pISSN 1598-2998, elSSN 2005-9256

https://doi.org/10.4143/crt.2023.840

Original Article

Cancer Res Treat. 2024;56(2):502-512

Clinical Effect of Endosonography on Overall Survival in Patients with
Radiological N1 Non—Small Cell Lung Cancer

Bo-Guen Kim“'', Byeong-Ho Jeong 2, Goeun Park’, Hong Kwan Kim‘, Young Mog Shim‘, Sun Hye Shin?, Kyungjong Lee?,

Sang-Won Um’, Hojoong Kim?, Jong Ho Cho‘®*

'Division of Pulmonary Medicine and Allergy, Department of Internal Medicine, Hanyang University College of Medicine, Seoul, *Division of Pulmonary
and Critical Care Medicine, Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, *Biomedical
Statistics Center, Research Institute for Future Medicine, Samsung Medical Center, Seoul, *Department of Thoracic and Cardiovascular Surgery,
Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Purpose It is unclear whether performing endosonography first in non-small cell lung cancer (NSCLC) patients with radiological N1
(rN1) has any advantages over surgery without nodal staging. We aimed to compare surgery without endosonography to performing
endosonography first in rN1 on the overall survival (0OS) of patients with NSCLC.

Materials and Methods This is a retrospective analysis of patients with N1 NSCLC between 2013 and 2019. Patients were divided
into ‘no endosonography’ and ‘endosonography first’ groups. We investigated the effect of nodal staging through endosonography on
0S using propensity score matching (PSM) and multivariable Cox proportional hazard regression analysis.

Results In the no endosonography group, pathologic N2 occurred in 23.0% of patients. In the endosonography first group, endo-
sonographic N2 and N3 occurred in 8.6% and 1.6% of patients, respectively. Additionally, 51 patients were pathologic N2 among 249
patients who underwent surgery and mediastinal lymph node dissection (MLND) in endosonography first group. After PSM, the 5-year
0Ss were 68.1% and 70.6% in the no endosonography and endosonography first groups, respectively. However, the 5-year OS was
80.2% in the subgroup who underwent surgery and MLND of the endosonography first group. Moreover, in patients receiving surgi-
cal resection with MLND, the endosonography first group tended to have a better OS than the no endosonography group in adjusted
analysis using various models.

Conclusion In rN1 NSCLC, preoperative endosonography shows better OS than surgery without endosonography. For patients with
rN1 NSCLC who are candidates for surgery, preoperative endosonography may help improve survival through patient selection.

Key words Endobronchial ultrasound-guided transbronchial needle aspiration, Endoscopic ultrasound with bronchoscope fine nee-

dle aspiration, Non-small cell lung carcinoma, Radiological N1, Surgery

Introduction

In patients with non-small cell lung cancer (NSCLC), accu-
rate staging of mediastinal lymph nodes (MLNs) is impor-
tant for the guidance of appropriate treatment at each stage.
Staging of NSCLC is accomplished through various meth-
ods including imaging tests, endoscopic procedures, and/or
surgery [1,2]. Endobronchial ultrasound-guided transbron-
chial needle aspiration (EBUS-TBNA) and/or endoscopic
ultrasound with bronchoscope fine needle aspiration (EUS-
B-FNA) are minimally invasive techniques that allow nodal
staging under real-time ultrasonic guidance [3-5]. According
to recent guidelines, endosonography (EBUS-TBNA and/or
EUS-B-FNA) is the technique of choice for invasive medi-
astinal staging in patients with suspicious hilar or MLNs

from computed tomography (CT) and/or positron emission
tomography integrated with CT (PET-CT) [1,2]. However,
recommendations from guidelines have been based on sub-
group analysis of trials including patients with clinical stage
I to III lung cancer, and the majority of these patients had
clinical N2 disease and only a few had clinical N1 disease
with a normal mediastinum on imaging.

In previous studies that have analyzed radiological N1
(tN1), the prevalence of occult MLN metastases ranged
from approximately 26% to 37% [6-8]. Previous studies have
reported that the diagnostic sensitivity of endosonography
for detecting occult MLN metastases in N1 NSCLC patients
was approximately 38%-56% [7-10]. The diagnostic perfor-
mance to confirm occult MLN metastases is lower than
expected, it is questionable whether there is any benefit of

Correspondence: Jong Ho Cho

Department of Thoracic and Cardiovascular Surgery, Samsung Medical Center, Sungkyunkwan University School of Medicine, 81 Irwon-ro, Gangnam-gu,

Seoul 06351, Korea
Tel: 82-2-3410-3429 Fax: 82-2-3410-3849 E-mail: jongho.cho@gmail.com

Received July 15,2023 Accepted December 2, 2023 Published Online December 4, 2023

*Bo-Guen Kim and Byeong-Ho Jeong contributed equally to this work.

502 Copyright © 2024 by the Korean Cancer Association

https://www.e-crtorg |

€ This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommans.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://orcid.org/0000-0003-0800-4324
https://orcid.org/0000-0002-3124-1718
https://orcid.org/0000-0003-3362-4621

Bo-Guen Kim, Clinical Effect of Endosonography in rN1 NSCLC

performing endosonography in patients with rN1 NSCLC.
In clinical settings, contrary to the recommendations in the
guidelines, direct surgery is sometimes performed without
preoperative invasive staging in N1 NSCLC [11-13]. Despite
these facts, there has been no comparison of the survival rate
between patients who first underwent endosonography and
those who underwent surgery without endosonography in
rN1 NSCLC.

Therefore, to understand the clinical utility of endosonog-
raphy in a real clinical setting, we aimed to compare the
overall survival (OS) who received surgery without endo-
sonography to those who had endosonography first in rN1
NSCLC patients.

Materials and Methods

1. Study patients

This study was a retrospective analysis of a prospectively
collected database compiled from patients with confirmed
primary NSCLC with N1 who underwent endosonography
for nodal staging assessment or underwent surgery with-
out endosonography from January 2013 to December 2019
at Samsung Medical Center, a tertiary referral center in the
Republic of Korea. Patients with active malignancies of other
organs at the time of lung cancer diagnosis were excluded.
This study includes 315 study participants from a previous
study at our center that analyzed the diagnostic performance
of endosonography [8]. In our previous study, we present-
ed information on the prevalence of pN2/N3, the number
of lymph nodes (LNs) sampled from N2/N3 stations per
patient, and sensitivity in N1 NSCLC patients undergoing
endosonography, comparing it with reports from other insti-
tutions [8].

2. Definition of cancer stage

The nodal stage determined by CT and PET-CT was
defined as the radiological stage. The rN1 was defined as an
enlarged LN on a CT scan (the short axis of nodes > 10 mm)
or visual ®F-fluorodeoxyglucose (FDG) uptake on PET-CT
scan at N1 station LN. The uptake in the LN was compared
with the background of the lung or surrounding mediastinal
tissue and reported as positive whenever the FDG uptake
was higher than the background uptake [7,14]. The nodal
staging determined by endosonography was defined as an
endosonographic stage. For staging, the 8th edition of the
American Joint Committee on Cancer TNM staging system
was used [15]. All LNs were classified according to their sta-
tion on the International Association for the Study of Lung
Cancer (IASLC) lymph node map [16]. A central tumor was
defined as the tumor located in the inner one-third of the

hemithorax adopted by drawing concentric lines from the
midline [17]. The definition of occult mediastinal metastases
was the detection of MLN metastases in either MLN dissec-
tion (MLND) or endosonographic biopsy in patients with
radiologic normal mediastinum [17].

3. Treatment modalities

Whether to perform endosonographic staging first or per-
form surgery immediately in N1 NSCLC was decided by
the attending physician on a case-by-case basis or through
multidisciplinary consultation. We divided patients into two
groups: (1) a no endosonography group who underwent
definitive surgical lung resection plus MLND without pre-
operative endosonographic staging and (2) an endosonogra-
phy first group who underwent endosonography and then
planned a treatment method according to the endosono-
graphic stage.

Mediastinoscopic staging was rarely performed during the
study period. MLND featured en bloc resection of all visible
and palpable LNs in the ipsilateral hilum and mediastinum,
irrespective of diameter (stations 10R, 9, 8, 7, 4R, 3, and 2R for
right-sided tumors and stations 10L, 9, 8, 7, 6, 5 and 4 L for
left-sided tumors) [8,14,18].

EBUS-TBNA/EUS-B-FNA procedures were performed
under moderate sedation as previously reported [8,14]. In
short, EBUS-TBNA was performed from N3 to N2 and then
to N1 (short diameter of LN = 5 mm in sonography) after
systematic inspection of mediastinal, hilar, and interlobar
LNs. EUS-B-FNA was additionally performed in select cases
of LNs where locations could not be examined with EBUS-
TBNA [19]. When core tissue was obtained, at least two
passes were conducted when possible [5]. During the study
period, rapid on-site cytology and elastography were not
available.

4. Statistical analyses

All data are reported as the number (%) for categorical
variables and as the mean (standard deviation) or median
(interquartile range [IQR]) for continuous variables. Data
were compared by the Student’s t test or Mann-Whitney U
test for continuous variables and the chi-squared or Fisher’s
exact test for categorical variables.

We performed propensity score matching (PSM) to ana-
lyze the effect of endosonography on OS in rN1 NSCLC, and
cases for analysis were selected with a 1:1 ratio of no endo-
sonography vs. endosonography first. The propensity score
was generated using a logistic regression model that includ-
ed the patient’s age, sex, body mass index (BMI), smoking
status, underlying pulmonary disease, extra-pulmonary
comorbidity, clinical T category, and histologic type. PSM
was then performed using nearest neighbor greedy match-
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NSCLC patients with radiological stage N1MO underwent direct surgery
or endosonography between 2013 and 2019 (n=515)

!

!

No endosonography Endosaonography first
(n=200) (n=315)
pNO pN1 pN2 ecNO-1 ecN2-3
(n=86/200, (n=68/200, (n=46/200, (n=283/315, 90%) (n=32%/315, 10%)
43%) 34%) 23%)
f/u loss (n=8)? f/u loss (n=1)?
! ! ! :
Surgery Other Neoadjuvant and Other
(n=249)Y treatments (n=26)? surgery (n=24) treatments (n=7)¢
! ! I ‘ v !
pNO pN1 pN2 ypNO ypN1 ypN2
(n=107/249, || (n=91/249, (n=51/249, (n=7/24, (n=7/24, (n=10/24,
43%) 37%) 20%) 29%) 29%) 42%)

Fig. 1. Flowchart of the study population. eN, endosonographic nodal stage; f/u, follow-up; NSCLC, non-small cell lung cancer; pN,
pathologic nodal stage. ¥eN2, n=27; eN3, n=5, ®Not receiving anti-cancer treatment due to poor general condition (n=5), refusal of anti-
cancer treatment by the patient (n=4), “Including two patients who were treated with neoadjuvant treatment even though eN0-1 according
to clinician’s decision, YRadiotherapy, n=13; concurrent chemoradiation therapy, n=11; chemotherapy, n=2, “*Concurrent chemoradiation

therapy, n=6; chemotherapy, n=1.

ing with a caliper width of 0.2.

The Kaplan-Meier method was used to estimate the OS in
each group. A comparison of OS in groups was performed
through the log-rank test. We also presented a hazard ratio
(HR) with a 95% confidence interval (CI) for OS using multi-
variable Cox proportional hazard regression analysis. Three
models were constructed: Model 1 was adjusted for age, sex,
BMI, smoking status, underlying pulmonary disease, extra-
pulmonary comorbidity, clinical T category, and histologic
type; Model 2 was additionally adjusted for spatial location
and tumor attenuation. In patients who underwent surgery
and MLND, variables related to surgery such as surgical
approach and adjuvant treatment were additionally adjusted
in Model 3. p-values < 0.05 were considered to indicate sta-
tistical significance. Subgroup analysis was also performed
according to treatment method and depending on MLN
metastases. All statistical analyses were conducted using
SAS ver. 9.4 (SAS Institute Inc., Cary, NC).
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Results

1. Baseline characteristics

About 39% (200/515) of NSCLC patients with rN1 received
surgery immediately (Fig. 1). The final pathologic nodal stag-
es of the no endosonography group were 43.0%, 34.0%, and
23.0% at pathologic NO (pN0), pN1, and pN2, respectively.
In the endosonography first group, 283/315 (89.8%) were
diagnosed with endosonographic N0O-1 (eNO-1) and 32/315
(10.2%) were diagnosed with eN2-3. Among these patients,
27 were eN2 and 5 were eN3. The five patients who were
eN3 received definitive concurrent chemoradiation therapy
(CCRT). One representative case of receiving a definitive
CCRP with eN3 is described in the supplementary material
(S1 Fig.).

Of the 27 patients diagnosed with eN2, one was lost in
follow-up, two received treatment other than surgery, and
24 patients underwent surgery after neoadjuvant therapy.
Of the patients diagnosed with eNO0-1, eight patients were
lost in follow-up, 26 patients received treatments other than
surgery, and a final group of 249 patients underwent surgery.
Two out of the 249 patients underwent surgery with neo-
adjuvant therapy after multidisciplinary consultation even
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Table 1. Baseline characteristics of NSCLC patients with radiological N1 disease in initial (n=515) and propensity-matched (n=368) cohorts

Before matching

Variable

No endosonography Endosonography SD

(n=200) first (n=315)
Age (yr) 65.318.7 65.2+10.1 0.003
Sex
Female 50 (25.0) 81(25.7) -0.016
Male 150 (75.0) 234 (74.3) 0.016
BMI 23.9+2.8 24.143.0 -0.048
Smoking status
Never 54 (27.0) 85(28.8) -0.040
Smoker 146 (73.0) 210 (71.2) 0.040
Underlying
pulmonary
disease
No 96 (48.0) 165 (52.4) -0.088
Yes 104 (52.0) 150 (47.6) 0.088
Extra-pulmonary
comorbidity
No 161 (80.5) 207 (65.7) 0.338
Yes 39 (19.5) 108 (34.3) -0.338
Clinical T category
T1 60 (30.0) 83 (26.4) 0.081
T2 87 (43.5) 127 (40.3) 0.065
T3 43 (21.5) 71 (22.5) -0.025
T4 10 (5.0) 34 (10.8) -0.216
Histologic type
Adenocarcinoma 91 (45.5) 182 (57.8) -0.248
Others 109 (54.5) 133 (42.2) 0.248
Spatial location
Peripheral 109 (54.5) 147 (46.7) 0.157
Central location 91 (45.5) 168 (53.3) -0.157
Tumor attenuation
Part-solid 15(7.5) 26 (8.3) -0.028
Solid 185 (92.5) 289 (91.8) 0.028

After matching
No endosonography Endosonography
PREING (n=184) first (n=184) SD p-value
0.973 65.1+8.9 64.7+10.3 0.037 0.725
0.856 48 (26.1) 51(27.7) -0.037 0.724
136 (73.9) 133 (72.3) 0.037
0.602 24.0+2.8 24.042.9 0.017 0.875
0.660 53 (28.8) 51(27.7) 0.024 0.817
131 (71.2) 133 (72.3) -0.024
0.333 93 (50.5) 95 (51.6) -0.022 0.835
91 (49.5) 89 (48.4) 0.022
<0.001 145 (78.8) 141 (76.6) 0.052 0.616
39 (21.2) 43 (23.4) -0.052
0.124 56 (30.4) 46 (25.0) 0.122  0.450
75 (40.8) 81 (44.0) -0.066
43 (23.4) 41 (22.3) 0.026
10 (5.4) 16 (8.7) -0.128
0.007 91 (49.5) 92 (50.0) -0.011 0.917
93 (50.5) 92 (50.0) 0.011
0.083 104 (56.5) 76 (41.3) 0.308 0.004
80 (43.5) 108 (58.7) -0.308
0.758 15 (8.2) 14 (7.6) 0.020 0.847
169 (91.9) 170 (92.4) -0.020

Values are presented as meantstandard deviation or number (%). Matched by age, sex, BMI, smoking status, underlying pulmonary dis-
ease, underlying extra-pulmonary comorbidities, clinical T category, and histologic type. BMI, body mass index; NSCLC, non-small cell

lung cancer; SD, standardized difference.

though they had eNO0-1 disease. The final pathologic nodal
stages after surgery were 43.0%, 36.5%, and 20.5% at pNO,
pN1, and pN2, respectively.

The mean age was around 65 years, and most patients
were male in both groups (Table 1). In the initial cohort
before matching, there were significantly more patients with
extra-pulmonary comorbidity (34.3% vs. 19.5%, p < 0.001)
and more patients with adenocarcinoma (57.8% vs. 45.5%,
p=0.007) in the endosonography first group than in the no
endosonography group. There was no significant difference
in the pulmonary function test and mutation status between

the no endosonography and endosonography first groups
(S2 Table). PSM significantly reduced most of the baseline
differences between the two groups, however, the proportion
of central tumors was significantly higher in the endosonog-
raphy first group (58.7% vs. 43.5%, p=0.004).

2. Detailed treatment profiles of patients undergoing sur-
gery and MLND

The time interval between the first visit and the surgery
was naturally longer in the endosonography first group than
in the no endosonography group (32 vs. 23 days, p < 0.001)
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Table 2. Treatment profile for NSCLC patients with radiological N1 disease who underwent surgery and MLND (n=473)

Variable

Total (n=473)

Duration from visit to surgery (day) 28 (20-39)
Neoadjuvant treatment
No 447 (94.5)
CCRT 26 (5.5)
Surgical approach
VATS 160 (33.8)
Thoracotomy 313 (66.2)
Types of surgical resection
Sublobar resection 17 (3.6)
Lobectomy 376 (79.5)
Bilobectomy 45 (9.5)
Pneumonectomy 35 (7.4)
Pathologic stage
ypCR 3(0.6)
IA 58 (12.3)
1B 49 (10.4)
A 34 (7.2)
11B 146 (30.9)
1A 150 (31.7)
111B 33 (7.0)
Post-operative complications? 109 (23.0)
Pulmonary 82 (17.3)
Cardiovascular 40 (8.5)
Neurologic 2(0.4)
Bleeding 1(0.2)
Adjuvant treatment
No 194 (41.0)
Yes 279 (59.0)
CCRT 59 (12.5)
Chemotherapy 207 (43.8)
Radiotherapy 13 (2.7)

No endosonography  Endosonography
(n=200) first (n=273")
23 (16-32) 32 (22-48) <0.001
200 (100) 247 (90.5) <0.001
0 26 (9.5)
79 (39.5) 81(29.7) 0.026
121 (60.5) 192 (70.3)
10 (5.0) 7(2.6) 0.562
157 (78.5) 219 (80.2)
18 (9.0) 27 (9.9)
15 (7.5) 20 (7.3)
0 3(1.1) 0.572
24 (12.0) 34 (12.5)
22 (11.0) 27 (9.9)
17 (8.5) 17 (6.2)
58 (29.0) 88 (32.2)
62 (31.0) 88 (32.2)
17 (8.5) 16 (5.9)
47 (23.5) 62 (22.7) 0.840
38 (19.0) 44 (16.1) 0413
13 (6.5) 27 (9.9) 0.191
0 2(0.7) 0.511
0 1(0.4) >0.999
100 (50.0) 95 (34.8) 0.001
100 (50.0) 178 (65.2)
24 (12.0) 35 (12.8)
72 (36.0) 134 (49.1)
4(2.0) 9(3.3)

Values are presented as number (%) or median (interquartile range). CCRT, concurrent chemoradiation therapy; MLND, mediastinal
lymph nodes dissection; NSCLC, non-small cell lung cancer; VATS, video-assisted thoracoscopic surgery. *Patients who underwent sur-
gery with MLND in eNO-1 (n=249) and in eN2 (n=24), *Including two patients who were treated with neoadjuvant treatment even though
eNO0-1 according to clinician’s decision, 9Patients might have one or more complications.

(Table 2). Patients who were treated with neoadjuvant ther-
apy took a median of 89 days (IQR, 83 to 100) until surgery.
Except for 26 patients who underwent neoadjuvant therapy
in the endosonography first group, the time interval between
the first visit and the surgery was a median of 30 days (range,
21 to 42 days), and even after excluding patients receiving
neoadjuvant therapy, the time interval between the first visit
and the surgery was significantly longer in the endosonog-
raphy first group than in the no endosonography group (p
<0.001). Additionally, there were more cases of thoracotomy
in the patients who received endosonography first than in
the endosonography group (70.3% vs. 60.5%, p=0.026). There
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was no significant difference between the two groups in the
type of surgical resection, post-operative pathologic stage,
and post-operative complications. After surgery, the endo-
sonography first group underwent more adjuvant treat-
ment than the no endosonography group (65.6% vs. 50.0%,
p=0.001). In particular, there was a difference in the rate of
receiving adjuvant therapy in pathologic stages IIA and IIB
(S3 Table). There were 27/54 (50%) in the no endosonog-
raphy group and 11/41 (27%) in the endosonography first
group who did not receive adjuvant therapy for non-medical
reasons.
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Fig. 2. The overall survival curves before and after propensity score matching in NSCLC with radiological N1. (A) Endosonography first
vs. no endosonography group in all patients (before PSM, 315 vs. 200; after PSM, 184 vs. 184). (B) Subgroup who underwent surgery in
endosonography first group vs. no endosonography group (before PSM, 273 vs. 200; after PSM, 155 vs. 184). (C) Subgroup with eN2-3
or pN2 in endosonography first group vs. subgroup with pN2 in no endosonography group (before PSM, 75 vs. 46; after PSM, 46 vs. 44).
Matching with age, sex, BMI, smoking status, underlying pulmonary disease, underlying extra-pulmonary comorbidities, clinical T cat-

egory, and histologic type. BML body mass index; eN, endosonographic nodal stage; NSCLC, non-small cell lung cancer; pN, pathologic
nodal stage; PSM, propensity score matching.
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Table 3. Association between overall survival and treatment modalities

Overall survival

Subject
95% CI p-value
All patients
No endosonography vs. endosonography first Before PSM (n=200 vs. 315)
Unadjusted 0.95 0.68-1.31 0.743
Adjusted (model 1)” 0.98 0.69-1.38 0.886
Adjusted (model 2)” 0.97 0.69-1.38 0.879
After PSM (n=184 vs. 184) 0.97 0.66-1.43 0.880
Patients who underwent surgery and MLND
No endosonography vs. subgroup who Before PSM (n=200 vs. 273)
underwent surgery in endosonography first group Unadjusted 0.68 0.47-0.98 0.036
Adjusted (model 1)” 0.69 0.47-1.02 0.061
Adjusted (model 2) 0.67 0.45-0.99 0.049
Adjusted (model 3)” 0.66 0.44-0.99 0.044
After PSM (n=184 vs. 155) 0.65 0.41-1.01 0.054
Patients with MLN metastases
Subgroup with pN2 in the no endosonography group Before PSM (n=46 vs. 75)
vs. subgroup with eN2-3 or pN2 in endosonography Unadjusted 0.73 0.38-1.40 0.341
first group Adjusted (model 1) 0.65 0.32-1.36 0.255
Adjusted (model 2)” 0.62 0.29-1.33 0.222
After PSM (n=44 vs. 46) 0.67 0.30-1.49 0.326

Matching with age, sex, BMI, smoking status, underlying pulmonary disease, underlying extra-pulmonary comorbidities, clinical T cat-
egory, and histologic type. BMI, body mass index; CI, confidence interval; eN, endosonographic nodal stage; HR, hazard ratio; MLN,
mediastinal lymph nodes; MLND, mediastinal lymph nodes dissection; pN, pathologic nodal stage; PSM, propensity score matching.
“Adjusted by age, sex, BMI, smoking status, underlying pulmonary disease, underlying extra-pulmonary comorbidities, clinical T cat-
egory, and histologic type, YAdjusted by age, sex, BMI, smoking status, underlying pulmonary disease, extra-pulmonary comorbidities,
clinical T category, histologic type, spatial location, and tumor attenuation, 9Adjusted by age, sex, BMI, smoking status, underlying pul-
monary disease, extra-pulmonary comorbidities, clinical T category, histologic type, spatial location, tumor attenuation, surgical approach,

and adjuvant treatment.

3. Effect of nodal staging with endosonography on OS

Patients were followed up for a median of 3.75 years (IQR,
2.21 to 5.20). The 5-year survival rates were 66.9% and 69.3%
in the no endosonography and endosonography first groups
for all patients (log-rank test, p=0.744), respectively. After
PSM, the 5-year survival rates were 68.1% and 70.6% in the
no endosonography and endosonography first groups for all
patients (p=0.878) (Fig. 2A). Among patients who underwent
surgery with MLND, the 5-year survival rates were 66.9%
and 76.9% before PSM (p=0.035), and 68.1% and 80.2% after
PSM (p=0.052) in no endosonography and endosonography
first groups, respectively (Fig. 2B). Among patients with
MLN metastases (pN2 in no endosonography vs. eN2-3 or
pPN2 in endosonography first groups), the 5-year survival
rates were 61.3% and 76.1% before PSM (p=0.339), and 61.8%
and 79.2% after PSM (p=0.323) in the no endosonography
and endosonography first groups, respectively (Fig. 2C).

In an unadjusted model, performing endosonography first
did not affect the OS for all patients (HR, 0.95; 95% CI, 0.68
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to 1.31; p=0.743) and patients with MLN metastases (HR,
0.73; 95% CI, 0.38 to 1.40; p=0.341) (Table 3). However, in
patients who underwent surgery with MLND, nodal staging
by endosonography first affected the OS (HR, 0.68; 95% CI,
0.47 to 0.98; p=0.036). After adjustment of numerous clinical
variables throughout models, performing endosonography
on all patients or patients with MLN metastases did not have
a significant effect on the OS. In patients who underwent
surgery with MLND, it was not statistically significant in
model 1 (HR, 0.69; 95% CI, 0.47 to 1.02; p=0.061). However,
in adjusted models 2 and 3, performing endosonography
for nodal staging had significant benefits on OS compared
with no endosonography group (model 2: HR, 0.67; 95% CI,
0.45 to 0.99; p=0.049; model 3: HR, 0.65; 95% CI, 0.44 to 0.99;
p=0.044). The matched-pair analysis shows no significant
association between performing endosonography and OS
in all groups. However, in patients who underwent surgery
and MLND, performing endosonography for nodal staging
tended to benefit OS compared with no endosonography
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group (HR, 0.65; 95% CI, 0.41 to 1.01; p=0.054).

Subgroup analysis according to histological type, spa-
tial location, and tumor attenuation was performed only in
patients who underwent surgery and MLND (5S4 Table, S5
Fig.). After PSM, in cases with adenocarcinoma (p=0.036),
centrally located tumor (p=0.022), and solid tumor (p=0.043),
the OS was significantly better when nodal staging was per-
formed through endosonography than when patients under-
went surgery immediately.

Discussion

About 39% of all occult MLN metastases were found
through endosonography and used to guide the appropriate
treatment for the nodal stage. In particular, eN3 patients were
guided to definitive CCRT. More than half of eN2 patients
who underwent surgery were down-graded to ypNO-1 due
to neoadjuvant therapy. In an adjusted analysis using various
models including PSM, patients who underwent surgery in
the endosonography first group consistently tended to have
a better OS than patients in the no endosonography group.

In our study, about 40% of N1 NSCLC patients received
surgery without endosonography. According to the guide-
lines, in NSCLC with normal mediastinum at CT or PET-CT, it
is recommended that mediastinal nodal staging is performed
when enlarged or FDG-PET-avid ipsilateral hilar nodes are
present [1,2]. However, in a real clinical setting, patients with
rN1 NSCLC sometimes underwent surgery immediately. A
systematic review article that summarized studies dealing
with occult MLN metastases between 2000 and 2019 report-
ed that the proportion of patients who received invasive
mediastinal staging was generally low [20]. Additionally,
many other studies on MLN staging reported that invasive
mediastinal staging occurred in only about 32%-58% of the
study patients, indicating an incompliance with guidelines
in real clinical settings [11-13]. For the reason of guideline
non-adherence, it is possible to infer differences in treat-
ment preference by doctors, limited experience, or the lim-
ited availability of endosonography at the early stage when
endosonography was first introduced [11].

Our data showed that nodal staging with endosonogra-
phy did not significantly affect OS in all patients or when
MLN metastases were present, however, OS improved when
patients who underwent surgery were targeted. When com-
paring OS in all patients, the no endosonography group had
better survival for the first 3 years in the Kaplan-Meier curve,
but the endosonography first group had better survival from
a later point in time. This may be because patients who
received non-surgical treatment in the endosonography first
group showed worse survival due to its higher nodal staging

or poorer general condition than those receiving direct sur-
gery, so the no endosonography group seemed to have a bet-
ter OS in the beginning. However, in the long term, patients
who were guided to surgery through endosonographic nod-
al staging showed better OS due to the benefit received from
the correct staging through the procedure (e.g., neoadjuvant
therapy). In addition to the benefit of proceeding to surgery
after neoadjuvant therapy in eN2, we suspect that the benefit
of endosonography was in the detection of N3. Endosonog-
raphy has identified eN3 and led some patients to staging-
appropriate treatment rather than surgery. With direct sur-
gery, there is no way to know if the N3 has metastasized.
These facts suggest that, although the proportion of pN2 was
similar in the two groups among those who had surgery, the
PN2 in the no endosonography group may actually be more
likely to have N3 mixed in. We suspect that this difference
may have contributed to the divergence in survival curves
during long-term follow-up after surgery.

Several studies have attempted to discover the clinical
effect of invasive mediastinal staging including mediastinos-
copy and endosonography in NSCLC. One study prospec-
tively analyzed patients with negative mediastinal involve-
ment on PET-CT who had tumors larger than 3 cm, central
tumors, or rN1 for evaluating the effectiveness of invasive
mediastinal staging (EBUS and / or mediastinoscopy). In this
study, the median survival in pN2 patients with invasive
staging was 11 months longer than in pN2 patients without
invasive staging, however, this was not statistically signifi-
cant (33.6 vs. 22.5 months, p=0.245) [21]. Although it was
not limited to rN1, a recent study using a nationwide Dutch
cohort reported a trend in invasive nodal staging and the
relationship between “unforeseen N2”, which meant occult
MLN metastases, and the OS of clinical stages IA-IIIB NSCLC
[11]. They found an increasing trend in the performance of
the endosonography from 2011 to 2017, and invasive medi-
astinal staging led to improved OS in patients with clinical
N1-3 disease [11]. A U.S. study with T1-3N1-3M0 lung cancer
patients retrospectively analyzed and compared the practice
patterns and clinical outcomes according to guideline-con-
sistent care. In that study, patients with NSCLC who under-
went mediastinal staging survived longer than patients who
never had mediastinal staging [12].

Conversely, Obiols et al. [22] found that performing surgi-
cal exploration of the mediastinum did not affect the OS of
pN2 patients (5-year OS after direct surgery vs. performing
mediastinal staging, 41% vs. 40%). However, the authors of
this study explained that the survival rate of unsuspected
pN2 detected by direct surgery was high, possibly due to the
lower proportion of unsuspected pN2 (5.5%) compared to
other studies, and included a high rate of 80% for single sta-
tion pN2 and a high rate of 90% for complete resection [22].
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The difference in the results of several studies seems to be
caused by heterogeneity due to an invasive mediastinal stag-
ing method that was not limited to endosonography and the
diversity of clinical stages. However, our study showed the
clinical usefulness of endosonography in more specific con-
ditions than previous studies by comparing the OS of two
groups limited to the rN1 stage.

Endosonography can access not only the hilar, interlobar,
and lobar LNs but also the MLNSs including N3 station LNs
which cannot be accessed by MLND [23,24]. In our study,
because of this advantage, some patients with eN3 received
definitive CCRT, which could not be confirmed by direct
surgery with MLND. In addition, the development of neo-
adjuvant therapy is likely to further maximize the effect of
filtering out some eN2 through endosonography [25]. Con-
sidering the results of our study, the advantages of endo-
sonography, and the development of neoadjuvant therapy,
we recommend nodal staging by endosonography rather
than direct surgery without preoperative endosonographic
staging in rN1 NSCLC patients scheduled for surgical resec-
tion.

Previous studies have shown that patients with central
tumors, adenocarcinomas, and solid tumors had a higher
prevalence of occult MLN metastases [8,14,26-28]. Since the
prevalence of pN2-3 is high in these conditions, the posi-
tive predictive value of eN2-3 by endosonography can be
increased and will allow more patients to benefit from prop-
er nodal staging by endosonography. This could explain the
improved OS under the higher prevalence of occult MLN
metastases in our subgroup analyses (S1 Fig.).

Our study had several limitations. First, this is a retrospec-
tive cohort study from one of the referral hospitals that man-
age many cases of lung cancer nationwide. Therefore, it may
limit the generalization to other centers. Also, some variables
differed between the two groups because of the retrospective
nature of the study. However, we adjusted numerous vari-
ables in the analysis as well as the PSM. Second, contrary to
recommendations in the guidelines, when a negative result
after endosonography was implemented, no additional inva-
sive staging was performed with mediastinoscopy in our
institution. However, previous studies have already obser-
ved no difference in long-term survival between staging
with endosonography and surgical mediastinoscopy [29].
Moreover, one meta-analysis study reported that the rate of
“unforeseen N2 after negative endosonography results was
similar in patients undergoing immediate surgery to those
undergoing confirmatory mediastinoscopy, but the 6.0% rate
of complications occurred by mediastinoscopy [30]. Based
on this evidence, our center did not perform confirmatory
mediastinoscopy after a negative result by endosonogra-
phy. Third, our analysis tends to be relatively small with a
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total of 315 in the endosonography group and 200 in the no
endosonography group. It is possible that the small study
size may have contributed to the lack of statistically signifi-
cant results. Further studies with larger study populations,
controlling for various treatment-related factors, are needed
to determine the effectiveness of endosonography in rN1
NSCLC. Finally, our study did not provide information on
recurrence-free survival (RFS). Data on survival were finally
verified with official mortality records from the Office for
National Statistics. However, unlike OS, it was very difficult
to assess RFS retrospectively. Some patients wanted to con-
tinue follow-up after treatment in their home region rather
than at our center, so the exact timing and status of recur-
rence was not known for all patients.

Despite these limitations, our study is the first to com-
pare the OS in patients with rN1 NSCLC who receive either
nodal staging through endosonography or surgery without
endosonography. Our research might play an important role
in adding evidence to the present guidelines and the need
for endosonography in the preoperative staging of rN1 in
patients with NSCLC.

In conclusion, our data showed that for patients with rN1
NSCLC who underwent surgery with MLND, preoperative
nodal staging through endosonography had better OS com-
pared to surgery without endosonography. We emphasize
the importance of the effectiveness of nodal staging with
endosonography in N1 NSCLC surgery candidates by guid-
ing patients to more stage-appropriate treatment.
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