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Introduction

Lymph node metastasis is one of the most significant 
predictors of prognosis in patients with non-small cell lung 
cancer (NSCLC) (1). The 8th edition of the tumor, node, 
and metastasis (TNM) classification of lung cancer has 
been the staging standard worldwide since January 2017. 

The T and M descriptors were subdivided, whereas there 
were no major changes in the N descriptor (2). The N 
descriptor in lung cancer is currently determined solely by 
the anatomical locations of metastatic lymph nodes (mLNs), 
which have been identified using large-scale data analysis (1).  
Therefore, even the latest edition of TNM staging has 
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failed to provide for the variability due to heterogeneity of 
the patient population. Several studies have demonstrated 
the usefulness of applying the number of mLNs (1,3-6), 
lymph node stations (7,8), lymph node zones (8,9), or lymph 
node metastatic ratios (10-12) to the nodal classification 
system to predict prognosis in patients with NSCLC. 
Multiple researchers have reported on the heterogeneity 
of prognosis at the same nodal stage, and the current N 
descriptor may have room for improvement (3,4,6,10,11,13). 
In other carcinomas, such as colorectal, gastric, and breast 
cancer, the number of mLNs is considered in the N 
descriptor (14).

It is unclear whether the number of mLNs affects 
the prognosis of patients with NSCLC. Therefore, we 
conducted a retrospective study to answer this question 
using a multicenter database. We hypothesized that the 
prognosis would be poorer as the number of mLNs 
increased. The aim of this study was to investigate the 
correlation between the number of mLNs and prognosis 
in patients with NSCLC who had undergone complete 
resection.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-390).

Methods 

Patients

Using a multicenter database (Kanagawa Cancer Center, 
Hiroshima University, and Tokyo Medical University), 
we retrospectively reviewed the medical records of 2,662 
patients who underwent R0 resection for lung cancer 
between 2010 and 2016. Complete resection is defined as no 
residual tumor, either macroscopically or microscopically, at 
each institution. R0 resection includes complete resection 
and uncertain resection, which means that a dissection of 
three mediastinal and hilar-intrapulmonary nodal stations, 
so that the final specimen includes at least six lymph 
nodes, are not met. In our study, 69 cases met the above 
conditions (15). We excluded patients who underwent 
wedge resection/segmentectomy (n=711), had limited node 
dissection (n=273), were diagnosed with unclassifiable or 
small cell lung carcinoma (n=28), had an unknown number 
or station for lymph node metastasis (n=79), or died within 
30 days after surgery (n=4). Limited node dissection means 
ND0-1 without mediastinal lymph node dissection. In our 
study, the minimum number of lymph nodal stations is 6. 

However, the minimum number of lymph nodes is two, 
since the dissection area contains only fat and may not 
include lymph nodes. This study does not include patients 
with neoadjuvant chemotherapy. The tumor stage was 
determined according to the 7th edition of the Union for 
International Cancer Control Tumor, Node, Metastasis 
classification for malignant tumors (16). All resected lymph 
nodes were classified based on the nodal map defined by 
the International Association for the Study of Lung Cancer 
(IASLC) (9). We collected clinicopathological variables, 
which included age, sex, smoking history, carcinoembryonic 
antigen (CEA), clinical stage, surgical procedure, 
lymphadenectomy, resected lymph nodes, metastatic lymph 
nodes, histologic type, pathological stage, pleural invasion, 
pulmonary metastasis, lymphatic vessel invasion, blood 
vessel invasion, EGFR mutation, adjuvant therapy, and 
prognosis. All cases were cT1a–4N0–2M0. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). The study was approved by institutional 
review board of 24-18 and waived the requirement for 
informed consent from individual patients.

Imaging and lymph node dissection

Computed tomography (CT) images of the chest were 
acquired using a 16-row, multi-slice CT scanner with or 
without enhancement. The tumor size was estimated using 
high-resolution CT (HRCT) scans with a section thickness 
of 1–2.5 mm. Lymph nodes were defined as positive 
for metastasis if they had a short axis diameter ≥10 mm  
as measured by HRCT or if the uptake of fluorine-18 
fluorodeoxyglucose was greater than that of surrounding 
normal structures using positron emission tomography 
(PET) imaging. We performed PET imaging in all patients 
and endobronchial ultrasound-guided transbronchial needle 
aspiration (EBUS-TBNA) or mediastinoscopy if necessary to 
minimise the risk of undetected N2 disease. We performed 
systematic lymph node dissection for clinical N1 or N2 
patients and lobe-specific lymph nodal dissection for clinical 
N0 patients. Systematic lymph node dissection was defined 
as dissection of the hilar lymph nodes and all ipsilateral 
mediastinal lymph nodes located at stations 2R, 4R, 7, 8, and 
9 for cancers found on the right side and stations 4L, 5, 6, 7, 
8, and 9 for cancers on the left side (17). Lobe-specific lymph 
node dissection was defined as dissection of hilar lymph 
nodes and specific mediastinal lymph nodes depending on the 
location of the primary lung cancer (stations 2R and 4R for 
the right upper lobe, stations 4L, 5, and 6 for the left upper 
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lobe, and stations 7, 8, and 9 for the lower lobe of each side).

Follow-up

All patients were followed up once every 3 months for the 
first 2 years and every 6 months thereafter. The follow-
up examinations included a physical assessment, chest 
radiography, chest CT, and blood tests for the tumor 
marker carcinoembryonic antigen. PET and brain magnetic 
resonance imaging were performed in cases where the 
patient complained of neurological symptoms.

Statistical analysis

The date of recurrence was defined as the date that disease 
recurred and was confirmed by imaging. Confirmation 
of recurrence were determined either radiologically or 
histologically. Recurrence-free survival (RFS) was defined as 
the period beginning with surgery to the date of recurrence 
or the last known recurrence-free date. Overall survival (OS) 
was defined as the period beginning with surgery to the date 
of death (regardless of disease) or survival confirmation. 
Survival curves were plotted using the Kaplan–Meier 
method, and differences between groups were determined 
using the log-rank test. Multivariate analyses were 
performed using the Cox proportional hazards model. 
In the multivariable analyses, we included the covariate 
variables of age, sex, smoking history, histologic type, 

pathological T descriptor, and mLNs after checking for 
explanatory variables that are closely related to each other. 
Statistical analyses were conducted using SPSS software, 
version 23 (IBM, Armonk, NY, USA). All P values were 
two-sided, and values <0.05 were considered statistically 
significant.

Results

A total of 1,567 patients were analyzed in our study  
(Figure 1). Table 1 presents the clinicopathological 
characteristics of the patients. The median follow-up period 
was 49 months. We performed adjuvant chemotherapy 
in 500 patients (31.9%). There were 326 recurrences, 
of which local recurrences were 168 cases and distant 
metastases were 145 cases (13 cases were unknown). The 
recurrence pattern of pN1–2 included 85 local recurrences 
and 88 distant metastases. The clinical N stages cN0, cN1, 
and cN2 were present in 84.0%, 12.0%, and 4.0% of the 
patients, respectively. The pathological N stages pN0, pN1, 
and pN2 were present in 78.8%, 11.0%, and 10.2% of the 
patients, respectively. Regarding pN2, upstaging of 6% 
from cN2 was observed. We performed systematic lymph 
node dissection in 16.7% and lobe-specific lymph node 
dissection in 83.3% of the patients. The median number 
of resected lymph nodes was 16, and the median number 
of metastatic lymph nodes in patients with pN1–2 disease 
was 2. Regarding pN1, lymph node metastasis to hilar 

2010–2016
Lung Cancer Operation

n=2,662

n=1,951

Exclusion:
Wedge resection/Segmentectomy (n=711)

Exclusion:
ND0/ND1 (n=273)

Exclusion:
Histopathology: Small cell lung carcinoma/Unclassifiable (n=28)

Exclusion:
Unknown lymph node metastasis number or station (n=79)

Exclusion:
Death within 30 days after surgery (n=4)

n=1,678

n=1,650

n=1,571

n=1,567

Figure 1 Flow diagram of patient selection in this study. ND, nodal dissection.
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(#10), interlobar (#11), lobar (#12), segmental (#13), and 
subsegmental (#14) was observed in 16 (9.2%), 44 (25.4%), 
74 (42.8%), 26 (15.0%), 4 cases (2.3%), respectively  
(5 cases were unknown). There were significant differences 
in the 5-year RFS and OS rates between the pN0, pN1, 
and pN2 groups (the 5-year RFS rates for pN0, pN1, and 

Table 1 Clinicopathological characteristics of the 1,567 patients

Characteristic Value

Median follow-up period (months) 49

Age (years), n (%)

<65 516 (32.9)

≥65 1,051 (67.1)

Median age [range], years 68 [20–93]

Sex, n (%)

Male 910 (58.1)

Female 657 (41.9)

Smoking, n (%)

Ever 962 (61.4)

Never 605 (38.6)

CEA, n (%)

≤5 1,186 (75.7)

>5 381 (24.3)

Clinical T descriptor, n (%)

T1a/T1b 436 (27.8)/465 (29.7)

T2a/T2b 481 (30.7)/95 (6.1)

T3 74 (4.7)

T4 16 (1.0)

Clinical N descriptor, n (%)

N0 1,316 (84.0)

N1 188 (12.0)

N2 63 (4.0)

Surgical procedure, n (%)

Lobectomy 1,550 (98.9)

Pneumonectomy 17 (1.1)

Lymphadenectomy, n (%)

Systematic lymph node dissection 262 (16.7)

Lobe-specific lymph node dissection 1,305 (83.3)

Median resected lymph nodes 16

Median metastatic lymph nodes in pN1–2 2

Histologic type, n (%)

Adenocarcinoma 1,216 (77.6)

Squamous cell carcinoma 227 (14.5)

Others 124 (7.9)

Table 1 (continued)

Table 1 (continued)

Characteristic Value

Pathological T descriptor, n (%)

T1a/T1b 413 (26.3)/383 (24.4)

T2a/T2b 548 (35.0)/70 (4.5)

T3 138 (8.8)

T4 15 (1.0)

Pathological N descriptor, n (%)

N0 1,234 (78.8)

N1 173 (11.0)

N2 160 (10.2)

Pleural invasion, n (%)

Present 628 (40.1)

Absent 939 (59.9)

Pulmonary metastasis, n (%)

Present 58 (3.7)

Absent 1,509 (96.3)

Lymphatic vessel invasion, n (%)

Present 448 (28.6)

Absent 1,119 (71.4)

Blood vessel invasion, n (%)

Present 628 (40.1)

Absent 939 (59.9)

EGFR mutation, n (%)

Yes 459 (29.3)

No 675 (43.1)

Unknown 433 (27.6)

Adjuvant therapy, n (%)

Yes 500 (31.9)

No 1,067 (68.1)

CEA, carcinoembryonic antigen; EGFR, epidermal growth factor 
receptor.
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pN2 were 87.0%, 54.5%, and 24.7%, respectively, P<0.001 
and P<0.001 for pN0 vs pN1 and pN1 vs pN2, respectively; 
the 5-year OS rates for pN0, pN1, and pN2 were 89.0%, 
73.8%, and 56.7%, respectively, P<0.001 and P=0.001 
for pN0 vs pN1 and pN1 vs pN2, respectively.) The RFS 
and OS curves overlapped each other for pN1 patients 
with 1, 2, and 3 mLNs and survival was greater for these 
groups than for patients with 4–6 mLNs (Figure S1A,B). 
Consequently, we analyzed patients with ≤3 mLNs and  
≥4 mLNs separately in the pN1 group. As shown in Figure 2, 
pN1 patients with ≥4 mLNs (n=20) tended to have a worse 

prognosis than those with ≤3 mLNs (n=153); however, 
we could not show a statistically significant difference in 
RFS and OS. In patients with pN2 disease, those with  
1 mLN had a relatively good prognosis, and there were no 
differences between patients with ≥2 mLNs. Accordingly, 
we analyzed patients with 1 mLN and ≥2 mLNs separately 
in the pN2 group (Figure S1C,D). Patients in the pN2 
disease group with ≥2 mLNs (n=133) tended to have a 
worse prognosis than those with 1 mLN (n=27), and RFS 
was statistically significant. The numbers of patients with 
≥4 mLNs in the pN1 group and 1 mLN in the pN2 group 
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Figure 2 RFS (A) and OS (B) curves for patients with pathological nodal stages pN0, pN1 with 1–3 mLNs, pN1 with ≥4 mLNs, pN2 with  
1 mLN, and pN2 with ≥2 mLNs. Patients with pN1 disease and ≥4 mLNs had a tendency for a poorer prognosis than pN1 patients with  
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groups for RFS. RFS, recurrence-free survival; pN, pathological node; mLNs, metastatic lymph nodes; OS, overall survival.
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were small, but their RFS curves almost overlapped each 
other. Therefore, pN1 (mLNs ≥4) and pN2 (mLNs =1) 
were analyzed as one group. In Figure 3, pNa, pNb, and 
pNc represent the pN1 group with 1–3 mLNs, pN1 group 
with ≥4 mLNs plus pN2 group with 1 mLNs, and pN2 
group with ≥2 mLNs, respectively. The pNb group had a 
worse prognosis than the pNa group, and a better prognosis 
than pNc group (Figure 3). Multivariate analysis showed 
that the pathological T descriptor and number of mLNs 

were independently associated with recurrence in patients 
with pN1 disease (Table 2). In patients with pN2 disease, 
only the number of metastatic nodes was independently 
associated with recurrence (Table 3).

Discussion

This study investigated the correlation between the 
number of mLNs and prognosis in patients with NSCLC 
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Figure 3 RFS (A) and OS (B) curves for patients with pathological nodal stage pN0, pNa, pNb, and pNc. pNa represents pN1 patients 
with 1–3 mLNs, pNb represents pN1 patients with ≥4 mLNs plus pN2 patients with 1 mLNs, and pNc represents pN2 patients with ≥2 
mLNs. Patients in the pNb group had a poorer prognosis than pNa, and a better prognosis than pNc. RFS, recurrence-free survival; pN, 
pathological node; mLNs, metastatic lymph nodes; OS, overall survival.
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who underwent complete resection. We demonstrated 
that patients with 4 or more mLNs in pN1 disease and 
2 or more mLNs in pN2 disease had a worse prognosis. 
By combining the anatomical location with the number 
of mLNs and dividing them into 3 groups, we found 
differences in survival rates between the groups. Our studies 
are the first to propose a new nodal stage that combines 
pN1 with ≥4 mLNs and pN2 with 1 mLN. Our data show 
that subdividing the nodal classification system based on 
a combination of anatomical location and the number 
of metastatic lymph nodes may predict the prognosis of 
NSCLC. 

In the current TNM classification, the N descriptor is 
still defined only by the anatomical location; however, this 
definition has some unsatisfactory aspects. The heterogeneity 
of prognosis at the same nodal stage is a problem that needs 
to be solved. Therefore, subdivision of the nodal stage has 
been proposed (1,3-10). In the lung cancer staging project of 

the IASLC, Asamura et al. concluded that the N descriptor 
in the 7th edition of the TNM classification accurately 
predicted prognosis, suggesting that the number and station 
of mLNs may affect prognosis (1). Our data is identical 
with the IASLC-proposed N staging system for pN2, but 
not for pN1. The point is that the anatomical location of 
mLNs is considered to be the most important factor in the 
nodal staging of lung cancer. Therefore, future subdivisions 
of the N descriptor will need to be combined with the 
current classification of anatomical locations to improve 
prognosis. Saji et al. reported that in patients with pN1 and 
pN2 disease, those with a number of mLNs ≥4 had a worse 
prognosis than patients with 1–3 mLNs, and their results 
regarding pN1 were identical to ours (3). Some previous 
studies reported that patients with a number of mLNs ≥2 had 
a worse prognosis than patients with 1 mLNs in those with 
pN1 and pN2 disease (1,6). In our study, 4 or more mLNs 
in pN1 and 2 or more mLNs in pN2 were the cutoff value 

Table 2 Multivariate analysis of RFS and OS in patients with pN1

Variable
RFS OS

HR 95% CI P HR 95% CI P

Age (years)

<65 ref. ref.

≥65 1.043 0.626–1.736 0.874 1.681 0.787–3.584 0.180 

Sex

Male ref. ref.

Female 0.754 0.409–1.391 0.367 0.682 0.288–1.616 0.384

Smoking

Ever ref. ref.

Never 1.300 0.654–2.584 0.454 0.858 0.313–2.353 0.767

Histologic type

Adenocarcinoma ref. ref.

Others 1.111 0.659–1.869 0.693 0.896 0.443–1.812 0.760 

Pathological T descriptor

T1 ref. ref.

T2–4 1.866 1.068–3.257 0.028 2.000 0.903–4.444 0.088

Number of metastatic nodes

1–3 ref. ref.

≥4 2.066 1.056–4.049 0.034 2.062 0.827–5.155 0.120 

RFS, recurrence-free survival; OS, overall survival; pN, pathological node; HR, hazard ratio; CI, confidence interval; ref., reference.
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for each N descriptor. This may suggest that patients with 
pN1 and pN2 disease have different characteristics of lymph 
node metastasis. In other words, the extent of lymph node 
metastasis may be more important in patients with pN2 than 
pN1. The reason is that the pN2 group with 1 mLN suggest 
skip N2 metastasis without N1 involvement, which indicates 
a good prognosis (18,19). The pN2 (mLNs =1) group is a 
different population in patients with pN2 disease, and the 
number of mLNs may be less important in the pN2 (mLNs 
≥2) group. The fact that the number of mLNs did not affect 
the prognosis in pN2 (mLNs ≥2) group means that the 
anatomical location of mLNs (in other words, metastasis to 
the N2 region) is more important than the number of mLNs 
in pN2 (mLNs ≥2) group. We propose a new nodal stage 
that combines pN1 with ≥4 mLNs and pN2 with 1 mLN. 
Our study provides information that supports the specific 
subdivision of the N descriptor in the upcoming revision of 
the TNM staging system.

Multivariate analysis showed that the number of mLNs 
was independently associated with recurrence, but not with 
survival, in patients with pN1 and pN2 disease. In addition, 
we could not observe a statistically significant difference 
in OS between pNb (pN1 group with ≥4 mLNs plus pN2 
group with 1 mLNs) and pNc (pN2 group with ≥2 mLNs) 
(Figure 3). One of the reasons is that the number of cases 
in the pN1 (mLNs ≥4) and pN2 (mLNs =1) groups was 
small. OS may be affected by treatment after recurrence. 
We should validate whether our new nodal stage shows a 
statistically significant difference in prognosis at each T 
stage, which requires a large number of patients. We believe 
that future large-scale studies could resolve this. In addition, 
multivariate analysis in Table 3 showed that patients with 
adenocarcinoma had a better prognosis than those with 
non-adenocarcinoma. The reason is that patients with 
adenocarcinoma have the opportunity to use new drugs such 
as tyrosine kinase inhibitor when they relapsed. In addition, 

Table 3 Multivariate analysis of RFS and OS in patients with pN2

Variable
RFS OS

HR 95% CI P HR 95% CI P

Age (years)

<65 ref. ref.

≥65 0.786 0.521–1.188 0.253 1.748 0.958–3.185 0.069 

Sex

Male ref. ref.

Female 1.399 0.704–2.778 0.339 1.550 0.579–4.149 0.382

Smoking

Ever ref. ref.

Never 0.647 0.322–1.299 0.221 0.514 0.178–1.484 0.219

Histologic type

Adenocarcinoma ref. ref.

Others 1.195 0.726–1.965 0.484 2.433 1.318–4.484 0.004 

Pathological T descriptor

T1 ref. ref.

T2–4 1.420 0.912–2.212 0.121 1.167 0.639–2.128 0.616

Number of metastatic nodes

1 ref. ref.

≥2 2.037 1.131–3.663 0.018 1.047 0.525–2.088 0.897 

RFS, recurrence-free survival; OS, overall survival; pN, pathological node; HR, hazard ratio; CI, confidence interval; ref., reference.
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patients with squamous cell carcinoma may be associated 
with interstitial pneumonia, and it may be difficult to 
receive effective treatment at the time of recurrence.

In clinical practice, patients with lymph node metastases 
will receive adjuvant chemotherapy. Therefore, it is difficult 
to compare pN0 with pN1 and pN2 without adjuvant 
therapy. If the number of lymph node metastases correlates 
with prognosis, we might need to change the management 
of the patients. For patients with a poor prognosis, we 
may consider performing more intensive chemotherapy or 
shortening the follow-up interval after surgery.

We acknowledge that our study has several limitations. 
First, because our study was retrospective, a validation 
cohort study will be required to support our results. 
Second, the numbers of lymph nodes were counted 
differently depending on whether the nodes were removed 
en bloc or separately (fragmented lymph nodes) (20). 
Lymphadenectomy methods were different for dissection 
or sampling according to the surgeon performing the 
work. Lymph nodes sometimes become one group, and 
the boundaries of individual nodes may not be recognized. 
Therefore, it may be difficult to accurately determine the 
number of mLNs. Third, systematic lymph node dissection 
was only performed for clinical N1 or N2 patients. In 
our study, the small number of systematic lymph node 
dissection may cause bias. The clinical trial Z0030 of the 
American College of Surgeons Oncology Group showed 
no survival difference between patients who underwent 
systematic lymph node dissection and mediastinal lymph 
node sampling for N0 or N1 NSCLC (21). There is also no 
unified recommendation for lymph node sampling between 
the guidelines (17,22). The NCCN guideline recommend 
one or more nodes sampling from all  mediastinal 
stations. It is unclear if there is no significant difference 
in prognosis between systematic and lobe-specific lymph 
nodal dissection. We conducted this study assuming that 
the prognosis of systematic and lobe-specific lymph nodal 
dissection is similar for patients with cN0. Fourth, the 
tumor stage was categorized according to the 7th edition of 
TNM classification, not the 8th edition in this study. There 
are no major changes in the N descriptor between the 7th 
and 8th edition, therefore we consider that the results of the 
7th edition can be extrapolated to the 8th edition. Fifth, it 
is unknown whether our data can be applied to non-surgical 
cases, since our study only included patients who underwent 
surgical resection. It is difficult to recognize the number of 
mLNs using preoperative images. Therefore, it is unknown 
whether pathological stages can be applied to clinical nodal 

stages in lung cancer. Further investigation will be necessary 
using other datasets, including non-surgical patients.

In conclusion, our results suggest that nodal classification 
that combines subdivisions of the number of metastatic 
lymph nodes with their anatomical location may predict 
prognosis of NSCLC. Although American Joint Committee 
on Cancer (AJCC) recommended future subclassification of 
nodal stage that includes the number of lymph nodes (23), 
our study provides one concept to set nodal classifications 
in the upcoming revision of the TNM staging system. If 
the number of mLNs predicts prognosis, it is necessary to 
accurately diagnose the number of mLNs or to puncture 
multiple lymph nodes via EBUS or mediastinoscopy before 
surgery. This will help identify groups with poor prognosis 
and actively treat them. To clarify its prognostic impact, we 
need prospective large-scale data with a uniform patient 
background.
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Supplementary

A B

C D

Figure S1 RFS (A) and OS (B) curves for patients with pN1 disease and 1–6 mLNs. RFS (C) and OS (D) curves for patients with pN2 
disease and 1–6 mLNs. The RFS and OS curves for pN1 patients with 1, 2, and 3 mLNs overlapped each other and fell below the curves for 
pN1 patients with 4–6 mLNs. In patients with pN2 disease, those with 1 mLNs had a relatively good prognosis, and there was no difference 
in survival between patients with ≥2 mLNs. mLNs, metastatic lymph nodes; OS, overall survival; pN, pathological node; RFS, recurrence-
free survival.


