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Mathematical models for intraoperative prediction 
of metastasis to regional lymph nodes in patients 
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Abstract 
It remains challenging to determine the regions of metastasis to lymph nodes during operation for clinical stage I non-small cell 
lung cancer (NSCLC). This study aimed to establish intraoperative mathematical models with nomograms for predicting the 
hilar-intrapulmonary node metastasis (HNM) and the mediastinal node metastasis (MNM) in patients with clinical stage I NSCLC. 
The clinicopathological variables of 585 patients in a derivation cohort who underwent thoracoscopic lobectomy with complete 
lymph node dissection were retrospectively analyzed for their association with the HNM or the MNM. After analyzing the variables, 
we developed multivariable logistic models with nomograms to estimate the risk of lymph node metastasis in different regions. 
The predictive efficacy was then validated in a validation cohort of 418 patients. It was confirmed that carcinoembryonic antigen 
(>5.75 ng/mL), CYFRA211 (>2.85 ng/mL), the maximum diameter of tumor (>2.75 cm), tumor differentiation (grade III), bronchial 
mucosa and cartilage invasion, and vascular invasion were predictors of HNM, and carcinoembryonic antigen (>8.25 ng/mL), 
CYFRA211 (>2.95 ng/mL), the maximum diameter of tumor (>2.75 cm), tumor differentiation (grade III), bronchial mucosa and 
cartilage invasion, vascular invasion, and visceral pleural invasion were predictors of MNM. The validation of the prediction models 
based on the above results demonstrated good discriminatory power. Our predictive models are helpful in the decision-making 
process of specific therapeutic strategies for the regional lymph node metastasis in patients with clinical stage I NSCLC.

Abbreviations: CEA = carcinoembryonic antigen, CT = computed tomography, HNM = hilar-intrapulmonary node metastasis,  
LN = lymph node, MNM = mediastinal node metastasi, NSCLC = non-small cell lung cancer, ROC = receiver operating 
characteristic.
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1. Introduction

Non-small cell lung cancer (NSCLC) is among the deadliest 
malignancies in the world.[1] Lobectomy plus complete lymph 
node (LN) dissection with removal of all ipsilateral hilar and 
mediastinal lymphatic tissue remains the standard surgical pro-
cedure for the treatment of dissectible lung cancer.[2] For the last 
one decade, more early-stage lung cancer has been diagnosed, 
partly thanks to the development of computed tomography 
(CT) screening.[3,4] In the current era of value-driven health-
care, it is important to consider novel approaches to maintain-
ing the curative intent pulmonary operation while decreasing 
unnecessary removal of surrounding healthy tissues. Tailoring 
LN dissection during operation for early-stage NSCLC has 
gradually become a particularly attractive target for value opti-
mization because limiting LN harvest may avoid unnecessary 

intraoperative injury, shorten the operative time, reduce post-
operative morbidity, and have better cost-effective outcomes.[5–9]

Variety of techniques have been developed to detect the 
clinical N-category, such as radiologic imaging, endoscopic, 
and surgical techniques.[10] However, it is still hard to find the 
highest-quality and most cost-effective investigation to accu-
rately determine pathological N stage of an early NSCLC.[11–13] 
Therefore, there is no universally accepted method of LN dissec-
tion for this patient population.[14,15]

A quick and accurate prediction of the presence and the pre-
cise regions of LN metastasis of clinical stage I NSCLC before or 
during operation will help surgeons choose optimized surgical 
approaches. The authors have previously explored relevant clin-
icopathologic factors affecting regional LN metastasis in clinical 
stage I NSCLC.[16] Predictive factors associated with metastatic 
hilar LNs or mediastinal nodal metastasis, including maximum 

YZ, JD, and CM contributed equally to the study.

The authors have no conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are 
available from the corresponding author on reasonable request.

Supplemental Digital Content is available for this article.

a Department of Thoracic and Cardiovascular Surgery, the First Affiliated 
Hospital of Nanjing Medical University, Nanjing, China, b Department of 
Pathology, the First Affiliated Hospital of Nanjing Medical University, Nanjing, 
China, c Pancreas Center, the First Affiliated Hospital of Nanjing Medical 
University, Nanjing, China.

*Correspondence: Shijiang Zhang, No. 300 Guangzhou Road, Nanjing 210029, 
China (e-mail: shijiangzhang@hotmail.com).

Copyright © 2022 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is 
permissible to download, share, remix, transform, and buildup the work provided 
it is properly cited. The work cannot be used commercially without permission 
from the journal.

How to cite this article: Zhou Y, Du J, Ma C, Zhao F, Li H, Ping G, Wang W, Luo J, 
Chen L, Zhang K, Zhang S. Mathematical models for intraoperative prediction of 
metastasis to regional lymph nodes in patients with clinical stage I non-small cell 
lung cancer. Medicine 2022;101:42(e30362).

Received: 18 February 2022 / Received in final form: 19 July 2022 / Accepted:  
20 July 2022

http://dx.doi.org/10.1097/MD.0000000000030362

https://orcid.org/0000-0001-6209-918X
mailto:shijiangzhang@hotmail.com
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


2

Zhou et al. • Medicine (2022) 101:42 Medicine

diameter of the tumor, tumor differentiation, bronchial mucosa 
and cartilage invasion, vascular invasion, nerve invasion, and 
carcinoembryonic antigen (CEA) values were evaluated in the 
predictive model. In this study, we further developed mathemati-
cal models to predict regional LN status in patients with clinical 
stage I NSCLC and to help surgeons make reasonable decisions 
of LN dissection by studying the relationship between the clin-
icopathologic variables and the hilar-intrapulmonary nodal 
metastasis (HNM) or the mediastinal nodal metastasis (MNM).

2. Materials and Methods

2.1. Study population

The institutional ethics committee approved the study with 
waiver of consent (approval no. 2017-SR-097). The work 
was registered in www.chictr.org.cn with a registration 
number (ChiCTR2000031620). Clinical data of the con-
secutive patients with primary lung cancer who underwent 
video-assisted thoracoscopic surgery at our hospital from 
January 2017 to September 2019 were collected and reviewed 
retrospectively.

The enrollment criteria of this study were as follows: 
diagnosed as having clinical stage I NSCLC based on the 
new International Staging System for NSCLC (National 
Comprehensive Cancer Network Guidelines Version 3.2014: 
Staging Non-Small Cell Lung Cancer); underwent lobectomy 
with postoperative pathological confirmation of NSCLC and 
had complete LN dissection.

Patients who exhibited any 1 of the following conditions 
were excluded from this study: preoperative tumor size >4 cm 
on CT imaging; preoperative LN > 1 cm at the shortest diam-
eter on CT imaging; had evidence of distant metastasis; had 
preoperative chemotherapy or radiotherapy; had previous or 
coexistent tuberculosis or malignant diseases; had LN dissec-
tion that did not meet the current standards of complete LN 
dissection (i.e., all LN stations, including stations 10–14, right-
hand stations 2–4 and 7–9, and left-hand stations 4–9); had 
synchronous lung cancers or multiple primary cancers; postop-
erative pathological diagnosis revealed special types of pulmo-
nary infection or other LN diseases; or had incomplete clinical 
data.

Eligible patients who underwent surgery before December 
2018 were included in the derivation cohort to establish the 
models, and patients who underwent surgery after December 
2018 were entered into the validation cohort.

2.2. Clinicopathological variables

Trained chart abstractors collected clinical variables such as age, 
gender, smoking history, family history, tumor markers in blood, 
the identity of the lobe, tumor size, tumor location within the 
lobe. The chart abstractors also collected postoperative patho-
logical results of the LN metastasis from the conventional sec-
tions as mentioned below. the 2 clinicians (YZ and CM) verified 
the accuracy of predictor variables.

For histopathologic assessment, a part of the pulmonary 
tumor was processed for rapidly frozen sections during opera-
tion. The remaining tumor tissue with all LNs was fixed using 
10% formalin, embedded in paraffin, and conventionally sec-
tioned. Both the intraoperative rapidly frozen sections and the 
postoperative conventional sections were kept in the depart-
ment of pathology in our hospital for 10 years.

All rapidly frozen sections in this study were reviewed and 
assessed independently by 2 experienced pathologists. The clas-
sification of pathological variables such as histological tumor 
type and grading, lymphatic vessel invasion status, bronchial 
mucosa and cartilage invasion status, visceral pleural invasion 
status, and nerve invasion status was based on the consensus of 

these 2 pathologists without knowing the results of postopera-
tive formalin-fixed paraffin-embedded sections.

2.3. Model development

The method for developing mathematical models of predicting 
HNM and MNM was previously described in details.[17] For 
clinical use of the models, 2 nomograms were formulated based 
on proportionally converting each regression coefficient in mul-
tivariate logistic regression to a 0- to 100-point scale by using 
the rms package of software R 3.3.1 (www.r-project.org).

2.4. Statistical analysis

All statistical analyses were performed using software SPSS 
18.0 (IBM, Armonk, NY). The odds ratios with 95% confidence 
intervals (CIs) were calculated. In all analyses, P < .05 was con-
sidered to indicate statistical significance.

3. Results

3.1. Patients’ characteristics

During the study period, 3765 consecutive patients with pri-
mary lung cancer underwent video-assisted thoracoscopic sur-
gery. Of these, 1003 patients who met the inclusion criteria were 
enrolled and divided into the derivation and validation cohorts 
(585 and 418 patients respectively). The clinicopathologic char-
acteristics of the patients were listed in Table 1.

3.2. Analysis of predictive factors for HNM in the derivation 
cohort

The clinicopathological factors of the patients from the deriva-
tion cohort with and without the presence of HNM were eval-
uated. To help yield a simple risk score model later, continuous 
variables were converted into categorical variables based on 
the receiver operating characteristic (ROC) curve analysis with 
the maximum Youden index for the best cutoff value (see Table 
S1, Supplemental Digital Content 1, http://links.lww.com/MD/
H168; Table S2, Supplemental Digital Content 2, http://links.
lww.com/MD/H169). Univariate and multivariable logistic 
regression analyses revealed the following significant predictors 
of HNM: CEA > 5.75 ng/mL, CYFRA211 > 2.85 ng/mL, the 
maximum diameter of tumor > 2.75 cm, tumor differentiation, 
presence of bronchial mucosa and cartilage invasion, and vascu-
lar invasion (Table 2).

3.3. Analysis of predictive factors for MNM in the derivation 
cohort

The clinicopathological factors of the patients from the deri-
vation cohort with and without the presence of MNM were 
evaluated. Univariate and multivariable logistic regression anal-
ysis showed the following predictors of MNM: CEA > 8.25 ng/
mL, CYFRA211 > 2.95 ng/mL, the maximum diameter of 
tumor > 2.75 cm, tumor differentiation, presence of bronchial 
mucosa and cartilage invasion, vascular invasion, and visceral 
pleural invasion (Table 3).

3.4. Development of mathematical models of predicting 
HNM and MNM

Abovementioned 6 independent risk factors associated with 
HNM and 7 factors with MNM were used to form mathe-
matic models. The resulting beta coefficients in multivariate 
analysis were applied to calculate predicted values from the 
logistic equation by using the following weighted sum for 

www.chictr.org.cn
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HNM: xβ = −2.769 + (1.102 × CEA) + (0.675 × CYFRA211
) + (0.996 × Maximum diameter of tumor) + (0.813 × Tumor 
differentiation) + (1.064 × Bronchial mucosa and cartilage 
invasion) + (1.469 × Vascular invasion), and for MNM: xβ 
= −3.256 + (1.546 × CEA) + (0.623 × CYFRA211) + (0.8
07 × Maximum diameter of tumor) + (0.579 × Tumor dif-
ferentiation) + (0.778 × Bronchial mucosa and cartilage 
invasion) + (1.272 × Vascular invasion) + (0.862 × Visceral 

pleural invasion). The corresponding value of each variable 
in the equation was listed in Table S3, Supplemental Digital 
Content 3, http://links.lww.com/MD/H170 and Table S4, 
Supplemental Digital Content 4, http://links.lww.com/MD/
H171. ROC curves of the models for HNM and MNM were 
generated and demonstrated in Figure 1.

3.5. Validation tests of the prediction models

The fitted models derived from the derivation cohort were 
applied to the validation cohort to produce estimated values of 
the possibility of risk for HNM or MNM. The area under curve 
of the ROC curve of the estimated value for HNM was 0.872 
(95% CI, 0.831–0.913) and 0.823 (95% CI, 0.766–0.879) for 
MNM in the validation cohort, demonstrating good discrimina-
tory power (Fig. 1).

3.6. Definition of low and high risks of LN metastasis

According to the maximized Youden index, that is, the sum 
of sensitivity and specificity, the optimal clinically applica-
ble respective cutoff values of estimated risks were 0.209 for 
HNM and 0.132 for MNM (see Table S5, Supplemental Digital 
Content 5, http://links.lww.com/MD/H172). Therefore, we 
defined the groups with different predicted risks by using a pri-
ori based on cutoff values at 0.209 and 0.132 of estimated pos-
sibilities for HNM and MNM, respectively.

3.7. Development of prediction nomograms of LN 
metastasis

We further built 2 nomograms for intraoperative use in pre-
dicting the probability of HNM and MNM for patients with 
clinical stage I NSCLC (Figs. 2 and 3). First, we identified the 
points for each predictor based on the point scale at the top of 
the nomograms, and then summed up all points. The risk of 
metastasis was then obtained based on the bottom point scale. 
The cutoff point in the nomograms was 0.209 for HNM, and 
0.132 for MNM.

4. Discussion and conclusions
The incidence of LN metastasis in patients with clinical stage 
I NSCLC is significantly lower than that in patients with 
advanced lung cancer. A randomized trial named ACOSOG 
Z0030 concluded that systematic mediastinal LN dissection 
could not improve the survival for patients with early-stage 
NSCLC by confirming that there was no positive LN either 
in mediastinum or in hilum through presection sampling.[18] 
However, other scholars pointed out that postoperative pathol-
ogy has shown that even the small-sized lung cancer (<2 cm) had 
hilar and mediastinal node metastasis with an incidence of up 
to 20%.[14,19] Furthermore, patients with positive MNM exhib-
ited a 20% to 38% incidence of skip metastasis, a phenomenon 
in which MNM occurs without the involvement of HNM.[20,21] 
Therefore, accurate integration of LN staging in patients with 
clinical stage I NSCLC is important in guiding the choices of 
surgical treatments.

In this study, we identified 6 clinical variables as the indepen-
dent predictors in common for regional LN metastases includ-
ing the hilar-intrapulmonary region and the mediastinal region, 
which is consistent with the literature.[22–24] However, the visceral 
pleural invasion was only associated with the MNM. This phe-
nomenon seems to indicate that we should discuss the HNM and 
MNM separately. We think this is based on the following ana-
tomical structures of LN system in the lung. The LNs associated 
with the cancer metastasis are widely labeled using a system of 
numerical levels and assigned names based on their anatomical 

Table 1

Characteristics of the study population.

Characteristics 

Cohort, N (%)

P value 
Derivation 
(n = 585) 

Validation 
(n = 418) 

Age (yr)
  Mean ± SD 61.7 ± 8.8 60.6 ± 9.4 .058
Gender
  Male 309 (52.8) 212 (50.7) .511
  Female 276 (47.2) 206 (49.3)
Smoking history
  No 464 (79.3) 299 (71.5) .004
  Yes 121 (20.7) 119 (28.5)
Family history
  No 573 (97.9) 397 (95.0) .009
  Yes 12 (2.1) 21 (5.0)
CEA
  <5.75 ng/mL 455 (77.8) 355 (84.9) .001
  >5.75 ng/mL 130 (22.2) 63 (15.1)
  <8.25 ng/mL 492 (84.1) 379 (90.7) <.001
  >8.25 ng/mL 93 (15.9) 39 (9.3)
CYFRA211
  <2.85 ng/mL 396 (67.7) 326 (78.0) <.001
  >2.85 ng/mL 189 (32.3) 92 (22.0)
  <2.95 ng/mL 407 (69.6) 333 (79.7) <.001
  >2.95 ng/mL 178 (30.4) 85 (20.3)
Tumor position
  Right upper lobe 158 (27.0) 140 (33.5) <.001
  Right middle lobe 42 (7.2) 23 (5.6)
  Right lower lobe 116 (19.8) 61 (14.5)
  Left upper lobe 142 (24.3) 117 (27.9)
  Left lower lobe 111 (19.0) 65 (15.6)
  Mixed lobes 16 (2.7) 120 (2.8)
Maximum diameter of tumor
  <2.75 cm 359 (61.4) 320 (76.6) <.001
  >2.75 cm 226 (38.6) 98 (23.4)
Pathological type
  Adenocarcinoma 497 (85.0) 359 (85.9) .682
  Squamous cell carcinoma 88 (15.0) 59 (14.1)
Tumor differentiation
  I 138 (23.6) 143 (34.2) <.001
  II 224 (38.3) 245 (58.6)
  III 223 (38.1) 30 (7.2)
Bronchial mucosa and cartilage invasion
  No 489 (83.6) 355 (84.9) .567
  Yes 96 (16.4) 63 (15.1)
Vascular invasion
  No 544 (93.0) 388 (92.8) .918
  Yes 41 (7.0) 30 (7.2)
Visceral pleural invasion
  No 432 (73.8) 365 (87.3) <.001
  Yes 153 (26.2) 53 (12.7)
Nerve invasion
  No 574 (98.1) 398 (95.3) .009
  Yes 11 (1.9) 20 (4.7)
Lymph node metastasis
  Hilar-intrapulmonary only 61 (10.4) 36 (8.6) .048
  Mediastinal only 23 (3.9) 17 (4.1)
  Hilar-intrapulmonary and 

mediastinal
91 (15.6) 30 (7.2)

CEA = carcinoembryonic antigen, SD = standard deviation.
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Table 2

Univariate and multivariate logistic regression predictors of hilar-intrapulmonary lymph node metastasis

Independents variable 

Univariate predictors Multivariate predictors

Metastasis rate, n (%) Odds ratio (95% CI), P value B Odds ratio (95% CI), P value 

CEA
  <5.75 ng/mL 83/455 (18.2%) 5.07 (3.34–7.71), .000 1.102 3.01 (1.85–4.91), <.001
  >5.75 ng/mL 69/130 (53.1%)
CYFRA21-1
  <2.85 ng/mL 74/396 (18.7%) 3.06 (2.08–4.49), .000 0.675 1.96 (1.25–3.09), .004
  >2.85 ng/mL 78/189 (41.3%)
Maximum diameter of tumor
  <2.75 cm 52/359 (14.5%) 4.69 (3.16–6.95), .000 0.996 2.71 (1.73–4.23), <.001
  >2.75 cm 100/226 (44.2%)
Tumor differentiation
  I, II 53/362 (14.6%) 4.66 (3.14–6.90), .000 0.813 2.26 (1.44–3.54), <.001
  III 99/223 (44.4%)
Pathological type
  Adenocarcinoma 114/497 (22.9%) 2.55 (1.60–4.09), .000   
  Squamous cell carcinoma 38/88 (43.2%)
Bronchial mucosa and cartilage invasion
  No 99/489 (20.2%) 4.86 (3.07–7.68), .000 1.064 2.90 (1.71–4.91), <.001
  Yes 53/96 (55.2%)
Vascular invasion
  No 125/544 (23.0%) 6.47 (3.29–12.71), .000 1.469 4.35 (2.00–9.47), <.001
  Yes 27/41 (65.9%)
Visceral pleural invasion
  No 106/432 (24.5%) 1.32 (0.88–1.99), .181   
  Yes 46/153 (30.1%)
Nerve invasion
  No 143/574 (24.9%) 13.56 (2.90–63.51), .001   
  Yes 9/11 (81.8%)

CEA = carcinoembryonic antigen, CI = confidence interval.

Table 3

Univariate and multivariate logistic regression predictors of mediastinal lymph node metastasis.

Independents variable 

Univariate predictors Multivariate predictors

Metastasis rate Odds ratio (95% CI), P value B Odds ratio (95% CI), P value 

CEA
  <8.25 ng/mL 64/492 (13.0%) 7.78 (4.79–12.63), .000 1.546 4.69 (2.73–8.08), <.001
  >8.25 ng/mL 50/93 (53.8%)
CYFRA211
  <2.95 ng/mL 58/407 (14.3%) 2.76 (1.81–4.21), .000 0.623 1.87 (1.13–3.07), .015
  >2.95 ng/mL 56/178 (31.5%)
Maximum diameter of tumor
  <2.75 cm 39/359 (10.9%) 4.08 (2.64–6.28), .000 0.807 2.24 (1.37–3.67), .001
  >2.75 cm 75/226 (33.2%)
Tumor differentiation
  I, II 41/362 (11.3%) 3.81 (2.48–5.85), .000 0.579 1.78 (1.08–2.94), .023
  III 73/223 (32.7%)
Pathological type
  Adenocarcinoma 101/497 (20.3%) 0.68 (0.36–1.27), .228   
  Squamous cell carcinoma 13/88 (14.8%)
Bronchial mucosa and cartilage invasion
  No 76/489 (15.5%) 3.56 (2.21–5.73), .000 0.778 2.18 (1.24–3.83), .007
  Yes 38/96 (39.6%)
Vascular invasion
  No 92/544 (16.9%) 5.69 (2.96–10.94), .000 1.272 3.57 (1.68–7.57), .001
  Yes 22/41 (53.7%)
Visceral pleural invasion
  No 70/432 (16.2%) 2.09 (1.35–3.22), .001 0.862 2.37 (1.41–3.97), .001
  Yes 44/153 (28.8%)
Nerve invasion
  No 110/574 (19.2%) 2.41 (0.69–8.38), .166   
  Yes 4/11 (36.4%)

CEA = carcinoembryonic antigen, CI = confidence interval.
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locations. First, the hilar-intrapulmonary LNs (groups 10–14), 
and second, the mediastinal LNs (includes group 2R, 3, 4R, 7, 8, 
9R, and group 4L, 5, 6, 7, 8, 9L). Generally, the sequence of LN 
metastasis of central NSCLC should be step by step as follows: 
along the bronchial tree from the intrapulmonary region to 
hilar, and then to the mediastinal region. Different from the cen-
tral NSCLC, the LN metastasis of peripheral NSCLC with the 
peripheral capsule being invaded may incline to skip to MNM 
without HNM due to the lymphatic capillaries directly from the 
peripheral membrane to the mediastinal LNs.[25,26]

The rapid pathological results during operation would help 
surgeons to select the right procedures for the patients, for 
instance, wedge resection, segmentectomy, or lobectomy.[27] 
However, surgeons do not know which pattern to choose for 
LN dissection because of the complicated lymphatic spreading 
of lung cancer. Therefore, we creatively developed 2 utilizable 
prediction models from a logistic equation for regional LN 
metastases in patients with clinical stage I NSCLC. In terms of 
clinical relevance, the models provide more precise estimates of 
regional LN metastasis during operation for individual patients 

Figure 1. ROC of model estimated probabilities of lymph node metastasis in derivation cohort (red curves) and validation cohort (blue curves). (A) The ROC 
curves for predicting the hilar-intrapulmonary nodal metastasis. The AUC in the derivation cohort was 0.832 (95% CI, 0.796–0.869) and the AUC in the validation 
cohort was 0.872 (95% CI, 0.831–0.913). (B) The ROC curves for predicting the mediastinal nodal metastasis. The AUC in the derivation cohort was 0.830 (95% 
CI, 0.789–0.870) and the AUC in the validation cohort was 0.823 (95% CI, 0.766–0.879). AUC = area under curve, CI = confidence interval, ROC = receiver 
operator curve.
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with clinical stage I NSCLC. Especially, the model for MNM is a 
good supplement for surgeons to improve their decision-making 
process for systematic LN resection.

There were some published models developed for the 
assessment of LN disease of lung cancer.[28–32] Some either only 
focused on the outcome of MNM, or only the preoperative 
variables were included while appropriate candidates for lim-
ited LN resection should be with pathological confirmation of 
negative LNs, both in the hilar and the mediastinal regions. For 
these reasons, none of these models are commonly employed 
in clinical practice. In our models, on the other hand, all vari-
ables, from the radiographic size of tumor to visceral pleural 
invasion, are available before or during operation by regular 
measures in routine clinical practice without consuming any 
extra resources or time. The models are even easier to use 
in clinical practice with the associated nomograms guiding 
surgeons to choose the optimized method for LN dissection 
rapidly.

In a case of clinical stage I NSCLC, when intraoperative 
rapid pathological results reveal invasive lung cancer, standard 
lobectomy will be performed with the following recommenda-
tions for LN dissection which are based on the patient’s cate-
gory of the prediction models (Table 4). When HNM low risk 
plus MNM low risk, there is no need to dissect the LNs or only 
regional LN sampling is adequate. When HNM high risk plus 
MNM low risk, it usually refers to a central tumor involving the 
bronchial tree. In this case, complete dissection of hilar-intrapul-
monary LNs is a requirement but no need to dissect mediastinal 

LNs or just do regional LN sampling in the mediastinum. When 
HNM low risk plus MNM high risk, it usually indicates skip-
ping metastasis in peripheral lung cancer invading the lung 
membrane. In this case, complete mediastinal LN dissection is 
required but no need for hilar-intrapulmonary LN dissection or 
just do regional LN sampling in this region. When HNM high 
risk plus MNM high risk, a systematic LN dissection is required, 
including the hilar-intrapulmonary region and the mediastinal 
region.

Given the retrospective nature of this single-institution 
study, selection bias is inherent in our study population. 
Although we validated the models, they still need to be vali-
dated by patients from comparative centers. The serum status 
of CEA and CYFRA221 was predictive factors in our mod-
els, but the kinds of tumor marker may not be the same at 
different hospitals which limits the application of the model. 
Moreover, the interval between blood test of tumor markers 
and surgery was not uniformly standardized, which may exert 
an uncertain impact on the serum status. As our study did not 
include the tumor recurrent status or the survival rate in this 
patient population, the relationship between survival rate and 
predictive value is unknown.[33] Last but not least, there occurs 
inaccuracy to some extent on the rapid pathological results of 
the risk-predicting variables during operation, such as visceral 
pleural invasion, bronchial mucosa and cartilage invasion, and 
vascular invasion. However, it could be improved in the near 
future with the development of advanced tools for pathologi-
cal diagnosis.

Figure 2. Nomogram for estimation of the risk of hilar-intrapulmonary nodal metastasis (HNM).
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Taken together, the mathematical models for prediction of 
regional LN metastasis were accurate and easy-to-use. Based on 
the patients’ clinicopathologic variables before and during oper-
ation, these models are helpful in the surgical decision-making 
process for LN dissection in patients with clinical stage I NSCLC.
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