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Abstract

Lung cancer is the most common malignancy, 
with the highest mortality rate, in China. High-
resolution CT screening improves the detection of 
lung cancer, among which lung adenocarcinoma 
is the most common type [1]. In the 2015 WHO 
classification of lung tumors, lung adenocarcinoma 
was re-recognized [2], including adenocarcinoma in 
situ (AIS), minimally invasive adenocarcinoma (MIA), 
lepidic predominant adenocarcinoma (LPA), acinar 
predominant adenocarcinoma (ACI), and papillary 
predominant adenocarcinoma (PAP), solid predominant 
adenocarcinoma with mucin production (SPA), 
micropapillary predominant adenocarcinoma (MPA), and 
invasive mucinous adenocarcinoma (IMA). Subsequently, 
more studies have confirmed that the pathological subtype 
of adenocarcinoma is an independent predictor of disease-
free survival, and lymph node metastasis is an important 
factor for long-term survival [3–4]. However, since there 

is no unified understanding of the adaptive scope and 
resection boundary in subpulmonary lobectomy and 
non-systematic lymph node dissection, more studies are 
needed to clarify the risk factors of the occurrence and 
development of tumors and of lymph node metastasis.

Therefore, it is necessary to analyze and summarize the 
rule of lymph node metastasis of lung adenocarcinoma 
and to clarify its risk factors to provide a reference for 
minimally invasive treatment of patients. This study aimed 
to investigate the correlation and risk factors between the 
clinicopathological parameters of adenocarcinoma and 
lymph node metastasis.

Materials and methods

Data of 258 patients with lung adenocarcinoma who 
met the inclusion criteria in the Department of Thoracic 
Surgery, Eastern District of the Affiliated Hospital of 

Objective  The aim of the study was to study the correlation between the clinicopathological parameters 
of lung adenocarcinoma and lymph node metastasis and identify the risk factors of lymph node metastasis.
Methods  The data of 258 patients with postoperative lung adenocarcinoma (mainly based on their 
pathological data) were collected and analyzed, and their basic information was counted. 
Results  Maximum tumor diameter was found to be an independent risk factor for lymph node metastasis. 
The larger the maximum diameter of the tumor in patients with lung adenocarcinoma, the higher the likelihood 
of lymph node metastasis. Solid predominant adenocarcinoma with mucin production is as an independent 
risk factor for superior mediastinal and subcarinal lymph node metastasis. Primary adenocarcinomas in 
the lower lobe of the lung may have a higher rate of lymph node metastasis than those in the upper lobe. 
Conclusion  The known pathological subtypes of lung adenocarcinoma can be used for the prediction 
of lymph node metastasis in various regions and guide the dissection of lymph nodes that would improve 
patients’ prognosis. 
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Qingdao University (Qindao, China) from November 
2018 to April 2019, were retrospectively analyzed. The 
inclusion criteria were as follows: patients with complete 
imaging data within 30 days before surgery; patients 
with single lung adenocarcinoma who were evaluated 
as stage N0–N2 for feasible surgical resection according 
to the eighth TNM staging; those who underwent 
R0 resection of lung tumor, including sublobectomy, 
lobectomy, or pneumonectomy with systematic lymph 
node dissection; all postoperative specimens that showed 
paraffin sectioning pathology. The exclusion criteria 
were as follows: pathologically confirmed non-lung 
adenocarcinoma; preoperative chemoradiotherapy or 
targeted therapy; incomplete medical history; multiple 
pulmonary nodules. Preoperative routine examination 
included tumor marker tests, electrocardiogram (ECG), 
echocardiography, and lung function test of all patients. 
All patients underwent a systematic physical examination 
before surgery. Imaging examinations of the brain, 
chest, and abdomen, such as computed tomography 
or (CT), magnetic resonance imaging (MRI), emission 
computerized tomography (ECT), and positron emission 
tomography (PET) were performed on some patients to 
determine that lung cancer is confined to one side of the 
chest without distant metastasis.

During the operation, at least three lymph nodes 
stations were dissected for each case, and the lymph 
node partitioning method was adopted: Group 2–6 was 
the superior mediastinal lymph region; Group 8–9 was 
the inferior mediastinal lymph region; Group 10–13 was 
the intrapulmonary lymph node (N1); and subcarinal 
lymph node was partitioned separately. The pathological 
report included tumor size (maximum tumor diameter as 
the evaluation index), site, histopathological type, total 
number of lymph nodes dissected, and positive number.

SPSS 18.0 software was used for data collation and 

analysis. Results were analyzed by using Pearson χ2 test 
or calibration χ2 test and logistic regression analysis. A 
P-value of less than 0.05 was considered statistically 
significant.

Results

There were 258 patients, including 88 males and 170 
females, with a mean age of (59.3 ± 9.2) years. There were 
89 cases of right upper lobe (34.5%), 16 cases of right 
middle lobe (6.2%), 55 cases of right lower lobe (21.3%), 
56 cases of left upper lobe (21.7%), and 42 cases of left 
lower lobe (16.3%). The details are shown in Table 1. 
Among the pathological subtypes, there were 52 (20.2%) 
LPA, 128 (49.6%) ACI, 13 (5%) PAP, one (4.7%) MPA, 12 
(4.7%) SPA, and nine (3.5%) IMA cases. A total of 1449 
groups of 3499 lymph nodes were dissected. The mean 
number of lymph nodes dissected in each patient was 
13.56 in 5.62 groups; 66 (4.6%) were positive, and 130 
(3.7%) lymph nodes were metastatic, as shown in Table 2.

In tumors located in the right upper lobe, which 
included 89 cases, the lymph node metastasis rate was 
20.2% (18/89). The frequency of lymph node metastasis 
from high to low in turn to were intrapulmonary lymph 
node (11–13) 9%, hilus pulmonis 3.3%, right lower 
paratracheal lymph node (4R) 3.3%, superior paratracheal 
lymph nodes (2R) 2.2%, inferior mediastinal lymph node 
(8–9) 2.2%. Among the 55 patients whose primary tumor 
was located in the right lower lobe, the total lymph node 
metastasis rate was 43.6% (24/55). The stations (11–13), 
subcarinal lymph node, and hilar lymph node were more 
prone to metastasis, and their metastasis rates were 20%, 
9.1%, and 5.5%, respectively. There were 56 patients 
with a primary tumor in the left upper lobe, and the total 
lymph node metastasis rate was 17.9% (10/56), which was 
similar to that in the right upper lobe. The station lung 

Table  1  Analysis of lymph node metastasis at the different lobular stations in 258 patients with lung adenocarcinoma 
Number of lymph node stations RUL (n = 89, %) RML (n = 16, %) RLL (n = 55, %) LUL (n = 56, %) LLL (n =42, %)
2 2 (2.2) 0 3 (5.5) 0 0
3 0 0 1 (1.8) 0 0
4 3 (3.3) 0 1 (1.8) 1 (1.8) 0
5 0 0 0 2 (3.6) 0
6 0 0 0 1 (1.8) 0
7 0 2 (12.5) 5 (9.1) 0 3 (7.1)
8 0 0 0 0 0
9 2 (2.2) 0 0 0 1 (2.4)
10 3 (3.3) 0 3 (5.5) 1 (1.8) 3 (7.1)
11 4 (4.5) 0 5 (9.1) 2 (3.6) 2 (4.8)
12 4 (4.5) 0 6 (10.9) 3 (5.4) 3 (7.1)
13 0 0 0 0 0
Total 18 (20.2) 2 (12.5) 24 (43.6) 10 (17.9) 12 (28.6)
Note: RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe
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lymph nodes with the highest lymph node metastasis rate 
were 8.9%, the main-pulmonary artery window lymph 
node (5) was 3.6%, and the lymph node region with the 
lowest metastasis rate was the inferior mediastinal lymph 
node (0%), which was similar to the right upper lobe. 
There were 42 patients with tumors in the left lower lobe, 
and the total metastasis rate was 28.6% (12/42). The most 
easily metastatic lymph node region was the N1 region 
19.0% (8/42), followed by the subcarinal region 7.1% 
(3/42). There were 16 patients with a primary tumor in 
the right middle lobe, and only 12.5% (2/16) subcarinal 
lymph node metastasis was observed in this study.

In 258 patients, the N1 lymph node metastasis rate was 
15.1% (39/258), N2 lymph node metastasis rate was 10.5% 
(27/258). Among them, the single N1 metastasis rate was 
4.7% (12/258), only 30.8% of all N1 lymph nodes (12/39). 
The N2 division alone – hop lymph node metastasis, 
lymph node metastasis rate was 2.7% (7/258), while N1 
and mediastinal lymph node metastasis occurred in 13 
cases (5.0%). Among the primary pulmonary lobes, the 
N1 region had the highest metastasis rate, with the right 
lower lobe being the largest (25.5%). In the mediastinal 
lymphatic region, the subcarinal lymphatic region had 

the highest metastasis rate of 37.0% (10/27). In 89 patients 
with N2 lymphatic metastasis in the right upper lobe, 
the mediastinal lymphatic region above was dominant, 
accounting for 71.4% (5/7) of the N2 region. Only two 
patients had metastasis in the inferior mediastinal region. 
The same characteristics were observed in the left upper 
lobe in 56 cases as in the right upper lobe. Unlike the 
primary upper lobe pattern, the probability of non-
regional lymph nodes in patients with primary lower 
lobe is higher than that with upper lobe. Subcarinal 
lymph nodes were the most easily metastasized N2 lymph 
nodes in the right lower lobe, accounting for 50% (5/10). 
Lymph node metastasis in the left lower lobe was similar 
to that in the right lower lobe, and subcarinal lymph 
nodes accounted for 75% (3/4) of the N2 lymph nodes.

Single-factor analysis, subcranial lymph node 
metastasis is more likely to happen in patients older than 
60 years with a significant difference of P = 0.043 and 
patients with right lower lobe compared to the rest of 
the lung to subcarinal lymph node metastasis rate higher 
statistically significant (P = 0.002). Compared to other 
subtypes of adenocarcinoma, subcarinal and N1 lymph 
node metastasis rates were higher with SPA (subcarinal 

Table  2  Single factor analysis of the risk factors for regional lymph node metastasis 

Influence factor Superior mediastinal region Subcarinal  region Inferior mediastinal region N1 region
Positive cases P Positive cases P Positive cases P Positive cases P

Gender
female 5 0.256 6 0.952 1 0.232 18 0.498male 6 4 2 7

Age (years)
< 60 3 0.413 8 0.043 0 0.341 12 0.656
≥ 60 8 2 3 13

Lung lobe
RUL 3

0.125

0 2

0.392

5

0.074
RML 0 2 0 0
RLL 4 5 0.002 0 9
LUL 4 0 0 5
LLL 0 3 1 6

T
Tis 0

0.002

0

0.140

0

0.460

0

0.006T1 3 5 1 14
T2 8 5 2 11
T3 0 0 0 0

Subtype
LPA 0

0.007

1

0.046

0

0.445

1

0.000

ACI 8 6 2 14
PAP 0 0 0 1
MPA 0 0 0 1
SPA 3 3 0 6
IMA 0 0 1 1

Note: RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; LPA, lepidic predominant 
adenocarcinoma; ACI, acinar predominant adenocarcinoma; PAP, papillary predominant adenocarcinoma; MPA, micropapillary predominant 
adenocarcinoma; SPA, solid predominant adenocarcinoma with mucin production; IMA, invasive mucinous adenocarcinoma 
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area P = 0.046, N1 area P = 0.000). T2 in the superior 
mediastinal region and N1 region showed statistical 
differences compared to T1 (superior mediastinal region 
P = 0.002, N1 region P = 0.006; Table 2).

In multiple factors analysis, tumor diameter was 
found to be an independent risk factor for lymph node 
metastasis. SPA in the mediastinal area (P = 0.021), 
subcarinal area (P = 0.015), and N1 area (P = 0.002) 
can be used as independent risk factors for lymph node 
metastasis. Tumors in the lower lobe occurring in the 
subcarinal area and N1 area are independent risk factors 
for lymph node metastasis (Table 3).

Discussion

For patients with lung adenocarcinoma, an accurate N 
stage is better for guiding the treatment and evaluating the 
prognosis. There is still a debate on how the preoperative 
N stage can be assessed accurately, and most doctors do 
not routinely use mediastinoscopy [5]. Although some 
researchers have tried to predict mediastinal lymph node 
metastasis [6], most of these researchers focused on only a 
particular histological type. The predictive value of the 
new classification of lung adenocarcinoma for patient 
survival and recurrence rate has been extensively studied. 
However, there is no evidence of correlation between 
subtypes and lymph node metastasis. Zhang et al [7] found 
that the lymph node metastasis rate of adenocarcinoma 
dominated by MPA and SPA was significantly higher than 
that of other subtypes, and the pathological subtypes were 
also analyzed as independent predictors of N0 metastasis 
(P = 0.008). Qin et al [8] found that MPA and SPA were 
independent risk factors for the upregulation of the N 
stage in clinical stage Ia adenocarcinoma. Studies have 
found that selective lymphadenectomy can be considered 
for better-differentiated subtypes (such as AIS, MIA, and 
LPA) [9–11], which will have greater benefits. This study 
also found that SPA was a risk factor for regional lymph 
node metastasis. However, there was no significant 
difference in the number of micropapillary cases.

There are some prospective studies [12] that continue to 
think that systemic cleaning of lymph nodes should be 
performed to improve the postoperative survival rate of 
patients with lung cancer following surgical treatment. 

The reason is that there can be a more accurate N stage 
to guide postoperative treatment [13] and can reduce the 
postoperative recurrence and metastasis; therefore, 
lobectomy and systemic lymph node cleaning techniques 
are still suggested as a standard procedure. However, 
more and more studies show that some patients with 
early lung cancer do not benefit from systematic cleaning 
[14], increasing the difficulty of surgery, surgical trauma, 
and some postoperative complications. Some patients 
had preoperative biopsy pathology, but few had lymph 
node biopsy results. Pathologic puncture results are 
helpful in guiding the surgical approach. Based on the 
correlation between clinicopathological parameters of 
adenocarcinoma and the lymph node regions in this 
study, lymph node dissection or lymph node sampling 
can be specifically selected during the operation 
without affecting the N stage to reduce surgical trauma. 
Combined with intraoperative rapid freezing pathology 
[15], intraoperative selective cleaning or sampling is 
feasible for early differentiation typing, which can 
increase the benefit in patients. Therefore, it is suggested 
that puncture pathology or freeze pathology should 
be accurate for the pathological subtypes. If conditions 
permit, accurate molecular typing can better analyze the 
patient’s condition and allow more favorable conditions 
for long-term survival.

Based on the regional study of lymph nodes conducted 
in this study, the relationship between different 
pulmonary lobes and different pathological subtypes for 
lymph node metastasis is different. Lobe-specific lymph 
node dissection (L-SLD) determines the range of lymph 
node dissection according to the location of the tumor 
in the lung [16–17]. It is primarily applicable to patients 
in clinical stages I–II, and particularly for patients with 
a diameter < 2 cm; further, only when the main lymph 
node drainage area is frozen and pathologically negative 
can the lymph nodes in the non-drainage area not be 
dissected. However, the existence of skip transfer makes 
L-SLD controversial, and prospective research [18] is 
underway. This study is a retrospective analysis, and the 
data can be used as reference for future studies.

This study has limitations. For instance, there are 
errors and losses in the collection of medical history data 
and thus the findings need to be further proved using a 

Table  3  Multivariate logistic analysis of the risk factors for regional lymph node metastasis 
Risk factors Superior mediastinal region (P) Subcarinal region (P) Inferior mediastinal region (P) N1 region (P)
≥ 60 years old 0.354 0.024 0.996 0.550
The maximum diameter 0.000 0.013 0.038 0.001
Lower lobe 0.721 0.025 0.760 0.049
SPA 0.021 0.015 0.999 0.002
Note: SPA, solid predominant adenocarcinoma with mucin production
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prospective multicenter randomized controlled study. 
The number of cases included in this study is small, and 
the positive sample size is less than five in the subgroup 
analysis, which may produce false-negative results. The 
single-center study lacks the calibration of different 
reference indexes. Hence, the research conclusions 
should be extended carefully. The correlation between 
lymph node metastasis and lung adenocarcinoma typing 
remains to be further studied.

Based on this study, the following conclusions are 
drawn: primary adenocarcinomas located in different 
pulmonary lobes have different metastasis patterns 
corresponding to the lymph node regions, and the lower 
lobe of the subcarinal lymph node region has a higher 
metastasis rate, which is an important area for dissection. 
Patients with lung adenocarcinoma are more likely to 
have lymph node metastasis as the maximum tumor 
diameter (T stage) increases. Based on the risk factors 
identified in this study, it can be concluded that the 
greater the transition probability of lung adenocarcinoma 
to the regional lymph nodes, the greater the reference 
line; further mediastinal lymph node stage, the lower the 
risk factors for prediction of smaller patients, under the 
condition of no surgery taboo still suggest the complete 
resection of the tumor and systemic lymph node cleaning 
to help improve the postoperative survival rate.
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