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Background: The aim of our study was to compare the efficacy of lymph node (LN) dissection, short-term
surgical outcomes, and long-term outcomes between non-grasping ez bloc mediastinal lymph node dissection
(NE-MLND) and traditional grasping mediastinal lymph node dissection (G-MLND) under video-assisted
thoracic surgery (VATYS) for non-small cell lung cancer NSCLC).

Methods: We retrospectively analyzed 872 patients with pathological stage I-III NSCLC who underwent
VATS. The patient’s demographic characteristics, short-term surgical outcomes, overall survival (OS)
and disease-free survival (DFS) were assessed. A propensity score-matched (PSM) analysis was performed
between NE-MLND and G-MLND to reduce bias, and 349 pairs of patients were matched.

Results: Before propensity-score matching, for short-term surgical outcomes, the NE-MLND group
had shorter operation time (P<0.001), more LNs removed (N1: P=0.002; N2: P<0.001; N1+N2: P<0.001),
more pleural drainage during the first 3 days after surgery (P<0.001), and longer postoperative hospital stay
(P<0.001). For long-term survival outcomes, the NE-MLND group had a longer OS (5-year OS: 71.8% vs.
64.8%, P=0.013), and there was no difference in DFS between the 2 groups (P=0.138). After propensity-
score matching, the short-term surgical outcomes were consistent with the results before PSM. The OS and
DES in NE-MLND group were significantly longer than those in the G-MLND group (5-year OS: 76.4%
vs. 63.5%, P=0.001 and 5-year DFS: 63.0% vs. 54.6%, P=0.033, respectively). Multivariate analysis showed
that NE-MLND was an independent protective factor against OS [G-MLND: hazard ratio (HR) 1.461;
95% confidence interval (CI), 1.130-1.890; P=0.004].

Conclusions: NE-MLND is a safe, acceptable and superior approach to remove mediastinal LNs with
shorter operation time. Patients with NSCLC may benefit from NE-MLND, which could lead to better OS
and DFS as compared with G-MLND.
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Introduction

Lung cancer is one of the most common causes of cancer-
related deaths worldwide (1). Non-small cell lung cancer
(NSCLC) accounts for 80-85% of lung cancer patients (2).
Surgery is thus far the most effective treatment for
resectable NSCLCC including stage I-II and some stage
III patients. With the advent of the video-assisted thoracic
surgery (VATS) technique, the use of VATS has now
become a viable surgical procedure for resectable NSCLC
with superior short-term surgical outcomes and equivalent
long-term survival rates when compared with thoracotomy
(2-5). Lymph node (LN) metastasis is extremely important
for the prognosis of NSCLC, and its correlation with
prognosis even exceeds that of the extent of local invasion
of tumour (6). This being the case, it is very important to
remove the metastatic mediastinal lymph nodes (MLNs)
thoroughly during the operation. Systemic mediastinal
lymph node dissection (MLND) as an important part of
standard NSCLC surgery is also conducive to accurate
staging after surgery, providing a basis for postoperative
adjuvant chemotherapy (7). The method of systemic MLND
under VATS usually follows the traditional technique of
thoracotomy, which needs to grasp the target LNs.

We have previously reported the technique of MLND
named “non-grasping en bloc mediastinal lymph node
dissection” (NE-MLND); this technique resects the MLN
with the combined utilization and mutual cooperation of
metal endoscopic suction and energy devices (electrocautery
hook or ultrasonic scalpel) without grasping the LNs (8).
Compared with the traditional “grasping” MLND, the
non-grasping strategy can avoid damage to LNs and ensure
the integrity of LNs, which is more in meeting with the
principles of surgical oncology. Moreover, en bloc dissection
of the bounded LNs and fat tissue block can remove LNs
as best possible and make sure that there is no LN missed.
However, it is still unclear whether NE-MLND can
increase the risk of surgery and improve long-term survival.
The aim of this study is to compare the efficacy of MLND,
short-term surgical outcomes and long-term outcomes
between NE-MLND and traditional grasping MLND
(G-MLND).

Methods
Patients

Consecutive patients who had been treated with VAT for
primary NSCLC between January 2009 and December
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2013 were identified from the Western China Lung Cancer
database at the West China Hospital, Sichuan University.
To determine the preoperative staging, patients received
enhanced computed tomography (CT) scanning of the
chest and upper abdomen, enhanced brain CT scanning or
magnetic resonance imaging (MRI), and whole-body bone
scintigraphy. The positron emission tomography-computed
tomography (PET-CT) was performed for patients with
suspicious LN involvement appearing on CT scans. The
seventh edition of the TINM staging system of lung cancer
was used for staging (9). The International Association for
the Study of Lung Cancer LN map was used to assess LN
involvement (10).

Our exclusion criteria included the following: lung
resection other than lobectomy, sleeve resection, conversion
to thoracotomy, positive surgical margins (R1 or R2),
neoadjuvant therapy, pathologic stage IV disease, merely
performed MLN sampling, lack of LN dissection data, and
previous history of malignancy (Figure I). This retrospective
study was approved by the institutional review board at the
West China Hospital, Sichuan University (No. 2018-404).
Patients were grouped into the NE-MLND group or
G-MLND group according to the procedure of MLND

that was recorded in surgical records.

Surgical technique

A three-portal procedure was applied to each patient after
general anaesthesia using double-lumen endotracheal
intubation. Lobectomy was performed following the
“single-direction” strategy as we previously described
elsewhere (11). For patients in the NE-MLND group, we
carried out a three-dimensional dissection according to our
previous publication (8), which removed the total fat pad located
among the anatomic landmarks of each station with the “non-
grasping” technique. Meanwhile, for patients in the G-MLND
group, the traditional “grasping” method of MLLND was carried
out, which mainly removed the target LNG.

Data collection

The clinicopathologic variables of these patients were
reviewed and included the following items: age at surgery,
gender, year of surgery, body mass index (BMI), smoking
status, history of comorbidity as defined by the Charlson
comorbidity index classification (12), tumor size on
chest CT scanning, clinical TNM stage, resected lobe,
postoperative adjuvant therapy, length of procedure,
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Figure 1 Flowchart depicting the patient selection process. VATS, video-assisted thoracic surgery; MLN, mediastinal lymph node; LN,

lymph node; NE-MLND, non-grasping en bloc mediastinal lymph node dissection; G-MLND, traditional grasping mediastinal lymph node

dissection; CT, computed tomography.

intraoperative blood loss, incidence of major postoperative
complications (which includes postoperative bleeding,
air leak more than 5 days, respiratory failure, pneumonia,
chylothorax, arrhythmia, hoarseness, bronchopleural fistula,
and pulmonary embolism), perioperative mortality, pleural
drainage during the first 3 days after surgery, length of
postoperative hospital stay, histologic subtype, pathologic
TNM stage, number of LNs removed, nodal upstaging, and
follow-up information updated as of June 2018.

Propensity score matching (PSM)

To minimize selection bias between the 2 groups, a PSM
using SPSS 23.0 for Windows (SPSS IBM Corp; Armonk,
NY, USA) was performed with the ratio of patients of
each group being 1:1. The match tolerance was set at 0.02.
The following variables were used for the PSM analysis:
year of surgery, age at surgery, gender, BMI, smoking
status, Charlson comorbidity index, tumour size on chest
CT scanning, clinical nodal stage, resected lobe, and
postoperative adjuvant therapy.

© Translational lung cancer research. All rights reserved.

tlcr.amegroups.com

Statistical analyses

Continuous variables with normal distribution were
expressed as the mean =+ standard deviation (SD), otherwise
they were presented as median and range. The differences
between each group were determined using unpaired #-tests
or Mann-Whitney U-test. Dichotomous variables were
presented as counts and proportions and were analyzed
using Pearson’s chi-square test or Fisher exact test. All
statistical tests reported in the manuscript were two-sided.
The Kaplan-Meier method and the log-rank test were used
to analyze the overall survival (OS) and disease-free survival
(DFS). The OS was defined as the time from the date of
surgery until the last follow-up or death from any cause.
The DFS was defined as the time from the date of surgery
until any local or distant disease recurrence, or until the
last follow-up. Univariable and multivariable analyses for
OS were performed using the Cox proportional-hazards
regression model in the propensity-matched patients. A
P value less than 0.05 was considered to be statistically
significant. Statistical analyses were performed using the
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SPSS 23.0 for Windows. Survival curves were depicted
using GraphPad Prism (version 6.01, GraphPad Software
Inc, La Jolla, CA, USA).

Results
Clinical characteristics and short-term surgical outcomes

Before PSM, 872 patients who underwent VAT for stage
I-III NSCLC met the eligibility criteria, of whom 497
were placed into the NE-MLND group, and 375 were
placed into the G-MLND group. Their baseline clinical
characteristics before PSM are shown in Table 1. There
were significant differences in patient age (P<0.001), gender
(P=0.024), year of surgery (P=0.039), Charlson comorbidity
index (P=0.003), and resected lobe (P=0.038), between
the NE-MLND and G-MLND groups. There were no
significant differences in BMI (P=0.244), smoking status
(P=0.072), tumour size on chest CT scanning (P=0.350),
clinical tumour stage (P=0.430), clinical nodal stage
(P=0.676), clinical TNM stage (P=0.202), and postoperative
adjuvant therapy (P=0.268) between the 2 groups.

For short-term surgical outcomes, compared with
patients in the G-MLND group, patients in the NE-
MLND group had shorter operation time (135.37£49.70
vs. 165.40+£70.04 min, P<0.001), more LNs removed
(N1: 4.15£3.32 vs. 3.51+2.90, P=0.002; N2: 9.82+4.84 vs.
6.35+4.24, P<0.001; N1+N2: 13.97£6.14 vs. 9.86+5.37,
P<0.001), more pleural drainage during the first 3
days after surgery (565.48+344.36 vs. 447.80+332.97
mL, P<0.001), and longer postoperative hospital stay
(7.90£4.10 vs. 6.49+2.88 days, P<0.001). However, there
were no statistically significant differences between the
2 groups with regard to the major postoperative complications
(P=0.839), intraoperative blood loss (P=0.052), perioperative
mortality (P=0.657), histologic subtype (P=0.122), pathologic
TNM stage (P=0.849), and nodal upstaging (including clinical
NO to pathologic N1, P=0.061 and clinical NO to pathologic
N2, P=0.350) (Zables 2,3 respectively).

"To reduce potential selection bias, we carried out a PSM
analysis. Two matched groups (349 pairs, n=698 patients)
were generated, and there were no significant differences
in compared baseline clinical characteristics, as shown
in Table 1. For short-term surgical outcomes, compared
with patients in the G-MLND group, patients in the NE-
MLND group had shorter operation time (132.67+50.19 vs.
166.77+70.35, P<0.001), more L.Ns removed (N1: 4.09+3.41
vs. 3.52£2.92, P=0.019; N2: 9.73+4.63 vs. 6.18+4.01,
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P<0.001; N1+N2: 13.82+6.00 vs. 9.70+5.23, P<0.001),
more pleural drainage during the first 3 days after surgery
(557.67+344.00 vs. 439.92+332.42 mL, P<0.001), and longer
postoperative hospital stay (7.19£3.14 vs. 6.52£2.91 days,
P<0.004). Moreover, in consistent with the results before
PSM, there was no difference in other short-term surgical
outcomes (1ables 2,3).

Survival

Patient follow-up as a part of our routine clinical practice
started from the day of surgery. All patients were asked to
review in the clinic every 3-6 months for the first 2 years,
every 6 months for years 3, 4 and 5, and annually thereafter.
Follow-up investigations for every review included clinical
examinations, chest CT, MRI or CT of the brain and upper
abdomen. Additionally, whole-body bone scintigraphy was
performed once every year. A telephone follow-up would be
made if the patient did not come to the clinic, or if patients
who initially came from distant geographic locations followed
up in their local hospital. Survival data were recorded in the
Western China Lung Cancer database at the West China
Hospital, Sichuan University. As of the last follow-up, 48
patients (9.66%) in the NE-MLND group and 46 patients
(12.27%) in the G-MLND group were lost to follow-up.
After matching, there were 35 patients (10.02%) and 38
patients (10.89%) lost to follow-up in the NE-MLND group
and G-MLND group, respectively.

The median follow-up time was 60 months for
unmatched patients and 59 months for matched patients.
For long-term survival outcomes, NE-MLND showed
superior OS in both the unmatched and matched
comparisons (P=0.013, P=0.001, respectively) (Figure 2).
The unmatched 5-year OS rates were 71.8% in the NE-
MLND group and 64.8% in the G-MLND group. The
matched 5-year OS rates were 76.4% in the NE-MLND
group and 63.5% in the G-MLND group. Although the
DFS showed no significant difference between the 2 groups
in the unmatched comparison (P=0.138), NE-MLND
showed superior DES in the matched comparison (P=0.033)
(Figure 3). The matched 5-year DFS rates were 63.0% in
the NE-MLND group and 54.6% in the G-MLND group.

"To see whether the application of the MLND technique
was an independent prognostic factor, we performed the
univariable and multivariable analyses for OS after PSM.
On univariable analyses, statistically significant prognostic
factors of OS were the application of MLND technique,
gender, pathologic tumour stage, and pathologic nodal
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Table 1 Patient baseline characteristics before and after propensity score matching

Overall cohort (type of resection) Matched cohort (type of resection)
Variables NE-MLND G-MLND b value NE-MLND G-MLND b value
(n=497) (n=375) (n=349) (n=349)
Median age at surgery (range) (year) 62 [26-86] 59 [28-81] <0.001 59 [26-86] 59 [31-81] 0.589
Gender (case %) 0.024 0.880
Male 286 (57.55) 187 (49.87) 184 (52.72) 182 (52.15)
Female 211 (42.45) 188 (50.13) 165 (47.28) 167 (47.85)
Year of surgery (case %) 0.039 0.256
2009 63 (12.68) 26 (6.94) 35 (10.03) 26 (7.45)
2010 64 (12.88) 59 (15.73) 39 (11.17) 58 (16.62)
2011 99 (19.92) 68 (18.13) 68 (19.48) 66 (18.91)
2012 139 (27.97) 105 (28.00) 104 (29.81) 97 (27.79)
2013 132 (26.55) 117 (31.20) 103 (29.51) 102 (29.23)
Body mass index (kg/m2) 19.56+8.81 18.54+9.32 0.244 19.14+8.95 19.04+9.11 0.887
Smoking status (case %) 0.072 0.644
No 276 (55.53) 231 (61.60) 204 (58.45) 210 (60.17)
Yes 221 (44.47) 144 (38.40) 145 (41.55) 139 (39.83)
Charlson comorbidity index (case %) 0.003 0.880
0 240 (48.29) 220 (58.67) 199 (57.02) 195 (55.87)
1 144 (28.97) 99 (26.40) 99 (28.37) 98 (28.08)
>2 113 (22.74) 56 (14.93) 51 (14.61) 56 (16.05)
Tumor size on chest CT scanning (cm) 3.03+1.40 2.95+1.29 0.350 2.97+1.40 2.99+1.29 0.842
Clinical tumour stage (case %) 0.430 0.853
T1 222 (44.67) 176 (46.93) 156 (44.70) 162 (46.42)
T2 205 (41.25) 141 (37.60) 139 (39.83) 133 (38.11)
T3+T4 17 (3.42) 9 (2.40) 12 (3.44) 9 (2.58)
Unknown 53 (10.66) 49 (13.07) 42 (12.03) 45 (12.89)
Clinical nodal stage (case %) 0.676 0.966
NO 375 (75.45) 279 (74.40) 255 (73.07) 256 (73.34)
N1 35 (7.04) 22 (5.87) 23 (6.59) 21 (6.02)
N2 47 (9.46) 36 (9.60) 38 (10.89) 36 (10.32)
Unknown 40 (8.05) 38 (10.13) 33 (9.45) 36 (10.32)
Clinical TNM stage (case %) 0.202 0.412
I 335 (67.40) 260 (69.33) 225 (64.47) 239 (68.48)
Il 55 (11.07) 27 (7.20) 37 (10.61) 26 (7.46)
I 54 (10.87) 39 (10.40) 45 (12.89) 39 (11.17)
Unknown 53 (10.66) 49 (13.07) 42 (12.03) 45 (12.89)

Table 1 (continued)
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Overall cohort (type of resection)

Matched cohort (type of resection)

Variables NE-MLND G-MLND b value NE-MLND G-MLND b value
(n=497) (n=375) (n=349) (n=349)
Resected lobe (case %) 0.038 0.148
LUL 113 (22.74) 61 (16.27) 70 (20.06) 58 (16.61)
LLL 91 (18.31) 75 (20.00) 61 (17.48) 73 (20.91)
RUL 149 (29.98) 115 (30.67) 107 (30.66) 104 (29.80)
RML 41 (8.25) 23 (6.13) 31 (8.88) 21 (6.02)
RLL 87 (17.50) 92 (24.53) 66 (18.91) 85 (24.36)
Bilobectomy 16 (3.22) 9 (2.40) 14 (4.01) 8 (2.30)
Postoperative adjuvant therapy (case %) 0.268 0.096
No 230 (46.28) 155 (41.33) 158 (45.27) 141 (40.40)
Chemotherapy 185 (37.22) 150 (40.00) 135 (38.68) 141 (40.40)
Radiotherapy 2(0.41) 3(0.80) 1(0.29) 3(0.86)
Chemoradiotherapy 27 (5.43) 33 (8.80) 15 (4.30) 32 (9.17)
Targeted therapy 25 (5.03) 15 (4.00) 17 (4.87) 14 (4.01)
Unknown 28 (5.63) 19 (5.07) 23 (6.59) 18 (5.16)

LUL, left upper lobe; LLL, left lower lobe; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; NE-MLND, non-grasping en
bloc mediastinal lymph node dissection; G-MLND, traditional grasping mediastinal lymph node dissection; CT, computed tomography.

Table 2 Surgical and postoperative outcomes before and after propensity score matching

Overall cohort (type of resection)

Matched cohort (type of resection)

Variables NE-MLND G-MLND b value NE-MLND G-MLND b value
(n=497) (n=375) (n=349) (n=349)

Operation time (min) 135.37+49.70 165.40+70.04  <0.001 132.67+50.19  166.77+70.35  <0.001

Intraoperative blood loss (mL) 50 [5-700] 50 [10-600] 0.052 50 [5-700] 50 [10-600] 0.053

Major postoperative complications (case %)

Yes 77 (15.48) 60 (16.00) 0.839 39 (11.17) 42 (12.03) 0.812
Postoperative bleeding 3(0.60) 2(0.53) >0.99 2(0.57) 2(0.57) >0.99
Air leak more than 5 days 29 (5.84) 19 (5.07) 0.656 14 (4.01) 15 (4.30) >0.99
Respiratory failure 2 (0.40) 1(0.27) >0.99 1(0.29) 1(0.29) >0.99
Pneumonia 27 (5.43) 25 (6.67) 0.472 10 (2.87) 12 (3.44) 0.829
Chylothorax 4(0.80) 3(0.80) >0.99 4(1.15) 3(0.86) >0.99
Arrhythmia 4(0.80) 2(0.53) 0.705 3(0.86) 2(0.57) >0.99
Hoarseness 5(1.01) 4(1.07) >0.99 3(0.86) 4(1.15) >0.99
Bronchopleural fistula 1(0.20) 2 (0.53) 0.580 1(0.29) 1(0.29) >0.99
Pulmonary embolism 2 (0.40) 2 (0.53) >0.99 1(0.29) 2 (0.57) >0.99

Table 2 (continued)
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Table 2 (continued)

Overall cohort (type of resection) Matched cohort (type of resection)
Variables NE-MLND G-MLND b value NE-MLND G-MLND b value
(n=497) (n=375) (n=349) (n=349)
Perioperative mortality (case %) 2 3 0.657 1 2 >0.99

Pleural drainage during the first 3 days after  565.48+344.36  447.80+332.97 <0.001 557.67+344.00 439.92+332.42  <0.001
surgery (mL)

Postoperative hospital stay (day) 7.90+4.10 6.49+2.88 <0.001 7.19+£3.14 6.52+2.91 0.004
Histologic subtype (case %) 0.122 0.511
Adenocarcinoma 380 (76.46) 305 (81.33) 279 (79.94) 284 (81.38)
Squamous carcinoma 89 (17.91) 48 (12.80) 55 (15.76) 46 (13.18)
Others 28 (5.63) 22 (5.87) 15 (4.30) 19 (5.44)
Pathologic tumour stage (case %) 0.859 0.575
T1 93 (18.71) 70 (18.67) 72 (20.63) 61 (17.48)
T2 376 (75.65) 287 (76.53) 260 (74.50) 270 (77.36)
T3+T4 28 (5.64) 18 (4.80) 17 (4.87) 18 (5.16)
Pathologic nodal stage (case %) 0.275 0.552
NO 363 (73.04) 260 (69.33) 250 (71.63) 238 (68.19)
N1 36 (7.24) 38 (10.14) 29 (8.31) 36 (10.32)
N2 98 (19.72) 77 (20.53) 70 (20.06) 75 (21.49)
Pathologic TNM stage (case %) 0.849 0.604
I 330 (66.40) 244 (65.07) 232 (66.48) 222 (63.61)
I 60 (12.07) 50 (13.33) 40 (11.46) 48 (13.75)
1] 107 (21.53) 81 (21.60) 77 (22.06) 79 (22.64)

Number of LNs removed

N1 4.15+3.32 3.51+2.90 0.002 4.09+3.41 3.52+2.92 0.019
N2 9.82+4.84 6.35+4.24 <0.001 9.73+4.63 6.18+4.01 <0.001
N1+N2 13.97+6.14 9.86+5.37 <0.001 13.82+6.00 9.70+5.23 <0.001

LN, lymph node; NE-MLND, non-grasping en bloc mediastinal lymph node dissection; G-MLND, traditional grasping mediastinal lymph
node dissection.

Table 3 Distribution of pathologic nodal stage in patients with clinical NO disease before and after PSM

Pathologic Overall cohort (type of resection) Matched cohort (type of resection)

nodal stage  NE-MLND (n=375, %)  G-MLND (n=279, %) P value NE-MLND (n=255, %)  G-MLND (n=256, %) P value
NO 290 (77.33) 211 (75.63) 198 (77.65) 192 (75.00)

N1 24 (6.40) 30 (10.75) 0.061 18 (7.06) 28 (10.94) 0.126
N2 61 (16.27) 38 (13.62) 0.350 39 (15.29) 36 (14.06) 0.694

PSM, propensity Score Matching; NE-MLND, non-grasping en bloc mediastinal lymph node dissection; G-MLND, traditional grasping
mediastinal lymph node dissection.

© Translational lung cancer research. All rights reserved. tler.amegroups.com Transl Lung Cancer Res 2019;8(2):176-186



Translational Lung Cancer Research, Vol 8, No 2 April 2019

A S 100 —— NE-MLND
< -~ G-MLND
E
3
<) 50
o
g P=0.013
c
@ 0

0 20 40 60 80 100
Time (months)
Number at risk
NE-MLND (n=497) 440 377 282 108 27
G-MLND (n=375) 320 262 158 49 4

Overall survival (unmatched cohort)

183

B < 100] —— NE-MLND

=

< —— G-MLND

%

3

o 50

o

E

3 P=0.001

@ 0

0 20 40 60 80 100
Time (months)
Number at risk
NE-MLND (n=349) 310 266 205 65 15
G-MLND (n=349) 299 242 149 49 4

Overall survival (matched cohort)

Figure 2 Overall survival of patients between the non-grasping en bloc mediastinal lymph node dissection group and traditional grasping
mediastinal lymph node dissection group. (A) Unmatched cohort (B) matched cohort. NE-MLND, non-grasping ez bloc mediastinal lymph
node dissection; G-MLND, traditional grasping mediastinal lymph node dissection.
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Figure 3 Disease-free survival of patients between the non-grasping en bloc mediastinal lymph node dissection group and traditional grasping
mediastinal lymph node dissection group. (A) Unmatched cohort (B) matched cohort. NE-MLND, non-grasping ez bloc mediastinal lymph
node dissection; G-MLND, traditional grasping mediastinal lymph node dissection.

stage. The final multivariable analyses included these
variables. G-MLND, pathologic T2 stage and T3 plus T4
stage (vs. T'1 stage), and pathologic N1 and N2 stage (vs.
NO stage) were shown to be independently associated with
higher risk of mortality. Tzble 4 demonstrates the results of
univariable and multivariable competing risks regression.

Discussion

In the development of VATS for lung cancer, MLN
resection under VATS is one of the main difficulties
hindering its popularization. The biggest controversy about
VATS is mainly focused on whether it can completely resect
MLN. Due to the complexity of the procedure and the
different surgical habits of the surgeons, the methods and
procedures of MLN resection are diverse. Although some
experts have described their techniques of thoracoscopic
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MLN resection (13-15), all of their technical processes
are relatively cumbersome and use strategies of grasping
to resect the target LNs. Ultimately, the standard method
of MLN resection has not yet been established. From our
experience, we gradually developed a stylized method of
MLND named as NE-MLND according to its operating
characteristics (8).

In this study, we evaluated the short-term surgical
outcomes and long-term survival outcomes of patients
with NSCLC who underwent lobectomy plus NE-MLND
or G-MLND. For short-term outcomes, our results
demonstrated that compared with G-MLND, NE-MLND
was associated with a shorter length of procedure, more
pleural drainage during the first 3 days after surgery, and
longer postoperative hospital stay before and after the PSM
process. This might correlate with the en bloc dissection of
the bounded fat, LNs and lymphatic vessel block, which can
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Table 4 Univariable and multivariable competing risk regression for overall survival after propensity score matching

Univariable analysis

Multivariable model

Variables
HR 95% ClI P HR 95% Cl P

Technique of MLND (G-MLND vs. NE-MLND) 1.529 1.148-1.975 0.001 1.461 1.130-1.890 0.004
Gender (male vs. female) 1.352 1.047-1.747 0.021 1.296 0.998-1.684 0.052
Smoking history (yes vs. no) 1.217 0.943-1.570 0.133
Charlson comorbidity index (vs. 0)

1 1.199 0.819-1.756 0.351

>2 0.851 0.551-1.314 0.466
Resected lobe (vs. LUL)

LLL 1.349 0.903-2.017 0.144

RUL 1.099 0.751-1.609 0.627

RML 0.693 0.365-1.318 0.263

RLL 1.113 0.74-1.675 0.608

Bilobectomy 1.412 0.687-2.902 0.348
Postoperative complication (yes vs. no) 1.005 0.603-1.673 0.985
Histology (vs. adenocarcinoma)

Squamous carcinoma 1.285 0.907-1.822 0.158

Others 1.561 0.923-2.643 0.097
Pathologic tumour stage (vs. T1)

T2 2.212 1.458-3.354 <0.001 1.884 1.237-2.868 0.003

T3+T4 4.002 2.22-7.213 <0.001 2.584 1.424-4.690 0.002
Pathologic nodal stage (vs. NO)

N1 2.580 1.747-3.81 <0.001 2.206 1.485-3.278 <0.001

N2 4.668 3.548-6.142 <0.001 4.304 3.262-5.678 <0.001

MLND, mediastinal lymph node dissection; NE-MLND, non-grasping en bloc mediastinal lymph node dissection; G-MLND, traditional
grasping mediastinal lymph node dissection; LUL, left upper lobe; LLL, left lower lobe; RUL, right upper lobe; RML, right middle lobe; RLL,

right lower lobe; HR, hazard ratio; Cl, confidence interval.

lead to a larger surgical wound and more adjacent lymphatic
injury. Because there was no difference in intraoperative
blood loss and perioperative bleeding between the 2 groups,
the increase in the pleural drainage during the first 3 days
after surgery was mainly caused by lymphatic exudation.
This further leads to prolonging the postoperative hospital
stay. Moreover, there was no significantly different in
the other postoperative complications and perioperative
mortality rates. This shows that NE-MLND is a safe and
acceptable approach to remove MLN.

Nodal upstaging is known to occur in a significant
proportion of surgical patients with NSCLC. There are
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several studies focusing on the topic of nodal upstaging in
the literature. D'Cunha et 4/. (16) demonstrated that nodal
upstaging was seen in 28% of the clinical stage I NSCLC
patients in their study (14% of clinical stage II and 13.5% of
clinical stage III). In another study, the nodal upstaging was
found in 18.6% of the patients with clinical stage | NSCLC (17).
Nodal upstaging is related to the accuracy of clinical
staging. Nowadays, noninvasive imaging with CT alone or
combined with PET-CT are recommended to determine
the clinical nodal stage (18). Unfortunately, imaging cannot
completely identify the occult nodal metastasis. Thus, the
rate of nodal upstaging is dependent on the completeness
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of surgical LN dissection. Intuitively, the more LNs
removed, the lower the false negative rate we should get (19).
However, it is still unclear how many removed LN is
enough (19). Our study found that although NE-MLND
removed more LNs, there was no significant difference in
nodal upstaging status between the two groups.

For long-term survival outcomes, our results
demonstrated that the OS and DFS in the NE-MLND
group were significantly longer than those in the G-MLND
group. Additionally, as shown in Tuble 4, the technique of
MLN resection was shown to be an independent prognostic
factor of OS. This may benefit from the certain advantages
of NE-MLND over G-MLND. For one, as shown in Tible 2,
the mean number of removed nodes in the NE-MLND
group was greater than the G-MLND group, and adequate
LN dissection has previously been shown to be the most
important prognostic element (20-23). Additionally, non-
grasping can avoid LN damage and can further reduce
tumour spread if the node is involved, which is in consistent
with the tumour-free principles of surgical oncology.
Moreover, en bloc dissection can remove the bounded fat
block, LNs and lymphatic vessels in each station, which meets
the principles of complete resection for surgical oncology.
In contrast, the traditional “grasping” method of MLND
mainly removes the target LNs without removing the tissue
around the LNs, which may lead to LN fragmentation and
miss some LNs that have metastasized.

There are several limitations to this study. First, about
10% of the patients in both groups were lost to follow-up,
which may threaten the validity of these research results.
Second, although the PSM process can reduce potential
biases in retrospective studies, unlike randomized controlled
trials, the biases caused by unobserved covariates cannot
be eliminated. To our knowledge, this is the first study
comparing the short- and long-term outcomes between
NE-MLND and G-MLND. Therefore, we hope that
there will be more studies, particularly large, randomized
prospective studies focusing on this topic in the future to
further verify our results.

Conclusions

Although patients who underwent NE-MLND have
more pleural drainage during the first 3 days after surgery,
and longer postoperative hospital stay than those who
underwent G-MLND, NE-MLND is still a safe, acceptable
and superior approach to remove MLNs, and has shorter
operation time. Furthermore, patients with NSCLC may
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benefit from NE-MLND, which could lead to better OS
and DFS as compared to G-MLND.
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