63

Race 0.76 0.74

White 12,215 218 6,030 111

Black 1,291 25 678 10

Unknown 1,168 18 629 10

Primary site 0.14 0.41

RUL 4,895 84 2,492 46

RML 915 17 421 4

RLL 2,610 34 1,311 23

LUL 3,760 83 1,864 40

LLL 2,164 35 1,090 14

Unknown 330 8 159 4

Pathological differentiation <0.001 <0.001

Well; I 3,159 15 1,603 9

Moderately; II 6,724 103 3,302 44

Poorly; III 4,600 131 2,338 73

Undifferentiated; IV 191 12 94 5

pT stage <0.001 0.002

T1 8,485 116 4,275 59

T2a 6,189 145 3,062 72

Lymph node status* <0.001 <0.001

N0 11,811 140 5,910 73

N1 1,502 37 785 19

N2 1,301 66 613 27

N3 28 14 16 9

NX 32 4 13 3

Tumor size 0.03 0.18

≤30 mm 10,702 175 5,409 90

30–50 mm 3,933 84 1,904 40

Unknown 39 2 24 1

Table 2 (continued)
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Table 2 (continued)

Variables
Training (n=14,935) Testing (n=7,468)

Negative Positive P value Negative Positive P value

Histological type <0.001 <0.001

Adenocarcinoma 8,788 184 4,403 96

Squamous 3,533 36 1,789 18

Large cell 253 12 127 6

NSCLC (NOS) 2,100 29 1,018 11

Pleural invasion <0.001 <0.001

No invasion 10,204 118 5,093 65

Invasion 2,702 76 1,369 34

Unknown 1,768 67 875 32

Surgery type <0.001 <0.001

Wedge resection 2,792 99 139 48

Lobectomy/bilobectomy 11,558 155 5,766 81

Pneumonectomy 325 7 172 2

Brain metastasis <0.001 <0.001

Negative 14,648 123 7,329 46

Positive 0 135 0 73

Unknown 26 3 8 2

Bone metastasis <0.001 <0.001

Negative 14,648 196 7,329 97

Positive 0 63 0 31

Unknown 26 2 8 3

Liver metastasis <0.001 <0.001

Negative 14,648 196 7,329 124

Positive 0 63 0 5

Unknown 26 2 8 2

Lung metastasis <0.001 <0.001

Negative 14,605 242 7,309 126

Positive 41 13 18 3

Unknown 28 6 10 2

Overall survival <0.001 <0.001

Alive 12,040 108 6,060 49

Death 2,634 153 1,277 82

*, NX indicates unknown stage. RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower 
lobe; pT, pathologic T; NSCLC (NOS), non-small cell lung cancer, not otherwise specified.
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Table 3 Univariate logistic regression to analyze risk factors for LNM and distant metastasis

Variables
LNM Distant metastasis

OR 95% CI P value OR 95% CI P value

Age

≤65 1 1

>65 0.71 0.65–0.77 <0.001 0.52 0.4–0.66 <0.001

Gender

Female 1 1

Male 1.28 1.17–1.38 <0.001 1.53 1.2–1.97 <0.001

Race

White 1 1

Black 1.2 1.04–1.37 0.009 1.09 0.7–1.61 0.71

Primary site

RUL 1 1

RML 1.19 1–1.42 0.05 1.08 0.62–1.78 0.77

RLL 1.18 1.04–1.33 0.007 0.76 0.5–1.12 0.18

LUL 1.36 1.22–1.51 <0.001 1.29 0.95–1.75 0.11

LLL 1.28 1.13–1.46 <0.001 0.94 0.63–1.39 0.77

Pathological differentiation

Well; I 1 1

Moderately; II 3.15 2.73–3.64 <0.001 3.23 1.94–5.78 <0.001

Poorly; III 4.69 4.06–5.45 <0.001 6 3.63–10.7 <0.001

Undifferentiated; IV 4.58 3.25–6.38 <0.001 13.23 5.99–28.6 <0.001

pT stage

T1 1

T2a 2.6 2.4–2.8 <0.001 1.7 1.34–2.19 <0.001

Lymph node status

N0 – – – 1

N1 – – – 2.08 1.42–2.96 <0.001

N2 – – – 4.28 3.16–5.74 <0.001

N3 – – – 42.18 21.2–80.5 <0.001

Tumor size

≤30 mm 1 1

30–50 mm 2.54 2.34–2.77 <0.001 1.31 1–1.69 0.05

Table 3 (continued)
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Table 3 (continued)

Variables
LNM Distant metastasis

OR 95% CI P value OR 95% CI P value

Histological type

Adenocarcinoma 1 1

Squamous 0.86 0.78–0.95 0.002 0.49 0.33–0.69 <0.001

Large cell 1.22 0.91–1.61 0.17 2.27 1.18–3.94 0.007

NSCLC (NOS) 0.65 0.57–0.74 <0.001 0.66 0.44–0.96 0.04

Pleural invasion

No invasion 1 1

Invasion 1.76 1.6–1.94 <0.001 2.43 1.81–3.25 <0.001

Surgery type

Wedge resection 1 1

Lobectomy/bilobectomy 2.06 1.83–2.34 <0.001 0.38 0.29–0.49 <0.001

Pneumonectomy 12.35 9.64–15.9 <0.001 0.61 0.25–1.23 0.21

Distant metastasis

Negative 1 – – –

Positive 3.56 2.78–4.56 <0.001 – – –

LNM, lymph node metastasis; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower 
lobe; pT, pathologic T; NSCLC (NOS), non-small cell lung cancer, not otherwise specified.

Table 4 Multivariable logistic regression to analyze risk factors for LNM and distant metastasis

Variables
LNM Distant metastasis

OR 95% CI P value OR 95% CI P value

Age

≤65 1 1

>65 0.77 0.67–0.81 <0.001 0.53 0.41–0.68 0.006

Gender

Female 1 1

Male 1.12 1.02–1.22 0.015 1.43 1.11–1.85 <0.001

Primary site

RUL 1 – – –

RML 1.33 1.1–1.59 0.003 – – –

RLL 1.31 1.16–1.49 <0.001 – – –

LUL 1.36 1.22–1.52 <0.001 – – –

LLL 1.37 1.2–1.57 <0.001 – – –

Table 4 (continued)



2558 Tian et al. Nomograms for early-stage NSCLC

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(3):2548-2566 | http://dx.doi.org/10.21037/apm-20-1756

Table 4 (continued)

Variables
LNM Distant metastasis

OR 95% CI P value OR 95% CI P value

Pathological differentiation

Well; I 1 1

Moderately; II 2.96 2.54–3.46 <0.001 2.97 1.74–5.43 <0.001

Poorly; III 4.19 3.59–4.91 <0.001 4.96 2.92–9.05 <0.001

Undifferentiated; IV 3.88 2.65–5.61 <0.001 6.88 2.81–16.4 <0.001

pT stage

T1 1 1

T2a 1.59 1.36–1.86 <0.001 1.15 0.83–1.59 0.4

Lymph node status

N0 – – – 1

N1 – – – 1.98 1.33–2.88 <0.001

N2 – – – 3.11 2.26–4.23 <0.001

N3 – – – 15.14 7.01–31.4 <0.001

Tumor size

≤30 mm 1 – – –

30–50 mm 1.47 1.28–1.69 <0.001 – – –

Histological type

Adenocarcinoma 1 1

Squamous 0.61 0.55–0.68 <0.001 0.44 0.3–0.63 <0.001

Large cell 0.75 0.54–1.02 0.07 1.37 0.65–2.63 0.37

NSCLC (NOS) 0.82 0.71–0.94 0.005 0.9 0.59–1.34 0.63

Pleural invasion

No invasion 1 1

Invasion 1.1 0.96–1.26 0.15 1.66 1.15–2.42 <0.001

Surgery type

Wedge resection 1 1

Lobectomy/bilobectomy 1.83 1.61–2.09 <0.001 0.35 0.26–0.46 <0.001

Pneumonectomy 8.59 6.56–11.3 <0.001 0.33 0.13–0.7 <0.001

Distant metastasis

Negative 1 – – –

Positive 2.94 2.25–3.83 <0.001 – – –

LNM, lymph node metastasis; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower 
lobe; pT, pathologic T; NSCLC (NOS), non-small cell lung cancer, not otherwise specified.
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Figure 2 Nomogram models and calibration plots to predict LNM in early-stage NSCLC patients. (A) Nomograms for predicting the risk 
factors responsible for LNM. Calibration curves to estimate the predictive performance of LNM nomogram in (B) the training cohort and 
(C) the testing cohort, respectively. LNM, lymph node metastasis; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; 
LUL, left upper lobe; LLL, left lower lobe; pT, pathologic T; NSCLC (NOS), non-small cell lung cancer, not otherwise specified.

relatively small effect on the risk of LNM. Similarly, the 
status of lymph node invasion and degrees of pathological 
differentiation exerted the most noticeable impact on the 
distant metastasis nomogram, followed by histological type, 
surgery type, the status of pleural invasion. Age and sex 
made a few contributions to the risk of distant metastasis 
(Figure 3). 

Efficiency and validation of nomogram model for LNM 
and distant metastasis prediction

The cal ibration plots to predict  LNM (Figure 2 ) 

and distant metastasis (Figure 3) revealed a favorable 
concordance between the predicted and observed 
probabilities in the training and testing set, respectively. 
We performed a comparison of the predictive accuracy for 
LNM and distant metastasis between the nomograms and 
clinicopathological parameters through ROC observation 
and its corresponding area under the curve (AUC). The 
predictive value of the LNM nomogram was favorable, 
achieving an AUC of 0.721 (95% CI: 0.711–0.734) in the 
training group (Figure 4) and 0.713 (95% CI: 0.699–0.727) 
in the testing cohort (Figure 4), respectively, which 
were more satisfactory than the AUCs of pathological 

A

B C
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Figure 3 Nomogram models and calibration plots to predict distant metastasis in early-stage NSCLC patients. (A) Nomograms for 
predicting the risk factors responsible for distant metastasis. Calibration curves to estimate the predictive performance of distant metastasis 
nomogram in (B) the training cohort and (C) the testing cohort, respectively. NSCLC (NOS), non-small cell lung cancer, not otherwise 
specified.

differentiation, pT stage and histological type in two 
cohorts (P<0.001). Analogously, the distant metastasis 
nomogram model exhibited an AUC value of 0.788 (95% 
CI: 0.761–0.816) in the training cohort (Figure 4) and 0.765 
(95% CI: 0.721–0.808) in the testing cohort (Figure 4),  
respectively. These values were higher than those for 
pathological differentiation, pleural invasion, the status 
of lymph node invasion and histological type. These 
results highlighted that the nomogram models conferred 
a more desirable predictive efficacy than that of the 

clinicopathological risk factors alone. 
Additionally, the bar charts were formulated to assess 

the discriminatory efficiency of the LNM and distant 
metastasis nomogram models following estimating the 
risk scores. Based on the maximum Youden index, we 
further established optimal risk score cutoff values of 130 
and 102 for the LNM and distant metastasis nomogram, 
respectively. All enrolled subjects were stratified into low- 
and high-risk groups. In the training cohort, early-stage 
NSCLC individuals in the high-risk group had a higher 

A

B C
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Figure 4 ROC analysis to evaluate the predictive efficiency of the nomograms for LNM and distant metastasis. ROC curves of LNM and 
distant metastasis in (A,C) the training cohort and (B,D) the testing cohort, respectively. LNM, lymph node metastasis; ROC, receiver 
operating characteristic; AUC, area under the curve; 95% CI, 95% confidence interval.

risk of LNM than counterparts in the low-risk group  
(Figure S1A), which was consistent with the prediction 
outcome in the testing cohort (Figure S1B). Similarly, 
patients in the high-risk group suffered from a higher 
probability for distant metastasis than those in the low-risk 
group in both cohorts (Figure S1C,D). 

Clinical application of nomogram model for LNM and 
distant metastasis prediction

Furthermore, survival analysis also revealed that early-
stage NSCLC subjects who were predicted to develop 
LNM (Figure S2A,B) or distant metastasis (Figure S2C,D) 

A

C

B

D
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were characterized with a significantly decreased OS in 
both cohorts (P<0.0001). The DCA curve demonstrated 
that compared with the traditional variables, the LNM 
nomogram in the training group displayed the optimal 
clinical usability and benefits, followed by histological 
grade, pT stage and histological type as well as pleural 
invasion (Figure 5). A roughly consistent trend was also 
revealed in the LNM nomogram in the testing group 
(Figure 5). Additionally, clinical impact curves illustrated 
when the risk threshold was within a range of 0 to 0.3, the 
predicted number of early-stage NSCLC individuals with 
high risk appeared to be higher than the number of high-
risk individuals with an actual LNM occurrence in both 
training and testing cohorts (Figure 5). Similarly, DCA 
curves showed the highest net benefit of the nomogram for 
predicting distant metastasis compared to the other four 
parameters (histological grade, LNM, pleural invasion and 

histological type) in both cohorts (Figure 6). As showed in 
Figure 6, the cost benefit ratios were admissible within the 
range of 0 to 0.4.

Discussion 

Lung cancer ranks first in terms of incidence and mortality 
worldwide in 2018. Distant metastasis is the primary reason 
responsible for unsatisfactory prognosis of early-stage 
NSCLC patients. LNM is also a considerable prognostic 
factor associated with tumor recurrence (1,2,22,23). Thus, 
it is momentous to estimate the risk factors associated 
with LNM and distant metastasis for early-stage NSCLC 
patients. In our report, we initially identified the 
clinicopathologic parameters’ difference between early-
stage NSCLC patients with LNM and distant metastasis 
and those without both metastases. We further confirmed 

Figure 5 DCA curve and clinical impact curve of LNM nomogram in (A,B) the training cohort and (C,D) the testing cohort, respectively. 
LNM, lymph node metastasis; DCA, decision curve analysis.
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certain significant clinical risk factors for LNM and distant 
metastasis through univariable and multivariable logistic 
regression analysis. Two visualized nomogram models 
were formulated and validated to confer prediction for the 
occurrence of LNM and distant metastasis in early-stage 
NSCLC patients through including all significant risk 
predictors filtrated in the multivariable logistic regression 
analysis. Our two nomograms revealed favorable coherence 
between model prediction and actual observation in the 
training and testing cohorts. Moreover, a satisfactory AUC 
value of the LNM and distant metastasis nomograms was 
0.721 (95% CI: 0.711–0.734) and 0.788 (95% CI: 0.761–
0.816), respectively, in the training group, highlighting 
that the predictive performance of nomogram models 
was significantly superior to that of conventional clinical 

parameters, including pathological differentiation, 
histologic type, pT grade and the status of lymph node 
invasion. 

Specifically, the predictive nomogram for LNM 
included ten clinical variables, namely surgery type, 
pathological differentiation, the status of distant metastasis, 
pT stage, histological type, tumor size, primary site of 
tumor and age as well as gender, which were basically 
consistent with the outcome in the previous clinical 
studies (24-27). Notably, neoplasm located in the LLL 
was prone to develop LNM, which was not consistent with 
another report’s conclusion that tumor in the RLL had 
the most obvious tendency for LNM (27). Additionally, 
we also identified that several traditional and crucial 
clinical parameters, including pathological differentiation, 

Figure 6 DCA curve and clinical impact curve of distant metastasis nomogram in (A,B) the training cohort and (C,D) the testing cohort, 
respectively. DCA, decision curve analysis.
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histological type and tumor size, were all independent risk 
factors associated with LNM. According to our analysis, 
early-stage NSCLC patients with a tumor size of more 
than 30 mm and poorly differentiated or undifferentiated 
adenocarcinoma were more inclined to have a higher grade 
of lymph node invasion. Therefore, it seems that physicians 
take these patients more seriously than others and imaging 
screening is still a reliable and convenient pathway to 
detect metastasis (21).

The nomogram for distant metastasis incorporated seven 
clinical factors: the status of lymph node involvement, 
pathological differentiation, histological type, surgery 
type, the status of pleural invasion, age and sex. Similarly, 
Zhang et al. retrospectively analyzed 637 resected NSCLC 
patients and further developed a nomogram to forecast the 
development of distant metastasis based on three significant 
clinicopathologic characteristics, including histological 
type, pathological differentiation, degree of lymph nodes 
metastasis (22). Wang et al. highlighted that locally 
advanced NSCLC subjects with non-squamous pathological 
subtypes and more metastatic lymph nodes had a high 
risk of developing brain metastases (28). Our model also 
demonstrated that more aggressive LNM, NSCLC subtype 
adenocarcinoma and poor tumor differentiation were the 
primary factors responsible for distant metastases. Notably, 
lymph node involvement played a central role in facilitating 
distant metastasis in our nomogram. Indeed, a previous 
report also demonstrated that M1b NSCLC patients 
displayed higher proportions of N1, N2 and N3 than M1a 
patients did, and patients with aggressive N stage had a 
higher probability of developing multiorgan metastases 
(both P<0.001) (29,30). Intriguingly, our results concurred 
with those of several previous studies in which younger 
patients were characterized with an enhanced risk of lymph 
node invasion and distant metastasis (31,32). In our cohort, 
male gender was an independent risk factor for developing 
LNM and distant metastasis in early-stage NSCLC 
patients. NSCLC, distinct from breast cancer, is generally 
acknowledged as a hormone-independent cancer. Whether 
gender potentially exerts a momentous effect on various 
metastases in hormone-independent tumors needs further 
investigation (21). As for histological type, our results 
demonstrated that adenocarcinoma exhibited a higher 
risk of distant metastasis than other histological subtypes. 
Indeed, Oliveira et al. demonstrated that adenocarcinoma 
was the most frequent histological subtype (58.3%) to 
develop bone metastasis while squamous cell carcinoma was 
significantly related to the lowest risk of bone metastasis 

(13.0%) (33). A prior clinical study also found that lung 
adenocarcinoma occupied over 50% of all the lung cancer 
cases with bone metastasis (34). Another tumor registry-
based research performed in Sweden revealed up to 39% 
of bone metastasis occurrence in adenocarcinoma (11). 
Adenocarcinoma subjects also exhibited a 2.86-fold higher 
risk of brain metastases occurrence compared to non-
adenocarcinoma NSCLC patients (22). 

Our report had considerable strengths. Firstly, to our 
knowledge, we established the first predictive nomograms 
that could estimate the clinicopathological risk factors 
associated with LNM and distant metastasis in pT1 or 
pT2a NSCLC patients. Secondly, we extracted the largest 
number of cases with early-stage NSCLC from the SEER 
database and randomly classified them into a training cohort 
and an internal testing cohort, which made our conclusion 
more convincing. Thirdly, two user-friendly nomogram 
models performed well and harboured satisfactory accuracy 
and reliability. All significant risk factors in our nomograms 
were accessible and prevalent in clinical practice. Thus, 
our models were convenient for clinicians to perform the 
individualized risk prediction of each patient. Inevitably, our 
study has several limitations. Firstly, the representativeness 
of our sample was partial as all enrolled subjects were 
from the USA and clinical information concerning cases 
from additional countries or areas was devoid in the SEER 
database. Furthermore, the SEER database was devoid 
of certain crucial clinicopathologic factors of NSCLC, 
including smoking, body mass index, family history, 
driven mutations and genetic markers (35,36), which 
requires further investigations. Ultimately, our predictive 
nomograms were merely assessed by internal verification 
owing to the deficiency of data support from another 
database of our hospital (37). Thus, the applicability of our 
nomograms to early-stage NSCLC patients remains to be 
further confirmed through multicenter prospective clinical 
trials with a large sample size.

Conclusions 

Based on the identified clinicopathologic risk predictors in 
a large retrospective population-based cohort, our study 
presented the first novel nomogram models with favorable 
predictive accuracy to make an individualized distinction 
and prediction for LNM and distant metastasis in resected 
patients with pT1 and pT2a NSCLC, which is instrumental 
in prognostic evaluation, personalized therapy and follow-
up management in clinical practice.
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Supplementary

Table S1 Clinical features of the included early-stage NSCLC patients

Variables Total (n=22403) Training (n=14935) Test (n=7468) P value

Age (mean, SD) 66.7±10.3 66.7±10.3 66.6±10.3 0.36

Gender 0.81

Female 12,221 8,156 4,065

Male 10,182 6,779 3,403

Race 0.15

White 18,574 12,433 6,141

Black 2,004 1,316 688

Unknown 1,825 1,186 639

Primary site 0.63

RUL 7,517 4,979 2,538

RML 1,357 932 425

RLL 3,978 2,644 1,334

LUL 5,747 3,843 1,904

LLL 3,303 2,199 1,104

Unknown 501 338 163

Pathological differentiation 0.62

Well; I 4,786 3,174 1612

Moderately; II 10,173 6,827 3346

Poorly; III 7,142 4,731 2411

Undifferentiated; IV 302 203 99

pT stage 0.53

T1 12,935 8,601 4,334

T2a 9,468 6,334 3,134

Lymph node status* 5,983 0.47

N0 17,934 11,915 804

N1 2,343 1,539 640

N2 2,007 42 25

N3 67 36 16

NX 52 36 16

Metastasis status 0.25

M0 21,810 14,529 7,281

M1a 201 145 56

M1b 392 261 131

TNM stage 0.47

I 17,600 11,722 5,878

II 2,262 1,485 777

III 1,905 1,291 614

IV 593 406 187

Unknown 43 31 12

Table S1 (continued)
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Table S1 (continued)

Variables Total (n=22403) Training (n=14935) Test (n=7468) P value

Tumor size 0.29

≤30mm 16,576 10,877 5,499

30-50 mm 5,961 4,017 1,944

Unknown 66 41 25

Histological type 0.79

Adenocarcinoma 13,471 8,972 4,499

Squamous 5,376 3,569 1,807

Large cell 398 265 133

NSCLC (NOS) 3,158 2,129 1,029

Pleural invasion 0.91

No invasion 15,480 10,322 5158

Invasion 4,181 2,778 1403

Unknown 2,742 1,835 907

Surgery type 0.86

Wedge resection 4,338 2,891 1,447

Lobectomy/Bilobectomy 17,560 11,713 5,847

Pneumonectomy 505 331 174

Distant metastasis 1

Negative 22,011 14,674 7,337

Positive 392 261 131

Bone metastasis 0.65

Negative 22,270 14,844 7,426

Positive 95 63 32

Unknown 38 28 10

Brain metastasis 0.5

Negative 22,154 14,770 7,384

Positive 210 136 74

Unknown 39 29 10

Liver metastasis 0.31

Negative 22,334 14,883 7,451

Positive 29 22 7

Unknown 40 30 10

Lung metastasis 0.35

Negative 22,282 14,847 7,435

Positive 75 54 21

Unknown 46 34 12

Overall survival 0.41

Alive 18,257 12,148 6,109

Death 4,146 2,787 1,359

*, NX means that there is lymph node metastasis, but unknown for which stage. SD, standard deviation; RUL, right upper lobe; RML, right 
middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; pT, pathologic T; NSCLC (NOS), Non-small cell lung cancer, 
Not otherwise specified.
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Table S2 Point distributions and predictive scores for every 
parameter in both nomograms

Variables

Nomogram score

LNM
Distant 

metastasis

Age

≤65 12 23

>65 0 0

Gender

Female 0 0

Male 5 13

Primary site

RUL 0 –

RML 13 –

RLL 13 –

LUL 14 –

LLL 15 –

Pathological differentiation

Well; I 0 0

Moderately; II 51 40

Poorly; III 64 59

Undifferentiated; IV 67 70

pT stage

T1 0 –

T2a 25 –

Lymph node status

N0 – 0

N1 – 25

N2 – 42

N3 – 100

Table S2 (continued)

Table S2 (continued)

Variables

Nomogram score

LNM
Distant 

metastasis

Tumor size

≤30mm 0 –

30-50 mm 16 –

Histological type

Adenocarcinoma 23 30

Squamous 0 0

Large cell 9 42

NSCLC (NOS) 14 26

Pleural invasion

No invasion – 0

Invasion – 22

Surgery type

Wedge resection 0 39

Lobectomy/bilobectomy 28 1

Pneumonectomy 100 0

Distant metastasis

Negative 0 –

Positive 52 –
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Figure S1 Discriminatory efficiency of the predictive nomogram models for LNM and distant metastasis. Risk stratification for the 
nomogram models was performed through the maximum Youden index, and their performance in differentiating LNM and distant 
metastasis in (A,C) the training cohort and (B,D) the testing cohort were plotted.
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Figure S2 Survival analysis of patients with LNM and distant metastasis in (A,C) the training cohort and (B,D) the testing cohort, 
respectively. OS, overall survival.
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