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Summary
Background Lung cancer diagnostic guidelines advocate for invasive mediastinal nodal staging (IMNS), but the
survival benefits of this approach in patients with non-small cell lung cancer (NSCLC) without radiologic evidence of
lymph node metastasis (rN0) remain uncertain. We aimed to investigate the impact of IMNS in patients with rN0
NSCLC by comparing the long-term survival between patients who underwent IMNS and those who did not (non-
IMNS).

Methods In this retrospective cohort study, we included patients with NSCLC but without radiologic evidence of
lymph node metastasis from the Registry for Thoracic Cancer Surgery and the clinical data warehouse at the
Samsung Medical Centre, Republic of Korea between January 2, 2008 and December 31, 2016. We compared the
5-year overall survival (OS) rate as the primary outcome after propensity score matching between the IMNS and non-
IMNS groups. The age, sex, performance statue, tumor size, centrality, solidity, lung function, FDG uptake in PET-
CT, and histological examination of the tumor before surgery were matched.

Findings A total of 4545 patients (887 in the IMNS group and 3658 in the non-IMNS group) who received curative
treatment for NSCLC were included in this study. By the mediastinal node dissection, the overall incidence of
unforeseen mediastinal node metastasis (N2) was 7.2% (317/4378 patients). Despite the IMNS, 67% of
pathological N2 was missed (61/91 patients with unforeseen N2). Based on propensity score matching, 866
patients each for the IMNS and non-IMNS groups were assigned. There was no significant difference in 5-year
OS and recurrence-free survival (RFS) between two groups: 5-year OS was 73.9% (95% confidence interval, CI:
71%–77%) for IMNS and 71.7% (95% CI: 68.6%–74.9%; p = 0.23), for non-IMNS (hazard ratio, HR 0.90, 95% CI:
0.77–1.07), while 5-year RFS was 64.7% (95% CI: 61.5%–68.2%) and 67.5% (95% CI: 64.3%–70.9%; p = 0.35 (HR
1.08, 95% CI: 0.92–1.27), respectively. Moreover, the timing and locations of recurrence were similar in both groups.
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Interpretation IMNS might not be required before surgery for patients with NSCLC without LN suspicious of
metastasis. Further randomised trials are required to validate the findings of the present study.

Funding None.

Copyright © 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Non-small-cell lung cancer; Invasive mediastinal nodal staging
Research in context

Evidence before this study
According to international guidelines for non-small cell lung
cancer (NSCLC), invasive mediastinal nodal staging (IMNS) is
recommended for suspected mediastinal and/or hilar nodal
involvement (over 1 cm in short axis in CT scan or maximal
standardized uptake value over 2.5 in PET-CT scans), central
tumors, and tumors greater than 3 cm. We searched PubMed
up to February 28, 2023, for research articles containing the
terms “(invasive mediastinal nodal staging or
mediastinoscopy or endobronchial ultrasound)” AND
“NSCLC”, without date or language restrictions. In some
studies, the frequency of unforeseen N1/N2 based on whether
IMNS was performed in patients who underwent surgery has
been reported, and there have also been reports on the
impact of IMNS on survival rates in patients who received
radiation therapy. To date, there have been no studies
investigating whether IMNS affects survival rates in patients
with radiographic N0 NSCLC.

Added value of this study
This study compared the long-term survival between patients
who underwent IMNS and those who did not (non-IMNS)
based on data from a large prospectively designed registry.
Results showed that there were no differences in overall
survival and recurrence-free survival of patients with
radiographic N0 disease after adjusting for confounding
factors. Hence, IMNS might not be required before surgery if
there is no detectable FDG-avid lymph node enlargement on
CT and PET-CT scans.

Implications of all the available evidence
Our findings implied that if there is no lymph node suspicious
of metastasis on CT and PET-CT scans, patients might be able
to have upfront surgery or receive definitive radiotherapy
without worry of obsolete surgery. Further randomized
controlled studies are required to validate the findings of the
present study.
Introduction
Accurate nodal staging is the most important aspect of
pretreatment assessment and therapeutic decision-
making in patients with non-small cell lung cancer
(NSCLC).1 Performing imaging studies such as
computed tomography (CT) scan and 18F-Fluorodeox-
yglucose positron emission tomography-CT (FDG PET-
CT) scan is the first step to achieve accurate staging.
However, these imaging studies have limited accuracy,
calculated as (true negative + true positive)/total number
of cases, which is equal to the number of correct as-
sessments divided by the total number of assessments.
CT scans for mediastinal staging of NSCLC show
accuracy rates between 64% and 79%, while PET/CT
accuracy is reported at about 78%.2,3 Notably, approxi-
mately 10% of patients with radiographic N0 (rN0)
disease present with unsuspected N2 disease, which is
identified via surgical lymph node (LN) dissection.4–6

Furthermore, a significant number of patients with
clinical N0 NSCLC are discovered to have occult N1
disease (approximately 16.6%).7 Given these limitations,
lung cancer diagnostic guidelines now advocate for
invasive mediastinal nodal staging (IMNS) methods
such as mediastinoscopy and endobronchial ultrasound-
guided transbronchial needle aspiration/endoscopic ul-
trasound fine-needle aspiration, to achieve more accu-
rate staging.1,8,9

Nonetheless, IMNS is associated with a risk of false-
negative findings in patients with rN0 disease. Unfore-
seen N2 diseases commonly have microscopical
involvement (diameter: <3 mm) of a single nodal sta-
tion.10 Therefore, they are extremely challenging to
identify on endosonography. We previously investigated
the use of endosonography in patients with rN0 NSCLC.
Results showed that the prevalence of occult mediastinal
metastases in rN0 NSCLC was low at 11.3%. Therefore,
in patients with rN0, the sensitivity of EBUS was
extremely low even in patients with tumors measuring
>4 cm or those with centrally located tumors.6,11 Mean-
while, the specificity, PPV, NPV, and accuracy were re-
ported as 100%, 100%, 92.6%, and 93.1%, respectively.
Moreover, this method is intrinsically invasive and
carries a risk of procedure-related complications, even
though the risk is very low at 3.21% for patients who
underwent the transbronchial biopsy and 1.15% for
those who did not.12 Importantly, the survival benefit
after treatment based on IMNS is uncertain.4 Consid-
ering the widespread use of lung cancer screening
www.thelancet.com Vol 69 March, 2024
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methods and the increasing incidence of rN0 disease, it
should not be deferred further to make conclusions.5

To address this concern, randomised controlled trial
(RCT) should be conducted to compare the survival
outcomes between patients with rN0 NSCLC who un-
derwent IMNS and those who did not. However, this
type of study is practically challenging to perform, and
conclusions can be obtained after a 5-year follow-up.
Propensity score matching can be an alternative
method. IMNS has been performed for several decades,
and the number of cases with or without IMNS is
already sufficient. Thus, propensity score-matched sur-
vival analyses can be performed to better evaluate the
clinical benefit of IMNS.

Therefore, the current study aimed to examine the
importance of invasive mediastinal staging workup in
patients with rN0 NSCLC by comparing the long-term
survival between patients who underwent invasive
mediastinal staging and those who did not, based on a
large, prospectively designed registry with data on long-
term follow-up outcomes and recurrence.
Methods
Study design and patients
In this retrospective cohort study a total of 9016 patients
who received curative treatment for NSCLC between
January 2, 2008 and December 31, 2016 were selected
from the Registry for Thoracic Cancer Surgery (RTCS)
and the electronic medical records of the clinical data
warehouse. The RTCS was established in 1994 at Sam-
sung Medical Centre, Seoul, Repubilic of Korea, to
comprehensively register patients undergoing thoracic
surgery, encompassing an array of clinical, periopera-
tive, pathological, and survival data.13 This universal
database has been prospectively utilised to meticulously
record information for each surgical patient. The vari-
ables within the registry were defined through a
consensus among thoracic surgery experts and are
consistently collected irrespective of specific study ob-
jectives. Consequently, the RTCS provides an unbiased
repository of extensive data, including preoperative
clinical details (such as smoking history, cardiopulmo-
nary function, imaging findings, implementation and
outcomes of IMNS, diagnosis, staging, comorbidities,
and preoperative treatment strategies), intraoperative
parameters (encompassing the extent of resection and
nodal dissection), detailed pathologic examination re-
sults, postoperative complication profiles, and the mo-
dalities of adjuvant treatments administered. Moreover,
information on survival and recurrence is updated
quarterly by trained data managers using electronic
medical records until December 2021. Details on pa-
tients who underwent curative treatment rather than
surgery were collected from the clinical data warehouse
(CDW). The CDW is a real-time database of Samsung
Medical Centre that aggregates data from various
www.thelancet.com Vol 69 March, 2024
clinical sources to provide the entirety of clinical data for
each patient from a unified view. The CDW’s functional
user interface provides clinicians with access to non-
identified and anonymous high-quality data sets.14

The present study was approved by the Institutional
Review Board of Samsung Medical Centre (IRB no.
2021-07-070) and the need for informed consent was
waived as de-identified data were used in the study
analysis. This study adheres to the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE).

The inclusion criteria were as follows: age of 18 years
and older and a curative treatment of NSCLC between
January 1, 2008 and December 31, 2016. Patients with
multiple primary lung cancer (n = 607), primary cancer
at other organs within 5 years (n = 1133), and radiologic
N1-3 disease (n = 2119) as well as those who received
preoperative chemoradiotherapy (n = 612) were
excluded from the analysis. In total, 4545 patients were
included in the final analysis (Fig. 1).

Procedures
rN0 disease was defined as the presence of mediastinal
and hilar LNs with the following parameters: 1) a short-
axis diameter of ≤1 cm on CT scan, and 2) less FDG
uptake than the mediastinal blood pool activity or defi-
nite high attenuation/calcification irrespective of FDG
uptake on PET-CT scan.15–20 In cases where the clinical
N stage is equivocal during the preoperative diagnostic
process, the N stage was determined through consensus
among specialists in thoracic radiology, nuclear medi-
cine, pulmonology, thoracic surgery, and oncology in
multidisciplinary care team for lung cancer. Central
tumor was defined as the inner one-third of the hemi-
thorax adopted by drawing concentric lines from the
midline.21 We defined solidity in lung nodules based on
the presence of solid components, categorizing them
into solid and part-solid nodules. Solid nodules are
characterised by a CT (consolidation to tumor) ratio of 1,
indicating a completely solid composition. In contrast,
subsolid nodules, defined by a CT ratio of less than 1,
exhibit a combination of solid and ground-glass opacity
components. Good performance status was defined as
an Eastern Cooperative Oncology Group (ECOG) score
of 0 or 1.

Outcomes
The primary outcome of the study was 5-year OS of the
IMNS and non-IMNS group. The 5-year OS rate was
calculated from the date of treatment of NSCLC to the
date of death from any cause or the last follow-up date.
The date of death was based on the CDW annual data
retrieval of death records from the National Statistics
Korea (KOSTAT). The secondary outcome was
recurrence-free survival (RFS) of the IMNS and non-
IMNS group, where the patients were followed from
the date of surgery to the date of recurrence, death, or
3
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Fig. 1: Study flow diagram. NSCLC, Non-small-cell lung cancer; IMNS, Invasive mediastinal nodal staging.
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last surveillance without evidence of recurrence. In
addition, we assessed the incidence of unforeseen N2
and its associated survival. The unforeseen N2 disease
was defined that the N2 disease was confirmed by
postoperative pathologic N2 disease without any suspi-
cion of nodal involvement in preoperative evaluation.

Statistical analysis
This is a retrospective study utilizing registry data,
where all patients who underwent curative treatment
during the study period were identified and selected as
study participants based on specific inclusion and
exclusion criteria. And the analysis was conducted using
a meticulously collected registry, which ensured that
there were no missing values in the data.

Patients were characterised according to de-
mographic and clinical characteristics (including age,
sex, performance status, tumor size [cm], centrality,
solidity, forced expiratory volume in 1 s, FDG uptake in
PET-CT, histological examination of the tumor before
surgery, other types of cancers, and double primary
cancer diagnosis). Differences in patient characteristics
among the groups were evaluated using the chi-square
test for categorical variables and the t-test for contin-
uous variables.

Due to variations in patient characteristics among
the IMNS groups, the treatment assignment was subject
to selection bias, which might not be completely
accounted for in the multivariate logistic regression
model. Therefore, the logistic regression model with
clustered data (within clinicians) was used to construct
propensity scores, an index representing the probability
of receiving each type of IMNS diagnosis. We created
the propensity scores and plotted a pre-match and post-
match boxplot to determine the matching outcomes
with and without IMNS. (Appendix p 1) This statistical
methodology is commonly used in observational studies
to control for nonrandom treatment assignment by
adjusting for differences in covariates between treat-
ment groups.22 Where possible, each patient who un-
derwent IMNS was matched with one patient who did
not, and who had a nearest-neighbor propensity score
value. The variables used in propensity score matching
were age, sex, performance status, tumor size [cm],
centrality, solidity, forced expiratory volume in 1 s, FDG
uptake in PET-CT, and histological examination of the
tumor before surgery. Propensity score matching was
used to reduce bias in treatment assignment,
mimicking the effects of randomisation in non-
randomised studies. We used the standardised mean
difference (SMD) as a measure of balance. The SMD of
a variable is the weighted difference between the mean
of the variable for participants who received the treat-
ment and those who did not, divided by the pooled SD.23

Paired t-tests is typically used to assess the mean dif-
ferences between two groups. The survival of the IMNS
groups was compared using the Kaplan–Meier estimate
and the log-rank test. Univariate and multivariate Cox
proportional hazards regression models were assessed
to determine the factors associated with survival.

All statistical tests were two-tailed, and a p-value of
<0.05 was considered statistically significant. Statistical
www.thelancet.com Vol 69 March, 2024
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Characteristic IMNS Non-IMNS p-value SMD

(N = 887) (N = 3658)

Mean age (SD) – yr 62 (9) 62 (10) 0.63 0.06

Female sex – no. (%) 282 (32) 1589 (43) <0.0001 0.256

ECOG 0–1 – no. (%) 877 (98.9) 3542 (99.6) 0.0013 0.152

Central – no. (%) 479 (54) 1274 (36) <0.0001 0.381

Solid – no. (%) 602 (68) 1339 (38) <0.0001 0.628

Mean tumor size (SD) – cm 3.7 (1.9) 2.7 (1.5) <0.0001 0.619

FDG-avid – no. (%) 863 (98) 2592 (75) <0.0001 0.719

Articles
analyses were performed using Stata, and propensity
score matching was conducted using the psmatch2
package (StataCorp 2021. Stata Statistical Software:
Release 17, StataCorp LLC, College Station, TX, USA).

Role of the funding source
There was no funding source for this study. YJJ and JK
had access to the dataset. The corresponding authors
had final responsibility for the decision to submit for
publication.
FEV1 >70% predicted – no. (%) 871 (98) 3515 (95) 0.0031 0.186

Histological examination of the tumor
before surgery – no. (%)

696 (78) 1327 (38) <0.0001 0.89

IMNS, invasive mediastinal nodal staging; SMD, Standardized Mean Difference; PS, propensity score; SD,
standard deviation; FDG, fluoro-deoxyglucose; FEV1, forced expiratory volume in 1 s.

Table 1: Characteristics of IMNS procedures in all patients.
Results
Baseline characteristics of the participants
In total, 4545 patients were enrolled in this study.
Table 1 shows the clinical characteristics of all patients.
Among them, 887 (19.5%) underwent IMNS. The IMNS
and non-IMNS groups did not significantly differ in
terms of age (mean: 62 years). The IMNS group were
more likely to include men (68.2% vs. 56.6%;
p < 0.0001) and have a poor performance status (1.1%
vs. 0.4%; p < 0.0001), central tumor (54% vs. 35.8%;
p < 0.0001), solid tumor (67.9% vs. 37.9%; p < 0.0001),
and FDG-avid tumor (97.9% vs. 75.3%; p < 0.0001)
compared with the non-IMNS group. Based on the
propensity score matching, 866 patients were assigned
in the IMNS group and 866 in the non-IMNS group.
The distribution of co-variables after propensity score
matching was well-balanced.

The clinical characteristics of the two cohorts were
shown in Table 2. Variables including age, sex, perfor-
mance status, lung function, centrality, solidity, tumor
size, and FDG avidity were matched. In the matched
cohort, the patients’ mean age was 62 years, and one-
third were women. All patients had good performance
status and lung function. Regarding tumor characteris-
tics in radiology, 54% and 67% of patients in the
matched cohort had central and solid tumors, respec-
tively. The mean tumor size was 3.7 cm, and 98% of
patients had FDG-avid tumors.

The clinical T1 stage was more prevalent in the non-
IMNS group (40.19%) compared to the IMNS group
(33.55%, p = 0.009). There was no statistically significant
variation in the clinical T2, 3, and 4 stages. In terms of
the clinical N stage, all patients of both cohorts were
classified as stage N0, resulting in no significant dif-
ference (p > 0.99). In addition, there were no significant
differences in the pathologic T stage distributions be-
tween the groups (p = 0.11). However, the pathologic N
stage had a statistically significant difference (p = 0.009),
with the IMNS group showing a higher proportion of
patients in pN1 and pN2 (Appendix p 2).

Survival status
All patients were followed-up until death or up to
December 2021. The median follow-up duration was 5.8
years. The IMNS group had a worse overall survival (OS)
www.thelancet.com Vol 69 March, 2024
than the non-IMNS group before propensity score
matching (Appendix p 3).

After propensity score matching, the 5-year OS and
RFS did not differ between the IMNS and non-IMNS
groups. The 5-year OS rate, as estimated from Kaplan–
Meier curves, was 73.9% (95% confidence interval, CI:
71%–77%) for the IMNS group and 71.7% (95% CI:
68.6%–74.9%) for the non-IMNS group. A log-rank test
resulted in a p-value of 0.231 and the hazard ratio (HR)
for IMNS relative to non-IMNS was 0.90, with a 95% CI
ranging from 0.77 to 1.07 (Fig. 2A).

Moreover, the 5-year RFS rate was determined to be
64.7% (95% CI: 61.5%–68.2%) for those in the IMNS
group and 67.5% (95% CI: 64.3%–70.9%) for the non-
IMNS group. The log-rank test indicated no significant
difference between the two groups, with a p-value of
0.35. The HR was 1.08, with a 95% CI ranging from
0.92 to 1.27 (Fig. 2B).

In addition to the matching method, the hazard ratio
for IMNS vs. non-IMNS. of the model controlled by
creating propensity scores in quintiles (HR = 0.98, 95%
CI: 0.85–1.14) and the hazard ratio of the model
controlled by the restricted cubic splines technique
(HR = 0.98, 95% CI: 0.84–1.13) were not statistically
significant, as were the results of the matched model
(HR = 0.90, 95% CI: 0.77–1.07) (not shown).

The timing and sites of recurrence were not different
in both groups (Appendix p 4 and 5).

Then, the factors associated with survival outcomes
were analysed. In a subgroup analysis after propensity
score matching, age >65 years, male sex, tumor size
>3 cm, centrality, solidity, and FDG avidity were asso-
ciated with survival.

Subgroup analyses
Table 3 shows that OS was similar between IMNS group
for all subgroups on age over 65 years (p = 0.12), sex
(p = 0.18), central (p = 0.44), solid (=0.45), FDG-avid
(=0.58), and tumor size over 3 cm (p = 0.96).
5
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Characteristic IMNS Non-IMNS p-value SMD

(N = 866) (N = 866)

Mean age (SD) – yr 62 (9) 62 (11) 0.61 −0.024

Female sex – no. (%) 276 (32) 290 (34) 0.47 −0.034

ECOG 0–1 – no. (%) 866 (100) 866 (100) >0.99 NA

Central – no. (%) 469 (54) 463 (54) 0.77 0.014

Solid – no. (%) 585 (68) 574 (66) 0.57 0.027

Mean tumor size (SD) – cm 3.7 (1.8) 3.7 (1.9) 0.63 0.015

FDG-avid – no. (%) 847 (98) 847 (98) >0.99 0

FEV1 >70% predicted – no. (%) 866 (100) 866 (100) >0.99 NA

Histological examination of the tumor
before surgery – no. (%)

679 (78) 691 (80) 0.48 −0.034

IMNS, invasive mediastinal nodal staging; PS, propensity score; SMD, standardized mean differences; SD,
standard deviation; ECOG, Eastern Cooperative Oncology Group; NA, not applicable FDG, fluoro-deoxyglucose;
FEV1, forced expiratory volume in 1 s.

Table 2: Characteristics of IMNS procedures in PS-matched pairs.
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Incidence of unforeseen N2 and its associated
survival
Although the survival outcomes between two groups
were similar, the incidence of unforeseen N2 disease
differed.

Of 4378 patients undergoing surgery for rN0 disease,
317 (7.2%) presented with pathologic N2 disease. Of 863
patients who underwent IMNS, 91 (10.5%) had patho-
logic N2 disease. Of them, only 30 (3.5%) presented
with pN2 disease based on IMNS before surgery
(cTxN2M0) and received neoadjuvant therapy before
surgery. Further, 61 (7.1%) patients were not diagnosed
with metastases of the mediastinal node even after
Fig. 2: Survival outcome according to the IMNS and Non-IMNS Groups
Meier estimates of survival in IMNS (blue) and non-IMNS (red) group. p
preoperative IMNS (cTxN0M0). Unforeseen pN2 dis-
eases were eventually found after surgery (not shown).

Considering the risk factors of unforeseen N2 dis-
ease, the incidence rates of pN2 disease in patients with
>3 cm tumor and central tumor, solid tumor, and FDG-
avid tumor were 11.9%, 9.54%, 12.2%, and 9.5%,
respectively (not shown).

In terms of N2 burden, there was no statistically
significant difference in the distribution between the
non-IMNS and IMNS groups. In the non-IMNS group,
41.3% had single station (skip) N2, while 50.5% in the
IMNS group, with a p-value of 0.4644. For single station
(N1 + N2) N2, the percentages were 40% for non-IMNS
and 33.7% for IMNS. Regarding multiple station N2, it
was 18.8% for non-IMNS compared to 15.8% for IMNS.
(Appendix p 2).

There was also no difference in survival rate
depending on the N2 burden between the non-IMNS
and IMNS groups. For single station (skip) N2, the 5-
year OS rate was 62.8% (95% CI: 50.8%–77.5%) for
the IMNS group and 63.4% (95% CI: 48.8%–82.3%) for
the non-IMNS group (p = 0.77). For single station
(N1+N2) N2, the 5-year OS rate was 56.3% (95% CI:
41.4%–76.4%) for the IMNS group and 61.3% (95% CI:
46.3%–81.3%) for the non-IMNS group (p = 0.37). In
patients with multiple station N2, the 5-year OS rate was
43.8% (95% CI: 25.1%–76.3%) for the IMNS group and
46.7% (95% CI: 27.2%–80.2%) for the non-IMNS group
(p = 0.77; Appendix p 6).

The 5-year survival rate of patients with pN2 disease
undergoing upfront surgery (60.2% [95% CI: 54.8%–

66%]) was similar to that of patients receiving
(matched). (A) Overall Survival; (B) Recurrence-free Survival Kaplan–
-value calculated by log-rank test.

www.thelancet.com Vol 69 March, 2024
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Subgroup No. of
patients

HR (95% CI) P for
interaction

Total 1732 0.90 (0.77–1.07)

Age (years) 0.12

≤ 65 975 1.11 (0.86–1.44)

>65 757 0.84 (0.68–1.04)

Sex 0.18

Female 566 1.05 (0.74–1.50)

Male 1166 0.84 (0.70–1.02)

Central 0.44

No 800 0.81 (0.61–1.07)

Yes 932 0.96 (0.78–1.19)

Solid 0.45

No 573 1.02 (0.72–1.42)

Yes 1159 0.87 (0.72–1.05)

FDG-avid 0.58

No 38 0.63 (0.11–3.80)

Yes 1694 0.91 (0.77–1.07)

Tumor size (cm) 0.96

≤3 662 0.89 (0.64–1.25)

>3 1070 0.90 (0.74–1.09)

PS, propensity score; FDG, fluoro-deoxyglucose.

Table 3: Subgroup analysis after PS matching.

Articles
neoadjuvant therapy followed by surgery (56.7% [95%
CI: 41.4%–77.5%]) (p = 0.63; Appendix p 7).

Discussion
This study used data from a large, prospectively
designed registry. Results showed that IMNS did not
affect the OS and RFS of patients with radiographic N0
disease after adjusting for confounding factors. Hence,
IMNS may not be required before surgery if there is no
detectable FDG-avid LN enlargement on CT and PET-
CT scan.

Initially, we compared survival by performing IMNS
in an unmatched manner. Results showed that the
survival rates of the IMNS group were worse than those
of the non-IMNS group. However, this was caused by
the characteristics of the patients, not by IMNS itself.
Since 2008, IMNS has been performed only on patients
who were less likely to benefit from local treatment.
Compared with the non-IMNS group, the IMNS group
had a higher number of empirically selected male pa-
tients with a poorer performance status and FDG-avid
tumor. Hence, the IMNS group had a poor survival
outcome based on the unmatched analysis.

Thus, propensity score matching was used to
decrease the effect of confounding preoperative vari-
ables, in which baseline characteristics were well-
balanced between the subgroups. We found that
IMNS was not associated with OS and RFS.

This finding can be attributed to several reasons.
First, the incidence of occult mediastinal LN metastasis
itself in patients with radiographic N0 disease is as low
www.thelancet.com Vol 69 March, 2024
as <10%. This can explain the difference in survival in
patients with or without IMNS. In this study, the overall
incidence of occult mediastinal LN metastasis was only
7%. Considering advancements in functional radiology,
the incidence of unforeseen N2 disease on radiologic
assessment might even decrease.24

Second, most unforeseen metastatic lesions are
micrometastatic, with a maximal diameter of <3–5 mm.
The current techniques for IMNS are not accurate
enough to localise and/or detect such tiny lesions.25 We
have performed more than five thousands of endo-
sonographic biopsy procedures for N2 nodes. However,
the sensitivity of endosonographic biopsy in rN0 disease
is only 49%.6 Conversely, pathologic examination of the
whole nodes resected via cervical mediastinoscopy can
be reliable.18 Nevertheless, considering the low inci-
dence of N2 disease, it could be inefficient with non-
negligible risk.26–28 Moreover, considering the time
required for multiple sample preparation and meticu-
lous inspection of unlocalised tiny lesions, frozen sec-
tion biopsy, which should be performed within
≤30 min, is less efficient.29

Third, the risk of occult systemic metastasis may not
be similar between patients with micrometastatic le-
sions in the LNs and those with macrometastasis.
Several breast cancer studies showed that micrometa-
stasis in the sentinel LN was associated with a signifi-
cantly lower incidence of proximal downstream axillary
LN and a fairly good prognosis.30,31 Although the num-
ber of studies is limited and the results are inconclusive,
similar findings were suggested in lung cancer.32–35

Hence, micrometastatic lesions may be in a state of
dormancy, during which proliferation and colonization
processes do not progress.36,37

Fourth, there was no difference in terms of survival
based on the mode of systemic treatments (neoadjuvant
therapy followed by surgery after N2 disease confirma-
tion via IMNS, adjuvant therapy after upfront surgery
despite N2 disease confirmation via IMNS, or adjuvant
therapy after upfront surgery with node dissection
without preoperative IMNS). Nonetheless, based on a
retrospective study without a sufficient number of pa-
tients, it is a completely acceptable (or agreeable)
finding. in fact, several reports have shown an accept-
able survival outcome in patients who received adjuvant
chemotherapy after upfront surgery for unforeseen N2
disease.

Recently, neoadjuvant chemoimmunotherapy has
notably emerged as a novel and significant modality in
the spectrum of neoadjuvant treatments. We postulate
that the decision-making process surrounding IMNS is
connected to the indications for neoadjuvant chemo-
immunotherapy. If neoadjuvant immunotherapy dem-
onstrates superior recurrence-free and survival
outcomes compared to adjuvant immunotherapy in
cases of occult N1/N2 disease, aggressive IMNS should
be pursued. However, if this is not the case, we believe
7
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that upfront surgery is justifiable in the same context as
this study. Further research is required on this matter.

This study has several limitations. At first, the
retrospective design of the study and its reliance on a
limited patient cohort might not comprehensively cap-
ture the nuances of varying treatment modalities. Sec-
ondly, the initial survival analysis, conducted in an
unmatched manner, may reflect a selection bias favor-
ing patients less likely to benefit from local treatment,
indicating a need for cautious interpretation of these
results. Third, this study did not differentiate between
mediastinoscopy and EBUS as methods of IMNS,
failing to reflect the differences in invasiveness and
diagnostic yield between the two techniques. Finally,
this study was conducted at a single-institution, and
thus may not be directly applicable to other settings or
general populations. These limitations underscore the
necessity for multicentre RCTs to provide more defini-
tive evidence. Multicentre RCTs could help validate and
expand upon these findings by controlling for various
confounding factors, offering a more robust comparison
of treatment outcomes, and potentially exploring the
effectiveness of IMNS.

There have been concerns about the application of
obsolete and hazardous surgery with uncertain survival
benefit in patients with unforeseen N2 disease. Hence,
the need for IMNS in routine diagnostic procedures has
become questionable. However, considering the risk of
procedure-related complications, medical cost, and po-
tential treatment delays, efforts have been made to
identify IMNS indications in patients at high risk of
unforeseen N2 disease. 25 Nonetheless, due to the
abovementioned data, IMNS may not have survival
benefits even in such groups. Due to the increasing
prevalence of early-stage lung cancer, this question
could no longer be answered.

In conclusion, if there is no LN suspicious of
metastasis on CT and PET-CT scan, patients might be
able to have upfront surgery or receive definitive radio-
therapy without worry of obsolete surgery. During sur-
gery, meticulous and systematic nodal evaluation is
important, and adjuvant systemic treatment would be
considered for N2 disease. Further RCTs are required to
validate the findings of the present study.
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