Clinics in Surgery

Research Article
Published: 22 Apr, 2022

Correlation between Characteristics of Lymph Node
Metastasis and Prognosis of N1-N2 Stage Non-small Cell
Lung Cancer
Zewen Cheng1,2#, Chuxu Wang3#, Sheng Ju1,2, Shu Pan1,2, Yu Liu1,2, Jun Zhao1,2 and Chun Xu1,2*
Department of Thoracic Surgery, The First Affiliated Hospital of Soochow University, Medical College of Soochow
University, China

1

2

Institute of Thoracic Surgery, The First Affiliated Hospital of Soochow University, China

Department of Thoracic Surgery, Huai’an Second People’s Hospital, The Affiliated Huaian Hospital of Xuzhou
Medical University, Huai’an, China

3

#

These authors contributed equally to this work

Abstract
Objective: Patients with non-small cell lung cancer have prognostic heterogeneity, chief prognosis
factor of them lymph node metastasis. Our study aimed to evaluate the correlation between lymph
node ratio, the number of involved lymph node stations and skip-N2 metastasis and prognosis of
N1-N2 stage non-small cell lung cancer.
Methods: A total of 374 patients with N1 and N2 stage non-small cell lung cancer were retrospectively
analyzed who underwent radical resection at the Department of Thoracic Surgery, The First
Affiliated Hospital of Soochow University from January 2012 to December 2019. Cox regression
was conducted to identify the independent prognosis factors for N1-N2 stage non-small cell lung
cancer. Survival curves were plotted by Kaplan-Meier method. Subgroup analyses were performed
regarding proposals for the revision of the N descriptors in the 8th edition of the TNM classification.
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Results: Multivariate analysis of Cox regression model confirmed that smoking history, multiplestation lymph node metastasis and lymph node rate were independent prognosis factors for
disease-free survival. Male, smoking history, multiple-station lymph node metastasis, lymph node
ratio, adjuvant chemotherapy and targeted therapy were independent prognosis factors for overall
survival. The 5-year overall survival was 57.4% in skip N2 group, while being 65.1% in N1 group
(P=0.138) and 36.2% in the non-skip N2 group (P=0.007).
Conclusion: Combined with lymph node ratio, the number of involved lymph node stations and
skip metastasis, we can effectively predict the inter-subgroup survival difference.
Keywords: Lung neoplasms; Lymph node ratio; Lymph node metastasis; Skip metastasis;
Prognosis

Introduction
Lung cancer has exceptionally high morbidity and mortality among malignancies the world
over, with an estimated 5-year survival of 22% [1]. For patients with resectable Non-Small Cell
Lung Cancer (NSCLC), lymph node staging is one of the pivotal factors to evaluate the prognosis.
The International Association for the study of Lung Cancer (IASLC) has proposed to consider the
lymph node staging method based on the anatomical position of lymph nodes and the number
of lymph node metastasis stations, which is helpful to distinguish differences in survival among
disparate subgroups [2]. Among these subgroups, single-station involvement and skip N2
metastasis associated with favorable prognosis are the most notable duo. Recent studies have shown
that Disease-Free Survival (DFS) and Overall Survival (OS) of N1 disease and skip N2 disease are
similar and significantly better than those of non-skip N2 metastasis. And prognostically, multiplestation-involved one is significantly worse than single-station lymph node metastasis group [3,4].
Meanwhile, Lymph Node Ratio (LNR), an independent prognostic factor for postoperative survival
of NSCLC, was reported as the ratio of positive lymph nodes divided by the total number of
retrieved lymph nodes [5,6]. Most studies, however, did not simultaneously enroll patients with N1N2 stage NSCLC and not elucidated the correlation between LNR, the number of involved lymph
node stations, and skip metastasis combined and the prognosis. The present study retrospectively
analyzed survival data and clinicopathological features of patients with curative resection for N1-N2
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stage NSCLC, and explored independent prognostic factors of N1N2 stage NSCLC and the prognostic value of characteristics of lymph
node metastasis.

optimal cutoff of continuous predictors (i.e., age, tumor size, the
expression of Ki-67 and LNR) were analyzed employing restricted
cubic splines, prior researches [8,9] and Kaplan-Meier curves.
Univariate Cox proportional risk regression model was used to
evaluate the relationship between clinicopathological features and
prognosis. Variables filtered by the univariable analysis with P<0.1
and those clinically considered to be related to prognosis were
incorporated into multivariable Cox regression, with Hazard Ratios
(HRs) and 95% Confidence Intervals (CIs) as statistical indicators
[10]. The DFS and OS for the target population were yielded by the
Kaplan-Meier method, and intergroup discrepancies were examined
by the log-rank test. Statistical analyses were conducted with R,
version 4.1.0 (R Foundation for Statistical Computing, Vienna,
Austria) and SPSS 26.0 (IBM, Armonk, NY). All tests were 2 sided,
and P<0.05 indicated statistical significance. In this study, R packages
"survive" and "survminer" are used for survival analysis and survival
curve drawing respectively.

Materials and Methods
Approval
The study protocol was approved by the Ethics Committee of The
First Affiliated Hospital of Soochow University, Suzhou, China (NO.
2022-009). All patients have signed the written informed consent
preoperatively. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).
Patients
Patients were identified who underwent radical surgery with
systematic lymphadenectomy for NSCLC between January 2012,
and December 2019, at The First Affiliated Hospital of Soochow
University. Only patients with lymph node metastasis of N1 or N2
disease were included, none of them having received preoperative
neoadjuvant chemotherapy or radiotherapy. Patients with a
previous history of other tumors were excluded, as well as those with
pathological diagnoses combined with small cell carcinoma. To avoid
the inclusion of deaths on the back of postoperative complications,
patients were excluded who died within 30 days of the procedure.
Under the inclusion and exclusion criteria, 374 patients were included
in the analytic cohort. No additional patient informed consent specific
to this study was needed in the light of its retrospective nature.

Results
Clinicopathological characteristics
Of 374 eligible patients with pathological lymph nodemetastasized non-small cell lung carcinoma, 122 patients (32.6%)
had N1 disease, 70 (18.7%) had skip N2 disease, and 182 (48.7%) had
non-skip N2 disease, ranging in age from 30 to 78 years. 111 patients
(29.7%) were female and 181 cases (48.4%) had a history of tobacco
smoking among these respondents. The bulk of tumors was located in
the upper lobes, including 96 (25.7%) in the left upper lobe and 102
(27.2%) in the right upper lobe. There were 195 patients in the higher
LNR group, 179 in the lower group. The multiple-station-involved
disease accounted for 40.1%, or 150 cases, and the remaining 224
patients (59.9%) were the single-station-involved. 250 patients (66.8%)
received adjuvant therapy after the procedure, 65.0% experiencing
chemotherapy, 13.6% experiencing radiotherapy, 9.6% experiencing
targeted therapy, and 2.7% experiencing immunotherapy. The main
reasons for not receiving adjuvant therapy were old age, patient
refusal, and alternative treatment options. The clinicopathological
characteristics of these patients are presented in Table 1.

Follow-up and data collection
In this study, the 8th edition of TNM classification proposed by
IASLC was adopted, and N category was defined based on IASLC
lymph node atlas [7]. Perioperative details were recorded for all
respondents. The primary outcomes we were concerned with were
long-run DFS and OS. Disease-Free Survival (DFS) was defined as
the time from the date of the surgical procedure until the first local
recurrence, distant metastases, or death by any cause. Overall Survival
(OS) was calculated from the time of surgical intervention until death
by any cause. LNR referred to the ratio of the number of lymph node
metastasis to the total of lymph node dissection. The skip N2 metastasis
was defined as N2 at a single station or multiple stations without N1
involvement, whereas the non-skip N2 metastasis included patients
involving both N1 and N2 metastases. According to the number of
involved lymph node stations (single vs. multiple) and the presence
or absence of skip metastasis: N categories were further subdivided:
N1 was divided into N1 single (N1a) and N1 multiple (N1b) and N2
was divided into N2 single with skip (no N1 involvement, N2a1), N2
single without skip (N1 involvement as well, N2a2), N2 multiple with
skip (no N1 involvement, N2b1), and N2 multiple without skip (N1
involvement as well, N2b2). Follow-up appraisals were carried out
every 3 months for the first 2 years following surgical intervention
and every half a year thereafter. Survival data were accessed by
queries of the electronic medical record, telephone interviews, or
direct outpatient clinic visits. The endpoints of follow-up were the
death date or July 31st, 2021. Patients without an event were censored
when we finished the last follow-up visit. Patients, suspected to be the
appearance of relapses or metastases, were categorized as disease-free
even as the follow-up examinations were negative.

Survival analyses
DFS and OS were better in the lower LNR group than in the
higher LNR group, and there were significant differences between
the pair (5-year DFS rate: Lower LNR, 26.5% vs. higher LNR, 9.5%
[P<0.001]; 5-year OS rate: Lower LNR, 65.0% vs. higher LNR,
35.8% [P<0.001]) (Figure 1). DFS and OS were better in the skip N2
group than in the non-skip N2 group, and there were no significant
differences in DFS and OS between the skip N2 group and N1 group
(5-year DFS rate: skip N2, 17.1% vs. N1, 26.9% [P=0.690] vs. non-skip
N2, 10.5% [P<0.001]; 5-year OS rate: Skip N2, 57.4% vs. N1, 65.1%
[P=0.138] vs. non-skip N2, 36.2% [P=0.007]) (Figure 2). To further
evaluate the role of skip N2 in prognosis, we compared the prognosis
of single-station skip N2 patients with subgroups of N1 and found
similar DFS in single-station N1 and single-station skip N2 patients,
and better DFS in these patients compared with those with multiplestation N1 disease. However, there were no differences in OS among
the 3 groups (5-year DFS rate: single-station skip N2, 20.9% vs. singlestation N1, 32.7% [P=0.710] vs. multiple-station N1, 6.0% [P=0.034];
5-year OS rate: Single-station skip N2, 69.8% vs. single-station N1,
67.7% [P=0.908] vs. multiple-station N1, 51.0% [P=0.812]) (Figure 3).

Statistical analysis
Categorical variables were reported as whole numbers and
proportions, while continuous variables were presented as medians
with Interquartile Ranges (IQRs) unless otherwise indicated. The
Remedy Publications LLC., | http://clinicsinsurgery.com/
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Table 1: Demographic data and clinicopathological characteristics of all enrolled
patients.
Variable

N1

Value

Gender, n (%)
Male
Female
Age, y, median, IQR

Smoker

Bilobectomy
Pneumonectomy

VATS
Tumor size, cm, median, IQR

111 (29.7)

47
23

Non-skip N2

182 (48.7)

193 (51.6)

Single-station non-skip N2

81

181 (48.4)

Multiple-station non-skip N2

101

LNR, n (%)
308 (82.4)
35 (9.4)

≤ 0.16

179 (47.9)

>0.16

195 (52.1)

Adjuvant therapy*, n (%)

31 (8.3)

Chemotherapy

243 (65.0)

110 (70.6)

Radiotherapy

51 (13.6)

264 (29.4)

Targeted therapy

36 (9.6)

Immunotherapy

10 (2.7)

3.5 (2.5-5.0)

*overlaps exist between different treatment groups
IQR: Interquartile Range; VATS: Video-Assisted Thoracoscopic Surgery; ND:
Not Described; AJCC: American Joint Committee on Cancer; LNR: Lymph Node
Ratio

5 (1.3)

Left upper lobe

96 (25.7)

Left lower lobe

54 (14.4)

Right hilar

70 (18.7)

Multiple-stations skip N2

63.0 (58.0-68.0)

Location, n (%)
Left hilar

26

Single-station skip N2

Surgical methods, n (%)
Open

Multiple-station N1
Skip N2

Surgical procedure, n (%)
Lobectomy

96

263 (70.3)

Smoking history, n (%)
Never

122 (32.7)

Single-station N1

Table 2: Univariate and multivariate analysis of disease-free survival.
Univariable

Right upper lobe

102 (27.2)

Right middle lobe

16 (4.3)

Right lower lobe

97 (25.9)

Multivariable

Variable

4 (1.1)

HR (95% CI)

P Value

HR (95% CI)

P Value

Gender
Female
Male

Lymphovascular invasion, n (%)

1 [Reference]
1.19 (0.92-1.53)

0.185

Age, y

Absent

335 (89.6)

Present

39 (10.4)

Ki-67, n (%)

<63

1 [Reference]

≥ 63

0.89 (0.71-1.12)

0.315

Smoking history

<20%

45 (12.0)

≥ 20%

223 (59.6)

ND

106 (28.3)

Never
Smoker

1 [Reference]
1.38 (1.10-1.74)

1 [Reference]
0.006

1.47 (1.14 1.90)

0.003

Surgical procedure
Histological type, n (%)
Lobectomy
Squamous cell

1 [Reference]

130 (34.8)

Adenosquamous

12 (3.2)

Adenocarcinoma

216 (57.7)

Bilobectomy

1.14 (0.77-1.68)

0.523

Pneumonectomy

0.94 (0.62-1.42)

0.769

Surgical methods
Large cell

11 (2.9)

Others

5 (1.3)

AJCC stage 8th edition, n (%)

Open

1 [Reference]

VATS

0.97 (0.76-1.25)

0.812

Tumor size, cm
IIb

98 (26.2)

IIIa

213 (57.0)

IIIb

63 (16.8)

<3.5

1 [Reference]

≥ 3.5

1.60 (1.27-2.02)

<0.001

Location
T stage, n (%)
Left hilum
T1

115 (30.7)

T2

172 (46.0)

T3

55 (14.7)

T4

32 (8.6)

1 [Reference]

Left upper lobe

0.84 (0.31-2.31)

0.735

Left lower lobe

0.91 (0.32-2.54)

0.853

Right hilum

1.62 (0.36-7.29)

0.527

Right upper lobe

0.95 (0.35-2.60)

0.920

pN status, n (%)
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Right middle lobe

1.13 (0.36-3.50)

0.837

Right lower lobe

1.51 (0.55-4.11)

0.424

Table 3: Univariate and multivariate analysis of overall survival.
Variable

Lymphovascular
invasion
1 [Reference]

Present

1.51 (1.06-2.16)

Female
0.024

1 [Reference]

Male

Ki-67
1 [Reference]

≥ 20%

1.55 (1.04-2.31)

0.031

ND

1.34 (0.87-2.05)

0.183

1 [Reference]

1.93 (1.38-2.70) <0.001

<63

1 [Reference]

≥ 63

1.33 (1.02-1.75)

Never
1 [Reference]
1.11 (0.87-1.43)

0.400

Adenosquamous

1.31 (0.68-2.51)

0.416

Large cell

2.22 (1.19-4.15)

0.012

Others

1.77 (0.72-4.36)

0.211

0.034

1 [Reference]

1.82 (1.39-2.40) <0.001

1.61 (1.12-2.32)

0.010

Surgical procedure
Lobectomy

AJCC stage 8th
edition

1 [Reference]

Bilobectomy

1.19 (0.76-1.86)

0.443

Pneumonectomy

1.06 (0.68-1.64)

0.794

Surgical methods
1 [Reference]

Open

1 [Reference]
1.24 (0.92-1.67)

IIIa

1.59 (1.19-2.12)

0.002

VATS

IIIb

2.51 (1.75-3.59)

<0.001

Tumor size, cm

T stage

<3.5

0.150

1 [Reference]

≥ 3.5

T1

1 [Reference]

T2

1.34 (1.02-1.77)

0.035

Location

T3

1.86 (1.31-2.65)

0.001

Left hilum

T4

1.69 (1.09-2.62)

0.018

Left upper lobe

0.86 (0.27-2.78)

0.806

Left lower lobe

0.86 (0.26-2.84)

0.807

2.41 (0.4911.99)

0.281

Right upper lobe

1.03 (0.32-3.29)

0.961

Right middle lobe

1.06 (0.29-3.86)

0.928

Right lower lobe

1.21 (0.38-3.85)

0.749

pN status
1 [Reference]
1.15 (0.80-1.63)

0.452

Non-skip N2

1.97 (1.50-2.58)

<0.001

1 [Reference]
1.94 (1.53-2.45)

1 [Reference]
<0.001 1.57 (1.18-2.08)

0.002

1 [Reference]

>0.16

2.20 (1.74-2.79)

1 [Reference]

Lymphovascular
invasion

LNR
≤ 0.16

1.79 (1.35-2.37) <0.001

Right hilum

Skip N2

Multiple stations

1.63 (1.04-2.56)

0.038

1 [Reference]

Smoker

Adenocarcinoma

Single station

P Value

Smoking history

Histological type

N1

HR (95% CI)

Age, y

<20%

IIb

Multivariable

P Value

Gender

Absent

Squamous cell

Univariable
HR (95% CI)

Absent

1 [Reference]

Present

1.36 (0.87-2.14)

1 [Reference]
<0.001 1.43 (1.01-2.02)

0.181

0.045
Ki-67

Adjuvant therapy*
Chemotherapy

0.99 (0.78-1.25)

0.906

Radiotherapy

1.35 (0.98-1.87)

0.068

Targeted therapy

1.57 (1.10-2.24)

0.012

Immunotherapy

1.22 (0.63-2.37)

0.556

<20%

1 [Reference]

≥ 20%

1.68 (1.02-2.75)

0.040

ND

1.19 (0.70-2.01)

0.520

Histological type
Squamous cell

*overlaps exist between different treatment groups
VATS: Video-Assisted Thoracoscopic Surgery; ND: Not Described; AJCC:
American Joint Committee on Cancer; LNR: Lymph Node Ratio; HR: Hazard
Ratios; CI: Confidence Interval

lymphovascular invasion, Ki-67, N status, and LNR were included in
the multivariate analysis of DFS, and only smoking history (P=0.003),
the number of involved lymph node stations (P=0.002) and LNR
(P=0.045) were independent prognostic factors for DFS. Gender, age,
smoking history, tumor size, T stage, TNM stage, Ki-67, N status,
LNR, adjuvant chemotherapy, and targeted therapy were included
in the multivariate analysis of OS, and gender (P=0.034), smoking
history (P<0.010), the number of involved lymph node stations
(P=0.006), adjuvant chemotherapy (P<0.001), and targeted therapy
Remedy Publications LLC., | http://clinicsinsurgery.com/

1 [Reference]

Adenocarcinoma

0.87 (0.65-1.15)

0.325

Adenosquamous

0.98 (0.45-2.11)

0.952

Large cell

2.12 (1.13-3.98)

0.020

Others

3.88 (1.56-9.63)

0.003

th

AJCC stage 8 edition
IIb

1 [Reference]

IIIa

1.93 (1.35-2.76) <0.001

IIIb

3.79 (2.51-5.72) <0.001

T stage

4
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T1

1 [Reference]

T2

1.34 (0.96-1.89)

T3

2.52 (1.69-3.74) <0.001

T4

2.39 (1.47-3.87) <0.001

of N2a2 (DFS: HR=1.53, 95% CI: 1.12-2.10, P=0.008; OS: HR=1.61,
95% CI: 1.11-2.34, P=0.012), but there was no significant difference in
survival between N2b2 and N2b1 (DFS: HR=1.54, 95% CI: 0.91-2.63,
P=0.111; OS: HR=1.18, 95% CI: 0.66-2.09, P=0.576), N2a1 and N1a
(DFS: HR=1.18, 95% CI: 0.76-1.82, P=0.471; OS: HR=1.02, 95% CI:
0.59-1.76, P=0.940). Meanwhile, there was no significant difference
in overall survival between N2a1 and N1b (OS: HR=0.69, 95% CI:
0.33-1.43, P=0.940).

0.086

pN status
N1

1 [Reference]

Skip N2

1.34 (0.88-2.04)

Non-skip N2

2.28 (1.66-3.14) <0.001

Single station
Multiple stations

0.168

1 [Reference]

Discussion
Surgical resection remains one of the primary interventions
for patients with resectable NSCLC, potentially leading to radical
resection of tumor and carrying out accurate tumor staging. Detailed
pathological staging is critical to the development of optimal treatment
strategies and prognosis assessment, in which the evaluation of lymph
nodes matters enormously. Patients with lymph node involvement
have poor prognoses, thanks to the relatively high frequency of
local recurrence and distance failure after surgical resection. In
addition, it is generally accepted that lymph node involvement is an
indicator of systemic metastasis [11]. For the evaluation of lymph
nodes, previous studies have found that quality control criteria for
lymphadenectomy can improve the survival benefits to NSCLC.
Furthermore, some studies have compared different quality control
criteria for lymphadenectomy and found that clearance of at least 3
N1 and 3 mediastinal lymph nodes can more accurately mirror the
survival differences between N1 and N2 stage NSCLC [12]. The study
cohort included patients with N1-N2 stage NSCLC undergoing the
resection of 3 or more mediastinal lymph nodes. Median lymph node
clearance was 18, with 16 or more lymph nodes cleared accounting
for 69.8%, and the 5-year OS rate was 49.9%.

1 [Reference]

1.79 (1.37-2.35) <0.001

1.58 (1.14-2.20)

0.006

LNR
≤ 0.16
>0.16

1 [Reference]

1 [Reference]

2.19 (1.66-2.90) <0.001

1.58 (1.05-2.39)

0.028

0.56 (0.41-0.76)

<0.001

0.45 (0.25-0.80)

0.006

Adjuvant therapy*
Chemotherapy

0.49 (0.38-0.65) <0.001

Radiotherapy

1.00 (0.67-1.49)

0.999

Targeted therapy

0.46 (0.27-0.80)

0.005

Immunotherapy

0.29 (0.07-1.18)

0.084

*overlaps exist between different treatment groups
VATS: Video-Assisted Thoracoscopic Surgery; ND: Not Described; AJCC:
American Joint Committee on Cancer; LNR: Lymph Node Ratio; HR: Hazard
Ratios; CI: Confidence Interval

(P=0.006) were identified as prognostic factors for OS.
To further compare the intergroup survival differences, patients
with N1-N2 stage NSCLC were classified into six subtypes – N1a, N1b,
N2a1, N2a2, N2b1, and N2b2. After adjusting for risk factors such as
gender, smoking history and LNR by multivariate Cox model (Table
4), we found that prognostically N2a2 (DFS: HR=1.60, 95% CI: 1.042.46, P=0.033; OS: HR=2.23, 95% CI: 1.30-3.82, P=0.004), N2b1 (OS:
HR=3.05, 95% CI: 1.55-6.00, P=0.001) and N2b2 (DFS: HR=2.45, 95%
CI: 1.61-3.73, P<0.001; OS: HR=3.59, 95% CI: 2.12-6.08, P<0.001)
were worse than N2a1. The prognosis of N2b2 was worse than that

The nodal system in lung cancer is still mainly based on the
anatomical location of involved lymph nodes in the 8th edition of
TNM classification, but significant survival differences can be seen
among the subgroups at the same stage. It has been reported that
lymph node ratio, the number of lymph node metastasis, the number
of involved lymph node stations and the presence or absence of skip

Table 4: Multivariate Cox proportional hazard regression analysis in subdivided N stage.
Disease-free survival

Overall survival

HR (95% CI)

P Value

HR (95% CI)

P Value

N1b vs. N1a

2.09 (1.28-3.42)

0.003

1.49 (0.77-2.86)

0.233

N2a1 vs. N1a

1.18 (0.76-1.82)

0.471

1.02 (0.59-1.76)

0.940

N2a2 vs. N1a

1.88 (1.33-2.66)

<0.001

2.27 (1.47-3.52)

<0.001

N2b1 vs. N1a

1.86 (1.07-3.25)

0.029

3.11 (1.72-5.65)

<0.001

N2b2 vs. N1a

2.88 (2.06-4.02)

<0.001

3.66 (2.37-5.66)

<0.001

N2a1 vs. N1b

0.56 (0.32-0.98)

0.043

0.69 (0.33-1.43)

0.317

N2a2 vs. N1b

0.90 (0.55-1.46)

0.668

1.53 (0.80-2.93)

0.200

N2b1 vs. N1b

0.89 (0.47-1.70)

0.729

2.09 (0.98-4.49)

0.058

N2b2 vs. N1b

1.38 (0.86-2.20)

0.180

2.46 (1.30-4.69)

0.006

N2a2 vs. N2a1

1.60 (1.04-2.46)

0.033

2.23 (1.30-3.82)

0.004

N2b1 vs. N2a1

1.58 (0.86-2.92)

0.139

3.05 (1.55-6.00)

0.001

N2b2 vs. N2a1

2.45 (1.61-3.73)

<0.001

3.59 (2.12-6.08)

<0.001

N2b1 vs. N2a2

0.99 (0.57-1.72)

0.976

1.37 (0.76-2.45)

0.291

N2b2 vs. N2a2

1.53 (1.12-2.10)

0.008

1.61 (1.11-2.34)

0.012

N2b2 vs. N2b1

1.54 (0.91-2.63)

0.111

1.18 (0.66-2.09)

0.576

HR: Hazard Ratios; CI: Confidence Interval

Remedy Publications LLC., | http://clinicsinsurgery.com/

5

2022 | Volume 7 | Article 3494

Clinics in Surgery - Thoracic Surgery

Zewen Cheng, et al.,

B

A

Figure 1: Kaplan-Meier survival curves of DFS (A) and OS (B) for patients stratified by Lymph Node Ratio (LNR).

A

B

Figure 2: Kaplan-Meier survival curves of DFS (A) and OS (B) for patients stratified by N1, skip N2, and non-skip N2 lymph node metastasis.

A

B

Figure 3: Kaplan-Meier survival curves of DFS (A) and OS (B) for patients stratified by N subclassification proposed by the TNM classification system, eighth
edition. N1a, single-station N1; N1b, multiple-station N1; N2a1, single-station skip N2; N2a2, single-station non-skip N2; N2b1, multiple-station skip N2; N2b2,
multiple-station non-skip N2.
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Figure 4: Receiver operating characteristics curve of the eight edition of the N staging systems, station numbers of lymph node staging, and lymph node ratio
staging for predicting survival of patients with NSCLC with radical resection.

array of studies has indicated that LNR staging can be an alternative
to the pN staging in breast, pancreatic, and colon cancers [20-22].
The multivariate analysis demonstrated that when the LNR-based
classification was included in this study, pN stage lost its significance,
and LNR, the number of involved lymph node stations and smoking
history were revealed to be independent prognostic factors for DFS,
and LNR, the number of involved lymph node stations, gender,
smoking history, adjuvant chemotherapy and targeted therapy for OS.
When the tumor invaded multiple lymph node stations, the risk of
recurrence increased by about 1.57 times, and the 5-year DFS rate was
only 5.2%, while the 5-year DFS rate of the single-station metastasis
group was 25.7%. A roughly 1.58-fold increase in the death risk was
seen in the multiple-station metastasis group, and the 5-year OS rate
was 32.6%, compared with 61.1% in the single-station metastasis
group. From the ROC curve perspective (Figure 4), however, the
prediction ability of the LNR staging for DFS and OS was assessed
using the C statistics (0.675 for DFS and 0.636 for OS). Hence, we
cannot draw the conclusion that LNR staging has superiority than the
pN staging in NSCLC. The combination of the LNR, the number of
involved lymph node stations and pN status provides a valuable help
with prognosis.

metastasis can supplement or even replace the existing N staging
[13-15]. The Lymph Node Ratio (LNR) is defined as the ratio of
positive lymph nodes divided by the total number of retrieved lymph
nodes, its reliability depending on standard lymph node dissection
and pathological evaluation [16]. Wisnivesky et al. [17] were the first
to identify a higher LNR as a high risk factor for recurrence of N1
NSCLC in the elderly. There is, however, no clear consensus on the
cutoff value of the LNR staging classification. In an article related to
this study, Yang et al. [5] employed the Cox proportional hazards
regression model to determine the optimal cutoff value of LNR, in
turn dividing the LNRs into two categories (≤ 0.20 and >0.20). In
another study regarding the N1 NSCLC, based on previous studies
on other types of tumors and on the distribution of the LNR in the
Surveillance, Epidemiology and End Results database, they classified
the LNR into three categories (<0.15, 0.15–0.5, and >0.5). The present
study used survival rates calculated by Kaplan-Meier curves and
thus determining the cutoff value to be 0.35 for LNR. Based on the
two categories, we found that a higher LNR was shown to be an
independent factor for DFS and OS in the whole study cohort. The risk
of tumor recurrence increased by roughly 1.43 times in a higher LNR
group, and the 5-year DFS rate was only 9.5% in a higher LNR group,
while the 5-year DFS rate in a lower LNR group was 26.5%. The risk
of death increased by almost 1.58 times in a higher LNR group, and
the 5-year OS rate was 35.8%, while a lower LNR group was 65.0%.
We also studied the impact of the LNR on prognosis according to pN
staging system, revealing that the trend mentioned above can be seen
in N1-N2 patients, which was consistent with recent researches that
assessed the correlation between the LNR and survival for patients
with N1-N2 stage NSCLC.

To further explore the effect of the number of involved lymph
node stations and the presence or absence of skip N2 metastasis on
the prognosis, we performed a subgroup analysis and found that
5-year DFS was 20.9% and 5-year OS was 69.8% in N2a1 disease, a
prognosis that was similar to subgroup N1a and notably better than
the other three groups (i.e., N2a2, N2b1 and N2b2) with statistically
significant differences. However, no statistical difference was seen
between N2b2 and N2b1 in multiple-station-involved N2 disease.
Prior studies proposed that the prognosis and clinical characteristics
of N2a1 patients were more similar to N1 disease, and N2 disease may
be classified into three groups, or N2a1, N2a2 and N2b [23]. In our
outcomes, although N2b1 (HR=1.37) and N2b2 (HR=1.61) had worse
prognosis than N2a2 disease, there was no difference between N2a2
and N2b1. This classification method needs to be further verified by
using a large sample.

Not only is a lower LNR associated with a better prognosis in
patients with NSCLC, but single-station lymph node involvement and
skip N2 metastasis are also favorable elements for survival in patients
with N1-N2 stage NSCLC, some studies have reported. Andrea et al.
[18] found notable differences in survival rates between the number
of involved N2 stations and the presence of N1 metastasis. Khosro
et al. [19] suggested that the prognosis of patients with non-skip N2
metastasis was dramatically worse than that of patients with skip N2
metastasis. In current study, univariable analysis showed that skip N2
group was prognostically better than other groups in N1-N2 stage
NSCLC and no difference was seen next to N1 group. To date, an
Remedy Publications LLC., | http://clinicsinsurgery.com/

This study is a single-center retrospective study. Thanks to the
small sample size of the skip N2 disease and multiple-station N1
disease, statistical evaluations were rather limited. In addition, there
were potentially some patients with locally advanced tumors who
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failed to receive adequate preoperative evaluation for personal reasons.
Such patients had otherwise poor prognosis impacting the accuracy
of the survival rate. Furthermore, thanks to limited pathological
examinations in the early years, it was possible that intrapulmonary
metastatic lymph nodes were not fully evaluated so that the inclusion
of these patients in inappropriate groups led to biases. These results
need to be confirmed by a multicenter prospective study with a larger
sample size.

project: A proposal for a new international lymph node map in the
forthcoming seventh edition of the TNM classification for lung cancer. J
Thorac Oncol. 2009;4:568-77.
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correlated with clinicopathological characteristics and prognosis for lung
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Conclusion
In summary, LNR and the number of involved lymph node
stations are independent prognostic factors for DFS and OS in
patients with N1-N2 stage NSCLC. Single-station skip N2 disease
has a similar prognosis to single-station N1 disease. Patients with
N2 stage NSCLC have prognostic heterogeneity thanks to multiple
elements, chief among them the number of involved lymph node
stations and the presence or absence of skip metastasis. A trio of
factors above should be taken into account in future staging revisions
to better predict the survival differences among different subgroups
of N1-N2 stage NSCLC.
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